Hydrologic Ensemble Forecasts
(Ensemble Streamflow Prediction — ESP)

USBR Drought Workshop
November 6, 2012



Outline

e Ensemble Streamflow Prediction (ESP) 101

e Coming soon: Hydrologic Ensemble Forecast
System (HEFS)
e CBRFC/CU ensemble project update



ESP Technique
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More information available from COMET: www.meted.ucar.edu/hydro/ESP/Intro/



Ensemble Streamflow Prediction (ESP)

Chartces of Exceedinig River Levels on the GUNKISON - BLUE MESA
Latitucke: 385 Longitude; -107.3
Farecast for the period 10/312012 - 10/31 2013
This i3 a conaiional simulation based on the eurrent conaitions as of 10/ 2012
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. Select a forecast window
2. Select a forecast variable
3. Model derives a distribution

function
4. 50% exceedance value =
most probable forecast
5. Alsouse 10%/90% levels



Gunnison - Blue Mesa
Apr-Jul ESP Volumes
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ESP ‘Modes’

UNREGULATED
(Water Supply Volume Forecasts)

Not what will be observed
in the rivers.

No diversions (for places we
have historical/real time
measurements).

— Trans-basin diversions.
No water held by reservoirs
(passesthrough).

Consumptive Use operation
still in effect.

REGULATED
(Peak Flow Forecasts)

Observed mean daily peak.

Historical diversion data
used in calculation of each
year’s hydrograph.
Reservoirs operated based
on a set of ‘rules’.

— Time of year or elevation.

Similar to daily forecast
methodology.




Historic development of ESP

NWS/HRL begins ESP Analysis and Displgy Work to
g Program (ESPADP) incorporate

ESP used for developmentstartefl  c/imate forecasts
drought assessment

ESP development

Climate Prediction Center (CPC)
forecast pre-adjustment
developed for use in ESP

ESP released
with NWSRFS

1970 2000

ESP first used at Water Resources Forecadting
California-Nevada ESP used for water Services (WARFS) quantffies
River Forecast Center supply forecasts value of YSP

ESP first presented at the
Western Snow Conference

Experimental
Ensemble Forecast
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Medium to long-range ESP |
long range ESP

@ Western Snow Conference paper, 1977


http://www.westernsnowconference.org/proceedings/pdf_Proceedings/1977 WEB/TwedtExtendedStreamflowPredition1977.pdf�

HEFS

e Motivations:

— Quantify and reduce uncertainties in ESP due to:
e Future weather and climate
e Calibration
e |nitial conditions

— Provide unbiased and skillful forecast ensembles

to stakeholders and NWS hydrologic forecast
products

— Generate reforecast dataset consistent with real
time forecasts



' Uncertainties in Hydrologic Forecast

t Quantify meteorological/Input uncertainty

> Ensemble pre-processor

Reduced uncertainty due to pre-processing

Quantify parametric uncertainty 3

[ Parametric

Reduced uncertainty due to calibration _
uncertainty processor

Uncertainty

Quantify uncertainty in initial conditions

A

Reduced uncertainty due to data assimilation - Data assimilator

Lead Time ’

Flow regulations: A large challenge

July 15-17, 2008 Mational DOH Workshop, Silver Spring. MD 8



An ESP Upgrade: The NWS Hydrologic
Ensemble Forecast Service (HEFS)

Verification products

Fank Histogram for River Flows
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Atmospheric Ensemble Processor:
current & new forecast sources

HPC/RFC
single-valued
forecast

GFS/GEFS
ens. mean

CFS/CFSv2
forecast

Day 1-5
ensembles

Day 1-14
ensembles

Day 15~
ensembles

Other ensembles
(SREF, NAEFS...)

Merging

Joining

> | Blending

Under development

Otherinfo
(climateindices...)

Planned

Day 15~
ensembles

Calibrated
and
seamless
short- to
long-term
forcing
input
ensembles




Atmospheric Pre-Processor:

ensemble generation (1)
In real-time, given single-valued forecast, generate ensemble traces

from the conditional distribution for each lead time

Jointdistribution
Y4+ Model Space
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Forecast
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Ensembleforecast

NQT?

Given single-valued forecast,
obtain conditional distribution

Ensemble
members
for that
particular
time step

Schaake et al. (2007), Wu et al. (2011)




CBRFC HEFS Timetable Goals

« HEFS products will start to roll out during the
Water Year 2013 season

o Dolores was selected as our test basin and will
be completed first

« San Juan basin is next to support project with
CU/USBR

« Bear and Six Creek basins next to support SARP
project

o Full CBRFC implementation by Water Year 2014



CU/CBRFC Ensemble Project

* Project Goals:

— Generate ensemble inputs for ESP using climate
forecasts through weather generator method

— Increase number of ensemble members to improve
resolution in tails of distribution

 Personnel:
— Balaji Rajagopalan (CU)
— Kevin Werner, John Lhotak, Michelle Stokes (CBRFC)
— Edie Zagona (CADSWES)
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Summary

e Ensemble Streamflow Prediction (ESP) 101

e Coming soon: Hydrologic Ensemble Forecast
System (HEFS)
e CBRFC/CU ensemble project update
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