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ABSTRACT 
 
The California-Nevada River Forecast Center (CNRFC) in Sacramento, CA is one of thirteen RFCs in the 
U.S. operated by NOAA’s National Weather Service.  The CNRFC was established in June of 1963 and has 
always functioned as a collaborative center with the State of California’s Department of Water Resources 
(DWR).   
 
RFCs benefit from both national and regional NWS support, but much of the progress and development is 
a function of local initiative for the purpose of meeting specific customer needs.  The CNRFC pioneered 
advances related to watershed modeling (Sacramento Soil Moisture Accounting Model) and real-time data 
collection (ALERT).  More recently, the CNRFC has focused on strengthening and improving forecasts 
through better QPF investments, better model calibrations, an improved modeling infrastructure, 
collaborative activities, and the development of probabilistic forecast.  These improvements facilitate 
improved emergency response, flood management, reservoir management decisions, and longer-term 
water management objectives.  
 
Over the past 10 years, the CNRFC has been aggressively pursuing ensemble techniques in order to 
provide risk-based information to decision makers.  Those investments are realized for longer-term 
forecasts and are anticipated for short-term flood products within the next 3-5 years.  Also on the 
horizon, the CNRFC envisions the development of a collaborative Delta forecasting function that 
dramatically expands the information available to effectively manage Delta resources in the future. 
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OutlineOutlineOutlineOutline
•• Background / ContextBackground / Context
•• ImprovementsImprovements

•• Focus on QPFFocus on QPF
•• Model calibrationsModel calibrations
•• Migration to CHPSMigration to CHPS

C ll b tiC ll b ti•• CollaborationsCollaborations
•• Expanded water resources informationExpanded water resources information

•• New FrontiersNew Frontiers•• New FrontiersNew Frontiers
•• ShortShort--term term probablisticprobablistic flood forecastsflood forecasts
•• Next generation Delta forecastsNext generation Delta forecasts•• Next generation Delta forecastsNext generation Delta forecasts



Mission of NWS Mission of NWS 

Provide river and flood forecasts and warningsProvide river and flood forecasts and warnings

Hydrologic Services ProgramHydrologic Services Program
Provide river and flood forecasts and warnings Provide river and flood forecasts and warnings 
for the protection of lives and propertyfor the protection of lives and property



Mission of NWS Mission of NWS 
Hydrologic Services ProgramHydrologic Services Program

Pro ide basic h drologic forecast information forProvide basic hydrologic forecast information for 
the nation’s environmental and economic well 
beingbeing



CNRFC CustomersCNRFC CustomersCNRFC CustomersCNRFC Customers

RFC WFOs

Public Warnings

Water and Flood Management Agencies, UtilitiesWater and Flood Management Agencies, Utilities



CNRFC StaffingCNRFC StaffingCNRFC StaffingCNRFC Staffing
NWS/CNRFCNWS/CNRFC California DWR/DFMCalifornia DWR/DFM

•• Hydrologist in ChargeHydrologist in Charge
•• Development and Operations Development and Operations 

Hydrologist (DOH)Hydrologist (DOH)

•• Hydrology Branch ChiefHydrology Branch Chief
•• 7 Engineers/Forecasters7 Engineers/Forecasters

Hydrologist (DOH)Hydrologist (DOH)
•• Service Coordination Service Coordination 

Hydrologist (SCH)Hydrologist (SCH)

•• 4 Senior Hydrologists4 Senior Hydrologists
•• 2 Hydrologists2 Hydrologists
•• 1 Senior HAS Forecaster1 Senior HAS Forecaster1 Senior HAS Forecaster1 Senior HAS Forecaster
•• 2 HAS Forecasters2 HAS Forecasters
•• 1 Vacancy1 Vacancy

•• Information Tech. OfficerInformation Tech. Officer
•• Administrative AssistantAdministrative Assistant



Available CNRFC ForecastsAvailable CNRFC ForecastsAvailable CNRFC ForecastsAvailable CNRFC Forecasts

Short Range  … … … … Medium Range… … … … … Long Range
0 5 d 6 14 d 14 d0-5 days                                  6-14 days                               > 14 days

Driven by weather forecasts 
& scheduled reservoir releases

Driven by climatology
& eventually climate models

Driven by a combo of weather 
forecasts & climatology

Forecast Duration Season Frequency Probabilities

Flood / 
Routine

5 Days Year-round Daily + No
Routine

Ensemble
Streamflow

User
selectable 

Year-round Daily Yes

Prediction to ~1 year



A F QPFA F QPFA Focus on QPFA Focus on QPF
•• Most rivers in CA are fastMost rivers in CA are fast--responding (<24 hrs)responding (<24 hrs)Most rivers in CA are fastMost rivers in CA are fast responding ( 24 hrs)responding ( 24 hrs)

•• If you want to forecast the rivers beyond todayIf you want to forecast the rivers beyond todayIf you want to forecast the rivers beyond today, If you want to forecast the rivers beyond today, 
you have to use meteorological forecasts, not you have to use meteorological forecasts, not 
just observations…just observations…jj

“We live or die by QPF”



A Focus on QPFA Focus on QPFA Focus on QPFA Focus on QPF

•• HAS units were developed to help RFCs qualityHAS units were developed to help RFCs qualityHAS units were developed to help RFCs quality HAS units were developed to help RFCs quality 
control observed radar/gage precipitation.control observed radar/gage precipitation.
•• CNRFC HAS unit focused on QPFCNRFC HAS unit focused on QPF

•• PrePre--1997 the CNRFC used 24 hours of “rainy 1997 the CNRFC used 24 hours of “rainy yy
day ratios” issued by WFO San Francisco.day ratios” issued by WFO San Francisco.

•• Today, the CNRFC HAS unit provides 5 days of Today, the CNRFC HAS unit provides 5 days of 
QPF to CNRFC hydrologic modelsQPF to CNRFC hydrologic models
•• Northern CA WFOs rely on CNRFC QPF for their Northern CA WFOs rely on CNRFC QPF for their 

forecasts.forecasts.



Sample HAS ProductsSample HAS ProductsSample HAS ProductsSample HAS Products



Forecast skill is dependent onForecast skill is dependent onForecast skill is dependent on Forecast skill is dependent on 
atmospheric model skillatmospheric model skill



CNRFC Model CalibrationCNRFC Model CalibrationCNRFC  Model CalibrationCNRFC  Model Calibration

•• Data preparationData preparation
•• Parameter est.Parameter est.

•• WatershedsWatersheds
•• RoutingsRoutings•• RoutingsRoutings
•• ReservoirsReservoirs

•• 66--year cycleyear cycle
•• ~300 Locations~300 Locations

•• 20132013
North CoastNorth Coast•• North CoastNorth Coast

•• Central CoastCentral Coast
•• Misc.Misc.



Community Hydrologic Community Hydrologic 
P di ti S t (CHPS)P di ti S t (CHPS)

•• Based on FEWSBased on FEWS

Prediction System (CHPS)Prediction System (CHPS)

•• Developed and supported by Developed and supported by DeltaresDeltares, Inc. NL, Inc. NL
•• Software is freeSoftware is free
•• Consultancy to implement isConsultancy to implement is notnot freefree

FEWS 
Models•• Consultancy to implement is Consultancy to implement is notnot freefree

•• Significant investment and effortSignificant investment and effort
FCFEWS

Models

NWS 
Models

USACE

Other 
Models

•• Approaching 7 yearsApproaching 7 years
•• All NWS RFCs operational as of 12/2011All NWS RFCs operational as of 12/2011

USACE 
Models

•• Modular / AdapterModular / Adapter--based system allows for use of nearly based system allows for use of nearly 
any modelany model



Community Hydrologic Community Hydrologic 
Prediction System (CHPS)Prediction System (CHPS)Prediction System (CHPS)Prediction System (CHPS)



CollaborationsCollaborationsCollaborationsCollaborations

•• Forecast Coordinated OperationsForecast Coordinated OperationsForecast Coordinated OperationsForecast Coordinated Operations
•• Streamlined forecast deliveryStreamlined forecast delivery
•• Common model for reservoir operationsCommon model for reservoir operationspp
•• Improved coordination and decision makingImproved coordination and decision making

•• Feather Feather –– Yuba Yuba 
•• San JoaquinSan Joaquin

E h ( t ll )E h ( t ll )•• Everywhere…  (eventually)Everywhere…  (eventually)



CollaborationsCollaborationsCollaborationsCollaborations

•• Truckee / Carson / WalkerTruckee / Carson / WalkerTruckee /  Carson / WalkerTruckee /  Carson / Walker
•• TR Water Masters OfficeTR Water Masters Office
•• TROATROA
•• USBRUSBR

•• Integrate CNRFC shortIntegrate CNRFC short--term forecasts into term forecasts into 
decision modeldecision model

•• Integrate CNRFC ensemble forecasts into Integrate CNRFC ensemble forecasts into 
RiverWareRiverWare decision modeldecision model



CollaborationsCollaborationsCollaborationsCollaborations

•• ESRLESRL –– HMTHMTESRL ESRL HMTHMT
•• Improve weather observationsImprove weather observations

•• PrecipitationPrecipitation
•• Snow LevelSnow Level

•• Improve weather modelingImprove weather modeling
•• Identify components/signature of Atmospheric RiversIdentify components/signature of Atmospheric Rivers•• Identify components/signature of Atmospheric RiversIdentify components/signature of Atmospheric Rivers



CollaborationsCollaborationsCollaborationsCollaborations

•• American RiverAmerican RiverAmerican RiverAmerican River
•• SMUD / PCWA SMUD / PCWA 

•• Model Topology Model Topology 
•• Additional BasinsAdditional Basins

•• USACE / CommunityUSACE / Community
•• Folsom OperationsFolsom Operations•• Folsom OperationsFolsom Operations



ExpandedExpanded
Water Resources InformationWater Resources Information

•• Shift to yearShift to year--round execution of ESP in theround execution of ESP in theShift to yearShift to year round execution of ESP in the round execution of ESP in the 
spring of 2011spring of 2011

•• Use ESP as the primary model starting in WY13Use ESP as the primary model starting in WY13p y gp y g
•• Leave traditional regressionLeave traditional regression--based modeling to othersbased modeling to others
•• Daily runs include latest observations and the next 14 Daily runs include latest observations and the next 14 

days of expected weatherdays of expected weather
•• Large expansion in the number of locationsLarge expansion in the number of locations

•• Some traditional locations dropped because data Some traditional locations dropped because data 
were no longer availablewere no longer available

•• Development of a “WR Daily Update” pageDevelopment of a “WR Daily Update” page•• Development of a WR Daily Update  pageDevelopment of a WR Daily Update  page
•• http://www.cnrfc.noaa.gov/water_resources_update.phphttp://www.cnrfc.noaa.gov/water_resources_update.php



Water Resources Daily UpdateWater Resources Daily UpdateWater Resources Daily UpdateWater Resources Daily Update

G l M I t fGoogle Map Interface

PRECIP
SNOWSNOW

STORAGE
OBSERVED

FLOW FORECAST
FLOW

Access to Traditional ProductsAccess to Traditional Products



Water Resources Daily Update Water Resources Daily Update 

P i t F tP i t F tPoint ForecastsPoint Forecasts
April-July

Water Year

Monthly



“New Frontiers”“New Frontiers”New FrontiersNew Frontiers

•• ProbablisticProbablistic Flood ForecastsFlood ForecastsProbablisticProbablistic Flood ForecastsFlood Forecasts
•• XEFS XEFS –– running for 2+ yearsrunning for 2+ years

•• Routine part of daily operationsRoutine part of daily operations

•• HEFS HEFS –– Hydrologic Ensemble Forecasting SystemHydrologic Ensemble Forecasting System
•• Version 1.0 at 4 RFCs this year.Version 1.0 at 4 RFCs this year.
•• Integrated into CHPSIntegrated into CHPS•• Integrated into CHPSIntegrated into CHPS
•• PostPost--processingprocessing
•• HindcastingHindcasting for validationfor validation



Sample ShortSample Short--TermTerm
ProbablisticProbablistic ProductsProducts

5 day Peak Individual traces10 Day inflow volume10 Day inflow volume

10 Day Histogram 4 x 5 Day Histogram

Next 
3-5 

Years



“On the Horizon”“On the Horizon”On the HorizonOn the Horizon

•• Next Generation Delta ForecastsNext Generation Delta ForecastsNext Generation Delta ForecastsNext Generation Delta Forecasts
•• Time for an upgrade!Time for an upgrade!

•• 55--Day durationDay duration
•• Flow, stage, temperature, salinityFlow, stage, temperature, salinity
•• Everywhere as opposed a few limited locationsEverywhere as opposed a few limited locations

M j ll b ti j tM j ll b ti j t•• Major collaborative projectMajor collaborative project
•• Leverage existing/developing modelingLeverage existing/developing modeling
•• Sustained technology infusionSustained technology infusion

•• CNRFC/DWR daily operationsCNRFC/DWR daily operations
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Thank Youa ou


