

This document represents the state of the science of weather forecast uncertainty as developed by the NOAA Forecast Uncertainty Steering Team (NFUSE).  NOAA’s forecast uncertainty activities include targeted research on ensemble generation, decision-assistance tools, and characterizing and communicating uncertainty using social science principles.

What is Forecast Uncertainty and how can it be best estimated and communicated?

The science of weather forecasting (including water and climate forecasting) is intrinsically inexact because the coupled atmosphere-land-ocean system is chaotic.  It follows that uncertainty in forecasts is an essential component of environmental forecasts, and, that weather, water, and climate predictions are most reliable (i.e., unbiased and consistent with observations) if given in a probabilistic format. Forecast uncertainty can be assessed either through traditional or emerging dynamical approaches:

· The traditional forecast process has focused on providing a single expected scenario for the evolution of the future weather, water, or climate conditions, often based on the output from a single numerical forecast.    
· The second (dynamical) approach to assessing forecast uncertainty is based on an ensemble of numerical forecasts and mitigates limitations of the traditional forecast process. Advances in computing capabilities have allowed ensemble forecasting to become more of a viable alternative.  Figure 1 provides a comparison between the two approaches. By systematic consideration of alternative forecast scenarios, ensemble methods reduce errors in the expected value of a forecast distribution (i.e., best single value estimate) and capture case-dependent variations in forecast uncertainty. Ensemble modeling provides a unifying approach for characterizing uncertainty, and NOAA is actively pursuing the necessary research and development to employ ensembles to assess and propagate self-consistently the uncertainties through the end-to-end forecast process shown in Figure 1.
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Figure 1. Two paradigms for characterizing uncertainty.

What are the potential socio-economic benefits of forecast uncertainty?

The value of uncertainty information is increasingly recognized as important in risk-based decision making.  Users are requesting additional uncertainty information for weather, water, and climate scenarios beyond the most likely outcome.  

The National Research Council report (2006) “Completing the Forecast,” states clearly the need to broaden the scope of environmental forecasting by adding a new dimension: assessing and communicating forecast uncertainty. 
· Government agencies: Dept. of Transportation (e.g., Next Generation Air Transportation System), Department of Defense, Dept. of Homeland Security (FEMA disaster preparation), Dept. of Agriculture, Dept. of Interior (Forest Service fire management), state and local emergency managers.

· In the private sector, energy utilities can make improved decisions on fuel purchases and load balancing if provided with probabilistic forecasts that enable quantitative cost-vs.-loss decision support technology.  In the agriculture industry, decisions regarding the application of pesticides and fertilizers are very sensitive to temperature and precipitation amount. 

What are the key research goals for forecast uncertainty?

Research activities that NOAA is pursuing, as a basis for providing a comprehensive suite of uncertainty products and decision-assistance services, include:

· Improve ensemble generation methods by better representation of initial state and model related uncertainties and optimizing ensemble configuration 

· Develop “high impact event” ensemble system to quantify the probability of extreme weather, water, and climate events 
· Develop probability-based decision assistance tools to facilitate the delivery of data, products, and services focused on end-user requirements

· Develop ensemble model visualization capabilities for forecasters to optimize the value of ensemble data

· Produce probabilities that are archived, well-calibrated, reliable and as skillful as practically possible with accessible verification statistics

· Synchronize development and delivery of products and services with current social science principles

· Facilitate prototyping efforts of probabilistic concepts including probabilistic warnings

NOAA Resources and Capabilities

NOAA research and developmental laboratories are conducting wide-ranging efforts, including sponsoring external research, on forecast uncertainty. Currently, there are over 100 NOAA products that are operational, experimental, or under development. An example of a probabilistic storm surge product is given in figure 2.
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Figure 2. Probabilistic storm surge product for Hurricane Katrina for August 28th to September 1st 2008.  

NOAA Office of Oceanic and Atmospheric Research Earth System Research Laboratory/Global Systems Division: Forecaster visualization tools of ensemble data, decision assistance tools, and probabilistic grid editing.

National Severe Storms Laboratory: Studies within the Hazardous Weather Testbed on probabilistic warning concepts (i.e., Warn-on-Forecast). http://ewp.nssl.noaa.gov/
National Centers for Environmental Prediction: Ensemble model suite production including continuous model improvement efforts. http://www.nco.ncep.noaa.gov/pmb/nwprod/analysis/  
THORPEX: An international research and development collaboration with a goal to develop a future global interactive, multi-model ensemble forecast system. http://www.wmo.int/thorpex
National Weather Service Office of Science and Technology: Intramural and extramural programmatic support for forecast uncertainty research and development of probabilistic products initiatives.http://www.nws.noaa.gov/ost/nfuse/nfuseindex.htm and http://www.weather.gov/mdl/
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