Asian Monsoon Predictability in JMA/MRI Seasonal Forecast System
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1. Introduction

The Japan Meteorological Agency (JMA) has been running a forecast system for ENSO using a coupled atmosphere-ocean model since 1999. The JMA also operates the TL95L40 atmosphere general circulation model (AGCM) in a two-tiered mode for seasonal forecasts. The persistent SST anomalies at initial time are prescribed for one-month-lead 3-month forecasts. 
One reason for the use of the two-tired forecast system may be that the JMA one-month-lead forecast system shows relatively good skills over Japan after the statistical downscaling technique is applied: correlations of 0.6 (0.47) in the boreal summer (winter) are obtained in hindcast. Good reliability is also confirmed in the real operational forecast (not shown here). The good forecast skills may be partially due to relatively high seasonal predictability in East Asia. 

The East Asian climate is influenced by the western tropical Pacific convection activity through atmospheric teleconnections. For instance, Nitta (1987) showed the Pacific-Japan (PJ)teleconnection pattern propagating from active convection over the subtropical western Pacific near 20ﾟN. The regions of convection over the western tropical Pacific were positively correlated with geopotential height at 500hPa around Japan in boreal summer. The relationship in boreal winter between the geopotential height at 500 hPa around Japan and the western tropical Pacific convection is also pointed out (e.g., Ose, 2000). Therefore, predictability of convective activity over the western tropical Pacific is the key for seasonal prediction over East Asia.

It will be shown that although the two-tiered seasonal forecast system can give us useful seasonal forecast skill in practice, the real air-sea interaction in the western tropical Pacific is not simple. Then, it is indicated that atmosphere-ocean coupled models or one-tiered seasonal forecast systems are necessary for predicting precipitation over the western tropical Pacific through physically correct model simulations (Kobayashi et al., 2005).
A new version of the ENSO and seasonal forecast system has been developed at JMA/ MRI. Here we show the seasonal hindcast skill related to the western tropical Pacific precipitation and the Asian Monsoon in comparison with that of the operationally adapted seasonal forecast system. 

2. Why is HINDCAST (persistent SST) better than SMIP (real SST)?
Two sets of simulations are carried out with the JMA operational AGCM (JMA, 2002). One is the set of integrations with prescribed “observed” SSTs, called “SMIP”. These “observed” SSTs and sea ice concentrations were prepared for SMIP2 simulations as boundary conditions. The other simulation is prescribed by “predicted” SSTs, called “HINDCAST”. The “predicted” SSTs are assumed to be persistent from initial times during the forecast period as in the JMA operational system. Time integrations were over approximately 3 months. Each simulation consists of 5 ensemble members. 

The DJF mean precipitation predictability over the tropics in SMIP is higher than that in the HINDCAST, as naturally expected (not shown here). Interestingly, the predictability of JJA mean precipitation over the western tropical Pacific in SMIP (real SST anomaly case) is lower than that in HINDCAST (persistent SST anomaly case). This is shown in the inter-annual variations of precipitation anomalies over the tropical western Pacific (110ﾟE-160ﾟE, 10ﾟN-20ﾟN) in JJA in Fig. 1. The predictability in HINDCAST (r=0.75) is higher than that in SMIP(r=0.33). 

The reason is associated with the lagged correlation between precipitation and local SST over the western tropical Pacific (110ﾟE-160ﾟE, 10ﾟN-20ﾟN) for the period from 1979 to 2001 , as shown in Fig.2. The JJA mean precipitation is negatively correlated with JJA mean SSTs. The JJA mean precipitation has a weak positive lead correlation with SSTs in April-June (AMJ). The precipitation in early summer (May-July (MJJ)) has a positive correlation with SSTs in March-May (MAM). 
Wang et al (2004) indicate that the rainfall anomalies are positively correlated with SST anomalies in nearly all models (11 models) that participated in the Asian-Australian monsoon Panel AGCM Intercomparison Project. It is confirmed that this is the case for the JMA operational AGCM (Kobayashi et al., 2005). Furthermore, it is pointed out that the CGCMs realistically reproduce the correct air-sea interaction and improve the forecast skill of the Asian summer monsoon (Kobayashi et al., 2005, Krishna Kumar et al. 2005).
Therefore, we suppose that the low (high) predictability of convective activities over the western tropical Pacific in SMIP (HINDCAST) is attributed to the combination of the lagged precipitation-SST relationship over the western tropical Pacific and the AGCM characteristics.

3. A new version of JMA coupled forecast system
A new atmosphere-ocean coupled model for the ENSO and seasonal prediction system (JMA/MRI-CGCM) has been developed at JMA/MRI. The atmosphere component is updated to a recent version of the JMA numerical forecast model. The resolution has been increased from T42L40 to TL95L40. 

The ocean component is the MRI Community Ocean Model (MRI.COM) which is a z-coordinate ocean general circulation model developed at MRI. The horizontal resolution has been also increased from 2.5 deg in longitude and 0.5-2 deg in latitude to 1.0 deg in longitude and 0.3-1.0 deg in latitude, and the vertical resolution is increased from 20 to 50 levels (24 levels in the upper 200m).

The data assimilation system used to create initial conditions for ocean is the Multivariate Ocean Variational Estimation (MOVE) System developed at MRI (MOVE/MRI.COM; Usui et al. 2006). The analysis method of the MOVE System is a Three-Dimensional Variational (3DVAR) method with coupled temperature-salinity empirical orthogonal function (EOF) modes. The flux adjustments for heat and momentum in the new system are generally smaller than those in the current operational system.

We carried out the 5-member ensemble hindcast with the new forecast system (JMA/MRI-CGCM) initiated at the end of January, April, July and October from 1979 to 2006, as a part of the TFSP retrospective seasonal forecast experiment. It was found that the anomaly correlation of monthly mean SST in Nino3.4 region is 0.75 at a lead time of 6 months, which is better than the results of the JMA operational ENSO forecast model. The new model also provides an important advance in predicting SST in the western tropical Pacific (0-15N, 130-150E).
4. Asian Summer Monsoon Prediction
In recent years, it has been pointed out that prediction with coupled models improves the prediction skill in the Asian summer monsoon region (Krishna Kumar et al. 2005). We here compare the 4-month-lead prediction results of the new system with those of the JMA 2-tiered operational seasonal prediction model (GSM0703C) based on the 5-member ensemble hindcast experiments. 

Figure 3 shows anomaly correlation maps between CMAP and 4-month-lead forecast rainfall for June-August. The progress in the JMA/MRI-CGCM is evident over almost all regions from the Indian Ocean to the western tropical Pacific. 
Theummer climate in Japan is influenced by the Southeast Asian Monsoon (SEAM) condition through the teleconnection pattern known as the PJ pattern (Nitta 1987). Interannual variability of the circulation index (DU2 index), which is closely related to the PJ pattern, defined by the difference of zonal wind anomaly at 850 hPa between the area (5N-15N, 90E-130E) and the area (22.5N-32.5N, 110E-140E) is shown in Figure 4. JMA/MRI-CGCM significantly improves the 4-month-lead prediction skill of the SEAM variability compared with the JMA 2-tiered operational forecast model. 
The south Asian monsoon represented by Webster-Yang index (W-Y index; Webster and Yang 1992) is also much improved with increased temporal correlations coefficients from 0.35 to 0.59.
5. Summary

The predictability of  western tropical Pacific precipitation is the key for seasonal forecasts in East Asia. It is shown why the AGCM two-tiered system gives good one-month-lead JJA seasonal forecasts of the western tropical Pacific precipitation. 

The realistic relationship between SST and rainfall is not reproduced in the AGCM but is in the CGCM through its physically correct air-sea interactions. The Asian summer monsoon is well predicted by the new forecast system (JMA/MRI-CGCM) at a lead time of 4 months in addition to much progress on the prediction skill of SST in ENSO.
     This version of the coupled forecast system will replace the current JMA operational ENSO forecast system in 2008. We continue to develop a next version of the seasonal forecast system to replace the JMA operational seasonal prediction system in a few years.
Figure captions

Figure 1

Interannual variations of precipitation anomalies over the subtropical western Pacific (110ﾟE-160ﾟE, 10ﾟN-20ﾟN) in JJA

a) SMIP  b) HINDCAST. Thick line indicates CMAP anomalies. Thin line indicates ensemble mean anomalies. Cross indicates precipitation anomalies of individual members. All anomalies are the deviation from 18-year (1984-2001) average.

Figure 2
Lagged correlation between precipitation in CMAP and NCEP SST over the subtropical western Pacific (110ﾟE-160ﾟE, 10ﾟN-20ﾟN).
Contour interval is 0.2. Dark shaded regions indicate a negative correlation coefficient area of less than -0.4. Light shaded regions indicate a positive correlation coefficient area of more than 0.4.

Figure.3

Anomaly correlation maps of rainfall in June-August during 1984-2005 at a lead time of 4 months in JMA/MRI-CGCM (left panel) and the 2-tiered operational AGCM (GSM0703C: right panel).

Figure.4

Time series of the DU2-index (right panel) and its scatter plots (left panel) from the 4-month-lead prediction by JMA/MRI-CGCM (top) and the JMA 2-tiered operational model (GSM0703C: bottom). The closed circles and closed squares show the indices calculated from JRA-25 and models, respectively. Open squares show the results of the individual members.
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