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1. Introduction

[image: image1.wmf]1-

Month Forecast

3-

Month Forecast

6-

Month Forecast

[image: image2.wmf]Day: 1-90 Initial:5.31

Summer 1998

Precipitation (anal)

850

hPa stream function (anal)

850

hPa stream function (

fcst

)

Precipitation (

fcst

)

JMA completed introducing numerical prediction technique into all range of current operational seasonal forecasting in JMA with advantage of (1) issue of probability forecast, (2) forecast with physical consistency, and (3) improvement based on advance of technology. Two-tiered ways are adopted for coupling between atmosphere and ocean processes (Fig.1); first, sea surface temperature (SST) anomalies are predicted using persistency of SST anomalies (one-month and 3-month forecasts), statistical models and an atmosphere-ocean coupled model (6-month forecast).
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2. One-month Numerical Prediction System

The first application of numerical ensemble predictions in JMA is made in the one-month numerical forecast, which started in March 1996 (Fig.2). This is basically the extended-range weather forecast calculating the atmospheric evolution from initial ensemble conditions around the most likely initial. The concept of numerical probability is introduced to represent inherent uncertainty of atmospheric prediction (Fig.3). The success of the extended-range forecast for one-month is sustained by the growing skill of the JMA short-term numerical prediction model (global spectral model or GSM). 

Land surface condition including soil temperature, soil wetness and snow-depth is influential to one-month or longer-period averaged atmosphere. Land surface assimilation or global snow depth analysis system (Fig.4) has been operated on a daily basis since April 2002 to prepare for initial conditions of land surface model (Simple Biosphere Model). Snow-depth analysis based on SYNOP snow depth is the input for the system besides atmospheric forcings like shortwave radiation and precipitation. The one-month prediction over Eurasia is much improved after the satellite-observing snow cover (SSM/I) is added to the input of the system in April 2003. This is an example for showing the effectiveness of world-wide observation by satellite. 
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JMA continues to improve the one-month prediction model. Entrainment and detrainment processes are incorporated in downdraft part of cumulus convection scheme in May 2003 (Fig.5). The related change in initial data assimilation scheme is also improved. 
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2. Three- and Six-month Numerical Prediction System
Numerical ensemble forecast techniques have been expanded to 3-month and 6-month forecast until September 2003 in JMA.

JMA began 3-month numerical ensemble weather forecast with the SST anomalies fixed to their initials in March 2003 (Fig.2). The assumption of persistent SST anomalies for one-month and 3-month predictions is justified in the comparison of three different SST anomaly forecasts based on the El-Niño model (a coupled model), SST climatology (no anomaly) and persistent initial SST anomalies (Fig. 6). The persistent SST anomalies may be acceptable as a prescribed boundary condition of the GSM for 3-month prediction.

JMA started the 6-month numerical ensemble weather forecast targeting the cold and warm seasons of December-January-February (DJF) and June-July-August (JJA) (Fig.7). Although this is also conducted in a two-tiered way, the persistency of SST anomaly is an inappropriate assumption. According to Fig.6, the Niño3 (eastern-equatorial Pacific) SST anomalies are predicted best with the El Niño prediction model (an atmosphere-ocean coupled model) for 4- or 5-month forecast. 
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Therefore, we predict global SST anomalies as follows ; initial SST anomalies are assumed to persist for first two months. For the last two months of the forecast period, the Niño3 (eastern-equatorial Pacific) SST anomaly is predicted with the El Niño prediction model (atmosphere-ocean-coupled model) 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 temporally interpolated global SST anomalies are used between the first and last two months. 
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3. What can be predicted in 3-month numerical prediction ?

The 3-month numerical prediction system is the same as one-month prediction except for the use of low-resolution model (Table). But, the theoretical aspect for prediction is different. The 3-month prediction may be a long-range forecast beyond the current limit of predictability based on initial problems. Therefore, SST anomalies and land surface condition [image: image17.wmf]Dynamical Seasonal Forecast  System
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are more important (Fig. 8). 
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It is important to know about what can be predicted based on boundary condition by the current model. To estimate skill of the model, hindcast experiments (prediction for the past) are performed. Most expected target in long-range forecast is tropical precipitation anomalies and associated response in tropical atmosphere (Fig.9) because those distributions are strongly dependent on tropical SST anomalies. Considering small signal-noise ratio (S/N) in the extra-tropics and the ability of present models, the model output is used mostly to give the guidance to forecasters together with other statistical model results in JMA.
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4. Dissemination of Forecast Products on Tokyo Climate Center (TCC) / JMA

The grid-point-values (GPVs) and maps for one-month forecast have been available on JMA’s Tokyo Climate Center (TCC) web-site since last October. JMA began to disseminate GPVs and maps for 3-month forecast and 6-month forecast to NMHSs (national meteorological and hydrological services) from TCC web-site (Fig. 10). 

5. Summary

The operation of numerical seasonal prediction is not our goal. Actually, we found many issues to be improved in the model and the system in our operational experiences. 

Two sorts of works will be necessary to proceed the numerical seasonal predictions. One is to improve atmospheric models including cumulus scheme and develop coupled models for one-tiered method of seasonal prediction. Secondly, the research on inter-annual variability and predictability would lead to fix signals in the seasonal prediction as well as deficits of numerical seasonal prediction with current models.

Table　JMA’s numerical models for seasonal prediction　　　　　　           
Symbolic Name 
One-month Prediction Model
Three-month Prediction Model 
Warm and Cold Seasons Prediction Model

(Six-month Prediction Model)


Specification
Atmospheric Model
GSM0305

T106 (110km)

L40

Top at 0.4 hPa
Atmospheric Model
GSM0103

T63 (180km）
L40

Top at 0.4 hPa
Atmospheric Model
GSM0103

T63 (180km）
L40

Top at 0.4 hPa


Initial and Boundary Condition

Initial Condition:
Atmosphere Data Assimilation (GANAL)

Land Data Assimilation
Boundary Condition
Fixed SST anomalies at their initials

Initial Condition:
Atmosphere Data Assimilation (GANAL)

Land Data Assimilation
Boundary Condition
Fixed SST anomalies at their initials

Initial Condition: the same as the left box.
Boundary Condition:
Global SST anomalies are obtained statistically from  MOS value for El Niño SST anomaly based on the El Niño atmosphere-ocean coupled model prediction except for first 2-months when SST anomalies are fixed at their initials. 


Ensemble Method
26 members
BGM-Method（13 members on Wednesday and Thursday each）
31 members
SV-Method


31 members
SV-Method




Operation
Once a week
34-day Forecast
Once a month
120-day Forecast
Twice a year (Feb. and Sep.)

210-day Forecast 

(Complementary Forecast in Mar., Apr. and Oct.)


Products and Issue Date
TCC(GPV,MAP)

Every Friday
TCC(GPV,MAP) 

25th day each month
TCC(GPV,MAP)

Scheduled in February 2004


Fig.10  Web-page for dynamical seasonal prediction in TCC/JMA.


http://cpd2.kshou.go.jp/tcc/products/model/index.html








Fig.9 An example of 3-month forecast. Simulated (upper) and observed (lower) stream-function at 850hPa (left side) and precipitation (right side) in 1998 summer. Anomalies are colored.
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Fig.8 Relative importance of initial condition and boundary condition for seasonal predictions.
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Fig.7 Numerical seasonal prediction system for 6-month forecast
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Fig.6 Best SST forecast at each area among three methods; coupled model (dark), persistence (light) and climate (medium).
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Fig.2 Numerical seasonal forecast system for 1- and 3-month prediction





Fig.1 Two methods for numerical seasonal prediction





� EMBED PowerPoint.Slide.8  ���





Fig.3 An example of one-month numerical ensemble prediction
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Fig.4 Global snow depth analysis system





Fig.5 Comparison among TRMM-observing precipitation (top), simulated precipitation by old cumulus scheme (middle) and new cumulus scheme (bottom).
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Global Snow Depth Analysis System (Kurino and Tokuhiro, 2003)
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・ Entrainment and Detrainment in Downdraft

                     (Nakagawa and Shinpo, 2003)
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One-Month Ensemble Forecast  (An Example）

Temperature at 850hPa over Eastern Japan

Observation

Forecast

Feb. 2002

Mar. 2002

Apr. 2002

Forecast

Observation

Observation







. T850{F* WH 135E—140FE 35N—37

O T T T T I T T T T T T Trrrrt |\||||1||ur :\II\-I)\LI\I\\I‘I\H\
/Y e

M 4 \

) \r N \\/\/





-1
oo

35N—37. 5N
\ll

0F
|I‘II\I\\|\II\I








_1130777385.ppt


Present

Two-Tiered Way

Two Methods for Numerical Seasonal Prediction

Future

One-Tiered Way



Atmosphere-Land-Ocean Coupled Model

Atomosphere-Land 

Coupled Model

Atmospheric Model

Ocean model is coupled 

Separately predicted SST 

is prescribed as boundary




















































































































































































































































