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Sources of uncertainty

Real-time data
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ESP Technique

Meteorological scenario 1 Input weather conditions

Forecast weather conditions or
Historic weather records or
Modlified historic weather records

Meteorological scenario 2
Meteorological scenario 3

=

A =
Flow
Streamflow scenario 1
Streamflow scenario 2
-—==" Streamflow scenario 3
Saved model states _ Time
reflect current -

conditions

Results used in statistical analysis to produce

forecasts with probabilistic values
©The COMET Program

@ An Introduction to Ensemble Streamflow Prediction (COMET module)


https://www.meted.ucar.edu/loginForm.php?urlPath=hydro/ESP/Intro&go_back_to=http://www.meted.ucar.edu/hydro/ESP/Intro/
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Historic development of ESP

NWS/HRL begins
ESP
development

1970
ESP first used at

California-Nevada
River Forecast Center

ESP first presented at the
Western Snow Conference

ESP used for
drought assessment

ESP Analysis and Display

Program (ESPADP)

ESP released
with NWSRFS

development started

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

1980 1990

Water Resources Forecasting
ESP used for Services (WARFS) quantifies
water supply value of ESP
forecasts

ESPADP deployed
to the field Experimental

2000

Ensemble Forecast
System (XEFS) work
begins

> >

Medium to long-range ESP

@ Western Snow Conference paper, 1977

short-medium-
long range ESP


http://www.westernsnowconference.org/proceedings/pdf_Proceedings/1977%20WEB/TwedtExtendedStreamflowPredition1977.pdf

Twedt, et al, 1977

“Many irrigation interests,

reservoir operators, and other

water management agencies now PR, et e :
possess sufficient sophistication to : . ﬁ
demand and efficiently utilize
water supply forecasts of a
probabilistic nature for a variety of
time periods.”

“Because [ESP]... requires
considerable amounts of historical
data.. Perhaps requiring magnetic
tape storage...”

“Several final considerations
involve the possible application of
additional theoretical techniques
such as quantitative precipitation - N o
forecasting.” P S N L

predicted

.
cccccc

165, +

Source: Twedt et al, 1977



Incorporating Climate Forecasts in ESP

Pre -Adjustment Technique
Weight/Modity on IrBut Side

71
74

; :

Post -Adjustment Technigue
Weight On Output Side




Pre-adjustment System

Historical
MAT and MAP

Pre-
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Adjusted
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Temperature

Pre-Adjustment Method

Precipitation

Time
Temperature Ensemble

Adjusted Temperature ensemble
based on a CPC “warm” probability
shift.

Additive adjustment

Time

Precipitation Ensemble

Adjusted Precipitation ensemble
based on a CPC “wet” probability
shift

Multiplicative adjustment



Research and Development

Experimental Ensemble Forecast System
CBRFC / CPC / OHD project

Aptima project

NWS CHPS Product generator




Hydrologic Ensemble Forecast System
(HEFS / XEFS)

Weather / Climate Forecasts
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Ensemble
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& XEFS/Ensemble Pre-Processor Il (EPP3)
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Ensemble Post Adjuster

Adjustment applied to ensemble forecasts to correct ensemble

spread and mean biases

CBRFC testing post adjusters for water supply forecasts:

— CBRFC mean adjustment
— ESPADP mean adjustment
— Schaake transformed adjustment

Example for East River at Almont
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CBRFC /CPC/OHD
Collaboration

Goals:
— Develop methodologies to include CFS forecasts in RFC forecasts
— Improve RFC treatment of Evapotranspiration
Funded one post doc position
— ~1 year at CPC (FY10)
— ~1year at CBRFC (FY11)

Collaborators: Kingtse Mo (CPC), John Schaake (OHD), DJ Seo (OHD),
Kevin Werner (CBRFC)



NWS Hydrologic Forecast Uncertainty

Visual Display Design — River Height/Flow Forecast with Uncertainty

Mississippi River at Cape Girardeu
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Visual depiction of “river
forecast” in terms of height /
flow

— Clear depiction of uncertainty
with cone of uncertainty

Provides the ability for users
with local knowledge to adjust
model parameters and visualize
the alternative river forecast.



NWS CHPS Product Generator:
Proposed GUI, Screen 1
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Using Probabilistic Forecasts

AHPS long range products
Western water supply
Denver Water

Others



NWS Hydrologic Forecast Uncertainty

Long-term Probabilistic Products
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Western Water Supply Forecasts

Forecasts for spring runoff amounts
from snow melt dominated basins in
western US

*Routinely produced at 6 RFCs and
coordinated with other agencies

*NWS forecast program began in
1940s

*Primary forecast tools:

— Ensemble Streamflow Prediction
(described earlier)

—_ MUItlvarlate L|near RegreSS|on COLORADO - LAKE POWELL, GLEN GYN DAM, AT (GLDA3)

Water Year 2006, Forecast Period apr-jul (highlighted)



http://www.cbrfc.noaa.gov/westernwater/map.php?map=wsup

Wwater Supply Map Forecast Evolution Enzemble Services Seazonal ¥enfication Data Checkout

Ensemble Services

LU National Weather Service

Ensemble Streamflow Prediction Application
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1600

1400 -
1200
-~

Ao -

Jaoo |
o

=
S500 |-
-

L L

o

T+

Jun July  Aug Sept Ot Now  Dec Jan Feb Mar Apr May  Jun
Honth

M fonthly Ensemble

Ensembles | [ Archives | [ Climate | [ Season Options |[ Graph Options | [ Links

@ Current Ensemble Current Ensemble
@ Ensemble Member by Years Issued: June 11, 2007
change ensemble...

0 Ensermble During ENSO Events =

RELEASE CANDIDATE 1 - version 1.0.0|20070802

Heln Feedback

@

Open Help Directary

RFC Ensemble Forecasts

-Initially offered at NWS water supply
points

-Display probability function for
monthly volumes

-Tools included to query historical
data and forecast ensemble
members

-User customizable plots



Data Checkout

Ensemble Services
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Denver Water Application
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Credit: Bob Steger, Denver Water



Other Applications

« Pacificorps operation on Bear River (UT and ID)
« BPA and USACE operation on Columbia River
 INFORMS project in CA
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