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Summary and purpose of document

This document contains an overview of the status of Long Range Forecasts and their Verification at Japan Meteorological Agency. 

ACTION PROPOSED

The Meeting is invited to study this document and consider this information when making any necessary appropriate recommendations for the production of long range forecast and verification scores. 

Status of LRF Production (Forecasts and Scores)

at Japan Meteorological Agency (JMA)

1.    An operational ensemble prediction system (EPS) for three-month outlook commenced in March 2003 using the T63L40 version of the JMA Global Spectral Model (GSM) with prescribed SST anomalies fixed to their initial conditions.  The model and forecast specifications are summarized in Table 1 of Annex.  The ensemble prediction system targeting the warm/cold season was started in September 2003 with the same atmospheric model in a two-tiered way (Table 2 of Annex).  The SST anomalies used as the lower boundary condition of the atmospheric model are provided by a combination of climatology, persistence and predicted SST anomalies by a coupled ocean-atmospheric model (JMA CGCM02).  JMA has introduced numerical prediction techniques into all ranges of operational forecasting for one, three and six months.

2.    The operational dissemination of GPVs (grid point values) and visualized results of EPS for the warm/cold season outlook to NMHSs (National Meteorological and Hydrological Services) was started in February 2004 on the website of the JMA’s Tokyo Climate Center (TCC), adding to those for one-month and three-month prediction.  The disseminated parameters at the present are shown in Table 1 and 2 of Annex for three-month and warm / cold season EPS, respectively.  Precipitation, 2m-temperature, sea surface temperature (SST), 500hPa geopotential height, mean sea level pressure and 850hPa temperature are included.  The GPVs for all ensemble members are available for the EPS of the warm/cold season outlook, but not yet for that of the three month outlook.

3.    The Standard Verification System (SVS) for Long-Range Forecasts (LRF) is applied to the hindcast products of EPS for three-month and warm/cold season outlook.  The scores and the contingent tables are open to NMHSs on TCC site.  The parameters verified by SVS are also summarized in Table 1 and Table 2 of Annex.  The application of SVS to EPS is almost completed except for the level of significance, the ENSO dependence and the details of hindcast method. 

4.     For examples, the MSSS and ROC scores for deterministic and probabilistic forecasts are presented in Table 3 of Annex for three-month forecast and Table 4 of Annex for warm/cold season forecasts.  The verification indicates that the JMA EPS-GPV products for long-range forecasts are generally informative in the probabilistic way, but not in the deterministic way, at least without additional application techniques.

5.     It is noted that when an operationally used PPM (perfect prognostic model) technique is applied to the EPS hindcast, annually averaged ‘three-category-hit-rates’ (JMA conventionally defined as (n11/n.1+n22/n.2+n33/n.3)/3 using the notation in Table 3 of the WMO documentation ‘SVS for LRF in August 2002’) over Japan are estimated as 48% and 45% (to be compared with climatological forecast = 33%) for three-month forecast and warm/cold season forecast respectively.  These rates are also better than those for operationally used statistical methods for seasonal forecasts.  These facts are the main reason why the long-range EPS is adapted for the operational long-range forecasting of JMA.
ANNEX
Table 1  Description of Long-Range Forecast System for Three-Month Outlook

	IDENTIFICATION

	Country
	JAPAN

	Meteorological Center
	Climate Prediction Division / Japan Meteorological Agency

	Dissemination
	From Tokyo Climate Center (TCC) Web Page (http://cpd2.kishou.go.jp/tcc/). 

Grid-point data are protected with a password.

	LRF system 
	Ensemble Prediction System (EPS) for Three-month Outlook

	MODEL DESCRIPTIONS

	
	Two-tiered method

	Atmospheric Model
	GSM (Global Spectral Model)0103 T63L40

Prognostic Arakawa-Schubert, Mellor-Yamada Level-2, Simple 
Biosphere Model (SiB), Shortwave (delta-two-stream approximation), Longwave (broad-band flux emissivity method), Prognostic cloud water

	Initialization Method

For Atmospheric Model
	3D-Variational Procedure (GANAL:Global Analysis)

31 members by Singular Vector (SV) Method

	Coupled Model
	Not used

	Initialization Method

For Ocean Model
	

	FORECAST SPECIFICATIONS

	Forecast Period
	Season (three months average) and each month

	Lead Time
	About 0.5 month for season, 

about 0.5, 1.5 and 2.5 months for months

	Forecast Frequency
	Monthly

	Forecast Area 
	Global

	SST Specification
	Specified in the two-tiered method

Persistent SST anomaly is assumed based on the previous month SST anomaly

	Sea Ice Specification
	Fixed to Climatology

	Snow and Land 

Surface Specification
	Predicted from the initials given by land surface assimilation system

	GLOBAL FORECAST PURODUCT ON TCC WEBSITE

	Issuance day
	No later than 22nd day in the month

	Format
	FM92 GRIB – Edition2 

(http://www.wmo.ch/web/www/DPS/grib-2.html)

	Horizontal Resolution
	2.5 degree by 2.5 degree

	Bias correction
	Corrected for Mean sea level pressure, temperature and geopotential height based on ERA-15 and GANAL (JMA Global Analysis)

	Climatology
	Model climatology based on Hindcast (1984-2001)

	
	Three-month mean 

and monthly mean
	    total
	   anomaly
	spread

	
	
	En.

Mean
	Members
	En.

Mean
	Members
	

	     Parameters

     (1=YES,0=NO)
	Surface (2m) 

air temperature [K] 
	　1
	  0
	  1
	  0
	  1

	
	Sea surface temperature [K]
	  1
	  0
	  1
	  0
	  0

	
	Total precipitation rate 

[kg/m2/day]
	  1
	  0
	  1
	  0
	  1

	
	Mean sea level pressure 

[Pa] 
	  1
	  0
	  1
	  0
	  1

	
	850,500,300,200,100hPa 

Temperature [K] 
	1,0,0,0,0
	  0
	1,0,0,0,0
	  0
	1,0,0,0,0

	
	850,500,300,200,100hPa 

Geopotential height [m] 
	0,1,0,0,0
	  0
	0,1,0,0,0
	  0
	0,1,0,0,0

	
	850,500,300,200,100hPa 

Zonal and meridional velocity [m/sec]
	1,0,0,1,0
	  0
	1,0,0,1,0
	  0
	1,0,0,1,0

	
	850,500,300,200,100hPa 

Relative humidity [%] 

(Specific humidity :kg/kg)
	  0
	  0
	  0
	  0
	  0

	GLOBAL FORECAST VERIFICATION ON TCC WEBSITE

	
	
	      Hindcast

     (1984-2001)

     (Five-members)
	Real-  Time



	
	
	MSSS/

3by3 Table
	 ROC
	Reliability and

Frequency
	Map

	Parameters

(3=LEVEL3,2=LEVEL2,

1=LEVEL1,0=NO)


	Surface(2m) air temperature
	 3,2,1
	3,2,1
	1
	0

	
	Sea surface temperature 
	 0
	0
	0
	0

	
	Total precipitation rate 
	 3,2,1
	3,2,1
	1
	0

	
	Mean sea level pressure 
	 3,2,1
	3,2,1
	1
	1

	
	850hPa Temperature 
	 3,2,1
	3,2,1
	1
	1

	
	500hPa Geopotential height 
	 3,2,1
	3,2,1
	1
	1
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Table 2 Description of Long-Range Forecast System for Warm/Cold Season Outlook

	IDENTIFICATION

	Country
	JAPAN

	Meteorological 
Center
	Climate Prediction Division / Japan Meteorological Agency

	Dissemination
	From Tokyo Climate Center (TCC) Web Page (http://cpd2.kishou.go.jp/tcc/). Grid-point data are protected with a password.

	LRF system 
identification
	Ensemble Prediction System (EPS) for Warm/Cold Season Outlook

	MODEL DESCRIPTIONS

	
	Two-tiered method

	Atmospheric 
Model
	GSM (Global Spectral Model)0103 T63L40

Prognostic Arakawa-Schubert, Mellor-Yamada Level-2, Simple 
Biosphere Model (SiB), Shortwave (delta-two-stream approximation), 

Longwave(broad-band flux emissivity method), Prognostic cloud water

	Initialization 
Method

For AtmosphericModel
	3D-Variational Procedure (GANAL: Global Analysis)

31 members by Singular Vector (SV) Method

	Coupled Model 
	CGCM02 (Coupled ocean-atmosphere General Circulation Model) 
Used for monthly El Niño forecast

GSM(Global Spectral Model)0103 T42L21

OGCM (Ocean General Circulation Model: Brian-Cox type) 

2.5 degree by 0.5-2.0 degree, L20

	Initialization 
Method

For 
Ocean Model
	3D-Variational Procedure (ODAS: Ocean Data Assimilation System)

6 members by a half month Lagged Average Forecast (LAF) 

and Incremental Analysis Update (IAU) methods.

	FORECAST SPECIFICATIONS

	Forecast Period
	Warm season (June-July-August) and each month

Cold season (December-January-February) and each month

	Lead Time
	About 1.5 to 3.5 months for warm season and about 1.5 to 5.5 

months for the months of warm season

About 1.5 to 2.5 months for cold season and about 1.5 to 4.5 

months for the months of cold season

	Forecast Frequency
	February, March and April for warm season outlook

September and October for cold season outlook

	Forecast Area 
	Global

	SST 
Specification

	Specified in the two-tiered method;

 First, global SST anomalies are predicted with CGCM02 to get the boundary condition of the GSM,  then the T63L40 version of GSMis integrated for ensemble forecast. Initial SST anomalies are assumed to persist for first two months. To specify SST anomalies for the last two months of the forecast period, the Niño3 SST anomaly is predicted with CGCM02 and corrected by the MOS (Model Output Statistics) method. Then, global SST anomalies are regressed against the corrected Niño3 SST anomaly. The regressed SST anomalies are prescribed globally as the boundary condition for the last two months. The interpolated global SST anomalies are used between the firstand last two months.  

	Sea Ice 
Specification
	Fixed to Climatology

	Snow and Land-Surface 
Specification
	Predicted from the initials given by land surface assimilation system

	GLOBAL FORECAST PURODUCT ON TCC WEBSITE

	Issuance day
	No later than 25nd day in the month

	Format
	FM92 GRIB – Edition2 (http://www.wmo.ch/web/www/DPS/grib-2.html)

	Horizontal 
Resolution
	2.5 degree by 2.5 degree

	Bias correction
	Corrected for mean sea level pressure, temperature and geopotential height based on ERA-15 and GANAL(JMA Global Analysis)

	Climatology
	Model climatology based on Hindcast (1984-2001)

	
	Warm/cold-seasonal mean 

and monthly mean
	    total
	   anomaly
	spread

	
	
	En.

Mean
	Members(31)
	En.

Mean
	Members(31)
	

	Parameters

(1=YES,0=NO)
	Surface (2m) air temperature[K]
	　1
	  1
	  1
	  1
	  1

	
	Sea surface temperature [K]
	  1
	  0
	  1
	  0
	  0

	
	Total precipitation rate 

[kg/m2/day]
	  1
	  1
	  1
	  1
	  1

	
	Mean sea level pressure 
[Pa]
	  1
	  1
	  1
	  1
	  1

	
	850,500,300,200,100hPa 

Temperature [K]
	1,0,0,0,0
	1,1,0,1,0
	1,0,0,0,0
	1,1,0,1,0
	1,0,0,0,0

	
	850,500,300,200,100hPa 

Geopotential height [m] 
	0,1,0,0,0
	1,1,1,1,1
	0,1,0,0,0
	1,1,1,1,1
	0,1,0,0,0

	
	850,500,300,200,100hPa 

Zonal and meridional velocity[m/sec]
	1,0,0,1,0
	1,1,0,1,0
	1,0,0,1,0
	1,1,0,1,0
	1,0,0,1,0

	
	850,500,300,200,100hPa 
Relative humidity [%] 

(Specific humidity :kg/kg)
	  0
	1,0,0,0,0
	  0
	1,0,0,0,0
	  0

	GLOBAL FORECAST VERIFICATION ON TCC WEBSITE

	
	
	      Hindcast

     (1984-2001)

     (Five-members)
	Real

Time



	
	
	MSSS/

3by3

Table
	ROC
	Reliability and

Frequency
	Map

	Parameters

(3=LEVEL3,
2=LEVEL2,

1=LEVEL1,
0=NO)


	Surface (2m) air temperature
	 3,2,1
	3,2,1
	1
	0

	
	Sea surface temperature 
	 0
	0
	0
	0

	
	Total precipitation rate 
	 3,2,1
	3,2,1
	1
	0

	
	Mean sea level pressure 
	 3,2,1
	3,2,1
	1
	0

	
	850hPa Temperature 
	 3,2,1
	3,2,1
	1
	0

	
	500hPa Geopotential height 
	 3,2,1
	3,2,1
	1
	0
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Table 3   Scores of Ensemble Prediction System for Three-Month Outlook Based on Hindcast (five members; 1984-2001)

	Aggregated Verification (Level 1) for Deterministic Forecasts

	Mean Squared Skill Score (MSSS)

	( MSSS > 0.00 means ‘better than Climatological Forecast’ )

	(1) Jun-July-August Mean for Initial Date = April 31

(2) December-January-February Mean for Initial Date = October 31

	
	NH

(0-360,20-90N)

(1)/(2)
	Tropics

(0-360,20S-20N)

(1)/(2)
	SH

(0-360,90-20S)

(1)/(2)

	Surface (2m) air temperature 
	-0.03 / -0.05
	0.14 / 0.31
	-0.15 / -0.29

	Sea surface temperature 
	
	
	

	Total precipitation rate 
	-0.32 / -0.22
	-0.29 / -0.08
	-0.19 / -0.12

	Mean sea level pressure 
	-0.09 / -0.14
	0.09 / 0.16
	-0.07 / -0.40

	850hPa Temperature 
	-0.02 / -0.10
	0.01 / 0.05
	0.01 / -0.15

	500hPa Geopotential height 
	0.02 / -0.15
	0.30 / 0.43
	0.00 / -0.22

	Aggregated Verification (Level 1) for Probabilistic Forecasts

	Relative Operating Characteristics (ROC) Area Score (%)

	( ROC > 50% means ‘better than Climatological Forecast’ )

	(1) Jun-July-August Mean for Initial Date = April 31

(2) December-January-February Mean for Initial Date = October 31

	
	NH

(0-360,20-90N)

(1)/(2)
	Tropics

(0-360,20S-20N)

(1)/(2)
	SH

(0-360,90-20S)

(1)/(2)

	Surface (2m) air temperature 
	65.3 / 65.3
	70.3 / 69.4
	63.9 / 56.6

	Sea surface temperature 
	
	
	

	Total precipitation rate 
	53.0 / 54.5
	61.9 / 59.2
	57.0 / 53.2

	Mean sea level pressure 
	53.8 / 57.1
	67.1 / 70.2
	60.6 / 60.4

	850hPa Temperature 
	57.4 / 56.6
	62.8 / 59.6
	58.3 / 50.3

	500hPa Geopotential height 
	62.5 / 58.6
	68.6 / 72.6
	64.7 / 61.5
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Table 4 Scores of Ensemble Prediction System for Warm/Cold Season Outlook

Based on Hindcast (five members; 1984-2001)

	Aggregated Verification (Level 1) for Deterministic Forecasts

	Mean Squared Skill Score (MSSS)

	( MSSS > 0.00 means ‘better than Climatological Forecast’ )

	(1) Jun-July-August Mean for Initial Date = January 31

(2) December-January-February Mean for Initial Date =August 31

	
	NH

(0-360,20-90N)

(1)/(2)
	Tropics

(0-360,20S-20N)

(1)/(2)
	SH

(0-360,90-20S)

(1)/(2)

	Surface (2m) air temperature 
	-0.10 / -0.13
	0.07 / 0.27
	-0.19 / -0.11

	Sea surface temperature 
	
	
	

	Total precipitation rate 
	-0.08 / -0.18
	-0.08 / 0.06
	-0.14 / -0.05

	Mean sea level pressure 
	-0.17 / -0.13
	0.01 / 0.04
	-0.18 / -0.34

	850hPa Temperature 
	-0.07 / -0.14
	0.05 / 0.07
	-0.08 / -0.10

	500hPa Geopotential height 
	-0.12 / -0.15
	0.13 / 0.32
	-0.18 / -0.19

	Aggregated Verification (Level 1) for Probabilistic Forecasts

	Relative Operating Characteristics (ROC) Area Score (%)

	( ROC > 50% means ‘better than Climatological Forecast’ )

	(1) Jun-July-August Mean for Initial Date = January 31

(2) December-January-February Mean for Initial Date =August 31

	
	NH

(0-360,20-90N)

(1)/(2)
	Tropics

(0-360,20S-20N)

(1)/(2)
	SH

(0-360,90-20S)

(1)/(2)

	Surface (2m) air temperature 
	53.0 / 58.7
	60.2 / 66.1
	48.8 / 57.3

	Sea surface temperature 
	
	
	

	Total precipitation rate 
	52.6 / 52.2
	54.8 / 57.1
	50.8 / 53.4

	Mean sea level pressure 
	50.4 / 54.9
	55.1 / 60.8
	51.2 / 55.9

	850hPa Temperature 
	52.4 / 54.2
	60.2 / 57.7
	49.7 / 50.2

	500hPa Geopotential height 
	54.7 / 55.5
	61.5 / 61.5
	54.6 / 56.8








