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How effective is CBRFC in 
supporting your WFO? 
 
What could we do more 
effectively? 
 
What new challenges do you see 
emerging? 



Who we are… 
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Mission: To understand and predict changes in 
the Earth’s environment … to meet our 
Nation’s economic, social, and environmental 
needs 

Mission: The NWS provides weather, 
hydrologic, and climate forecasts and warnings 
… for the protection of life and property and the 
enhancement of the national economy 

The Colorado Basin River Forecast Center 
generates streamflow forecasts and related 
datasets for the Colorado and eastern Great 
Basins 



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 
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Why the Colorado River Stopped Flowing 
-All Things Considered, July 14, 2011 



Colorado River 
§  25 million people in US rely on 

Colorado River water 
§  3.5 million acres of irrigation in 

US 
§  85% of runoff comes from above 

9000 feet 
§  Total mean annual flow is 15 

MAF 
§  Storage capacity is about 60 

MAF (4 times mean annual flow) 
§  River is fully used and little flows 

to ocean 



Upper Basin 
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§  Distribution of Average 
Runoff in Lake Powell: 
§  ½ Upper Colorado including 

Gunnison, Dolores 
§  1/3 Green River including 

Yampa, Duchesne 
§  1/6 San Juan River 



Colorado River Allocation 
§  Colorado Compact (1922) divided water between the upper basin 

and lower basin – 7.5 MAF each 
§  Mexican Water Treaty (1944) allocated Mexico 1.5 MAF 
§  Arizona v. California (1964) allocated water among lower basin 

states 
§  Interim Guidelines (2007) specify shortages and surpluses through 

2026 that are tied to forecasts 
§  Key facts: 

§  River is over-allocated: original allocation (16.5 MAF) was based 
on a series of wet years. Actual average flow is ~15 MAF 

§  Lower basin states (AZ, CA, NV) use full 7.5 MAF each year 
§  Mexico uses its full 1.5 MAF 
§  Upper basin states (CO, WY, UT, NM) are still “developing” their 

7.5 MAF 
§  No shortage has ever been declared on the river 
§  Shortages would affect lower basin states first (and AZ first of all) 



Long Term Supply / Demand 
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Interim Operating Guidelines 
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15.5 MAF 
3,636 

4/1/2012 

14.5 MAF 
1,129 

4/1/2012 
 

§  Guidelines specify how 
shortages and surpluses will 
be distributed among the basin 
states 

§  USBR directed to operate 
reservoirs based, to a large 
extent, on CBRFC/NRCS 
official forecasts 

§  Most years 8.23 MAF released 
from Lake Powell to Lake 
Mead 

§  In wet years when Lake Mead 
is low (such as 2011), “extra” 
water can be released. This is 
called equalization and/or 
balancing. 

 



Value 
Damage from 1/10 AZ storm:    $11ma 
Damage from 6/10 UT flooding:    $6.5ma 
Damage from 12/10 UT/NV storm:   $35ma 

Damage from spring 2011 UT/CO/WY flooding:  <$200m 
 
Colorado River average runoff: 12.4 MAF 
Replacement value of $200-800/AF ->    $2-8bb 
 
**Economic value of water resources far greater than 

flooding damages 
 
Sources: 
a: WFO, FEMA (via stormdata); b: Private communication with water management 

agencies 
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2011 vs 2012: Both Extremes 
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Yampa River at Steamboat Springs, CO 
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Late 2010 
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Early 2011 
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Irrational Exuberance? 

Pre Holiday Storm: 
-  Lake Mead up ~2 feet from local runoff 
-  Large snow accumulation 
-  Forecasts reflected that…. 



Web	  Reference:	  www.cbrfc.noaa.gov/gmap/gmapm.php?wcon=checked	  



Spring 2011 
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"  Winter and Spring 2011 were 

much wetter than normal for 
most of Utah – especially the 
months of March/April/May 

"  Spring was very cold across 
Utah 

"  Snowpack accumulated to 
record or near record amounts at 
most SNOTEL sites 

"  Snow melt was delayed – and 
largely tempered by cool May/
June weather 

"  Flood did occur in low elevation 
basins (May/June) and high 
elevation basins (late June/July) 

 

 
 



Spring 2011 
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"  Winter and Spring 2011 were 

much wetter than normal for 
most of Utah – especially the 
months of March/April/May 

"  Spring was very cold across 
Utah 

"  Snowpack accumulated to 
record or near record amounts at 
most SNOTEL sites 

"  Snow melt was delayed – and 
largely tempered by cool May/
June weather 

"  Flood did occur in low elevation 
basins (May/June) and high 
elevation basins (late June/July) 

 

 
 

Number of Days Below 60-yr Average (April 1 – July 29) 

Year Number of Days 

Below Normal 

Standard Deviation of 

Below Normal Days 

2011 92 -2.55 

1998 84 -1.98 

1995 82 -1.84 

1983 79 -1.62 

1953 77 -1.48 

1999 76 -1.41 

1991 75 -1.34 

1975 75 -.134 

1993 73 -1.19 

1982 73 -1.19 

2010 71 -1.05 

1965 71 -1.05 

Average number of days below 60-year average: 56.32 days 

Standard deviation of days below 60-year average: 13.97 days 



Spring 2011 
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"  Winter and Spring 2011 were 

much wetter than normal for 
most of Utah – especially the 
months of March/April/May 

"  Spring was very cold across 
Utah 

"  Snowpack accumulated to 
record or near record amounts at 
most SNOTEL sites 

"  Snow melt was delayed – and 
largely tempered by cool May/
June weather 

"  Flood did occur in low elevation 
basins (May/June) and high 
elevation basins (late June/July) 

 

 
 



Flooding and High Flows 
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Flooding and High Flows 

Wettest area was northern Colorado 
Upper Colorado also quite wet 
Gunnison divided web from normal 
Dolores, San Juan basins nearer 

normal 
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Yampa: Daily Forecasts 
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Yampa / White Rivers 
generally peaked in 
June 
 
Very high (many 
records) snowpack 
 
Cool June somewhat 
mitigated high flows 
although rivers flowed 
high for several 
weeks 



Yampa: Long Lead Peak Forecasts 
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Upper Colorado 
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Upper Colorado includes 
many high elevation basins 
that peaked late into June 
or early July 
 
Near record snowpack 
caused high flows 
 
High flows were mitigated 
by cool June temperatures 



Upper Colorado: Long Lead Peak Forecasts 
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Gunnison 
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Gunnison basin divided 
wet conditions to the 
north and near average 
to the south. Hwy 50 
was a rough dividing 
line 
 
Peaks mostly in early 
June with continued 
high flows through June 
and even July 
(monsoon moisture) 
 
 



Gunnison: Long Lead Forecasts 
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Spring 2011 
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"  Winter and Spring 2011 were 

much wetter than normal for 
most of Utah – especially the 
months of March/April/May 

"  Spring was very cold across 
Utah 

"  Snowpack accumulated to 
record or near record amounts at 
most SNOTEL sites 

"  Snow melt was delayed – and 
largely tempered by cool May/
June weather 

"  Flood did occur in low elevation 
basins (May/June) and high 
elevation basins (late June/July) 

 

 
 

2011 Inflow = 12.9 MAF 
163% of normal 



2012 
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Web	  Reference:	  h9p://www.cbrfc.noaa.gov	  



Web	  Reference:	  h9p://www.cbrfc.noaa.gov/gmap/gmapm.php?scon=checked	  
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Snow 
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2012 
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Web	  Reference:	  www.cbrfc.noaa.gov/gmap/gmapm.php?wcon=checked	  





Barriers, Gaps, Chasms 
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Common Stakeholder Requirements 

•  More frequent updates of our long lead products 
•  More analysis - often involving climate science 

plus water resources 
•  More metadata and data about our forecast 

process: 
•  raw model forecasts 
•  snow distribution 
•  model forcing information 

•  Longer lead forecasts - even with minimal skill   
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Service Gaps & 
Science Challenges 

•  Skillful seasonal forecast for 
Upper Colorado (minimal ENSO 
signal) 

•  2-5 year forecasts 
•  Water Demand / ET forecasts 
•  Probabilistic streamflow forecasts 

across time scales 
•  Dust on snow 
•  Beetle kill 
•  Connecting forecasts and 

science to stakeholder decisions 
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1. Improve 
precipitation analysis 

2. Improve use of 
weather and climate 
forecasts 

3. Develop reliable 
ensemble forecast 
system 4. Improve physical 

process understanding 
and modeling 

5. Decision Support: 
Work with stakeholders 
to use forecasts 

Research Needs 



Forecast Methodology 
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Flood Forecasts / Routine 
Forecasts 

Nominally provided at ~400 
points every 6 hours out to 
14 days. 

Flexible web interface to 
forecasts and data 

Requires large amounts of data 
(e.g. snow, precip, temps,  
streamflow)  



Flood  and Daily Forecasts 
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CBRFC Forecast Strategy 

1.  Data QA/QC 
2.  Weather Forecast 
3.  Reservoir Regulation 
4.  Snow and Hydrologic 

Model Analysis 
5.  Dissemination and Product 

Generation 
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Data QA/QC 

•  Rating Curves – Check USGS and CO 
updates daily 

•  Temperature and Precipitation Analysis 
(MPE and daily_qc) 

•  Maintain bad sensor list – check 
periodically and sent to WFOs every 
Monday 
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CBRFC Rating Curve Update Cycle 

Every day 
–  Check our current stage/flow relationship against the USGS 

Current Conditions listing. 
–  If our flow is more than 5% different than USGS flow we 

download the latest available rating from the Rating Depot. 
2x week 

–  Download all ratings from the USGS Rating Depot. 
–  Download all ratings/shifts from the Colorado Division of 

Water Resources. 
Occasionally (not often) 

–  Download ratings for Arizona ALERT sites. 
–  Hard to find, not easy to automate download. 

All new ratings are stored to the CBRFC database and 
copied to CHPS for use in our daily model. 



Rating Curve Extension 
Stored rating tables are extended to all E-19 critical 

stages (bank, flood, moderate, and major). 
–  Any of these values that are above the base rating 

obtained from the owner agency have a flow value 
calculated for them using a log10 extension of the rating. 

–  These calculated stage-flow pairs are then added to the 
stored table in our database. 

On-the-fly extensions for real-time stage values above 
the stored table also use a log10 extension. 
–  These stage values are not part of the table so the flow 

value at the CBRFC may be different from the WFO (don’t 
know how IHFS handles extensions). 

–  Model (CHPS) also uses a log10 extension. 



Rating Transfer to WFOs 

Every Monday the stored ratings from the CBRFC 
database are sent to the WFO’s over AWIPS. 
–  This includes the calculated points for critical stages. 
–  Does not send ratings for ALERT sites. 

•  Originally, all ALERT ratings were obtained from the 
WFO. 

•  Does this need to be changed? 
WFO’s should be running ‘Update_Ratings’ on the 

AWIPS cron. 
–  Sees the file when it arrives and stores the ratings in the 

IHFS database. 
–  Don’t know how this will work in AWIPS II. 



Ongoing and Future Projects 
related to Ratings 

Better way to update ALERT ratings. 
Ability to store more pairs per table. 

–  Current max allowed is 100. 
Reservoirs 

–  Start storing spillway curves to our database. 
•  Currently only within the model. 

–  Update elevation-storage curves. 
Better way to determine extensions through critical 

stages. 

 



Climate 
patterns 

Rain Gage 
Measurement  

GOES Satellite 
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QPE (con’t) 

Produced hourly, daily, 
monthly and seasonally 

Analysis procedures 
address bad sensors 
(e.g. frozen gauges) 

 
 
Output available through 

webpages… 
 



Source: water.weather.gov 

Source: www.cbrfc.noaa.gov 



WFO Bad Sensor List 
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Sent every Monday 
 
If you think a listed sensor is 
good, please contact CBRFC 
operations: 
cbrfc.operations@noaa.gov or 
801.524.5130 



Weather and Climate Forecasts 

58 

RFC forecast system 
incorporates both weather 
and climate forecasts: 
 
"  Weather forecasts 

integrated into daily 
operations with 
forecaster control over 
point and basin average 
values 

 
"  Climate forecasts 

integrated into seasonal 
water supply forecasts 
through probability shifts 
of forcing ensemble 

 
 



QPF 

Point Values 
(HPC) 

Grid Values 
(Prism  
Scaling) 

Basin Values 



GFE 

•  Implemented GFE for all forecast forcings (e.g. 
precipitation, freezing level, temperature) operationally in 
May 2012 
•  HPC provides QPF for days 1-10 
•  MOS provides temperature forecasts 

•  Same tool (GFE) as WFOs 
•  Allow more collaboration with WFOs on forecasts – 

especially QPF 
•  Support future initiatives that require spatial data such as 

distributed modeling 
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Verification Example 
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Reservoir Regulation 

•  CBRFC models major 
reservoirs. This includes 
inflow, outflow, and 
reservoir status. This 
requires: 
•  Reservoir releases (past 

and future) 
•  Spillway curve for spilling 

reservoirs 
•  Operation rules (for long 

lead forecasting and when 
we don’t have current data) 
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Reservoirs (con’t) 
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Reservoirs: What We Need 
Real time observed data for reservoirs and 

diversions. 
–  Make sure our starting conditions are correct. 

Short term (~10 day) reservoir release schedules 
and diversion plans. 
–  Help with daily forecasting. 

•  We assume current releases will remain constant if we have 
no other information (and not spilling). 

•  Assume either current diversion levels or constant flow left in 
the river. 

–  Especially important when reservoir is getting close to 
spill, but reservoir operations are planned to avoid/
reduce spill. 

•  Our forecasts will show big rises downstream due to 
expected spill. 



Daily Forecasts – Releases 
No Release Schedule Release Schedule 

Reservoir Outflow 

Downstream Site 



Daily Forecasts – Diversions 

Steady Diversion Changing Diversion 

Simulated River Flow 

Diversion Flow 



Dam Break Support 



RFC Models 
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Snow Model: SNOW-17 
Temperature Index Snow model  

RFC forecast uses a snow 
model and a rainfall-runoff 
model: 
 
"  SNOW-17: Temperature 

index model for simulating 
snowpack accumulation 
and melt 

"  Sacramento Soil Moisture 
Accounting Model: 
Conceptual hydrologic 
model used to generate 
runoff 

 



Model Structure 
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Geographic: 
 
"  Lumped over a basin – 

Traditional RFC models 
treat entire basin above a 
gauge as a discrete unit  

"  Spatially distributed – 
Many models – including 
RFC experimental models 
– model hydrology in 
geographic grids 

 
 



Lumped Vs Distributed Precipitation and Model 
Response to Non-uniform Basin Precipitation 

Time 

Time 

Flow 

Flow 

Lumped  

Distributed 











Soil Moisture 

Soil moisture and snow 
states initialize hydrologic 
models 
RFCs continually adjust 
simulated model states to 
force models to match 
observed streamflow 
Traditional RFC models 
are basin scale. However, 
new generation of models 
is spatially gridded  



Dissemination 

Text Products 
Recreation Report 
Water Management 

Forecasts 
Web Page 
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Dissemination 

Text Products 
Recreation Report 
Water Management 

Forecasts 
Web Page 
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Dissemination 

Text Products 
Recreation Report 
Water Management 

Forecasts 
Web Page 
 

79 



Webpage Update 

New webpage debuted in December 2011 
Goals: 

–  Speed and accessibility (including mobile devices) 
–  Develop easy-to-understand graphics to communicate 

forecasts 
–  Respond to stakeholder requirements and requests 
–  Drop reliance on google maps 
–  Consistency in access of disparate CBRFC datasets 

and forecasts 
–  Alignment with future NWS corporate web interface 



Major services provided by 
CBRFC 

Second level information 
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Downloadable! 
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CBRFC calculated values and require site to 
have 20 or more years of record; will update 
with NRCS calculated values when available 
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Flash Flood Support 

Support NWS flash flood program at WFOs 
through innovative flash flood guidance 
and (eventually) distributed model 



Soil type ? Vegetation type 
and density ? 

Land Use ? 

Fire activity ? 
Slopes? 

Try to qualify the flash flood threat           

Flash Flood Potential Index 

concept 



FFPI is designed to highlight flash 
flood prone locations



The FFPI values range from 1 to 9 with a 
mean value for the CBRFC near 4 

Ø  If FFPI = 4:  FFG is  1.00 

Ø  If FFPI = 5:  FFG is    .90 

Ø  If FFPI = 6:  FFG is   . 80 

Ø  If FFPI = 7:  FFG is    .70 

Ø  if FFPI = 8:  FFG is    .60 

Ø  if FFPI = 9:  FFG is    .55 

Ø  if FFPI = 3:  FFG is  1.45 

Ø  if FFPI = 2:  FFG is  2.00 

Ø  if FFPI = 1:  FFG is  2.25 

CBRFC FFPI / FFG Relationship: 

Start with reasonable average FFG values of  
–  1 inch in 1 hour 

Assign these values to grid cells with the mean FFPI value of 4 
Incrementally adjust the FFG values up or down as FFPI varies 
Limit the range of FFG values to climatologically reasonable values 
Verify results by comparing to archived flash flood events 



CBRFC Staff 
Michelle Stokes   HIC 
Kevin Werner   SCH 
Vacant    DOH 
Craig Peterson   Calibrations 
Brenda Alcorn   Upper Colorado Basin, NWSRFS and database 
Greg Smith   San Juan and Gunnison 
Cass Goodman   IT  
John Lhotak   Acting DOH 
Brent Bernard   Great Basin 
Tracy Cox   Lower Colorado 
Ashley Nielson   Green Basin 
Stacie Bender   Virgin and Sevier 
Mike Hobbins   CPC/OHD/CBRFC post-doc 
Valerie Offutt   ASA 
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Summary 

Colorado River Overview 
 
2011 and 2012: Two Extremes 
 
Forecast Methodology 
 
CBRFC and WFO FGZ 



Questions? 

	  
Kevin	  Werner	  

	  
CBRFC	  Service	  Coordina@on	  Hydrologist	  

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


