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Abstract The HY SPLIT_4 (Hybrid Single-Particle Lagrangian Integrated Traectory) Model
installation, configuration, and operating procedures are reviewed. Examples are given for setting up the
model for trgjectory and concentration simulations, graphical displays, and creating publication quality
Illustrations. The model requires specially preformatted meteorological data. Programs that can be used
to create the model's meteorological input data are described. The User's Guide has been restructured so
that the section titles match the GUI help menu tabs. Although this guide is designed to support the PC
and Unix versions of the program, the executable of the on-line web version isidentical. The only
differences are the options available through the interface.

Features

The HY split_4 (HY brid Single-Particle Lagrangian Integrated Trajectory) model is a complete system
for computing trajectories complex dispersion and deposition simulations using either puff or particle
approaches.2 It consists of amodular library structure with main programs for each primary application:
trajectories and air concentrations.

Gridded meteorological data, on one of three conformal (Polar, Lambert, Mercator) map projections, are
required at regular time intervals. Versions 4.5 and higher al'so support computations on aregular
|atitude-longitude grid. The input data are interpolated to an internal sub-grid centered to reduce memory
requirements and increase computational speed. Calculations may be performed sequentially or
concurrently on multiple meteorological grids, usually specified from fine to coarse resolution.

Air concentration cal culations require the definition of the pollutant's emissions and physical
characteristics (if deposition is required). When multiple pollutant species are defined, an emission
would consist of one particle or puff associated with each pollutant type. Alternately, the mass
associated with a single puff may contain several species. The latter approach is used for calculation of
chemical transformations when all the species follow the same transport pathway. Some ssimple

http://www.arl.noaa.gov/userguide/S000.htm (1 of 8)12/5/2005 3:50:45 AM



HY SPLIT4 USER's Guide Overview (S000)

chemical transformation routines are provided with the standard model distribution.

The dispersion of apollutant is calculated by assuming either a Gaussian or Top-Hat horizontal
distribution within a puff or from the dispersal of afixed number of particles. A single released puff will
expand until its size exceeds the meteorological grid cell spacing and then it will split into severa puffs.
An dternate approach combines both puff and particle methods by assuming a puff distribution in the
horizontal and particle dispersion in the vertical direction. The resulting calculation may be started with
asingle particle. Asits horizontal distribution expands beyond the meteorological grid size, it will split
into multiple particle-puffs, each with their respective fraction of the pollutant mass. In this way, the
greater accuracy of the vertical dispersion parameterization of the particle model is combined with the
advantage of having an expanding number of particles represent the pollutant distribution as the spatial
coverage of the pollutant increases and therefore a single particle can represent increasingly lower
concentrations,

Air concentrations are calculated at a specific grid point for puffs and as cell-average concentrations for
particles. A concentration grid is defined by latitude-longitude intersections. Simultaneous multiple grids
with different horizontal resolutions and temporal averaging periods can be defined for each simulation.
Each pollutant species is summed independently on each grid.

The routine meteorological data fields required for the calculations may be obtained from existing
archives or from forecast model outputs already formatted for input to HY SPLIT. In addition, several
different pre-processor programs are provided to convert NOAA, NCAR (National Center for
Atmospheric Research) re-analysis, or ECMWF (European Centre for Medium-range Wesather
Forecasts) model output fields to aformat compatible for direct input to the model. The model's
meteorological data structure is compressed and in "direct-access' format. Each time period within the
datafile contains an index record that includes grid definitions to locate the spatial domain, check-sums
for each record to ensure data integrity, variable identification, and level information. These datafiles
require no conversion between computing platforms.

The modeling system includes a Graphical User Interface (GUI) to set up atrajectory, air concentration,

or deposition simulation. The post-processing part of the model package incorporates graphical
programs to generate multi-color or black and white publication quality Postscript printer graphics.

A complete description of all the equations and model cal culation methods for tragjectories and air
concentrations has been publishedd and it is also available on-line. The on-line and the version included

with the PC installation contains all the most recent corrections and updates.

Pre-Installation Preparation

There are two installation programs that can be downloaded. The trial version (setup47U.exe - 25 Mb)
available to anyone and afully functional version (setup47R.exe - 15 Mb) that requires a user
registration through the web site. Both versionsidentical, except the trial version will not work with
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forecast meteorological datafiles. In addition, several supplemental programs (Ghostview and Tcl/Tk)
are packaged with thetrial version for convenience. It is assumed that these would have already been
installed when the registered version isinstalled on top of thetrial version.

The self-installing executable contains only HY SPLIT related programs. No additional softwareis
required to run asimulation if the command line interface is sufficient. To enable the model's GUI, the
computer should have Tcl/Tk script language installed. The most recent version can be obtained over the
Internet from or an older version is packaged with the trial version. The installation of Tcl/Tk will result
in the association of the .tcl suffix with the Wish executable and all Hysplit GUI scripts will then show
the Tk icon. The HY SPLIT GUI has been tested with Tcl/Tk version 8.3.2.

The primary HY SPLIT graphical display programs convert the trgjectory and concentration model
output files to Postscript format. The Postscript files can also be viewed directly through the GUI if
Ghostscript and Ghostview have been installed. See for more information on the Postscript file viewer.
The HY SPLIT code and GUI have been tested with Ghostscript 6.5 and Ghostview 3.6. Installation to
different default drives, directories, or other versions might require editing the main GUI script's
directory pointers (edit file: /guicode/hysplit4d.tcl or the directory entry in the Advanced-Configuration-
Directories menu tab.

The third optional GUI feature is the ability to convert the Postscript output file to a different graphical
formats using ImageMagick. More information on this software can be found at The HY SPLIT code and
GUI have been tested with ImageMagick 5.3. Similar to Ghostscript, installation to a different default
drives or directories as suggested by the installation process may require editing the main GUI script's
directory pointers. Proper functioning of the conversion software with Postscript files requires the
installation of Ghostscript. Although the setup script tests for the default language, it is possible that
installation to non-English default windows operating systems might require additional editing of the
directory pointers.

Windows I nstallation (all operating systems)

HY SPLIT installation to a computer running Windows is provided through a self-installing file.
Executables are installed in various directories for trgjectories, dispersion, display and manipulation of
results, and the creation of input meteorological datafiles. The trgjectory and dispersion model source
codeis not provided. However all the Fortran source code to create meteorological datafilesin aformat
that the model can read are provided in the /source directory. Each subdirectory contains a @readme.txt
file with more complete information about the contents of that directory.

During the installation you will be prompted as to the directory location. It is suggested you select a
simple default location (such as C:/hysplit4). The installation program installs all code and executables
to your selected directory, and creates a shortcut on the desktop to /guicode/hysplit4.tcl with the " Start
In" directory as your selected default. Y ou may have one of two versions of the installation program,
setup46R, or setup46U. The suffixes R and U refer to the Registered or Unregistered versions. The two
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versions are amost identical, except that the unregistered (trial) version does not permit calculations
with forecast meteorological data and certain archive data that just consist of a series of forecasts (such
asthe NGM). Further the trial version comes packaged with Tcl/Tk and Ghostscript/Ghostview. If these
are already installed on your system, then just "Cancel" that installation step. Installing on top of an old
version will bring up a"Continue" or "Cancel" prompt. It is not possible to rename the installation
directory at this stage. Rename your old installation prior to installing the new code if you wish to keep
the original version.

The following subdirectories will be created after the installation has compl eted:

. arcview - Contains information about the program ascii2shp that converts atext file in generate
format and produces an ArcView Shapefile that can be displayed by ArcExplorer.

. bdyfiles - This directory contains an ASCII version of gridded land use, roughness length, and
terrain data. The current file resolution is 360 x 180 at 1 degree. The upper left corner starts at
180W 90N. Thefiles are read by both HY SPLIT executables, hymodelt (trajectory model) and
hymodelc (concentration model), from this directory. If not found, the model uses default
constant values for landeuse and roughness length. The data structure of these filesis defined in
the file ASCDATA.CFG, which should be located in either the model's startup directory or the /
bdyfiles directory. This file defines the grid system and gives an optional directory location for
the landeuse and roughness length files. These files may be replaced by higher resolution
customized user-created files. However, regardless of their resolution, the model will only apply
the data from these files at the same resolution as the input meteorological datagrid. More
information on the structure of these files can be found in the local @readme.txt file.

. browser - Containsthe Tcl/Tk source code required to run the HTML help browser through the
GUIL.

. csource - Containsthe dll files required to run the HEL P browser and the Particle Viewer / Editor.

. dataarl - Current forecast or archive meteorological data can be obtained from the ARL ftp
server: ftp://gus.arlhg.noaa.gov /pub/archives (or /forecasts). Older archive data can be ordered
from the NCDC (National Climatic Data Center). However if you have access to your own
meteorological data or data formatted as GRIB (Gridded Binary), this directory contains various
example decoder programs to convert meteorological datain various formatsto the format (ARL
packed) that HY SPLIT can read. Sample programs include GRIB decoders for ECMWF model
fields, NCAR/NCEP (Nationa Centersfor Environmental Prediction) re-analysis data, and
NOAA Aviation, ETA, and Regional Spectral Model files. All the required packing and
unpacking subroutines can be found in the /sour ce subdirectories. Sample compilation scripts for
Compag Visual Fortran 6.6 arein some of the decoder directories. More information on how to
run these programs can be found in the M eteorology section.
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. concmdl - The directory containsthe HY SPLIT air concentration prediction model scripts and
sample control and configuration files. Although the model can be run through the GUI, at times
it may be desirable to run the model from the command line (e.g. using automated scripts). The
example Control file should produce some results for viewing. The sequence of commands
would be ../exec/hymodel c to execute the model, and ../exec/concplot to create a Postscript file
called concplot.ps. Command line arguments are required for concplot. See run_conc.bat for
more detailed information. Normally the GUI is used to create the Control file for the simulation.
If the fileis missing, the model will prompt you for input from the keyboard. Y our inputs are
copied to afile called Sartup. That file may then be edited and renamed to Control for
subsequent simulations. .Conread and con2asc are provided as examples of how to read
concentration files for users to develop other applications.

« html - Contains al the HELP filesin HTML format. These files can be displayed with any
browser or interactively through the GUI. The files that are opened in the GUI depend upon the
context from which HELP isinvoked.

« document - Thisdirectory contains PDF (Adobe Portable Document Format) versions of the
User's Guide (all the HTML help files put together in one document) and other documentation
such as ARL-224, the principal ARL Technical Memorandum describing the model and
equations. This User's Guide (this document) provides detailed instructions in setting up the
model, modifications to the Control file to perform various simulations and output interpretation.
The @readme.txt file contains additional information about compilation, typical CPU times, and
asummary of recent model updates.

. exec - Isthedirectory that contains all the executable programs. The GUI looks for all programs
in this directory. When running examples from the command prompt in certain directories, the
relative path should be included prior to the executable: "../exec/program.exe”

. grads- Contains source code and instructions for programs to convert meteorological data,
concentration files, and trgjectory files to a grads compatible format. Note that all executables
residein ../exec.

. graphics- There are two types of graphical plotting programs provided in the ../exec directory.
Publication quality graphics can be created using the postscript conversion programs, concpl ot
and trajplot, which use a Fortran Postscript library created by Kevin Kohler4. All graphical
routines use the map background file arlmap in this directory. The map background file uses a
simple ASCII format and contains the world's coastal and political boundaries at relatively coarse
resolution. Other higher resolution map background files are available in the /graphics/mapfiles
directory or from the HY SPLIT download web page. All graphical programs search the startup
directory first for arlmap before going to /graphics, therefore customized maps can be created
without changing the HY SPLIT installation structure.
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« guicode - Thisdirectory containsa Tcl/Tk GUI interface source code script for HY SPLIT. The
interface is used to set up the input Control file aswell as run the graphical output display
programs. To use the interface you must first install Tcl/Tk. The upper-level Tcl scriptiscalled
hysplit4.tcl, which calls al other Tcl scripts. Executing this script startsthe HY SPLIT GUI. The
Desktop shortcut as well as the Start Menu options should point to this script. If the installation
program did not properly setup the Desktop, you can manually create a shortcut to the script and
edit its properties such that the " Start In" directory is/hysplit4. Y ou should also select the
HY SPLIT icon from the /icons directory.

. Mmetdata - This directory contains the sample meteorological datafile: oct1618.BIN. It isan
extract of the NGM (NOAA's Nested Grid Model) over the US from 0000 UTC 10/16/95 through
0000 UTC of 10/18/95. Thefileisused for al calculations shown in the User's Guide. Source
code and compilation instructions are provided for the simple diagnostics program: chk_file. In
addition, several additional executable programs are provided in /exec. These can be used to
examine and display the meteorological datafiles. More information on these programs can be
found in the"_Meteorology" section.

. source Contains the Fortran source code, and makefiles, to compile and create the subroutine
library need for the example source code given in the various other directories.

. traymdI This directory contains scripts, sample control and configuration files, for the HY SPLIT
trajectory model (hymodelt). Although the model can be run through the GUI, at times it may be
desirable to run the model from the command line (e.g. automated scripts). The example Control
file should produce some results for viewing. The sequence of commands would be ../exec/
hymodelt to execute the model, and ../exec/trajplot to create a Postscript file called trajplot.ps.
Seerun_traj.bat for more detailed information. Normally the GUI is used to create the Control
filefor the simulation. If the file is missing, the model will prompt you for input from the
keyboard. Y our inputs are copied to afile called Sartup. That file may then be edited and
renamed to Control for subsequent simulations. A sample tcl script, Auto_traj.tcl, is provided as
an example of how one might automate multiple trgjectory calculations. The script creates the
Control file and executes the model in aloop, varying specific parameters with each simulation.

. utilities - Installation programs for Tcl/Tk, Ghostscript, and Ghostview may be found in this
directory for the unregistered distribution. Otherwise this directory will be empty.

. Vvisbd - Source code is supplied to convert Hysplit concentration files output for input to VIS5D.

. working - Thisisthe Hysplit4 root directory, which contains sample CONTROL files that can be
used for initial guidance to set up more complex simulations. These should be loaded into the
GUI from the approprate "Retrieve” menu tab. Examples include:

sample_conc - concentration simulation example from users guide
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sample trg - trgjectory simulation example from users guide
back conc - backward dispersion simulation for concentration
back traj - backward trajectory simulation

volc_conc - particle settling simulation for avolcanic eruption

The "plants.txt” file contains a sample listing of starting locations that can be opened in
the GUI to select from alist of previously determined starting locations. Thisfile can
easily be customized. The "tilélist.txt" file contains the approximate coordinates of
NCEPsNAM (North America Mesoscale model) tile domains.

Problems

If Tcl/Tk does not exist on your system or there are other problems with the GUI interface, it isvery
easy to run the sample cases directly in either the /trajmdl or /concmdl sub-directories by running the
batch file "run_{ model} .bat" If the sample simulation works well, then it is only necessary to manually
edit the Control file to try out different ssmulation variations. The Control file options are explained in
more detall in the individual Traectory and Concentration Setup sections.

In general, premature termination during the model initialization phase will result in messages to
standard output. However after the model has started, fatal, diagnostic, and progress notification
messages are written to afile called Message. If the model output is not what you expected, first check
the Control file to determineif the input setup iswhat is desired, then check the Message file for
indication of abnormal performance. These files are aways written to the model's startup directory - /
Hysplit4 if the model isrun from the GUI. At times error messages may be lost in the display buffer
after premature termination. In this case the model should be rerun from the command line window for
proper display of all standard output messages. The "Advanced" menu contains a" Special File Display
tab that can be used to select the Message file for viewing. Other features of the advanced menu are used

to modify the model's configuration file and are explained in more detail in that section. Modifications
to these parameters require a complete understanding of the model's design and operation.
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GUI Overview

Although the model can be configured and run manually from the command line, it is usually much
guicker to use the GUI. A summary of the main features in each of the primary GUI menusis reviewed
below.

M eteor ology - Forecast Data FTP

ARL Server - Linksto only the most recent forecast data for avariety of different meteorological

models available on the ARL FTP server. The data have already processed to aHY SPLIT
compatible format.

ARL ASEAN - A special Asian region extract of the global model already converted into

HY SPLIT compatible format. Thisisasmall file designed for download over low capacity
telecommunications links.

NCEP GFS - Accesses the global GFS model forecast fields on the NCEP FTP server in their

native GRIB format. Files are decoded and interpolated to the grid specified on the user’s PC. A
running archive can be maintained by only processing the 00 and +03 forecasts every 6 hours.

NCEP NAM - Processes forecast GRIB fields from the NCEP NAM model on the AWIPS 212

grid (40 km) or the AWIPS 218 grid (12 km) into ARL format. The GRIB files are downloaded
to the user’ s computer and each time period is processed to construct one file. The data on the 12
km grid can be selected for only one tile per pass.

Meteorology - Analysis Data FTP

ARL Current - Links to only the most recent data archives for a variety of different
meteorological models available on the ARL FTP server. The data have already processed to a
HY SPLIT compatible format. Current datais defined as a combination of analysis and short
forecasts (e.g. Oh and +3h appended with each new 6h cycle) that are operationally maintained as
arolling archive valid for 48 hours prior to the most recent forecast cycle.

ARL Archive - Accessto arunning archive of the last 48 hours of pseudo-analysisfor a variety
of different meteorological models with data already processed in aHY SPLIT compatible
format. Provides access to the long-term data archives at ARL for the GFS/GDAS (formerly
FNL) and the NAM/NDAS (formerly EDAYS) archives. Unless otherwise noted, most of the
archives go back to about 1995. This period may be shortened as more data are posted on-line
due to storage limitations.

http://www.arl.noaa.gov/userguide/S100.htm (1 of 5)12/5/2005 3:51:39 AM



GUI Overview (S100)

NOAA Reanalysis - The NCAR/NCEP reanalysis data archived has been reformatted for

HY SPLIT and placed on the ARL ftp server. These data are available from 1948 through 2003.
This directory isonly updated once-a-year.

NCEP GDAS - Accesses the global GFS model analysis (GDAYS) fields on the NCEP FTP server
in their native GRIB format. Files are decoded and interpolated to the grid specified on the user’s
PC. A running archive, similar to that maintained on the ARL server, can be created locally by
processing the 00 and +03 forecasts every 6 hours.

NOMADS GDAS - Accesses the global GFS model analysis (GDAYS) fields on the NCEP
NOMADS FTP server in their native GRIB format. Files are decoded and interpolated to the grid
specified on the user’s PC. Functionality is similar to the regular NCEP server access application
except the data archiveis of longer duration.

M eteorology - Convert Dataon Local Machine

NAM forecast - Processes forecast GRIB fields from the NCEP NAM model on the AWIPS 212

or 218 gridsinto ARL format. The GRIB files must already been downloaded to the user’s
computer. FTP to the server is not supported through this menu tab.

NDAS Archive - Archived GRIB fields from the NCEP's NDAS model on the AWIPS 212 or
218 grids may be processed locally into ARL format. These files must already be present on the
local computer. FTP is not supported through this menu tab. The script is designed only to work
with archive data to create a multi-day file as long as one month, where the last four digits of the
file name represent the day and hour of the analysis. Downloaded files would have to be renamed
to work with this script.

GFSforecast - Forecast GRIB fields from NCEP s global GFS model may be processed locally
on the PC into ARL format. These files must already be present. These are the samefiles
downloaded from the FTP menu tab, but the GRIB decoder in this menu provides more
conversion options. This procedure is designed only to work with forecast data. The last two
digits of the file name represent the forecast hour.

GDAS Archive - Archived GRIB fields from the NCEP GDAS model may be processed locally
into ARL format. These files must already be present. FTP is not supported. The procedureis
designed only to work with archive data, where the last four digits of the file name represent the
day and hour of the analysis. Previously downloaded files will have to be renamed to work with
this script.

ECMWEF Forecast - Archive GRIB fields from the global model of ECMWF may be processed
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locally into ARL format. These files must already be present. FTP is not supported. The
procedure is designed only to work with archive data from their current operational model, where
the last four digits of the file name represent the day

ECMWE Archive - Archive GRIB fields from the ERA-40 reanalysis may be processed locally

into ARL format. These files must already be present. FTP is not supported. The procedureis
designed only to work with the ERA-40 data files. Three different file types must be downloaded
for this converson: 3-d fields, 2-d surface fields, and one invariant field.

MM5V 3 format - Output files from MM5V 3 can be converted to ARL format. The script
automatically processes all domains (MMOUT_DOMAIN{X}) found in the selected directory.

User Entered Data - This menu tab is intended to convert user entered meteorological datato the
ARL packed HY SPLIT compatible format. The conversion program will create a data file with
one or more time periods containing a uniform field in space and height but varying in time. The
grid is centered over the location specified in the main menu and covers a 50 by 50 km domain.

M eteorology Display

Contour Map - A simple postscript contouring program that can be used to view the datafieldsin

any ARL packed meteorological data set. The output is always written to afile called contour.ps.
Multiple time periods may be processed.

Text Profile - This program is used to extract the meteorological data profile interpolated to a

user selected latitude-longitude position. The raw data values at the surface and each level are
output on the left while temperature converted to potential temperature and winds rotated from
grid orientation to true are shown on the right. Output is shown on the screen and is also written
to afile called profile.txt.

Grid Domain - Program to generate a map showing the domain of the meteorological data grid
with marks at each selected data grid point. Output is written to the file showgrid.ps.

Utility Programs

Convert Postscript - Converts any Postscript file to another format using ImageMagick. Enter the

name of the Postscsript file and the desired name of the output file, with the file suffix indicating
the desired conversion.

GISto Shapefile - When the GIS output option is selected in selected display programs an ascii

text file (in generate format) is created that contains the latitude-longitude values of each contour.
This GIStext file can be converted to an ERSI Arc View shapefile. This menu tab is available
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from three different points. From the meteorology tab the conversion is “line", from the trgjectory
tab the conversion is"points’, and from the concentration tab the conversion is "polygon".

Trajectory

Quick Start - menu tab can be used to run any simulation in one-step. The last configuration will

be used for the ssmulation. The menu brings up a global map with the current source location
shown as a blue dot which can be moved to a new location. The Run Example menu tab resets the
control and namelist files and reruns the example case. This can be used as a starting point for
configurations that have been corrupted.

Traectory Setup - This menu is used to write the CONTROL file that defines al the model
simulation parameters. Note that once a simulation has been defined it can be "Saved As' and
later "Retrieved." Note that the setup must be "Saved" before proceeding to the "Run Model" step.

Run Standard Model - The selection opens the window for standard output and starts the
execution of "hymodelt.exe". Incremental progressis reported on WinNT and later systems,
however on Win95/98 the display remains frozen until the calculation has completed (a beep will
sound).

Trajectory Display - Display options are available to label the time increment along the trajectory
and the amount of white space surrounding the trajectory on the map. The HIRES option limits
the domain to just fit the trgjectory. Output is written to the file trgjplot.ps. The plot title can be
defined in afile called labels.cfg which should be placed in the \working directory.

Specia Simulations - The Ensemble option invokes a specia executable that will run multiple

trajectories from the same location, with each trgjectory using meteorological data slightly offset
from the origin point. The Matrix option simultaneously runs aregular grid of trgjectory starting

locations. Also available are multiple trajectory options in both time and space as well asamenu
to run a series of automated daily trajectories for aslong as one month per execution.

Concentration

Quick Start - menu tab can be used to run any simulation in one-step or rerun the example
simulation. It's funtionality is similar to the trgjectory quick start menu.

Concentration Setup - The menu is amost identical to the Trajectory Setup menu except for the
added tab for "Pollutant, Deposition, and Grids", which is used to customize the concentration

computation. Unlike trgjectories, which are terminated at the top of the model domain, pollutant
particles reflect at the model top.
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Run Standard Model - Similar in function to trgjectory, executes "hymodelc.exe".

Concentration Display - Output is written to concplot.ps. Options on the menu permit

concentration contours to be dynamically scaled to the maximum for each map (default) or fixed
for all maps based upon the highest value on any one map. Other display programs are available
for the uncontoured gridded data or the particle distribution. Note that the units label as well as

the plot title can be defined in afile called |abels.cfg which should be placed in the \working
directory. Special display programs are available for Matrix and Ensemble simulation outputs.

Utility Programs

Convert to ASCII - Writes an ASCI| file for each time period of concentration output with one

record for every grid point that has a non-zero concentration value. Each record isidentified by
the ending date and time of the sample and the latitude and longitude of each grid point. The
output file name is constructed from the name of the [input file] _[julian day] [output hour].
Some other output options are available.

Grid to Station - This program is used to extract the time- series of concentration values for a

specific location. That location may be specified by a single latitude-longitude through the GUI
or multiple stations may be defined by entering the name of afile that contains an integer station
number, latitude, and longitude on each record. The output is written to con2stn.txt which can be
read by the time series plotting program to produce the file timepl ot.ps. Note that the time series
plot is awaysin integer units and therefore may require the specification of a units multiplication
factor.

Advanced Topics

Contains several menus for custom model configurations that can be used to change the nature of
the ssmulation and the way the model interprets various input parameters. These menus would be
used to configure matrix, ensemble, simple pollutant transformations, and even special model
initialization options.
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Meteorology / Help

Meteorological datafieldsto run the model are usually already available or can be created from routine
analysis archives or forecast model outputs. Archive meteorological datato run the model may be
ordered from NOAA's National Climatic Data Center for the regional EDAS or global FNL archives.
More recent data files can be copied from ARL's server ftp://gus.arlhg.noaa.gov. There are more
complete descriptions of the different data sets available on-line. The meteorological data available

through the menu system are summarized in the following three sections.

The meteorology menu is divided into four sections: forecast data, analysis data, data conversion, and
data display. The forecast section provides access to various forecast data files that may be FTP'd from
the ARL server compatible for immediate input for HY SPLIT. North AmericaMesoscale (NAM) or
Global Forecast System (GFS) GRIB files can aso be FTPd from the NCEP server. These files must

first be converted from GRIB, which is accomplished automatically through the GUI. In addition, the
forecast menu tab also permits the processing of either NAM or GFS GRIB files that are local to the

computer. The GRIB decoding of local files has more menu conversion options than the FTP menu tab.

The analysis menu tab is similarly divided between FTP of files and fileslocal to the computer. The only
FTP option for the analysis archivesis from the ARL server for datafiles that are compatible with the

ARL forecasts and the NCAR/NCEP reanalysis data, which have already been converted for HY SPLIT
applications.

The convert menu gives GRIB data processing options for GDAS (the analysis equivaent of GFS),
NDAS (the analysis equivalent of NAM), and ECMWEF global datafiles. The local archive processing is

fundamentally different that the forecast data, in that each file contains one time period, and the GUI
script loops through all the time periods within afixed number of days to generate one output file.

The display data menu tab provides some simple tools that can be used to examine the data aready in
ARL packed format. The contour map program will display a contour plot of any variable at any one

time in the file. Multiple time periods may be processed. The profile program returns a text file of the
profile of meteorological parameters at a pre-selected point. The grid domain menu shows the extent of
the meteorological grid with amark at each point.

More detailed information about the format of the ARL packed datais available. In addition, various
library routines and utility programs are provided to manipulate both the GRIB and ARL packed data
files.
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Meteorology / Forecast Data FTP / ARL server

The ARL web server contains several meteorological model data sets already converted intoaHY SPLIT
compatible format on the public directories. Although these directories do not have read permission, file
accessis permitted via FTP if the file name is known. The data file names are "hardwired" into the GUI.
The datafiles are automatically updated on the server when each new forecast cycle becomes available.
Only an email addressis required for the password to access the server. The "FTP menu” islocked until
the FTP process is completed, at which point a message box will appear indicating the file name that
was just transferred.

Pre-processed forecast data are available for NOAA's ETA (now called NAM) model at 40-km
resolution covering North America out to +60 h or +84 h depending upon the forecast cycle. Output
from the GFSis available at several different resolutions. The AV N run of the global aviation model, on
hemispheric projections (northern and southern) at 191-km, is available out to +72 h. The GFSisaso
output on its usual global 1-degree latitude-longitude grid out to +96 h, an extended (GFSX) duration
out to +180 h, and to a much longer range (GFSLR) at a coarser resolution (2-degree) to about 12 days.
The rapid update cycle (RUC) model is updated hourly. Available from the Air Force Weather agency
are MM5 forecasts at 15-km and 45-km resol ution.

Except for the GFSLR, model output files are updated every 6 h with the most recent forecast data. Note
that NOAA NCEP models are run at much higher spatial resolution than what is archived inaHY SPLIT
compatible format on the ARL server. If calculations using higher resolution data are required, then the
original NAM or GFS GRIB encoded files must be obtained and converted as described in that section's
documentation. GRIB decoding can be difficult. Although much of the software is provided, no
additional guidance except for the information contained in this report is available.
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Meteorology / Forecast Data FTP / ARL ASEAN

The ARL web server contains several meteorological model data sets already converted intoaHY SPLIT
compatible format on the public directories. Direct access via FTP to these datafilesis "hardwired" into
the GUI. The datafiles are automatically updated on the server with each new forecast cycle. Only an
email addressisrequired for the password to access the server. The "FTP menu" islocked until the FTP
process is completed, at which point a message box will appear indicating the file name that was just
transferred. A special extract of the GFS forecast has been created for the Asian region that is of small
size for quick transfer. The downloaded file name follows the convention: AV N{ month}{ day}{ cycle}.
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Meteorology / Forecast Data FTP / NCEP GFS

Note that the NCEP models are run at much higher spatial resolution than what is archived on the ARL
server. If calculations using the higher resolution date are desired, then the original GRIB encoded files
must be obtained from the NCEP server and converted to the HY SPLIT compatible format.

The procedure under this menu tab accesses the NCEP server and uses the NOAA Global Forecast
Model (GFS) GRIB decoder, avn2arl, to convert the GRIB data filesto the HY SPLIT compatible

format. The GRIB decoder interpolates global one-degree latitude-longitude data to a conformal map
projection. The default HY SPLIT fileisa 100 x 100 grid-point domain at 100-km resolution, centered
about the point selected by the dlider bars on the lower portion of the menu. GFS data consist of one

GRIB file per forecast hour (0, +3, out to +72 hours). The size of each GRIB fileis about 24Mb. The
decoder isrun for each downloaded file, which creates a single-time forecast-file called DATA.AVN.
Thisfileis appended to GFS{YY}{MM}{DD} to create one file that contains all the forecast hours. The
size of thefinal fileis about 970 Kb per forecast time.

The menu is divided into two parts. The upper portion is used to select the initialization time and the
duration of the forecast. The lower portion is used to set the output directory and center |atitude-
longitude of the extracted grid. If the "Save input global GRIB files" option is checked, the downloaded
GRIB files are saved rather than deleted after each forecast hour is processed. In thisway a different
regional grid can be extracted from the global files without going through the FTP process again. The
GRIB datafiles can be reprocessed through the "Convert to ARL" menu tab, which has more extensive
conversion options available. Note that only the forecast files from the previous 24-h are available from
the NCEP server. If archive data are required, the file can be created manually be processing only the
initialization times and +3 hour forecasts.
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Meteorology / Forecast Data FTP / NCEP NAM

Note that the NCEP models are run at much higher spatial resolution than what is archived on the ARL
server. If calculations using the higher resolution date are desired, then the original GRIB encoded files
must be obtained from the NCEP server and converted to the HY SPLIT compatible format.

The procedure under this FTP menu tab accesses the NCEP anonymous FTP server and transfers the

NAM (North America Mesoscale) forecast GRIB files on the 40 km AWIPS 212 grid (15 Mb per file) or
the 12 km AWIPS 218 grid tiles (2 Mb per file). NAM forecast data consist of one forecast time (every 3
h) per file. The GRIB files are then converted on the same horizontal gridto aHY SPLIT compatiblefile

which requires 3.5 Mb (212 grid) or 1 Mb (218 grid) per time period.

The menu is used to select the forecast initialization time (cycle), the duration of the forecast, the output
directory, and file name. "Save GRIB files" option is checked, the downloaded files are saved rather
than deleted after each forecast hour is processed. The downloaded GRIB data can be reprocessed
through the "NAM forecast" menu tab. Note that only the forecast files from the previous 24-h are
available from the NCEP server If archive data are required, the file can be created manually be
processing only the initialization times and +3 hour forecasts with every 6-h initialization cycle.
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Meteorology / Analysis Data FTP / ARL Current

The ARL web server contains several meteorological model data sets already converted intoaHY SPLIT
compatible format on the public directories. Direct access via FTP to these datafilesis "hardwired" into
the GUI. The datafiles are automatically updated on the server with each new forecast cycle. Only an
email addressisrequired for the password to access the server. The "FTP menu" islocked until the FTP

process is completed, at which point a message box will appear indicating the file name that was just
transferred.

Pre-processed forecast data are available for NOAA's NAM (formerly ETA) model at 40-km resolution
covering North Americaand the AVN run of the GFS, on hemispheric projections (northern and
southern) at 191-km. The archive consists of a series of analysis (O-hour initialization) and short-time
(+3 hr) forecast files that have been appended to each other to create a continuous data time series for
the previous 48 hours from the most recent available forecast cycle.

Note that NOAA NCEP models are run at much higher spatial resolution than what is archived in a
HY SPLIT compatible format on the ARL server. If calculations using higher resolution data are
required, then the original NDAS (formerly EDAYS) or GDAS (formerly FNL) GRIB files must be
obtained and converted as described in the documentation.
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Meteorology / Analysis Data FTP / ARL archive

The ARL web server contains several meteorological model data sets already converted intoaHY SPLIT
compatible format on the public directories. Direct access via FTP to these datafilesis "hardwired" into
the GUI. Only an email addressis required for the password to access the server. The"FTP menu"” is
locked until the FTP process is completed, at which point a message box will appear indicating the file
name that was just transferred.

The ARL analysis data archive consists of output from the Global Data Analysis System (GDAS) and
the NAM Data Analysis System (NDAS) covering much of North America. Both data archives are
available from 1997 in semi-monthly files. The NDAS (formerly EDAS) was saved at 80-km resolution
every 3-h through 2003, and then at 40-km resolution (AWIPS 212 grid) starting in 2004. The GDAS
(every 6-h) was saved on a hemispheric projection at 191-km resolution.

From the GUI it is necessary to enter the year, select the month and period (001 for the 1t through the
15th and 002 for the 16t through the end of the month). The file name will be automatically created.

Note that NOAA NCEP models ar