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Monday, December 1
Overview

●Quick overview of the Colorado Basin River Forecast 

Center

●Overview of the Colorado River Climate and 

Hydrology Work Group

●Major Research to Operations Initiatives, Particularly 

at the CBRFC

● Future Work
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Monday, December 1

● 13 RFCs nationwide
○Work with 122 Weather Forecast 

Offices (WFOs)
○ Support NOAA’s hydrologic services 

and products
○ Focused on decision support

●Western RFCs have the 
additional role of providing 
water supply services

Colorado Basin River Forecast Center
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● RFCs - streamflow and water supply forecasts
○ Monthly water supply forecasts

■ 174 locations

■ Seasonal (April-July commonly)

○ Daily streamflow forecasts
■ 460 locations

■ 10 day

● Weather Forecast Offices 
○ Flood Watches and Warnings 

○ Determine flood stages

○ Work closely with Emergency Managers
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Goal 

To advance scientific understanding to improve the 
accuracy of hydrological forecasts and projections, 

to enhance the performance of predictive tools, 

and to better understand the uncertainty related to 
future supply and demand conditions in the Colorado 

River Basin

Work Group Overview

5



Monday, December 1
Participation
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● Voluntary, coalition of the willing

● Basinwide and user needs focused (!)

● Federal participants 
○ Reclamation, NOAA - CBRFC, NASA

● State and municipal water agency participants

● Academic partnerships
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● Research projects identified
○ What gaps do they fill?
○ SOS opportunity
○ Path to completion
○ Priority
○ Time scale
○ Considerations
○ Cost
○ Status

● 105 projects currently on 
the table!

Blue Table
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State of the Science Report

● Common basis of 

understanding

● Researcher-user  

engagement tool

● Acknowledges challenges

●Opportunities to pursue

Research to Operations
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● Part 1 describes the need for the 

CBRFC to provide an annual 

report summarizing CBRFC 

activities

● Second annual report was 

published in March and is now 

available on the CBRFC website

● Third report upcoming early next 

year

CBRFC WY In Review
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Sensitivity Analysis
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● Sensitivity Analysis
○ Completed in October, 2020
○ Report and all data files are available on our 

website
○ Precipitation is the primary driver, but other 

parameters play important roles over the 
course of the year

○ Temperature impacts little of the annual 
streamflow volume, but does impact timing

○ Key next steps were identified
● Several funded projects are currently in the 

works to address next steps



Weather Forecast Office

Monday, December 13
April - July Results
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● Very similar to annual results
● Precipitation most impactful
○ 1.7% increase per 1% increase in precipitation

● Temperature more impactful over runoff season
○ 1% decrease per oF increase in temperature
○ Temperature significantly impacts timing

● Evapotranspiration and Soil Moisture next most impactful 
parameters
○ 0.4% increase per 1% increase in soil moisture
○ 0.4% decrease per 1% increase in ET



Weather Forecast Office

Monday, December 13
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Weather Forecast Office

Monday, December 13

Temperature more 
impactful at 
seasonal or monthly 
scale (timing).
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Weather Forecast Office

Monday, December 13

Little change to ET impacts 
(static monthly parameter).
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Opportunities
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● Improvements to precipitation forecasts, especially at the 
seasonal to sub-seasonal scale
● Aligning model impacts with timing of policy?  Or vice 

versa?
● Temperature dynamics
○ Relationship with other variables
○ Contemporary trends

● Evapotranspiration incorporation
● Soil Moisture analysis
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Error and Uncertainty Exists
● Roughly half of the volume 

error in an April 1 Water 
Supply Forecast is from 
unknown spring weather 
(spring precip. amount). 

● The other half is due to 
model error.
● Errors in model soil moisture 
● Errors in model snow pack
● Errors in model parameters
● Errors in model structure

Taylor -
Taylor Park

Uncompahgre -
Ridgeway

Gunnison -
Blue Mesa

East River -
Almont

Model Error
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● CBRFC is always trying to improve forecasts

● Future Weather Uncertainty
○ Seasonal to subseasonal weather prediction
○ Global Climate Indices (El Niño vs. La Niña)

● Model Errors
○ Improved calibrations - every 5 years
○ New datasets/products to incorporate into our model

■ External ET data sets
■ External Snow Products

● MODIS - snow covered area, dust radiative forcing
● SWANN - Neural Network SWE product
● ASO - Airborne snow depth mapping and SWE estimation
● NOHRSC-SNODAS
● CU-JPL Real-Time Snowpack Estimations from Satellites

○ Alternate models and methods
■ Physically based snow models (UEB, iSnoBAL)
■ Distributed Modeling - RDHM
■ Data Assimilation
■ Impacts of fires

Forecast Improvement

Model error 

Errors due to unknown 
future weather
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● NASA Applied Sciences
● Earth Science Applications: Water Resources

○ 80NSSC19K1243
○ Developing an operational framework for incorporating remote 

sensing and snow energy balance modeling into runoff forecasting 
in snow dominated watersheds in the Colorado River Basin

● Research to Operations 
● UofU, NWRC - ARS - Boise, CBRFC
● Physically Based Snow Modeling with iSnobal
● 0-hour HRRR forcings (NWS Weather Model)
● Albedo Remote Sensing Component

ASO integration has been demonstrated and 
published (Hedrick et al., 2018 WRR)
https://doi.org/10.1029/2018WR023190

Physically Based Snow Modeling

https://doi.org/10.1029/2018WR023190
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ASO Integration and Comparison
● Current Forecasting System - Calibrated Model
● Methods

a. Substitute ASO estimated SWE into our Model 
b. Run ESP (35 years of historic data)
c. Graphically Compare Forecasts
d. Also Compare to NCAR Forecasts
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Dillon Reservoir: 95.5 KAF

ASO Updates

Volume Accumulation

Target 
Volume

CBRFC Forecasts

min

max

90

70

30
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PROJECT OVERVIEW COLLABORATORS

PROJECT SCHEDULE

The Colorado Basin River Forecast Center 
(CBRFC) is constantly investigating ways to 
improve its hydrologic model and forecasting.  
Traditionally, the CBRFC has utilized a simple 
model to estimate unmeasured depletions 
typically associated with smaller scale 
agricultural use in the Colorado River Basin.  

Over the past 2 years, the CBRFC and Bureau of 
Reclamation partnered with RTi to leverage 
water use information in the state of Colorado 
to develop a more dynamic, physically  based 
model to estimate unmeasured depletions in 
the Colorado River Basin.  The CBRFC plans to 
implement this methodology within its 
operational model to improve forecasts in the 
region.

RTI - Shaun Carney, Paul Micheletty
Bureau of Reclamation - Rebecca Smith, Jim 
Prairie
Southern Nevada Water Authority - Seth 
Shanahan, Casey Collins
Colorado Water Conservation Board -
Michelle Garrison, Brian Macpherson

FY18
APPROVED

FY19
FUNDED

FY20
WORK IN 

PROGRESS

FY21
100% 

COMPLETE
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PROJECT OVERVIEW

• Evaluate existing 
StateCU/StateMod models

• Consider implementation 
alternatives in CBRFC system 
(CHPS)

• System implementation and 
calibration
(pilot basin)
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PILOT IMPLEMENTATION

• Implemented for San Juan basin 
in CHPS

• Effectively modeled diversions, 
losses, and returns



TRANSITION TO OPERATIONS PLAN

• Evaluate the performance of the methodology developed by RTi in 
a CHPS stand alone, compare against traditional modeling of 
unmeasured depletions

• Begin to incorporate this methodology operationally over basins in 
Colorado 

• Extend the analysis and results to basins outside of Colorado



NEXT STEPS 

• Full implementation over basins in Colorado

• Data collection and implementation for areas and basins outside of 

Colorado

• Work with stakeholders to evaluate future goals and next steps

• CBRFC needs to quantify and present our findings to stakeholders

• Are there opportunities to address additional phases more efficiently or 

concurrently?
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● There are more efforts!  I really just scratched the 

surface with what we’re most directly involved in...

●Work Group actively tracks other projects and 

engages with researchers to help advance goals

● Biennial symposiums 

● Annual and ad hoc calls/webinars

Tracking other efforts
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Contact Info
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Don’t hesitate to reach out with any questions or 
comments

paul.miller@noaa.gov

rebeccasmith@usbr.gov

seth.shanahan@snwa.com

mailto:paul.miller@noaa.gov
mailto:rebecca.smith@usbr.gov
mailto:seth.shanahan@snwa.com
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