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OutlineOutline

•• Quick review of ensemble uses and current Quick review of ensemble uses and current NWSNWS
operational processoperational process

•• Review of ensemble challengesReview of ensemble challenges

•• Experiences with an ensemble preExperiences with an ensemble pre--processor to support processor to support 
shortshort--term hydrologic ensemble generationterm hydrologic ensemble generation

•• Overview of new Overview of new NOAA/NWSNOAA/NWS effort to develop a true effort to develop a true 
““operationaloperational”” systemsystem



Hydrologic Ensemble UsesHydrologic Ensemble Uses

•• ShortShort--range range (hours to days)(hours to days)
•• Watch and warning programWatch and warning program
•• Local emergency management activitiesLocal emergency management activities
•• Reservoir and flood control system managementReservoir and flood control system management

•• MediumMedium--range range (days to weeks)(days to weeks)
•• Reservoir managementReservoir management
•• Local emergency management preparednessLocal emergency management preparedness
•• Snowmelt runoff managementSnowmelt runoff management

•• LongLong--range range (weeks to months)(weeks to months)
•• Water supply planningWater supply planning
•• Reservoir managementReservoir management



Ensemble Ensemble StreamflowStreamflow PredictionPrediction
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Ensemble Challenge #1Ensemble Challenge #1

•• Appropriately integrate the uncertainty introduced Appropriately integrate the uncertainty introduced 
from model, data, and human sources. from model, data, and human sources. 
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Ensemble Challenge #2Ensemble Challenge #2

•• Mesh ensemble forcing from short, medium, and Mesh ensemble forcing from short, medium, and 
long range techniques.long range techniques.
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Ensemble Challenge #3Ensemble Challenge #3

•• Maintain spatial and temporal relationships Maintain spatial and temporal relationships 
across very large areas. across very large areas. 
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Ensemble Challenge #4Ensemble Challenge #4

•• Include forecaster skill in shortInclude forecaster skill in short--term inputs term inputs 
(QPF, temperature, etc.)(QPF, temperature, etc.)

•• Verification shows that Verification shows that 
local forecasters add local forecasters add 
value to value to 
•• numerical models numerical models 
•• larger scale forecasterslarger scale forecasters



Ensemble Challenge #5Ensemble Challenge #5

•• Include forecaster guidance of hydrologic model Include forecaster guidance of hydrologic model 
operationoperation

•• Hydrologic models Hydrologic models 
require onrequire on--going tuning.going tuning.

•• Forecasters commonly Forecasters commonly 
adjust or influence raw adjust or influence raw 
model output.model output.



Ensemble Challenge #6Ensemble Challenge #6

•• Maintain coherence between deterministic and Maintain coherence between deterministic and 
ensemble forecastsensemble forecasts



Ensemble Challenge #7Ensemble Challenge #7

•• Providing uncertainty information in a form and Providing uncertainty information in a form and 
context that is useful to our customerscontext that is useful to our customers
•• Education and trainingEducation and training
•• Context and validation and verificationContext and validation and verification
•• Compatibility with decision support toolsCompatibility with decision support tools

•• we will need some new ones!we will need some new ones!

““Some of our customers are eager to misuse the Some of our customers are eager to misuse the 
information we provide, others doninformation we provide, others don’’t want t want 
anything to do with risk/uncertainty/probabilityanything to do with risk/uncertainty/probability””



ShortShort--term Ensemble Prototypeterm Ensemble Prototype
•• Running in selected basin at 4 of 13 US River Forecast CentersRunning in selected basin at 4 of 13 US River Forecast Centers

•• Ensemble PreprocessorEnsemble Preprocessor
•• Up to 30 days of forcing ensembles (begins to address challenge Up to 30 days of forcing ensembles (begins to address challenge #2)#2)

•• Uses forecast (skill) and watershed climatology (challenge #4)Uses forecast (skill) and watershed climatology (challenge #4)

•• Accounts for temporal and spatial coherency (challenge #3)Accounts for temporal and spatial coherency (challenge #3)

•• Captures skill exhibited over durations > model time stepCaptures skill exhibited over durations > model time step

•• Analysis of Analysis of hindcasthindcast ensembles ensembles 
•• unbiasedunbiased
•• reasonable spreadreasonable spread
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ShortShort--term Ensemble Prototype term Ensemble Prototype 
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3030--day Temperature Ensemblesday Temperature Ensembles
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30 day Precipitation Ensembles30 day Precipitation Ensembles
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Smith River Smith River –– February 7, 2007February 7, 2007

Ensemble
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Navarro River Navarro River –– Feb 7, 2007Feb 7, 2007



Salmon River Salmon River –– February 7, 2007February 7, 2007



NF American NF American –– February 7, 2007February 7, 2007



SF American SF American –– February 7, 2007February 7, 2007



American (Folsom Reservoir Inflow) American (Folsom Reservoir Inflow) 
February 7, 2007February 7, 2007
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Experimental Ensemble Experimental Ensemble 
Forecasting System (Forecasting System (XEFSXEFS))

•• NWSNWS collaborative activity initiated in November 2006collaborative activity initiated in November 2006
•• Headquarters and field office effortHeadquarters and field office effort

•• Deliver a system capable of producing Deliver a system capable of producing ““operationaloperational”” short, short, 
medium, and long range hydrologic ensemble products medium, and long range hydrologic ensemble products 
within 2 to 3 yearswithin 2 to 3 years

•• Design and GAP analysis completed in May 2007.Design and GAP analysis completed in May 2007.

•• Planning for development and implementation is underwayPlanning for development and implementation is underway
•• Infrastructure plan due in late Summer 2007Infrastructure plan due in late Summer 2007
•• Strong ties to Community Hydrologic Prediction System (Strong ties to Community Hydrologic Prediction System (CHPSCHPS))
•• High priority for High priority for NOAANOAA’’ss Hydrology Program  Hydrology Program  



XEFSXEFS
ComponentsComponents
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XEFSXEFS
Merging/Joining/Blending Inputs (challenge #2)Merging/Joining/Blending Inputs (challenge #2)
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XEFSXEFS -- HMOSHMOS

•• Based on joint probability distribution of forecast and observedBased on joint probability distribution of forecast and observed
streamflowstreamflow
•• marginal period of record (6marginal period of record (6--8 years)8 years)
•• limited lead time (1 to 5 days)limited lead time (1 to 5 days)

•• Explicitly includes all sources of uncertainty (challenge #1)Explicitly includes all sources of uncertainty (challenge #1)
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XEFSXEFS
Products and ServicesProducts and Services
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SummarySummary

•• Ensemble Ensemble streamflowstreamflow predictions meet increasing predictions meet increasing 
customer requirements for risk and uncertainty customer requirements for risk and uncertainty 
informationinformation

•• Solid progress has been made Solid progress has been made ““prototypingprototyping”” an an 
ensemble preprocessor that allows ESP to move into the ensemble preprocessor that allows ESP to move into the 
short and medium time domainshort and medium time domain

•• A clear and well supported pathway has been A clear and well supported pathway has been 
established to deliver an operational hydrologic established to deliver an operational hydrologic 
ensemble forecasting system (ensemble forecasting system (XEFSXEFS) for ) for NWSNWS River River 
Forecast Centers in the USAForecast Centers in the USA



Thank YouThank You


