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Mo<va<ng	  Ques<ons	  behind	  WRF-‐
Hydro	  development:	  
1.  What	  are	  the	  essen9al	  physical	  processes	  

that	  need	  to	  be	  represented	  in	  modern,	  
physics-‐based,	  hydrometeorological	  
forecas9ng	  systems?	  

2.  Are	  there	  ways	  to	  beNer	  facilitate	  and	  
support	  coupling	  of	  hydrological	  models	  to	  
WRF	  and	  other	  weather/climate	  
architectures?	  



What	  is	  WRF-‐Hydro	  Extension	  
Package?	  
WRF-‐Hydro	  is	  a	  community-‐based,	  coupling	  	  
architecture	  designed	  to	  couple	  mul$-‐scale	  process	  
models	  of	  the	  atmosphere	  and	  terrestrial	  hydrology	  	  

	  
It	  seeks	  to	  provide:	  
1.  A	  capability	  to	  perform	  coupled	  and	  uncoupled	  mul$-‐

physics	  simula9ons	  and	  predic9ons	  
2.  Fully	  u9lize	  high-‐performance	  compu9ng	  plaRorms	  
3.  Leverage	  exis9ng	  and	  emerging	  standards	  in	  data	  

formats	  and	  pre-‐/post-‐processing	  workflows	  
4.  An	  extensible,	  portable	  and	  scalable	  environment	  for	  

hypothesis	  tes9ng,	  sensi9vity	  analysis,	  data	  
assimila9on	  and	  observa9on	  impact	  research	  



Mo<va<on	  for	  WRF-‐Hydro:	  
•  Problem	  Statement:	  	  Components	  of	  Earth	  Systems	  Models	  are	  

oXen	  stove-‐piped	  by	  geoscience	  domains	  which	  limits	  inter-‐
operability	  with	  other	  domains	  



Conceptualiza<on	  of	  WRF-‐Hydro:	  
•  Mul9-‐scale/Mul9-‐physics	  modeling…	  
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Philosophy	  of	  WRF-‐Hydro:	  
•  Where	  appropriate,	  maintain	  integrity	  of	  the	  1-‐d	  
column	  physics	  structure	  of	  individual	  LSMs	  while	  
adding	  the	  capability	  to	  account	  for	  various	  lateral	  
redistribu9on	  processes:	  

Evaporation 

Melt 

Sublimation 

Throughfall 

Infiltration 
Surface  
runoff  

Evaporation 

Transpiration 

Precipitation Column-
Hydrology 

Unconfined aquifer 
Sub-surface  

runoff  

Aquifer recharge 

	  	  	  	  	  	  	  	  	  	  	  

Water table 

Soil 

Saturated 
fraction 

Lateral	  Flows	  



Physics	  Op<ons	  Currently	  Available:	  
•  Column	  land	  surface	  models	  supported:	  
–  Noah…Noah-‐MP,CLM,RUC	  in	  progress	  

•  WRF-‐to-‐rou9ng	  grid	  aggrega9on/	  	  	  	  	  	  	  	  	  	  
disaggrega9on	  mapping	  

•  Lateral	  flow	  components:	  
–  Diffusive	  wave	  overland	  flow	  (gridded)	  
–  Boussinesq/saturated	  subsurface	  flow	  (gridded)	  
–  Baseflow	  bucket	  model	  (lumped	  to	  gridded	  channel)	  
–  Diffusive	  wave	  channel	  flow	  (gridded)	  
– Muskingam-‐type	  channel	  flow	  (reach	  based)	  

•  Level	  pool	  reservoir	  flow	  (lumped	  object)	  



WRF-‐Hydro	  features:	  
•  Several	  pre-‐	  &	  post-‐processing	  tools	  available	  
•  Can	  be	  run	  ‘coupled’	  or	  ‘uncoupled’	  to	  WRF	  
•  Separate	  I/O	  from	  WRF	  (no	  WRF-‐registry	  mods.)	  
•  Parallelized	  for	  HPC	  systems:	  
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Recent	  Applica<on:	  
Hyrdometeorology	  in	  burned	  
landscapes	  

Photo	  Credit:	  Aaron	  On<veroz,	  The	  Denver	  Post	  



Fire	  Impacts	  on	  	  
Hydrometeorology:	  
•  Inser9ng	  ‘fire-‐burned’	  

landscapes	  into	  Noah/
Noah-‐MP	  and	  WRF-‐Hydro	  

•  14	  ac9ve	  fires	  now	  
–  2011	  Fourmile	  Canyon	  
–  2012	  Waldo	  Canyon	  
–  2012	  High	  Park	  	  
–  2012	  Upp.	  N.	  Fork	  

•  Use	  ‘burn-‐severity’	  index	  
as	  a	  ‘VEGTYP’	  category	  and	  
calibra9on	  filter	  

Fourmile	  Canyon	  Burn	  Severity	  

Waldo	  Canyon	  Burn	  Severity	  



July	  13,	  2011	  Fourmile	  Canyon	  Flood	  Event:	  Coupled	  
WRF-‐Hydro/RTFDDA	  model	  predic9on…12	  hour	  lead	  
9me	  



July	  13,	  2011	  Fourmile	  Canyon	  Flood	  
Event:	  

•  Severe	  fire	  in	  Sept.	  2010	  in	  the	  ex-‐urban	  interface	  &	  
complex	  terrain	  

•  Between	  25-‐40mm	  in	  1.5	  hours	  over	  severely	  burned	  area	  
•  Flooding	  and	  debris	  flow	  ensued	  
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July	  13,	  2011	  Fourmile	  Canyon	  Flood	  Event:	  
Hydrologic	  Simula9on	  



July	  13,	  2011	  Fourmile	  Canyon	  Flood	  Event:	  Coupled	  
WRF-‐Hydro/RTFDDA	  model	  predic9on…~12	  hour	  
lead	  9me	  

10.4km	  



WRF-‐Hydro	  Extension	  Package	  Status:	  

•  Code	  &	  Documenta9on	  now	  available	  on	  WRF-‐Hydro	  
website:	  	  h,p://www.ral.ucar.edu/projects/wrf_hydro/	  

•  Tested	  on	  mul9ple	  plaRorms	  and	  compilers	  
(Yellowstone-‐enabled,	  XSEDE,	  Linux-‐clusters,	  MAC)	  

•  Test	  cases	  available	  online	  
•  GIS	  pre-‐processing	  tools	  now	  available	  
– Web	  service	  for	  pre-‐processing	  coming	  soon	  

•  User	  support	  just	  now	  geqng	  going…	  
•  Working	  group	  to	  be	  convened	  over	  the	  next	  6	  months	  



The	  End…	  

See	  you	  Friday	  morning!	  

hXp://www.ral.ucar.edu/projects/wrf_hydro/	  



WRF-‐Hydro	  Community	  of	  Developers	  
&	  Users:	  

Past	  or	  current	  implementa9ons	  

Recently	  proposed	  implementa9ons	  



July	  13,	  2011	  Fourmile	  Canyon	  Flood	  Event:	  Coupled	  
WRF-‐Hydro/RTFDDA	  model	  predic9on…12	  hour	  lead	  
9me	  



WRF-‐Hydro	  ‘Hydro-‐Grid’	  Web	  Service:	  
Tool	  Output	  

hXp://www.ral.ucar.edu/projects/wrf_hydro/	  


