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In this presentationIn this presentation
How EPP works

− “Schaake Shuffle” explained! (well, 
hopefully)
Improvements made to better-

capture skill in the HPC/RFC single-
value QPF
Verification of precipitation 

ensembles from the RFC and GFS 
Subsystems
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How EPP WorksHow EPP Works
Calibration – Models the joint probability 
distribution between the (historical) single-value 
forecast and the verifying observation
− Captures skill in the single-value forecasts
− Quantifies uncertainty in the single-value 

forecasts
Ensemble Generation - Samples ensembles from 
the above probability distribution conditional on the 
(real-time) single-value forecast
“Schaake Shuffle” - Replicates (in the rank 
correlation sense) in the above ensembles the 
space-time variability and co-variability in the 
historical ensembles
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Joint relationship between Joint relationship between fcstfcst and and obsobs precipitationprecipitation

6-hour QPF

6-
ho

ur
 M

A
P

Huntingdon in Juniata River Basin

6



National Oceanic and Atmospheric Administration’s
National Weather Services

X

Y

Forecast

O
bs

er
ve

d

0

Forecast

O
bs

er
ve

d

Joint distribution
Model Space

Joint distribution
Sample Space

PDF of Observed PDF of STD Normal

PDF of Forecast

NQT

PDF of STD Normal

Step 1: CalibrationStep 1: Calibration

X

Y

NQT

Correlation(X,Y)

7



National Oceanic and Atmospheric Administration’s
National Weather Services

Forecast

O
bs

er
ve

d
Joint distribution

Model Space

xfcst

Step 2: Ensemble GenerationStep 2: Ensemble Generation

X

Y

Obtain conditional 
distribution given a single-

value forecast xfcst

xi xn

Conditional distribution 
given xfcst

Ensemble forecast

Pr
ob

ab
ili

ty
0

1

… Ensemble 
members 

x1

xn

x1

8



National Oceanic and Atmospheric Administration’s
National Weather Services

Step 3: Step 3: SchaakeSchaake ShuffleShuffle

For each segment at each time step, associate forecast ensemble 
members (left panel) with historical ensemble members (right panel) 
by rank (and hence year)
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The spatial variability between two neighboring MAP basins is 
preserved (in terms of rank correlation) in the forecast ensembles

Basin B

Basin A
Year Historical 

ensemble
Forecast 
ensemble

1958 * *
…
1996 yAi xAi

…
2007 * *

Year Historical 
ensemble

Forecast 
ensemble

1958 * *
…
1996 yBi xBi

…
2007 * *

Basin A Basin B

Correlated
Similarly Correlated

For a given time step

Similarly, temporal variability, as well as co-variability with 
temperature, is preserved (in terms of rank correlation) in the forecast 
ensembles

Step 3: Step 3: SchaakeSchaake Shuffle (cont.)Shuffle (cont.)
10



National Oceanic and Atmospheric Administration’s
National Weather Services

Improvements Made to BetterImprovements Made to Better--Capture Skill Capture Skill 
in the HPC/RFC Singlein the HPC/RFC Single--Value QPFValue QPF

Additional options in distribution 
modeling
−Includes nonparametric
Parameter optimization of the 
linear regression model
Explicit modeling of precipitation 
intermittency

Wu et al. (in preparation)
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VerificationVerification
Dependent verification carried 
out for AB-, CN- and MARFC test 
basins
Independent verification carried 
out for HUNP1 in MARFC, in 
progress for all other test basins
Hydrologic verification under way
−Via the Hydrologic Ensemble 

Hindcaster
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Component Forecasts Used Option ID
RFC 
subsystem

Days 1, 2: RFC single-
value QPF
Days 3 to 14: 
Resampled climatology 

w/o parameter 
optimization

RFC

w/ parameter 
optimization

RFC-OPT

GFS 
subsystem

Days 1 to 14: GFS 
ensemble-mean QPF

w/o temporal 
aggregation

GFS

w/ temporal 
aggregation

GFS-TA

Days 1, 2: RFC single-
value QPF
Days 3 to 14: GFS 
ensemble-mean QPF

w/o temporal 
aggregation

GFS-RFC

Examples of precipitation ensemble verificationExamples of precipitation ensemble verification

July 15-17, 2008
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In the following slidesIn the following slides

Verification of 24-hr 
precipitations ensembles at 
−CNRFC
−MARFC
−ABRFC
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RFC-OPT

Day 1

NFDC1

0.75 in
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GFS

Day 1

NFDC1

0.75 in
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GFS-TA

Day 1

NFDC1

0.75 in
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GFS-RFC

Day 1

NFDC1

0.75 in
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RFC

Day 1

NFDC11.0 in

0.1 in
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RFC-OPT

Day 1

NFDC11.0 in

0.1 in
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GFS

Day 1

1.0 in

0.1 in
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GFS-TA

Day 1

NFDC11.0 in

0.1in
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GFS-RFC

Day 1

NFDC11.0 in

0.1 in
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RFC

Day 1 Day 1 Day 3

NFDC1 25
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RFC-OPT

Day 1 Day 1 Day 3

NFDC1 26
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GFS

Day 1 Day 7 Day 14

NFDC1 27
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GFS-TA

Day 1 Day 7 Day 14

NFDC1 28
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GFS-RFC

Day 1 Day 7 Day 14

NFDC1 29
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RFC
10 Juniata Basins

Day 1
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RFC-OPT
10 Juniata Basins

Day 1
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GFS
5 Juniata Basins

Day 1

32



National Oceanic and Atmospheric Administration’s
National Weather Services

RFC 10 Juniata Basins

Day 1
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RFC-OPT 10 Juniata Basins

Day 1
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GFS 5 Juniata Basins

Day 1
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GFS

Day 1
5 Juniata Basins
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GFS

Day 2
5 Juniata Basins
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GFS

Day 3
5 Juniata Basins
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GFS

Day 4
5 Juniata Basins
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GFS

Day 5
5 Juniata Basins
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RFC5 ABRFC Basins

Day 1
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RFC-OPT5 ABRFC Basins

Day 1

42



National Oceanic and Atmospheric Administration’s
National Weather Services

RFC 5 ABRFC Basins

Day 1
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RFC-OPT 5 ABRFC Basins

Day 1
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RFC 5 ABRFC Basins

Day 1
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RFC-OPT 5 ABRFC Basins

Day 1
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RFC-OPT 5 ABRFC Basins

Day 2

47



National Oceanic and Atmospheric Administration’s
National Weather Services

(Resampled) 
Climatology

5 ABRFC Basins
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Summary of Precipitation Summary of Precipitation 
Verification ResultsVerification Results

EPP ensembles from HPC/RFC single-value and 
GFS ensemble-mean forecasts are generally 
reliable
EPP ensembles capture skill in HPC/RFC single-
value forecast very well
EPP ensembles capture skill in GFS ensemble-
mean forecast for longer lead times
EPP ensembles from RFC single-value forecast 
are more skillful than those from GFS ensemble 
mean for 24-hr amounts > 0.25 in
− The opposite is observed for < 0.25 in
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Q/A, Discussion


