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Results	
  used	
  in	
  sta9s9cal	
  analysis	
  to	
  produce	
  	
  
forecasts	
  with	
  probabilis9c	
  values	
  

Mul9ple	
  streamflow	
  scenarios	
  with	
  historic	
  
meteorological	
  or	
  forecast	
  weather/clima9c	
  data	
  	
  

Time	
  

Fl
ow

	
  

Scenario	
  1	
  

Saved	
  model	
  states	
  reflect	
  
current	
  condi5ons	
  (snow,	
  
soil	
  moisture,	
  current	
  river/

reservoir	
  levels)	
  

Possible	
  scenarios	
  

ESP	
  Technique	
  

Scenario	
  2	
  

Scenario	
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Can	
  also	
  include	
  forecast	
  precipita9on	
  
and	
  temperature.	
  
	
  
CBRFC:	
  
• 	
  Use	
  10	
  days	
  of	
  forecast	
  max/min	
  
temperatures.	
  
• 	
  Two	
  runs	
  –	
  	
  

• 	
  5	
  days	
  of	
  forecast	
  precipita5on	
  
• 	
  0	
  days	
  of	
  forecast	
  precipita5on	
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CBRFC:	
  	
  Currently	
  using	
  water	
  
years	
  1981-­‐2010	
  

Historical	
  9me	
  series	
  of	
  	
  
precipita9on	
  and	
  temperature	
  	
  

More	
  informa9on	
  available	
  from	
  COMET:	
  www.meted.ucar.edu/hydro/ESP/Intro/	
  



1.  Select	
  a	
  forecast	
  window	
  
2.  Select	
  a	
  forecast	
  variable	
  
3.  Model	
  derives	
  a	
  distribu9on	
  

func9on	
  
4.  50%	
  exceedance	
  value	
  =	
  

most	
  probable	
  forecast	
  
5.  Also	
  use	
  10%/90%	
  levels	
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5	
  day	
  QPF	
  10%	
  

5	
  day	
  QPF	
  50%	
  

5	
  day	
  QPF	
  90%	
  

0	
  day	
  QPF	
  10%	
  

0	
  day	
  QPF	
  50%	
  

0	
  day	
  QPF	
  90%	
  



ESP	
  ‘Modes’	
  
UNREGULATED	
  

(Water	
  Supply	
  Volume	
  Forecasts)	
  

•  Not	
  what	
  will	
  be	
  observed	
  
in	
  the	
  rivers.	
  

•  No	
  diversions	
  (for	
  places	
  we	
  
have	
  historical/real	
  9me	
  
measurements).	
  
–  Trans-­‐basin	
  diversions.	
  

•  No	
  water	
  held	
  by	
  reservoirs	
  
(passes	
  through).	
  

•  Consump9ve	
  Use	
  opera9on	
  
s9ll	
  in	
  effect.	
  

REGULATED	
  
(Peak	
  Flow	
  Forecasts)	
  

•  Observed	
  mean	
  daily	
  peak.	
  
•  Historical	
  diversion	
  data	
  

used	
  in	
  calcula9on	
  of	
  each	
  
year’s	
  hydrograph.	
  

•  Reservoirs	
  operated	
  based	
  
on	
  a	
  set	
  of	
  ‘rules’.	
  
–  Time	
  of	
  year	
  or	
  eleva9on.	
  

•  Similar	
  to	
  daily	
  forecast	
  
methodology.	
  



1970	
   1980	
   1990	
   2000	
  

ESP	
  first	
  used	
  at	
  
California-­‐Nevada	
  
River	
  Forecast	
  Center	
  

NWS/HRL	
  begins	
  
ESP	
  development	
  

ESP	
  first	
  presented	
  at	
  the	
  
Western	
  Snow	
  Conference	
  

ESP	
  used	
  for	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
drought	
  	
  assessment	
  	
  	
  

ESP	
  used	
  for	
  
water	
  supply	
  
forecasts	
  

ESP	
  released	
  
with	
  NWSRFS	
  

ESP	
  Analysis	
  and	
  Display	
  
Program	
  (ESPADP)	
  
development	
  started	
  

ESPADP	
  deployed	
  
to	
  the	
  field	
  

Water	
  Resources	
  Forecas9ng	
  
Services	
  (WARFS)	
  quan9fies	
  

value	
  of	
  ESP	
  

Climate	
  Predic9on	
  Center	
  (CPC)	
  
forecast	
  pre-­‐adjustment	
  	
  	
  	
  	
  
developed	
  for	
  use	
  in	
  ESP	
  	
  

Historic	
  development	
  of	
  ESP	
  	
  

Medium	
  to	
  long-­‐range	
  ESP	
   short-­‐medium-­‐
long	
  range	
  ESP	
  

Experimental	
  Ensemble	
  
Forecast	
  System	
  (XEFS)	
  
work	
  begins	
  	
  

Western	
  Snow	
  Conference	
  paper,	
  1977	
  

Work	
  to	
  
incorporate	
  
climate	
  forecasts	
  



HEFS	
  

•  Mo9va9ons:	
  
– Quan9fy	
  and	
  reduce	
  uncertain9es	
  in	
  ESP	
  due	
  to:	
  

•  Future	
  weather	
  and	
  climate	
  
•  Calibra9on	
  
•  Ini9al	
  condi9ons	
  

– Provide	
  unbiased	
  and	
  skillful	
  forecast	
  ensembles	
  
to	
  stakeholders	
  and	
  NWS	
  hydrologic	
  forecast	
  
products	
  

– Generate	
  reforecast	
  dataset	
  consistent	
  with	
  real	
  
9me	
  forecasts	
  





An ESP Upgrade:  The NWS Hydrologic  
Ensemble Forecast Service (HEFS) 
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Atmospheric	
  Pre-­‐Processor:	
  	
  
ensemble	
  genera9on	
  (1)	
  	
  

In	
  real-­‐9me,	
  given	
  single-­‐valued	
  forecast,	
  generate	
  ensemble	
  traces	
  
from	
  the	
  condi9onal	
  distribu9on	
  for	
  each	
  lead	
  9me	
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CBRFC	
  HEFS	
  Timetable	
  Goals	
  

l 	
  HEFS	
  products	
  will	
  start	
  to	
  roll	
  out	
  during	
  the	
  
Water	
  Year	
  2013	
  season	
  
l 	
  Dolores	
  was	
  selected	
  as	
  our	
  test	
  basin	
  and	
  will	
  
be	
  completed	
  first	
  
l 	
  San	
  Juan	
  basin	
  is	
  next	
  to	
  support	
  project	
  with	
  
CU/USBR	
  
l 	
  Bear	
  and	
  Six	
  Creek	
  basins	
  next	
  to	
  support	
  SARP	
  
project	
  
l 	
  Full	
  CBRFC	
  implementa9on	
  by	
  Water	
  Year	
  2014	
  



CU/CBRFC	
  Ensemble	
  Project	
  

•  Project	
  Goals:	
  
– Generate	
  ensemble	
  inputs	
  for	
  ESP	
  using	
  climate	
  
forecasts	
  through	
  weather	
  generator	
  method	
  

–  Increase	
  number	
  of	
  ensemble	
  members	
  to	
  improve	
  
resolu9on	
  in	
  tails	
  of	
  distribu9on	
  

•  Personnel:	
  	
  
–  Balaji	
  Rajagopalan	
  (CU)	
  
–  Kevin	
  Werner,	
  John	
  Lhotak,	
  Michelle	
  Stokes	
  (CBRFC)	
  
–  Edie	
  Zagona	
  (CADSWES)	
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