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River Forecast Application for Water Management: 
Oil and Water? 



Outline 

•  River Forecast Center overview 
•  Motivation 
•  Ensemble Forecasts 
•  Ensemble Forecast Application 
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Colorado Basin 
River Forecast Center 

 The Colorado Basin River Forecast Center 
(CBRFC) generates streamflow forecasts 
across the Colorado Basin and Utah. The 
latest forecasts, data, and more are 
available online: 
–  Daily streamflow forecasts 
–  Long lead peak flow forecasts 
–  Water supply forecasts 
–  Webinar briefings 
–  Email updates 
–  And More…. 

 
 www.cbrfc.noaa.gov 



Water Supply Forecast: Lake Powell 2013 
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Motivating Question: How do people use these forecasts? In particular, how 
do people use the forecast distribution? 



Motivation 
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Forecasts 
Science 
Data 

webpage 

email 

briefings 

Water 
Management 
Decisions 

How effective are forecasts in informing water management decisions? 
•  Forecast information transmission? 
•  Effective forecast products and tools? 
•  Meeting forecast information requirements? 
•  Feedback and iteration with decision makers? 



Previous	
  Research	
  on	
  Water	
  Management	
  
and	
  Forecast	
  Usage	
  

Forecasts generally not used. Water 
management agencies value reliability and 
quality above all else. Unless those are 
threatened, agencies have little incentive to 
use forecasts.  

Forecast use correlates with perceived risk. 
Forecast usage not dependent on agency 
size or on understanding of forecast skill and 
reliability.  

Policy and infrastructure in USA limit use of 
forecasts. Many operating decisions are tied 
to observed data and do not allow flexibility.  

Hopeless? 
 No! Long term drought, increasing demands, 
and climate change projections for less water 
each present opportunities for increasing 
forecast usage. 
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Study Method(s) Geographic Area(s) 

(Rayner et al., 2005) Field Research: Semi-
structured Interviews 

USA: Pacific Northwest, 
Southern California, and 
Washington, DC 

(O'Connor et al., 2005) Survey USA: South Carolina and 
Susquehanna River Basin 
of Pennsylvania 

(Lemos, 2008) Field Research: 
Observation of Meetings 

USA and Brazil 

(Dow et al., 2007) Survey (building on 
earlier work (O'Connor et 
al., 2005)) 

USA: South Carolina and 
Susquehanna River Basin 
of Pennsylvania 

(Callahan & Miles, 1999) Field Research: Semi-
structured interviews 

USA: Pacific Northwest 

(Ziervogel et al., 2010) Case Study South Africa 

(Pulwarty & Redmond, 
1997) 

Field Research: Semi-
structured interviews 

USA: Pacific Northwest 



Fl
ow

 

Time 

Ensemble Streamflow Prediction (ESP) 

Future 

Now 

Past 

Low chance of this 
level flow or higher 

High chance of this 
level flow or higher 

Medium chance of 
this level flow or 
higher 



April – July 

Volume 

ESP Analysis 



ESP from wateroutlook 
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Source: wateroutlook.nwrfc.noaa.gov 



ESP from wateroutlook 
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Source: wateroutlook.nwrfc.noaa.gov 
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Source: wateroutlook.nwrfc.noaa.gov 
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Source: wateroutlook.nwrfc.noaa.gov 



Forecast Application 

•  Previous research and personal 
experience show forecasts, especially 
ensemble forecasts, are seldom used 

•  When used, forecasts use is motivated 
more by risk perception than forecast skill 
or applicability 

•  Question: How do decision makers 
incorporate forecast uncertainty? 
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Reservoir	
  Opera9on	
  Scenario:	
  
Method	
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•  Participants given a series of 
forecasted monthly reservoir inflows 
(i.e. on right) 

•  As simulated time passes, participants 
given monthly observed inflow and new 
forecast each month 
  
•  Participants generate new release 
schedule each month: 

•  Must release between 15 and 60 
kac-ft per month 
•  Reservoir must not overtop 
•  “Winner” has highest ending level 
without overtopping 

•  Conducted at workshops: 
•  AMS Annual Meeting Short course 
•  Utah Stakeholder Meeting 
•  NWS Training 



Reservoir Operations Scenario 

Group 1a:  
Actual forecasts for Lake Granby 
2010 
Underforecast peak flow (June) 
 

Group 1b:  
Actual forecasts for Lake Granby 
2007 
Overforecast June and July 
volumes 
 



Results 
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Underforecast scenario 
 
30 of 35 overtopped reservoir 
 
Participant who drew down reservoir 
early was not familiar with water 
management or probabilistic forecasts 
 
 

Overforecast scenario 
 
No one overtopped 
 
Participants most familiar with water 
management drew down reservoir early 
 
 



Results 
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Tendency for participants to operate to either the median forecast or the 
historical flows 
 
Participants largely ignore 10%/90% forecast even though the risk structure of 
the exercise would suggest participants avoid overtopping at all costs (e.g. 
plan for 10% forecast). 
 
 



Conclusions 
•  Forecast  agencies cannot take for granted 

that forecasts are understood or applied in 
appropriate ways 

•  People generally do not use information in the 
tails of the forecast distribution 

•  Extreme events are disproportionately 
responsible for major impacts. They are also 
often represented in the tails of the forecast 
distribution 

•  Forecast agencies and forecast users should 
collaborate on forecast application including 
development of decision support systems. 18 



Decision Support System 

ESP output increasingly 
available for 
stakeholders 

•  AHPS pages 
•  Wateroutlook pages 
•  Experimental RFC 

websites 
•  “Raw” ESP output used 

by some water 
management agencies 
to optimize operations 
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RFC ESP 
Forecasts 

Reservoir 
Management 



Summary / Future Steps 

•  Forecast usage and awareness is 
growing 

•  Applying forecasts to decision making is 
non-trivial 

•  Investments in decision support important 
but need to (re)focus on: 
•  Objective decision support systems 
•  Better understanding decision making 

process 
20 
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CBRFC	
  Service	
  Coordina0on	
  Hydrologist	
  

Phone:	
  801.524.5130	
  
Email:	
  kevin.werner@noaa.gov	
  

Feedback,	
  Ques0ons,	
  Concerns	
  always	
  welcome….	
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