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High-Resolution Regional 

Environmental Forecasting 

• Needed to prepare for and respond effectively 

to severe weather. 

• Required to determine trajectories of plumes 

and pollutants. 

• Necessary for adaptation to global climate 

change. 



The Northwest Real-Time 

Prediction Effort 

• Supported by the NW modeling consortium, a 

collection of local, state, and Federal 

agencies…as well as private sector firms…a 

relatively unique funding approach. 

• Nearly two decades old. 

• End-to-end environmental prediction. 



End-to-End Regional Environmental 

Modeling 



History 

• The NW modeling 

consortium can be traced 

back to the early 1990s 

when regional air quality 

agencies, the UW, and the 

NWS started meeting 

about another 

problem…the lack of 

upper air soundings over 

the Puget Sound region. 



The solution: a 915 Mhz Profiler 

supported by several agencies 

 



Consortium Phase II:  Regional Modeling 
• During the 1980s and 

early 1990s, my group 
was doing extensive 
experimentation with 
first RAMS and then 
MM4/5. 

• It became clear that with 
sufficient resolution, 
mesoscale models could 
simulate and predict 
many local weather 
features of importance to 
the air quality and other 
communities. 

Early MM4 simulation (10 km) of a Puget 

Sound convergence zone (Jim Steenburgh) 



• In 1995, with consortium 

support, created a real-

time system:  running 

MM5 once a day at 27 km 

over the Northwest 

• With very promising 

results, the agencies 

decided to invest in a far 

larger computer and to 

jump to much higher 

resolution. The NW 

modeling consortium 

was formed. 



Early Members of the Consortium 

• Puget Sound Air Pollution 
Control Agency 

• UW 

• National Weather Service 

• EPA 

• Washington State Depts. of 
Ecology and Transportation 

• U.S. Forest Service 

• US Navy 

• Seattle City Light 

Naydene Maykut, PSCAA, First Chair, 

NW Modeling Consortium 



Regional High Resolution 

Forecasting: Fast Forward to 2012 

• MM5 replaced by WRF 

• Larger domains … plus a new 1.3 km inner 

nest—perhaps the highest resolution 

operational NWP in the U.S. 

• Model run on 136-core SAGE cluster using 

commodity (Intel Xeon) chips.  Highly 

parallelized using 40 Gbit per sec. 

Infinitband 

• Over 100 TB of disk storage 



SAGE 
Cluster 
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Current Real Time Runs 

• WRF driven by NWS GFS model 

– 36-12 km out to 180h, twice a day 

– 4 km, 84 h, twice a day 

– 1.33 km, 48h, twice a day 

• MM5 driven by NWS NAM model (early 

look) 

– 36-12 km, 72 h, twice a day 

Reliability:  99% plus. 



2012 Consortium 
• Rob Elleman, Chair (replaced Rob Wilson) 

• Members: 
– Private Sector (Iberdrola, King) 

– UW 

– Puget Sound Clean Air Agency 

– EPA 

– State of Washington (Ecology, Transportation, DNR) 

– NWS 

– Forest Service 

– City of Seattle (SPU, City Light) 



Output is available on the web and 

in gridded form (to consortium 

members) 





How many are looking? 



A Number of Organizations Are 

Getting the Model Grids 

• National Weather Service:  brought into their 

interactive system 

• Forest Service:  to support wildfire and smoke 

operations. 

• Washington State Univ:  Air quality and 

smoke modeling 

• Washington State:  to force air quality models 

• KING-5 TV for on-air graphics 

• …and others. 



WSU Air Quality Modeling 



Managing Field Burning 



WSDOT 



Ventilation Index for AQ Agencies 



U.S. Forest Service 



King-5 Futurecasts Driven by UW 

WRF 



Real-Time Hydrological Prediction:  
WRF Driving DHSVM 



Data Everywhere 

• In support of the nascent modeling effort in the 

mid-1990s, we needed a lot more data than 

was available as NWS/FAA airport sites. 

• During that period a number of groups 

established observing networks, whose data 

was available over the nascent Internet (Puget 

Sound Clean Air Agency,  Schoolnet, etc.) 

• Why not collect these networks, decode them, 

and combine to create a dense mesonet? 

 

 



NorthwestNet was born 



Today 

 

Over 72 

different 

networks 

 

3000-4000 

observations 

per hour 

over WA and 

OR 



Probabilities 
• Probabilistic prediction is the future. 

• Clearly needs to be done at high-resolution for 
regional applications.  

• Based on high-resolution ensembles. 

• But little had been done before 2000. 

• Starting at that time, the UW built the highest-
resolution regional ensemble system in the U.S. 

• With UW statistics created a sophisticated post-
processing system to get reliable probabilistic 
information. 

 



The UW Mesoscale Ensemble 
Prediction System (UWME) 



UWME 

36 and 12 km 

Grid spacing 

 

 

Precipitation 



Ensemble Post-Procssing: Bayesian 
Model Averaging (BMA) 

A standard approach to statistical inference in information. 

Gaining wide acceptance in the weather prediction community for combining 
discrete members of a forecast ensemble to produce a calibrated, predictive PDF. 

[c.f. Raftery et al. 2005, Mon. Wea. Rev.] 



PROBCAST 



Regional Probabilistic Data  

Assimilation and Forecasting 



The Long Term Future of the UW 

Modeling Effort 

• Based on a 64-member ensemble of forecasts at 

36 and 4 km grid spacing. WRF model and 

DART Ensemble Kalman Filter (EnKF) System 

• Every three hours assimilate a wide range of 

observations to create 64 different analyses. 

• Then we forecast forward for 3 hours and then 

assimilate new observations. 

• Thus, we have a continuous cycle of probabilistic 

analyses. 

 



EnKF Ensemble Forecasting System 

• We can run ensemble of forecasts forward to 

give us probabilistic forecasts for any period 

we want.  Now doing 24h, four times a day. 

• Planning to go to a 1-hr cycle and to use more 

observations (e.g., more surface pressure obs). 

• This will be the way to produce the best 

analyses and short-term forecasts for a variety 

of needs. 





UW Regional NWP Effort Serves As 
A Model 

• Based on the success of the UW NW modeling 
and consortium approach, a number of others 
tried to clone or duplicate it. 

• A major example:  the U.S. Forest Service 
FCAMS (Fire Consortia for Advanced Modeling 
of Meteorology and Smoke) effort: 



FCAMMS 



A Different Model 

• Regional high-resolution environmental 

prediction is viable. 

• Combined with a national backbone effort, it 

offers an alternative to completely centralized 

environmental prediction. 



The End or …. 


