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Preface
This document serves as the user’s guide for the software application known as the Ensemble Pre-Processor (EPP), developed by the Hydrologic Ensemble Prediction (HEP) Group of NOAA/NWS/OHD/HL.

Intended Audience
This document is intended for use by the forecasters at the River Forecast Centers (RFC) and by the developers and maintainers of the software at OHD.
Scope of Document
This document provides scientific and functional overviews of EPP and step-by-step instructions for running EPP.
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1 Introduction to EPP
The Ensemble Pre-Processor (EPP) is an experimental application for short- and long-term hydrologic ensemble prediction. EPP generates short-term precipitation ensemble forecasts based on single-value forecasts and statistical relationships derived from historical archives of Mean Areal Precipitation (MAP) and Quantitative Precipitation Forecast (QPF). EPP also generates short-term temperature ensemble forecasts using single-value forecasts and statistical relationships derived from historical archives of Mean Areal Temperature (MAT) and Model Output Statistics (MOS) of daily maximum and minimum temperature forecasts. The long-term ensembles of precipitation and temperature are generated from historical observations of precipitation and temperature as “re-sampled” from smoothed, or “climatological,” empirical probability distributions of precipitation and temperature, respectively. Currently, EPP generates long-term ensembles without adjustment based on the Climate Prediction Center’s (CPC) long-range outlooks. 
The EPP-generated ensembles of precipitation and temperature forecast may be input into the Ensemble Streamflow Prediction (ESP) system to produce probabilistic streamflow forecasts. EPP may be used for experimental operational ensemble forecasting at the RFCs and to support continuing research and development of ensemble prediction capabilities at OHD and elsewhere. EPP may run in one of two modes, forecast (i.e. in real-time mode) or hindcast (i.e. in retrospective mode). In the forecast mode, EPP produces short-term ensemble forecasts using real-time forecast data. In the hindcast mode, EPP produces short-term ensemble hindcasts using archived historical forecast data.
1.1 Intended Users of EPP
EPP is intended for use by the operational forecasters at the RFCs and by the developers and scientists at OHD and elsewhere who have access to the National Weather Service River Forecast System (NWSRFS). 
1.2 Components of EPP

EPP consists of the following five programs: 1) epp_long_param, 2) epp_pair_temp_data, 3) epp_pair_precip_data, 4) epp_short_param, and 5) epp_ens_fcst. The first four programs estimate statistical parameters and produce output parameter files needed by the epp_ens_fcst program.
The program epp_long_param reads historical Mean Areal Precipitation (MAP) or Mean Areal Temperature (MAT) time series (TS), rearranges the TS into an ensemble of traces, computes parameters for the probabilistic distribution of the ensemble traces for each forecast lead time, smoothes the parameters, determines the ranks of the ensemble traces, and writes out the results in ASCII and binary files (see Figs 1 and 2). This program runs in non-real time.
The program epp_pair_temp_data selects a MOS forecast station that has a reasonably long record of forecast data and is close to the centroid of the segment of interest, pairs daily maximum and minimum temperature forecasts with the daily maximum and minimum observations for the first five lead days, and writes out the paired data. The paired data files are used by the program epp_short_param to compute the statistical parameters that describe the joint distribution between the observed and the forecast temperature. This program runs in non-real time.

The program epp_pair_precip_data pairs the RFC historical MAP and QPF data for each forecast lead time. The paired data are used by the program epp_short_param to compute the statistical parameters that describe the joint distribution between the observed and forecast precipitation. Note that the current version of this program is not general enough for use by all RFCs due to the fact that the format in which RFCs archive their historical 6-hour MAP and QPF time series varies from one RFC to another. This program runs in non-real time.

The program epp_short_param computes parameters for the joint distribution of observed and forecast precipitation or temperature from the RFC’s data archive. The parameter files generated by this program are used by the epp_ens_fcst program to produce short-term ensemble forecasts. This program runs in non-real time.

The program epp_ens_fcst generates in real time short-term and/or long-term ensemble forecasts of precipitation and temperature (see Fig 1). The short-term ensembles are generated based on single-value forecasts. The long-term ensembles are generated based on re-sampling the climatological distribution. Currently, the long-term ensembles are generated without adjustment based on the CPC’s climate outlooks. The program saves the output ensembles in DATACARD files for ingestion by ESP.

The user must run the parameter estimation programs, epp_long_param and epp_short_param, to generate all parameter files before running the ensemble generator epp_ens_fcst. The user must run epp_pair_temp_data and epp_pair_precip_data before running epp_short_param. The short-term parameters are derived from historical archives of observations and forecasts. Generally, one needs to update the parameter files only when sizable new additional data sets are available. Once all parameter files are generated, the user may run the ensemble generator, epp_ens_fcst, to produce ensemble forecasts of precipitation and temperature from the real-time QPF and QTF, respectively.
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Fig 1. Schematic of the Ensemble Pre-Processor (EPP)

Currently, EPP lacks the functionality to adjust the climatological ensemble traces of precipitation and temperature based on CPC’s long-range predictions (see Fig 1). Some work has been done to incorporate the functionalities of the NWSRFS programs ens_pre and ens_pre_cp into EPP. The work, however, has not been completed. The program ens_pre produces forecast ensemble traces of precipitation and temperature based on historical ensemble traces with adjustments using CPC’s long-range forecasts. The program ens_pre_cp creates statistics files necessary for ens_pre. For details, the reader is referred to Ensemble Pre-Processor Program (ENS_PRE) User Manual and Ensemble Pre-Processor Calibration Program (ENS_PRE_CP) User Manual online at http://www.nws.noaa.gov/oh/hrl/nwsrfs/esp/indexesp.php.
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Fig 2. Schematic description of the program ens_long_param
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Fig 3. Schematic description of the program epp_short_param (for precipitation)
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Fig 4. Schematic description of the program ens_short_param (for temperature)

2 Installation and Setup of EPP
EPP runs in a LINUX environment. The current system operates on the LINUX RED HAT operating system and interfaces with NWSRFS. Before executing any one of the five programs described in Section 1, the user must assign values to a number of Apps-defaults tokens, set up the control file, create input and output directories, and place the input data files in the specified directories.
2.1 Naming Conventions
A file name or directory path is expressed as a combination of the following three elements:

· “$(variable)” representing the string value of the variable name in parentheses, where “variable” is either an Apps-defaults token or a control parameter given in the control file.

· “<description>” representing a character string described by the content in < >.

· A character string representing itself.
“<description>” is also used in control files to denote control parameter values.
The usage is illustrated by the following example where the string expression is given by $(ens_files)/qptf_parm/$(card_file).map.obs_stats.lead<This is integer 1>.txt. If the Apps-defaults token “ens_files” has the value /fs/hseb/rfc/nwsrfs/ens/files/ and the control parameter “card_file” has the value abrfcjd/chtm7.MAP06, then the value of this expression is given by /fs/hseb/rfc/nwsrfs/ens/files/qptf_parm/abrfcjd/chtm7.MAP06.map.obs_stats.lead1.txt.
2.2 Identification of External Location of ESP Input Time Series

Each time series is uniquely identified in the DEF-TS section of the FCINIT segment. The key information from this definition includes 1) the time series identifier, 2) the external location of the FPDB input time series, and 3) the external location of the ESP input time series in DATACARD format. For example, the MFAC1UP MAT time series from the FCINIT punch of the segment MFAC1 (located in CNRFC) is given by:
MFAC1UP   MAT   6      INPUT     FPDB   CARD INPUT 

FOLC1UP    MAT 

esp/mfac1huf/mfac1huf.MAT 
In the above example, MFAC1UP is the TS identifier. The path, esp/mfac1huf/mfac1huf.MAT, is the external location of the ESP input time series. FOLC1UP is the external location of the FPDB input time series. MAT in the second line is the type for the FPDB input time series.
The external location of the FPDB is used to determine the deterministic forecast for this time series (QPF for an MAP time series, QTF for an MAT time series). The external location of the ESP input time series in DATACARD format is used to specify both the input and output directory paths and names for the EPP programs.

Notations such as <ts_path> and <ts_name> are used to indicate the structure of the input and output directory paths and names. With the above example, we have:

<ts_path> = esp/mfac1huf/ 

<ts_name> = mfac1huf.MAT

Then, we have:
<ts_path><ts_name> =esp/mfac1huf/mfac1huf.MAT

2.3 Control File
The control file provides a mechanism for parameterizing execution of the program. A control parameter is associated with a value by an equal sign with no blank spaces around, e.g. token=value, where token is the option and the value is the value assigned to that option. No blank spaces are permitted in the token and value strings. 
2.4 Program Execution Sequence
The following sequence of operation should be followed for the first-time execution of the programs when the system is set up to produce ensemble forecasts of both precipitation and temperature:
· epp_long_param

· epp_pair_precip_data

· epp_pair_temp_data

· epp_short_param

· epp_ens_fcst
If there is no need to produce temperature ensemble forecasts, the third step may be omitted. In the following five sections, we describe each of the above five programs and its operation in detail.

3 Generating Long-Term Parameters Using epp_ long_param
3.1 Overview
The program epp_long_param reads historical Mean Areal Precipitation (MAP) or Mean Areal Temperature (MAT) time series (TS), rearranges the TS into an ensemble of traces, computes statistical parameters for probabilistic distribution of the ensemble traces for each forecast lead time, smoothes the parameters, determines the ranks of the ensemble traces, and writes out the results to ASCII and binary files. For an MAP/MAT TS, this program computes ranks and the following quantities, as smoothed by Fourier-series approximation:

· probability of precipitation (PoP),

· conditional mean,

· conditional standard deviation, and

· conditional coefficient of variation (CV).
Using these parameters, the ensemble generator epp_ens_fcst may produce ensemble traces from the re-sampled climatology. Below, we describe the process in some detail. Note that the program epp_long_param can only process one segment for each run.

A multi-year MAP TS is broken into an ensemble of year-long traces from which the above four statistics may be calculated. It is convenient to view an MAP TS ensemble as a 2-dimensional array where the years the TS covers span one dimension and the time steps in a year span the other. Then, a sequence of values taken from an ensemble for a forecast lead time across all years are ranked in the following manner. The greatest value in the sequence is associated with integer N, where N is the total number of elements in the sequence, and the next greatest value is associated with N-1, etc. The statistics may be computed from samples taken from an ensemble, where a sample is a collection of values of an ensemble taken from a fixed number of consecutive days (i.e. a running window) across all years of the ensemble. Because of the diurnal variation of precipitation, a sample is collected for the same time period from each day of the running window, i.e., from those time steps that are numbered identical within each day of the running window. The statistical quantities listed above are conditional in that they are computed using only the positive values of the sample. Finally, to smooth the statistical quantities over a period of a year, the time series of the statistical quantities are approximated by Fourier series.
3.2 Apps-defaults Tokens Required

The program epp_long_param uses the following Apps-defaults tokens:

calb_area_ts_dir

ens_files
3.3 Control File
3.3.1 File name and location
Name:

Any valid UNIX string

Location:
Anywhere convenient for running the program
3.3.2 File format
Comment lines are preceded with a # sign:

# This program can process one segment each run.

map_mat=<map or mat>
card_file=<MAP/MAT ts_path><MAP/MAT ts_name>

window_size=<an odd integer>

3.3.3 Control parameters
map_mat - This control parameter specifies the data type for the input data file. Use string “map” if it is an MAP CARD file, “mat” if it is an MAT CARD file. 

card_file - This control parameter specifies the external location of the ESP card file. See Subsection 2.2 Identification of External Location of ESP Input Time Series for details.

window_size –This control parameter takes on an odd integer. It specifies the window size for data pooling in computation of statistical parameters.
3.3.4 Example
# This is an example.

map_mat=mat

card_file= esp/mfac1huf/mfac1huf.MAT
window_size=15
3.4 Input Files and Their Paths
The input MAP/MAT TS file must be in DATACARD format. This is the file used by the ESP program to generate streamflow ensembles:
$(calb_area_ts_dir)/$(card_file)

3.5 Output Files and Their Paths

Output data files from an epp_long_param run for one segment for precipitation parameters are:

$(ens_files)/qptf_parm/$(card_file).map.obs_stats.txt

$(ens_files)/qptf_parm/$(card_file).map.obs_stats.bin

$(ens_files)/qptf_parm/$(card_file).map.ranks.txt

$(ens_files)/qptf_parm/$(card_file).map.ranks.bin

Output data files from an epp_long_param run for one segment for temperature parameters are:

$(ens_files)/qptf_parm/$(card_file).max

$(ens_files)/qptf_parm/$(card_file).min

$(ens_files)/qptf_parm/$(card_file).maxmin

$(ens_files)/qptf_parm/$(card_file).max.obs_stats.txt

$(ens_files)/qptf_parm/$(card_file).max.obs_stats.bin

$(ens_files)/qptf_parm/$(card_file).max.ranks.txt

$(ens_files)/qptf_parm/$(card_file).max.ranks.bin
$(ens_files)/qptf_parm/$(card_file).min.obs_stats.txt

$(ens_files)/qptf_parm/$(card_file).min.obs_stats.bin

$(ens_files)/qptf_parm/$(card_file).min.ranks.txt

$(ens_files)/qptf_parm/$(card_file).min.ranks.bin
3.6 Log File
The log file records input and output directory paths, and error messages:

Name - Any valid UNIX string.

Location - The user’s current directory unless a full directory path is supplied.
If the log file already exists, the output will be appended.
3.7 Program Execution
At the command line prompt, type:

epp_long_param <control file> <log file>

Example:


epp_long_param  MPLP1JUN.ctl  /tmp/myLog
The output directory must exist before running the program. (If desired, an additional feature of automatically creating output directories by the program may be added in the next version.) Full path may be used for the files specified on the command line. 

4 Generating Paired Temperature Data Using epp_pair_temp_data
4.1 Overview
This program selects a MOS station that has a reasonably long record of forecast data and is close to the centroid of the segment, pairs daily maximum and minimum temperature forecasts with daily maximum and minimum observations produced by running epp_long_param on MAT data for the first five lead days, and writes out the paired data. The paired data files are used by the program epp_short_param to compute the statistical parameters that describe the joint distribution between the observed and the forecast temperature. 

4.2 Required Apps-defaults Tokens
This program uses the following Apps-defaults tokens:

ens_files

mos_data_dir

bfpx_dir
4.3 Control File

4.3.1 File name and location
Name:

Any valid UNIX string

Location:
Anywhere convenient for running the program

4.3.2 File format
Comment lines are preceded with a # sign.

# This program can only process one segment each run.

segment_id=<ID for the segment to be processed>

card_file=<MAT ts_path><MAT ts_name>

centroid_lat=<Latitude of the segment centroid>

centroid_lon=<Longitude of the segment centroid>
4.3.3 Control parameters
Segment_id – This control parameter specifies the ID of the segment to be processed.
Card_file –This control parameter specifies the external location of the ESP card file.
centroid_lat – This control parameter specifies the latitude of the centroid of the segment.
centroid_lon – This control parameter specifies the longitude of the centroid of the segment.
4.3.4. Example
# This is an example.

segment_id=CHTM7

card_file=stens/CHTM7.MAT
centroid_lat=37.1

centroid_lon=-93.9
4.4 Input Files and Their Paths
Input data for one segment include:

$(ens_files)/qptf_parm/$(card_file).maxmin

$(mos_data_dir)/mos_data.max

$(mos_data_dir)/mos_data.min

$(mos_data_dir)/stnlist.txt
4.5 Output Files and Their Paths

Output data for one segment include:

$(bfpx_dir)/$(card_file).max.lead<#>.bfpx

$(bfpx_dir)/$(card_file).min.lead<#>.bfpx
In the above, “#” runs 1 through 5.

4.6 Log File
The log file records input, output, and error messages:
Name - Any valid UNIX string.

Location - User’s current directory unless a full path is supplied.

If the log file already exists, log output will be appended.

4.7 Program Execution
At the command line prompt, type:

epp_pair_temp_data <control file> <log file>
For example, one may have:
epp_pair_temp_data  MPLP1JUN.ctl  /tmp/myLog
Note that:
· The output directory must exist before the program can be run. (If desired, an additional feature of automatically creating output directories by the program may be added in the next version.) 
· Either one or both of the files specified on the command line may include a full path. 
5 Generating Paired Precipitation Data Using epp_pair_precip_data
5.1 Overview
Currently, this program exists only in a preliminary form. It is not general enough for use by all RFCs due to the fact that the format in which RFCs archive their historical 6-hour MAP and QPF time series varies from one RFC to another. This program is used to pair the RFC historical MAP and QPF data for each forecast lead time. The paired data are used by the program epp_short_param to compute the statistical parameters that describe the joint distribution between observed and forecast precipitation. 
5.2 Required Apps-defaults Tokens
This program uses the following Apps-defaults tokens:

<This token points to directories that store MAP data files>

<This token points to directories that store QPF data files>

bfpx_dir
5.3 The Control File
To be determined.

5.3.1 File name and location
Name:

Any valid UNIX string

Location:
Anywhere convenient for running the program
5.3.2 Control file format
Comment lines are preceded with a # sign:
# This program can only process one segment each run.

segment_id=<ID for the segment to be processed>

card_file=<MAP ts_path><MAP ts_name>

num_lead_days=<The number of lead days to generate  paired data for>
5.3.3 Control parameters
segment_id - This control parameter specifies the ID of the segment ID to be processed.
card_file - This control parameter specifies the external location of the ESP card file. See Subsection 2.2 Identification of External Location of ESP Input Time Series for details.
num_lead_days – This control parameter specifies the number of lead days for which the paired data are to be generated.
5.3.4 An Example
# This is an example.

segment_id=CHTM7

card_file=abrfcjd/ chtm7.MAP06

num_lead_days=2
5.4 Input Files and Their Paths
To be determined.

5.5 Output Files and Their Path

5.5.1 Output data for one segment:
$(bfpx_dir)/$(card_file).map.lead<#>.bfpx
In the above, “#” runs from 1 through $(num_lead_days)
5.6 Log File
The log file records input, output, and error messages:
Name - Any valid UNIX string.

Location - User’s current directory unless a full path is supplied.

If the log file already exists, log output will be appended.
5.7 Program Execution
At the command line prompt, type:

epp_pair_precip_data <control file> <log file>
For example, one may have:


epp_pair_precip_data  MPLP1JUN.ctl  /tmp/myLog
The output directory must exist before the program can be run. (If desired, an additional feature of automatically creating output directories by the program may be added in the next version.) Either one or both of the files specified on the command line may include a full path. 
6 Generating Short Term Parameters Using epp_ short_param
6.1 Overview
The epp_short_param program computes parameters for the joint distribution of historical observed and forecast precipitation or temperature from RFC’s data archive. The parameter files generated by this program are used by the epp_ens_fcst program to produce short-term ensemble forecasts.
6.2 Required Apps-defaults Tokens
This program uses the following Apps-defaults tokens:

ens_files

bfpx_dir
6.3 The Control File
6.3.1 File name and location
Name - Any valid UNIX string

Location - Anywhere convenient for running the program
6.3.2 Control file format
Comment lines are preceded with a # sign:

# This program can only process one segment each run.

map_mat=<map or mat>

card_file=<MAP/MAT ts_path><MAP/MAT ts_name>

window_size=<an odd integer>

num_lead_days=<The number of lead days for MAP/MAT BFPX files>
6.3.3 Control parameters
map_mat – This control parameter specifies the data type for the input data file. Use string “map” if it is an MAP CARD file; “mat” if it is an MAT CARD file. 

card_file - This control parameter specifies the external location of the ESP card file. See Subsection 2.2 Identification of External Location of ESP Input Time Series for details.

num_lead_days – This control parameter specifies the number of lead days for which the paired data are to be generated.
6.3.4 An Example
# This is an example.

map_mat=map

card_file=abrfcjd/chtm7.MAP06

window_size=91

num_lead_days=2
6.4 Input Files and Their Paths
Input data for one segment:

$(bfpx_dir)/$(card_file).map.lead<#>.bfpx

or

$(bfpx_dir)/$(card_file).max.lead<#>.bfpx

$(bfpx_dir)/$(card_file).min.lead<#>.bfpx
6.5 Output Files and Their Paths
Output data files of precipitation run for one segment:

$(ens_files)/qptf_parm/$(card_file).map.fcst_stats.lead<#>.bin

$(ens_files)/qptf_parm/$(card_file).map.fcst_stats.lead<#>.txt

$(ens_files)/qptf_parm/$(card_file).map.obs_stats.lead<#>.bin

$(ens_files)/qptf_parm/$(card_file).map.obs_stats.lead<#>.txt
In the above, “#” runs 1 through $(num_lead_days).
Output data files of temperature run for one segment:

$(ens_files)/qptf_parm/$(card_file).max.fcst_stats.lead<#>.bin

$(ens_files)/qptf_parm/$(card_file).max.fcst_stats.lead<#>.txt

$(ens_files)/qptf_parm/$(card_file).max.obs_stats.lead<#>.bin

$(ens_files)/qptf_parm/$(card_file).max.obs_stats.lead<#>.txt

$(ens_files)/qptf_parm/$(card_file).min.fcst_stats.lead<#>.bin

$(ens_files)/qptf_parm/$(card_file).min.fcst_stats.lead<#>.txt

$(ens_files)/qptf_parm/$(card_file).min.obs_stats.lead<#>.bin

$(ens_files)/qptf_parm/$(card_file).min.obs_stats.lead<#>.txt

In the above, “#” runs from 1 through 5.
6.6 Log File
The log file records input and output directories, and error messages:

Name - Any valid UNIX string.

Location - User’s current directory unless full path is supplied.
If the log file already exists, log output will be appended.
At the command line prompt, type:

epp_short_param <control file> <log file>

For example, one may have:


epp_short_param  MPLP1JUN.ctl  /tmp/myLog

Note that:
· The output directory must exist before the program can be run. (if desired, an additional feature of automatically creating output directories by the program may be added in the next version.) 

· Either one or both of the files specified on the command line may include a full path. 
7 Generating Ensemble Forecasts Using epp_ens_fcst
7.1 Overview
The program epp_ens_fcst generates short- and/or long-term forecast/hindcast ensembles for precipitation and/or temperature. The short-term ensembles are generated based on single-value forecasts. The long-term ensembles are generated by re-sampling historical traces based on smoothed climatological distribution. Currently, no adjustments are made to the ensembles based on the CPC’s climate outlooks. The program saves the output ensemble in the DATACARD format for ingest by ESP.
Depending on the availability of data, the program epp_ens_fcst generates ensembles in a number of different ways.

If both the single-value forecast (i.e. QPF for precipitation and QTF for temperature) and the short-term statistical parameters are available for a given forecast lead time, the conditional distribution for future precipitation or temperature given the current single-value forecast, as derived from the joint relationship between the past forecasts and observations, is used. The ranks computed by the program epp_long_param (see Figs 1 and 2) are applied to shuffle the individual ensemble members in such a way that the position (rank) of, e.g., the largest ensemble member corresponds to that of the largest value in the climatological ensemble, for each forecast lead time. By assigning the ranks associated with the climatological ensemble to the forecast ensemble, the natural variability of precipitation and temperature present in the historical observations is retained.

If either the single-value forecasts or the short-term statistical parameters are not available for a given forecast lead time, an ensemble is generated by sampling the “smoothed” climatological distribution obtained from smoothed parameters of the “raw” climatological distribution. The resulting ensemble is also ranked according to the climatological ensemble for each lead time. The reason for smoothing is that, statistically, the climate (and therefore the climatological distribution) should vary smoothly from day to day during the course of a year.

If the CPC long-range forecasts are available, the re-sampled ensembles can be adjusted based on them. This functionality, however, is currently not available in EPP.
The program epp_ens_fcst operates in two modes, forecast and hindcast. In the forecast mode, the program reads real-time QPF and/or QTF values from the fs5files database. In the hindcast mode, the program reads historical QPF values and/or 24-hour maximum and minimum temperature values from the files in a special format known as BFPX (see Appendix B). The selection of the mode of operation is described below in Subsection 7.3.3 Control Parameters.
7.2 Apps-defaults Tokens
This program uses the following Apps-defaults tokens:

ofs_fs5files

ens_files

calb_area_ts_dir

qptf_parm_dir
default: $(ens_files)/qptf_parm

bfpx_dir

enspre_griddb 
default: $(FXA_DATA)Grid/SBN/netCDF/CONUS211/CPCoutlook

ens_msglog_level

preadj_outts_dir 
default: $(calb_area_ts_dir)/pre
7.3 Control File

7.3.1 File name and location
Name - Any valid UNIX string

Location - Anywhere convenient for running the program



7.3.2 Control file format
This program is designed to process multiple run areas. A run area is either a forecast group or a forecast segment. The current version of the program, however, does not work for forecast group processing. The control parameters are either mandatory or optional. The mandatory parameters must be specified in the control file. The optional parameters may be specified, or default values may be assigned to them by the program. With the exception of parameters end_time, run_status, run_type and run_area_id, the order of the parameters given in the control file is not important. Comments are allowed in the control file, and are preceded with a “#” sign. 

The following illustrates the general format of the control file:

end_time=<mmddyyyyhhZ>

# First run area.

run_type=<fgroup or segment>

run_area_id=<fgroup id or segment id>

do_adjustment=<true or false>

cpc_forecast=<File name prefix>.cpc

centroid_lat=<Example: 28.00>

centroid_lon=<Example: ‑84.00>

dummy_dtype=<Example: MAPX>

precip_cap=<Example: 3.0>

qpf=<Example: 1.35>

units=< Example: MM,DEGC>

run_status=end_run_area

# Second run area.

:

run_status=end_run_area

run_status=end_file
7.3.3 Control parameters
start_time - This is an optional control parameter that specifies the start time of hindcast if it is present in the control file. If this parameter is not given in the control file, the run will be in forecast mode and run start time will be determined by the method given in Subsection 7.8.1 below. Its value must be in the “mmddyyyy18Z” format, where “Z” is a required character. Note that this parameter should appear only once in the control file, and as the first parameter. Example: start_time=0430200518Z
end_time - This is a mandatory parameter that specifies the end of forecast/hindcast time. Must be in the “mmddyyyy12Z” format, where “Z” is a required character. This parameter must be specified in the control file. Note that this parameter should appear only once in the control file and as the first or the second parameter depending on the absence or presence of the start_time parameter in the control file. It must also be less than a year beyond the start of ensemble generation and use a four-digit year. Example: end_time=0501200512Z
run_type - This is a mandatory parameter that specifies whether a single segment or an entire forecast group will be processed. Acceptable values are “segment” or “fgroup”. This parameter must be specified in the control file. This control parameter must precede the control parameter run_area_id. Note that all segments of the forecast group must have short-term parameters for this option to work. Do not use run_type=fgroup with this version. Example: run_type=segment
run_area_id – This is a mandatory parameter that specifies area identifier (segment or forecast group) to process. This is used as a prefix for a number of input files. This parameter must be specified in the control file. Example: run_area_id=MPLP1JUN
do_adjustment – Set this parameter to “false” because the current version of EPP does not do ensemble adjustments using CPC forecasts. This is an optional parameter that turns on or off the CPC adjustment of the ensembles created. Acceptable values are “true” and “false.” Defaults to do_adjustment=true if valid keyword=value pair is present in the control file. Example: do_adjustment=false 

cpc_forecast – Do not use this parameter because the current version of EPP does not do ensemble adjustments using CPC forecasts. This is an optional parameter that specifies the name of the input file containing the CPC forecasts. This file should end with string “.cpc”. Example: cpc_forecast=JUN.cpc 

centroid_lat – Do not use this parameter because the current version of EPP does not do ensemble adjustments using CPC forecasts. This is an optional parameter that specifies the latitude of the centroid of the area in decimal degrees. This is used only if the forecast is taken from the netCDF grid files. No default value will be given to the parameter if valid keyword=value pair is not found in the control file. Note that, if run_type=fgroup, this value will be used for each segment processed as part of a forecast group. Example: centroid_lat=38.753
centroid_lon – Do not use this parameter because the current version of EPP does not do ensemble adjustments using CPC forecasts. This is an optional parameter that specifies the latitude of the centroid of the area in decimal degrees. This is used only if the forecast is taken from the netCDF grid files. No default value will be given to the parameter if valid keyword=value pair is not found in the control file during program execution. Note that , if run_type=fgroup, this value will be used for each segment processed as part of a forecast group. Example: centroid_lon=-78.62443
dummy_dtype - This is an optional parameter that is used to suppress the use of certain FPDB TS. It defaults to “MAPX” if valid keyword=value pair is not found. For example, the ABRFC stores 1-hour MAPX time series in the FPDB but not MAP time series. In this case, dummy_dtype=MAP must be used. Example: dummy_dtype=MAP.
precip_cap - This is an optional parameter that specifies the maximum value for capping precipitation amount. Any ensemble values larger than this value will be capped in the output. There is no default value assigned to this parameter if valid keyword=value pair is not found during execution. The default unit is inches, but can be modified with the units token described below. Example:  precip_cap=1.0
qpf – This is an optional parameter that specifies additional qpf values to be added to the time series in the OFS processed database that will be retrieved by the program. The values specified by this parameter will be added to the time steps following the end of the short-term forecast values in the OFS processed database. This option offers a way of adding forecasts from the control file to augment the forecasts extracted by the program from the database. This option offers a way of generating day 3 ensembles by using day 2 parameter files. The default unit is inches, but can be modified with the units token described immediately below. Example: qpf=1.4,0.8
units - Defines the units for the precip_cap and the qpf parameters. Also defines the output precipitation and temperature units. The default is inches (IN) and degrees Fahrenheit (DEGF). Other acceptable input is millimeters (MM) and degrees Celsius (DEGC). Example: units=MM,DEGC

run_status - This parameter specifies the end of a run_area_id “group” or the end of the control file. Acceptable values are “end_run_area” (corresponding to the end of a run_area_id) and “end_file” which signals the end of parameters for all run areas (i.e. segments or forecast groups). The “run_status=end_run_area” is required after each run area for successful execution of ensemble creation. Following run_status=end_run_area, a new sequence of parameters may be provided, allowing processing of multiple segments or forecast groups. This new sequence may include some or all of the parameters listed above. The “run_status=end_file” is required at the end of all run areas. Examples: run_status=end_run_area, run_status=end_file
7.3.4 Example
end_time=0630200512Z

# Run area one

run_type=fgroup

run_area_id=JUN

do_adjustment=true

cpc_forecast=JUN.cpc

centroid_lat=45.00

centroid_lon=‑124.91

qpf=0.07

run_status=end_run_area

run_status=end_file
7.4 Input Files and Their Paths

fs5files:

$(ofs_fs5files)/<fs5files for a RFC>

Note that: 

· The fs5files directory, contains information about <ts_path> and <ts_name> as well as QPF and QTF data.
· Either <fgroup_id> or <segment_id> may be specified in the input control file. If <segment_id> is specified, the program will acquire <fgroup_id> from the fs5files for the specified segment <segment_id>. If <fgroup_id> is specified, the fs5files will be queried to provide a list of <segment_id> values to process.

Input files for ensemble generation in the hindcast mode:

$(bfpx_dir)/<map ts_path><map ts_name>.map.lead<#>.bfpx

$(bfpx_dir)/<mat ts_path><mat ts_name>.max.lead<#>.bfpx

$(bfpx_dir)/<mat ts_path><mat ts_name>.min.lead<#>.bfpx

In the above, the “#“ sign represents lead day number, e.g., lead 1.

Short-term and long-term parameter files:

$(ens_files)/qptf_parm/<map ts_path><map ts_name>.map.obs_stats.bin

$(ens_files)/qptf_parm/<map ts_path><map ts_name>.map.ranks.bin

$(ens_files)/qptf_parm/<map ts_path><map ts_name>.map.ranks.txt

$(ens_files)/qptf_parm/<map ts_path><map ts_name>.map.fcst_stats.lead<#>.bin

$(ens_files)/qptf_parm/<map ts_path><map ts_name>.map.obs_stats.lead<#>.bin

$(ens_files)/qptf_parm/<mat ts_path><mat ts_name>.max.obs_stats.bin

$(ens_files)/qptf_parm/<mat ts_path><mat ts_name>.max.ranks.bin

$(ens_files)/qptf_parm/<mat ts_path><mat ts_name>.max.ranks.txt

$(ens_files)/qptf_parm/<mat ts_path><mat ts_name>.min.obs_stats.bin

$(ens_files)/qptf_parm/<mat ts_path><mat ts_name>.min.ranks.bin

$(ens_files)/qptf_parm/<mat ts_path><mat ts_name>.min.ranks.txt

$(ens_files)/qptf_parm/<mat ts_path><mat ts_name>.max.fcst_stats.lead<#>.bin

$(ens_files)/qptf_parm/<mat ts_path><mat ts_name>.max.obs_stats.lead<#>.bin

$(ens_files)/qptf_parm/<mat ts_path><mat ts_name>.min.fcst_stats.lead<#>.bin

$(ens_files)/qptf_parm/<mat ts_path><mat ts_name>.min.obs_stats.lead<#>.bin
Note in the above that:

· Binary files are designated with a “.bin” ending,

· Only bin parameter files are read by the program,

· The values of the long-term parameter files are in LST, and

· The values of the short-term parameter files are on Z clock.

The temperature dis-aggregation file:

$(ens_files)/qptf_parm/<mat ts path><ts name>.disag
Note that the *.disag file is a text file that contains the parameters for deriving 6-hour temperature ensemble values from the 24-hour maximum and minimum temperature ensemble values computed internally by the ens_pre_s program using the formula below.
For a time period from 12Z to 12Z, T(i) = Tmin + disag(i)*(Tmax-Tmin), i = 1…4, where i = 1 corresponds to the 6 hour time step 12-18 Z and so forth. There are 4 parameter values for each forecast lead day.
7.4.1 Input files for CPC ensemble adjustment

ESPADP CPC file:

$(ens_files)/cpc_fcsts/$(cpc_forecast)

Note that the short- and medium-term forecasts are in internal time (12Z - 12Z). The monthly and seasonal forecasts can be treated as internal time. This file is created via the espadp GUI.

NetCDF grid files: 

$( enspre_griddb)<yyyymmdd>_* 

Note that the grid forecasts are treated as in Z time. 
Statistics files:

$(ens_files)/cpc_fcsts/stats/<segment id>_precip.stat

$(ens_files)/cpc_fcsts/stats/<segment id>_temp.stat

Note that:
· These files are output from the ens_pre_cp program. DO NOT EDIT THE PARAMETRIC STATISTIC FILES, and
· The values in these files are in LST.
7.5 Output Files and Their Paths

The resulting time series are created in DATACARD format. In this format the time series are available for viewing in ESPADP and for ESP processing in the NWSRFS FCST program. 

MAP or MAT DATACARD files:

$(preadj_outts_dir)/<map ts path><map ts name>

and/or

$(preadj_outts_dir)/<mat ts path><mat ts name>

Note that the time series are in internal time.

7.6 Log File
The log file records input, output, and error messages. The name and location of the diagnostic log file are a user input, and are written to the user’s current directory unless a path is supplied. This log file records most errors and informational messages. Note that, if the log file already exists, log output will be appended.

Name - Any valid Unix string.

Location - User’s current directory unless full path is supplied.

Note that, if the log file already exists, log output will be appended.
7.7 Program Execution
At the command line prompt, type:

epp_ens_fcst <control file> <log file>
Example: epp_ens_fcst  MPLP1JUN.ctl  /tmp/myLog

Note that:
· The output directory must exist before the program can be run. (If desired, an added feature of creating output directories automatically by the program may be added in the next version.) 
· Either one or both of the files specified on the command line may include a full path. 
7.8 Operation
7.8.1 Determination of run start time in the forecast mode
In the forecast mode, the program automatically determines the start run time (valid time at the end of the first timestep of the forecast lead time) for each segment by searching the OFS processed database for the last observed value. All observations from the start date and time to the end of observations are included in the ensembles. The program determines the last observed data stored in the processed database and then calculates the start date-time as follows: 

· If the last observation falls between 12Z and 24Z, the start date-time is 12Z of the last day of observations.
· If the last observation falls between 24Z and 12Z, the start date-time is 12Z of the day previous to the last day of observations.

Examples (assuming a six hour time series): 

Last Observation: 
Start time:

Number of Observation Steps:

09/08/2004 18Z
09/08/2004 12Z
1

09/08/2004 24Z
09/08/2004 12Z
2

09/09/2004 06Z
09/08/2004 12Z
3

09/09/2004 12Z
09/09/2004 12Z
0
7.8.2 Ensemble adjustment
This subsection can be ignored since the current version of the program does not do ensemble adjustments.

The adjustment of the ensemble members is done using either the CPC forecast files generated with espadp or the netCDF grid files. The centroid of the area being run is used to find a representative value of the forecast for the entire area. The centroid is input via the control file. If no centroid is provided, the program will extract the CPC forecast information from the CPC forecast file.

The epp_ens_fcst program compares the dates of the forecasts in the netCDF files and the dates of the forecasts in the CPC forecast file. The program uses the forecast contained in either the netCDF files or the CPC forecast file, whichever is more recent. If the netCDF file and the CPC forecast file have the same date, the CPC forecast file is used. In this way the user may override the netCDF grids simply by entering alternate values into the CPC forecast file through espadp. The program reads the 1-5 and 6-10 day forecasts from the “CPC forecast” file. If those forecasts are valid for the current run they will be used. If they are not valid they will not be used.

7.8.3 Generation of re-sampled climatology ensembles
In the hindcast mode, if the user points token bfpx_dir to a directory that contains no bfpx files, the program will produce re-sampled climatology ensembles for the time period specified in the input control file. 
7.9 Link to ESP
During execution, epp_ens_fcst links the QME and MAPE files in the $(calb_area_ts_dir) directory to the $(preadj_outts_dir) directory so that, when the ESP later ingests precipitation and/or temperature ensemble forecasts, it may access the QME files with the calb_area_ts_dir token pointed to $(preadj_outts_dir).

Appendix A

List of Acronyms
ABRFC

Arkansas-Red River Basin River Forecast Center

AHPS

Advanced Hydrologic Prediction Service

AWIPS

Advanced Weather Interactive Processing System

CDC

Climactic Diagnostic Center

CPC       
Climactic Prediction Center

CNRFC

California Nevada River Forecast Center

EPP


Ensemble Pre-Processor

ESP


Ensemble Streamflow Prediction

GFS

Global Forecasting Subsystem

HEP

Hydrologic Ensemble Prediction Group

HL


Hydrology Laboratory

HPC

Hydrometeorological Prediction Center

HSEB

Hydrologic Software Engineering Branch

MAP

Mean Areal Precipitation

MAT

Mean Areal Temperature

MARFC

Middle Atlantic River Forecast Center

NCEP

National Centers for Environmental Prediction

NOAA

National Oceanic and Atmospheric Administration

NWSRFS
National Weather Service River Forecast System

NWS

National Weather Service

OCWWS
Office of Climate, Weather and Water Services 

OHD

Office of Hydrologic Development

QPF

Quantitative Precipitation Forecast

QTF

Quantitative Temperature Forecast

RFC

River Forecast Center
Appendix B

BFPX File Format
The paired precipitation and temperature data produced by EPP programs epp_pair_temp_data and epp_pair_precip_data are stored in files in a special format called BFPX format. This format is described below. 

For each segment, there is one bfpx file for each lead day with observed and forecast values. Convention for the file name of a BPFX file is the following:

For precipitation BFPX file: 
<map ts name>.map.lead<lead day number>.bfpx 
For maximum temperature BFPX file: 
<mat ts name>.max.lead<lead day number>.bfpx
For minimum temperature BFPX file: 
<mat ts name>.min.lead<lead day number>.bfpx 
See section 2.2 for definition of <map ts name> and <mat ts name>.
An example: chtm7.MAP06.map.lead1.bfpx

Missing values in the BFPX file are identified as -999.99. Data values for observations and forecasts need to be given in the format of “f10.2” and in English or metric units (inches/millimeter and degrees Celsius/Fahrenheit). 

BFPX files for Precipitation
Row 1 specifies time series identifier, number of days of data in the file, first date of data (format: mmddyyyy00z), last date of data (format: mmddyyyy00z), and units (IN or MM), all separated by one or more blank spaces.
Row 2 specifies the following string to identify the data in the file.
DATE OBS24 RFC24 OBS6(1) OBS6(2) OBS6(3) OBS6(4) RFCG(1) RFC6(2) RFC6(3) RFC6(4)

Other rows specify observations and forecasts for each day
Col 1-8 Date in mmddyyyy format relative to the observed values
Col 9-18 OBS24 value: the 24-hr observed value (0Z-24Z) for this date 

Col 19-28 WC24 value: the 24-hr forecast value (0Z-24Z) for this date 

Col 29-38 OBS6(1) value: the 6-hr observation for this date for period 1 (0Z-6Z) 

Col 39-48 OBS6(2) value: the 6-hr observation for this date for period 2 (6Z-12Z) 

Col 49-58 OBS6(3) value: the 6-hr observation for this date for period 3 (12Z-18Z) 

Col 59-68 OBS6(4) value: the 6-hr observation for this date for period 4 (18Z-24Z) 

Col 69-78 WC6(1) value: the 6-hr forecast issued for this date for period 1 (0Z-6Z)

Col 79-88 RFC6(2) value: the 6-hr forecast issued for this date for period 2 (6Z-12Z) 

Col 89-98 RFC6(3) value: the 6-hr forecast issued for this date for period 3 (12Z-18Z) 

Col 99-108 RFC6(4) value: the 6-hr forecast issued for this date for period 4 (18Z-24Z)

Example for huntingdon.MAP06.map.lead1.bfpx

[image: image5.emf]
BFPX files for Maximum/Minimum Temperature
Row 1 specifies time series identifier, number of days of data, first date of data (format: mmddyyyyooz), last date of data (format mmddyyyy00z), units (DC or DF), all separated by one or more blank spaces.

Row 2 specifies the following string to identifiy the data in the file. 

DATE  OBS  FCST

Other rows specify observations and forecasts for each day
Col l-8 Date in mmddyyyy format for the observed values
Col 9-18 OBS24 value: the daily observed value for this date 
Col 19-28 RFC24 value: the daily forecast value for this date

Example for huntingdon.MAT.max.lead1.bfpx

[image: image6.emf]
Example for huntingdon.MAT.min.lead1.bfpx
[image: image7.emf]
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