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Wind	
  Forecast	
  Improvement	
  Project	
  2	
  

GOALS:	
  
•  Improve	
  the	
  understanding	
  of	
  atmospheric	
  flows	
  and	
  processes	
  that	
  occur	
  in	
  complex	
  terrain	
  

and	
  impact	
  wind	
  forecasts	
  at	
  hub	
  heights	
  (40-­‐150	
  m	
  AGL).	
  
•  Instrument	
  the	
  Columbia	
  River	
  Basin	
  study	
  area	
  and	
  carry	
  out	
  a	
  18	
  month	
  field	
  campaign	
  (01	
  

October	
  2015	
  –	
  31	
  March	
  2017).	
  	
  
•  Develop	
  physical	
  parameteriza_ons	
  in	
  WRF-­‐ARW	
  to	
  be`er	
  represent	
  physical	
  processes	
  and	
  

increase	
  accuracy	
  of	
  wind	
  forecasts	
  in	
  the	
  0-­‐15	
  hour	
  range,	
  with	
  posi_ve	
  implica_ons	
  for	
  day-­‐
ahead	
  forecasts	
  (focus	
  on	
  RAP/HRRR	
  physics).	
  	
  

•  Test	
  and	
  evaluate	
  these	
  improvements	
  in	
  an	
  advanced	
  version	
  of	
  the	
  RAP,	
  HRRR,	
  and	
  a	
  higher	
  
resolu_on	
  nest.	
  

•  Develop	
  decision	
  support	
  tools,	
  e.g.,	
  probabilis_c	
  forecast	
  informa_on,	
  uncertainty	
  
quan_fica_on	
  and	
  forecast	
  reliability	
  for	
  system	
  opera_ons.	
  	
  

WFIP 2 is a multiagency project 
funded by the Department of Energy 
to improve forecasting for wind-energy 
applications 
	
  

Vaisala	
  (DOE	
  FOA	
  Awardee)	
  leads	
  a	
  team	
  including	
  
individuals	
  from	
  CU,	
  NCAR,	
  Sharply	
  Focused,	
  Lockheed	
  
Mar_n,	
  Texas	
  Tech,	
  Notre	
  Dame,	
  Iberdrola,	
  Southern	
  
California	
  Edison,	
  Cowlitz	
  County	
  Public	
  U_lity	
  District,	
  
Eurus	
  Energy,	
  Bonneville	
  Power	
  Administra_on,	
  and	
  
Portland	
  General	
  Electric.	
  	
  
DOE	
  NaNonal	
  Labs:	
  NREL,	
  PNNL,	
  LLNL,	
  ANL	
  
NOAA	
  (OAR:	
  ESRL	
  and	
  ARL;	
  NWS:	
  NCEP)	
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WFIP 2 Time Line 
 

Jan-­‐Feb-­‐Mar	
   Apr-­‐May-­‐June	
   July-­‐Aug-­‐Sept	
   Oct-­‐Nov-­‐Dec	
  

2015	
  

2016	
  

2017	
  

2018	
  

Instrument	
  Deployment	
  
NWP	
  Code	
  Development	
  

Case	
  Studies	
  

Short-­‐Term	
  Retros	
  
Long-­‐Term	
  Retros	
  

Data	
  Analysis	
  

Write-­‐up	
  

Event	
  Log	
  

Event	
  Log	
  

Event	
  Log	
  

NWP	
  Code	
  Development	
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Event Logging 
 •  Classify	
  weather	
  events	
  

•  Document	
  main	
  features	
  
•  Compare	
  model	
  performance	
  

•  Weekly	
  weather	
  discussions	
  
•  Discuss	
  results	
  of	
  RAP/HRRR	
  tesNng	
  
•  Select	
  case	
  studies	
  



RAP, HRRR, and 750m Nest Domains 
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Expanded (new) RAP domain (13 km)  

Current (operational) RAP domain (13 km) 

HRRR (3 km) 

750m nest 

Models	
  	
   Physics	
  
Version	
  

RAP-­‐NCEP	
   Version2	
  (oper/CTL)	
  

RAP-­‐ESRL	
   Version3	
  (May2016)	
  

HRRR-­‐NCEP	
   Version1	
  (oper/CTL)	
  

HRRR-­‐ESRL	
   Version2	
  (May2016)	
  

HRRR-­‐WFIP	
   Next-­‐Gen	
  (2x-­‐daily)	
  

HRRR-­‐Nest	
   Next-­‐Gen	
  (2x-­‐daily)	
  
RAP:	
  	
  
h`p://rapidrefresh.noaa.gov/	
  
HRRR:	
  	
  
h`p://rapidrefresh.noaa.gov/hrrrconus	
  
HRRR-­‐WFIP:	
  
h`p://rapidrefresh.noaa.gov/HRRRwfipsubh/	
  



Physical Processes & Parameterizations 
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Model	
  
Component	
  

RAP/HRRR	
  
Scheme	
   Component	
  

Turbulent	
  
diffusion	
  

Non-­‐local	
  
Turbulent	
  
transport	
  

Surface	
  
Fluxes	
  

Clouds	
  

Numerics/
dynamics	
  

• Ver_cal	
  grid	
  
• Surface	
  stress	
  

IBM,	
  
σ/cartesian	
  
mixing	
  

• Mixing	
  length	
  
o  Scale-­‐aware	
  
o  Z-­‐less	
  

• 1Dè3D	
  as	
  f(Δx)	
  

MYNN	
  PBL/	
  
3d-­‐Blended	
  
TKE	
  

• Mul_-­‐plume	
  
• TKE	
  transport	
  
• Momentum	
  transport	
  
• Scale-­‐aware	
  

MYNN	
  Mass-­‐flux	
  

• Scalar	
  roughness	
  
• M-­‐O	
  alterna_ves	
  
• 3D	
  surface	
  stress	
  

RUC	
  LSM/	
  
MYNN	
  Sfc	
  Layer	
  

w'q’	
   w’T’	
   w’u’	
  

• Subgrid	
  scale	
  clouds	
  
• Coupled	
  to	
  radia_on	
  
• prognos_c	
  

Thompson	
  Aero/	
  
Chaboureau-­‐
Bechtold	
  



Expected	
  Scales	
  of	
  Impact	
  
PBL:	
  mixing	
  length	
  revision,	
  scale-­‐aware,	
  z-­‐less	
  

PBL:	
  mass-­‐flux,	
  stochas_c,	
  scale-­‐aware	
  
PBL:	
  1Dè3D	
  turbulence	
  

Surface	
  Layer:	
  subgrid	
  variability	
  

Surface	
  Layer:	
  3D	
  stresses	
  

LSM:	
  Forest	
  Canopy	
  (ver_cal	
  resolu_on)	
  

LSM:	
  fluxes/heat	
  &	
  moisture	
  budget	
  

MP:	
  subgrid-­‐scale	
  clouds	
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  RAP	
   HRRR	
   HRRR-­‐nest	
  



KSMP 

KDLS 

KELN 
Rainier 

Adams 

Hood 

KSEA 

KYKM 

Model Representation of Terrain over Study Area 

Columbia River 

KSMP 

KDLS 

KELN 
Rainier 

Adams 

Hood 

KSEA 

KYKM 

Model Representation of Terrain over Study Area 

Columbia River 

The Topography of the WFIP 2 Study Area 
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KSMP 

Mt Rainier (4392 m) 

Mt Hood (3429 m) 

750m	
  HRRR-­‐Nest	
  Terrain	
  ElevaNon	
  (m)	
  

Main	
  study	
  area	
  

Mt Adams (3743 m) 

Columbia River Gorge 

Washington	
  

Oregon	
  



Flow	
  Features	
  in	
  Columbia	
  River	
  Basin	
  

•	
  Frontal	
  Passages	
  with	
  Stable	
  Mix-­‐Out	
  
•	
  Gap	
  Flows	
  
•	
  Convec_ve	
  Ouolows	
  
•	
  Mountain	
  Waves/trapped	
  lee-­‐waves	
  
•	
  Topographic	
  Wakes	
  
•	
  Marine	
  Pushes	
  

9	
  Epifanio	
  and	
  Rotunno	
  (2005,	
  JAS)	
  



•  Upper-level short-
wave over WA 

•  Higher surface 
pressure offshore 
accelerates westerly 
flow through the 
Columbia River 
Gorge. 
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Case of 15-16 December 2015  
	
  500	
  mb	
  heights	
  and	
  winds	
  	
  

Surface	
  Analysis	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Vis	
  Satellite	
  Imagery	
  

Mt	
  Adams	
  

Mt	
  Hood	
  



BA
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80-m Wind Speed & X-Section Loop 

B

A
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Case of 15-16 December 2015  



 
•  Both HRRRs strengthen the gap flow too 

quickly and too much near the surface. 
•  HRRR-WFIP is slightly weaker (better 

match to obs) than the operational HRRR.  
•  Both HRRRs do poorly above 1500-m after 

03 UTC, by advecting the Mt Adams wake 
too far south, over Wasco. 
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Comparison of CTL & EXP HRRR 



 
•  Sodar suggests wind speeds at Rufus 

(RFS) were generally weaker than 
operational HRRR forecasts. 

•  HRRR-WFIP improves high wind 
speed bias. 

•  Second wind max at 280-m AGL was 
over-predicted by both HRRRs. 
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Comparison of CTL & EXP HRRR 
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Comparison of RAP, HRRRs & Nest 

20	
  UTC	
   03	
  UTC	
  01	
  UTC	
  23	
  UTC	
  

 
•  Differences outside 

mountain wake are 
generally small 

•  Revised mixing-
length typically 
reduces excess of 
near-surface 
momentum 
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Model Validation  
•  Ongoing Development of WFIP 2 database and 

enhanced validation system 
Ø  Collecting all observational data 
Ø  Collecting all model data 

•  Developing Web Interface for visualizing: 
Ø  Profile comparisons of model & observations 

§  Different instruments 
§  Selected stations 

Ø  Time-series comparison 
Ø  Probability distribution functions/histograms 

§  i.e., compare PDFs of 80-m wind speed errors from two different 
retrospective test periods at 06 UTC. 

Ø  Scatter plots 
§  i.e., plot mean wind speed error between 50-200m as a function of 

shear between 50-200m. 
•  Prototype ready in Feb 2016 



17	
  

Validation against conventional data 
6-­‐hr	
  forecasts	
  validated	
  against	
  all	
  radiosondes	
  across	
  CONUS	
  (05	
  Nov	
  2015	
  -­‐	
  08	
  Jan	
  2016)	
  



•  WFIP2	
  provides	
  an	
  opportunity	
  to	
  improve	
  RAP/HRRR	
  physics	
  for	
  flows	
  in	
  complex	
  
terrain.	
  

–  Gap	
  Flows.	
  
–  Marine	
  Pushes.	
  
–  Mountain	
  wakes.	
  
–  Trapped	
  Lee-­‐Waves,	
  etc.	
  	
  

•  Many	
  aspects	
  of	
  RAP/HRRR	
  targeted	
  for	
  development,	
  both	
  complex	
  terrain-­‐
specific	
  and	
  general	
  physics/dynamics.	
  

–  PBL:	
  scale-­‐aware,	
  verNcal	
  diffusion	
  and	
  1D	
  to	
  3D	
  transiNon.	
  
–  PBL-­‐ShCu:	
  coupled	
  (scale-­‐aware)	
  eddy	
  diffusivity/mass-­‐flux	
  scheme.	
  
–  Surface	
  Fluxes:	
  3D,	
  alternaNves	
  to	
  Monin-­‐Obukhov	
  theory.	
  

•  Event	
  logging	
  team	
  has	
  been	
  examining/classifying	
  events	
  &	
  selecNng	
  case	
  studies.	
  
•  Model	
  development	
  team	
  will	
  perform	
  case	
  studies,	
  tesNng	
  new	
  physics	
  over	
  the	
  

next	
  year.	
  
•  The	
  current	
  real-­‐Nme	
  HRRR-­‐WFIP	
  seems	
  to	
  generally	
  produce	
  beger	
  forecast	
  than	
  

the	
  operaNonal	
  HRRR,	
  but	
  improvements	
  are	
  modest	
  at	
  the	
  moment.	
  

Summary 
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