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What	
  is	
  the	
  WRF-­‐Hydro	
  System?	
  
Ini?a?ve	
  of	
  the	
  
NCAR	
  Water	
  System	
  
Program	
  	
  
	
  
Ini?al	
  release	
  to	
  the	
  
community	
  April	
  
2013	
  
	
  
Version	
  2.0	
  released	
  
April	
  2014	
  



What	
  is	
  the	
  WRF-­‐Hydro	
  System?	
  
WRF-­‐Hydro	
  is	
  a	
  community-­‐based	
  system	
  designed	
  to	
  couple	
  mul$-­‐
scale	
  process	
  models	
  of	
  the	
  atmosphere	
  and	
  terrestrial	
  hydrology	
  	
  

	
  
Seeks	
  to	
  provide:	
  
1.  An	
  ‘Earth	
  Systems-­‐oriented’	
  capability	
  to	
  perform	
  coupled	
  and	
  

uncoupled	
  mul5-­‐physics,	
  mul5-­‐scale,	
  spa5ally-­‐con5nuous	
  
hydrometeorological	
  simula?ons	
  and	
  predic?ons	
  

2.  Fully	
  u?lize	
  high-­‐performance	
  compu?ng	
  plaRorms	
  
3.  Leverage	
  exis?ng	
  and	
  emerging	
  standards	
  in	
  data	
  formats	
  and	
  pre-­‐/

post-­‐processing	
  workflows	
  
4.  A	
  consistent	
  extensible,	
  portable	
  and	
  scalable	
  environment	
  for	
  

hydrometeorological	
  predic?on,	
  hypothesis	
  tes?ng,	
  sensi?vity	
  
analysis,	
  data	
  assimila?on	
  and	
  observa?on	
  impact	
  research	
  



MoKvaKon	
  for	
  WRF-­‐Hydro:	
  
•  Scien?fic	
  Needs:	
  

–  Based	
  on	
  community	
  support	
  requests	
  it	
  was	
  evident	
  that	
  there	
  was	
  a	
  need	
  
integrated	
  modeling	
  capabili?es	
  for	
  complete	
  predic?ons	
  of	
  the	
  water	
  
cycle…climate	
  impacts	
  

– Need	
  mul?-­‐scale	
  framework…bridge	
  atmosphere-­‐hydro	
  applica?on	
  scales….	
  

	
  

– Need	
  extensible,	
  mul?-­‐physics	
  framework…foster	
  experimenta?on	
  and	
  
expose	
  process	
  uncertainty…	
  

1-­‐10’s	
  km	
   100’s	
  	
  m	
  -­‐	
  1’s	
  km	
   1-­‐10’s	
  m	
  



MoKvaKon	
  for	
  WRF-­‐Hydro:	
  
•  Predic?on	
  System	
  Needs:	
  

– Need	
  rapid	
  pathway	
  to	
  opera?onal	
  deployment…Seamless	
  
hydrometeorological	
  modeling	
  tools	
  for	
  con?nuum	
  predic?on:	
  

–  Linkage	
  to	
  ensemble	
  forecas?ng	
  methodologies…	
  
– U?liza?on	
  of	
  HPC	
  (on	
  both	
  local	
  and	
  distributed/cloud	
  architectures…)	
  



2.   DESCRIPTION	
  OF	
  THE	
  WRF-­‐HYDRO	
  
SYSTEM	
  



Water	
  Cycle	
  Modeling	
  and	
  PredicKon	
  
components	
  within	
  the	
  WRF-­‐Hydro	
  System:	
  
•  Modeling	
  of	
  the	
  major	
  water	
  cycle	
  components	
  	
  possible	
  when	
  couple	
  
WRF	
  to	
  hydrological	
  components	
  in	
  WRF-­‐Hydro	
  



WRF-­‐Hydro	
  Modes	
  of	
  OperaKon:	
  

•  Modes	
  of	
  opera?on..1-­‐way	
  
vs.	
  2-­‐way	
  

•  Model	
  forcing	
  and	
  feedback	
  
components:	
  

•  Forcings:	
  	
  	
  T,	
  Press,	
  Precip.,	
  
wind,	
  radia?on,	
  humidity,	
  BGC-­‐
scalars	
  

•  Feedbacks:	
  	
  Sensible,	
  latent,	
  
momentum,	
  radia?on,	
  BGC-­‐
scalars	
  

One-­‐way	
  (‘uncoupled’)	
  →	
  

Two-­‐way	
  (‘coupled’)	
  ↔	
  



WRF-­‐Hydro	
  Architecture	
  
DescripKon:	
  

•  Plug	
  compa?ble	
  
model	
  physics	
  
components….	
  

	
  
•  Mul?-­‐scale	
  
components….	
  
–  Rec?linear	
  regridding	
  
–  ESMF	
  regridding	
  
–  Downscaling	
  

WRF-­‐Hydro	
  
	
  Driver/Coupler	
  

w/	
  
ConservaKve	
  	
  
Regridding	
  &	
  
Downscaling	
  

1.	
  Land	
  Surface	
  Model	
  
(if	
  necessary)	
  

2.	
  Grid	
  disaggregaKon	
  	
  
(if	
  necessary)	
  

3.	
  Subsurface	
  Flow	
  RouKng	
  

4.	
  Overland	
  Flow	
  RouKng	
  

5.	
  Baseflow	
  Model	
  

6.	
  Channel	
  &	
  Reservoir	
  	
  RouKng	
  	
  
with	
  Water	
  Management	
  

7.	
  Grid	
  aggregaKon	
  	
  
(if	
  necessary)	
  

Coupled	
  Mode:	
  
Nowcast,	
  	
  

Weather	
  and	
  	
  Climate	
  
Models	
  

Uncoupled	
  Mode:	
  
Gridded	
  
Forcing	
  
Data	
  

Alternate	
  
Hydrological/Land	
  Model	
  	
  

Drivers	
  (e.g.	
  LIS,	
  CESM,	
  CSDMS)	
  



WRF-­‐Hydro	
  v2.0	
  Physics	
  Components:	
  
•  Mul?-­‐scale	
  aggrega?on/disaggrega?on:	
  

Current	
  ‘Regridding’	
  

Implemen?ng	
  ESMF	
  Regridders	
  (v2.1)	
  

Terrain	
  slope	
  (0-­‐45	
  deg)	
  

100m	
  Terrain	
   1	
  km	
  Terrain	
  



WRF-­‐Hydro	
  v2.0	
  Physics	
  Components:	
  

•  WRF-­‐coupled	
  and	
  offline	
  Noah	
  and	
  Noah-­‐MP	
  now	
  supported	
  as	
  of	
  
April,	
  2014	
  

•  CLM	
  coupling	
  supported	
  through	
  CESM	
  architecture	
  (in	
  progress)	
  
•  NOAA	
  SAC-­‐HTET	
  in	
  progress	
  



Version	
  2.0	
  Release	
  RouKng	
  Physics:	
  
•  physics-­‐based	
  runoff	
  processes	
  

Overland	
  Flow	
  -­‐	
  
Diffusive	
  wave	
  (2-­‐d	
  and	
  1-­‐d)	
  

Groundwater	
  Flow	
  –	
  
Boussinesq	
  flow	
  
	
  
HMS	
  groundwater	
  model	
  	
  
in	
  progress	
  

Channel	
  Flow	
  –	
  
Gridded	
  diffusive	
  wave	
  
Reach-­‐based	
  Muskingam	
  
methods	
  (RAPID)	
  in	
  progress	
  
	
  



Version	
  2.0	
  Release	
  
RouKng	
  Physics:	
  
•  Reservoir	
  and	
  water	
  
management	
  impacts:	
  
– On-­‐channel	
  reservoirs	
  
–  Level-­‐pool	
  storage	
  
– Mul?ple	
  discharge	
  
modes	
  

•  Orifice	
  flow	
  
•  Spillway	
  flow	
  	
  
•  Rule	
  curve	
  
•  Mgt.	
  Schedule	
  

Barker	
  	
  Reservoir	
  

Gross	
  
	
  	
  	
  	
  	
  	
  Reservoir	
  



Processes	
  in	
  WRF-­‐Hydro	
  

Subsurface	
  flow	
  	
  
1)	
  1D	
  (Steepest	
  slope),	
  	
  2)	
  2D	
  (x	
  and	
  y	
  
direc?on)	
  

Overland	
  flow	
  	
  
1)	
  1D	
  (Steepest	
  slope),	
  	
  2)	
  2D	
  (x	
  and	
  y	
  direc?on)	
  

Base	
  flow	
  	
  
1)	
  Explicit	
  bucket	
  model,	
  2)	
  	
  pass	
  through	
  



Noah	
  

NoahMP	
  

terrain	
  adjustment	
  of	
  incoming	
  solar	
  radiaKon	
  

Subsurface	
  flow	
  	
  
1)	
  1D	
  (Steepest	
  slope),	
  	
  2)	
  2D	
  (x	
  and	
  y	
  direc?on)	
  

HRLDAS	
  

HRLDAS	
  +	
  Specified	
  
precipitaKon	
  

Idealized	
  

WRF	
  output	
  

WRF	
  output	
  +	
  specified	
  
precipitaKon	
  

WRF-­‐Hydro	
  Offline	
  Physical	
  Process	
  OpKons	
  

Land	
  model	
  opKon	
  from	
  
compiling	
  command	
  

forcing	
  data	
  opKon	
  from	
  
“namelist.hrldas”	
   Hydrology	
  physical	
  process	
  opKon	
  from	
  “hydro.namelist”	
  

Overland	
  flow	
  	
  
1)	
  1D	
  (Steepest	
  slope),	
  	
  2)	
  2D	
  (x	
  and	
  y	
  direc?on)	
  

Base	
  flow	
  	
  
1)	
  Explicit	
  bucket	
  model,	
  2)	
  	
  pass	
  through	
  

Channel	
  RouKng	
  
1)	
  Muskingam-­‐reach	
  (under	
  development),	
  	
  
2)	
  Musk.-­‐Cunge-­‐reach	
  (under	
  development),	
  	
  
3)	
  Diffusion	
  Wave-­‐gridded	
  



Noah	
  

NoahMP	
  

WRF-­‐Hydro	
  Fully	
  Coupled	
  Physical	
  Process	
  OpKons	
  

Land	
  model	
  opKon	
  from	
  WRF	
  
“namelist.input”	
  

Hydrology	
  physical	
  process	
  opKon	
  from	
  “hydro.namelist”	
  

terrain	
  adjustment	
  of	
  incoming	
  solar	
  radiaKon	
  
Note:	
  choose	
  either	
  from	
  WRF	
  or	
  here	
  

Subsurface	
  flow	
  	
  
1)	
  1D	
  (Steepest	
  slope),	
  	
  2)	
  2D	
  (x	
  and	
  y	
  direc?on)	
  

Overland	
  flow	
  	
  
1)	
  1D	
  (Steepest	
  slope),	
  	
  2)	
  2D	
  (x	
  and	
  y	
  direc?on)	
  

Base	
  flow	
  	
  
1)	
  Explicit	
  bucket	
  model,	
  2)	
  	
  pass	
  through	
  

Channel	
  RouKng	
  
1)	
  Muskingam-­‐reach	
  (under	
  development),	
  	
  
2)	
  Musk.-­‐Cunge-­‐reach	
  (under	
  development),	
  	
  
3)	
  Diffusion	
  Wave-­‐gridded	
  



Flow	
  Chart	
  
IniKalizaKon	
  (Land	
  and	
  RouKng	
  model)	
  

Read	
  Forcing	
  Data	
  

Noah/NoahMP	
  land	
  surface	
  model	
  

Disaggregate	
  from	
  land	
  surface	
  grid	
  to	
  hydro	
  grid	
  

Subsurface	
  flow	
  

Overland	
  flow	
  

Base	
  flow	
  

Channel	
  RouKng	
  

Aggregate	
  from	
  hydro	
  grid	
  to	
  land	
  surface	
  grid	
  

Call	
  WRF-­‐Hydro	
  Driver	
  

Land	
  Model	
  Time	
  Loop	
  

RouKng	
  Time	
  
loop	
  

RouKng	
  Time	
  
loop	
  

Land	
  Model	
  
Time	
  loop	
  



Output	
  products:	
  Forecasts	
  of	
  water	
  cycle	
  
components	
  

Clouds	
  &	
  Weather	
  Precipita5on	
   Snowpack	
  :	
  SWE	
   Soil	
  Moisture	
   Evapotranspira5on	
  



Output	
  products:	
  Forecasts	
  of	
  water	
  cycle	
  
components:	
  

Channel	
  Flows	
  at	
  spaKal	
  resoluKons	
  	
  of	
  	
  10s	
  to	
  100s	
  of	
  meters	
  

SpaKally-­‐conKnuous	
  plots	
  of	
  streamflow	
  and	
  river	
  stage	
  



WRF-­‐Hydro	
  System:	
  General	
  Amributes	
  
•  Runs	
  coupled	
  or	
  uncoupled	
  to	
  WRF	
  
•  Open	
  source,	
  community-­‐contributed	
  code	
  
•  Readily	
  extensible	
  for	
  mul?ple	
  physics	
  op?ons	
  
•  Mul?-­‐scale/mul?-­‐resolu?on	
  
•  Supported,	
  documented,	
  mul?ple	
  test-­‐cases	
  
•  Portable/scalable	
  across	
  mul?ple	
  compu?ng	
  plaRorms	
  
•  Standards	
  based	
  I/O	
  
•  Pre-­‐/Post-­‐processing	
  Support	
  

– ArcGIS	
  pre-­‐processing	
  tool	
  



WRF-­‐Hydro	
  ArcGIS	
  Pre-­‐processing	
  Tool:	
  K.	
  Sampson	
  -­‐	
  developer	
  

Import:	
  
WRF-­‐geogrid	
  terrain	
  

Create:	
  
Hydrological	
  
rou?ng	
  grids	
  



3.   PREDICTION	
  APPLICATIONS	
  



WRF-­‐Hydro	
  ApplicaKons:	
  ‘Disturbance’	
  Hydrology	
  

Urban	
  Flooding:	
  South	
  Denver,	
  Colorado-­‐2008	
   Western	
  U.S.	
  Wildland	
  Fire-­‐Hydrology	
  Impacts	
  

USFS-­‐USGS	
  Burned	
  area	
  severity	
  (BAER)	
  Maps	
  



WRF-­‐Hydro	
  ApplicaKon:	
  	
  
NOAA-­‐HMT	
  SE,	
  27	
  July	
  2013	
  Flash	
  Flood	
  Case	
  Study	
  

•  HRRR,	
  ExSREF-­‐driven,	
  calibrated	
  simula?on	
  example	
  
output:	
  Streamflow	
  forecast	
  

•  Poten?al	
  for	
  variety	
  of	
  gridded	
  model	
  output	
  displays	
  
(forecasts	
  at	
  specific	
  points	
  also	
  generated)	
  

(Anima5on)	
  

(cubic	
  meters/sec)	
  

Streamflow	
  in	
  cubic	
  meters	
  per	
  second,	
  with	
  actual	
  forecast	
  values	
  color	
  
coded	
  and	
  size	
  coded	
  from	
  0-­‐50	
  cubic	
  meters	
  per	
  second	
  	
  

Streamflow	
  in	
  cubic	
  feet	
  per	
  second,	
  contoured	
  and	
  colorfilled.	
  	
  

Streamflow	
  forecast	
  (cfs)	
  contoured	
  as	
  3D	
  surface	
  

(Anima5on)	
  

Courtesy	
  K.	
  Mahoney,	
  NOAA/ESRL	
  



WRF-­‐Hydro	
  ApplicaKons:	
  
2013-­‐14	
  operaKonal	
  streamflow	
  predicKon	
  at	
  the	
  Israeli	
  Hydrological	
  Service	
  
2	
  cycles	
  daily,	
  48hr	
  fully-­‐coupled	
  WRF/WRF-­‐Hydro	
  forecasts	
  	
  

Jan	
  5-­‐10,	
  2013	
  Heavy	
  Rainfall	
  Event	
  



WRF-­‐Hydro	
  ApplicaKons:	
  

Automated	
  model	
  calibraKon	
  work:	
  Calabria,	
  Italy	
  
Performed	
  by:	
  A.	
  Senatore,	
  U.	
  Calabria	
  

3-­‐d	
  HMS	
  Groundwater	
  Model	
  	
  
over	
  southern	
  TERENO	
  Network	
  
Bavaria,	
  Germany	
  

Valida?on	
  N-­‐S:	
  0.74	
  on	
  hourly	
  
flows	
  



WRF-­‐Hydro	
  ApplicaKons:	
  
1.  Regional	
  Flood	
  Forecas?ng	
  	
  -­‐	
  Sep.	
  2013	
  Front	
  Range	
  

MPE	
  –	
  driven	
  WRF-­‐Hydro,	
  Sep	
  11-­‐13,	
  2013	
  

Big	
  Thomp.	
  blw	
  Drake	
  

N.	
  Fork	
  Big	
  Thomp.	
  Abv.	
  Drake	
  



Hindcasted 
streamflow 

coupled WRF/
WRF-Hydro 

model 
 

Initialization: 
9/11 00z 

 
Valid: 9/12 07z	
  

Streamflow in cms 

Boulder Cr. 

St. Vrain 

Little Thompson 

James/Lefthand 

South Boulder Cr. 

Big Thompson 



4.   RECENT	
  ENHANCEMENTS	
  



Forcing	
  data	
  supported:	
  
•  NLDAS,	
  NARR	
  analyses	
  
•  QPE	
  products:	
  MPE,	
  StgIV,	
  
NCDC-­‐served,	
  dual-­‐pol,	
  Q3/
MRMS	
  

•  NOAA	
  QPF	
  products:	
  GFS,	
  
NAM,	
  RAP,	
  HRRR,	
  ExREF	
  

•  Nowcast	
  (NCAR	
  Trident/
TITAN)	
  

•  NOHRSC	
  SNODAS	
  

Boulder	
  
Ft.	
  Carson	
   Aurora	
  

Long’s	
  Peak	
  (~14,200’)	
  

Pikes	
  Peak	
  (~14,300’)	
  



NaKonal-­‐scale	
  domain	
  applicaKons:	
  	
  4km/250m	
  

48-­‐hr	
  MPE	
  Accum.	
  Rainfall	
  
Sept.	
  11-­‐13,	
  2013	
  

Top-­‐layer	
  soil	
  moisture	
  250m	
  
Channel	
  ‘inflows’	
  250m	
  



5.   ONGOING	
  ACTIVITIES:	
  



WRF-­‐Hydro	
  Ongoing	
  AcKviKes	
  

• Hydrologic	
  Data	
  Assimila?on	
  within	
  WRF-­‐
Hydro	
  (in	
  progress):	
  
1.  Interfacing	
  with	
  mul?-­‐agency	
  GSI	
  (Gridpoint	
  Sta?s?cal	
  

Interpola?on	
  system)	
  for	
  support	
  of	
  varia?onal	
  methods	
  and	
  WRF-­‐
embedded	
  applica?ons	
  

2.  Interfacing	
  with	
  NCAR	
  DART	
  (Data	
  Assimila?on	
  Research	
  Testbed)	
  
for	
  support	
  of	
  ensemble-­‐based	
  DA	
  methods	
  



WRF-­‐Hydro	
  Ongoing	
  AcKviKes	
  

•  Expanded	
  Support,	
  DocumentaKon	
  &	
  Training:	
  	
  	
  Remains	
  a	
  
fundamental	
  challenge	
  under	
  current	
  project-­‐	
  based	
  support	
  
structure…	
  but	
  an	
  area	
  where	
  there	
  is	
  substan?al	
  groundwork	
  
– Full	
  website	
  with	
  downloads,	
  documenta?on	
  and	
  test	
  cases	
  
– Crea?ng	
  pdf’s	
  of	
  past	
  training	
  seminars	
  
– Expanding	
  library	
  of	
  pre-­‐/post-­‐processing	
  scripts	
  



Thank	
  you!	
  

D.	
  Gochis,	
  gochis@ucar.edu	
  
WRF-­‐Hydro:	
  hmp://www.ral.ucar.edu/projects/wrf_hydro/	
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