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Overview

1) Deterministic (single value) forecasting

1) Ensemble streamflow forecasting (the early years)

1) Current ensemble streamflow forecasting
○ new methods
○ new services
○ new applications

1) Future ensemble streamflow forecasting R & D
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Early Years

• Ensemble streamflow forecasting (ESP) is not a new thing

• Began in the mid 1970s in response to the 1977 drought, and 
used by water managers in their decision-making

• Mainly used to assess uncertainty in long range water 
resource products
○ April-July runoff
○ Monthly volumes
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Uncertainty in Weather Models

• Incorporate short-range weather model uncertainty into 
ensemble streamflow predictions

• Initial work started around 2002

• Collaboration between Office of Hydrologic Development 
(OHD) & CNRFC

• Code officially adopted by the NWS, and implemented 
into CNRFC operational forecasting in 2011.

• Hydrologic Ensemble Forecasting Service (HEFS)



HEFS Implementation
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HEFS Early Years

• USACE Construction in the Napa River - Dec 2010

• Constrictions in the channel due to bridge construction

• Low risk tolerance to flood threats



HEFS Applied to Water Management

• USACE - Sacramento District Joint Federal Project (JFP)

• Construction of new auxiliary spillway to improve outlet 
capacity

• Opportunity to revise existing flood release rules
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Water Control Manual Signing Ceremony June 12, 2019



Forecast Informed Reservoir Operations

• Evaluation of HEFS ensemble forecasts in flood management
○ Russian River
○ Feather-Yuba
○ Truckee River
○ Santa Ana (Prado)

• Develop decision support tools that rely on ensemble 
streamflow forecasts to improve flood management and water 
supply

• Multi-agency collaboration:  local, state, and federal levels



CNRFC Recent HEFS Improvements

Expand use of weather models out to 4 weeks
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Extension of GEFSv12 in HEFS

Note:  Based on Feb-May



Extension of GEFSv12 in HEFS

Note – Precip based on Dec-Mar



More CNRFC HEFS Improvements

● Assessing uncertainty in freezing level (third parameter)

● Improved temperature modeling

● Improved skill in first three days of precipitation forecasts



CNRFC HEFS Services

● Seasonal and water year forecast products

● Short range peak products

● Time series exports for use in partner decision support tools



Long Range Products

https://www.cnrfc.noaa.gov/ensembleProduct.php?id=FOLC1&prodID=7


Short Range Peak Product

https://cnrfc.noaa.gov/ensembleProduct.php?id=HOPC1&prodID=3


Time Series Exports



HEFS Future Improvements

• HEFS version 2 gaps analysis national team

• Identified and prioritized software, product & 
services gaps

• 1-3 year, and 3-5 year tracks

• Presented to NWS hydro leadership



Critical 1-3 Year Gaps

• Low bias in large precipitation events

• Improve temperature modeling

• Freezing level uncertainty

• Perform robust evaluation of EnsPost (hydrologic 
uncertainty), and develop improved implementation 
guidance.



Additional 1-3 Year Priorities

• Evaluation of forecaster modifications and how/if it 
should be emulated in EnsPost

• EnsPost improvements specific to long range 
forecast horizons

• Improve OWP-HEFS testbed for easier evaluation 
of techniques developed by partners.



3-5 Year R & D

• Evaluate alternative statistical model structures

• Research techniques to combine information from 
multiple weather models

• Evaluate ways to use full content of weather model 
ensembles (not just the mean)

• Research techniques that require smaller hindcast 
sample sizes for parameterization

• Improve methods to account for hydrologic uncertainties

• Improving seasonal/sub-seasonal forecast time horizons



QUESTIONS?


