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Colorado Basin River Forecast Center 
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Overview 

•  CBRFC Staffing and Operations 

•  River Forecast Points in the Phoenix HSA 

•  Data Sources / Forecast Abilities & Limitations 

•  RFC – WFO Coordination  

•  RFC Products – Present & Future 

•  Phoenix Stakeholder Interactions 
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CBRFC	  

•  One	  of	  13	  NWS	  River	  Forecast	  
Centers	  

•  Major	  programs	  include:	  
–  Flood	  and	  rou@ne	  river	  
forecasts	  

– Water	  Supply	  Forecasts	  
–  Flash	  flood	  support	  

•  15	  person	  staff	  includes	  
meteorology,	  hydrology,	  and	  IT	  
exper@se	  –	  2	  vacancies	  (SCH,	  
hydrologist)	  
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Flood	  Forecasts	  /	  Rou1ne	  Forecasts	  

•  Nominally	  provided	  at	  ~400	  points	  
every	  6	  hours	  (or	  1	  hour)	  out	  to	  10	  
days.	  

•  Flexible	  web	  interface	  to	  select	  	  and	  
iden@fy	  forecasts	  and	  data	  

•  Requires	  large	  amounts	  of	  data	  (e.g.	  
snow,	  precip,	  temps,	  streamflow)	  	  
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Typical Operational Day 

•  Driven by 1-2 staff members – others 
assist 

•  Quality Control (observations and 
forecast data) 

•  Other data input (reservoir release 
schedules) / Update ratings 

•  Hydrologic Model Interaction (CHPS) 
•  Forecast Output / Product 

Dissemination 
•  Initiate Ensemble Streamflow 

Prediction (long-term/seasonal) 
•  Provide model updates / WFO 

coordination as needed 
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Focus	  on	  Inputs	  

•  The	  inputs	  are	  much	  more	  important	  than	  the	  quality	  of	  
the	  hydrologic	  model	  

•  Model	  simula@ons	  are	  governed	  by	  current	  soil	  moisture	  
and	  future	  snowmelt	  and	  precipita@on	  (QPF)	  

•  Accurate	  observed	  precipita@on,	  temperature	  and	  freezing	  
levels	  are	  important	  to	  maintain	  correct	  soil	  moisture	  

•  Accurate	  future	  precipita@on,	  temperature	  and	  freezing	  
levels	  (and	  soil	  moisture)	  are	  important	  for	  future	  
hydrologic	  predic@ons	  
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Inputs	  required	  for	  model	  

•  Observed	  and	  Future	  
– Precipita@on	  
– Temperature	  
– Freezing	  level	  

•  Observed	  flow	  and	  reservoir	  pool	  eleva@on	  
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Observed	  Precipita1on	  

•  Gages	  -‐	  sources	  
–  GOES	  (many	  agencies)	  
–  ALERT	  (several	  FCDs)	  
–  COOP	  
–  COCORAHS	  
–  SNOTEL	  
–  All	  data	  is	  databased	  

•  Radar	  
–  Trim	  usable	  area	  by	  
eleva@on/freezing	  level	  

–  Eliminate	  cluber	  areas	  
–  Calculate	  bias	  using	  
gages	  

•  Satellite	  
–  Use	  in	  areas	  of	  poor	  
radar/gage	  coverage	  
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Observed	  Precipita1on	  -‐	  Gages	  

•  GOES	  	  
–  Through	  HADS	  feed	  
–  Various	  agencies	  (USGS,	  
NFS,	  NPS,	  BLM,	  etc.)	  

•  COCORAHs	  
–  from	  website	  

•  SNOTEL	  
–  through	  NRCS	  feed	  

•  COOP	  
–  from	  WFO’s	  

•  ALERT	  
–  from	  base	  sta@ons	  
through	  WFOs	  

•  PSR	  (Maricopa	  County)	  
•  TWC	  (Pima	  County)	  

–  from	  jefuller	  
•  Remaining	  Coun@es	  

–  from	  Tohono	  O’odham	  
thru	  internet	  

–  from	  Zuni	  thru	  internet	  
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Observed	  Precipita1on	  -‐	  Radar	  

•  Compiled	  once	  per	  hour	  
•  4km	  resolu@on	  
•  Hybrid	  Scan	  is	  know	  for	  each	  

radar	  
•  Mask	  is	  calculated	  for	  each	  radar	  

using	  the	  hybrid	  scan.	  No	  cells	  
where:	  
–  beam	  center	  is	  above	  freezing	  

level	  
–  occulta@on	  is	  >=	  3	  
–  beam	  center	  is	  7000	  feet	  AGL	  (?)	  
–  beam	  center	  is	  above	  17000	  feet	  

MSL	  summer	  and	  12000	  feet	  
MSL	  winter	  

•  Bias	  adjustments	  
–  Compared	  with	  gage	  

•  importance	  of	  metadata	  
•  point	  vs	  grid	  issues	  
•  hourly	  adjustment	  (some	  

history)	  
•  24	  hour	  bias	  is	  calculated	  

•  Radar	  data	  is	  combined	  with	  gage	  
only	  field	  
–  Gage	  influence	  is	  smaller	  

summer	  
–  Gage	  influence	  is	  larger	  in	  winter	  
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Limited Data Coverage:  
Black Canyon Area 
Salt Headwaters 

Data Sources:  
ALERT (Maricopa County) 
SNOTEL (NRCS) 
GOES 
CO-OP 
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Model	  Inputs:	  Mul1-‐sensor	  Precipita1on	  
Es1mator	  (MPE)	  –	  NEXRAD	  

	  
•  U@lize	  radar	  
and	  gage	  
informa@on	  

•  Develop	  best	  
es@mate	  of	  
precipita@on	  
over	  the	  CBRFC	  
region	  
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Typical Summer radar mask 
Typical	  Summer	  Radar	  Mask	  
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Data	  Quality	  Control	  

•  Arizona,	  New	  Mexico,	  Nevada,	  Southern	  Utah	  
– Mul@-‐sensor	  Precipita@on	  Es@mator	  MPE	  (Radar)	  
–  “Front	  ended”	  by	  Daily_QC	  Procedure	  (6	  &	  24	  hr	  data)	  
–  1	  hour	  @me-‐step	  
–  	  Mixture	  of	  gage	  and	  radar*	  
–  Satellite	  es@mates	  can	  be	  used	  in	  data	  void	  areas	  
(infrequent)	  

–  QC	  temperatures	  and	  freezing	  levels	  as	  well	  
–  Outputs	  include	  points,	  grids,	  and	  areal	  values	  

*Note:  RFCs are currently not using dual-pol radar info. 
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Observed	  Temperature	  

•  Gages	  -‐	  sources	  
– GOES	  (many	  agencies)	  
– COOP	  
– SNOTEL	  

•  Used	  for	  snowmelt	  only	  
•  Maximum/minimum	  and	  3	  hourly	  
instantaneous	  

•  Spa@al	  density	  of	  gages	  not	  as	  important	  
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Observed	  Freezing	  Level	  

•  From	  the	  RAP13	  ini@al	  analysis?	  
•  Used	  to	  type	  precipita@on	  (rain/snow)	  
•  About	  1x1	  degree	  resolu@on	  
•  Freezing	  level	  is	  very	  important	  in	  Arizona	  
(perhaps	  as	  important	  as	  the	  precipita@on)	  

•  Snotel	  site	  BRMA3	  at	  6380	  feet	  
– Follow	  temperature	  and	  SWE	  during	  flooding	  
events	  
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January	  2010	  event	  OAKA3	  
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1000	  Foot	  Change	  in	  Snow	  Level	  
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Future	  Precipita1on	  

•  We	  examine	  output	  from	  
various	  sources	  
–  Raw	  model	  
–  WFO	  	  
–  GFS	  as	  star@ng	  point	  

•  We	  are	  forecas@ng	  large	  
scale	  events	  

•  Technique	  
–  grids	  to	  points	  
–  modify	  using	  percent	  of	  

monthly	  normal	  
–  points	  to	  grids	  using	  PRISM	  

•  importance	  of	  proper	  scaling	  

–  6	  hourly	  through	  day	  5	  
•  @me	  distributed	  to	  1	  hourly	  

–  Inves@gate	  using	  higher	  
resolu@on	  (space	  and	  @me)	  
models	  for	  hourly	  QPF	  (e.g.,	  
HRRR)	  

•  Project	  to	  verify	  @ming/
loca@on/volume	  of	  HRRR	  
QPF	  	  
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Future	  Temperature	  

•  Currently	  use	  MOS	  max/min	  generated	  at	  MDL	  through	  10	  
days	  

•  Same	  sites	  used	  in	  calibra@on	  
•  Transi@oning	  to	  WFO	  produced	  through	  7	  days	  	  

–  tes@ng	  at	  SLC	  
–  Addi@onal	  WFOs	  through	  this	  fall	  
–  days	  8-‐10	  will	  con@nue	  to	  be	  produced	  by	  MDL	  

•  The	  departure	  from	  normal	  grid	  is	  produced	  and	  the	  
forecaster	  then	  smooths	  the	  grid	  
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Future	  Freezing	  Level	  

•  Sampled	  from	  GFS40	  freezing	  level	  grid	  
•  Typically	  we	  do	  not	  modify	  

–  we	  will	  make	  small	  adjustments	  in	  hydrologic	  model	  
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Model	  Inputs:	  GFE	  is	  U1lized	  to	  input	  QPF	  and	  QTF	  
5	  days	  of	  Precip	  /	  10	  days	  of	  Temp	  
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CHPS	  

•  Community	  Hydrologic	  Predic@on	  System	  
•  Interface	  for	  interac@ng	  with	  our	  hydrologic	  
model	  
–  Coupled	  Sac-‐SMA	  and	  SNOW-‐17	  
–  Lumped	  model	  (Precipita@on	  represented	  as	  an	  areal	  mean	  )	  
–  6	  hour	  @me	  step	  (QPF	  evenly	  distributed	  into	  hourly	  values)	  
– Minimal	  to	  no	  skill	  in	  short-‐dura@on	  flash	  flood	  situa@ons	  
–  Skill	  exists	  in	  rou@ng	  upstream	  events	  
– Model	  parameters	  can	  be	  modified	  (MODS)	  
–  “What	  If”	  scenarios	  are	  possible	  
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CHPS	  
	  

Observed Forecast 

Affected by 
Temperature & 
Precipitation Forecasts 
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CHPS	  

•  Con@ngency	  Runs	  
– We	  have	  the	  ability	  to	  input	  variable	  
precipita@on	  amounts	  into	  our	  model	  to	  answer	  
“What	  if…?”	  types	  of	  ques@ons	  

– Only	  available	  to	  WFOs,	  which	  can	  then	  view	  
the	  results	  through	  our	  webpage	  
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Con1ngency	  Runs	  

Normal Run 
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Con1ngency	  Runs	  

(Nonsensical) precipitation 
added to gage response at  
MCVA3 
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WFOs can check the 
“Contingency” box 
to see the resulting 
forecasts 
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Phoenix	  Area	  Forecast	  Points	  

Phoenix Metro Area 
•  Calibrated using USGS 

gage information 
 
•  Attempt at local flood 

issues (very limited 
forecast ability for short 
duration events) 

•  Forecast scenarios are 
possible (develop 
thresholds) 
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Phoenix	  Area	  Forecast	  Points	  

Phoenix Metro Area 
•  Better skill in winter type 

synoptic situations & 
snowmelt runoff 

•  Minimal to no skill in short 
duration flash flood 
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Just a few water 
supply points in the 
PSR HSA, but 
important to 
stakeholders in the 
area. 
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Phoenix	  Area	  Forecast	  Points	  

•  Forecast	  Abili@es	  
– Winter@me	  synop@c	  
long	  dura@on	  
precipita@on	  events	  

–  Rou@ng	  of	  observed	  
upstream	  flows	  

–  Flash	  Floods	  
	  
	  

	  

•  Primary	  Challenges	  
–  QPF	  &	  Freezing	  level	  
accuracy;	  tropical	  
moisture	  source;	  lack	  of	  
observa@ons	  

–  Ra@ng	  table	  accuracy,	  
changing	  river	  channels	  
(impacts	  cri@cal	  levels)	  

– Many	  (consider	  scenarios	  
&	  rule-‐of	  thumb	  
thresholds)	  
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Hydrology	  Issues	  

•  Verde	  River	  
–  Good	  gage	  data	  
–  Importance	  of	  Bartleb	  and	  Horseshoe	  dams	  

•  Limited	  storage	  (370K	  Acre-‐feet)	  

•  Agua	  Fria	  
–  Fair	  gage	  data	  
–  Importance	  of	  Lake	  Pleasant	  

•  Lible	  Colorado	  Drainage	  
–  Fair	  gage	  data	  western	  	  
–  Poor	  gage	  data	  eastern	  
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RFC	  –	  WFO	  Coordina1on	  
•  Rou@ne	  

–  E-‐19	  and	  Cri@cal	  Level	  updates	  
–  Ra@ng	  table	  issues	  
–  New	  data	  sources	  

•  Prior	  to	  poten@al	  flood	  event	  
–  Coordinate	  precipita@on	  poten@al/QPF	  (plans	  to	  switch	  
radar	  Z-‐R,	  etc.)	  

–  RFC	  will	  call	  WFO	  if	  any	  forecasts	  reach	  cri@cal	  levels	  
–  RFC	  will	  extend	  hours	  to	  support	  WFO	  opera@ons	  
–  Coordinate	  any	  other	  areas	  of	  concern	  
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RFC	  –	  WFO	  Coordina1on	  

•  During	  flood	  events	  
– Office	  should	  take	  the	  ini@a@ve	  to	  contact	  the	  
other	  if	  QPF	  is	  changing	  or	  forecast	  river	  levels	  
are	  changing.	  

– Pass	  along	  any	  changes	  to	  cri@cal	  levels	  (follow	  
up	  with	  updated	  E-‐19	  following	  event)	  

– The	  RFC	  willing	  to	  par@cipate	  in	  any	  WFO-‐
Stakeholder	  coordina@on	  calls	  that	  occur.	  
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•  HEFS aims to “capture” observed flow consistently  
•  So, must account for total uncertainty & remove bias 
•  Total = forcing uncertainty + hydrologic uncertainty 

Goal: quantify total uncertainty in flow 

Hydrologic Ensemble Forecast System (HEFS) 

Forecast horizon 

S
tre

am
flo

w
 

Hydrologic uncertainty 

Weather (forcing) uncertainty in flow 

Observed streamflow 

Total 
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Why use hydrologic ensemble forecasts? 

Goal: better-informed water decisions 

MINOR FLOOD 

MODERATE FLOOD 

MAJOR FLOOD 

Hudson, NY 
8am EDT, Mar 11 

Mar 09               Mar 11               Mar 13               Mar 15               Mar 17               Mar 19 

Ensemble forecast says ~75% 
chance of flood around 12 March 

Single-valued forecast says 
flooding “will not” occur 

Warn of flood or not? 

11.0 
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Example of national HEFS product 
AHPS short-range probabilistic product 

See: http://water.weather.gov/ahps/  
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Going	  Forward	  with	  HEFS	  

Ensemble forecasts are the future 
•  Forecasts incomplete unless uncertainty captured   
•  Ensemble forecasts are becoming standard practice 
•  HEFS implementation, products, and validation is 

ongoing and expanding  
•  Initial validation results are promising 

HEFS will evolve and improve 
•  Science and software will improve through feedback 
•  Guidance will improve through experience 
•  Continue to educate stakeholders on its benefits 



41	  

Radar	  Bias	  Adjustment	  Product	  

•  Measures	  the	  difference	  between	  gage	  and	  
radar	  precipita@on	  readings	  

•  Develops	  a	  bias	  value	  to	  indicate	  how	  well	  
gage	  and	  radar	  are	  in	  agreement	  
– Bias	  <	  1	  indicates	  gage	  is	  lower	  than	  radar	  
– Bias	  >	  1	  indicates	  gage	  is	  higher	  than	  radar	  
– Mean	  bias	  should	  ideally	  be	  between	  0.8	  and	  
1.2	  
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Radar	  Bias	  Adjustment	  Product	  

•  Summary	  available	  
through	  SLCHCMSTR	  
text	  product	  

•  Updated	  daily	  with	  
more	  detail	  at:	  

hbp://
www.cbrfc.noaa.gov/
weather/nexrad/archive/	  
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Where	  could	  we	  help	  more?	  

•  Events	  
– Would	  con@ngency	  runs	  be	  helpful?	  
–  Help	  determine	  thresholds	  for	  short-‐dura@on	  /	  FF	  
–  QPF	  op@ons,	  short-‐dura@on	  poten@al	  (but	  early	  in	  day)	  
–  Timely	  and	  accessible	  informa@on?	  
–  Ra@ng	  table	  updates	  (coordinate	  with	  USGS?)	  

•  Data	  
–  The	  more	  data	  the	  beber	  –	  stage	  and	  precipita@on	  
–  SRP	  reservoir	  opera@ons	  
–  East	  Clear	  Creek?	  	  White	  River?	  



44	  

Where	  could	  we	  help	  more?	  

•  Improved	  Coordina@on	  
–  Would	  like	  to	  visit	  at	  least	  once	  a	  year!	  
–  Open	  invita@on	  to	  visit	  RFC	  

•  Ac@ons	  
–  Soil	  Moisture	  Grids	  
–  Precipita@on	  Grids	  
–  Resolve	  E-‐19	  (and	  E-‐19a)	  Issues	  
–  HRRR	  project	  
–  Others?	  
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CBRFC	  Stakeholders	  in	  the	  PSR	  area	  

•  WFO	  Support	  
– Flood	  Forecast	  
– Warning	  Support	  

•  Water	  Supply	  
– Bureau	  of	  Reclama@on	  
– Central	  Arizona	  Project	  

•  Recrea@on	  
•  General	  Public	  
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CBRFC	  Stakeholders	  in	  the	  PSR	  area	  

Our	  stakeholders	  love	  hydro-‐related	  informa@on	  
you	  put	  out	  on	  Facebook,	  Twiber,	  and	  the	  
Weather	  Story	  
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National Water Center 

The first-ever U.S. center for water forecast operations, research, 
and collaboration across federal agencies 
 
60,000 sq ft “green” building 
 
University of Alabama Campus, Tuscaloosa, AL 
 
Opened May 2015, initial staffing underway 
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National Water Center 

48 

A Catalyst for Modernizing the NWS Hydrology Program 
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Contact	  us!	  

•  Michelle	  Stokes	  –	  Hydrologist	  In	  
Charge	  

•  Brenda	  Alcorn	  –	  Colorado	  
Headwaters	  Basin	  Focal	  Point	  

•  Greg	  Smith	  –	  Gunnison	  and	  San	  
Juan	  Basins	  Focal	  Point	  

•  Ashley	  Nielson	  –	  Green	  River	  
Basin	  Focal	  Point	  

•  Tracy	  Cox	  –	  Lower	  Colorado	  Basin	  
Focal	  Point	  

•  Paul	  Miller	  –	  Great	  Basin	  Focal	  
Point	  

•  michelle.stokes@noaa.gov	  
	  
•  brenda.alcorn@noaa.gov	  
	  
•  greg.smith@noaa.gov	  

•  ashley.nielson@noaa.gov	  

•  tracy.cox@noaa.gov	  

•  paul.miller@noaa.gov	  
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Contact	  us!	  

•  John	  Lhotak	  –	  Development	  and	  
Opera@ons	  Hydrologist	  

•  Cass	  Goodman	  –	  Computer	  
Systems	  Analyst	  

•  Craig	  Peterson	  –	  Senior	  
Hydrometerologist	  

•  Stacie	  Bender	  –	  Hydrologist	  and	  
Remote	  Sensing	  Focal	  Point	  

•  Brent	  Bernard	  –	  Hydrologist	  GIS	  
Focal	  Point	  

•  Valerie	  Offub	  –	  Administra@ve	  
Assistant	  

•  john.lhotak@noaa.gov	  
	  
•  cass.goodman@noaa.gov	  
	  
•  craig.peterson@noaa.gov	  

•  stacie.bender@noaa.gov	  

•  brent.bernard@noaa.gov	  
	  
•  valerie.offut@noaa.gov	  
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Socialize	  with	  us!	  

www.facebook.com/NWSCBRFC	  
	  
	  
	  
	  
Tweet	  us	  @nwscbrfc	  


