El Niño Monitoring and Prediction at JMA
Hiroko　Morooka

Climate Prediction Division, Japan Meteorological Agency

1. What is El Niño ?

 An El Niño event is characterized by the warmer than normal oceanic conditions in the eastern equatorial Pacific, which lasts roughly for a year. Oceanic condition of below-average sea surface temperature (SST) in the same region is referred to as a La Niña event. The El Niño／La Niña events are closely connected with the strength of the easterly trade winds over the equatorial Pacific. In general, the trade winds are weak during an El Niño event, and strong during a La Niña event. The strength of the trade winds is related to the large scale sea level pressure seesaw between the western and eastern parts of the southern Pacific, so-called the Southern Oscillation. The El Niño／La Niña events and the Southern Oscillation are not independent of each other, but they are different manifestations of a single phenomenon. To reflect the importance of the interaction between the atmosphere and the ocean, the phenomenon is often called “El Niño and the Southern Oscillation” or ENSO in short. ENSO is one of the most distinct interannual climate variations, and can have considerable impacts on worldwide climate.
2. Current system for monitoring and prediction of El Niño in JMA

2.1 ODAS and El Niño forecast model

The Japan Meteorological Agency started El Niño monitoring in1992 and operational forecast based on a coupled forecast model was begun in 1999. ODAS (Ocean Data Assimilation System) and the El Niño forecast model has been operated since 1995 and 1998, respectively.  They were upgraded in July 2003.  The outline of the upgraded system is described as follows:

  The ODAS consists of a objective analysis scheme and a global ocean general circulation model (OGCM).  Not only surface temperatures but also salinity and sea surface height are analyzed every day based on ship-based and buoy-based ocean observation data. A three dimensional variational method (Deber and Rosati (1989)) is used for the analysis. Incremental Analysis Update scheme (Bloom et al. (1996)) is adopted for the assimilation scheme. During the time integration for data assimilation, surface wind stress, which is calculated from output of the JMA atmospheric data assimilation system, is used as a driving force of the OGCM. The OGCM of the ODAS has the basic horizontal resolution of 2.0°in latitude and 2.5°in longitude. Near the equator, the meridional grid spacing is reduced to a minimum, 0.5°. The OGCM has 20 levels in the vertical, and most of them are placed in the upper 1000 meters in order to resolve surface mixed layer and thermocline properly.  The OGCM is integrated for data assimilation with a delay of 35 days from the real time to allow the delayed observation data to be fed into the system.  In addition, for the real time monitoring, the model is run every 10 days for the last 30 days with only the data available over the integration period.

  The El Niño forecast model (JMA-CGCM02) consists of an atmospheric general circulation model (AGCM) and an ocean model that is identical to that of the ODAS.  The AGCM is a lower resolution version of the JMA global atmospheric model in the current three–month forecast system. Its horizontal resolution is T42, and it has 40 levels in the vertical.  The ODAS and the JMA operational atmospheric data assimilation system provide the El Niño forecast model with initial conditions.  In the coupled model, heat and momentum fluxes computed by the AGCM are given to the OGCM once a day, while the OGCM provides the AGCM with predicted sea surface temperatures. Flux correction is applied to both the heat and momentum fluxes in order to suppress climate drift. The forecast model is run twice a month. The Lagged Average Forecast (LAF) method is employed, i.e.; monthly forecast is done based on the average of six sequential forecast runs.  
Table 1  Specification of the upgraded forecasting coupled model and ocean data assimilation system.

Forecasting

Coupled 

Model

(JMA-  

 CGCM02)
Atmospheric Component
Basic equation
Primitive



Domain
Global



Resolution
T42, 40 vertical levels



Physical processes
the same as those of three-month forecast model including Arakawa-Schubert cumulus convection scheme



Land surface process
SiB



Planetary boundary layer
Mellor & Yamada Level 2


Oceanic Component
Basic equation
Primitive, rigid rid



Domain
Global except the Arctic Ocean



Resolution
2.5° (lon) x 2.0° (lat),

(2.5° (lon) x 0.5° (lat) near equator)

20 vertical levels



Vertical diffusion
Mellor & Yamada Level 2.5


Coupling
Frequency
Every 24 hours



Flux correction
Both for momentum and heat flux

Ocean Data Assimilation System (ODAS)
Analysis scheme
3D Variational Method


Assimilation scheme
Incremental Analysis Update


Domain
Global above 1000m deep


Assimilated data
Temperature, Salinity, and Sea surface height


Analysis interval
One day

2.2 SST forecast skill of the operational ENSO forecast
To improve the forecast skill of El Niño／La Niña events, we made the Model Output Statistics (MOS) correction on Region B (4N-4S, 150W-90W (shown in Fig2 top) almost same as NINO3) sea surface temperature (SST) anomalies with multiple linear regression using observed and predicted variables such as SST, wind stress, ocean heat content (OHC) and so on. For operational ENSO forecast, the MOS-corrected Region B SST anomaly is mainly referred.  It is noted that this MOS-corrected Region B SST anomaly is also used in our six-month dynamical forecast.

The verification of MOS product should be done using independent samples. Due to lack of independent samples, however, enhancement of the forecast skill by MOS is verified using the dependent samples.  Fig. 1 shows the comparison of anomaly correlation coefficient (ACC) and root mean square error (RMSE) before and after MOS correction.  ACC remains above 0.8 until nine months lead time, while RSME reduces and remains around 0.5 degree Celsius up to eight months lead time.
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2.3 El Niño monitoring and outlook information

  JMA provide the monitoring and outlook information in the El Niño Monitoring Report, which is issued monthly. This report and associated products are provided through the following homepages:

WMO- Distributed Database (http://ddb.kishou.go.jp/climate/ElNino/elmon.html) 
Tokyo Climate Center/JMA homepage (http://okdk.kishou.go.jp/products/elnino/index.html)

3. Evolution of the 2002/03 El Niño

  The 2002/03 El Niño event, which became manifest in the spring 2002, was firmly established in the summer of the year and became at its mature stage from November to December 2002. After that it rapidly weakened and ended in the winter of 2002/03. Its duration, four seasons, was around the average of those of the past. Fig.2 shows that the time series of Region B and Region A SST anomalies from 1971-2000 mean for 2002/03 El Niño in compared with the past El Niño events. The peak of the Region B monthly SST anomaly was +1.4 degree in November 2002. It is moderate compared with those of the past El Niño events. On the other hands, peak value of monthly mean SST anomaly in Region A reached +1.2℃ in the same month, which was higher than that of 1997/98 event. They are shown that significant positive SST anomalies were observed in the central equatorial Pacific at the mature stage of the 2002/03 El Niño event.

  In December 2001, the strong westerly burst occurred in the western equatorial Pacific. The positive OHC (vertically averaged temperature in the top 260m) anomalies propagated eastward along the equator and arrived at the coast of Ecuador in March 2003. As a result, the SST anomalies in the eastern equatorial Pacific turned to be positive. Since westerly anomalies prevailed all over the equatorial Pacific after the passage of a significant Madden-Julian Oscillation (MJO) in the latter half of May, positive SST anomalies in the eastern equatorial Pacific increased again. After that several eastward propagation of the positive OHC anomalies due to MJOs resulted in further increase of positive SST anomalies in the eastern equatorial Pacific. The contrast of OHC along the equatorial Pacific between positive anomalies in the east and negative anomalies in the west gradually became distinctive since October 2002 and mature El Niño conditions established in the end of the year. Strong positive SST anomalies were found from the Date Line to 140W at its mature stage. SST anomalies in the central equatorial Pacific relatively increased in compared with the past El Niño events. Though SOI (Southern Oscillation Index) continued to be negative since March 2002, enhanced cloudiness and precipitation that usually observed over Indonesia moved eastward since August 2002. Convective activity was enhanced in the vicinity of the Date Line and suppressed over Indonesia at its mature stage. Enhanced convective activity through the eastern equatorial Pacific observed in the past El Niño events, were hardly found in the 2002/03 El Niño.
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The contrast of OHC anomalies between in the west and the east did not continue along the equatorial Pacific. Negative OHC anomalies in the west spread eastward and positive OHC anomalies in the east and central almost vanished. Consequently, positive SST anomalies decreased in the eastern equatorial Pacific and the El Niño event rapidly weakened. 
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Fig 2 	Time series of the Region B (middle) and Region A (bottom) sea surface temperature anomaly from 1971-2000 mean for 2002/03 El Niño event (thick line with close circle).
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Fig. 1  Forecast skill of Region B SST anomalies before and after MOS


Dense squares correspond to the coupled model ACC and dense circles to the MOS corrected one. 


Light squares correspond to the coupled model RMSE and light circles to the MOS corrected one.
































