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ESP Technique

Results used in statistical analysis to produce 
forecasts with probabilistic values

Time

Flow

Streamflow scenario 2

Saved model states 

 
reflect current 

 
conditions

Streamflow scenario 1

Streamflow scenario 3

Meteorological scenario 2

Meteorological scenario 1

Meteorological scenario 3

Input weather conditions 
Forecast weather conditions or
Historic weather records or
Modified historic weather records

©The

 

COMET Program

An Introduction to Ensemble Streamflow Prediction (COMET module)

https://www.meted.ucar.edu/loginForm.php?urlPath=hydro/ESP/Intro&go_back_to=http://www.meted.ucar.edu/hydro/ESP/Intro/
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Western Snow Conference paper, 1977

http://www.westernsnowconference.org/proceedings/pdf_Proceedings/1977%20WEB/TwedtExtendedStreamflowPredition1977.pdf


Twedt, et al, 1977
• “Many irrigation interests, 

reservoir operators, and other 
water management agencies now 
possess sufficient sophistication to 
demand and efficiently utilize 
water supply forecasts of a 
probabilistic nature for a variety of 
time periods.”

• “Because [ESP]… requires 
considerable amounts of historical 
data.. Perhaps requiring magnetic 
tape storage…”

• “Several final considerations 
involve the possible application of 
additional theoretical techniques 
such as quantitative precipitation 
forecasting.”

Source: Twedt et al, 1977
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Incorporating Climate Forecasts in ESP
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Research and Development

• Experimental Ensemble Forecast System
• CBRFC / CPC / OHD project
• Aptima project
• NWS CHPS Product generator
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Ensemble Post Adjuster
• Adjustment applied to ensemble forecasts to correct ensemble 

spread and mean biases
• CBRFC testing post adjusters for water supply forecasts:

– CBRFC mean adjustment
– ESPADP mean adjustment
– Schaake transformed adjustment

• Example for East River at Almont



CBRFC / CPC / OHD 
Collaboration

• Goals:
– Develop methodologies to include CFS forecasts in RFC forecasts
– Improve RFC treatment of Evapotranspiration

• Funded one post doc position
– ~1 year at CPC (FY10)
– ~1 year at CBRFC (FY11)

• Collaborators: Kingtse Mo (CPC), John Schaake (OHD), DJ Seo (OHD), 
Kevin Werner (CBRFC)
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NWS Hydrologic Forecast Uncertainty 
Visual Display Design – River Height/Flow Forecast with Uncertainty

• Visual depiction of “river 
forecast” in terms of height / 
flow

– Clear depiction of uncertainty 
with cone of uncertainty

• Provides the ability for users 
with local knowledge to adjust 
model parameters and visualize 
the alternative river forecast.
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NWS CHPS Product Generator: 
Proposed GUI, Screen 1

Form TitleForm Title

Reference: ID of product to reference

Product IDID:

Select Product

Quantiles

Time Series

Calculator Name

Chart Series Calculators

River at Place, QINE, ENS POST

River at Place, QINE

Input Time Series

2

1

#

Aggregator Calculator

Accept Series >>< Back Next >

Use Input Series From CHPS Time Series Selection Panel

Use Input Series Provider PiTimeSeries

/home/hank/input.xml

Choose File

Input Series Provider

Current Chart Series

Times New Roman 12 B U Color

Enter Text
Enter More Text

Insert Substitution String

Chart Appearance Modifiers

Plot Title

Left-hand Y-Axis Title

Right-hand Y-Axis Title

X-Axis Title

Displayed Thresholds

Rating Curve



Using Probabilistic Forecasts

• AHPS long range products
• Western water supply
• Denver Water
• Others



NWS Hydrologic Forecast Uncertainty 
Long-term Probabilistic Products



Western Water Supply Forecasts

•Forecasts for spring runoff amounts 
from snow melt dominated basins in 
western US
•Routinely produced at 6 RFCs and 
coordinated with other agencies
•NWS forecast program began in 
1940s
•Primary forecast tools:
– Ensemble Streamflow Prediction 

(described earlier)
– Multivariate Linear Regression

http://www.cbrfc.noaa.gov/westernwater/map.php?map=wsup


Ensemble Services
RFC Ensemble Forecasts

-Initially offered at NWS water supply 
points

-Display probability function for 
monthly volumes

-Tools included to query historical 
data and forecast ensemble 
members

-User customizable plots



Ensemble Services
Median Historical Runoff

& 1983 ensemble member

November – May Seasonal 
Runoff



Denver Water Application

RFC ESP 
Forecasts

Reservoir 
Managemen 

t

Credit: Bob Steger, Denver Water



Other Applications

• Pacificorps operation on Bear River (UT and ID)
• BPA and USACE operation on Columbia River
• INFORMS project in CA



Summary

• ESP overview and history
• New and ongoing research and 

development
• Forecast usage
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