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Summary and purpose of document

This document contains an overview of the status of Long Range Forecasts and their Verification at the US National Weather Service. 

ACTION PROPOSED

The Meeting is invited to study this document and consider this information when making any necessary appropriate recommendations for the production of long range forecast and verification scores. 

Status of Long Range Forecasts and their Verification at the US National Weather Service

1. Seasonal Outlooks at Climate Prediction Center

The U.S. National Weather Service’s Climate Prediction Center (CPC) maintains a suite of prediction products on seasonal-to-interannual time scales.  Products include surface temperature and precipitation outlooks over the U.S., prediction for Niño 3.4 sea surface temperature (SST) index.  Seasonal forecasts are also routinely produced for precipitation over Hawaii and Tropical Pacific Islands stations.

http://www.cpc.ncep.noaa.gov/products/OUTLOOKS_index.shtml
Discussion below mostly refers to CPC’s seasonal surface temperature and precipitation outlooks (hereafter referred to as U.S. seasonal outlooks).  

The U.S. seasonal outlooks are generated in both text and graphical forms, and are for anomalous probabilities for the above-normal, below-normal, and near-normal tercile categories (Figs. 1 and 2).  The tercile categories for each station location are obtained based on 30-year climatological period following WMO standards.  The U.S. seasonal outlooks are generated for next 13 consecutive seasons.

2. Seasonal Prediction Methodologies at CPC

The U.S. seasonal outlooks generated by CPC incorporate forecast guidance from many different seasonal prediction tools that can be categorized as empirical or dynamical seasonal prediction methods.  Empirical seasonal prediction methods include: Canonical Correlation Analysis (CCA); Optimum Climate Normal (OCN), a prediction tool based on long-term climate trend information; and observed composites based on Niño 3.4 SST index, among others.  For each empirical prediction tool a long history of cross-validated hindcasts, together with an estimate skill is also available.

Guidance from dynamical seasonal prediction is based on a Coupled Forecast System (CFS) run operationally at the National Centers for Environmental Predictions (NCEP).  CFS is an coupled ocean-atmosphere general circulation model and is developed by the scientists at the Environmental Modeling Center (EMC) at NCEP.  In September 2004, CFS became operational at NCEP and replaced the Seasonal Forecast System (SFM) (Kanamitsu et al. 2002).

The oceanic component of the CFS is the GFDL Modular Ocean Model v.3.  The domain of MOM3 is almost global extending from 74oS to 64oN.  The meridional resolution of the ocean model is 1/3o between 10oS and 10oN, and gradually increases in the extratropical latitudes becoming fixed 1 poleward of 30oS and 30oN.  The zonal resolution is 1o.  The CFS configuration of MOM3 has 40 layers in the vertical with 27 layers in the upper 400 meters.  The vertical resolution is 10 meters from the surface to the 240 meters depth.

The atmospheric component of the CFS is the NCEP Global Forecast System (GFS) as of February 2003 except for a different horizontal resolution of T62 spectral truncation.  There are 64 vertical levels in the atmospheric model with the top level at 0.2hpa.  The atmospheric and oceanic component models of CFS are coupled without any a priori flux adjustment, and information across the air-sea interface is exchanged once per day.  Further details about CFS can be found in Wang et al. (2004).

For seasonal climate predictions based on dynamical models, it is essential to establish model climatologies relative to predicted anomalies for the real-time forecasts could be computed.  To establish model climatologies, prior to its operational implementation, an extensive set of hindcasts was performed.  Hindcasts with CFS included a 15-member ensemble of nine month coupled forecasts run each month from 1982-to-present.  In all, these integrations represent approximately 3000 years of coupled model integrations.  Hindcasts were initialized from the analyzed ocean and atmospheric initial conditions.  

Since its operational inception, the real-time CFS forecasts are made once per day, and are of 10-month duration.  Predicted SST and atmospheric anomalies are computed from the climatologies obtained from the hindcasts archives, and are provided to CPC forecasters.  Together with the predicted seasonal anomalies, forecasters also have access to historical skill levels obtained from verifying hindcasts against the observations.

http://www.cpc.ncep.noaa.gov/products/people/wwang/cfs_fcst4CPC/
To summarize, each month CPC forecasters are provided with multitude of seasonal forecast guidance from many different tools.  This information is consolidated into a final forecast product that is disseminated to the user community.  CPC has been issuing seasonal outlooks since 1995 in their current format.  Further information about CPC seasonal outlooks can be found at:

http://www.magazine.noaa.gov/stories/mag143.htm
3. The current status of verifications

Seasonal climate outlooks issued by CPC are routinely verified using categorical and probabilistic verification procedures.  Of more widely used is the categorical verification based on Heidke skill measure.  Heidke skill score (HSS) is a measure of hits vs. misses in the seasonal outlook that are above and beyond what is expected from climatology as the forecast.  Heidke skill score ranges from –50 (when the forecast for all stations was wrong) to +100 (when the forecast for all the stations was correct).  Because of natural (and unpredictable) variability of climate regimes, HSS can fluctuate considerably from one verifying season to another.

For CPC’s surface temperature and precipitation seasonal outlooks, Heidke skill scores for are available going back to 1995 (see Figs. 3 and 4).  As expected, the HHS is higher for surface temperature and lower for precipitation.  Further, HHS from one seasonal to another has considerable fluctuation, although, average over the entire period, HSS for the official CPC forecasts has positive skill.

Since CPC seasonal outlooks are in terms of anomalous probabilities, CPC has also started to verify their forecasts in terms of probabilistic measures, for example, Rank Probability Skill Score (RPSS).  CPC also maintains a graphical web archive of its previous forecasts and verifying observations.

http://www.cpc.ncep.noaa.gov/products/archives/long_lead/llarc.html
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Fig. 1.  An example of surface temperature seasonal outlook for November 2004-January 2005 mean issued on October 21, 2004.  Orange (blue) shading indicates regions where probability for above-normal (below-normal) category is above the climatological probability of 33.3%.  Areas where expected probabilities for all three categories is 33.3% each are labeled as “EC” (for Equal Chances).
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Fig. 2.  Same as for Fig. 1 bur for the precipitation seasonal outlook.  
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Fig. 3.  A time-series of Heidke skill score for surface temperature seasonal outlooks.  Red curve is for the seasonal outlooks verified at non-EC locations only, and the Blue curve is for the seasonal outlooks verified at every location.  Horizontal lines are the mean HSS throughout the period.  The bar graph in the lower panel is the % area covered where non-EC forecast was made.
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Fig. 4.  Same as for Fig. 3 but for seasonal outlooks for precipitation. 

