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REVIEW OF THE WORK, FUNCTIONS AND SPECIFIC NEEDS OF THE GLOBAL PRODUCING CENTRES (GPCs)

STATUS / PROGRESS REPORT FOR GPC TOKYO
(Submitted by Takayuki Tokuhiro)

Summary and purpose of document

This document summarizes the current status of GPC Moscow activities in long-range forecasting.
Action Proposed

The meeting is invited to take into consideration information provided in the document when discussing new developments and specific needs of GPCs. 

STATUS / PROGRESS REPORT FOR GPC Tokyo
1.
FORECASTING SYSTEM

Please note that items 1.1 and 1.2 should be repeated for different forecasting ranges: LRF, ELF and/or any other.

1.1
Description of the forecasting system specification [please also indicate where this information is published (web address / papers))
Details of JMA’s  extended- and long-range forecasting system specification refer to ANNEX I and are available at http://ds.data.jma.go.jp/tcc/tcc/products/model/outline/index.html. JMA replaced its Ensemble Prediction System (EPS) for operational long-range forecasting in February 2010 (see ANNEX II).
1.2
Content of basic forecast outputs [response options in brackets; change or delete as appropriate. For non-compliant elements, please indicate intended date of compliance]
LRF
	Issue frequency:
	 3-month prediction: monthly
warm/cold season prediction: issue in February, March,  April, September, and October

	Temporal resolution:
	 Averages, accumulations or frequencies over 1-month and 3-month periods

	Spatial resolution:
	2.5° x 2.5°

	Spatial coverage: 
	Global 

	Lead time:
	 3-month prediction: 0 months
warm/cold season prediction: up to 3 months

	Output types: 

	 Graphical images and digital data
 http://ds.data.jma.go.jp/tcc/tcc/products/model/index.html

	Verification as per WMO SVSLRF
	Y

(a) location of verification information
http://ds.data.jma.go.jp/tcc/tcc/products/model/index.html
LC-LRFSVS
(b)30 years (1979-2008) hindcasts
(c) the prediction system is used in operations identical to that used in hindcast verification.
 


ERF
	Issue frequency:
	 Weekly

	Temporal resolution:
	 Averages, accumulations or frequencies over 1-week and 2-week and 1-month periods

	Spatial resolution:
	2.5° x 2.5°

	Spatial coverage: 
	Global 

	Lead time:
	1 day

	Output types: 

	 Graphical images and digital data
 http://ds.data.jma.go.jp/tcc/tcc/products/model/index.html

	Verification as per WMO SVSLRF
	Y

(a) location of verification information
http://ds.data.jma.go.jp/tcc/tcc/products/model/index.html
(b)26 years (1979-2004) hindcasts
(c) the prediction system is used in operations identical to that used in hindcast verification.



2.
PRODUCTS [response options in brackets; change or delete as appropriate. For non-compliant elements, please indicate intended date of compliance]
	Variable:
	Probabilities for tercile categories of 2m temperature
	Probabilities for tercile categories of precipitation
	Probabilities for tercile categories of SST (coupled models only)

	Spatial resolution:
	2.5° x 2.5° 
	2.5° x 2.5° 
	

	Temporal Resolution:
	3 months 
	3 months 
	

	Coverage:
	Global 
	Global 
	

	Issue frequency:
	monthly 
	monthly 
	

	Lead-time
	L0
	Y
	Y
	N

	
	L1
	N
	N
	N

	
	L2
	N
	N
	N

	
	L3
	N
	N
	N

	
	L4
	N
	N
	N

	
	L4+
	N
	N
	N

	Location of rendered images:
	http://ds.data.jma.go.jp/tcc/tcc/products/model/probfcst/4mE/index.html
	http://ds.data.jma.go.jp/tcc/tcc/products/model/probfcst/4mE/index.html
	

	Location of digital data (if available):
	
	
	

	[For non-compliant elements, please indicate intended date of compliance]
	
	
	JMA’s LRF model was changed from an AGCM to a CGCM in February 2010. Probabilities for tercile categories of SST will be provided by the first quarter of 2011.


3.
VERIFICATION [response options in brackets; change or delete as appropriate. For non-compliant elements, please indicate intended date of compliance]
3.1
SVSLRF Level 1 scores

	Variable:
	2m temperature
	Precipitation
	SST (coupled models only)
	Niño region indices

	Seasons:
	All 12 (as for products)
	All 12 (as for products)
	All 12 (as for products)
	

	Leads:
	All leads for which forecasts issued 
	All leads for which forecasts issued 
	All leads for which forecasts issued 
	

	ROC curves:
	Northern extratropics / Southern extratropics / Tropics 
	Northern extratropics / Southern extratropics / Tropics 
	Northern extratropics / Southern extratropics / Tropics 
	N

	ROC area:
	Northern extratropics / Southern extratropics / Tropics
	Northern extratropics / Southern extratropics / Tropics
	Northern extratropics / Southern extratropics / Tropics
	N

	Reliability curve:
	Northern extratropics / Southern extratropics / Tropics
	Northern extratropics / Southern extratropics / Tropics
	Northern extratropics / Southern extratropics / Tropics
	N

	Frequency histograms (sharpness)
	Northern extratropics / Southern extratropics / Tropics
	Northern extratropics / Southern extratropics / Tropics
	Northern extratropics / Southern extratropics / Tropics
	N

	MSSS
	Northern extratropics / Southern extratropics / Tropics
	Northern extratropics / Southern extratropics / Tropics
	Northern extratropics / Southern extratropics / Tropics
	N

	Location of scores:
	http://ds.data.jma.go.jp/tcc/tcc/products/model/index.html
	http://ds.data.jma.go.jp/tcc/tcc/products/model/index.html
	http://ds.data.jma.go.jp/tcc/tcc/products/model/index.html 
	

	Scores’ availability on the LC-SVSLRF web site
	All
	All
	All
	

	[For non-compliant elements, please indicate intended date of compliance]
	
	
	
	They will be provided by the first quarter of 2011.


3.2
SVSLRF Level 2 scores

	Variable:
	2m temperature
	Precipitation
	SST (coupled models only)

	Seasons:
	All 12 (as for products)
	All 12 (as for products)
	All 12 (as for products)

	Leads:
	 All leads for which forecasts issued 
	All leads for which forecasts issued
	All leads for which forecasts issued

	ROC maps:
	Y
	Y
	Y

	MSSS maps:
	Y
	Y
	Y

	MSSS 1 maps:
	Y
	Y
	Y

	MSSS 2 maps:
	Y
	Y
	Y

	MSSS 3 maps:
	Y
	Y
	Y

	Location:
	http://ds.data.jma.go.jp/tcc/tcc/products/model/index.html 
	http://ds.data.jma.go.jp/tcc/tcc/products/model/index.html 
	http://ds.data.jma.go.jp/tcc/tcc/products/model/index.html 

	[For non-compliant elements, please indicate intended date of compliance]
	
	
	


4.
DISSEMINATION 

Please indicate the availability of your GPC products (freely available / password protected / other) and their location (web site and/or ftp).
The products of GPC Tokyo, except the GPV data, are freely available on the web site. The access to the GPV data is password protected.
5.
LRF MULTI-MODEL ENSEMBLE
Please indicate if your GPC is developing a MME and/or participating in multi-model (like EUROSIP or APCC).
The GPV data is provided to the APCC.
6.
ADDITIONAL INFORMATION PROVIDED BY THE GPC

Please indicate any additional information that is provided by the GPC (e.g. grid point value products (hindcast and forecast data for downscaling algorithms, data for RCM boundary and initial conditions, predicted global weekly values of SST)).

· Hindcast and forecast data for downscaling algorithms
7.
CAPACITY BUILDING AND TRAINING 
Please indicate any assistance by the GPC in capacity building (e.g., interpretation and use of products, downscaling and verification techniques, development of local user applications from RCC downscaled products, use and implementation of regional climate models).

· Interpretation and use of products through the Tokyo Climate Center (TCC) seminar and so on.
8.
SPECIFIC NEEDS
Please indicate any specific needs of your GPC.
· To improve the performance of the forecasting model

· To promote utilization of LRF products by NMHSs,
9.
FUTURE DEVELOPMENTS

Please indicate any future developments for the next 2 years and plans for the following years (2 to 5 years).
· To upgrade the forecasting model, such as introduction of higher resolution model and improvement of physical processes 
· To reinforce  the GPV data, such as provision of data for RCM boundary and data with higher spatial resolution
10.
USERS OF THE LRF

Please indicate the users of the LRF provided by your GPC.
GPC Tokyo provides LRF products to ten or more NMHSs in the mainly Asia region.
__________________
ANNEX I
Outline of JMA’s Ensemble Prediction System for extended- and long-range forecasting  

The numerical prediction model used in the Ensemble Prediction System (EPS) for extended-range forecasting is an atmospheric general circulation model (AGCM) that is a low-resolution version (TL159) of the Global Spectral Model (GSM) used for short- and medium-range forecasting (the horizontal resolutions of these models are TL959 and TL319, respectively). The model used in the EPS for long-range forecasting is the coupled ocean-atmosphere general circulation model (CGCM), which consists of the AGCM (a TL95 version of the GSM) and the ocean general circulation model (OGCM) – the Meteorological Research Institute Community Ocean Model (MRI.COM). This CGCM is also used for JMA's El Niño prediction.

Most of the physical processes in the AGCM are the same as those of the GSM for the short- and medium-range forecast model other than a few differences such as the absorption coefficients of water vapor in the shortwave radiation scheme. 

The specifications of the EPS and GSM are shown in the following tables.

Specifications of EPSs for extended- and long-range forecasting

	
	Extended-range forecasting

(1-month EPS)
	Long-range forecasting 

(4/7-month EPS) 

	
	GSM0803C
	JMA/MRI-CGCM

	Atmospheric general circulation model (AGCM) 
	JMA-GSM (based on the JMA/MRI Unified Model)

	　Horizontal resolution
	TL159

 (about 1.125º, Gaussian grid 110 km)
	TL95

 (about 1.875º, Gaussian grid 180 km)

	　Vertical layers
	60 (model top: 0.1 hPa)
	40 (model top: 0.4 hPa)

	Ocean　general circulation model (OGCM)
	---
	MRI.COM*1
(Meteorological Research Institute Community Ocean Model)

	　Horizontal resolution
	
	1.0º in longitude, 0.3 – 1.0º in latitude (75˚S – 75˚N)

	　Vertical layers
	
	50

	Initial conditions 
	
	

	  Atmosphere
	JMA Global Analysis
	JCDAS*2
(JMA Climate Data Assimilation System)

	Ocean
	---
	MOVE/MRI.COM-G*3 

(Ocean Data Assimilation)

	  Land surface
	JMA Land Surface Analysis System
	Climatology

	SST
	　Two-tier method; persisted anomaly
	One-tier method; flux adjustment

	Sea ice distribution
	Climatology

	CO2 concentration
	Constant
	Trend

	Orography
	GTOPO30 dataset (30" × 30") spectrally truncated and smoothed

	Perturbation method
	Combination of Breeding of Growing Modes (BGM) and Lagged Average Forecast (LAF) methods

	Ensemble size
	50  

(25 BGM & 2 days with 1-day LAF)
	51

 (9 BGM & 6 days with 5-day LAF) 

	Integration range
	34 days
	7 months

	Frequency of forecast issuance
	Once a week
	Once a month


System details can be found at:

*1 http://ds.data.jma.go.jp/tcc/tcc/products/elnino/jmamri_cgcm_doc.html

*2 http://jra.kishou.go.jp/JRA-25/index_en.html

*3 http://ds.data.jma.go.jp/tcc/tcc/products/elnino/move_mricom_doc.html

ANNEX II
Improvements in JMA’s Ensemble Prediction System for Long-range Forecasting

JMA replaced its Ensemble Prediction System (EPS) for operational long-range forecasting in February 2010. The main updates are outlined below.

· Introduction of a coupled ocean-atmosphere general circulation model (CGCM) instead of the atmospheric general circulation model (AGCM) used to date

· Change in ensemble techniques and EPS operation

· Provision of new grid point value (GPV) products

The specifications of the current and new EPSs are shown in Table 1. Forecast performance is improved, especially with longer lead times and over the tropical region, in association with these updates. As in the past, the date of issuance for long-range forecasts is the 25th of the month or earlier.

Table 1 Specifications of the current and new EPSs for long-range forecasting in JMA

	
	Old system (until Jan. 2010) 
	Current system (from Feb. 2010) 

	
	V0703C
	JMA/MRI-CGCM

	Atmospheric general circulation model (AGCM) 
	JMA-GSM (based on the JMA/MRI Unified Model)

	　Horizontal resolution
	TL95 (about 1.875º, Gaussian grid 180 km)

	　Vertical layers
	40 (model top: 0.4 hPa)

	Ocean　general circulation model (OGCM)
	---
	MRI.COM*1

	　Horizontal resolution
	
	1.0 deg in longitude, 0.3 – 1.0 deg in latitude (75ºS – 75ºN)

	　Vertical layers
	
	50

	Initial conditions 
	
	

	  Atmosphere
	JMA Global Analysis
	JCDAS*2
 (JMA Climate Data Assimilation System)

	Ocean
	---
	MOVE/MRI.COM-G*3
 (Ocean Data Assimilation)

	  Land surface
	Climatology

	Sea surface temperature (SST)
	　Two-tiered method; combination of persisted anomaly and prediction using the El Niño prediction model
	One-tiered method with flux adjustment



	Sea ice distribution
	Climatology

	CO2 concentration
	Constant
	Trend

	Perturbation method
	Singular Vector (SV) method
	Combination of Breeding of Growing Modes (BGM) and Lagged Average Forecast (LAF) methods

	Ensemble size
	51
	51 (9 BGM & 5-day LAF) 

	Time integration range
	4 months or more, up to 7 months
	7 months


System details can be found at:

*1 http://ds.data.jma.go.jp/tcc/tcc/products/elnino/jmamri_cgcm_doc.html

*2 http://jra.kishou.go.jp/JRA-25/index_en.html

*3 http://ds.data.jma.go.jp/tcc/tcc/products/elnino/move_mricom_doc.html

1. Change from AGCM to CGCM 

The long-range forecasting model was changed from an AGCM (two-tiered method) to a CGCM (one-tiered method) and unified with the El Niño prediction model in February 2010.
The CGCM consists of an AGCM and an ocean general circulation model (OGCM), and can represent air-sea interactions more appropriately than the AGCM, which has a spectral triangular 95 (TL95) horizontal resolution (equivalent to a Gaussian grid of nearly 180 km) and 40 unevenly spaced hybrid levels in the vertical resolution. The model top is at the 0.4 hPa level. It is a low-resolution version of JMA’s operational AGCM for short- and medium-range forecasting. The OGCM is the Meteorological Research Institute Community Ocean Model (MRI.COM).

The atmospheric and oceanic initial conditions of the CGCM are obtained from the JMA Climate Data Assimilation System (JCDAS; Onogi et al., 2007) and the ocean data assimilation system (MOVE/MRI.COM-G; Usui et al., 2006), respectively. The climatological distribution of sea ice is used as the lower boundary condition for the atmospheric part of the CGCM, and land surface climatological conditions are used as its initial conditions. A land surface model coupled to the AGCM is used for the prediction of land surface conditions. 

2. Changes in ensemble technique and EPS operation

The new EPS for long-range forecasting is run every five days with nine members, and initial perturbations are estimated for both the atmosphere and the ocean. Atmospheric initial perturbations are obtained using the Breeding of Growing Modes (BGM) method (Toth and Kalnay, 1993, 1997). Oceanic initial perturbations are estimated through the ocean data assimilation system (MOVE/MRI.COM-G) forced by the surface heat and momentum flux associated with the atmospheric initial perturbation fields. The 51-member ensemble is generated using prediction results from six different initial dates (Fig. 1). 
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Fig. 1 Schema of aggregation for the ensemble members in the current and new systems

3. Provision of new GPV products 

Monthly GPV data from individual ensemble members is available in addition to ensemble mean data on the TCC website. The GPV data of hindcast experiments by the CGCM is also updated. GPV products (shown in Table 2) are available only to National Meteorological and Hydrological Service (NMHS) users through the Global Producing Centre of Long Range Forecasts (GPC) page on the TCC website.

Table 2 Specifications of GPV products from EPS for long-range forecasting

	Parameters
	

	Ensemble mean*1

	U200, V200, Z500, U850, V850, T850, mean sea level pressure, precipitation, 2-m temperature, SST

	Individual ensemble members 
	Z100, Z200, U200, V200, T200, Z300, Z500, U500, V500, T500, Z850, U850, V850, T850, RH850, Q850, mean sea level pressure, precipitation, 2-m temperature, SST

	Temporal resolution
	1-month mean (ensemble mean & individual ensemble members) 

3-month mean (ensemble mean)

	Spatial coverage and resolution
	Global, 2.5º × 2.5º

	Lead time
	Between about 0.5 and 5.5 months

	Issuance timing
	No later than the 25th of each month

	Data format
	GRIB2*2

	Data for calibration
	Model normals based on hindcast experiments


*1 Including standard deviation with the exception of SST

*2 Details can be found at http://www.wmo.ch/pages/prog/www/WMOCodes/GRIB.html

4. Improvements in forecast performance

Results from hindcast experiments (Table 3) using the CGCM show that its introduction improves long-range forecast performance, especially with longer lead times and over the tropical region, compared to the AGCM. The data used for verification are JRA-25/JCDAS (Japanese 25-year Reanalysis/JMA Climate Data Assimilation System; Onogi et al., 2007), COBE-SST (Centennial in-situ Observation-Based Estimates of variability of SST and marine meteorological variables; Ishii et al., 2005) and GPCP (Global Precipitation Climatology Project; Adler et al., 2003). The verification results based on hindcast experiments are shown here.

Table 3 Specifications of hindcast experiments for long-range forecasting

	
	Old system
	Current system

	Model
	V0703C (AGCM)
	JMA/MRI-CGCM

	Target period
	All months from 1984 to 2005; 22 years
	All months from 1979 to 2008; 30 years

	Time integration range
	7 months
	7 months

	Ensemble size (method)
	11 (SV)
	10 (5 BGM & 15-day LAF)

	Initial conditions 
	
	

	  Atmosphere
	JRA-25*1/JCDAS

	Ocean
	---
	MOVE/MRI.COM-G

	  Land surface
	Climatology


System details can be found at:

*1 http://jra.kishou.go.jp/JRA-25/index_en.html

Figure 2 shows anomaly correlation coefficients (ACC) of three-month mean SSTs. The CGCM has a high level of forecast skill for tropical SSTs over most of the Indian Ocean and the western tropical Pacific in addition to the ENSO-related region. In particular, improvements in forecast skill for SSTs are significant over the northern tropical Indian Ocean and the western tropical Pacific compared to that of the AGCM. 

Figure 3 shows a comparison of ACCs for three-month mean precipitation between the CGCM and the AGCM. Corresponding to the high forecast skill for tropical SSTs, the level of skill for tropical precipitation is also improved. This is partially due to the fact that a realistic relationship between SST and precipitation is reproduced in the CGCM through its physically reasonable air-sea interaction processes, which were not represented in the AGCM. 
Figure 4 shows a comparison of ACCs for the three-month mean stream function at 850 hPa (upper) and geopotential height at 500 hPa (lower) between the CGCM and the AGCM. The CGCM also improves the forecast skill for tropical circulation. The level of skill for both fields is improved, especially over the western tropical Pacific. 
Figure 5 shows a comparison of relative operating characteristics (ROC) areas in tercile (three-class) probability forecasts (all tercile) for three-month mean surface temperature and precipitation over the tropical region with a one-month lead time. The CGCM improves the level of probabilistic skill for the tercile probability forecasts, especially over the tropical region. Tercile probability forecasts for three-month mean surface temperature and precipitation are made available on the TCC website, and are generated using the Model Output Statistics (MOS) technique based on hindcast experiments. 
[image: image2.png]a) 30N

08

ECGCM
B AGCM

acC

07

06

05

13 24 a5

a6

04

1-3 24 35

46

Lead time (months)

Lead time (months)

Northern Indian Ocean

Tropical Western Pacific





Fig. 2 Anomaly correlation coefficients (ACCs) of three-month mean SST 

a) ACCs with a four-month lead time for Jun. – Aug. in the CGCM b) Time series of ACCs (average for 12 initial months) over the northern Indian Ocean (left) and the tropical western Pacific (right). Orange bars represent CGCM ACCs, while blue ones show those of the AGCM. The target years used for verification are 1984 – 2005.
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Fig. 3 ACCs of three-month mean precipitation

a) As per Fig. 2a), but for CGCM (left) and AGCM (right) b) As per Fig. 2b), but over the Indian monsoon area (left) and the north western Pacific monsoon area (right)
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Fig. 4 As per Fig. 3a), but for ACCs of stream function at the 850-hPa level (upper) and geopotential height at the 500-hPa level (lower)

Fig. 5 Relative Operating Characteristics (ROC) areas in tercile probability forecasts (all tercile) for three-month mean surface temperature (left) and precipitation (right) over the tropical region with a one-month lead time. The red and blue lines represent ROC areas with the CGCM and the AGCM, respectively. A value of 50% in the ROC area is the climatological score. The target years used for verification are 1979 – 2008 for the CGCM and 1984 – 2005 for the AGCM.

References

Adler, R.F., G.J. Huffman, A. Chang, R. Ferraro, P. Xie, J. Janowiak, B. Rudolf, U. Schneider, S. Curtis, D. Bolvin, A. Gruber, J. Susskind, P. Arkin, E. Nelkin, 2003: The Version 2 Global Precipitation Climatology Project (GPCP) Monthly Precipitation Analysis (1979-Present). J. Hydrometeor., 4, 1147-1167.

Ishii, M., A. Shouji, S. Sugimoto and T. Matsumoto, 2005: Objective Analyses of Sea-Surface Temperature and Marine Meteorological Variables for the 20th Century using ICOADS and the Kobe Collection. Int. J. Climatol., 25, 865-879.

Onogi, K., J. Tsutsui, H. Koide, M. Sakamoto, S. Kobayashi, H. Hatsushika, T. Matsumoto, N. Yamazaki, H. Kamahori, K. Takahashi, S. Kadokura, K. Wada, K. Kato, R. Oyama, T. Ose, N. Mannoji and R. Taira, 2007: The JRA-25 Reanalysis. J. Meteor. Soc. Japan, 85, 369-432.

Toth, Z. and E. Kalnay, 1993: Ensemble forecasting at NMC: The generation of perturbations. Bull. Amer. Meteor. Soc., 74, 2317-2330.

Toth, Z. and E. Kalnay, 1997: Ensemble forecasting at NCEP and the breeding method. Mon. Wea. Rev., 125, 3297-3319.

Usui, N., S. Ishizaki, Y. Fujii, H. Tsujino, T. Yasuda and M. Kamachi, 2006: Meteorological Research Institute Multivariate Ocean Variational Estimation (MOVE) System: Some early results. Adv. Space Res., 37, 806-822.

Old System





Current System








