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Elements of a Hydrologic Ensemble 
Prediction System

Atmospheric Ensemble 
Pre-Processor

Parametric 
Uncertainty 
Processor

Data 
Assimilator

Hydrologic Ensemble 
Post-Processor

Hydrology & Water Resources 
Ensemble Product Generator

Hydrology & Water 
Resources Models

Hydrologic Ensemble 
Processor

QPF, QTFQPE, QTE, 
Soil Moisture
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Short-Term Ensemble Streamflow 
Prediction (ESP): Current Process

Reflect meteorol. & hydrol. uncertainties

Ensemble traces of precipitation, temperature

Ensemble traces of streamflow

Ensemble traces of streamflow

QPF, QTF

ESP Pre-Processor

Hydrologic model

ESP Post-Processor

Correct bias, account for meteorological uncertainty

Correct bias, account for residual hydrol. uncertainty

Account for uncertainties in I.C., model parameters

Under development



Nov 28-30, 2006 RFC Short-Term Ensemble Workshop 5

ESP Using EPP
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• Climatology fills in:
– Estimate and smooth statistical parameters for climatological 

probability distributions of precipitation and temperature
– Sample from the climatological probability distributions

What if single-value forecast is not 
available?
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FY06 Ensemble Projects and their Relationships

GFS Subsystem

ESP

Day 1-14 Precipitation and  
Temperature Ensemble Forecasts

Day 1-14 Precipitation and 
Temperature Ensemble Hindcasts

Streamflow Ensemble Hindcasting

Streamflow Ensemble Hindcasts 

Ensemble Verification and Validation

Ensemble V&V Statistics

Ensemble 
Hindcaster

Ensemble V&V

Real-time Streamflow Ensemble Forecasts

RFC Subsystem

EPP2
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Why ensembles from single-
value forecast?

• Single-value (i.e. deterministic) forecast has 
additional skill from human forecasters, 
particularly in Day 1

• Precipitation ensembles from NWP have 
significant biases in the mean and in the spread

• The goal of the ESP Preprocessor is to produce 
precipitation ensembles that are unbiased, and 
that reflect the additional skill
– A practical, “observation-driven” approach for 

generation of precipitation ensembles
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EPP RFC Subsystem
• Built on previous versions
• Has been in experimental operation at AB- and MARFCs
• Models joint probability distributions between 6-hr MAP/MAT and single-

value forecast of precipitation/temperature
• Requires multi-year archive of 6-hr MAP, 6-hr QPF, 6-hr MAT, and forecast 

of 24-hr Tmin and Tmax
• Generates short-term precipitation/temperature ensembles via:

– Stratified sampling from conditional distribution of observed 
precipitation/temperature given single-value forecast of precipitation/temperature

– Probability matching of historical ensembles via Schaake Shuffle (Clark et al. 
2004)

• Generates long-term ensembles from historical traces using resampled 
climatology

• Operates in real-time and hindcasting modes
• Written in Fortran and C++; Korn shell script for hindcasting mode
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Long-Term Calibration

Climatology 
distribution 
parameters

Climatology
statistics for 
adjustment

Historical  observed 
MAP/MAT data

EPP RFC Subsystem

Observed & 
forecast data

Joint distribution 
parameters

Paring Observations & Forecasts 
Short-Term Calibration

Long-Term Ensemble 
Generation

Short-Term Ensemble 
Generation

Ensemble Blending

MAP/MAT short- to 
long-term ensembles

MAP/MAT long-term ensembles
MAP/MAT short-term ensembles

Ranks

CPC 
forecast

Real-time 
forecast 

data

Temperature 
disaggregation 

data

Daily Max/Min 
temperature 

Ensemble Generation

epp_long_param epp_pair_temp/precip_data

epp_short_param

epp_ens_fcst
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A Sample Output Displayed by ESPADP
7-day Probabilistic Quantitative Precipitation Forecasts
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Ensemble generation from 
single-value forecast

• Step 1) Model joint probability distribution between 
observed and single-value forecast precip/temp from 
multi-year archive (go to the schematic)
– For each segment, forecast lead time, and time of the year 

(centered over some user-specified time window)
• Step 2) construct via stratified sampling the conditional 

probability distribution of observed precip/temp given 
single-value forecast precip/temp (go to the schematic)

• Step 3) Arrange the output forecast ensemble members 
such that they have the same ordering as the historical 
ensemble members (i.e. Schaake Shuffle, Clark et al. 
2004) (go to the schematic)
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Explicit modeling of precipitation 
intermittency

• Probability distribution of precipitation is of mixed type 
(mass at zero, continuous elsewhere; go to the 
schematic)

• Until recently, this mixed nature of probability distribution 
of precipitation was modeled only approximately in EPP

• In FY06, new modules were developed, and 
implemented in the RFC Subsystem for testing and 
evaluation, that explicitly treat probability distribution of 
precipitation as mixed type (Herr and Krzysztofowicz 
2005; Cong et al., manuscript under preparation)

• The effects are subtle and improve various performance 
measures for light precipitation

• See “Ensemble verification II” presentation this afternoon 
for examples
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Improved modeling of conditional 
probability distribution, parameter 

estimation & user control
• In FY06, new modules were developed, and 

implemented in the EPP RFC Subsystem for 
testing and evaluation, to allow:
– A more flexible regression model to better-fit the data 

in modeling of conditional probability distribution
– Explicit optimization of the regression parameter 

using a multi-objective function
– Some control by the user over certain properties of 

the ensembles being generated
• See “Ensemble verification II” presentation this 

afternoon for examples
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User control of ensemble behavior
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Min

75th percentile

25th percentile

50th percentile
60th percentile

70th percentile

The parameter optimization 
minimizes the deviation 
from the diagonal of the 
iso-percentile lines

A choice of larger/smaller percentile 
tends to result in tighter/more wide 
spread ensembles
Sensitivity analysis suggests a 
choice between 60th and 65th

percentile is preferable



Nov 28-30, 2006 RFC Short-Term Ensemble Workshop 16

EPP RFC Subsystem Data 
Requirements

• For precipitation ensemble generation
– Historical 6-hour MAP time series in the OHD 

DATACARD format
– Historical 6-hour QPF time series
– Real time 6 or 1 hour QPF values

• For temperature ensemble generation
– Historical 6-hour MAT time series in the OHD 

DATACARD format
– MOS daily max and min temperature data files
– MOS station list
– Real time 6 QTF values



Nov 28-30, 2006 RFC Short-Term Ensemble Workshop 17

EPP Internal File Format for Storing Historical 
Observed and Forecast Values

A sample segment from a temperature file for CHTM7 in ABRFC

CHTM7 1843 1215199300Z 1231199800Z DF 
DATE        OBS  FCST 
12151993 38.87 44.00 
12161993 43.10 45.00 
12171993 46.92 39.00 
12181993 42.21 39.00 
12191993 48.59 42.00 
12201993 41.44 32.00 
12211993 47.41 35.00 
12221993 33.69 24.00 

…
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EPP RFC Subsystem 
Data Availability Survey Results for 5 RFCs

NoneQPS – SHEF
(12/2003 – present)

OHD DATACARD
(1/1996 – 10/2005)

WGRFC

NoneShef-coded Text 
Product

(05/1997 - present)

Shef-coded Text 
Product

(05/1997 - present)

SERFC

NoneOFS mod or xmrg
(2000-2006 w/ gaps)

SHEF .B
(2000-2006 w/ gaps)

NCRFC

NoneDatabase  (2004-2006)
Files (1996-2006)

Database
(1996-2006)

LMRFC

Archive Database
(02/2006)

Archive Database
(02/2006 w/ winter 

gaps)

Archive Database
(02/2006?)

APRFC

Format of 6-hr MAT 
Archive

(Period of Record)

Format of 6-hr QPF 
Archive

(Period of Record)

Format of 6-hr MAP 
Archive

(Period of Record)

RFC
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Operation
• The ensemble generation program in the EPP RFC 

Subsystem operates in two modes:
– Real time (forecast) mode
– Retrospective (hindcast) mode

• The execution of the programs in the EPP RFC 
Subsystem  involves:
– Placing input files in the appropriate directories
– Setting Apps-Defaults tokens
– Preparing the input control file (input deck)
– Running the executable at the command line prompt For details, 

see the user’s manual available as Appendix B in Folder “dj” at 
http://www.weather.gov/ohd_files/quickpost/index.php
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Connection to the Hydrologic Ensemble 
Hindcaster and Ensemble Verification 

System (EVS)
• Korn shell scripts developed to run the ensemble 

generation program repeatedly for the user-specified 
verification period to produce precipitation and 
temperature hindcasts
– Hindcast files are in DATACARD format
– Date-Time stamp is attached to the filename of the 

hindcast files
• The hydrometeorological hindcasts may be ingested:

– by the Hydrologic Ensemble Hindcaster to generate 
streamflow ensemble hindcasts

– by the Ensemble Verification System (EVS) for 
verification
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Thank you
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Linked slides follow
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Ranks & climatology 
distribution parameters 

(bin & txt files) for Precip., 
Tmax, & Tmin

Adjustment statistics file 
(ASCII)

Observed historical 
data: MAP/MAT 

CARD file

1. Computing climatology statistics for 
adjustment (daily stats from 5-day 
window, monthly stats, seasonal stats).

2.    Generating TMax & TMin files.

3. Computing ranks & climatology 
distribution parameters:

a. Data pooling based on user-define               
widow  to  get raw parameters.

b. Fourier series smoothing to get final 
parameters.

_______________________________________

Program: epp_long_param

Long-Term Calibration

TMax-TMin 
file (ASCII)

TMax & TMin 
CARD files
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Converting into bfpx format

If the RFC data in other 
format

_________________________

Program: 
epp_pair_precip_data

Observed & 
forecast data in 

RFC-specific 
format (pipeline 

format for  MARFC)

Observed & forecast 
bfpx files 

Computing joint distribution parameters:

a.   Data pooling based on user-defined 
window to get raw parameters

b. Fourier series smoothing to get final  
parameters

Options: lumped or individual time steps

______________________________________

Program: epp_short_param

Precipitation Short-Term Calibration for each lead day

Observed distribution parameters 
(bin & txt files)
Forecast distribution parameters 
& RHO (bin & txt files)
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Generating observed & 
forecast TMax & TMin 

bfpx files

______________________

Program: 
epp_pair_temp_data

TMax-TMin 
file (ASCII)

Computing joint distribution parameters:

a.   Data pooling based on user-defined 
window to get raw parameters

b.   Fourier series smoothing to get final 
parameters

______________________________________

Program: epp_short_param

Temperature Short-Term Calibration for each lead day

MOS TMax & TMin 
forecast data

MOS 
forecast 

station list

Observed & forecast 
TMax & TMin bfpx file 

Observed distribution parameters 
(bin & txt files)
Forecast distribution parameters 
& RHO (bin & txt files)
for TMax and TMin



Nov 28-30, 2006 RFC Short-Term Ensemble Workshop 26

Generating resampled climatology  ensembles 
for 6-hr Precip, 24-hr TMax, & 24-hr TMin

Producing 6-hr MAT ensembles from TMax & 
TMin ensembles

Ranks & climatology 
distribution 
parameters            

(bin & txt files)

Adjustment statistics file 
(ASCII)

Reading available forecasts to select 
the most recent forecast

Adjustment? Writing ensembles in CARD 
format

Yes

No

Long-Term Ensemble Generation for a Segment ID

Shifting resampled climatology 
ensembles to get adjusted ensembles

ESPADP CPC 
forecast file

netCDF 
forecast file

MAP & MAT resampled 
climatology ensembles 

(CARD files)

Writing ensembles in CARD 
format

MAP & MAT adjusted 
ensembles (CARD files)
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Reading 
forecast data

Ranks (bin file) for 
Precip., TMax, & TMin

Short-Term Ensemble Generation for a Segment ID

Writing ensembles 
in CARD format

Observed distribution 
parameters (bin files)
Forecast distribution 
parameters & RHO (bin files)
for Precip., TMax, & TMin

Real-time 6-hr 
forecast data 

(fs5files)

Generating                 
ensemble members        

(fixed distributions) for 
Precip, TMax, & TMin

Producing 6-hr MAT 
ensembles from TMax 
and TMin ensembles

Temperature 
disaggregation file 

(ASCII file)

Computing 24-hr FTMax 
& FTMin from 6-hr FMATMAT ID?

Yes

No

MAT ID?
Yes

No

MAP/MAT short-term 
ensembles (CARD file)
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Back to MethodologyBack to Intermittency
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Schaake Shuffle (hopefully) explained!
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End of all slides


