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The goal of this research is to demonstrate that ensemble data assimilation can serve as an effective tool for assimilating a wide variety of mesoscale data sets, with the objective of producing high-quality mesoscale analyses and forecasts.  Such analyses can fulfill National Weather Service needs for Analysis of Record (AOR) applications, including use in IPFS and as the foundation of grid-based forecast verification.  In addition to providing the best estimate of the current atmospheric state (the ensemble mean) and information about its uncertainty, ensemble data assimilation also provides a high-quality ensemble forecast that is immediately available for forecasting applications, such as aviation (NEXGEN), convective precipitation prediction, and management of renewable energy assets.  While numerical weather prediction has progressed with increasing processor speed toward computationally resolving mesoscale and convective-scale circulations, establishing initial conditions for these simulations using the increasing volume and diversity of observations now available is a major National Weather Service need and requirement.  

Under previous NWS support, the University of Washington has built and tested the first pseudo-operational EnKF, which was initially deployed in December 2004 and has run since that time (http://www.atmos.washington.edu/~enkf). The initial system covered the northeast Pacific Ocean and the Pacific Northwest region of North America with a 45 km grid. Ninety ensemble member analyses were produced every 6 hours based on all non-radiance observations, and were available approximately 2 hours after 00, 06, 12, and 18 UTC. Six-hour ensemble forecasts are made every six hours, and 24-hour forecasts are made at 00 and 12 UTC. Verification statistics show that the performance of this system was comparable to operational centers.  Subsequently, 15-km nests was added and during the past two years extended tests of a 36-4km EnKF domain structure were made to examine the impact of convective and terrain-resolving resolution on the performance of EnKF data assimilation and short-term forecasts.

This regional system was improved after extensive experimentation with model bias correction at the surface, the inflation of near-surface model variance, and new approaches to data restriction that only allows representative data for the model resolution applied.  These tests have used the extensive collection of surface observations available over the Pacific Northwest (NorthwestNet).  The results of this effort, described in a paper submitted to Monthly Weather Review, were generally quite positive, suggesting the EnKF system could produce an analysis superior to RUC or NAM.

Although promising, the UW EnKF system is based on the EnKF core written by Ryan Torn and Greg Hakim, one that has some limitations such as the inability to do vertical localization and the lack of forward operators that can deal with radar and satellite radiances.  Thus, the next step should be the adoption of the community infrastructure for ensemble data assimilation, DART, which has more options and flexibility.  

During the past two months, the UW system has been migrating to DART, and a pseudo-operational version using 36-4 km grid spacing should be working in real-time by June 15th.   At this point, the system will be carefully evaluated compared to the older approach and a period of active optimization and improvement will take place over the next year.  During that period, additional data assets will be assimilated, vertical localization tried, and new approaches to dealing with model bias will be examined.  Furthermore, the results of this new system will be compared to the NWS RTMA and Match-Obs-All high-resolution data assimilation approaches to determine the strengths and weaknesses of each system.  The later work will be partially supported by a COMET partner’s grant (Brian Ancell, Texas Tech, is a co-PI on this).

A graduate student, working with staff member Phil Regulski, will be responsible for a substantial proportion of the proposed EnKF research described above, and support for this student is the main item in the requested support from the NWS.  It is our intent to apply for a full CSTAR grant during the next available funding cycle to continue this work.    

In summary, the proposed research has the potential to revolutionize the way the National Weather Service produces high-resolution mesoscale analyses and short-term forecasts.  An essential strength of this approach is that both the analyses and forecasts are probabilistic, a requirement for the analysis and prediction systems of the future.
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