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1. Introduction

In March 2003, JMA began to operate an Ensemble Prediction System (EPS) for the three-month outlook and then started providing products of the EPS on the Tokyo Climate Center (TCC) Web pages (http://cpd2.kishou.go.jp/tcc/products/model/) in September 2003.  Also, products of an EPS for the one-month prediction at the TCC Web pages are renewed in September 2003. In this paper, the products of these EPSs at the TCC Web pages are introduced. 

2.  Products of the EPS for the one-month prediction

Table 1 is a list of products of the EPS for the one-month prediction that are available at the Web site. In addition to prediction maps and their grid point value (GPV) data files, several kinds of verification charts are provided because information about accuracy of products is deemed important. Since contents of prediction maps may be easily understood by reading the explanation of the Web pages, the verification charts are mainly introduced here. An explanation about the GPV is given in the page of “Ensemble Prediction System” on the TCC’s website.

As an example of the verification charts, root mean square errors (RMSEs) of 28 day mean 500hPa geopotential height over the Northern Hemisphere in 2002 are shown in figure 1.  Although RMSEs show large variation, almost all RMSEs of ensemble averaged predictions are smaller than those of persistency and climatlogical forecast in 2002.  As an example of probabilistic verification charts, figure 2 shows the reliability diagram of the second week predictions of 500hPa geopotential height anomaly (ZA) in summer 2003 for events of positive anomalies (ZA>0m).  The calculations include all grid points in the Northern Hemisphere (20°N‐90°N) for all predictions in summer 2003. Since the reliability curve is close to the diagonal and the Brier skill score (0.08) is greater than zero, it is reasonable to suppose that the probabilities of the events are adequately predicted.  Other probabilistic verification charts and scores such as the ROC curve, the ranked probability scores are also available at the Web pages.

In order to validate performance of predictions in individual cases, prediction and corresponding verification maps are also provided.  Figure 3 shows ensemble average of predicted 500hPa geopotential height and anomaly from 2nd to 29th November in 2002 and corresponding objective analysis.  In the month, positive anomalies prevailed in the Arctic and the high-latitudes, and negative anomalies prevailed in the mid-latitudes.  In cold season, this type of anomalous flow pattern is frequently observed, and named “Arctic Oscillation (AO) ” by Thompson and Wallace (1998). “AO” is a dominant variability in the Northern Hemisphere on weekly, monthly, and interannual time scale, and deeply affects the wintertime climate in East Asia.  In the example case (fig.3), the EPS well predicted the strong negative phase of “AO”, and anomalous low temperature in East Asia associated with “AO”.  The large anomaly index map and the spread map indicate that most of the ensemble member predicted this pattern (figure is not shown).

For the benefit of users in the tropics and for monitoring the predicted influence of the tropical circulation on the circulation in the mid-latitudes, prediction and corresponding verification maps of the tropical circulation are added to the Web pages in September 2003. 

3.  Products of the EPS for the three-month outlook

As mentioned earlier, JMA began to operate the EPS for the three-month outlook in 2003. Prior to the operational use of the EPS, JMA conducted a hindcast experiment to define the model climatology and to evaluate the model prediction skill.  At the Web pages,  in addition to prediction maps (table 2) and corresponding verification maps, verification charts and scores based on the hindcast experiment are available. Several prediction maps have  masked regions where  the mean square skill score (MSSS)  is less than zero. Since contents of prediction maps may be easily understood by reading the explanation of the Web pages, the prediction skills evaluated based on the hindcast experiment is explained here. 

The specification of the experiment is as follows:

a. Model : T63 version of JMA GSM0103

b. Target years : 1984 to 2001, 18years

c. Target months : All months (initial date is the end of every month)

d. Integration time : 120 days
e. Atmospheric initial condition : ECMWF 15-year Reanalysis (ERA-15) from 1984 to 1993, and JMA’s operational global analyses from 1994 to 2001

f. Land surface initial condition: Output from SiB forced by ERA-15 from 1984 to 1993, and 10-year average of them for 1994 to 2001 (Tokuhiro, 2002)

g. Ensemble size: Five members

h. SST: Optimum Interpolation (OI) analyses of NCEP by Reynolds and Smith (1994) for 1984 to 1993, and JMA’s operational SST analyses (Nomura, 1996) for 1994 to 2001.  SST anomalies at initial date are persisted during the forecast period.

 Figure 4 shows time series of anomaly correlation coefficients (ACCs) of 90-day mean 500hPa height with 21-day lead time for four areas.  The systematic errors, which are estimated from the mean error of the 17 years other than the year evaluated, are corrected before computing ACCs.  It can be found that when an El Niño or La Niña event occurs at the initial time, ACCs are generally large in every area. On the contrary, in the middle 90’s when SST anomalies in the tropics were small, ACCs are generally small.  The forecast skill of circulation fields in the Northern Hemisphere depends on the ENSO-phase. Averaged ACC of all cases in the Northern Hemisphere is about 0.2. 

Figure 5 shows distribution of interannual temporal correlation coefficients between observed precipitation, CPC Merged Analysis of Precipitation (CMAP), and ensemble mean forecast precipitation in summer (June, July, and August: JJA)　for 18 years (1984–2001).  Although forecast skills are generally low in mid latitudes, areas with significant correlation spread over the Western to Central tropical Pacific. Figure 6 shows interannual variations of observed and predicted precipitation anomaly over the western North Pacific summer monsoon region (110-140ºE, 10-30ºN, WNPM) in JJA.  The correlation coefficient between observed and ensemble mean forecast is as high as 0.71, indicating that the model well predicts the interannual variability of the precipitation over the area.  Interannual variations of the westward extension of the sub-tropical high in the western North Pacific, which is closely related to the convective activities of WNPM region and affect climate in East Asia, are also well predicted by the model (figure is not shown).

Scores calculated following the Standardized Verification System (SVS) for Long-range Forecasts (http://www.wmo.int/web/www/DPS/LRF-verification-systems.html) are also available at the Web pages. Not only verification scores of deterministic prediction but also verification of probabilistic prediction are shown using many figures and tables. Anonymous users can download data files of the SVS scores.
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  Table 1 Products of the EPS for one-month prediction that are available at the TCC Web pages

Verification
Forecast map
Forecast GPV

○Error maps for every prediction ( updated every week)

○Error maps for each season

○Reliability diagrams for each season

○ROC curves for each season

○Reduction rates of total loss for each season

○Ranked probability scores for each season

○Summary of verification in 2001 and 2002
○Ensemble mean for 1stweek,2ndweek,3-4thweek, 1-month

     Geopotential height and anomaly at 500hPa, Temperature and anomaly at 850hPa, Sea level  　pressure and anomaly, Stream function and anomaly at 200hPa and 850hPa, Velocity potential and anomaly at 200hPa, Precipitation and anomaly, Temperature and anomaly at 2m, Sea surface temperature anomaly

○Fax charts disseminated to the local observatories of JMA


See the page of “Ensemble Prediction System” on the TCC’s website

Table 2  Forecast maps of the EPS for three-month outlook that are available at the TCC web pages


Forecast range 
Parameter

Ensemble mean
first month, second month, third month, three months mean
Northern Hemisphere
60N-60S and Asia



Geopotential height and anomaly at 500hPa, Temperature and anomaly at 850hPa ,Sea level pressure and anomaly 
Geopotential height and anomaly at 500hPa, Sea level pressure and anomaly, Stream function and anomaly at 200hPa and 850hPa, Velocity potential and anomaly at 200hPa, Precipitation and anomaly, Temperature and anomaly at 2m, Sea surface temperature anomaly

Ensemble mean with the mask for the  area where mean square skill score is negative

Geopotential height and anomaly at 500hPa, Sea level pressure and anomaly, Precipitation and anomaly, Surface air temperature and anomaly

Spread 

Geopotential height and anomaly at 500hPa,Temperature and anomaly at 850hPa, Sea level pressure and anomaly , Stream function and anomaly at 200hPa and 850hPa, Velocity potential and anomaly at 200hPa, Precipitation and anomaly , Temperature and anomaly at 2m 
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Figure 4  Anomaly correlation of 500hPa height of hindcast for 18 years.  Forecast time is 90days with 21 day lead time. Solid lines indicate anomaly correlation of 13-month running mean, while dots indicate months of which anomaly correlation are more than 0.4. Thick lines along the bottom axis indicate that the El Niño and La Niña events occurs at the initial time. The diagram shows four different areas; Upper left: Northern Hemisphere (0º -360º, 20º N-90º N), Upper right: Eurasian sector (0º -180º E, 20º N-90º N), Lower left: Northern Pacific sector (90º E-90º W, 20º N-90º N), Lower right: Eastern Asia (100º E-170º E, 20º N -60º N).  





Figure 5 Correlation coefficients between observed (CMAP) and model ensemble averaged forecast precipitation for 18 years (1984-2001). Forecast is 90-days forecast with 31-day lead time and initial date of 30th of April.  Areas having significant correlation at the 5% level with t-test are hatched, and contour interval is 0.4.  





Figure 6  Interannual variations of observed and model precipitation anomaly of the western North Pacific summer monsoon region (110-160°E,10-20°N) in JJA. Unit in mm/day. Solid line and dot-dashed line indicate ensemble mean of model forecast and analysis, respectively.  Several marks represent forecast of each member.
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Figure 1 Root Mean Square Errors (RMSEs) of  28 day mean 500hPa height prediction in the Northern Hemisphere (20º N-90º N).  Initial dates are from 3 January to 26 December 2002. Forecast range is 2–29 day.  Thick line shows RMSEs of ensemble average after systematic error is removed (esbl-se).  Light thin line shows RMSEs of climatological forecast (clim). Dark thin line shows persistency (pers). 
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Figure 2  Reliability diagrams (solid line) of 7 day mean  500hPa height prediction for summer in 2003 for positive anomaly. Events. Forecast range is 9-15 day. The calculations include all the grid points in the Northern Hemisphere (20º N-90º N).  The dash line shows the relative frequency of forecast in each probability category. The values of BSS, Brel and Bres in the top of the panel denote the Brier skill score, reliability skill score and resolution skill score (%). Diagonal line corresponds to the perfect forecast. 
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Figure 3  28 day mean (from 2nd  to 29th November 2002) geopotential height (solid line) and anomaly (shade) at 500hPa.  Contour interval of height is 60m. 


(left):objective analysis   (right):ensemble average forecast. Initial date is 30 October 2002. 








