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Forecasting: What goes into the forecast?

What goes wrong when?

Present Conditions Future Conditions

Expected Forecast Result: Too Much Result: Too Little
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Temperature       PrecipitationFlow              Soil Moisture     Precipitation

Colorado Basin River Forecast Center



End-to-End Forecast Process
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Hydrometeorological Coupling



NWSRFS 
Hydrologic Forecasting Data 
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Interactive Forecast Program



Example Display From NWSRFS-

Interactive Forecast Program
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NWS

NOAA Data

Hydrometeorological Inputs



National Weather Service 
Hydrometeorological Data Sources

• High elevation snow measurement (SNOTEL)
• Volunteer observers - Telephone
• Cooperative federal water agencies
• Synoptic surface observation network (ASOS)-

meteorological data
• Automated flood warning systems
• Satellite data collection platform (DCP)
• Limited area remote collector streamgages
• Satellite rainfall estimates
• NEXRAD radar derived rainfall estimates
• IFLOWS - interactive flood observing and warning 

system



Data Collection Platform (DCP)
Used Extensively For Transmitting  Data



NWS

NOAA Observed Inputs

PRECIPITATION
Precipitation - Station Observations
RADAR Estimates
Satellite Estimates
MultiSensor Precipitation Estimates
Weather Model Estimates



Precipitation 
Gage Locations 
at the CBRFC
That Report 
Through Satellite
(DCPs)



All Precipitation 
Gage Locations 
at the CBRFC



MPE - RawRadarMOSAIC

RADAR 
Precipitation
Estimate From
The MPE or
Multi-sensor
Precipitation
Estimator



MPE – MeanFieldBiasAdjustedMOSAIC
0.67 minimum 10 gage/radar pairs >= .25”

Before

AfterRADAR 
Precipitation
Estimate

Bias Corrected
With Surrounding
Rain Gages



Feb 11, 2005 Feb 12, 2005

Multisensor Precipitation
Estimate ( Examples)
Combining RADAR &
Rain Gages

1 Hour Total
Feb 12, 2005
15Z GMT

Feb 13, 2005



NWS

NOAA Observed Input

SNOW WATER EQUIVALENT











NWS

NOAA Observed Model State

SOIL MOISTURE



Soil Moisture Accounting

Generalized Sacramento
Soil Moisture Accounting
Model

RUNOFF

INTERFLOW

BASEFLOW

Example of Soil Moisture
In Each ‘Tank’
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NWS

NOAA SAC-SMA Soil Moisture Components
San Juan River @ Pagosa Springs, CO

SAC-SMA Tank Components for San Juan River @ 
Pagosa Springs, CO for Water Year 1984
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NWS

NOAA SAC-SMA Soil Moisture Index
San Juan River @ Pagosa Springs, CO



NWS

NOAA
Forecast LimitationsExcuse – Excuse – Excuse Lack of Data – Future Uncertainty

OKAY!
So Why ???!!!

Inputs:
Conditions in the river basin Snowpack

Future Temperature & Precipitation Uncertainty / Climate

Upstream regulation and Diversion

Colorado Basin River Forecast Center
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All Forecasts Have Error

F l
ow

 

Time - >

Future Streamflow

Today

MAY 10 JUNE 10

Most Likely Forecast

Range of error

Colorado Basin River Forecast Center



NWS

NOAA Future Input 

FUTURE PRECIPITATION
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Forecast LimitationsExcuse – Excuse – Excuse Future Uncertainty - Precipitation

Amounts & Timing Are Perfect: BUT Wrong Basin

50mm 25mm

Forecast

Flood Stage

50mm 25mm

Result

No Rise

Colorado Basin River Forecast Center



NWS

NOAA
Forecast LimitationsExcuse – Excuse – Excuse Future Uncertainty - Precipitation

Basin Is Right:  BUT Forecast Amounts Too High

Forecast

50cm 25cm

Flood Stage

Result

Peaks Lower

25cm 12cm

Colorado Basin River Forecast Center



NWS

NOAA
Forecast LimitationsExcuse – Excuse – Excuse Future Uncertainty - Precipitation

Basin Is Right:  BUT Forecast Amounts Too Low
Result

75mm 50mm

Peaks Higher

50mm 25mm

Forecast

Flood Stage

Colorado Basin River Forecast Center



NWS

NOAA
Forecast LimitationsExcuse – Excuse – Excuse Future Uncertainty - Precipitation

Basin Is Right-Amounts are Right: wrong intensity

50mm 25mm

Forecast For 24 Hours

Flood Stage

Result: Packed Into 6 hours

Peaks Faster & Higher

50mm 25mm

Colorado Basin River Forecast Center
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Sometime It Just Seems Hopeless



Precipitation Forecast 
Modified by 
CBRFC-Too High

Peak-Too Early & Too High

Hydrographs

Precipitation Forecast

Observed

Model

Real Case – Sensitivity of Hydrograph to Future Precipitation Input



Real Case – Sensitivity of Hydrograph to Future Precipitation Input

Peak – Little Too High

CBRFC Precipitation Forecast-Better

Numerical Model Precipitation-Better

Hydrographs

Precipitation Forecast

Simulated (observed)



Peak – Still Not High Enough

CBRFC Precipitation Forecast

Model Precipitation Forecast

Bad Gage Readings

Hydrographs

Precipitation Forecast

Observed

Simulated – (observed)

Real Case – Sensitivity of Hydrograph to Future Precipitation Input



NWS

NOAA Future Input 

FUTURE FREEZING LEVEL



The melting level strongly influences runoff in 
mountainous watersheds
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CNRFC River Forecasting System
The sensitivity of watershed 

runoff to changes in melting level
for a given 24-h QPF

24-h QPF:
0-6 h = 0.5 in
6-12 h  = 1.5 in
12-18 h = 1.5 in
18-24 h = 0.5 in

River/Basin Area (mi2) Precip. (in)

Klamath 772 70

Smith 614 103

Trinity 650 63

Truckee 204 41

White et al., JTech, 2002
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NWS

NOAA
Primary Improvements

Colorado Basin River Forecast Center

Improvements in River Forecasting Require Improvements

In the Meteorological Inputs
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