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1.0 Overview of Hitran-PC 4.0

This user manual covers the installation, operation, and theory behind the Hitran-PC
4.0 program. In this section, an overview of Hitran-PC 4.0 is presented, new features are
listed, and the past historical developments of various versions of Hitran-PC are
discussed.

1.1 Overview of HITRAN-PC 4.0 capabilities and program sections

Hitran-PC is a PC computer program that can calculate or model the high-resolution (
<0.01 ecm™ ) optical transmission spectrum of the atmosphere and of selected gases using
primarily the HITRAN Line-by-Line database. Hitran-PC has been developed over the
past 20 years, with various levels of improvements and capability, starting with Version
1.0 in 1991 through Version 3.0 in 2000. The latest version, Hitran-PC 4.0, incorporates
a major change and advancement in the program and capabilities, and has been developed
over the past several years. It now uses the latest 2008 HITRAN Line-by-Line database,
but also uses the HITRAN UV and IR Cross Section files, the experimental PNNL IR
database, aerosol extinction using the BACKSCAT program, and the water vapor, CO;
and N, Continuum.

The transmission (and absorption) spectrum of the atmosphere can be calculated over
a spectral wavelength range for a given path length, using supplied models of the
atmosphere (ie. US Standard Atmosphere) or user specified pressure, temperature, and
partial pressures of a variety of gases as a function of altitude, and for horizontal paths
and slant path geometries. In addition, the user can select one or more specific gases or
isotopes in order to study the individual spectrum for those particular gases. The
irradiance of a gas plume or a hot target through the atmosphere can also be displayed.
The user can smooth the resultant optical spectrum to simulate the finite resolution of an
optical instrument, or overlay known laser lines to help decide which to use for
atmospheric laser remote sensing.

The overall operation of Hitran-PC 4.0 is shown in the following figure. As can be
seen, the user can specify the path length, temperature, concentration, line shape
(Pressure, Voigt, etc.), and other parameters pertaining to the transmission of the
atmosphere. These startup parameters can also be stored in a configuration file for easy
use at a later time. The startup parameters are then used along with atmospheric models
of pressure/temperature/altitude to model the geometry of the optical transmission path
through the gas or atmosphere. Both horizontal and slant path spectral calculations can
be made. In the figure, the Main Program screen is shown, along with the Info Panel
which contains the Working Parameters for the input parameters and databases, for easy
modification and control by the user.

As can be seen in the figure, the top screen of the Main Program is shown for a
typical Horizontal Path calculation showing the color coded absorption spectrum of
individual gases. Another option is shown in the middle screen which displays the slant
path calculation of the transmission as a function of wavelength.
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In this mode, the user can easily insert a gas plume or cloud of a specified gas (i.e,
from the PNNL database) into the optical path at a specified range. Finally, the program
can also calculate the radiance for a hot target or a gas plume as shown in the lower
example.

The databases and spectral calculations used by Hitran-PC 4.0 consist of (1) the main
HITRAN Line-by-Line (LBL) database consisting of about several million individual
absorption lines of gases in the atmosphere (modeled with a spectral resolution greater
than 0.001 cm™), (2) the experimental PNNL database of environmental and chemical
gases for about 400 gases (with a spectral resolution on the order of 0.1 cm™) , (3) the
Continuum models for the far-wings of water vapor, CO,, and N, that add up to a few
percent attenuation over a wide spectral range, (4) the HITRAN cross section models
that give the attenuation for UV and IR gases, and (5) the BACKSCAT (Version 4.0)
attenuation due to aerosols (clouds, fogs, dust) which is the same as the US Air Force
LOWTRANT7 model. Hitran-PC 4.0 uses the HITRAN LBL as the main calculation for
atmospheric attenuation, but allows the user to add in the other spectral contributions
also. For example, the user can specify the HITRAN LBL for the transmission of the
atmosphere, add in the attenuation due to fog or urban haze, and then use the PNNL
database to add the attenuation of a 10 m plume of a particular gas at a specified range.
The calculated spectrums can be stored in data files, for further use by the user.

1.2 Examples of spectral calculations using Hitran-PC 4.0

The following examples and figures show calculations of the transmission of the
atmosphere and graphing capability of the Hitran-PC 4.0 program.

The following figure shows the Hitran-PC spectrum calculation of the transmission
spectrum of the atmosphere for the case of a 1000m horizontal path through the US
Standard Atmosphere. The individual lines from H,O and CO, are shown. Here, the
calculation is linear in wavenumbers.
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The same data, but plotted in absorption, and linear in wavelength is shown below.
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Now changing the atmospheric model to a Tropical model (which increases the water
vapor concentration) yields the following plot with increased water lines shown.
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Using the Laser Line overlay feature, one sees that a line of the Ho:YLF laser at
2.067 microns overlaps this region.
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One can also add the attenuation due to urban aerosols using the Aerosols menu
option window for running the BACKSCAT (LOWTRANY7) program,
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and that due to the continuum to the above composite spectrum, to obtain:
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As can be seen, there is about a 6% background attenuation level added to the
molecular spectrum due to the aerosols and continuum.

The following shows the same spectrum (as above) after being spectrally smoothed
with a spectral resolution window of 0.5 cm™ (FWHM). This models the spectral
transmission that would be measured for a finite spectral instrument such as an FTIR or

spectrometer.
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The following is an example of a slant path calculation. Here, the slant path is for 10
layers looking upward, with each layer having a path of 2 km. Also, the Voigt line-
shape profile is used. The following is the absorption spectrum for a few lines near 2.07
microns for the lowest layer (using the menu option: Pause between layers).

wavenurmber, 1/ocm
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And the following is for the 9th layer (altitude 17 km).
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As can be seen, the line shape goes from Pressure broadening (Lorentzian) at the
lower layer to that of Doppler broadening at the high-altitude upper layer. The total
composite spectrum for the 20 km path length is:
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Finally, the user can also compare the spectrums calculated using the HITRAN LBL
lines and the experimental measurements of the PNNL data. For example, the following
is a plot of the absorption spectrum of CH4 (methane) near 3.416 microns for a 1000m
path and a concentration of 1.6 x 10°® Atm (ie. 1.6 ppm). As can be seen, the spectrums
are almost identical for the HITRAN plot (red) and the PNNL plot (black). Here the
Hitran-PC calculation had a resolution of 0.01 cm™, while the experimental PNNL
spectrum has a resolution of about 0.11 cm™, both of which are better or near the pressure
broadened linewidth of most molecules in the atmosphere which is about 0.1 cm’1
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1.3 New features in Hitran-PC 4.0

Numerous improvements have been introduced to Hitran-PC 4.0. The most
important of them are mentioned in this section.

1.3.1 Complete rewrite of code in updated Visual Basic.NET language

The previous version of Hitran-PC 3.0 was written in Visual Basic 6 which was
abandoned by Microsoft due to the transition to the Microsoft NET Framework. Such
transition drastically changed the structure of the new Visual Basic.NET language. Due
to such transition it was necessary to completely rewrite the new version of Hitran-PC
program in order to make future extension possible.

Hitran-PC 4.0 was rewritten in Visual Basic.NET and requires NET 2.0 Microsoft
framework or higher installed for its operation. The Microsoft NET framework library is
supplied with each version of Windows and updates are usually downloaded
automatically from the Microsoft website by the Windows operating system. Microsoft
NET 2.0 library is supplied with Windows XP and also is a subset of the NET 3.0 library
supplied with Windows Vista (and will be a subset of NET 4.0 supplied with Windows
7).

The transition to the NET framework in the Hitran-PC program made it possible to
create a more powerful and flexible user interface which allows future improvements
while still keeping all the computation capabilities. It is anticipated that future versions
of Hitran-PC may be converted to Qt/C++ for cross-platform operation.

1.3.2 HITRAN 2004 and 2008 database usage

Hitran-PC 4.0 may now operate with the latest HITRAN 2004 and 2008 database as
well as the previous editions of HITRAN databases; the previous .USF database types
(binary on the Hard Disc) are no longer supported since current CDs and HDs are much
faster and have higher capacity. To ensure the most accurate calculations, the HITRAN
database group recommends using the latest HITRAN database and to regularly update
the HITRAN database with the updates available at http://www.hitran.com.

1.3.3 Ability to carry out calculations for individual isotopes

The ability to carry out calculations for individual isotopes has been introduced with
user defined partial pressures not normalized by the natural abundances. This feature is
accessible both in the horizontal path mode as well as the slant path mode.

1.3.4 Addition of Aerosols Calculations

Hitran-PC 4.0 now also incorporates BACKSCAT 4.0 (LOWTRAN model) for
aerosols calculations, previously done with the BETASPEC program (used in the Lidar-
PC program).

1.3.5 Addition of HITRAN cross sections into calculations

HITRAN UV and IR cross section data files may now also be used along with the
line-by-line data for transmission simulations. This feature is accessible both in the
horizontal path mode as well as the slant path mode.
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1.3.6 Automatic use of partial pressures from Standard atmospheres (both
horizontal and slant path calculations) for HITRAN cross sectional molecules

The partial pressures for cross sectional molecules are automatically taken from the
chosen atmospheric model (for those molecules which have this information available)
for both horizontal path and slant path calculations.

1.3.7 Addition of PNNL IR Database into calculations

The PNNL IR quantitative (experimental) database may now also be used in the
calculations together with the HITRAN line-by-line and cross-sections data.  This
feature is accessible both in the horizontal path mode as well as the slant path mode.

1.3.8 Temperature and Molecular Partition Function routine updated

The temperature recalculation routine for determining the molecular partition
function has been updated to use the latest approach used in the HITRAN 2004 and 2008
database. Please see Appendices for more information.

1.3.9 Optional temperature scaling options for PNNL and HITRAN cross sections

An optional rescaling of PNNL and HITRAN cross sectional data for an arbitrary
temperature was introduced.

1.3.10 Ability to export calculations into multi-column TXT files

The format of the HDF files has been modified in such a way as to make it easier to
export the results of the calculations to different kinds of plotting applications (like Excel
or Origin) by introducing multi-column data files.

1.3.11 Ability to automatically recalculate total pressure

As an option, the total pressure may now be automatically recalculated as the sum of
partial pressures for all molecules or isotopes (depending on the calculation options)
selected for the calculation. This feature is available for both horizontal and slant path
modes.

1.3.12 Laser line wavelength files updated

Files containing information about commercially available lasers and their
wavelengths have been updated, and the file format has been changed slightly to help
ease in reading by other programs.

1.3.13  Numerous interface improvements: Info Panel, Spectral Magnification,
Copy-Paste feature

Numerous interface improvements have been introduced in Hitran-PC 4.0 including
the introduction of the Info Panel, Spectrum magnification feature, Spectrum Copy-Paste
feature, improved Slant path layer editor, and improved 3D plotting.  These are
individually discussed in the parts of the manual devoted to a particular feature.
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1.3.14 US/ European decimal numbers format differences now handled correctly

In the past, there were problems running the Hitran-PC program in European
countries due to differences in fractional number representation because “.” is used in the
United States as a delimiter (as in 1.234) and “,” is used in European countries (as in
1,234). This difference resulted in that the Hitran-PC could not correctly read text files
(such as the Hitran-PC generated *.tcf type configuration text file) saved in European
countries. As such, users of the Hitran-PC software in Europe had to switch Windows
regional settings to operate correctly (see ONTAR memo). This problem has now been
fixed and the Hitran-PC program may be executed normally in Europe without the need

to change regional settings.

Note: The Hitran-PC program will automatically handle the comma / point
differences in the Configuration files (*.tcf extensions), HDF and spectral text files
loaded into Hitran-PC (*.hdf and *.txt extensions), and Atmospheric models files (*.alT
extensions).

However, if the user wants to modify or add any other files not mentioned above and
normally supplied with the Hitran-PC program (such as the laser lines files or the

smoothing functions files etc.), it is important to use a point “.” as a delimiter since no
automatic format checking is carried out for such files by the Hitran-PC program.

1.3.15 Calculations now stored for each molecule and isotope before displaying
spectra so that plots can be expanded easily without subsequent re-calculation

The basic Hitran-PC calculation has been changed from calculating the individual
line contributions and storing them in a combined or composite spectrum data file, to one
where the contributions of each molecule or isotope is stored separately, and then
combined if requested by the user. This allows the user to expand/magnify and enhance a
particular portion of the spectrum without having to re-calculate the whole spectrum.
This is depicted in the following figure showing the zoom-in capability accomplished
using the click and drag feature of the mouse.

The resolution of the expanded spectra is also re-calculated, and may be further
increased by re-running the calculation.

Note: A right click of the mouse displays a menu with a zoom-out feature (and Copy or
Print options) which will restore the displayed spectrum to its original plot.
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1.4 History of HITRAN-PC Software development

There have been several evolutionary versions of Hitran-PC since its start in 1991.
Versions 1.0 and 1.1 were first DOS versions of TRANS, and used the 1988 HITRAN
database and later the 1991 HITRAN database on floppy disks which had until that time
only been available on magnetic tape. Version 1.0 took the database and converted it to a
compressed binary format on 5.25° and 3.5” floppy disks; these were used to generate a
binary version of the HITRAN database on the hard disk. The 1992 HITRAN database
could be obtained on 14 floppy disks or, later, on a CD-ROM (however, CD-ROM
readers were slow then).

Improvements were made leading to Version 2.31. Version 2.40 provided a
WINDOWS version of TRANS program as an option.  Version 2.50 used the newly
expanded 1996 HITRAN database with the addition of pressure shifts and several
molecules and provided for the TRANS and other programs to read the HITRAN
database either from the hard disk or directly from the CD-ROM.  Version 2.51
consolidated the separate DOS and WINDOWS installation process into one combined
package.

In Version 3.0 atmospheric and hot plume radiance were introduced both in the
horizontal and slant path modes. DOS versions of the programs were a part of the
Hitran-PC package.

All versions of Hitran-PC package up to and including Hitran-PC 3.0 were developed
by Dr. William E. Wilcox, Jr. and Prof. Dennis K. Killinger at the University of South
Florida.

In Version 4.0 the code was completely re-written to accommodate changes in the
Windows NET operating software. The ability to read the 2004 and 2008 HITRAN
database format was added. The capabilities to work with cross section files in HITRAN
database as well as PNNL IR database were added along with the ability to work with
separate isotopes in the HITRAN database. Other improvements included the addition of
Aerosols model (BACKSCAT 4.0 program executed in a shell mode) and the line-by-line
temperature recalculation routine update. Numerous interface improvements have been
implemented as compared to Hitran-PC 3.0. Starting from version 4.0, DOS programs
of the Hitran-PC package are no longer supplied with the windows version of the
software and no longer supported. Hitran-PC 4.0 was developed by Prof. Dennis K.
Killinger and Denis Plutov (Pliutau) at the University of South Florida.
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2. Installation of Hitran-PC 4.0 and listing of
installed files

The supplied Hitran-PC 4.0 program is supplied on a CD disk that can be inserted
into your computer for automatic installation of the Hitran-PC programs and associated
data files onto your computer. The installation instructions and resulting data files stored
on the computer are covered in this section.

2.1 Computer system requirements and recommended memory available

The recommended computer system and hard drive space is given in the following,
assuming that the user will load all HITRAN database files and all PNNL database files
onto their computer.

Hitran-PC 4.0 system requirements:

1) Windows XP or Vista or 7 (anticipated)
2) Microsoft NET framework 2.0 or later
3) Processor: Pentium 4 or better
4) RAM: 1GB or better
5) Screen resolution: 1152 x 768 or higher
6) Harddrive free space required (suggested):

Hitran-PC 4.0 program package: 110 MB

Hitran-PC executable , manuals, sample databases, pressure files, etc.

HITRAN database (2008 edition): 1.9 GB
HITRAN LBL (400 MB), cross section files, etc.

HITEMP database (2008 edition): 11 GB

PNNL IR database: 5.2 GB
Required for extraction of 400 compounds: actual PNNL files (3.5 GB)

Total recommended harddrive free space for complete database usage: 18.5 GB
If only the HITRAN 2008 Line-by-Line database is to be used, then the user can

essentially load the 110 MB Hitran-PC package and the 400 MB HITRAN 2008 *.par
database, for a total required hard drive space of about 510 MB.
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2.2 Installation of HITRAN-PC 4.0 on your Computer (PC)

This section will explain a typical Hitran-PC 4.0 program installation procedure. The
examples in this section are for Windows Vista operating system, but Windows XP will
result in very similar installation sequence.

It may be added that the installation of Hitran-PC 4.0 does not usually conflict with
older versions of Hitran-PC (such as 2.51 or 3.0) since they are stored in a different file
and directory.  Hitran-PC 3.0 was normally stored on the C: Hard Drive in the
HITRANPC subdirectory directory.

Hitran-PC 4.0 is stored under the C: Hard Drive in the Hitran-PC 4.0 subdirectory.
The only conflict in having 3.0 and 4.0 on your computer at the same time, is if they both
try to access the same HITRAN database while both are running. Note: if the user has
already installed Hitran-PC 4.0 on his computer, and wants to re-install it, then the user
should delete the old Hitran-PC 4.0 program first, by going to the Start >> Control Panel
<< Add/Delete Programs, and then reinstall the Hitran-PC 4.0 program.

The following gives details of the files contained on the Hitran-PC CD disk, and the
installation procedure for installing Hitran-PC on your computer.

Files contained on Hitran-PC 4.0 Installation CD:
The listing of the files on the Hitran-PC 4.0 installation CD is presented below:

-~

MNarme Date modified Size

£ autorun.inf 4/8/2009 4:07 PM 1KB
A hitran_pc.ico 4/8/2009 211 PM 265 KB
| Hitran-PC 1.0 - 3.0 Manuals.pdf 8/25/200012:02 PM 22122 KB
= Hitran-PC 4.0 Manual.pdf 9/10/2009 10:54 AM 9,174 KB
__ Hitran-PC serial number.bd 9/12/2009 2:21 PM 0 KB
L setup.exe 0/8/2009 2:37 PM 421 KB
ﬁ—' Setup.msi 0/8/2008 2:38 PM 43412 KB

Autorun.inf — File used to automatically load the setup.exe file when the CD is loaded
hitran_pc.ico — Hitran-PC icon file (used to display the icon for the CD drive)
Hitran-PC 1.3 — 3.0 Manuals.pdf — Manual for earlier Hitran-PC versions (1.0 — 3.0)
Hitran-PC 4.0 Manual.pdf — Manual for the Hitran-PC 4.0 program

Hitran-PC serial number.txt — Text file with the Hitran-PC serial number which is also
embedded into the Hitran-PC executable

setup.exe — Executable file used to install the Hitran-PC 4.0 program

Setup.msi — Compressed library file containing the contents of the installation package

The installation of Hitran-PC 4.0 is as follows:

1) Insert the Hitran-PC 4.0 CD into the CD-ROM drive of your computer, the windows
operating system will ask you if you would like to “Run setup.exe” or “Open folder to
view files”, as shown in the figure below. Choose “Run setup.exe” to start the
installation.
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It is desirable that your computer is connected to the internet at the installation time in
case the NET 2.0 Microsoft library required for Hitran-PC operation is not installed on
your computer. In this case the installation program will try to automatically install the
missing NET 2.0 component from the Microsoft website before installing the Hitran-PC
program. This may take about 15 minutes to download the NET 2.0 library.

M AutoPlay SRECNC X

,f DVD RW Drive (H:) HitranPC 4.0
L

[T Always do this for software and games:
Install or run pregram
Run setup.exe
M Publisher not spedified
General options

Open folder to view files
using Windows Explore

Set AutoPlay defaults in Control Panel

2) At a certain point during the installation process windows may ask for your
permission to run the installation program, choose “Allow” to run the installation file.

3) Wait for the windows installer to prepare the installation

Windows Installer

| Preparing to install...

Cancel

4) In the next window start the installation by pressing “Next”.

1 Hitran-PC 4.0 o | E

Welcome to the Hitran-PC 4.0 Setup Wizard

oot LR L L it

The ingtaller will guide pou through the steps required to install Hitran-PC 4.0 on pour computer.

SWARMING: This computer program is protected by copwright law and international treaties.
Unautharized duplication or distribution of this program, or any portion of it, may result in severe civil
ol criminal penalties, and will be prozecuted to the marimum extent possible under the law.

Cancel
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5) Choose a directory to install the Hitran-PC 4.0 program to. The default directory is:
C: >> Hitran-PC 4.0
The C:>> Hitran-PC 4.0 directory is used to avoid operational problems with Vista
operating system (discussed later).
If multiple accounts are used on your computer, it is also possible to choose if the

program should be installed for the current user only or all users on this computer.

) Hitran-PC 4.0 = | |

Select Installation Folder

s T .

The inztaller will inztall Hitran-PC 4.0 ta the follawing falder.

Tao install in this folder, click "Nest". Tao install to a different folder, enter it below or click "Browse'.

Eolder;

C:hHitran-PC 4,04 Browse. ..

Install Hitran-PC 4.0 for yourself, or for anyone who uses this computer:

() Everyone

@ Just me

[ Cancel l [ < Back ] [ MHext »

[~

6) In the next window confirm the installation by pressing “Next”

5 Hitran-PC 4.0 = | E) |t S

Confirm Installation

Cedd LLLLLUM UM..LL.LL.;...... UL,

The installer iz ready to install Hitran-PC 4.0 on pour computer.

Click "Mext" to start the installation.

Cancel < Back
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7) Wait for the program to install

1 Hitran-PC 4.0 [ESREE

Installing Hitran-PC 4.0

T T

Hitran-PC 4.0 iz being installed.

Flease wait...

FCancel Y < Back Next >

8) Once the installation is complete the confirmation window will appear, choose
“Close” to close the installation program.

) Hitran-PC 4.0 (=[@=] & ]

Installation Complete

i IlH | H” “I Ll Ll J H““ L1.Ll.ﬂmnlluulum..J......

Hitran-PC 4.0 has been successfully installed.

Click "Cloze" to exit.

Pleaze uze Windows Update to check for any critical updates to the MET Framewark.,

Cancel < Back
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9) The Hitran-PC 4.0 installation program will place a shortcut icon to the Hitran-PC 4.0
executable on the Desktop:
I
FJURN

Hitran-PC 4.0

In addition to the icon created on the desktop for the Hitran-PC 4.0 program, the
installation program will create a folder in the Windows start programs menu as shown
below

Hitran-PC 4.0

A Hitran-PC 4.0
Manuals
T Hitran-PC 1.0 - 3.0 Manuals
T2 Hitran-PC 4.0 Manual

This folder will contain a link to the Hitran-PC 4.0 executable program, and two
Hitran-PC user manuals in PDF format, one for the new version 4.0 and one for the past
1.0 — 3.0 versions of the Hitran-PC program.

Note: If the Microsoft NET 2.0 framework is not installed on your computer, the Hitran-
PC 4.0 installation program will attempt to download and install the required .NET
framework component from the Microsoft website automatically before installing the
Hitran-PC program. Installing the .NET framework component may take around 15
minutes and should only be carried out once. Uninstalling the Hitran-PC 4.0 program
later will not remove the .NET 2.0 framework component from your computer since this
Microsoft library will probably be used by other programs.

2.3 Important installation information to avoid problems with Windows Vista:
Installation of HITRAN-PC in Root directory as opposed to Program Files directory

This section explains some Hitran-PC 4.0 installation problems which have been
found under the Windows Vista operating system if the normal procedure to install the
executable Hitran-PC 4.0 program is followed and the program is installed in the C:>>
Programs Files directory, and how to avoid them.

Hitran-PC 4.0 program requires write permissions for some of the files located in the
Hitran-PC 4.0 installation directory to operate properly. However, due to the
introduction of the User Account Control (UAC) feature in Windows Vista (as opposed
to XP), creation of new files and folders as well as modification of files which already
exist in the Programs Files directory requires administrative privileges. It would be
wrong to assume that all users of Hitran-PC program will have such administrative
privileges and if the Hitran-PC 4.0 program is installed within the Programs Files
directory under the Windows Vista operating system, the following problems are very
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likely to occur (unless the User Account Control feature is turned off or the Hitran-PC
program is executed in administrative mode):

1) When the Hitran-PC program is operated, it requires write access to several files in
the Hitran-PC 4.0 program folder for correct operation. Such files include the default
configuration files (transw.tcf), initialization file (hitran_pec.start), and some of the
BACKSCAT 4 model files. Besides, the user may want to modify the laser files
manually as well.  Unfortunately, due to the UAC feature and/or non-administrative
mode, Windows Vista will not let the Hitran-PC program write into these files directly
but rather make a copy of the files in a special virtual folder and use the duplicate files
instead of the actual files located in the Programs Files directory. The location of such
virtual folder is as follows:

C: >> Users >> Your user name >> AppData >> Local >> VirtualStore >> Program
Files >> Hitran-PC 4.0 directory ...

Where Your user name is the current user name under the Windows operating system.

2) Duplicate files are created for all files located in the actual Program Files directory
that the Hitran-PC program tries to write into.  After such duplicate files have been
created, the Windows operating system will access them first before reading the files
located in the actual Program Files directory. This redirection process will result in that
every time a file in the Programs Files directory is modified by the user, the modification
will be applied to the duplicate of that file stored in the Virtual Store directory as
described above and the files in the Programs Files directory remain unmodified. This
process is carried out automatically by the Windows operating system with no
notification to the user.

3) Such virtual files are not removed automatically by the Windows Operating system
during the un-installation process and have to be manually deleted.

As such, in order to avoid the problems described above, it is highly recommended to

NEVER install the Hitran-PC 4.0 program into the Program Files directory under
Windows Vista.

22



2.4 Installed Hitran-PC 4.0 Files and their location

The Hitran-PC 4.0 folders and programs should be installed onto the hard drive root
directory within your computer. For ease of use, by default, the Hitran-PC 4.0 program
is installed into the following directory:

C: >> Hitran-PC 4.0

The folders and files that are installed into the above Hitran-PC 4.0 directory are
displayed in the screen below

Search 2 |

3= > Computer » Vista(C) » Hitran-PC40 » -] x]

File Edit View Tools Help

‘ COrganize = Views |~ | # Slide Show ™ (& Bumn

Eavorite Links Name) Date modified
| backscatd
E, Documents bi
| bin
E Pictures | cont
E} Music | info
& Recently Changed  laser
/ manuals
E‘ Searches . pressl
) Public | press2
| press3
| pressd
| pressh
| pressh
| sample databases
J win
Folders a0
} 14 items
14 itemns /M Computer

[ 4

The contents of each folder are described below.

backscat4 folder

The Backscat4 folder contains files of the BACKSCAT 4.0 program used by the Hitran-
PC program for aerosols calculations. The listing of the files in that directory is given
below.
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Marne

(=1 B4.EXE

| | BACKSCAT.BIM
|| CHKLIST.MS

| 7| DEFAULT.ATM
|#] DEFAULT.DAT
7| DEFAULT.LDR
| DEFAULT.LOG
7| DEFAULT.PFL
|| DEFAULT.RPF
|| DEFAULT.VUW
|| INDEXOF.REF
| MODELS.AER
|| MODELS.RAM
|| MODELS.WND
|A] MODERM.FON
|| MOLECULE.ABS
|| RAWIN.RSD

|| STANDARD.SCL
7| TEMP.ATM

|7 TEMP.CFG

|7 TEMP.LDR

|| TEMP.VUW

bin folder

Date modified

8/30/1994 3:48 PM
8/28/2096 4:31 PM
7/28/1994 2:20 PM
4,/23/2009 8:04 PM
4/8/19931:11 PM
8/23/2007 9:.02 AM
4,/23/2009 &:04 PM
4,/23/2009 8:04 PM
11/16/1992 12:42 PM
6/18/1992 2:18 PM
4/15/1992 9:35 AM
2/18/1994 4:44 PM
5/29/1992 9:26 AM
3/29/1994 1:37 PM
1272771991 &:26 PM
2/15/1994 12:57 PM
12/27/1991 8:26 PM
12/27/1991 8:26 PM
8/22/2007 4:44 PM
4,/23/2009 &:04 PM
4,/23/2000 8:04 PM
10/22/1993 12:00 PM

Size

104 KB
15KE
1KB
1KB
16 KB
1KB

& KB

4 KB

6 KB
1KE

4 KB
58 KB
15 KB
3KB

8 KB
304 KB
4 KB

G KB
1KB
1KE
1KB
1KEB

The Bin folder contains the main Hitran-PC executable file and a Hitran-PC 4.0 icon file.

cont folder

The Cont folder contains files with coefficients used to run Continuum calculations, as

listed below:

Marme

Date modified

| co2.cNT
|| H20260.CNT
| |H20296.CNT
|| H20FRN.CNT
| N2.CNT

2/25/1994 12:39 PM
2/21/1994 11:26 AM
2/17/1994 5:11 PM
2/21,/1994 11:30 AM
2/25/1994 5:10 PM

info folder

Size
12 KB
24 KB
24 KB
24 KB
2KB

The Info folder contains several files used by the main Hitran-PC program as explained

below. The listing of the files with the explanation of their functions is given below:
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Mame : Date modified Size

| 7| hitran_pc.start 5/18/2009 1:59 PM 1KB
| molparam. bt 5/4/2009 2:31 PM TEKE
T OCI0_x_sect_typos.pdf 7/30/2007 2:20 PM 23 KB
|#| parsum.dat 2/10/2009 3:22 PM 8,198 KB
|7 TRAN.LIE 5/7/2009 9:33 PM 35KB
|7 transw.tcf 5/19/2009 1:59 PM 25 KB

hitran_pc.start is a flag file used to determine if the Hitran-PC program is executed for
the first time in order to run one time initialization.

molparam.txt — text file with the information about the abundance, the partition sum at
296K, the state-independent degeneracy factor, and the molar mass for all the isotopes
present in HITRAN 2004 and 2008.

OCLO_x_sect _typos.pdf — A PDF file containing an explanation about some of the typos
found in the cross-sectional OCIO file which interferes with automatic reading. The typos
have been reported to the HITRAN group but may be present in editions downloaded
prior to later fixing of the typos.

parsum.dat — file containing Total Internal Partition Sums (TIPS) look up table for all
isotopes in the HITRAN 2008 edition with a temperature step of 1K.

TRAN.LIB — file containing initialization parameters to be read in by the Hitran-PC
program at startup.

transw.tcf — default startup parameters configuration file provided with the Hitran-PC

program that contains spectral input parameters which may be later modified and/or
saved within the Hitran-PC program.
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laser folder

The Laser folder contains files containing the wavelength of laser lines; the listing of the
files in this folder is given below. Note: the user can easily add their own laser line
wavelength position datafile to this folder.

MName Date modified Type Size

|®] 2%CO2.LS5R 6/17/2009 6:27 PM LSR File 3KB
7| ALEXANDRITE.LSR 6/12/2009 2:05 PM L5R File 1KE
7| ARGON_FLUORIDE.LSR 6/16,/2009 2:40 PM LSR File 1KB
7] ARGOM_ION.LSR 6/13/2009 6:28 PM L5R File 1KE
7| ARGON-KRYPTON_IOM.LSR 6/13/2009 6:19 PM LSR File 1KB
7| CARBOMN_MOMNOXIDE.LSR 6/19/2009 7:15 PM L5R File 1KE
2| CHROMIUM_FLUORIDE.LSR 6/12/2009 2:35 PM LSR File 1KB
7 CHROMIUM_LiSAF.LSR 6/16/2009 2:41 PM L5R File 1KE
|@] CO2.LSR 6/16,/2009 2:41 PM LSR File 3KB
7| COBALT_PEROVSKITE.LSR 6/12/2009 2:17 PM LSR File 1KB
2| COPPER.LSR 6/16,/2009 2:33 PM L5R File 1KE
7| CWDM_lasercom_grid.LSR 6/16/2009 11:34 AM LSR File 1KB
“| DEUTERIUM_FLUORIDE.LSR 6/17/2009 3:30 PM L5R File 1KE
7| DIFLUOROMETHAME.LSR 6/15/2009 8:03 PM LSR File 1KB
7| Er_doped_fiber_amplf.L5R 6/12/2009 4:29 PM L5R File 1KE
7] Er_glass.LSR 6/13/2009 &:32 PM LSR File 1KB
2| Er_glass_fiber.L5R 6/13/2009 6:33 PM L5R File 1KB
7| Er_YAG.LSR 6/13/2009 &:33 PM LSR File 1KB
| Er_¥SGG.LSR 6/13/2009 &:34 PM LSR File 1KE
7| FLUORIME.LSR. 6/16,/2009 2:42 PM LSR File 1KB
7| FOMIC_ACID.LSR 6,/15/2009 7:58 PM LSR File 1KE
| 7| FORSTERITE.LSR 6/12/2009 2:41 PM LSR File 1KB
7| GaAlAs.LSR 6/13/2009 &:34 PM LSR File 1KE
7] GaAlAs_arrays.LSR 6/12/2009 6:34 PM LSR File 1KB
| #| GaAlAs_stacked_arrays.LSR 6/12/2009 6:40 PM LSR File 1KB
7] Gahs.LSR 6/13/2009 6:35 PM LSR File 1KB
7| Gahs_arrays.LSR 6/13/2009 6:35 PM L3R File 1KE
7| GaAsP.LSR 6/13/2009 6:35 PM LSR File 1KB
7] GaM.LSR 6/13/2009 6:36 PM L5R File 1KE
7 GOLD.LSR 6/16,/2009 2:38 PM L5R File 1KE
7| HELIUM- CADMIUM.LSR 6/13/2009 6:36 PM LSR File 1KB
] HELIUM-GOLD.LSR 6,/16,/2009 4:09 PM L5R File 1KE
7| HELTUM-NEOM.LSR 6/16,2009 2:33 PM LSR File 1KB
7] HELIUM-SILVER.LSR. 6/13/2009 6:38 PM L5R File 1KE
| Ho_Tm_Cr_YAG.LSR 6/13/2009 6:38 PM LSR File 1KB
7| Ho_YAG.LSR 6/13/2009 6:38 PM LSR File 1KB
7| Ho_YLF.LSR 6/12/2009 8:37 PM LSR File 1KB
7| Ho_YSGG.LSR 6/13/2009 6:38 PM LSR File 1KB
2| HYDROGEN_FLUORIDE.LSR 6/17/2009 3:27 PM LSR File 1KB
7| InGaAlP.LSR 6/12/2009 &:16 PM LSR File 1KB
7| InGaks.LSR 6/12/2009 6:54 PM L5R File 1KE
7| InGaks_arrays.L5SR 6/12/2009 &:57 PM LSR File 1KB
2| InGaAsP.LSR 6/12/2009 7:04 PM L5R File 1KE
7| InGaksP_arrays.L5R 6/13/2009 6:39 PM LSR File 1KB
7| InGaM.LSR 6/13/2009 6:39 PM L5R File 1KE
7| IODIMNE.LSR 6/13/2009 &:39 PM LSR File 1KB
2| KRYPTON_CHLORIDE.LSR 6/13/2009 G:40 PM L5R File 1KE
7| KRYPTOM_FLUORIDE.LSR 6,/13/2009 &:40 PM LSR File 1KB
2| KRYPTOMN_IOM.LSR 6/13/2009 G:41 PM L5R File 1KE
7| METHANOL.LSR 6/13/2009 7:23 PM LSR File 1KB
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MName Date modified Type Size

| METHANOL_DEUTERATED.LSR 6/15/2009 6:42 PM LSR File 1KB
7| METHYL_FLUORIDE.LSR 6/13/2009 7:09 PM LSR File 1KB
|| METHYL_IODIDE_DEUTERATED.LSR  6/15/2009 7:12 PM LSR File 1KB
7 METHYLAMINE.LSR 6/15/2009 6:47 PM LSR File 1KB
7| Nd_Cr_G5GG.LSR 6/13/2009 6:41 PM LSR File 1KB
| Nd_GGG.LSR 6/13/2009 6:41 PM LSR File 1KE
| Nd_glass_phosphate.LSR 6/13/2009 6:42 PM L5R File 1KB
| Nd_glass_silicate.L5R 6/13/2000 6:43 PM LSR File 1KE
7| Nd_¥YAB.LSR 6/13/2009 6:43 PM LSR File 1KB
|7 Nd_¥YAG.LSR 6/13/2009 6:44 PM LSR File 1KB
7| Nd_YALO.LSR 6/13/2009 6:44 PM LSR File 1KB
7| Nd_YLF.LSR 6/13/2009 6:46 PM LSR File 1KB
7] Nd_¥VO4.L5R 6/13/2009 6:46 PM LSR File 1KB
7| NEON_ION.LSR 6/13/2009 6:47 PM LSR File 1KB
2| NEOM-COPPER.LSR 6/13/2009 11:27 AM LSR File 1KE
| 7| NITROGEN.LSR 6/13/2009 6:26 PM LSR File 1KB
|| NITROUS_OXIDE.LSR 6/18/2009 7:23 PM LSR File 1KB
7| Ph_salts.L5R 6/12/2009 7:09 PM LSR File 1KB
|®| Pb_salts_77K.LSR 6/12/2009 7:11 PM LSR File 1KB
7| POLYMERIC_HOST_DYE.LSR 6/12/2009 7:18 PM LSR File 1KB
|#| RUBY.LSR 6/16/2009 2:38 PM LSR File 1KB
| Ti_SAPPHIRE.LSR 6/12/2009 2:12 PM LSR File 1KE
7| Tm_LuAG.LSR 6/13/2009 6:48 PM LSR File 1KB
7| Tm_YAG.LSR 6/12/2009 4,01 PM LSR File 1KB
7| XENON_CHLORIDE.LSR 6/13/2009 6:49 PM LSR File 1KB
|| XKENON_FLUORIDE.LSR 6/13/2009 £:49 PM LSR File 1KB
7| XKENON_IOM.LSR 6/13/2009 6:49 PM LSR File 1KB
7| XENON-HELIUM.LSR 6/13/2009 7:18 PM LSR File 1KB
7] ¥b_YAG.LSR 6/13/2009 6:49 PM LSR File 1KB
manuals

Manuals folder contains two Hitran-PC user manuals in PDF format, one for the new
version 4.0 and one for the past 1.0 — 3.0 versions of the Hitran-PC program. The folder
also contains a hidden PDF icon file used for correct display of the Start menu PDF files
due to the Start menu shortcut limitations in Windows.

press1 — press6 folders

The Pressl — Press6 folders contain files with the information about the corresponding
Atmospheric model. There are 6 US Air Force atmospheric models available as
described below:

press1 folder — Tropical (15N Annual average)
press2 folder — Mid-Latitude Summer (45N July)
press3 folder — Mid-Latitude Winter (45N Jan)
press4 folder — Sub-Arctic Summer (60N July)
pressS folder — Sub-Arctic Winter (60N Jan)
press6 folder — US Standard Atmosphere (1976)

Each of the pressl - press6 folders contain partial pressure vs altitude profile files for
each molecule (such files are called with the corresponding molecule name), total
pressure attitude profile file (called PRESS.alT), and a temperature profile file (called
TEMP.alT). A sample listing of files for the press1 folder is presented below:
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Table of files in the Press1 folder

-
Mame

7| C2H2.aIT
7| C2H4 alT
7| C2H6.alT
7| CR4alT
7| CH3Br.alT
7| CH3CL.alT
7| CH3CN.alT
7| CH30H.aIT
7| CH4.alT
| cLoalt
7| CLONOZ.aIT
7| co.alT

7| cozalT
7| COF2.alT
7| H2C0.alT
7| H20.aIT
7| H202.alT
7| H25.aT
7| HBR.aIT
A HCLalT
7| HCN.alT
7| HCOOH.alT
| HFalT

7| HLaIT

7| HNO3.aIT
7| HOZ.alT
7| HOBR.aIT
7| HOCL.alT
| N2.alT

7| N20.alIT
7| NH3.alIT
7| NO.aIT

7| NO2.alT
7| NOPLUS.aIT
7 oalT

|7 02.aIT

7 03.aIT

7 ocs.alT
/7| OH.alT

| PH3.aIT
7| PRESS.alT
7| SF6.alT

7] 502.alT
7| TEMP.aIT

Date modified

5/30/199211:55 AM
3/30/2009 6:22 PM
5/30/198212:05 PM
5/7/2008 9:25 PM
5/7/2008 9:26 PM
5/30/199211:26 AM
5/7/2008 9:26 PM
3/30/2009 6:22 PM
5/30,/1992 10:56 AM
5/30/199210:33 AM
4/18/1996 9:456 AM
10/13/199210:14 ...
5/30,/1992 10:55 AM
5/30/199212:12 PM
5/29/1992 515 PM
12/4/2007 3:47 PM
5/30/199211:45 AM
5/30/198212:13 PM
5/30/1992 10:36 AM
5/30,/1992 10:36 AM
5/30,/1992 1109 AM
5/30/198212:13 PM
5/30,/1992 10:40 AM
5/30/1992 10:28 AM
5/29/1992 2:56 PM
4/18/1996 9:46 AM
4/18/1996 1:23 PM
5/30/199210:27 AM
5/30/199210:33 AM
10/13/199210:04 ...
5/29/1992 2:45 PM
5/30/199210:38 AM
5/29/1992 2:29 PM
4/18/1996 9:47 AM
4/18/1996 9:47 AM
5/30/1992 10:42 AM
10/13/1992 9:59 AM
5/29/1992 4:30 PM
5/29/1992 3.07 PM
5/30/199212:06 PM
10,/12/1992 4:00 PM
5/30/198212:13 PM
5/29/1992 212 PM
10/12/1992 4:13 PM

Size

1 KB
1 KB
1 KB
1 KB
1 KB
1 KB
1 KB
1 KB
1 KB
1 KB
1 KB
1KE
1 KB
1 KB
1 KB
1 KB
1 KB
1 KB
1 KB
1 KB
1 KB
1 KB
1 KB
1KE
1 KB
1 KB
1 KB
1 KB
1 KB
1 KB
1 KB
1 KB
1 KB
1 KB
1 KB
1KE
1 KB
1 KB
1 KB
1 KB
1KE
1 KB
1 KB
1 KB
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sample databases folder

Installing the Hitran-PC 4.0 program will also load a reduced sample of the HITRAN
Line-by-Line database, a reduced sample of the PNNL database, and a reduced sample of
2 IR and 2 UV cross-section datafiles, that can be used by the user as examples of these
different spectral databases. In this way, the user can always have available these types
of databases for examination. Under most circumstances, it is expected that the user will
use the complete HITRAN 2008 Line-by-Line database, the complete 400 gas sample
PNNL IR database, and the complete HITRAN UV and IR cross-section databases.

Sample database folder contains 3 subfolders with sample HITRAN line-by-line,
PNNL and HITRAN cross-sectional files as follows:

hitran Ibl - contains a sample HITRAN database line-by-line file
(sample HITRANOS.par) over the spectral range of 4800 cm™ to 4850 cm™ (ie. 2.06 to
2.08 micron wavelength).

hitran_x_sect — contains sample HITRAN database cross-sectional files, as shown
below:

-~

Mame Date modified Size

|7 sample_HCFC-22_TR01 xsc 4/3/2009 4:46 PM 100 KB
| 7| sample_M205_IR04 xsc 4/4/2009 3:06 PM 174 KB
|7 sample_MO2-UV00 xsc 4/3/2008 4:22 P 279 KB
| =] sample_03-UV04 xsc 47372009 4:17 PM 50 KB

pnnl — contains PNNL database subfolders with the spectral information for
individual compounds. Information for 3 compounds from the PNNL database are
supplied, which are contained in 3 compound folders as listed below:

-~

Marne Date modified Type
1-Butene 47372009 1:22 PM File Folder
Chloromethyl_ethyl_et... 47372009 1:24 PM File Folder
Methane 4,/3/2009 1:23 PM File Folder

Each compound folder contains spectral information for 3 temperature ranges. For
example the listing of files in the Methane folder is presented below:
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Marne

% CH4_5T.pdf

Rl CH4_5T.SPC

= CH4_ 5T.TXT

T CH4_5T_Metadata.pdf
T CH4_25T.pdf

sl CH4_25T.SPC

[ CH4_25T.TXT

T CH4_25T_Metadata.pdf
T CH4_50T.pdf

] CH4_50T.SPC

= CH4_50T.TXT

T CH4_50T_Metadata.pdf

win folder

Date modified

5/20/2002 5:35 PM
5/20/2002 5:35 PM
5/20/2002 5:35 PM
5/20/2002 5:35 PM
5/20/2002 5:35 PM
5/20/2002 5:35 PM
5/20/2002 5:35 PM
5/20/2002 5:35 PM
5/20/2002 5:35 PM
5/20/2002 5:35 PM
5/20/2002 5:35 PM
5/20/2002 5:35 PM

Size

145 KB
384 KB
2,503 KB
TKB
146 KB
384 KB
2,502 KB
TKB
146 KB
384 KB
2502 KB
TKB

Win folder contains files with 4 smoothing functions provided with the Hitran-PC

program.
Mame Date modified Size
|| GAUSSWIN 6,/10/1992 11:09 AM
|| SIMC2WIN 5/21/1992 2:04 PM
|| SQUARE.WIN 5/21/1992 2:04 PM
|| TRIAMGLE.WIM 5/21/1992 2:04 PM

The user can display many of these data files using a text program, such as Notepad.

1KE
1KE
1KE
1KE

It should be noted that the data files for, spectral smoothing and atmospheric model
files are the same format to those given in the previous versions of Hitran-PC, and are

printed out in the previous Hitran-PC 3.0 User Manual.

However, the user should use

the specific versions in the Version 4.0 files and list these with a text program such as

Notepad.
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3.0 _Operation and Running of the Hitran-PC
program

This section covers the running and option menus used to change the input
parameters for the Hitran-PC program. Details are given for inputting parameter values,
using the output interface screen for displaying the calculated spectrums, and use of the
main menu options to change the operational parameters.

3.1 Running the Hitran-PC Program

The user starts the Hitran-PC 4.0 program by double clicking the Hitran-PC 4.0 icon
on your desktop. The program will then startup. In some cases when a Network server
is being used (like at a University or National Lab), a warning may come up such as the
following figure because the program is not registered through the Network Security
Publisher. You can go ahead and Open the file

Open File - Security Warning ﬂ

Do you want to open this file?

MHame: Hitran-FT 4.0.Ink
Publisher:

Unknown Publizher
Type:  Shortcut

From: filel.cas usf.edu

Open Tl

‘while files from the Internet can be ugeful, this file type can
@ potentially harm yaur computer. [F you do nat trust the source, do not

open this software. What's the risk?

Then the Hitran-PC 4.0 opening screen will be displayed.

[ |
H Itra n - P C 4 0 Copyright 1291-2009
] University of South Florida

Program to calculate and display the optical fransmission spectrum
of the atmosphere (aerosols and individual gases) using

HITRAN line-by-line / cross-sectional database and

PNNL database

il .[‘. UMW “““in_u....

Specify Horizontal or Slant paths, individual gases and isotopes
concentrations, lineshapes, and use different atmospheric models

Click anywhere in this screen to continue. . Serial number: 4000
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As can be seen, each copy of the Hitran-PC 4.0 program has a unique Serial number
that is registered with the purchaser of the program. Clicking on the screen will start the
input parameter questions as follows:

- |-\

i Initial startup parameters |ﬂ

The initial startup parameters used for the Hitran-PC may have
heen stored in a . TCF ASCI file. Input parameters may be read
from this file or manually entered:

Startup parameters
* Load parameters from TRAMSW.TCF file (Default)
" Load parameters from other * TCF type file

" Manually enter all parameters before starting

Mote: Pressing the "Enter” key in the manual startup mode will
select the default value for the current setup window and
switch to the next setup window.

Next ==

At this point, the initial user can just use the Default values to get the program running
for the first time. Notice that the button in the above window has a dotted line around it.
This means that the user can also just hit the Enter key on the keyboard, and this will be
entered.

Multiple hits of the Enter key can be used to fast-forward through the next several
screens. Default values are placed into the program so that the user does not have to
enter a lot of parameters, unless that is needed. In addition, default databases are also
automatically placed in the users Program files (under the Hitran-PC 4.0 directory) for
use if the location of the HITRAN or PNNL database is not yet known or used.
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The next screen will show the compilation of the input parameters, as:

;:.l Current Hitran-PC Input Parameters

= | E] )

—Startup Parameters
Manual Entry

—Dptical pathlength
Optical Pathlength (m): 1000.0000

—Database Information

Database filename: sample_HITRANOE par
Database type: 2004 HITRAN Databasze
Path: C\Denis\Hitran-PC 4 Jsamplz
databasesthitran |blsample HITRANIE. par
File beginning WHN (cm-1): 4799.992800
File ending WHN (ecm-1): 4850.019749

File beginning WL {micron): 2.0618472743
File ending WL (micron): 2.0833364583

—Pressure / pressure scaling option

Taotal Pressure (atm): 1.0000E+00
Pressure scaling: nia

—Index of refraction
Refractive index: 1.0000000

—Starting and Ending WL / WN

Current beginning WHN (ecm-1): 4800.000000
Current ending WN (cm-1): 4850.000000

Current beginning WL (micron): 2.0618556701
Current ending WL (micron): 2.0833333333

—LBL molecules selected

All Molecules

—Spectral margin contribution
Spectral Margins (cm-1): 1.000000

—WL / WN plotting options
Flot by increasing Wavenumber
Plotlinear in Wavenumber

—Absorbtion line wing contribution
‘Wing Contribution: # Saturated LineWidths: 12

—Datapoints Number / Resolution
Mumber of datapoints: 5000
Resolution (em-1): 0.010002

—Dptical depth threshold
Optical Depth Threshold: 5.500E-03

—Line broadening type
Line broadening type: Both Air And Self

—Lineshape function

Lineshape: Fressure (Lorentzian)

—Temperature
Temperature (K): 296.00

Option: Show all lines at 296K regardless of Temp

—Wertical axis setup parameters

Graph Type (Trans, Abs, Opd Transmission
Minimum Graph Scale: 0.000E+00
Maximum Graph Scale: 1.000E+02

Linear/ Log Plot: Linear

—Loschmidt's Number Dependence
N =NLIT

—Continuum selection

Mone

Save Config. (TCF) Load Config. ( TCF)

Wiew Molecule List

Exit to main
program

Frint This Screen

The user then hits the Exit to Main Program button (or the Enter key), to get:
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h Hitran-PC 40

=[E )

Run  Comp \View Sant 3DPlot  Graph WML Freq  Temp

2.08333 2.07792
000 . . . . I . . .

Path  Line Press Par

Wavelength, micrometers

2.07253
L | L L

Molecules

Atmos  Aerosols  File

2.06719

2.0e186

50.0 -

Transmission(2)

0

T
4800.00 4812.51

Path(m) =0 Temp(kK)=0  Total press.(Atm)=0  Res.inm

‘Wavenumber (1/cm) = 4847.90 Wavelength (mem) = 2.06275 Transmissiol

T T T T
4825.03

Wavenumber, 1/cm

emory (1/cm) = 0.0E+00

n(%) = 0

4837.49

Res. per pixel (1/cm) = 5.4E-02

4850.00

Info Panel / Working parameters [g]

X-Sect HITRAN | PNNLIR datzbase |
Farameters |Loadin | LEL HITRAN |
Datzbase type
sample HITRANDS.par
Database range (cm-1)
4799.992800 1o 4250013749
Database rangs {micron)
20618472743 1o 2.0833364583

enumber range (om-1)
4800.000000 1o 4850.000000
Wavelength range (micran)
20618556701 to 2.0833333323
X-ais Plot Setup
increasingWN | linear inWN

Frequency resolution
Datapoints: 5000
Resalution, 1/cm: 1.00E-02
Lineshape
Pressure (Lorentzizn)
Temp. (K)
29600 | Plot All
Atm. Dens. Temp. Dep
N=NUT
Path (m) Pressure (atm)
1000.0000 1.000E+00
Ref ind Scaling opt.
1.00000000 nla
Spectral margins, 1/em
1.000000
\fing contribution
Max: nia
Optical depth thresh
5.50E-03
Line broadening
Both Air And Self
Graph typs (Y-axis)
Transmission | Linear

Centinuum Aerosols
Mone Nene

Open detailed param window

The user then hits the Run line under the Run Menu, and the screen shows:

 Hitran-pC 40

=)

Info Panel / Working parameters [&]

Run  Comp View Slant 3D Plot  Graph  WN/WL Freq Temp Path Line Press Par  Molecules Atmos  Aerosols  File
Wavelength, micrometers
2.08333 2.07792 2.07253 2.06719 2.06186
1000 M . , , . | .

T TR

50.1

Transmission(a)

0

V

r'ﬁ

'“"ﬁf’ W ”“’“”W

T
4800.00 4812.51

Path(m) =1000.00  Temp(K) = 236.00  Total press.(Atm) = 1.00

Name uzol c02
AtmiA] 7.75E-03 M 3.30E-04

‘Wavenumber (1/cm) = 4847.73

Wavelength (mem) = 2.06282 Transmission(

T T T T
4825.03

Wavenumber, 1/cm

Res. in memory (1/cm) = 1.0E-02

%)= 0

4837.49

Res. per pixel (1/cm) = 5.4E-02

Mouse click and drag to zeom in plot

4850.00

X-Sect HITRAN | PNNL IR database |
Parameters | Loadin | LEL HITRAN |
Database type

sample HIT
Database range (cm-1)
4793952800 1o 4850.019749
Database range (micron)
20618472743 1o 20833364583
Wavenumber rangs (cm-1)
4300.000000  to 4850.000000
Wavelength range (micron)
20618556701 1o 20833333333
¥eais Plot Setup
increasing W | linear inw/N

RANDE. par

Frequency resolution
Datapoints: 5000
Resolution, T/em: 1.00E-02
Lineshaps

Pressure (Lorentzian)
Temp. (K)

29600 | Plot All
Atm. Dens. Temp. Dep
M=NLT

Fressure (atm)
1000.0000 1.000E+00
Ref.ind Scaling opt.
1.00000000 nia
Spectral margins, 1/em

1.000000
wiing contribution

Max: nia

Optical depth thresh

5.50E-03
Line broadening

Eoth Air And Self

Graph typs (Y-axis)

Path (m)

Transmission | Linear
Continuum Aerosols
Mone None

Open detailed param window

The user can then change variables within the menu selections, go to the slant path

mode, etc. To end the program, the user uses the Windows

File menu, selects Quit.

configuration file, or in another named file.

[X] selection, or under the
The user can save the current input parameters in the Default
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3.2 Spectral resolution and transmission calculations made by Hitran-PC

The Hitran-PC program essentially calculates the high resolution spectrum of the
atmosphere or composition of gases by calculating the specific transmission (or optical
depth) for each molecule at each specified spectral resolution point. The user specifies a
wavenumber (or wavelength) range/span and the number of frequency (wavenumber)
resolution points for that wavenumber span (a typical number is 5000). The program
then starts at the lowest wavenumber value and calculates the optical depth contribution
for each molecule or isotope at that wavenumber frequency. Then the program goes to
the next resolution wavenumber frequency point and performs the same calculation.

All the calculations in the Hitran-PC program are carried out and stored in the RAM
memory in Optical Depth units so that an Optical Depth value is stored in the memory for
each wavenumber point. In order to display the transmission data in other units
(Transmission, Absorption, and Absorbance) appropriate conversions are made. For all
calculations, the appropriate pressure broadened line-width, saturation line-width, partial
pressure, temperature, etc. is taken into account (the specific equations are discussed in
the appendices).

It is important to point out that the calculations in the Hitran-PC program are
performed in vacuum wavenumbers. The corresponding wavelength values are obtained
from the wavenumber values by taking into account the index of refraction. It is thus
correct to say that the Hitran-PC program displays the data in either vacuum
wavenumbers or air wavelength.

It has been suggested that the wavenumber itself should be first corrected for the
index of refraction and then the calculation done using air wavenumbers. This will be
considered in the next version of the Hitran-PC program.

It should be noted that the HITRAN database lists the line strengths for each line as a
function of wavenumber (frequency). As such, the Hitran-PC program uses these values
directly, and performs the calculations using the frequency wavenumber as listed in the
database. Although Hitran-PC can display the spectrum in wavelength units, it should be
remembered that the basic calculation is always done in frequency units. This is
mentioned because if there is any misinterpretation or discrepancy in measured or
experimental spectral features or stored HDF Hitran-PC files, it is usually recommended
that the user calculate the spectrum in wavenumber units or stores the spectral data in
ascending wavenumber units in a resultant datafile. This matches the storage of
molecular lines used in the HITRAN database.
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4.0 Manual Input of Startup parameters

Once the Hitran-PC program is started, the user will be asked to specify a
configuration file with the startup parameters or manually enter the startup parameters.
This section describes the sequence of menu screens or selections, and explains the menu
options for the manual input of the startup parameters (i.e. input parameters) for the
Hitran-PC 4.0 program.

As show before, the first input selection screen asks if the user wants to manually
input the parameters or use ones already stored in a configuration file as follows:

-

N\
% Initial startup parameters |ﬂl

The initial startup parameters used for the Hitran-PC may have
been stored in a . TCF ASCI file. Input parameters may be read
from this file or manually entered:

Startup parameters
* Load parameters from TRAMSW TCF file (Default)
" Load parameters from other * TCF type file

" Manually enter all parameters before starting

Mote: Pressing the "Enter” key in the manual startup mode will
select the default value for the current setup window and
switch to the next setup window.

Next ==

In order to enter the manual startup mode which is described in this section, it is
necessary to choose “Manually enter all parameters before starting”. The other two
options are used for loading the configuration from a default or arbitrary configuration
files.  One of the improvements to the manual startup mode is the addition of the
possibility to go back and forth in the parameters input process. The Next screen is as
follows:

4.1 Data type for HITRAN database

In this section the type of the HITRAN database to be used is specified. = Such
selection is necessary because various versions of the HITRAN database have different
formats.
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+
b HITRAN Line-by-line database type selection =NAC X

Choose the type of the HITRAN Line-by-line (LBL) spectral database you would
like to use (i.e. HITRANOS, HITRAMS6 etc ) which have different data formats:

HITRAN Database type
@ Use sample HITRAN 2008 file (4800-4850 cm-1)

" Use 2004 - 2008 format HITRAN database
" Use 1996 - 2000 format HITRAN database
" Use 1992 or earlier HITRAN database

Sample HITRAN 2008:  After pressing the next button, the sample HITRAN
2003 file supplied with the Hitran-PC program will be automatically loaded

The HITRAN 2008 sample file covers the spectral region of 4800-4350 cm-1
This file is called sample_hitran08.1bl and located in the Hitran-PC 4.0
installation directory in the /sample databases/itran-lbl/ folder.

<= Previous ‘ MNext ==

Hitran-PC 4.0 is now supplied with a sample HITRAN 2008 file covering the spectral
range of 4800 — 4850 cm™. The default option in this screen is the use of the sample file
supplied with Hitran-PC.

It is also possible to specify the location of the complete HITRAN database file by
using the other 3 options for different HITRAN database formats.

When the above window appears on the screen, the /nfo Panel window will also open
up at the right side of the screen. The fields in the “Parameters” tab will update as the
new startup windows are opened and the values are changed by the user.

The Info Panel will remain open after the main window is opened and will help the
user in viewing and manipulating the calculation parameters.

4.2 Specifying the location of the HITRAN database file

After the type or version of the database to use has been specified, the user will be
prompted for the location of the HITRAN database file which is to be used.

Devates with Femavable Storsge |
n Memary Stick ()

50/ MMC (E)

L DVDRW Diive (M)
o S 010430 1021

Flename. §E0 = | Heran 2004 databane thes [y =
[Comen | [ canca

The location of the HITRAN database could be the CD drive, or on your hard drive.
Make sure that the type of the data specified is the same as that of the file to open. It is
recommended that at first you use the HITRAN database on your CD drive, and then later
transfer it to your Hard Drive in an appropriate folder if needed.
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4.3 Specifying starting and ending wavenumber / wavelength

This window will let the user change the selected wavenumber/wavelength (wl/ wn)
calculation range or span.

N
i, Starting and Ending Wavenumber / Wavelenth = | & )

HITRAN Database Wavelength / Wavenumber range

C:\DENISIHITRAN-FC 4. 0\SAMPLE

Database file: 7, rug,Ere iTRAN, LEL SAMFLE._HITRANGE FAR

The range of wavenumber / vacuum wavelength found in the
database file

From 4789.982800 To 4850.019748 cm-1
(OrFrom 2.0618472743 To 2.08333646 Microns)
Specify starting Wavelength / Wavenumber
Starting wavenumber Value
oo Jens ] ] 5
Order of magnitude
20833333333 micon 4] o

Specify ending Wavelength / Wavenumber
Ending wavenumber Value

fsonniso a1 ] ] o

Order of magnitude
20618556701  micron 4| I i

Switch To Wavelength | =< Previous | Next ==

The range may be specified in wavenumbers or wavelength. Switching between the
wavenumber / wavelength mode is done by pressing the “Switch to...” button. This
window also contains information about the wavelength / wavenumber range in the
HITRAN database file specified previously. It should be noted that the HITRAN
database uses wavenumbers that are the vacuum wavenumber value. The wavelength
used in the Hitran-PC program is calculated using the specified index of refraction (to be
specified later by the user), and this value for the wavelength is therefore referred to as
the air wavelength.

4.4 Options to use the PNNL database

The Hitran-PC 4.0 program can use the PNNL IR database. This window gives the
user an option of using sample PNNL files supplied with the Hitran-PC program,
specifying the path to the complete PNNL database, or skipping PNNL database usage at
the startup.

. Choosing PNNL database folder = | B ||

‘You may choose to use the PNNL database in your calculations by using
sample PNNL database files supplied with Hitran-PC or by specifying the
location of anather PNML database folder.

PNNL database options
* Use sample PNNL database files
" Specify the location of PNNL Database folder

" Do not specify the location of PMNL database at this time

Sample PNNL Database: After pressing the next button the sample
PMML files supplied with the Hitran-PC program will be automatically
loaded.

The sample PNMNL files were taken from the complete PNNL database and

contain spectra of 3 compounds for 3 temperatures. They are located in the
Hitran-PC 4.0 installation directory in the /sample databases/pnnl/ folder.

== Previous | MNext == |
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These options are only available if no PNNL.info file exist in the “info” subdirectory
of the Hitran-PC 4.0 folder, otherwise the information about the location of the PNNL
database folder and spectral files is read in from the PNNL.info file.

The default option is the usage of the sample PNNL files supplied with the Hitran-PC
program. The sample files are located in the Hitran-PC directory in the \sample
databases\pnnl\ folder. There are 9 records for 3 sample molecules and 3 different
temperatures (5 C, 25 C, and 50 C).

If the second “Specify the location of PNNL Database folder” option is chosen, the
user will be prompted to specify the location of the PNNL database folder, as shown in
the screen below.

Browse For Folder ==

Spedfy the location of the main PNNL directory with subfolders containing spectral information.

4 compounds
1112 3 3 3-Heptaflusropropane_(HFC227EA)
1.1.1_2-Tetrachloroethane
1.1_1-Chlorodiflucrosthane_(Freon-1428)
1.1 _1-Trichloreethane
1.1_1-Trifluoroacetone
1_11-Triflueroethane_(R143A)
112 2-Tetrachlore-1-fluoroethane_(F121)
112 2-Tetrachlorcethane
1.1_2-Trichloroethane
1_1-Dichloro-1-fluoroethane_(R141B)
1_1-Dichloroethane
1_1-Dichloroethene
1_1-Difluoro-2_2-dichloroethane_{R1324)
1_1-Difluoroethane_(Freon-1524) -

s

The Hitran-PC 4.0 program has been designed to work with the complete PNNL
database which is typically downloaded from the PNNL website and consists of zipped
files which are by default extracted to the “compounds” folder. This folder will contain
subfolders with the name of the chemical which contain PNNL database data for
individual compounds. The location of such “compounds” folder is the one which needs
to be specified in the Hitran-PC program.

The last option “Do not specify the location of PNNL database at this time” should be
chosen if the user would like to skip specifying the PNNL database at the startup time. It
is possible to specify the location of the PNNL database later from within the main
program by going to “Molecules >> PNNL molecules”, pressing the “Specify/Change
PNNL directory” button and specifying the location of the “compounds” folder
mentioned above”.

4.5 Options to use Cross-sectional HITRAN database

This window allows the user to load sample HITRAN Cross-sectional files supplied
with the Hitran-PC program, manually specify folders with cross-sectional files to load or
individual files to load, as well as to skip the use of cross-sectional files at the startup as
shown in the window below.

The default option is the use of the sample HITRAN cross-sectional files supplied

with the Hitran-PC program; there are 2 IR cross-sectional records and 2 UV cross-
sectional records supplied.
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., Choosing Cross-sectional HITRAN files o (0 e

‘You may choose to use the UV or IR Cross-sectional records from the HITRAM
database in your calculations by using sample cross-sectional HITRAN files
supplied with Hitran-PC or by specifying the location of other Cross-sectional
HITRAM files manually.

Cross-sectional HITRAN data options
* Use sample Cross-sectional HITRAN files
" Specify the location of other Cross-sectional HITRAN files

" Do not specify the location of Cross-sectional files at this time

Sample Cross-sectional HITRAN files:  After pressing the next button the
sample Cross-sectional HITRAN files supplied with the Hitran-PC program
will be automatically loaded.

Sample Cross-sectional HITRAN files were taken from the HITRAMN database
and contain spectra of 2 compunds in the UV and 2 compunds in the IR
region. They are located in the Hitran-PC 4.0 installation directory in

the /sample databases/hitran_x_sect/ folder.

== Previous | Mext == |

It is also possible to specify individual folders with cross-sectional files from a
HITRAN database or individual HITRAN cross-sectional files by choosing the second
option and clicking next. The window shown below will then appear and let the user load
in all cross-sectional files in the folders specified by pressing the “Add folder with cross-
sectional files” button or load in individual cross sectional files by pressing the “Add
individual cross-sectional file(s)” button.

If HITRAN 2004 or 2008 is used, the cross sectional files are located in the
\UV\Cross-sections\ folder (for the UV region) and in the \IR-XSect\Uncompressed-
files\ folder (for the IR region). Cross sectional files usually have multiple records (for
multiple temperatures) and have an XSC extension.

1

. Choose Cross-sectional HITRAN data location =HECIEL X

Itis possible to either load in individual cross-sectional files or specify folders
with cross-sectional files. If folders with cross-sectional files are specified
(recommended approach), all files in these folders will be read in.

If HITRAM 2004 or 2008 database is used, the cross sectional files are
located in the following folders of the HITRAN database: \U\VICross-sectionst
and \IR_XsectilUncompressed-files\.

Add folder with cross-sectional files

List of loaded in folders with Cross-sectional HITRAN data files

Add individual cross-sectional file(s)

List of loaded in files with Cross-sectional HITRAN data

== Previous | Next == |

It is possible to load the same file multiple times but individual folders may only be
loaded once (there may be no folder duplicates).

40



4.6 Specifying horizontal axis plot options

This window allows specifying the type of plot along the horizontal axis.

M. Wavelength / Wavenumber Plotting Options SEEENT X

Wavelength / Wavenumber plotting options
All calculations are done as a function of frequency/ wavenumber.
However plots may be made by increasing Wavenumber or Wavelength:
Plot by increasing Wavelength / Wavenumber
' Plot By increasing Wavenumber (cm-1)

= Plot By Increasing Wavelength (microns)

Plots may also be made Linear in Wavenumber or Wavelength
Linearity of the plot
[ Plot Linear In Wavenumber

[ Piot Linear In Wavelength

== Previous | Mext ==

The spectrum may be plotted as a function of wavelength or wavenumber and linear
in either wavelength or wavenumber. The default is plotting as a function of
wavenumber and linear in wavenumbers.

4.7 Frequency (Wavenumber) resolution

The next window allows specifying the number of points along the horizontal axis
(wavelength / wavenumber axis) used for the calculations.

i Frequency Resolution

Fequency resolution

You may specifiy the resolution of the calculation by the number of datapoints
used. The scroll bar will work for numbers up to 20,000. To specify more than
20,000 points the number must be typed in the input box:

All calculations use the computer's RAM memory.

Resolution of the calculation {(number of datapoints)
# Datapoints  |5000 ﬂ J j

Freqguency Resolution (cm-1). 1.0002E-02

Current Frequency range
From 4200.000000 cm-1 To 4850.000000 com-1

Use Default (5000) == Previous ‘ MNext ==

It is important to point out that all calculations are carried out in wavenumbers even if
the calculation range is specified as a wavelength. It is thus the wavenumber range
which is subdivided with equidistant points regardless of the options above regarding
selection of linear in wavenumbers or linear in wavelength.
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4.8 Lineshape function selection

This window allows specifying the lineshape function type to be used in the
calculations.

M Selection of Lineshape Function =NICE X |

Lineshape function

Several lineshape functions are available for calculating the transmission
of the atmosphere.

Lorentzian (Pressure), Doppler (Gaussian), and \Voigt profiles are available
The Voigt profile uses the Whitting approximation referenced in the manual.

Lineshape functions
" Stick (Lorentzian Peak)
* Lorentzian (Pressure)
" Stick (Doppler Peak)
" Doppler (Gaussian)
" Voigt Profile

<<Previous | Next == |

The calculations details for different lineshape functions are described in the
appendices

4.9 Temperature selection

This window allows selecting the temperature to be used in the line-by-line
calculations. The allowed temperature range is 70 — 3000K. For more information about
the temperature recalculation please refer to the appendices.

o
M Temperature Selection oS

Temperature selection
Line width and intensity values stored in the HITRAN Database are based
upon a reference temperature of 206K,

Values may be generated for other temperatures within the range of 70K to
2000K.
Mote: The temperature correction is not available for
1) Molecules for which temperature correction coefficients are unknown
2) Records for which the ground state energy, E”, is uncertain. For these
molecules E” is given as -1 in the HITRAN database.
If the default 2004 temperature correction algorithm is used, the temperature
correction coefficients are available for all molecules except for Atomic oxygen
() and the new HITRAMN 2008 data {CO2 (isotopes 838 and 837), CH4
(Isotope 312), , CH3Br, CH3CN, CF4].

Temperature

Current Temperature (K): 296.00

Mew Temperature (K) = j J j
Use Default (296K) | == Previous | ’T‘

By default this temperature does not affect the PNNL or Cross section molecules
related calculations unless otherwise specified. For more information on PNNL and
Cross-sectional records temperature correction, please refer to the appendices.
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4.10 Temperature override option

This window allows specifying how the calculations will be carried out for those few
molecules for which the ground state energy is unavailable in the HITRAN database (the

ground state energy has a -1 value) or the temperature recalculation coefficients are
absent.

.,
M Temperature Override Option = | B |-

Temperature override rule

Lines with unavailable temperature correction coefficients and lines with E" = -1
in the HITRAN database will be plotted based on T = 296K if the temperature is
different from 296K, You may choose not to plot these specific lines if the
temperature is different from 296K,

Temperature correction coefficients are not available for.
Atomic oxygen (O} and the new HITRAN 2008 data {C02
(isotopes 838 and 837), CH4 (Isotope 312), CH3Br, CH3CHM, CF4}.
Override Options

& Qverride rule: Plotall O lines, lines for the new HITRAN 2008
molecules, and lines with E'=-1 based on a temperature of 296K

(~ Do not plot O lines, lines for the new HITRAN 2008 malecules
and lines with E"=-1 when T <= 206K

Note: This "Default” value is opposite to the earlier versions of
Hitran-PC (Ver. 1.0 - 3.0)

== Previous | Next == |

If the first option is chosen, the calculations for such records with £ = -1 will be
carried out for the temperature of 296K regardless of the temperature specified for line-
by-line calculations. If the second option is chosen, such records with £” = -] and
unavailable temperature coefficients in the HITRAN database will be skipped and the
lines will not be displayed.

4.11 Loschmidt’s number temperature dependence

The following window allows specifying how the Loschmidt’s number depends on
the temperature.

1
b Temperature dependence of atmospheric density, N = | ||

Options for termperature dependence of atmospheric density, N
(NL is Loschmidts number, deinsity of atmosphere at standard
temperature and pressure) :

Temperature dependence of atmospheric density, N

& N depends on Temperature as N =ML * (296/T)

o~ N isfixed at N=NL =2479E+19 moleculesicm3
(no temperature dependence, usually
only used for sealed absorption cells.)

== Previous | Next ==

The two options are explained in more details in the appendices.
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4.12 Specifying path length

The next window allows changing the path length to be used for the horizontal path
line-by-line calculations.

h Selection of optical pathlength ==l

Optical pathlength

Current Pathlength (m) = 1000.00

Mew Pathlength (m) = [1000.00

== Previous | MNext ==

This path length is the same for the PNNL and HITRAN cross section molecules by
default. However the path length for the PNNL and HITRAN cross section molecules
may be set to different values than the line-by-line path length later in the main Hitran-
PC window.

4.13 Total pressure

The next window allows changing the total pressure used in the calculations.

r B’
. Selection of total pressure and pressure scaling option E@ﬂ

The default total pressure to be used for broadening calculations is 1 Atmaosphere.
Mote: Atmospheric broadening and Mot Self Broadening coefficients are used

Current Total Pressure (atm) = 1.000E+00

Total pressure
Value

Total Pressure = j_| j

Crder of magnitude
= ] E
Pressure units
* Atm " mbar " Torr
Partial pressure option
Fartial pressure values for each molecule may be assigned or entered later.

[ Click on this option if you wish to scale all default partial pressures by the
ratio of new total pressure/current total presure. That ratio is: 1.000

Use Default (1 atm.) == Previous | Mext == |

This window also provides the possibility to scale partial pressure of individual
molecules by the ratio of the new total pressure and the old total pressure.
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4.14 Refractive index

The next window allows changing the refractive index of the gas mixture.

5
M Refractive index selection = |

Refractive index selection

The defaultindex of refraction used for wavelength display is 1.0 (Vacuum).
Index of refraction of airis 1.0002739 at 1 micron.
The refractive index may be specified by the userin the field below:

Index of refraction

Index of refraction = |1.00000000

The refractive index may also be calculated for the current midpoint frequency,
partial pressures and temperature by pressing the "Calculate index” button
below.

Calculate / Use default index of refraction

Calculate Index Use Default (1.0) ‘

== Previous | Mext ==

The refractive index may also be calculated using the current midpoint frequency,
default partial pressures, and temperature. For more information on the recalculation
procedure, please refer to the appendices. The default partial pressures may be viewed
in the “Molecules” tab of the Info Panel.

4.15 Changing line-by-line molecules selection

The next window allows selecting line-by-line molecules and isotopes for the next
calculation. The “Molecules” tab of the Info Panel will also become active once the
current window is opened in order to emphasize the possibility of using the Info Panel
later on as an alternative to the “Change Molecule Selection” window.

-
i Molecules selection for HITRAN line-by-line (LBL) [E=R

Double click on "Molecule name” to modify isotopes, partial pressure, or line color
Select/ Deselect molecules by clicking on a check box

Mol /lso. Name Pressure. Atm Color

1-Hz20 7.7500E-03 | ] B

2-Co2 3.3000E-04

3-03 2.6600E-08 | ] £

[ 4 -N2O 3.2000E-07 R

5-cC0 1.5000E-07 | ]

- [#] 6 - CH4 1.7000E-06 [ ]

B[] 7-02 2.0900E-01 ]

=[] 8 -NO 3.0000E-10 | ]

9-502 3.0000E-10 [ ]

10 - NO2 2.3000E-11

11 - NH3 5.0000E-11

12 - HNO3 5.0000E-11 [ ]

.2 13 - OH 4.40N0F-14 -

Expand All Collapse All Select All Deselect All
== Previous ‘ MNext == |
L

Double clicking on each of the molecules or isotopes will open a detailed window
providing additional information and making changes to the parameters possible.
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4.16 Contribution of absorption lines outside the plotted range

In this window the user may specify the additional spectral interval below the
minimum and above the maximum of the currently selected spectral range in order to also
include the contribution to absorption within the plotted range from the lines located just
outside the plotted range.

i N
. Contribution of absorption lines outside plotted range Elglﬂ_?-J

Contribution of absorption lines outside plotted range

To add the contribution of absorption lines just outside of plotted spectral range
enter leftright spectral calculation margin (cm-1) (DEFAULT=1)

Spectral margin value

Spectral calc margin (cm-1) = [1.000000 ﬂj j
Use Default (1 cm-1) == Previous | ’W‘

4.17 Absorption line wing contribution

This window lets the user modify the range from the line center which is considered
in the total absorption calculations for each individual line. = Absorption outside this
range specified for each line is considered to be 0 and thus not included in the total
calculation.

., Absorption line wing contribution =aRE X

Absorption line wing contribution

Spectral range limit (+/- from line center) for calculation of absorption line wing
contribution. The wing contribution may be specified by the number of saturated
halfwidths. An extreme limit for line calculations may also be specified. This limit
should be 25 cm-1 for correct continuum calculations.

Mote: The lesser of the two limits will be used for the calculations.

Wing contribution

MNumber of saturated halfwidths = |12 Use Default (12) |
B 1 i
Extreme limit for line calculation (cm-1)= [25.00 Use Default (25) |

&l ] [

== Previous | Mext == |

The value may be specified in saturated halfwidths or in wavenumbers.
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4.18 Optical depth threshold

The parameter specified in this window specifies the smallest optical depth which is
considered to be larger than zero in the line-by-line calculations.
values below the one specified in this widow will be disregarded and assumed to have a

zero value.

i Optical depth threshold =

In order to skip the calculation / contribution of weak lines, enter
Optical Depth Threshold (at line center). Atypical value is 5.5E-05.

Optical depth threshold at line center

Enter Optical Depth Threshold: [5.50E-05

Use Default (5.5E-05)

I

Cancel

All optical depth

A low value of 5.5-107 insures that the additive contribution of many weak lines is

taken into account.

calculations, except for the individual lines / ID mode.

4.19 Air/ Self broadening selection

The computation time is not affected for most transmission

The following window allows specifying the broadening mechanism to be used in the
calculations (the available options are Air, Self broadening or Both).

b Air and self broadened line widths =

(S | S|

+ Option 1

" Option 2

" Option 3

Air and self broadened line widths

Use BOTH Air broadened and Self broadened line widths
Total line width is weighted by the partial pressure of each
gas:

Totaljgmewideth = (Prorar — Peas) * AiTjimewideh +

+ Piys - Selfmewidm

Use only AIR BROADENED line widths from HITRAN

Use only SELF BROADENED widths. Self broadened widths
are not available for all molecules. Air broadened widths will
be substituted for missing self widths.

=< Previous

| Next == |
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4.20 Graph type and vertical axis parameters

This window allows modification of the parameters for the vertical axis.
parameters specified in this window serve for both the 2D and 3D plots.

\ Graph parameters

=)

v

Graph type

@ Transmission T

" Absorption 1-T

" Optical Depth —In(T)

" Absorbance  —logq(T)

Plot type

Current scaling parameters

Graph Maximum: [100.0000
Graph Minimum: 0]

Use Default (T=0-100%)

X Scan Comp For MinMax
LinearPlot " Log Plot

1) For the linear plot the default graph minimurm is 0
2) Forthe logarithmic plot the default minimum is the value specified below.

Minimum Log value (for Log plots)

Use default value (0.01 %)

== Previous | MNext == |

The

The user can change the graph type, vertical axis scaling, and specify linear or log plot.

4.21 Continuum selection

This window allows selecting the continuum used in the calculations.

choices are H,O, CO, and N, continuum (described in appendices).

. Continuum selection

(= 5 [ |

There are three types of continuum calculations available.
Check the ones you would like to include in calculations:

Continuum selection

I™ Use water vapor continuum
™ Use CO2 contnuum

™ Use N2 continuum

== Previous | Mext == |

Available
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4.22 Summary of the specified parameters

This is the last window to appear in the manual startup mode before the main
program is started.

= | 5] [ |

A Current Hitran-PC Input Parameters

Startup Parameters
Manual Entry

Database Information
Database filename: sample_HITRAMNOE par
Database type: 2004 HITRAN Databasze
Path: C:'\Denis'\Hitren-PC 4 Jsample
databasesthitan Iblzample HITRANIE par
File beginning WN {cm-1): 4799.992800
File ending WN (cm-1): 4350.019749
File beginning WL (micron): 2.0618472743
File ending WL {micron): 2.0833364583
Starting and Ending WL / WN
Current beginning WHN {cm-1}: 4800.000000
Current ending WN {cm-1}: 4850.000000
Current beginning WL (micron): 2.0618556701
Current ending WL (micron): 20833333333
WL / WN plotting options
Plot by increasing Wavenumber
Plotlinear in Wavenumber
Datapoints Number / Resolution
Mumber of datapoints: 5000
Resolution (cm-1): 0.010002
Lineshape function
Lineshape: Pressure (Lorentzian)
Temperature

Temperature (K): 296.00
Cption: Show all lines at 296K regardless of Temp

Loschmidt's Number Dependence
N=NLT

Optical pathlength
Optical Pathlength (m); 1000.0000
Pressure / pressure scaling option
Total Pressure (atm): 1.0000E+00
Pressure scaling: nfa
Index of refraction
Refractive index: 1.0000000
LBL molecules selected

All Molecules

Spectral margin contribution

Spectral Margins (cm-1): 1.000000
Absorbtion line wing contribution
‘Wing Contribution: # Saturated LineWwidths: 12
Optical depth threshold

Optical Depth Threshold: 5.500E-03

Line broadening type

Line broadening type: Both Air And Self
Vertical axis setup parameters

Graph Type (Trans, Abs, Opd Transmission
Minimum Graph Scale: 0.000E+00
Maximum Graph Scale: 1.000E+02
Linear / Log Plot: Linear

Continuum selection

None

Exit to main

Save Config. { TCF) Load Config. (. TCF) Wiew Molecule List Print This Screen

program

This window presents an overview of the parameters specified in
windows and may also be viewed in the main program by going to

the previous

Run >> Show / Load / Save Current Parameters.

These input parameters may be saved to either the default or user-specified
configuration file by clicking on the Save Config. (TCF) button and choosing a
corresponding option, as shown in the figure below:

B BRIl T

Save config. to the file Twill specify...

Save config. to the default configuration file..,

=]

Save
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5.0 Hitran-PC 4.0 output screen and interface
overview

This section presents an overview of the main output screen interface features of
Hitran-PC 4.0

5.1 Main window

The main output screen for the new Hitran-PC 4.0 program has been changed to add a
significant number of new features and allow for easy and real-time changes in the
spectral input parameters. An example of the output screen is shown here.

. Hitran-PC 40 B

Run  Comp View Slant 3DPlot  Graph WM/WL Freq Temp Path Line Press Par Molecules Atmos  Aerosols  File

Wavelength, micrometers
5.000 4.444 4.002 3.836 3.333
Py . | . . I . . 1 . .

Select a smaller
region for
magnification by

| pressing the left
mouse button and
dragging the mouse

Absorptian(%h)
u
Z
=

fi
ARV .._ Wl o LA R “’ll\lj

2000 2250 2459 2750 3000

Wavenumber, 1/cm

Path(m) =1000.00  Temp(K) = 296.00  Total press.(Atm) =1.00  Res.in memory (1/cm) = 2.0E-01  Res. per pixel (1/em) = 1.2E+00

NEAT; 7.752-%%. 3.302-%3 3.202-20[; 1505-E0E7I Moé-ﬂozl 10. oolt‘zﬂ soo[éﬁgl +— InfO about the mOIGC Llles

Wavenumber (1/cm) = 3000 Wavelength (mem) = 3333 Absorption(3) = 911 Mouse click and drag to zaom in plot V|
{

Drag to resize

As can be seen, the display shows the transmission spectrum or absorption spectrum
(shown in this example) as a function of wavelength (or wavenumber). The spectral
contribution of each individual gas is colored coded. User selected path lengths,
temperatures and partial pressures are displayed. The spectral resolution of the displayed
plot pixels is also shown. The menu options for changes to the parameters are shown at
the top of the screen display. Some of the features are discussed in the following.

The user has the ability to magnify a smaller portion of the plot by pressing and
dragging the mouse over the plot area in order to select the region of interest. Once the
magnification is complete it is possible to select “Run” again in order to recalculate the
spectrum in the magnified region with a higher accuracy.
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In order to go back in the magnification process, the middle button of the mouse
should be pressed (wheel button) or the “Zoom out” option should be chosen from the
pop-up menu after right-clicking the mouse on the plot. Going back in the magnification
process is also possible after the recalculation for the magnified region has been done, but
in this case the spectrum will not be displayed after going back in the magnification
process.

Boxes containing information about the molecules in the last calculation are located
under the plot and present information about the molecule name, the color of the plot
corresponding to it, and the partial pressure. In the case of the “Separate Isotopes”
mode, the isotope number is also displayed. Also, if PNNL and cross-section molecules
are used in the calculations, the corresponding info boxes will indicate the temperature at
which the spectrum has been obtained as well as the path length for the current molecule
(since it can be different from the line-by-line path length).

Matme | Hzoll _ .
Atm 7.75e-03 0 Separate molecules info box
ame 'F.S;thm' L Separate isotopes info box

Mame [ATemp.  1-Fluoro 296 . .
Athathp = noe-07 10000 € PNNL and cross section info box

Laser mame Alexandrite . .
micronFdmicron 03800 040 <€— Laser line info box

Mame 7] TCR )
Mo, (] 11 «<— Added In molecules info box

Name — Chemical formula, compound name or abbreviated title (for added in spectra)
Atm — Partial pressure in Atm

Iso. N. — Number of the isotope

Path — Path length in meters

Temp — Temperature in degrees Kelvin

micron — Wavelength of the laser line in micrometers (beginning/ending wavelengths are
indicated for tunable lasers )

No. — Number of the column in the file the spectrum has been added in from

The information about the mouse location is displayed at the bottom of the main
window:

Name H20 coz2 N20 co CH4 0oCSs
Atmpd 7.75E-03M 3.30E-0400 3.20E-07  1.50E-07M 1.70E-06M0 &.00E-10

Wavenumber (1/cm) = 22524 Wavelength (mcm) = 4.440 Transmission(%) = 57.8

[~

It is also worth pointing out that the number of significant digits displayed on the plot
as well as in the graph cursor is adjusted according to the resolution per pixel determined
by the current window size. This feature is easily noticeable in the logarithmic scale
mode, when the resolution is different for different parts of the vertical axis.
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Another addition is the ability to Copy and Paste the obtained plot into another
application (like MS Word). In order to do that, right click the mouse and select copy in
the menu, the image may then be pasted into a different application:

Loom out

Copy (to Clipboard)

Print

It may be added that the user can also make a copy of the complete screen using the
"Print Screen" key (usually Print Screen or a Shift + Print Screen), which copies the
entire screen into the clipboard of Windows. Then you can use a program like PAINT
(Windows Accessory) to paste the picture into the Paint page, use the select feature to
isolate the portion wanted, use copy to put this portion onto the clipboard, than use MS
Word to add this portion into a Word document.
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5.2 Info Panel

The so-called Info panel has been introduced in the current version of Hitran-PC for
easier use. The Info Panel is an auxiliary window located at the right side of the main
window and contains information about the molecules used in the calculations, current
parameters, and loaded-in spectra. The Info Panel provides easy access to the current
parameters and allows their quick modification without the need to search through the
main menu for the required parameter.

The Info Panel contains 5 Tabs:
1 2 3 4 5

Info Parel | Working parameter: G Infes Panel / Working parameters El Info Panel / Working parameters & Info Parel / Working parameters & Infa Panel [ Working parameters (g3

XeSect HITRAN | PHNL '““"“"r XSmet HITRAN | PHNL IR detabaen FParsmeters | Londin | LBL iTRAN || Parwmetnes | Loadin | LEL HITRAN | HSeet HITRAN | PHNL IR datnbase |
Eammeions | Loadin | LBL HITRAN | Paameters | Loadin  LBL HITRAN XeGact HITRAN  PNNL IR detabase XSect HITRAN | PHAL IRt databisss Parareters  Leadin | LBL HITRAN
Datsbase type No. Mams Press  Col Chom.name Press T Cir.
: T-Gusene
1-Chlore-1. 500647
1-Chlore-2-

ame  Press  Temp Ch Wo  Filenamm  Col Ch
spoEar 207 [
SO0E2T 3
SO0EST 84
$.00E.47
007
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Parameters Molecules PNNL IR database Cross-section Load In

The info panel can be minimized by clicking on the [x] in the upper right corner. It
can be retrieved by clicking on the panel tabs at the bottom of the screen.

5.2.1 Parameters tab

The Parameters tab contains the summary of the current parameters. In order to
modify a particular parameter it is possible to either go to the corresponding item in the
main menu or double click the item in the Parameters tab of the Info Panel instead.

5.2.2 Molecules tab

The Molecules tab contains information about the line-by-line molecules in the
HITRAN database as well as the continuum to be used. The number of the molecule, its
chemical formula, partial pressure and the color of the plot to be used are indicated for
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each molecule.  The color of the plot can be changed by double clicking on the
corresponding color box and choosing a new color.

Double clicking on any molecule record in the list will open up a detailed window
with the possibility of modifying the partial pressure corresponding to the selected
molecule and the color of the plot, as shown in the figure below (detailed molecule
information). The detailed information window also contains the list of the isotopes
listed by abundance. Double clicking on the color corresponding to a particular isotope
will open up a window allowing modification of that color. Double clicking the number
of the isotope will open up detailed information window for this particular isotope.

Detailed information window for an isotope is illustrated below.  The partial
pressures may be specified either in values normalized by the natural abundances of the
isotopes (the intensities in the HITRAN database are normalized this way) or non-
normalized partial pressures. In addition, the window contains the AFGL isotopologue
number, molecular mass and the abundance of the isotope.

 H20 S{E) e | A H20 (D) = | B | ot
B!
Molecule Molecule plot color — Isotope Isotope plot color -
H20 Plotted line color: . H20 (1 ) Plotted line color. .
¥l Molecule is selected Elagucizlon B Isctope is selected Change color
Absolute partial pressure Iso. number Mol. mass Abundance
Value :
AFGL notation: 181 18.010665 0.897317
pA: [7.75E-03 Kl 1l o
. Absolute partial pressure
& e« (‘ ; Order of magnitude j Value
Atm.  mbar  Torr PA: [7.750E-03 ﬂ J j
Fractional concentration (ppmv) i« [ i Qrder of magnitude
The absolu_te partial pressure (PA) is related to the fractional Atm.  mbar  Torr o j
concentration (PAppmy) times the total pressure (PT) as: Use absolute partial pressure nat normalized by the
PA = PAppmv * 10~-6 * PTatm I” isotope natural abundance (to be used for isotopic
The units of PAppmv are parts per million by valume (PPMY). gas absorption cell)
PAppmy Fractional concentration (ppmv)
7.750E+03 )
Current Total Press. (aim}-1.00E+00 Theabsolute partialpressure (PA)is relatedto the ractional
Ve Beriis Frmm 5. Shens K. S5 concentration (PAppmv)timesthetotal pressure (PT)as:
- - PA = PAppmy * 10°8 * PTatm
Isotopes selection Theunits of PAppmv are parts permillion by volume (PPMY)
Isotopes (listed by abundance) PAppmv
=] - & 2 l:l = l:l 2 4 l:l 2 5 l:l 7.750E+03 Current Total Press. (atm)q 1.00E+00
— bl & - - Use Defaults From U.S. Standard Atm. (1976)
Double click on the isotope number for isotope details
Cancel ‘ OK | e | o |
I 5
Detailed information Detailed information
window for a molecule window for an isotope

The Molecules tab also allows choosing the continuum to use in the calculations as
well as the colors of the plots corresponding to them:

Select All Deselect All

[ Ceontinuum H20
[ Centinuum CO2
[1 Continuum N2

Open LEL Window
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Pressing the “Open LBL Button” is equivalent to choosing Molecules >> Line-by-
line HITRAN molecules option in the main menu described later in the manual.

5.2.3 PNNL IR tab

If no information about the location of the PNNL database and selected molecules has
been saved to the configuration file, the PNNL tab will be blank once the Hitran-PC
program is started. In order to populate the PNNL tab it is necessary to open the main
PNNL window by pressing the “Open PNNL window” in the PNNL tab of the Info Panel
and specify the location of the PNNL directory and select the molecules to be added to
the PNNL list in the Info Panel.

Pressing the “Open PNNL window” button is equivalent to Molecules >> PNNL
Molecules option in the main menu described in a later section.

The PNNL IR Tab of the Info Panel provides the truncated compound name, partial
pressure in Atm, temperature at which the spectrum has been recorded and the color of
the plot corresponding to the current compound. The color of the plot may be modified
by double clicking on the color box and specifying a new color.

It is important to point out that the spectra in the PNNL database have all been
renormalized to 296K regardless of the stated temperature at which the spectra were
recorded.

Double clicking on a particular item in the PNNL list of the Info Panel will open a
detailed compound window containing additional information about the selected
compound and allowing the ability to modify the partial pressures.

5.2.4 Cross-sections tab

If no information about the location of the cross section files and selected molecules
is found in the configuration file, the cross-section tab of the Info Panel will be blank
once the Hitran-PC program is started. In order to populate the Cross-sections list of the
Info Panel one may press the “Open cross sections window”, populate the list by
specifying the locations of the files and/or folders to open and add the desired molecules
to the list (check Add for the molecules of interest). Pressing the “Open cross sections
window” button in the Info Panel is equivalent to choosing Molecules >> Cross section
HITRAN molecules from the main menu.

The Cross-sections tab provides the name of the molecule, partial pressure in Atm,
the temperature at which the spectrum has been recorded and the color of the plot. Once
again, the color of the plot may be modified by double clicking on the color box of
interest.

Double clicking on a particular item in the Cross-sections list will open up a detailed
window containing information about the current cross section record and will provide
the possibility to modify some parameters like the partial pressure, color of the plot and
the calculation range.
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5.2.5 Load In tab

This tab is used in order to Load In spectra from HDF or TXT files. Once the
program is started, this tab will be blank. In order to populate the tab it is necessary to
add in HDF or TXT files to the list. The procedure of adding the files is described in a
later section.

After HDF or TXT files have been added, the Load In tab will contain information
about the file name and the column number in the file (each column is assumed to
correspond to the spectral information in the multi-column file that the information has
been read in from). An example of a populated Load In tab is shown in the figure below:

‘.‘:' =] = J Info Panel / Working parameters @
Deie 03272008 M| xSect HITRAN | PNNLIR database |
Time 14:01:36 Parameters  Loadin | LBL HITRAN |
Column Number 4 -
Column Name H20(3) No. Filename Col Cir
: Y-zdis format Transmission, % testhdf 1 -
X_ads fomat Wavelength, micron test hdf 2 T
+ (From (1/em 2000.000000 ! test.hdf 3
{To (1/cm 2500.000000 test hdf 4
(From {micrometers 4.000000000 test hdf 5
+ (To {micrometers 5.000000000 testhdf 3
{Plot Incremert (1/em 0.025000 testhdf
Number Of Points 20000 | test.hdf 8
Lineshape Lorentzian (Pressure) test.hdf g |
: Temperature 296.00 test hdf 10 E
: (Path attitude (m 0 test.hdf 1
(Pathlength (m 1000.000 testhdf 12
test hdf 13
| test.hdf 14
test hdf 15
test hdf 16
testhdf 7
testhdf 12 L.
testhdf 19
| test.hdf 20
test hdf il
testhdf 22
testhdf ]
test hdf 24
testhdf 25
testhdf 26
testhdf 2
testhdf 28
test hdf ]
testhdf 30
testhdf 31
test hdf 32
testhdf 3
testhdf 34
test hdf 35
testhdf 36
test hdf 37
testhdf 38
testhdf 33
3000 testhdf 0
testhdf 41
testhdf 42
fem) = 1.1E+00 test hdf 43
testhdf 44 -
Select All Deselect All
Clear list

Additional information about each record is displayed in the pop-up window to the
left of the Info Panel once the mouse is over the record in the list. To load in spectra,
check the ones you would like to include in the next calculation making sure it falls
within the calculation range.

Choosing “Clear list” clears all the information about the loaded in spectra from the
memory and clears the list.

56



5.3 Slant path layer editor

When the user selects the Slant Path option under the Run Menu, then the following
output screen is displayed. Here the slant path geometry options are displayed and the
resultant slant path transmission spectrum. Also shown is the slant path info panel.

A Hitran-PC 40 [=TE[ %= T info Panel / Warking parsmeters [&3]
Run  Comp View Slant 3DPlot Graph WN/WL Freq Temp Path Line Press  Par  Molecules  Atmos  Aerosols  File %Sect HITRAN | PNNL IR database |
Parameters | Loadin  LBLHITRAN
Wavelength, micrometers Altitudes [ path length No. Mame Press Col
5.000 4404 4.002 3.636 3.33 nital altedekm) 0| 100 652503
| | L L L L | L L L L | L L L L 2 MCo2  3TIE0
100.0 [ Total path (km) - 3 [ 03 284508
Caloulated e 4WIN0  3.02E47
: SICO 139507
final altitude (km) :[19.50 S 180506
702 197501
Number of layers §WINO  283E10
9 iS02  271E10
Number of layers Layer interpolation WkND2  217E-11
1IN 5.17E10
kil || [widdie of tayer T~ ] 12 [l HNO3 517ET1
13MOH  415EM
slant path angle 14V HF 9adEs
15 H0 B2SE-0
@ Anglefrom horizon (+80t0 -90)  AngleiDegrees: 16 bl HBr  1.60E-12
- " Anglefromzenith (010 180) 4 ’ 17 H 283
) d ! ! ] = 1300 94dEs
é 00 > I™ Lock all parameters for all layers ;3 : E;ESD Eg}é}g
s NUm  AMKm  Pthkm Wihkm Tempi PAm  Ref.ind. 21000 BE3ET2
5
H 1 0500 1000 1.000 28495 0944 1.00026172 22 M T37E01
S 2 1500 1000 1.000 27345 0.835 100023597 23 HCN - 1.58E-10
3 2500 1000 1000 27195 0738 1.00021405 A el e
4 3500 1000 1.000 26570 0.650 100019276 Dt zaet0
5 4500 1000 1.000 25920 O.571 100017335 e e
5 5500 1000 1.000 25245 0.600 100016570 e P 84421
7 6500 1000 1.000 24595 0.435 100013934 29 Wl COF? 944501
3 7500 1000 1.000 23945 0378 100012435 30 wlSFs 94420
s 8500 1000 1000 23285 0328 100011083 FwlHes  9.44E21
10 9500 1000 1.000 22650 0283 1.00009810 32 ¥l HODOH 8.44E21
11 10500 1000 1000 22005 0243 1.00003670 33vlH02  9.44E21
12 11500 1000 1000 21875 0208 100007531 34wl 0 9.44E21
‘ | | 13 12500 1000 1.000 21670 0178 1.00006438 35 vl CONDZ 9.44E21
I 1 | 14 13500 1000 1000 21670 0152 100005502 38 NOs 04BN
Ty ) i AR I 16 14500 1000 1000 21670 0.130 1.00004702 51 bl IO 4P 71
0 s = e B B e e B 16 15500 1000 1000 21670 0411 100004019 oD
2000 2350 2499 2750 3000 17 16500 1000 1.000 21670 0095 1.00003435 v o

40 |yl CH38r  0.00E-00

18 17500 1000 1000 21670 0081 100002937
Wavenumber, 1/cm 19 18500 1000 1000 21670 0.069 1.00002511 :; : E?BCN gggg£
Path(m) = 1000.00  Temp(K) = 296.00  Total press.(Atm) = 1.00 20 19800 1000 1000 21870 0059 100002148 - L
Res. in memory (1/cm) = 2.0E-01  Res. per pixel (1/cm) = 1.7E+00 Select Al Deselect Al
. Continuum H20
Name HZDI coz N20 col cml HCI ocsl EE::(::S::CDZ |
Al 7755030 3308040 320507 1.508-07M 1.70E-05M 10.00E11  6.00E-10]

Mouse right click on  layer to modify layer O Continwmtz [

Wavenumber (L/cm) = 3000 Wavelength (mem) = 3333 Absorption(%) = 881 ouse click and drag to zoom in plot Open LEL Window

Slant path layer editor

One of the new features in the Hitran-PC interface is the addition of the Slant path
layer editor as a part of the main window. The slant path calculation parameters are now
modified in the same main window as the horizontal path parameters.

The Slant path layer editor is used to specify the geometry of the layers for the slant
path calculation. It is also used in order to specify individual layers for which the
chemical composition (partial pressures of molecules or isotopes and their selected
states) and other parameters (fotal pressure, temperature, refractive index, layer
geometry) have to be changed. The Slant path layer editor may be hidden and restored,
this has been done in order to have the possibility of maximizing the plot size after the
calculation has been completed.

As shown on the next page, the Slant path layer editor consists of two sections: the
Geometry editor and the Layer list. The Geometry editor is used to specify the Initial
altitude, Total path, Number of layers, Layer interpolation type and the Slant path angle.
Once any of the above parameters in the Geometry editor is modified or the atmospheric
model is changed, the parameters in the Layer list are automatically recalculated using
the current atmospheric model and the chosen slant path geometry. For more
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information on automatic layer recalculation and layer locking please refer to the
following sections.

Once the geometry of the layer is specified, the user may change the Temperature,
Total Pressure, Refractive Index and chemical composition of each layer in the layer list.
The ways of doing that are outlined below.

Info Panel
Geometry editor
\ E@g Info Panel ,‘Worxﬁng parameters @
ules  Atmos Aeroiols File X-Sect HITRAN | PNNL IR database |
Parameters | loadin LBL HITRAN
Altitudes / path length No Mame Press Col

e

Inital alitude (km) D 1wlH2O  5.81E-M

2 Wlcoz  185EM
Towpatkmy @0 ]| .
Calculated altitude 5 [l Co 6.47E08

final altitude (km) :|19.50

B v CH4 5.50E-07
7 vl 02 1.04E-01
Number of layers 8 %HD 1.50E-10
9 vl 502 5.38E-11
Mumber of layers : Layer interpolation 10 [l NOZ 1.15E-11
- 11 [WINH3  5.75E-11
< ||| [middie of Layer  ~] 12 bl HNOZ  5.21E-11
13 [v| OH 2.20E-14
Slant path angle 14 | HF 3.70E-14
. 15 [wl HCI 1.04E-10
¥ snglefrom horizon (+80to -90) ﬁnglefDegrees. 16 W HEr  B50E-T3
" Anglefrom zenith (0to 180) ﬂ | >| 1; %E:D ;ggg]g
. 19 [l OCS  2.76E-10
™ Lock all parameters for all layers 20 [l H2CO 4 3BE-11
Mum  Alkm  Pth/km Withkm Templ P/Atm  Ref. ind. 21 ¥ HOO  361E-12
1 0500 1000 1000 28495 0844 100026172 22 [yl N2 3.90E-01
2 1500 1.000 1000 278.45 0836 1.00023697 gi % ﬁsqm gggg];
3 2500 1.000 1000 27195 0733 1.00021405 55 W 1202  B57EAT
: 4 3500 1.000 1.000 28570 O0.650 1.00019275 Tar
Press to hide and [ 4500 1.000 1.000 25820 0571 1.00017335 gg %gﬁ ;ngla
restore Slant 5 5500 1000 1.000 25245 0500 1.00015570 28 W PH3 50021
. 7 6.500 29 [l COF2  5.00E-21
palh layel” edllOl’ 8 T.500 Lock |E)"Ef geometry 435 30 % SFR 5.00E-21
9 8.500 Lock all layer parameters D83 31 W H2S  5.00E21
10 9.500 510 32 || HCOOH 5.00E-21
1 10.500 Change layer altitude E70 33 M HO2  5.00E-21
12 11.500 . 531 34 w0 5.00E-21
13 12 500 Change layer thickness 438 35 vl CIONO2 5.00E-21
14 13,500 Eno 36 | NO+  5.00E-21
15 14.500 Change layer temperature 702 37 [l HOBr  5.00E-21
16 15500 D19 38 vl C2He  0.00E-00
' Change layer total pressure 39 ] CH30H 0.00E+00
ge lay P
] 17 16.500 o 435 40 [ CH3Br  0.00E=+00
18 17.500 Change layer refractive index 637 41 [/ CH3CN  0.00E=00
L V) Pl 42 WICF4  0.00E+00
20 18.500 Unlock all layers 46
Select All Deselect All
[ Continuum H20
[ Continuum C0O2

Mause right click on a layer to modify layer [ Centinuum N2
Open LBL \Window

d drag to zgom in plot
i

/

Layer list
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If locked layers are present in the slant path and the geometry is modified so that
some locked layers fall above the maximum altitude, then such locked layers are removed
from the layers geometry.

Please note that when the Calculated final altitude is smaller than the Initial altitude,
the layers are still displayed and stored in the ascending order (that is from the lowest to
the highest altitude). This difference is important for the irradiance calculations.

1.6.4 Modifying parameters for individual layers

This subsection will provide information on how to modify parameters for individual
layers in the layer editor. In order to change individual parameters for a particular layer
the user has to first select the layer to be modified in the list (the line selected in gray in
the Layer list on the previous page).

-

Lock layer geometry

Lock all layer parameters

Change layer altitude
Change layer thickness

Change layer temperature
Change layer total pressure

Change layer refractive index

e T

Unlack all layers

After the layer to change the parameters for is selected, the user may either use the
items in the main menu of the main window or right click on the selected layer and
choose a corresponding option in the submenu shown above to modify a particular
parameter for that layer.

5.3.1 Changing layer thickness and altitude

“Change layer thickness” is equivalent to choosing Path >> Selected layer width.
This option allows modification of the layer thickness. After the thickness of the layer is
manually changed, the geometry of that layer (layer thickness and the altitude) is locked.
This will result in the layer to be shown in green.

“Change layer altitude” 1s equivalent to choosing Path >> Selected layer altitude.
This option allows modification of the layer altitude.  After the altitude is manually
changed, the geometry of that layer (layer thickness and the altitude) will become locked
and the layer will be shown in green.

If the geometry of a certain layer is locked it means that its altitude and thickness will
remain unchanged even after the automatic recalculation procedure (if the user changed
some slant path geometry parameters in the Geometry editor). In fact, if layers with
locked geometry are present and the user modifies the slant path layer geometry, all
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unlocked layers will adjust accordingly in order to accommodate layers with locked
geometry.

5.3.2 Changing temperature, total pressure and refractive index

“Change layer temperature” corresponds to Temp >> Change Temperature in the
main menu and allows changing the temperature of a particular layer.

“Change layer total pressure” corresponds to Press >> Change Total Pressure in
the main menu and allows changing the Total Pressure of a particular layer.

“Change layer refractive index” corresponds to Par >> Refractive Index for the
Selected Layer and allows modification of the refractive index for the selected layer.

If any of the above parameters are manually modified for a particular layer, all
parameters (the geometry, chemical composition, total pressure, temperature and
refractive index) for that layer become locked which will be shown by a pink highlight of
that layer.

Locking all parameters of a layer is equivalent to locking both the geometry as well
as all other parameters. That means that during the automatic recalculation procedure
the geometry of that layer remains preserved as well as the chemical composition, even if
the altitude of the layer is changed.

5.3.3 Changing layer chemical composition

In order to change the chemical composition (selected states of the molecules or
isotopes and their partial pressures) of each layer the user has to select the layer to be
modified in the layers list of the slant path editor and then either use the Info Panel,
which is used to modify parameters for individual layers in the “Slant path mode”, or go
to the Molecules submenu of the main menu and use the options there to open up detailed
windows for each particular database and make modifications.

5.3.4 Layer locking and adaptive layering mechanism

This section will provide a detailed explanation of what happens to a particular layer
when its geometry or all parameters are locked.

Automatic recalculation of parameters in layers

If no locked layers are present, the following parameters are automatically recalculated
using the currently selected atmospheric model:
1) Total pressure for each layer
2) Temperature in each layer
3) Refractive index in each layer
4) Partial pressures for all HITRAN line-by-line molecules (using the current
atmospheric model).
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5) Partial pressures for HITRAN cross-sectional molecules.  All cross sectional
molecules found in the Line-by-line molecules list are assigned the corresponding
partial pressure of that particular line-by-line molecule, otherwise a pressure of
5-107 Atm is assigned

6) The selected states of molecules are automatically assigned as follows:

- All HITRAN line-by-line molecules are selected for all layers

- All HITRAN cross sectional molecules are NOT selected for all layers
- All PNNL molecules are NOT selected for all layers

- All Continua are NOT selected for all layers

Each individual layer may be locked by choosing “Lock layer geometry” or “Lock all
layer parameters” options. These options are accessible by right clicking in the layers
list of the slant path editor.

Layer geometry locked

If the first option “Lock layer geometry” for a particular layer is chosen, the layer
will be shown in green. Once this is done, the geometry (width and altitude) of that
particular layer will remain unchanged when the general geometry or the atmospheric
model (Aftmos menu) used for the slant path is changed.

All the other parameters outlined above (1 — 6 items above) are automatically
recalculated for both unlocked layers and layers with locked geometry.

If the layer thickness or the layer altitude is manually modified, the geometry of that
layer will become locked. After the geometry of one or more layers is locked and the
general slant path geometry is changed in the Geometry editor, all unlocked layers will be
changed in such a way as to accommodate the geometry of the locked layers which is
referred to as Adaptive layering. To unlock all locked layers choose “Unlock all layers™
from the menu.

Layer all parameters locked

If the second “Lock all layer parameters” locking option is chosen, all parameters for
a particular layer are locked, no automatic recalculations or changes of any kind occur to
the layer when the slant path geometry is modified or the atmospheric model is changed.
Both the geometry as well as the items 1 — 6 listed earlier in this section are fixed and
may only be changed manually.

Please note that selecting the “Lock all parameters for all layers” option is
equivalent to applying “Lock all layer parameters” to all layers. If “Lock all
parameters for all layers” option is chosen, layers geometry will be fixed, all automatic
parameters recalculation will be switched off for all layers. In this mode only the manual
changes of all parameters (listed in / — 6 above) for each layer are permitted.

If all parameters for a particular layer are locked, the selected slates for all molecules
in all tabs of the Info Panel for that layer are locked as well. Even if “Apply to all
layers...” option is selected in the Molecules sub menu of the main menu, selected states
of a locked layer are not affected by selected states in any other layer. Changing selected
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states in a layer with all parameters locked also does not affect selected states in any other
layers.

6.0 Main Menu Options at top of Hitran-PC 4.0
Display Screen

This section presents an overview and a discussion of the details for all of the menu
options for the Hitran-PC 4.0 program.

The main menu options are displayed at the top of the main display screen. This
next section shows an overview of all of these options so that the user can see an overall
display of the options. Later, the specific menu options are discussed in more detail. The
following shows the unfolding of these menu options.
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Run Comp View Slant 3DPInt|_Gtaph WMN/WL Freq Temp Path Line Press Par  Molecules Atmos

3D Plet

Run Comp View Slant 3D Plot
Pt | —

Slant

Main menu outline

Layer Interp Option (Top, Bottom, Mid)
Temp/Press Scaling Options

Save layer model (*.gpt)

Aerosols  File

Activate 3D plotting
Change Altitude / Range Scale

Change Mesh Density

Show Front Frames

Resize at Rotation

Resize Mode 3

Load layer model (*gpt)
Pause to Save Data at Each Layer

Auto Store Layers in HDF Files

v
By Smallest Auis

Each Aus Independently

A

r

Show Line-by-Line dispaly info
Show Cross Section display infe
Show PNML display info

Show Laser Lines display info
Show Loaded In display info

(<<l C<]s]

Show all molecules in region

Fived Size
v Auto Store Settings
Vi
e Spectra
Plot in Black and White Ae |
rosols
Show Overlay Grid i
) Combined (Spectra and Aerosols)
Show Line ID .
Combined and Spectra
Show Spectra / Aerosols Options (All)  » > Spectra, Aerosols, and Combined
Composite with Aerosols Color
Show Lines Option (Isotopes) b » Show Separate Isotopes
Show Individual Line ID Number Show Separate Molecules

¥
Comp |

Show Composite Spectrum

Show Individual Lines

Smooth Composite With » »

Triangle Function
Sinc *2 Function
Gaussian Function
Square Function

User Defined Function

B smoothed Composite Color

Run |

Show Composite Options (Both)  » »

Smoothed and Raw
Raw only
Smoothed only

Run
Path geometry opticns (Horizontal path selected)
Spectra display options (Molecule total selected)

Spectral Irradiance Calculations (On / Off)
Show / Load / Save Current Parameters
Laser Line Overlay

About Hitran-PC

Horizontal path calculation
Slant path calculation

Y

d Total for each molecule (Default)
Total for each isotope
Individual lines and ID (Max: 100 cm-1)
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Main menu outline
Run Comp View Slant BD_PIE Graph  WN/WL Freq Temp Pa_ﬂ1| Line Press Par Molecules Atmos Aerosols  File

rgr;p;l V;N;'WL Freq Temp Path[

Path Slant path

Selected Layer Width
Selected Layer Altitude

PMNML Pathlength (same as LEL) k

X-Sect Pathlength (same as LBL) 3

¥
Path | Horizontal path
Path Length (HITRAN LBL)

Horizontal Path Altitude Same as HITRAN LBL
PNNL Pathlength (same as LBL)  » f» _ Manualinput for each PNNL gas

X-Sect Pafhlength (same as LBL] 3 —h' Same as HITRAN LEL
¥ Manual input for each X-Sect gas

Temp

Change Temperature

Temp Override Option
Temp Dependence of Atm Density, N

Temp dependence of Internal partition function, Q

Temp scaling for PNNL molecules (No scaling)

Temp scaling for Cross-sectional molecules (No scaling)

¥
Freq [

Beg. / Ending Wavenumber or Wavelength

Frequency Resolution (# Datapoints)

v

WN/WL

Plot by Wavenumber (cm-1)
Plot by Wavelength (Microns)

_ Plot Linear in Wavenumber
Plot Linear in Wavelength

v

Graph |
Graph Type b » EI Transmission
Logarithmic Scale Absorption
Scan for Min / Max Optical Depth
Graph parameters Absorbance
Copy (to Clipboard) Radiance
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Main menu outline

Run Comp View Slant 3DPlot Graph WMN/WL Freq Temp Path| Line Press Par | Molecules Atmos  Aerosols

Line Press ParF

Par Slant pﬂth

Change HITRAN Database

Optical Depth Threshold

Spectral Margins

> Wing Contribution for Line Shape Calc.

Refractive Index for the Selected Layer

Line Broadening (Air / Self)

Refractive Index Options (Slant path only)

A4
Par | Horizontal path

Optical Depth Threshold

Spectral Margins

Wing Contribution for Line Shape Calc.
Refractive Index at Ground Level

Refractive Index Options (Slant path only)

Line Broadening (Air / Self)

Y
Press ]

Change HITRAN Database L

[¥] Use2004 - 2008 HITRAN type file
Use 1996 - 2000 HITRAN type file
Use 1986 - 1992 HITRAN type file

Manually Set Total Pressure
Calc. Total Press. from all Partial Press. (LBL, PNMNL, X-Sect)

Line-by-Line Partial Pressures

Isotopic Partial Pressures (Natural abundancies)

Partial Pressure Units Displayed

File

» > Scaled by natural abundances

Manual override

Y

Line |

) Stick (Lorentz Peak)
Pressure (Lorentzian)

Stick (Doppler Peak)

Doppler (Gaussian)
Voigt Profile
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Run Comp View Slant

3DPlet  Graph

Main menu outline

WN/WL Freq Temp Path Line Press Par

Molecules Atmos  Aerosols

Molecules  Atmos  Aerosols

File

File

i

Save data to HDF or TXT file...
Load data from HDF file...
Load data from TXT file...

Save attenuation (1/km) in 3 column file

Input param for BACKSCAT aerosol model
Number of WL points

L J
Atmos |

US Standard (1976)

Tropical (15N Annual Average)
Mid-Latitude Summer (45N July)
Mid-Latitude Winter (45N Jan)
Sub-Arctic Summer (60N July)
Sub-Arctic Winter (60N Jan)

User defined (Specify Dir / Path)

View / Edit / Store Atmospheric models

Save attenuation as a function of r o Wavenumber (cm-1)
Print Wavelength (micron)
Print with preview...
Page setup...
Exit

L 2

Aerosols |
Select Abs/Scat aerosol calc. (No) [ Select All
Deselect All

Include aerosol (Mie) scattering
Include aerosol (Mie) absorption

Include molecular (Rayleigh) scattering

L J

Molecules

Line-by-line HITRAN molecules
Cross section HITRAN melecules
PNNL molecules

Continuum

Slant path: Selection to all layers

»

Select All
Deselect All

Use water vapor continuum
Use CO2 continuum

Use N2 continuum

Select All
Deselect All

HITRAN Line-by-line molecules
HITRAN Cross-sectional molecules
PNMNL molecules

Continuum
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The following sections discuss in detail the menu options and the unfolded sub-
menus.

6.1 Run Menu

Run | Comp View Slant 3D Plot  Graph  WN/WL

Run

Path geometry options (Horizontal path selected)  »
Spectra display options (Meolecule total selected) [ 3

Spectral Irradiance Calculations (On / Off)
Show / Load / Save Current Parameters
Laser Line Overlay

About Hitran-PC
|

This section describes the items in the Run submenu of the main menu.

6.1.1 Run

Choosing this option will run the spectral calculations and calculate the transmission
spectrum as specified. The actual calculations use the equations given in the appendices,
and calculate the optical depth for each spectral resolution element for each molecule and
isotope.

6.1.2 Path geometry options

There are two Path geometry options: “Horizontal path calculation” and “Slant path
calculation”.  The default setting when the Hitran-PC program is started is the
“Horizontal path calculation”.

e e e

| Path geemetry options (Horizontal path selected) 3 | Horizontal path calculation
Spectra display opticns (Melecule total selected) 3 Slant path calculation 1

The Path geometry option affects the way the initial parameters are specified and the
calculations are carried out. If the “Slant path calculation” is chosen, a “Slant path
layer editor” will appear in the main window.

6.1.3 Spectra display options

One of the improvements to Hitran-PC capabilities is the addition of the Spectra
display options.  There are three possibilities: “Separate lines”, “Total for each
molecule”, and “Total for each isotope”. In the previous version of Hitran-PC (Hitran-
PC 3.0) only the first of the three Spectra display options was possible (“Separate lines”).
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Spectra display options (Molecule total selected) » | Total for each molecule (Default) .

Spectral Irradiance Calculations (On / Off) Total for each isotope

Show / Load / Save Current Parameters Individual lines and ID (Max: 100 cm-1)

In the “Separate Lines” mode, separate lines are plotted. The information about each
line is available by choosing “Show Peak ID” option in the View menu. No limit on the
number of lines for which the Peak ID information is available is imposed in the current
version of Hitran-PC. However the calculation is limited to 100 cm™ range since this
mode requires more space to store the data. This mode is currently unavailable for slant
path calculations.

“Total for each molecule” is the default mode when the Hitran-PC program is started.
In this mode, the total optical depth for each molecule is calculated separately and plotted
in different colors which could be changed. The information about the plotted molecules
(molecule name, color of the plot and partial pressure) is displayed under the spectrum in
the information boxes.

“Total for each isotope” is similar to the “Total for each molecule” mode except for
the optical depth is calculated separately for each isotope and displayed in different
colors. The information about each isotope (isotope name, number, color of the plot and
partial pressure) is also displayed under the spectrum in the main window in the
information boxes.

6.1.4 Spectral irradiance calculations (On/Off)

The spectral irradiance (W/cm?-sr-cm™) for a layer or plume of gas can be calculated
with Hitran-PC.

“Spectral irradiance calculations (On/Off)” enables or disables spectral irradiance
calculations. The Hitran-PC spectral irradiance calculation also allows for the secondary
pure blackbody source with a user defined temperature to be added to the calculation in
order to see how that source would propagate through the atmosphere. The blackbody
source is defined in the “Options for radiative transfer”” window shown below.

. Options for radiative transfer AR X

Cptions for radiative transfer calculations: Changes will be used for the
next horizontal or slant path run. You may select one, both, or none
(l.e. no irradiance calculation).

Options for radiative transfer

[ Calculate radiance for current atmosphere/plume temperature

[ Propogate blackbody source through
current atmsphere with source temperature (K) = |296.00

Note: Select "Radiance” option under "Graph == Graph type” menu to
view the results of the radiance calculations.
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The results of the radiative transfer calculations are available in composite plots after
a horizontal or slant path run has been completed. In order to view the results of the
calculations, you need to select “Radiance” from the Graph >> Graph type menu.

Graph | WM/WL Freq Temp Path Line Press

| Graph Type 4 | Transmission
Logarithmic Scale

Absorption

Scan for Min / Max Optical Depth

Graph parameters Absorbance

Copy (to Clipboard) Radiance

Once completed, the results of radiative transfer calculations may be printed or saved
to HDF or TXT files, just as any other calculation (Transmission, Optical Depth, etc.)

6.1.5 Show / Load / Save Current Parameters

Choosing this option opens a window with a summary of the current parameters with

an option to load a different configuration file or save the current parameters to a
configuration file.

A Current Hitran-PC Input Farsmeters

optical pathlength
Cpieal Palength im]: 1000.0000
Pressur
Totsl Prasu
Fressure

sure scaling aption

Optical depth thresheld
Datapaints Number | Resolution Cpsicsl Dapth Thesshald: 5 500603
Hurbar o4 d 500

R

ntapoints: S000

Lineshage function
Lineshape: Fressuee (Lorentzian)

Tempe:

Loschmidt's Number Dependence Continuum selection

N nLT HNane

alig. | TCE ad Contly T L P— 1L
Save Connig.  TC Load Gontig. (TGF)  View Mobecuse List s seveen | S

The configuration parameters may also be printed by pressing the “Print this screen”
button and a “line-by-line” molecules list can be viewed by pressing “View molecules
list”. To return to or start the main program “Run main program” button should be

pressed. The parameters window does not at present contain information about aerosols,
cross sections or PNNL molecules selected.

The parameters may also be saved or loaded with the options of saving / loading the
configuration from a default or arbitrary file, as shown below:

Save config. to the file Twill specify...

=MNLT

Load config. from the cofiguration file Twill specify...

— Save config. to the default cenfiguration file... Load config. from the default configuration file...

Loa
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6.1.6 Laser Line Overlay

“Laser line overlay” feature enables displaying laser line positions in the spectrum.

) Laser lines [E=E e

Num Laser name micron lem File name Color

vl 1 2002 542989 1841.658 2C02LSR =

vl 2 2¢C02 5417623 1845.828 CO2LSR

vl 3 €02 5405563 1849.46 2CO2LSR

vl 4 2002 5393697 1854.016 2C02LSR

vl 5 2¢C02 523820325 1858 0341 C02LSR

vl 6 €02 5370564 1362.002 2xC02.L5R

vl 7 2002 5.35929 1865.92 2xC02.LSR [—

vl 8 2<C02 53482 1865.788 2xCOZLSR | apply to all with same name

vl 9 €02 533729 1873.608 2CO2LSR

¥ 10 2xC02 5326593 1877.376 CO2LSR

¥ 11 2xC02 53160501 18810958 xC02LSR

vl 12 2C02 5305698 1304766 2C02LSR

W 13 2xC02 52955222 13883879 CO2LSR

¥ 14 2002 523552 185196 xCO2LSR

W 15 2002 5275697 1595.484 2xCO2LSR

¥l 16 2xC02 5266046 1898958 2C02LSR

Wl 17 2xC02 5256562 1302.384 2xCO2LSR 1

i 1] e e R IATIE 1GnR 787 N7 aR
Select All Deselect All Add file(s) Add folder Clear list Cancel 0K

Once the “Laser lines” window is opened, all the information from the files
contained in the “Laser” directory of the Hitran-PC folder is automatically read in and
displayed in the list. Each laser line is displayed with the name of the laser, wavelength,
wavenumber and the file it has been read in form. The color for each line is randomly
generated each time the information is read in from a file. By default the same color is
assigned to all lines read in from the same file and thus corresponding to the same laser
type. However, the color for each individual laser line may be manually changed by
double clicking on the corresponding color box. Once the color has been changed for
one line, it is possible to change the color of all the lines read in from the same file and
corresponding to the same laser type by right clicking on the color box with the modified
color and choosing “apply to all with same name”, as shown in the figure above.

By default all lines are selected in order to determine which lines fall within the
current calculation range, it is also possible to manually select only the lines of interest.
Clearing the list removes all the information from the memory. In order to add a laser
file or several laser files not contained in the “Laser” directory, choose “Add file(s)” to
add a single/multiple file(s) or “Add folder” to add files in a certain folder. When
adding custom laser lines, please make sure that the format of the custom laser file
corresponds to that of the laser files in the “laser” directory of the main Hitran-PC
program directory.

All lines read in from the same laser file and thus corresponding to the same laser and
having the same plot color will be displayed with a single info box in the main window
which will contain the smallest wavelength of all the lines shown within the plot for that
laser.

Please note that all laser lines are automatically deselected after the calculation is
performed again (Choosing Run option).
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For those laser lines which have both the minimum and the maximum wavelengths
specified in the corresponding laser files (tunable, semiconductor lasers etc.) the
minimum lasing wavelength / wavenumber will be specified on the plot with a dashed
line and an “>” arrow at the bottom of the plot under the corresponding laser line
indicating that the current laser may lase at larger wavelengths / wavenumbers. In the
same manner the maximum wavelength / wavenumber line of the tunable range for that
laser will be shown with a dashed line and an “<” arrow at the top of the plot above the
corresponding laser line.
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6.2 Comp menu

Comp | View Slant 3DPlot  Graph

Show Composite Spectrum

2 Show Individual Lines !

( Smooth Composite With (N

Show Composite Options (Both)  »
. Smoothed Composite Color

This section describes the options available in the Comp submenu of the main menu.

6.2.1 Show Composite Spectrum

This option allows switching to the Composite (molecules or isotopes) view after the
calculation is over.

6.2.2 Show individual lines

This option allows switching to the separate lines (molecules or isotopes) view after the
calculation is over.

6.2.3 Smooth Composite With
This menu item allows applying spectral smoothing to the composite. The

smoothing may only be applied after the calculation is over (for both the Horizontal path
mode and the Slant path mode), and has been done for consistency.

II| Smooth Composite With 3 | Triangle Function 1
Show Composite Options (Both) Sinc 2 Function
B smoothed Composite Color Gaussian Function

Square Function

Iser Defined Function

The smoothing option which has been selected last is marked with the smoothed
composite color. Once the smoothing of the Slant path composite for individual layers is
carried out the corresponding raw composite values are overwritten, only the total
composite for the entire path is stored along with the smoothed composite at all times.

After one of the Smoothing options is selected the window shown below will appear
allowing the user to specify the smoothing window widthland the type of smoothing.
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. Spectral Smoothing Width e o= i

Selected smoothing function file
gauss.win

Current resolution of data (1/cm)
0.01000

Spectral smoothing width (1/cm)
1.00000 1] | |

Smoothing options

{* Smooth By Transmission

" Smaooth By Optical Depth

Cancel Start Smoothing

Here the spectral smoothing width represents the total width of the smoothing
function. As such, the FWHM width is about 2 of that specified; ie. a 1.0 cm’l
smoothing width represents a 0.5 cm” FWHM smoothing width. The spectral
smoothing width should not exceed a sizable fraction of the current spectral plot width.

6.2.4 Show composite options

| Show Composite Options (Both]  » | Srnoothed and Raw
. Smoothed Cornposite Color Raw only

‘ Sroothed only

This option allows viewing smoothed and raw composite simultaneously or
separately. “Raw” composite is the composite without any smoothing applied.

6.2.5 Smoothed composite color

This option allows changing the color of the smoothed composite.
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6.3 View menu

View | Slant 3D Plot  Graph WN/WL  Fr
Plot in Black and White

Show Overlay Grid
Show Line ID

Show Spectra / Aerosols Options (All) 3

Composite with Aercsols Color

Show Lines Option (Isotopes)

Show Individual Line ID Mumber

Show Line-by-Line dispaly info
Show Cross Section display info
Show PMML display info

Show Laser Lines display info

Show Loaded In display info

[

Show all molecules in region

View menu of the main menu contains options affecting the way the spectrum is
displayed.

6.3.1 Plot in Black and White

This option allows switching between black and white and color spectrum plotting
modes.

6.3.2 Show Overlay Grid
Shows and hides the overlay grid. (Only available for a 2D plot).

6.3.3 Show Line ID

In the “Separate lines” calculation mode, opens a window with the information about
separate lines in the plot.

6.3.4 Show Spectra /Aerosols Options

This option allows viewing different components of the calculated spectra:
1) Spectra >> Atmospheric absorption only
2) Aerosols >> Aerosols attenuation only
3) Combined >> Atmospheric absorption and Aerosols attenuation together
4) Combined (3 above) and Spectra (1 above)
5) Spectra (1 above), Aerosols (2 above), and Combined (3 above)
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Show Spectra / Aerosols Options (All) 3 Spectra

Composite with Aerosols Color Aerosols
Show Lines Option (Tsotopes) Combined (Spectra and Aerosols)
Show Individual Line ID Number Combined and Spectra

Spectra, Aerosels, and Combined

|T| Show Line-by-Line dispaly info

6.3.5 Composite with aerosols color

This option allows changing the color of the line corresponding to the composite
containing the aerosols attenuation.

6.3.6 Show Lines Option

Show Lines Option (Isotopes) ] | Show Separate [sotopes

Show Individual Line ID Mumber Show Separate Molecules

This option is only available in the “Separate lines” mode. It indicates if the lines
should be shown as separate isotopes or separate molecules.

6.3.7 Show Individual Line ID Number

This option allows indicating if the numbers of the peaks should be shown in the
Separate lines mode or not.

6.3.8 Show Line-by-Line display info

This option indicates if the information about the line-by-line plotted spectra should
be displayed in the main window under the plot (line-by-line information boxes).

6.3.9 Show Cross Section display info

This option indicates if the information about the cross-section spectra should be
displayed in the main window under the plot (cross section information boxes).

6.3.10 Show PNNL display info

This option indicates if the information about the PNNL spectra should be displayed
in the main window under the plot (PNNL information boxes).
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6.3.11 Show Laser Lines display info

This option indicates if the information about the laser lines within the plotted range
should be displayed in the main window under the plot (Laser lines information boxes).

6.3.12 Show Loaded In display info

This option indicates if the information about the Added In spectra should be
displayed in the main window under the plot (Added In information boxes)

6.3.13 Show all molecules is region

If this option is selected, the information about the plotted spectra is displayed in the
main window under the plot for all molecules in the calculation region even if the
intensity of the spectrum is not larger than zero (or the specified minimum attenuation
value) for at least one pixel on the screen along the vertical axis.
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6.4 Slant menu

Slant | 3D Plot  Graph  WN/WL  Freq Temr
Layer Interp Option (Top, Bottom, Mid)

Temp/Press Scaling Options

. Save layer model (*.gpt) 3
Load layer model (Fgpt)

Pause to Save Data at Each Layer

Auto Store Layers in HOF Files
Auto Store Settings

This section describes the Slant submenu of the main menu. This item in the main
menu is only available if the “Slant path calculation” mode is chosen in the Run >> Run
geometry options menu.

6.4.1 Layer Interp. Option (Top, Bottom, Mid)

The Layer interpolation option (Top, Bottom, Mid) specifies at which altitude within
the current layer the horizontal path calculation will be carried out (since the slant path
calculation is approximated with horizontal path calculations for each of the slant path
layers). Top — top border of the layer, Bottom — bottom border of the layer, Mid — middle
of the layer.

M Layer interpolation options E@éj

The altitude for each layer at which calculations
forthat layer are carried out may be defined
based on the bottom, middle, or top of each layer.

Layer interpolation options
" Bottom of layer
* Middle of layer
" Top of layer

Cancel | ok |

The layer interpolation option selection may also be done in the “Layer
interpolation” box of the “Slant layer editor” shown in the figure below.

:I Layer interpolation

J |Midd|e of Layer ﬂ
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6.4.2 Temp / Press Scaling Options

There are two possibilities of calculating the total pressure, temperature and partial
pressures in the Slant path mode.

~

. Slant Path Press. / Temp. Options SHECIHL X

There are two options for using the temperature and pressure
models stored in the FRESS subdirectory, and explained in
the manual (Appendix 1):

Press. / Temp. Scaling Options

* Option 1
Use the values directly from the model to
determine the partial pressures for all HITRAM
database atmospheric molecules

(™ Option 2
Use the current temp, total pressure, and partial
pressure of each gas as the values at 0 km altitude.

Cancel | oK |

The two possibilities are controlled in the window above and described in the appendices.

6.4.3 Save layer model (*.gpt)

This option allows saving the current Geometry, Pressure and Temperatures into a
* gpt file. The GPT file now also incorporates information about separate isotopes as
well as PNNL and cross section molecules in different layers.

6.4.4 Load layer model (*.gpt)

This option allows loading the current Geometry, Pressure and Temperature from a
* gpt file. After the information has been read in, the Slant path layer editor and info
panel will be updated accordingly. GPT files do not currently store layer locked states.

6.4.5 Pause to save data at each layer

Selecting this option will result in a prompt like the one shown below to appear after
the calculation for each layer has been carried out.

Slant path calculation paused @

Slant path calculation paused. You may save the spectra for the
current layer in a datafile (HDF format), or save the configuration
of the current layer in a * TCF type file

Save laver data in HDF file

Save configuration in TCF file

Cancel calculation Continue
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This is done in order to allow the user to save the data and/or the configuration for the
current layer after the calculation for that layer is complete.

6.4.6 Auto Store layers in HDF files

If this option is checked, the results of the calculations for each layer will be
automatically saved into HDF files after the calculation for each layer is complete. The
settings for the automatic saving of files are described below.

6.4.7 Auto Store Settings

Choosing this option will open up a window where the user may choose the settings
for the automatically saved (Section above) HDF / TXT files. Automatic saving only
becomes effective if the “Auto store layers in HDF files” option is checked ( see Section
above):

i -
. Auto Store Settings | (et
File Header Save spectrum as...
W Add headerinfo tofile ¥ s |Transrnissionr £ ﬂ
W Add column titles X Axis: |Wavelength, micromaters |
Delimiter MNumber of significant digits
Ir=e =k B 2

Destination directory to save data from layers to

|

Change directory

File name

Layer number will be appended at the end of the file name, the
*.hdf file extention will also be added automatically. All available
data will be saved to the layers files.

Noname |

Cancel | oK |

The user may choose the destination file name (The number of the layer will be
automatically appended at the end of this file name) and folder where the files for all
layers should be saved to, delimiter type for the HDF files (if no header and column titles
are present), Y and X axis types and the number of significant digits for the data to be
saved, as shown in the figure above.

Hitran-PC does not currently check if the files with the same name already exist in

the folder specified for automatic saving. The user is responsible for making sure that no
important information is overwritten.
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6.5 3D Plot menu

3D Plot | Graph  WMN/WL Freq Temp Path Line Press Par W
Activate 3D plotting

neters
Change Altitude / Range Scale 4.210

Change Mesh Density

Show Front Frames

Resize at Rotation

| Resize Mode v [ v] By Smallest Ais
Each Axis Independently

Fixed Size

This section describes the options available in the 3D plot submenu of the main
menu. This option is only active if the “Slant path calculation” in the Run geometry
options is chosen in the Run menu.

6.5.1 Activate 3D Plotting

This option is used in order to switch between the 2D and 3D plots in the “Slant path
calculation” mode. The advantage of this new implementation is the ability to switch
between the 3D and 2D modes and use the 2D zoom feature of the 2D mode in order to
specify the region in the “Intensity — wavenumber” plane which should be displayed in
the 3D plot.

6.5.2 Change Altitude / Range Scale

Choosing this option will change the altitude range on the 3D plot, for which the
plotting should be done.

. Altitude range E@li:_hj

3D plot altitude range (km)

Minimum Altitude (km}: D
Maximum Altitude (km):

Cancel | OK ‘

-

This option has been introduced in order to provide the option of viewing an altitude
range different from the calculated one after the calculation is complete without the
necessity to run the calculation again for a different altitude range.
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6.5.3 Change mesh density

This option allows changing the density of the mesh along the wavelength /
wavenumber and the altitude axes corresponding to the XY plane of the plot without the
need to recalculate with a different number of points along the wavelength / wavenumber
axis or a different number of layers.

[ i Mesh density - 3D Plot =[5 e |
X-Axis - Wavenumber / Wavelength - Mesh Density
Mumber of grid lines: ﬂj j
Y-Axis - Altitude - Mesh Denisty
Mumber of grid lines: ﬂg j
Redraw Cancel | OK |

The default value is 100 mesh lines along both X and Y directions. The more dense
the grid is, the longer it takes to extrapolate and display the values.

6.5.4 Show front frames

This option indicates if the front sides of the 3D box should be displayed or not. The
option is not checked by default and the front sides of the 3D box are not displayed.

6.5.5 Resize at rotation

One of the new features of Hitran-PC 4.0 is the ability to automatically resize the 3D
plot at rotation. Rotation of the 3D plot is carried out by pressing and holding the left
button of the mouse on the 3D plot and rotating the plot along the X and Y directions by
moving the mouse while the left mouse button is pressed.

If the “Resize at rotation” option is chosen, the 3D plot is resized during the rotation.
If the option is not selected, the resizing only occurs once the rotation is complete and the
left button of the mouse is released.

6.5.6 Resize mode

This option controls the way the resizing of the 3D plot is carried out at rotation.

" Rezize Mode ] | By Smallest Asxis
Each Axis Independently
Fixed Size
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“By Smallest Axis” — In this mode the calculation is done in such a way as to fit the
3D surface to the 2D screen projection along the axis having the least extension. Then the
magnification factor for this axis is assigned to the other of the two 2D axes.

“Each Axis Independently” — In this mode the magnification factors for both X and Y
projected screen axes are chosen independently in order to make sure the plot has the
largest size possible.

“Fixed Size” — In this mode the magnification along each of the axes in the 2D screen

projection is fixed and not changed after the rotation or main window size change has
been carried out.
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6.6 Graph menu

The options in the Graph menu allow changing the parameters related to the vertical
axis (Y-Axis in the case of the “Horizontal path calculation” mode and Z-Axis in the case
of the “Slant path calculation” mode).

Graph | WN/WL  Freq Ter
Graph Type 3

Legarithmic Scale
Scan for Min / Max
Graph parameters

Copy (to Clipboard)

Unlike the previous version of Hitran-PC the same set of parameters is used to
manipulate the intensity axis in both the 2D and 3D plots, which makes the use more
convenient and consistent, providing some additional features.

6.6.1 Graph Type

This option allows specifying the type of the plot along the intensity axis. Unlike the
previous versions of Hitran-PC, the type of the plot along the intensity axis can be
changed after the calculation is complete since the results of the calculations are stored in
the memory.

Graph | WN/WL Freq Temp Path Line Press
Graph T J issi
| raph Type | Transmission c
Lagarithmic Scale Absorption
i Scan for Min / Max Optical Depth |
Graph parameters Absorbance
Copy (to Clipboard) Radiance

To view the spectral radiance calculation from the last run, the “Radiance” option
should be chosen from the menu. The “Radiance” is not available as a 3D plot. Also,
the logarithmic 2D mode is currently unavailable for “Radiance”. Please note that in the
3D plot mode, the values of Transmission, Absorption, Optical Depth and Absorbance
are plotted for a path of 1 km at the different altitudes.

6.6.2 Logarithmic Scale
Use this option to switch the graph to the logarithmic mode and back.
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6.6.3 Scan for Min / Max

This option is used in order to change the minimum and the maximum values along
the intensity axis to the smallest and the largest value in all spectra shown in the plot. All
spectra in the memory are scanned to obtain such maximum and minimum values which
are later used to resize the spectrum. To undo this operation, right click the mouse and
select “Zoom out” in the menu, or press the mouse wheel (mouse middle button) until it
clicks.

6.6.4 Graph parameters

The window which opens once this option is selected allows changing all parameters
related to the intensity axis mentioned above (except for the “Spectral Radiance”
option).

f B
!, Graph parameters =HECIN| X
N
Graph type Current scaling parameters
- -
Transmission T Graph Maximurm: |100.0000
" Absorption 1-T

Graph Minimum: CI

Use Default (T = 0-100%)

" Cptical Depth —In{T)
" Absorbance  —logyo(T)

Plot type

) Scan Comp For MinMax
@ LinearPlot  LogPlot

1) Forthe linear plotthe default graph minimurm is 0.
2) Forthe logarithmic plot the default minimum is the value specified below.

Minimum Log value (for Log plots)

0.01 Use default value (0.01 %)

=< Previous | Next == |

In addition, the logarithmic scale zero value substitution parameter is adjustable, as
shown in the figure above.
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6.7 WNWL Menu

WNWL submenu allows changing the way the spectrum is displayed. The spectrum
may be displayed as a function of wavelength or wavenumber, as well as linear in either
wavelength or wavenumber, as illustrated in the figure below:

WHN/WL | Freq  Temp  Path  Line
Plot by Wavenumber (cm-1)
Plot by Wavelength (Microns)

_ Plot Linear in Wavenumber
Plot Linear in Wavelength

The default settings when the Hitran-PC program is started are “Plot by wavenumber
(cm-1)”" and “Plot linear in Wavenumber”. Please note that this feature is not currently
available in the 3D plot mode. The 3D plot is plotted linear in wavenumber and as a
function of wavenumber only.
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6.8 Freq Menu

This section describes the options in the Freq submenu of the main menu.

FreqlTemp Path Line Press Par Moelecu

Beg. / Ending Wavenumber or Wavelength

Frequency Resclution (£ Datapoints)

6.8.1 Beg./ Ending Wavenumber or Wavelength

Choosing this option from the Freq menu will open up a “Starting and Ending
wavenumber / Wavelength” window shown below which will let you choose the current
calculation range. The range may be specified either in wavenumbers or as a wavelength

by pressing “Switch to...” button. The range of the HITRAN line-by-line data file is
also displayed in this window for reference. The calculation range may be modified by
either using the text boxes or the scroll bars associated with them.

A Starting and Ending Wavenumber / Wavelenth SHEEN X
HITRAN Database Wavelength / Wavenumber range
1o CHDENISHITRAN-FC 4.01SAMFLE

Databasefile: . e crsidiTRaN LBLISAMFLE HITRANDS FAR

The range of wavenumber /vacuum wavelength found in the

database file:

From 4799.992800 To  4850.019749 cm-1
(OrFrom 2.0618472743 To 2.08333646 Microns)

Specify starting Wavelength / Wavenumber

Starting wavenumber Value

4300.000000 em-1 4] I 2

COrder of magnitude

20833333333 micon 4 2|
Specify ending Wavelength / Wavenumber

Ending wavenumber Value

4850.000000 em-1 4| -

Order of magnitude
20618556701  micon 4 2
Switch To Wavelength | == Previous | Mext == |
\

When the “Starting and Ending wavenumber / Wavelength” window is opened, the
calculation range is displayed in the units used for the plot, to switch between the two
modes (wavelength / wavenumber), press the “Switch to...” button.
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6.8.2 Frequency Resolution (# Datapoints)

Choosing this option from the Freq menu will open up a “Frequency resolution”
window shown below.

4\, Frequency Resolution |

Fequency resolution

You may specifiv the resolution of the calculation by the number of datapoints
used. The scroll bar will work for numbers up to 20,000. To specify more than
20,000 points the number must be typed in the input box:

All calculations use the computer's RAM memory.

Resolution of the calculation (number of datapoints)
# Datapoints 5000 ﬂ J j

Frequency Resolution (cm-1): 1.0002E-02

Current Frequency range

From 4800.000000 cm-1 To 4850.000000  cm-1

Use Default (5000) | <= Previous | Next == |

The number of data points along the wavenumber / wavelength axis may be changed
in this window. The default is 5000. As opposed to the previous version of Hitran-PC
all calculations in Hitran-PC 4.0 are carried out using RAM, and no hard drive is used.
The scroll bar will work for the number of points smaller that 20000; for a larger number
of points the number has to be manually entered.
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6.9 Temp menu

Temp | Path  Line Press Par Molecules  Atmos  Aero

Change Temperature

Ternp Override Option

L Temp Dependence of Atm Density, N

Temp dependence of Internal partition function, G

Temp scaling for PMNML molecules (Mo scaling)

Ternp scaling for Cross-sectional molecules (Mo scaling)

This section describes the options available in the Temp submenu of the main menu.

6.9.1 Change Temperature

Choosing this option opens the “Temperature selection” window which allows
changing the temperature value to be used for the next line-by-line calculation. In the
“Horizontal path calculation” mode, the “Temperature selection” window corresponds
to the temperature to be used for the horizontal path calculation.

If the “Slant path calculation” mode is selected, the “Temperature selection” window

will correspond to the temperature of the currently selected layer in the “Slant path layer
editor”.

), Temperature Selection = | (] |-

Temperature selection
Line width and intensity values stored in the HITRAN Database are based
upon a reference temperature of 296K.

Values may be generated for other temperatures within the range of 70K to
2000k,
MNote: The temperature correction is not available for

1) Molecules for which temperature correction coefficients are unknown
2) Records for which the ground state energy, E”, is uncertain. For these
molecules E” is given as -1 in the HITRAN database.

If the default 2004 temperature correction algorithm is used, the temperature
correction coefficients are available for all molecules except for Atomic oxygen
(0} and the new HITRAN 2008 data {CO2 (isotopes 838 and 837), CH4
(lsotope 312), , CH3Br, CH3CHN, CF4}

Temperature
Current Temperature (K). 296.00

New Temperature (K) = [ E o
Use Default (296K) | == Previous HW|

The temperature range is currently limited to the 70K — 3000K range.  The
temperature value specified here is only applicable to the HITRAN line-by-line data and
does not affect the spectra obtained from the HITRAN cross-section or PNNL databases
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unless the temperature scaling option is selected (see Sections below).  For more
information on the temperature recalculation, please refer to the appendices.

6.9.2 Temp Override Option

This window allows specifying how the calculations will be carried out for those few
molecules for which the ground state energy is unavailable in the HITRAN database (the

ground state energy has a -1 value) or the temperature recalculation coefficients are
absent.

M Temperature Override Option = B S|

Temperature override rule

Lines with unavailable temperature correction coefficients and lines with E" = -1
in the HITRAN database will be plotted based on T = 296K if the temperature is
different from 296K. You may choose not to plot these specific lines if the
temperature is different from 296K,

Temperature correction coefficients are not available for:
Atomic oxygen (0) and the new HITRAM 2008 data {CO2
(isotopes 838 and 837), CH4 (lsotope 312), CH3Br, CH3CHN, CF4}.

Override Options

& Qverride rule: Plotall O lines, lines for the new HITRAN 2008
molecules, and lines with E"=-1 based on a temperature of 296K

Do not plot O lines, lines for the new HITRAN 2008 molecules,
and lines with E'=-1when T <= 296K

Mote: This "Default’ value is opposite to the earlier versions of
Hitran-PC (Ver. 1.0-3.0)

== Previous | Next == |

If the first (default) option is chosen, the calculations for such records with £ = -/
will be carried out for the temperature of 296K regardless of the temperature specified for
line-by-line calculations. If the second option is chosen, such records with £” = -1 and
unavailable temperature coefficients in the HITRAN database will be skipped and the
lines will not be displayed.

Note: If the default temperature recalculation method is used (see Section below), the
temperature recalculation coefficients are available for all molecules except for atomic
oxygen O and some of the new HITRAN 2008 data molecules {CO2 (isotopes 838 and
837), CH4 (Isotope 312), CH3Br, CH3CN, and CF4}.

6.9.3 Temperature dependence of Atmospheric Density, N

This option allows modification of how the Loschmidt’s number depends on the
temperature.
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,.::'|l Temperature dependence of atmosphenc density, N ==

Options for temperature dependence of atmospheric density, N

(ML is Loschmidt's number, deinsity of atmosphere at standard
temperature and pressure) :

Temperature dependence of atmospheric density, N

* N depends on Temperature as M=HNL* (296/T)

~ M isfixed at N =NL=2.479E+19 moleculesicm3
(no temperature dependence, usually
only used for sealed absorption cells.)

== Previous | Next == |

The two possibilities are N = M and N = NL=2479-10", where T is the temperature.

Please refer to the appendices for more detailed information.

6.9.4 Temperature dependence of Internal partition function, Q

This option allows the user to specify the method to use for the temperature
recalculations.

 Temperature dependence of Internal partition function, Q ﬁ]

There are two methods to calculate the internal partition surm, Q, for each

molecule and isotope which is used to determine the temperature dependence
of the Boltzmann population factor.

Method 1 Precision table look up and 4-point LaGrange interpolation: TIPS
20032 program. Usually used with HITRAM 2004 and later databases

Method 2: 3rd degree polynomial fit: Usually used with 1992 - 2000 HITRAN
databases

Choose method for @ calculation
&+ Method 1 (Default) - Table lookup; HITRAM 2004 and newer
" Method 2 - 3rd degree polynomial; 1992-2000 HITRAN

Third degree polynomial method (Method 2 above, used in HITRAN 1992-2000
databases) uses temperature coefficients from HITRAM 1996. These coefficients
are not available for all the isotopes in the HITRAM 2004 database. The table look
up method is normally used for HITRAN 2004. Please refer to the corresponding
Appendix in the manual for more information onthe temperature calculation
availability for various isotopes and temperature ranges.

Cancel | Ok

Please refer to the appendices for more information.
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6.9.5 Temp scaling for PNNL molecules

g

 Temperature scaling for PNNL molecules SREEN X

The spectra inthe PMNNL database were recorded attemperatures specified
foreach PMML record (usually 5, 25, or 50 degrees Celsius). However, all
spectral data provided in the PNML database has been renormalized to a
temperature of 296K regardless of the temperature specified.

‘You may choose to scale the PNML spectral data to the current temperature
(Temp) specified under "Temp == Change Temperature” menu option by

multiplying the values provided in the PNMNL database with a (296K / Temp)
term.

Temperature scaling for PNNL molecules
* Use PNML data directly from the PNNL database - (Default)
" Scale PMML data with a (296 / Temp) term

Flease refer to the corresponding Appendix in the Hitran-FC manual related
to the PMML database calculations for more information.

Cancel | OK

By default all PNNL spectral data is plotted at a temperature 296K since the spectral
data in the PNNL database is provided at 296K. The current option allows scaling the

PNNL data to the current temperature.

Please refer to the appendices for more

information.

6.9.6 Temp scaling for Cross-sectional molecules

J.'.__ Temperature scaling for HITRAN Cross-sectional molecules

I:IEI&1

Data provided in the Cross-sectional HITRAM database was taken at temperatures
Txge as indicated for each cross-sectional record. By default (Method 1) the
cross sectional values are used direclty from the HITRAM database at the
temperature specified for each record. However, the spectra obtained from the
cross-sectional records may be scaled to the current temperature by changing

the dependece of molecular density on the temperature (Method 2);

Method 1 296K Method 2
{Default): N = NL - [Scalir;]: N=NL- T.;sc

XsC

Tis the current temperature specified in the Hitran-PC program under the
"Temp == Change Temperature” option. ML is Loschmidt's number.

Temperature scaling for Cross-sectional molecules
+ Use Cross-sectional data directly from HITRAN database - (Method 1)
" Scale Cross-sectional data (Method 2)

Flease refer to the corresponding Appendix in the Hitran-PC manual related to
the Cross-sectional HITRAN database calculations for mare information.

Cancel | OK

By default all Cross-sectional spectral data is plotted at a temperature 296K since the
spectral data in the Cross-sectional HITRAN database is provided at 296K. The current
option allows scaling the Cross-sectional HITRAN data to the current temperature
specified in the program Please refer to the appendices for more information.

91



6.10 Path Menu

Path | Line Press Par Molecules Path | Line Press Par Molecules
Path Length (HITRAM LEL) Selected Layer Width
Horizontal Path Altitude Selected Layer Altitude
. PMML Pathlength (same as LEL) (3 ! PMML Pathlength (same as LBL)
¥-5ect Pathlength (same as LEL) 3 X-5Sect Pathlength (same as LEL)
Horizontal path calculation Slant path calculation

This section describes options available in the Path submenu of the main menu. The
options in the Path menu differ depending on the “Run” >> “Run geometry options”
selection (“Horizontal path calculation” or “Slant path calculation™).

6.10.1 Path Length (Horizontal path calculation mode)

Choosing this option opens up the “Selection of Optical Pathlength” window which
allows changing the length of the path for the next horizontal path calculation.

# Selection of optical pathiength =1 e

‘Optical pathlength
Current Pathdength im) = 1000.00

Hew Pathiength (i) = [1000.00

6.10.2 Horizontal Path Altitude (Horizontal path calculation mode)

Choosing this option opens the “Horizontal path altitude” window which allows
changing the altitude of the horizontal path used to recalculate the partial pressures for all
line-by-line molecules (“Molecules” tab of the Info Panel) according to the currently
selected atmospheric model and the horizontal path specified.

il A’
h Horizontal path altitude =NRCl X

The partial pressures for all line-by-line molecules

and the temperature will be calculated for a specified
elevation. The obtained values will be used forthe next
horizontal path calculation.

Currently used atmospheric model
[PRESSE: U.S. Standard (1976) |

Altituge (kmy= 0|

¥ Do not recalculate temperature

Cancel | 0K |
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The recalculation of the temperature is optional and can be changed with the “Do not
recalculate temperature” option. The default is the recalculation of partial pressures
without recalculating the temperature.

6.10.3 Selected Layer Width (Slant path calculation mode)

In the “Slant path calculation” mode the first option in the Path menu changes from
“Path length” to “Selected Layer Width”. Choosing this option opens up a window
shown below which allows changing the width (vertical thickness) of a layer currently
selected in the “Slant path layer editor”.

. Selected slant layer width E@ﬂ_hj

Selected slant layer width
Current layer width (km) = 2.0000

Mew layer width (km) = |2.0000
Cancel | OK |

After the layer thickness is modified this way, the geometry of the corresponding
layer is locked (the layer will appear in green in the “Slant path layer editor’’) which
means that the width and the altitude of the layer remains unchanged when the slant path
geometry is recalculated. The parameters (width and altitude) of other non-locked layers
are adjusted automatically in order to accommodate the new geometry of the modified
locked layer.  The path length for all layers is modified according to the current
parameters of the “Layer width”, “Slant path angle” and “Slant path length” .

6.10.4 Selected Layer Altitude (Slant path calculation mode)

In the “Slant path calculation” mode the second option in the Path menu changes
from “Horizontal Path Altitude” to “Selected Layer Altitude”. Choosing this option
opens up a window shown below which allows modifying the altitude of the layer
currently selected in the “Slant path layer editor”.

. Selected slant path layer altitude E@é]

Selected layer altitude
Minimum allowed altitude (km)= 1.0000
Maximum allowed altitude (km) =19.0000
Laver interpolation option: Mid

Current layer altitude (km) = 1.0000

Mew layer altitude (km) = [1.0000
Cancel | 0K |
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If the altitude of a selected layer is manually modified, the geometrical parameters
(width and altitude) of that layer are locked and those of other non-locked layers are
automatically adjusted in order to accommodate the change of the now locked selected
layer geometry. To learn more about the advanced layer editing mode (involving
locking layer geometry) refer to the section of the manual describing the “Slant path
layer editor” .

6.10.5 PNNL Pathlength

PMML Pathlength (same as LEL) 3 | Same as HITRAM LBL B
A-5ect Pathlength (sameas LBL)  » Manual input for each PNML gas

This option is only available in the “Horizontal path calculation” mode. If the
option is set to “Same as HITRAN LBL”, the path for all PNNL molecules is preserved to
have the same value as that specified in the “Path Length (HITRAN LBL)” option
described above for all line-by-line molecules. In the “Slant path calculation” mode the
path for all PNNL molecules is automatically maintained to have the same value as the
path length for the current layer for all line-by-line molecules.

If the second option is selected (Manual input for each PNNL gas), the pathlengths
for each PNNL molecule have to be assigned manually in the detailed PNNL molecule
window (this window may be opened up by double clicking on a PNNL molecule in the
Info Panel).

6.10.6 X-Sect Pathlength

#-Sect Pathlength (same as LBL) 3 Same as HITRAM LEL
Manual input for each X-5ect gas

This option is identical to the one described in the section above, the only difference
is that it is for Cross Section molecules from the HITRAN database.
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6.11 Line menu

Line | Press Par Molecules

Stick (Lorentz Peak)

Pressure (Lorentzian)

Stick (Doppler Peak) i1

Doppler (Gaussian)

Veoigt Profile

This section describes the options available in the Line submenu of the main menu.
The details of the calculations for each of the options shown above are described in the
appendices of this manual explaining the theory behind Hitran-PC calculations.
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6.12 Press Menu

Presz | Par Molecules  Atmos  Aeroscls  File

Manually Set Total Pressure
Calc. Total Press. from all Partial Press, (LBL, PMML, X-5ect)

. Line-by-Line Partial Pressures 1

Isotopic Partial Pressures (Matural abundancies) »

Partial Pressure Units Displayed

This section describes the items in the Press submenu of the main menu.

6.12.1 Manually Set Total Pressure

The total pressure for the horizontal path calculation in the “Horizontal path
calculation” mode or the total pressure for the selected layer in the “Slant path
calculation” mode may be manually modified in this window.

I Selection of total pressure and pressure scaling option [EIE&J

The default total pressure to be used for broadening calculations is 1 Atmosphere.
Mote: Atmospheric broadening and Mot Self Broadening coefficients are used

Current Total Pressure (atm) = 1.000E+00

Total pressure

Value
Total Pressure = [1.000E+00 . o
Order of magnitude

[ I [l

* Atm " mbar " Tarr

Pressure units

Partial pressure option
Partial pressure values for each molecule may be assigned or entered later.

[ Click on this option if vou wish to scale all default partial pressures by the
ratio of new total pressure/current total presure. That ratio is: 1.000

Use Default (1 atm.) | == Previous | | Mext ==

This option is only available in the manual total pressure adjustment mode (when the
“Auto Recalculate Total Pressure” option described below is not checked).

An additional “Partial pressure option” allows scaling all current partial pressures by

. . . . new total pressure .
multiplying each partial pressure value with P ratio.
current total pressure
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6.12.2 Calc. Total Press. from all Partial Press. (LBL, PNNL, X-Sect)

If this option is chosen, the fotal pressure will be automatically recalculated by
adding up partial pressures of all selected molecules (HITRAN Line-by-line molecules,
HITRAN Cross Section Molecules, and PNNL molecules) instead of manually providing
the total pressure.

The manual total pressure value will be saved before switching to “Auto Recalculate
Total Pressure” mode and restored after switching from that mode back to the manual
Total Pressure entry mode. Separate variables are used for the horizontal and slant path
saved pressure storage.

Partial pressures for PNNL and HITRAN cross section molecules are only
automatically added to the fotal pressure if the path length for PNNL and Cross section
molecules is chosen to be the same as that for all line-by-line molecules (Path >> Same
Path For All PNNL Molecules, Path >> Same Path For All X-Sect Molecules should
be checked to ensure the same path length). If the options above are not selected, PNNL
and Cross section molecules are assumed to have been assigned a path length different
from the line-by-line molecules path length and thus their partial pressures are not
included in the total pressure.

The total pressure automatically obtained using “Calc. Total Press. from all Partial
Press” option will depend on whether “Isotopes Partial Pressures” option is set to
“Scaled by natural abundances” or “Manual override”. If “Scaled by natural
abundances” option is selected, the line-by line calculation is carried out with the
concentrations of isotopes scaled according to their natural abundances contained in the
HITRAN database and the total pressure for line-by-line molecules is calculated by
adding partial pressures for each selected line-by-line molecule (partial pressures for
selected isotopes are ignored in this mode). Modification of isotopes partial pressures is
locked when “Scaled by natural abundances” option is chosen. This is the default
option when the Hitran-PC program is started.

Changing PPMYV values of isotopes and molecules is disabled (only Atm textbox is
active) when the “Calc. Total Press. from all Partial Press” option is enabled because
PPMYV values are recalculated on the basis of the total pressure.

If the “Manual override” option for the “Isotopic partial pressures” option is chosen,
the total pressure for line-by-line molecules is recalculated by adding partial pressures for
all selected isotopes and the line-by-line calculation is carried out with no regard of
natural abundances of isotopes using the isotope partial pressure value specified by the
user.

“Calc. Total Press. from all Partial Press” mode does not affect the way partial
pressures for PNNL and HITRAN cross section molecules are added to the total pressure.
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The above complicated options for partial pressures and scaling are available so that
the user can model specific isotope gases within an enclosed absorption cell, or model the

absorption of natural isotopic concentrations in the atmosphere or natural abundances
within a gas sample.

6.12.3 Line-by-line Partial Pressures

Choosing this menu item is equivalent to “Molecules” => “Line-by-line HITRAN

molecules” and opens a window where partial pressures, selected state, plot colors can be
modified for all isotopes and molecules.

6.12.4 Change Partial Pressure Units

Partial pressure units displayed in the main window below the plot in the info boxes
may be displayed in either Atm or PPMV (parts per million by volume). This option
only changes the units in the info boxes.

'

o, Partial Pressure Units lilﬂléj

The concentration of each gas is shown on all HITRAN-FC Flots.
These concentrations may be displayed by absolute concentration
(FPartial pressure in Atm) or by relative concentration in parts per
million by volume (FENMV), based upon the total pressure

Partial pressure units selection
+ Display absolute concentrations by partial pressures (Atm)

" Display relative concentrations (PPMV)

Cancel ‘ oK |
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6.13 Par menu

m Molecules  Atrmos  Aerosols  File
Change HITRAN Database 3
Optical Depth Thresheld
Spectral Margins

Wing Contribution for Line Shape Calc.

Refractive Index at Ground Level

{ [y

Refractive Index Options (Slant path only]

Line Broadening (Air / Self)

This section describes the options available in the Par submenu of the main menu.

6.13.1 Change HITRAN Database

This option allows choosing the type of HITRAN database to use since the format of
different editions of HITRAN differs.

Par | Molecules Atmos  Aerosols  File

ﬁ_| Change HITRAN Database b | Use 2004 - 2008 HITRAN type file
Optical Depth Thresheld Use 1996 - 2000 HITRAM type file
_ Spectral Margins U=e 1986 - 1992 HITRAM type file |

Wing Contribution for Line Shape Cale.

Refractive Index at Ground Level

Refractive Index Options (Slant path only)

Line Broadening (Air / Self)

If the user chooses a different one of the options above, he will be prompted to
specify the location of the corresponding HITRAN database file.
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6.13.2 Optical Depth Threshold
Choosing this option opens the “Optical depth threshold” window.

4 Optical depth threshold (=NRE X

In erder to skip the calculation / contribution of weak lines, enter
Optical Depth Threshold (at line center). A typical value is 5.5E-05.

Optical depth threshold at line center

Enter Optical Depth Threshold: |5.50E-05

Use Default (5.5E-05) Cancel | oK |

All lines with the intensity below the Optical depth threshold specified will be
considered to have a zero intensity and ignored in the calculation in order to speed-up the
spectral calculation time.

A low value of 5.5-107 insures that the additive contribution of many weak lines is
taken into account.  The computation time is not affected for most transmission
calculations, except for the individual lines / ID mode.

6.13.3 Spectral Margins

Choosing this option opens up the “Contribution of absorption lines outside plotted
range” window.

. Contribution of absorption lines outside plotted range Elglﬂ_hj

Contribution of absorption lines outside plotted range

To add the contribution of absorption lines just outside of plotted spectral range
enter leftright spectral calculation margin (cm-1) (DEFAULT=1)

Spectral margin value

Spectral calc margin (cm-1) = [1.000000 | | | |
Use Default (1 cm-1) == Previous ‘ Next == |

The value specified in this window is used in the line-by-line calculations in order to
include the contribution of the lines just outside the plotted range which do contribute to
the total optical depth within the plotted spectral range.

100



6.13.4 Wing Contribution for Line Shape Calc.

This option allows modification of the wing contribution for individual lines (counted
from the center of the line).

. Absorption line wing contribution =HEO0[ X

Absorption line wing contribution
Spectral range limit {+~ from line center) for calculation of absorption line wing
contribution. The wing contribution may be specified by the number of saturated

halfwidths. An extreme limit for line calculations may also be specified. This limit
should be 25 cm-1 for correct continuum calculations.

Mote: The lesser of the two limits will be used for the calculations

Wing contribution

Mumber of saturated halfwidths = |12 Use Default (12) ‘
o 0
Extreme limit for line calculation (cm-1) = |[25.00 Use Default (25) ‘

= ] ]

== Previous | Mext == |

The value may be specified in Saturated halfwidths or wavenumbers. The
contribution of each line outside of this range is not included in the total absorption.

6.13.5 Refractive Index at Ground Level / for the Selected Layer

This option allows modification of the refractive index at ground level in the

orizontal path calculation” mode or that for the selected layer in the “Slant path
calculation” mode.

11

<
M Refractive index selection = | B b

Refractive index selection

The defaultindex of refraction used for wavelength display is 1.0 (Vacuum).
Index of refraction of air is 1.0002739 at 1 micron
The refractive index may be specified by the user in the field below:

Index of refraction

Index of refraction = |1.00000000

The refractive index may also be calculated for the current midpoint frequency,
partial pressures and temperature by pressing the "Calculate index” button
below.

Calculate / Use default index of refraction

Calculate Index Use Default (1.0) |

<< Previous | Mext == |

The refractive index may also be recalculated using the current midpoint frequency,
partial pressures and temperature using formulas described in the appendices.
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6.13.6 Refractive Index Options

This option is only available in the slant path mode and provides the option of setting
the index of refraction using the refractive index at ground level (horizontal path value)
or recalculating it automatically for each layer. The default is “Automatically calculate
refractive index”.

ﬂ_::.'\ Select slant path refractive index model Elﬂlﬁ

The Refractive Index for each atmaspheric layer may be
automatically calculated based on the midpoint frequency,
partial pressures, and temperature of each layer. The
refractive index may alsa be held constant at the value used
for Horizontal Path calculations or manually changed.

Slant path index of refraction options
+ Automatically calculate refractive index

" Use index of refraction at ground level: 1.00000000

Cancel ‘ OK |

This option is only applicable to the automatic recalculations. A manual change of
the refractive index for a particular layer is also possible.
6.13.7 Line Broadening (Air / Self)

This option specifies if the Air, Self or both Air and Self broadening mechanisms
should be used in calculations. The equations are described in the appendices.

[ 3
i Air and self broadened line widths =RAC X

Air and self broadened line widths

* Option 1 Use BOTH Air broadened and Self broadened line widths.
Total line width is weighted by the partial pressure of each
gas:

Totalymewidth = (Prorar — Peas) - AiTinewiden +

+ Peas - Selfinewiden

" Option 2 Use only AIR BROADEMED line widths from HITRAMN

" Option 3 Use only SELF BROADEMED widths. Self broadened widths
are not available for all molecules. Air broadened widths will
be substituted for missing self widths.

== Previous | Next == |
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6.14 Molecules menu

Molecules | Atmos  Aerosols  File

Line-byy-line HITRAM molecules
Cross section HITRAMN molecules

PMML molecules

Continuum 3

Slant path: Selection to all layers »

This section describes the options available in the Molecules submenu of the main
menu.

6.14.1 Line-by-line HITRAN molecules

This option will open up a detailed “Change Molecule selection” window with the
information about all line-by-line molecules and isotopes, as shown in the figure below:

-
. Molecules selection for HITRAN line-by-line (LBL) [E=EE
Double click on "Molecule name” to modify isotopes, partial pressure, or line color
Select/ Deselect molecules by clicking on a check box
Mol flso. Name Pressure, Alm Color
[ 1 -H2O 7.7500E-03 | ] -
w4 2-co2 3.3000E-04
- 3-03 2.6600E-08 [ | E
#-[#] 4 - N20 3.2000E-07
B[ 5-Co 1.5000E-07 ]
[ 6 - CH4 1.7000E-06 I
B[ 7-02 2.0900E-01 [ ]
[ 8- NO 3.0000E-10 [ ]
E-[F 9- 502 3.0000E-10 [ ]
@[V 10 - NO2 2.3000E-11
[ 11 - NH3 5.0000E-11
@[] 12 - HNO3 5.0000E-11 [ ]
wlhAl 13 - 0H 4.400NF-14 i
Expand All Collapse All Select All Deselect All
<= Previous | Next ==

This window provides information about each molecule and isotope available for the
calculation as well as their partial pressures and the corresponding color of the plot.

Double clicking on any molecule will open up a detailed window with the possibility
of modifying the partial pressure corresponding to the selected molecule and the color of
the plot, as shown in the figure below (detailed molecule information). The detailed
information window also contains the list of the isotopes listed by abundance. Double
clicking on the color corresponding to a particular isotope will open up a window
allowing modification of that color. Double clicking the number of the isotope will open
up the detailed information window for this particular isotope. Detailed information
window for each isotope may also be opened by double clicking on a particular isotope in
the “Change Molecule selection” window shown above.
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Detailed information window for an isotope is illustrated below.  The partial
pressures may be specified either in values normalized by the natural abundances of the
isotopes (the intensities in the HITRAN database are normalized this way) or non-
normalized partial pressures. In addition, the window contains the AFGL isotopologue
number, molecular mass and the abundance of the isotope.

e | [ ) H2o () i B ] it

5!
n Isotope Isotope plot color -

i HzO

Molecule Molecule plot color
H20 Plotted line color: . H20 (1 ) Plotted ling color .
[ Molecule is selected Shiznge ellr ¥l Isotope is selected SrE=C
Iso. number Mol. mass Abundance
J AFGL notation: 181 18.010585 0.887317
»
E

Absolute partial pressure
Value

ow fEE ] 4] |

Order ofmagnitude
4

Absolute partial pressure
e L i
Atm.  mbar  Torr

Value

on: [ ] o] 1@

Order of magnitude

Fractional concentration {(ppmv) o) i i J
. . 4 »
The absolute partial pressure (PA) is related to the fractional Atm.  mbar  Torr
concentration (PAppmy) times the total pressure (PT) as: Use absolute partial pressure not normalized by the
PA = PAppmv * 10°-6 * PTatm ™ isotopenatural abundance (to be used forisotopic

The units of PAppmv are parts per million by volume (PPMY]. gas absorption cell)
PAppmy Fractional concentration (ppmv)
[LELERE CurrentTotal Press. (atm)11.00E+00 The absolute partial pressure (PA) is relatedto the fractional

concentration (PAppmv) timesthetotal pressure (PT)as:
P& = Pappmv * 10°& * PTatm
Theunits of PAppmv are parts per million by volume (PPMY).

Use Defaults From U.5. Standard Atm. (1976)

Isotopes selection

Isotopes (listed by abundance) PAppmv
M 1Tl e 2 @ :0e s 0@ 5[] 7.TS0E+03 Gurrent Total Press. (atm){1.00E+00
- = ¢ [l 4 Use Defaults From .S, Standard Atm. (1976)

Double click on the isotope number for isolope details

Cancel | oK | Cancel | oK |

Detailed molecule information Detailed isotope information

Note: Normally, the Hitran-PC program uses partial pressures of gases in units of atm (or
Torr). However, if the partial pressure is specified in the PPMV units in the detailed
window above, it is necessary to press the Enter key for the value to be accepted and
converted correctly.
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6.14.2 Cross-section HITRAN molecules

Choosing this option will open the detailed window containing the information about
the cross section files read in from the hard drive or a disk.

i, HITRAN Cross-sectional window - Catalog or list of records avaiable in Cross-section Directories/Files Mﬂ:—bj
4 Check boxes to Select (Sel) Cross-sectional molecules for transmission calculations or Add molecules to the Info Panel .
sl naa omit e e e e e e e i e [ =
1 | CHCIFZ HCFC-22 IR 297 759.9967 859.9958 11627964 13.157952 9957 0.03 2806E-18  5.000E-07 -
2 v N205 N205 IR 2535 5400189 1380.0108 7.2463201 1851787 17424 0008 189318 50005-07 (M
Il 3 | NO2 NO2 uv 24 15001.993 42002.302 0.238082189  0.6665781 27993 20 8395619 5.000E-07 |
4 lw O3 ozone uv 300 28164 40758 0.24511 0.34289 5818 250mA  1.166E-17  5.000E-07 |
5 BrO brominemonoxide UV 228 26106 467 34518.652 0.28637957 038304685 6094 1446  2796E-17  5.000E-07
) BrO brominemoncxide UV 288 25527.025 34573.068 0.285934208 0.38569753 4652 1928  2148E17  5.000E-07
7 [] C6HE Benzene uv 253 36990 41785 0.23332 0270343 23976 1.00 1.114E-17  5.000E-07 |
vl B v CBHE Benzene uv 263 36990 41785 0.23932 0.270343 23976 1.00 3419611 so00E-07 ||
9 CEHE Benzene w273 36990 41785 0.23932 0.270342 23576 1.00 9.156E-18  5.000E-07
10 CEHE Benzene uv 283 36890 41785 0.23832 0.270342 23876 1.00 8.302E-18  5.000E-07
Il 11 w| CEHE Benzene uv 283 365990 41785 0.23532 0270343 23976 1.00 7763E-18  5.000E-07
12 [JC7HE toluene U 263 35890 41285 0.242213 0.277855 26476 1.00 197418 5.000E-07
13 C7HE toluene uw 273 35990 41285 0.242218 0.277855 26476 1.00 1673618 5.000E-07
14 C7HB toluene uv 283 355930 41285 0.242219 0277855 26476 1.00 1469E-18  5.000E-07
15 C7H8 toluene uv 293 35990 41285 0.242213 0.277855 26476 1.00 1361E-18  5.000E-07
Wl 16 W H2CO formaldehyde uv 280 25919.627 33299.407 0.300305648 038580802 30246 4898  18BE-19 2400809 |
17 H2CO formaldehyde uv 280 25919.627 33259.407 0.3003056428 038580202 30246 4858  1.95E-19 5.000E-07
12 H2CO formaldehyde uv 300 25519627 33259.407 0.3003006428 028580802 20246 4898  1.9BE-19 5.000E-07
119 [l m-CEH4(CHI)2 m-xylene uw 27 34550 41285 0.242213 0285796 31476 1.00 T472E-19  5.000E-07
20 [ m-C6H4(CH3)2 m-xylene uv 283 34350 41285 0.242219 0.285796 31476 1.00 1.025E-18  5.000E-07
21 el m-CBH4(CH3)2 m-xylene uv 233 34350 41285 0242213 0285736 31476 1.00 1179618 5.000E-07 |
22 N2O N20 U 2% 44528 58856 0.169618 0.222533 14032 13mA 143E-19 5.000E-07
23 ¥ NOZ NO2 U 220 15001.953 42002302 0.238082189 0.6665721 27993 20 9.465E-19  2.300E-11
124 1 NO2 HO2 U 254 15001.953 42002.302 0.23308218%  0.6665781 27993 20 8.385E-19  5.000E-07
25 NO3 nitrogentricxid U 2se 12550.56 20999.557 0.47620052  0.7942206 17442 0.6 218617 5.000E-07
w26 [y 02-02 axygen dimer uv 2% 8754215 994554 1.005476 11317112 2976 600mA  1202E-45  5.000E-07
127 1 02-02 axygen dimer uv 296 153851 2982398 0.3353007 064598 1219 600mA 1109645  5.000E-07 -
Load fila{s) Load directory Uncheck selected Uncheck All Clear list Cancel OK

Button functions:

Load file(s) >> Loading single (or multiple if SHIFT is pressed) cross sectional file(s)
Load directory >> Loading all cross sectional files in a directory specified

Uncheck selected >> Unchecking all “Se/” selections

Uncheck all >> Unchecking all selections, both “Sel” and “Add”

Clear list >> Clearing the information in the cross-sectional list

Once the window is open it may or may not contain information about cross section
molecules depending on whether there is information about the location of cross section
files in the configuration file. If the program is used for the first time, or the information
about the cross section files has not been saved or unavailable in the configuration file
loaded, the user will have to specify either file(s) (“Load file(s)”), or a directory (“Load
directory”) to load the information from the cross section files and populate the list.
Multiple files may be loaded simultaneously by pressing the SHIFT button and selecting
several files to load. To load files from several directories, the “Add directory”
procedure has to be repeated as many times as there are folders to read in with the cross
section files. Pressing the clear list button removes the information about the loaded
cross section files from the memory. To populate the list again, one would have to
repeat the procedure of adding files and/or folders outlined above.

After the cross section data from the cross section files is loaded, all the available

information for a particular record in the cross section files will be displayed in the list.
The partial pressures are assigned a default pressure of 5 -/07 Atm value at the time the
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record is read in unless a line-by-line molecule with the same name is found. In that case
the partial pressure corresponding to that line-by-line molecule is assigned to the
corresponding cross-sectional record.

All molecules marked as “Add” will be added to the Cross-Section tab of the Info
Panel, molecules marked as “Sel” will be both added and selected (ie. used in the
Transmission calculations) in the Cross-Section tab of the Info Panel. This has been
done in order to only preserve the most commonly used molecules in the Cross-Section
tab of the Info Panel for convenience.

Each molecule Selected or Added to the Info Panel is automatically assigned a
random color which can be manually modified by double clicking on the color box
corresponding to the molecule of interest (after this molecule has been selected or added
to the Info Panel). If the molecule is removed from the Added list, the color
corresponding to it is removed as well.

Double clicking on a particular item in the list will open up a detailed window
corresponding to the currently selected record in the list, as shown below:

-

M N205 = | 5 |
- Chemical formula Plot color File name —
N205 _ sample_M205_|R04xsc
Molecule name
O Molecule is selected -hangs catar N20%

Wavenumber resolution
Mum. of points: 17424
Res (cm-1): 0.003

Absolute partial pressure
WValue

mEwET ] o | o

Path length (km)
Order of magnitude

2 e e m Same as LEL
Atm.  mbar  Torr ﬂ J j -
Wavenumber range
Fractional concentration (ppmv) Fram (cm-1): 540.0189

to (cm-1): 1380.0108
The absolute partial pressure (PA) is related to the fractional
concentration (PAppmv)}times thetotal pressure (PT)as: Sat both 2z cak. rzgion
P& = PaAppmv * 10%8 * PTatm From {mem): 7.2463201

Theunits of PAppmv are parts per million by valume (PPMY). to (mem): 18.517870

A Broadening Temp, K
ppmy nia 2335

5.000E-01 Current Total Press. (atm}=1.000E+00 Max X-sect

1.8893E-18

Use default concentration Recorded at Press, Torr
0
Cancel | OK |

The detailed cross-section record information window contains all the available
information about the record. It allows changing the partial pressure corresponding to
the selected record. In addition, it is also possible to change the current calculation range
to that of the cross-section record spectral range by pressing the “Set both as calc.
region” button and change the path length for this molecule if the Path >> Same Path
for All X-Sect Molecules is unchecked in the main menu.
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It is worth pointing out that each cross section record in the HITRAN database is
specified for a particular temperature. By default no temperature recalculation is used for
cross section records. However cross sectional records temperature scaling may be
enabled by using the Temp >> Temp Scaling for Cross-sectional molecules option.

Please note that the Cross-sectional records of the same compound but different
temperatures are displayed separately in the “Total for each molecule” and “Total for
each isotope modes ” if such records are selected for the same calculation.

Note: Normally, the Hitran-PC program uses partial pressures of gases in units of atm (or
Torr). However, if the partial pressure is specified in the PPMV units in the detailed
window above, it is necessary to press the Enter key for the value to be accepted and
converted correctly.
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6.14.3 PNNL Molecules

Choosing this option opens up a window containing information about the PNNL
molecules available and essentially gives a list or catalog of the available PNNL
compounds located in the folder (ie. usually the compounds folder or PNNL Sample
Database). The user needs to specify which of these will be placed into the HITRAN-
PC Info Panel by checking the "Add" option , and then can also specify that the spectral
file is to be used in the HITRAN-PC transmission calculation by checking the "Sel" or
Select option.

. PNNL window - Catalog or list of spectral files available in PNNL directory ‘EIE‘&J
— Check boxes to Select (Sel) molecules for transmission calculations. or Add molecules to the Info Panel. Click on compound line to scan for Min/Max wavelength values —
NPT Chemical rame | e e [l [l
1 BR1PROP_5T.TXT 1-Bromopropane 278 i) n/a nia nia n'a n'a nia 5.0000E-07 -

2 BR1PROP_Z5T.TXT 1-Bromopropane 298 25 n'a nia na n'a n'a na 5.0000E-07
=3 BR1PROP_S0T.TXT 1-Bromopropane 3 50 500.017609 6500.033761 1.538453b47 1999929566 0.0602 99562 5.0000E-07
O4 BUTEMET_ET.TXT 1-Butene 278 5 nia nia na n'a n'a na 5.0000E-07
w5 w| BUTEMNET_25T.TXT 1-Butene 298 25 n'a nia nia n'a n'z nia 5.0000E-07
& BUTENE1_S0T.TXT 1-Butene 323 50 525025203 6499.953174 1.538472621 19.04670470 0.0602 99146 5.0000E-07

7 | BUTTYNE_ST.TXT 1-Butyne 278 5 n/a nia nia n'a n'a na 5.0000E-07 § !

] BUTTYNE_25T.TXT 1-Butyne 298 25 na nia na n'a n'a na 5.0000E-07 -
09 BUTTYNE_SOT.TXT 1-Butyne k] 50 500.017609 6699.992114 1.492539070 19.99929566 0.0602 102880 5.0000E-07
10 R124A_BT.TXT 1-Chleore-1,1.2 2tetraflucroethane, (R1244 278 5 525027465 6500.033761 1.538453b47 15.0466224% 0.0802 59147 5.0000E-07

wl 11 w| R124A 25T TXT 1-Chlore-1,1.2 2-tetraflucrosthane, (R1244 298 25 n/a nia nia nia nia nia 5.0000E-07 [
O R124A_50T.TXT 1-Chlere-1.1.2 2-etraflucrosthane, (R1244 323 50 nla n'a na n'a n'a n'a 5.0000E-07

13 [l IBUTCL_ST.TXT 1-Chlore-2-methylpropane 278 5 549977065 6500.033761 1538453547 18.18257639 0.0602 98733 5.0000E-07

Iw] 14 w| IBUTCL 25T.TXT 1-Chlere-2-methylpropane 298 25 n'a nia n'a n'a n'a n'a 5.0000E-07 -
1h IBUTCL_BOT.TXT 1-Chlore-2-methylpropane 323 50 nla nia nia n'a n'a na 5.0000E-07
16 CLPTANE_25T.TXT 1-Chleropentane 298 25 n/a nia nia n'a n'z n'a 5.0000E-07

Wl 17 | CLPTANE_BOT.TXT 1-Chloropentane 323 50 n'a nia na n'a n'a na 5.0000E-07 -
18 HEXAMETF_ST.TXT 1-Fluorchexane 278 5 599.954538  6500.012516 1.538458576 16.6668183% 0.0802 57903 5.0000E-07
19 HEXANETF_25T TXT 1-Fluorchexane 298 25 nia nia na n'a n'a na 5.0000E-07

wl 20 w| HEXANETF_50T.TXT  1-Fluorohexane 323 50 n/a nia nia na na nia s5.0000e-07 (I
21 HEFTOH_25T.TAT 1-Heptanol 298 25 nla nia na n'a n'a na 5.0000E-07

v 22 w| HEFTOH_S0T. TXT 1-Heptanal 323 50 n'a nia nia n'z n'a nia 5.0000E-07 -
23 HEXACID_25T TXT 1-Hexanoic acid 298 25 nia nia na n'a n'a na 5.0000E-07
24 HEXACID_50T.TXT 1-Hexanoic acid 323 50 nla nia na n'a n'a na 5.0000E-07

25 HEXOH_2ET.TXT 1-Hexanol 258 25 n'a nia nia n'a n'a nia 5.0000E-07 =
Mel. info {PDF) Spectrum (PDF) Spec data file (TXT) Uncheck selecte Clear list Specify | Changs PNNL directory
Uncheck £ Generate PNNL info file: Scan for Min/Max values for all files Cancel 0K

Button functions:
Mol. info (PDF) >> Opens a PDF file with the Molecule information
Spectrum (PDF) >> Opens a PDF file with the spectrum for the selected compound
Spec. data file (TXT) >> Opens a text file with the spectral information
Uncheck selected >> Unchecking all “Se/” selections
Uncheck all >> Unchecking all selections, both “Sel” and “Add”
Clear list >> Clearing the information in the PNNL list
Specify/Change PNNL directory >> Loading PNNL files in a specified folder
Generate PNNL info file >> Scan for Min/Max values for all files and save info in the
PNNL.info file for later use

If no information about the location of the PNNL database directory is available in
the configuration file, the PNNL window shown above will be blank once that window is
opened. In this case it is necessary to specify the location of the PNNL database
directory by choosing “Specify / Change PNNL directory” button. The directory to be
specified is usually called “compounds” and it is the one containing folders with the
compound names (see appendices for loading the PNNL database). If the Sample PNNL
database supplied with HITRAN-PC 4.0 is used, it is found in C: > Hitran-PC 4.0 >
sample databases > pnnl .
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The information read in from the PNNL database does not contain the resolution,
number of points and the spectral range (in cm™ and micrometers) because this
information is not directly available in the databases. In order to determine these
parameters such as minimum wavelength and maximum wavelength contained within
each file, one has to scan the entire datafile. Scanning an individual file is fast.
Unfortunately, acquiring such information for the complete PNNL database (1200 files)
takes a long time (over 20 minutes for the current PNNL database that is about 3.5
GBytes in size) . However, it is possible for Hitran-PC 4.0 to scan the complete PNNL
database and produce the PNNL.info file which will contain all the information about the
records, and which will be used later. This file will be stored in the “into” directory of
the main Hitran-PC 4.0 folder. Generating PNNL.info takes around 20 minutes and may
be done only once (as long as the location of the PNNL database remains the same and
the contents of the PNNL database folder are not modified).

The Hitran-PC program will search for the PNNL.info file first and load the
information from the PNNL.info if this file is available. = Manual change of PNNL
directory location is unavailable when PNNL.info file is present in the “info”
subdirectory. In order to be able to manually change the location of the directory with
PNNL spectral files it is necessary to either remove or temporary rename the PNNL.info
file.

It is worth pointing out that additional information for individual PNNL records in the
list is obtained if a record is selected in the list with a mouse click (each record is scanned
individually in that case with no need in generating the PNNL.info file). Such scanning is
also carried out the first time a detailed window like the one shown below is opened up
for any PNNL molecule.

. 1-Bromopropane =NECINL X

Name of chemical Plot color Open file -

1 _Bromopropane I Spec data file (*.TXT)

Change colar

O Malecule is selected Molecule info. (*.PCF)

Absolute partial pressure Spectrum (*.PDF)
Walue

PA: [5.000E-07 J J j Path length (km)

Order of magnitude Same as LEL
ol - [ J J
4 3
Atm. - mbar - Torr Wavenumber range
From {cm-1): 500.017509
Fractional concentration (ppmv) to (cm-1). 6500.033761
Theabsolute partial pressure (PA) is relatedto the fractional set e, regi
concentration (PAppmv)}timesthetotal pressure (PT)as: S S 2Bl EHzon
PA = Pappmv * 10°-8 * PTaim From (mcm): 1.5384536477

to (mem): 199882596886
Theunits of PAppmv are parts per million by volume (PPMV).

Wavenumber resolution
PAppmv

Num_ of points: 99552
5.000E-01 Current Total Press. (atm){ 1.000E+00 um. ofpaints

Res (em-1). 0.0803

Use default concentration Temp, K - Rec [ Actual
323 / 296

Cancel

Each compound folder in the PNNL database contains PDF files with additional
information about the compound. These files as well as the spectrum TXT file may be
viewed by selecting the corresponding record in the PNNL list and then opening the
corresponding files by pressing “Mol. Info (PDF)”, “Spectrum (PDF)” or “Spec. data
file (TXT) ” buttons.
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No color is initially assigned to each molecule. The color of the plot for each
molecule is randomly generated once the user checks “Add” to add the molecule to the
PNNL tab of the Info Panel. If the “Add” option is unchecked, the color of that
particular molecule is removed as well. The color of the corresponding plot line may also
be manually modified by double clicking the corresponding color box. Double clicking
on a particular record will open up a detailed molecule information window where all
PNNL molecule record parameters are summarized. This window is shown below and it
allows modification of the partial pressure and path length for the current molecule (if the
Path >> Same Path for All PNNL Molecules is unchecked).

The current calculation range may also be changed according to the wavenumber
range of the current record in the PNNL database by pressing the “Set as calc. region™
button.

It is worth pointing out that all PNNL records in the PNNL database are provided at a
temperature of 296K. By default no temperature recalculation is used for PNNL records.
However PNNL records temperature scaling may be enabled by using the Temp >>
Temp Scaling for PNNL molecules option.

Please note that PNNL records of the same compound but different temperatures are
displayed separately in the “Total for each molecule” and “Total for each isotope”
modes if such records are selected for the same calculation.

Note: Normally, the Hitran-PC program uses partial pressures of gases in units of atm (or
Torr). However, if the partial pressure is specified in the PPMV units in the detailed
window above, it is necessary to press the Enter key for the value to be accepted and
converted correctly.
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6.14.4 Continuum

This option allows specifying the type of continuum to be used in the calculations.

| Continuum + | Select All

Deselect All

Slant path: Selection to all layers 3

Use water vapor continuum

Uze CO2 continuum

Uze M2 continuum

This selection can also be done in the Molecules tab of the Info Panel. The
continuum equations are described in the appendices.

Note: Continuum calculations are currently only available in the “Total for each
molecule” mode under Run>>Spectra display options and is not available for Total for
Each Isotope mode and Individual Lines and ID Mode.

6.14.5 Apply selection to all layers for ...

The last option in the Continuum menu “Slant path: Selection to all layers” is only
available in the slant path mode.

| Slant path: Selection to all layers » | Select All

Deselect All

HITRAM Line-by-line molecules
HITRAM Cross-sectional molecules

PMML molecules

Continuum

If this option is checked, the modifications to the selected molecules are applied to all
layers, otherwise the selection is applied to the currently selected layer only. The
selection is separate for HITRAN line-by-line, cross sectional, PNNL molecules and the
continuum. Layers with all parameters locked are not affected by this option. By default
this option is only selected for the Line-by-line molecules.
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6.15 Atmos menu

Atmos | Aerosocls  File

Tropical (15M Annual Average)
Mid-Latitude Summer (45N July)
] Mid-Latitude Winter (45M Jan)
Sub-Arctic Surmmer (G0N July)
Sub-Arctic Winter (60N Jan)

US Standard (1976)

User defined (Specify Dir / Path)

Wiew / Edit / Store Atmospheric models

This section describes the items in the Atmos submenu of the main menu

6.15.1 Selecting atmospheric models

The first seven options in the Atmos menu are related to the selection of the
atmospheric model to use. There are six predefined atmospheric models stored in the
pressl — press6 directories of the Hitran-PC directory. The default is US Standard

atmosphere (press6 directory). The user may also load a user defined model from a user-
defined directory.

It is important to point out that every time the Atmospheric model used is changed, all
partial pressures, Temperature, and Total pressures are recalculated in the horizontal path
mode according to the selected horizontal path length. Automatic recalculation of a
similar kind is also carried out for all layers in the slant path mode.

6.15.2 View / Edit / Store Atmospheric models

Choosing this option in the Atmos menu opens up a window allowing viewing,
editing and saving of atmospheric models.

Jh Pressure Model Editor =) ]

| Apessure mocel is defined by a set of separate files for Temperature, Tolal Fressune.

et e e oA S o o B 8 AN ot —t—Changing the selected

You May EDIT, INSERT, or DELETE a layer from any fle by night clicking on the
Total Pressure, Tem \ckecule I

comesponding opion. To EBT;DU“’:;: ;:;GCUE'Q chick an fem in :;“:"3‘:‘6"9"’“‘“" / molecule tO View the partial

Currently selected atmospheric model Selected molecule . .
PRESS8 US. Sundar 1975 Fws & pressures at different altitudes

Atmaspheric model parameters

Attede  Tolal Pressure Antuge Tempearature Altitude  Cancent Of 20

(km} b {km) K] km| (PR

1] - 0 280200

1,000 1.000

2.000 2000

3,000 E| J000

4.000 4000

5000 5000

B.000 G000

7.000 7.000 Add one layer after

8.000 8000

G000 2000 Add several layers after

10000 266 000 10000

MO I 11.000 Add one layer befoee

1000 1000 12000 Acdd several layers belore

13.000 166900 12000

14.000 141,700 14000 Delete byer

16.000 121,900 16000

16.000 100 600 16000 o

it layes




Each atmospheric model is stored in a different folder containing files with the
information about the temperature (K), total pressure (mbar) distribution as well as the
partial concentrations (PPMV) for each molecule as a function of altitude. Thus the
pressure editor contains three lists with this information. The left list contains
information about the total pressures, the middle one — temperature, and the right list —
partial pressures for individual molecules. To view partial concentrations for different
molecules in the model the selected molecule should be changed in the yellow drop-down
menu.

The following tools are available to modify an atmospheric model in any of the lists.
Right clicking on a layer in any of the lists provides the option of adding one or more
layers, deleting a layer or modifying it, as shown in the figure above.

Layers may be added before or after the selected layer. If multiple layers are to be
inserted the user will be asked about the number of layers to insert, as shown below:

Number of layers to insert @

Mum. of layers to insert:

Cancel OK

Each layer may be modified by either selecting “Edit layer” from the menu (after the
right click) or double clicking on that layer. For example, in the case of temperature list
layer modification, the layer editor prompt will look like this:

Pressure Model Layer Editor @

Altitude (km) Total pressure (mb)
[5.000 | [5.405E+02 |

Cancel OK

After a user defined atmospheric model has been created, the model can be saved to a
user specified folder and loaded later for use in Hitran-PC line-by-line calculations.
Please note that atmospheric models do not contain HITRAN cross sectional or PNNL
molecules information.
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6.16 Aerosols menu

Aerosols | File

Select Abs/5cat aerosol cale, (MNo) 3

Input param for BACKSCAT aerosol model
. Murnber of WL points B

This section describes the options in the Aerosols submenu of the main menu.

6.16.1 Select Abs/Scat aerosol calc.

This option allows selecting the type of aerosols to be taken into account at the next
calculation. The user can include Rayleigh scatter, Mie scatter and absorption or both.

Path  Line Press Par Molecules  Atmos Aerosols| File

Select All | Select Abs/Scat aerosol calc. (Mo) 3 |
Deselect All Input param for BACKSCAT aerosol model
7 Include aerosol (Mig) scattering Number of WL points

Include aerosol (Mig) absorption

Include melecular (Rayleigh) scattering

6.16.2 Define aerosol model

Selecting this option opens the “Atmospheric aerosol parameters” window which
lets the user select the parameters of the aerosol model to use for the calculations.

|
1
i
1

.§|

Hitran-PC 4.0 uses the BACKSCAT 4.0 (essentially the LOWTRAN aerosol model)
program executed in a shell mode to carry out aerosols calculations.  The options
available in the figure above are the ones provided in the BACKSCAT 4.0 program, and
include specifying clouds, fog, dust and related aerosol density parameters.

The file containing the results of the BACKSCAT calculations is stored in the
backscat4 directory of the Hitran-PC 4.0 folder and called DEFAULT.PFL. The format
of the data in DEFAULT.PFL file is as follows:
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Column 1: Altitude (km)

Column 2: Aerosols extinction coefficient (km™)

Column 3: Aerosols scattering coefficient (km™)

Column 4: Aerosols absorption coefficient (km™)

Column 5: Aerosols backscatter coefficient (km™)

Column 6: Molecular (Rayleigh) scattering coefficient (km™)
Column 7: Molecular (Rayleigh) backscatter coefficient (m™ sr™)

The aerosols extinction coefficient (Column 2) is the a sum of values in Columns 3
and 4. Therefore, the attenuation due to aerosols used in the Hitran-PC program is as
follows:

Querosols = Column 3 + Column 4 + Column 6

Each run of the BACKSCAT program provides aerosols attenuation and backscatter
values for a single wavelength only, specified in the TEMP.LDR file contained in the
same directory. The Hitran-PC program executes the BACKSCAT program multiple
times with different wavelength values written to the TEMP.LDR file in order to obtain
the variation of the atmospheric attenuation values with wavelength.

The backscatter coefficients also provided by the BAKCSCAT program in the
DEFAULT.PFL file are not used by the Hitran-PC program but may be manually
extracted from the DEFAULT.PFL file for the last calculated wavelength contained in
the TEMP.LDR file. In addition, the user can also obtain the aerosol attenuation values
by running HITRAN-PC, but de-selecting any Line-by-line input and using the aerosol
BACKSCAT portion, and then saving the attenuation in the HDF format after selecting
the composite with aerosols option. If the user is interested in obtaining the aerosols
attenuation and backscatter values, it is recommended to use the Betaspec 2.0 supplied
with Hitran-PC 4.0 as a standalone program.

6.16.3 Number of WL points

This option allows modifying the number of equidistant points along the wavelength /
wavenumber axis for the aerosols calculations. The default is 20 points.

i Aerosols - Number of points 2| E ||
Specify the number of wavelength points for the calculation
of aerosol alpha and beta coefficients (default value is 20):

Uss Defaut 20) | Cancel [[ 0K |

Because each run of the BACKSCAT 4.0 program responsible for the aerosols
attenuation calculations provides data for a single wavelength, it is necessary to carry out
multiple runs for different equidistant wavelengths within the current calculation range
with subsequent approximation (linear approximation is used at this point) in order to
obtain the aerosols attenuation profile for the entire calculation range which may then be
combined with the transmission data obtained from the HITRAN line-by-line, PNNL and
Cross Section databases.
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6.17 File menu

Save data to HDF or TXT file...
Load data from HOF file...
Load data from TXT file... !

Save attenuation (1/km) in 3 column file

4.0000

Save attenuation as a function of

>|

Print

Exit

Page setup...

Save aerosols attenuation (¥, basc)

Print with preview..

—

Wavenumber (cm-1

Wavelength (micron)

This section describes the File submenu of the main menu.

6.17.1 Save data to HDF or TXT file...

This option allows saving the results of the calculation into an HDF or TXT file.
Both HDF and TXT files may now contain multiple columns of data which makes
exporting of the results to other software packages (like Excel or Origin) easy.

If both options are
selected, the file is saved
with an HDF extension.

If at least one of the
options is not selected,
The file is saved with a
TXT extension.

M File Save Options E@g
File Header Save spectrum as...
¥ Add headerinfo tofile ' Axis: ITransmissicm, % LI

¥ Add column titles

Delimiter

X Axis: IWaveIength, micrometers LI

MNumber of significant digits

=

Data available for saving

ITa b

[1 Wavelength, micrometers
[1 Total_composite_raw

[] Spectrum for molecule: H
[ Spectrum for molecule: C
[] Spectrum for molecule:
[] Spectrum for molecule: N
[ Spectrum for molecule: C
[] Spectrum for molecule: C
[ Spectrum for molecule: N
[] Spectrum for molecule: 5
[ Spectrum for molecule: N
[] Spectrum for molecule: N
[ Spectrum for molecule:

Select All Deselect All

[6 el I

| »

20
o2

m

03

20
o

Ha
o

02
02
H3

OH -

Cancel Save selected to...
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Once the “Save data to...” option from the File menu is chosen, a screen shown
above will open up displaying all the information from the last calculation available for
saving. The user has to choose the columns to save, the number of significant digits for
the data as well as the vertical and horizontal axis type.

The difference between the HDF and TXT file format is the addition of the column
titles and file header (file description) at the top of the file in the HDF format file. The
type of the delimiter is fixed to be 7ab for the files containing the file header and/or
column titles but may be manually changed for the TXT type of files with no file headers
and/or column titles.

After the desired saving parameters are specified, the user may save the information
to the file by pressing “Save selected to...” and specifying the file to save the data to.

6.17.2 Load data from HDF file...

After choosing this option the user will be prompted to specify the location of the
HDF file to load the data from, and all the information will be read in automatically using
the data from the file header. The Loaded in spectra will be displayed in the Load In Tab
of the Info Panel.

6.17.3 Load data from TXT file...

This option has been introduced to import data from arbitrary files containing spectral
information.  The spectra read in this way are automatically resized to the current
resolution specified in the Freq menu. The Loaded in spectra will be displayed in the
Load In Tab of the Info Panel.

M Load in a TXT file = | E S

. Does the file to open have any of the following? E
[ Has file description created by Hitran-PC

[ Has column titles

Delimitar

The data in the file can be delimited by: Tab, Space or ;

Data format: Wavelength / Wavenumber

The first data column in the file to load must contain either
wiavelength values (micrometers) or wavenumbers (1/cm) in
an accending order. Please choose the format:

First data column i5:|Wau’eIength, micrometers j

Data format: All other columns

The units for all other columns should be either:
1) Transmission, %
2) Absorption, %
3} Optical Depth
4) Absorbance
5) Arbitrary units (direct or inverted)
Flease specify the format:

W Axis units: |Transmissi0n, %% j

Cancel | Specify file location... |
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The user needs to indicate if the file to be read in contains a file header (generated by
Hitran-PC) and/or column titles. The type of the delimiter is determined automatically
as long as it is of the allowed type (7ab, Space, ;). 1t is also necessary to specify the type
of the first column which must contain either the wavelength in microns or the
wavenumber in cm” in an ascending order.

The last option which needs to be chosen is the type of the spectrum to be imported,
the allowed options are shown in the figure below:

-
~.|Absorption, %
~\Optical Depth on...
Absorbance

Arbitrary units, direct
Arbitraty units, inverted

The options correspond to the typical spectrum types in the Hitran-PC program, the
last two options have been added in order to be able to import spectra with arbitrary units.
Such spectra are automatically renormalized to occupy the entire plot screen (0% —
100%).

The difference between the direct and inverted arbitrary units modes is the same as
that between transmission and absorption, after the spectrum has been renormalized to
0% — 100% range, it is inverted as (100% — value) in the arbitrary units mode when the
inversion is chosen.

6.17.4 Save attenuation (1/km) in a 3 column file

This option was introduced for compatibility with Lidar-PC and allows saving 3D
data obtained from each layer into an ASCII file (please note that the BIN format for the
3D data is no longer available). The file contains the attenuation as a function of
wavenumber and altitude.

6.17.5 Save attenuation as a function of...

This option allows specifying if the attenuation should be saved as a function of
wavelength or wavenumber. Please note that the data should be saved as a function of
wavenumber in the slant path mode since the calculation for each layer is based on the
wavenumber and the wavelength is recalculated using the refractive index of each layer.
Saving the data as a function of wavelength in the slant path mode may introduce a small
error in the data due to the recalculation mentioned if the refractive index is incorrect.

6.17.6 Print, Print with preview, Page setup

These are the typical features allowing printing of the obtained plots.
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6.17.7 Exit

If the user chooses to exit the program, he will be prompted to save the current
Hitran-PC input parameters to a configuration *.zcf file.

Hitran-PC 4.0 =]

Would yo like to save current parameters to a
configuration file (. TCF) before quitting?

Yes | Mo | Cancel |

This prompt has nothing to do with saving the results of the spectral calculations but only
saves the input parameters.
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7.0 Specific _Information for Linking and
Pathways to Databases used by Hitran-PC 4.0

Hitran-PC 4.0 uses HITRAN and PNNL IR databases in order to carry out the
calculations. These databases are not supplied with the Hitran-PC program and have to
be acquired separately by the user.  This section is meant to provide additional
information and links to guide users in obtaining HITRAN and PNNL database
compilations.

7.1 HITRAN Database

Hitran-PC utilizes cross-sectional and line-by-line information of the HITRAN
database for calculations. The information about the HITRAN database can be obtained
from http://www.hitran.com which contains information about the latest HITRAN 2004
and 2008 editions as well as its older versions  (http://cfa-
www.harvard.edu/hitran/docs.html ).

The HITRAN database is available for free at http:/www.hitran.com. In order to
gain access to the HITRAN compilation, the following Request Form should be filled out
http://cfa-www.harvard.edu/hitran/requestnew.html.

Even though Hitran-PC supports both the newest HITRAN 2004 and 2008 editions as
well as the older ones, the HITRAN group highly recommends using the latest available
edition since it contains the most accurate and up-to-date information. It is also
recommended to  apply  HITRAN  updates available  at  http://cfa-
www.harvard.edu/hitran/updates.html.

For informational purposes, the HITRAN 2004 database has about 1.7 million
spectral lines for 39 molecules in the atmosphere, and the HITRAN 2008 has about 2.7
million spectral lines for 42 molecules. The density of the spectral lines was computed
by a variation of our Hitran-PC read-in subroutine, and the resulting line density for the
2004 and the 2008 database is shown in the following figure:
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HITRAN 2008 (solid), HITRAN 2004 (dashed)
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7.2 PNNL IR Quantitative Database

The PNNL IR Quantitative database can be used by Hitran-PC program along with
the data available from the HITRAN database. The information about the PNNL IR
Quantitative database is available at http://nwir.pnl.gov. The complete database contains
experimental absorption measurements for about 400 chemical species.

The PNNL IR Database summary paper as well as the note about the units
conversions applicable to the PNNL database compilation are available at the above
address for free.

In order to gain unlimited online access to the PNNL IR Database, an initial

registration fee has to be paid. The PNNL database is available also through ONTAR.
Details for obtaining and loading the PNNL database are given in the appendices.

7.3 HITRAN database linkage

This section will explain how to link the HITRAN line-by-line and Cross sectional
databases with the Hitran-PC program. This tells the Hitran-PC program the location of
these databases on your computer.
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7.3.1 Linking to the line-by-line HITRAN database

Once the setup is complete a manual startup mode should be chosen, if the program is
executed for the first time. In the menu asking for the HITRAN database to use, the
database type to open should be chosen. It is recommended to use the latest HITRAN
2008 compilation file. After pressing “Next” a window will open up asking to indicate
the location of the HITRAN database file. Latest line-by-line HITRAN datafiles usually
have a *par extension. Hitran-PC usually operates with the cumulative HITRAN
database file, however, * par files for separate molecules may be used as well.

The HITRAN database may be accessed from a hard drive, DVD or any other storage
device. However, it is recommended that you copy the database to the hard drive for
faster access, although the use of the database on the CD drive is still very fast.

The line-by-line HITRAN database to be used can also be changed after the main
program has been started using the menu selections.

7.3.2 Linking to the cross sections data from the HITRAN database

The cross section files in the HITRAN database have *.xsc¢ extensions. It is
recommended to use the latest HITRAN 2008 database since it contains the most number

of cross sectional records. The cross sectional data is located in the following folders of
the HITRAN 2008 database:

Infrared cross sections :
HITRAN2008 >> IR-XSect >> Uncompressed-files

UV cross sections:
HITRAN2008 >> UV >> Cross-sections

In order to use the cross section data it is necessary to open folders with the cross
section files specified above. This procedure may be carried out either from within the
main program or during the manual startup sequence.

In order to open cross-sectional files from within the main program, click “Open
Cross Sections Window” at the bottom of the Info Panel (Cross sections tab) or go to
Molecules >> Cross section HITRAN molecules and choose “Add directory” to specify
one or both of the directories above. Separate files may be added as well but adding all
the directories is recommended if sufficient hard disk space is available.

Similar features are also found for the HITRAN 2004 database.

7.4 Linking to the PNNL database

The PNNL database is available as compressed files which have to be extracted to the
same directory for further usage by the Hitran-PC program. By default, the PNNL
database files are extracted to a folder called “compounds” which after the extraction
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will contain subfolders with compound names containing the PNNL data for individual
compounds. Please make sure that no additional folders are created in the “compounds”
directory other than the ones contained in the PNNL database since Hitran-PC will regard
such folders to be a part of the PNNL database. For faster operation it is recommended
to use the PNNL database from a harddrive instead of the CD or DVD drive.

In order to populate the PNNL list with the information about the PNNL database, it
is necessary to open the PNNL window by going to

Molecules >> PNNL molecules in the main menu

or by pressing “Open PNNL window” in the PNNL tab of the Info Panel and choosing
“Specify/Change PNNL directory” to indicate the main directory with the PNNL data.

After the location of the PNNL database has been specified, it is also possible to
generate the so-called PNNL.info file with some additional information about the
datafiles; this procedure will take around 20 minutes. Additional information will include
the resolution, number of points in the file as well as the minimum and the maximum
wavelength and wavenumber. Once the PNNL.info file is generated, the location of the
PNNL database should remain the same or else it will be necessary to regenerate the
PNNL.info.

Note: If an older version of the PNNL database (such as the ONTAR 2004 PNNL
DVD) containing the “Ancillary” folder is used, the records in that folder will be skipped
since they are not properly formatted.

7.5 Saving settings in a configuration file

The information about the location and description parameters of the HITRAN Cross-
sections and/or PNNL database may be saved to the Hitran-PC configuration file. In
order to save the current configuration to a configuration file, it is necessary to choose
Run >> Show / Load / Save Current Parameters and click “Save Config. (TCF)”
button.

The configuration information may be saved to the default configuration file or to an
arbitrary configuration file at a user specified location (as shown in the figure below):

1

Save config, to the file T will specify...

5 | Save config, to the default configuration file...
ave , .

The default configuration file is called transw.tcf and it is located in the info
subfolder of the Hitran-PC 4.0 directory.
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Appendix 1 - Theory used in Transmission
Calculations

This section explains the equations and conversion factors used to calculate the
transmission, absorption, and optical depth values for the molecular atmosphere in the
Hitran-PC program. Most of these equations are from the Hitran-PC 3.0 User Manual.

Al.1 Beer-Lambert Law, Line intensity, Lineshapes

The transmission of light through a media can be expressed by the Beer-Lambert law
as

I=1y-¢°P

where Iy is the initial light intensity, I is the intensity after passing through the media,
and OD is called the Optical Depth. This can be related to the normal parameters of
Transmission (7)), Absorption (A4), Optical Depth (OD), and Absorbance (4C), as:

I _op
Transmission (T): 1 = 7 ¢
o

Absorption (4): A=1-T

1
Optical Depth (OD): OD = —ln(T ) = ln(;)

oD
Absorbance (4C):  AC = —logw(T) = W =0.434- 0D

For the absorption of monochromatic light by one molecular gas in the atmosphere,
the Beer-Lambert law becomes

Iv,L)=1,-¢e°? =1, o—olv) P L

5

where a(v) is the linear absorption coefficient defined in ;At, v is the frequency in
cm - m

em’”, P, is the partial pressure of the gas in atmospheres (Atm.), and L is the optical
pathlength in ecm; I(v, L) is the intensity of the monochromatic light at frequency v after
transmission through the path length L. For the case where there are many different
gases present in the atmosphere, then the total attenuation or composite transmission is
related to the summation of the individual optical depths as
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ODtotal = (Pal k4! (V)+ Py -, (V)+ ot Py -ty (V)) L
The absorption coefficient can be related to the molecular line intensity, S, by
alv)=5-glv-v,)-N

where g(v — vy) is the normalized lineshape function (units of ¢m) and vy is the frequency
of the line center in em”.  The molecular line intensity, S, is given in the HITRAN

database units of cm_ or —™ _and N is the total number of molecules of

molecule - cm™> molecule

absorbing gas per cm’ per atmosphere. The value of N at 296 °K is Loschmidts’ number
(NL):

o molecules

3

Ny =2.479-10
cm” - Atm

At other temperatures, /V is calculated (following the ideal gas law) as

2

where T is the temperature in Kelvin.

Using the above, the Transmission, 7, of monochromatic light is thus given by

T=@=exp[—s-g(v—vo)-N-Pa L]

o

sz

As can be seen, S'g(v — v,) is the absorption cross section per molecule e and
molecule
N-P, is the absolute density of absorbing molecules in units of m”lec;'les The Boltzmann
cm

population factor is contained within S. As an aside, although the above expression
appears to be valid for each absorbing molecule, the values for § given in the HITRAN
database have been normalized to one atmosphere of gas and assumes that the
composition of the gas contains the natural fractional abundance of each isotopic species.
In other words, the values of the isotopic abundances are contained in the § parameter.
As such, it is common to group S'g(v - v,):N as the optical line strength per unit
atmosphere of gas.  Note, however, if the user is conducting laboratory optical
spectroscopy using an absorption cell with a sample of gas which contains only one
isotope (or non-standard isotopic mixture) then the value of P, used for the transmission
calculations should be increased accordingly. Hitran-PC 4.0 now allows (as an option)
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inputting isotope partial pressures directly so that it is not normalized by the natural
atmospheric abundances of the isotopes.

There are three lineshape profiles used in the Hitran-PC program. A Lorentzian
lineshape function is available for Pressure Broadening calculations, a Gaussian function
is available for Doppler Broadening, and a Voigt profile is used for a composite of both

Doppler and Pressure broadening.

The Lorentzian | Pressure broadened profile is given by

)

o)

where 7y, 1s the pressure-broadened halfwidth at half-maximum (HWHM) in
wavenumbers (¢cm™). The pressure broadened halfwidth is related to the air-broadened
halfwidth parameter, g, (contained in the HITRAN database) as

n
296 °K
Yp =g-(T] Py

where P; is the total background atmospheric pressure as specified explicitly by the
Hitran-PC user. = The value of g is temperature dependent and is scaled to other
temperatures using the temperature coefficient parameter for the air-broadened linewidth,
n, which is contained in the HITRAN database. The value for g is usually on the order

0f 0.05 <~
Atm

, and the value of n is on the order of 0.5.

Hitran-PC also allows carrying out calculations including self-broadening. In this
case the total pressure broadened halfwidth at half-maximum (HWHM) can be expressed
as

n
296 °K
7,,=[ T J'[gs'Pa_i'g'(Pt_Pa)]

where g; is the self-broadened coefficient, and P, is the partial pressure of the species.
All other parameters in the equation are the same as the ones used in the equation for the
air-broadened halfwidth above. If the self-broadened parameter is absent in the
HITRAN database, then its value is set equal to the self-broadened value (except for the
H,0 molecule, where the self-broadened value is assigned a value 5 times that of the air-
broadened halfwidth).
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The Gaussian or Doppler line profile is expressed as
1 In2 —In2-(v-v
gD(V—Vo)=[—J'\/—-exp (2 i
YD 7 YD ’

where y), is the Doppler linewidth (HWHM in em™) given by

(Ve f2RT-ln2
YD . —M

where R is the gas constant, T is the temperature in Kelvin and M is the molecular weight
of the molecule. The value for the appropriate molecular weight for each isotope is
stored in the Hitran-PC program, and also listed in appendices in the 3.0 User Manual.

The Voigt profile is an integral over both the Doppler and Pressure profiles, and is
used when both broadening mechanisms are present in approximately equal amounts.
An approximation to the Voigt profile is used in the Hitran-PC program as reported by E.
E. Whiting. The equation used is accurate to within 1 to 2 %, and is given by **

r 3N

, (W’j
sy _ {l—ﬂ]exp —2.772-(Mj + 9 udd F+

2
w w
wv
DN 2.25 10 >
+0.016-[ —ﬂ}[ﬂJ exp —0.4[—} - —
Wy Wy w, 10+(DN/WV) ’

where

\4 \4

w, = 0.5346 - w; + \/0.2166-w,2 +w,?

is the Voigt linewidth given by Olivero and Longbothum, and
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1

2
w, -| 1.065+0.447 - (W’] +0.058- [’”’J

Ig, max =

w w

4 \4

is the value of the Voigt profile at the line center. In the above equations, DN is the
differential frequency from line center, (v - vy), and wl, wd, and wyv are the FWHM
linewidths of the Lorentzian, Doppler, and Voigt profiles, respectively. Note that wl is
the FWHM linewidth, so that wl = 2y,; the FWHM values are used in the above
equations in order to be consistent with the specified references and for ease of
verification of the equations by the user.

Either Pressure, Doppler, or Voigt lineshape profiles may be used to determine the
absorption coefficient in the Hitran-PC program.

The STICK (Lorentzian Peak) lineshape option can be used to only display the peak or
maximum value of the pressure broadened lineshape. In this case, g, " is equal to

max 1 0318

T Vp ’p

For the STICK (Doppler Peak) option, g,"*" is

In2
max 2 0.496
8D = =
Yp Yp

In the past (HITRAN-PC Versions 1.0 to 3.0), the Stick lineshapes were often used
because they were faster than the Doppler or Gaussian calculations. However, that is no
longer true since the main calculation speed is determined by the hard drive access time
which is the same for all lineshapes.

Al.2 Temperature Dependence

The temperature dependence of the calculated transmission spectrum in the Hitran-PC
program occurs primarily through the parameters, S, NV, yp, and y,, which are directly
temperature dependent, and through the values of P, and P; if the pressure and
temperature altitude profiles of the atmosphere are used to specify P, and P, The
temperature dependence of these parameters is explained in the following:
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(a) Calculation of S for Temperatures Not Equal to 296K

The line intensity, S, is dependent upon several factors, some of which are a function
of temperature. The most important of these dependencies can be explained to first order
approximately as in the following:

The line intensity, S, as defined in the HITRAN database includes the Boltzmann
population factor and is, thus, a function of temperature. ~The Boltzmann population
factor can be expressed approximately by

81 eXp| — =2
(£)-
P\E Zexp(_g] ’

where E’ is the energy of the lower level of the transition (referenced to the ground state
of the molecule), T is the temperature, and the summation is taken over all energy levels,
E;, of the molecule; g; is the degeneracy of E’ level. The value of E’ for each
molecular transition is in the HITRAN database and can be obtained using the software
supplied with the HITRAN database.

The value of the summation in the denominator is called the Internal Partition sum, Q.
The value of Q is dependent upon the temperature, 7, of the molecule. The value for Q
is calculated in the HITRAN program through use of a set of values of Q for each
molecule that is valid for a T of 296K and supplied with the HITRAN database, and then
applying a third order polynomial expression which describes the variation of @ with
temperature; this third order poly fit was used for the 2000 HTRAN database and earlier
versions, but has been supplanted by look-up tables for the more recent databases (see the
appendix on the temperature/partition sum). The coefficients used for the polynomial
expression are temperature dependent, so different coefficients are used over different
temperature ranges. The coefficients for the current HITRAN database are valid for a
temperature from 70K to 3000K, and are contained in the Hitran-PC program and also
listed in the appendices.

The above temperature extrapolation is available for all molecules except for those
few molecules that the ground state energy of the transition, E’, is not known (listed in
the HITRAN database with E =-1).

The value of the line intensity, S, also contains the effect of the population of the
upper level and stimulated emission from that level. This can be seen by expressing the
normal definition of the line strength in terms of the upper and lower state populations, as

s=" ). B.(v,- N
(22 (- v,)

2

c
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where B is the Einstein B coefficient, /V, is the Boltzmann population of the lower state,

molecules

cm3

N, is the population of the upper level in , and v is the transition frequency in

em™. In the above equation, a prime is used (i.e. $”) since the units of S’ assumes that

molecules

cm3

the populations are given in , while § involves population units in atmospheres;

S will be related to S later in this section.

The population term can be written (assuming a Boltzmann population and Local-
Thermodynamic-Equilibrium, LTE) as

(V,-N,)=N, .(1 - exp(— ';:—TVD .

This latter term is also calculated in the HITRAN programs in order to properly scale
the value of § as a function of temperature. Note that in terms of the population term
used earlier, V; is also further dependent upon temperature if expressed in units of
atmospheres since

Using the above equations, the value of the line strength at a temperature 7T can be
referenced to the value of S at a reference temperature 7, as

)50 2 oo (22|

In the HITRAN database, the values of Q and S are referenced to a temperature of 296K;4
the above equation is valid for the temperature dependence of either S or S”.

The user of the HITRAN database should be aware of the above temperature
dependence of S, which is valid for absorption transitions.

For the case of non-thermodynamic equilibrium, then one often uses the temperature

independent parameter of the transition probability, A / g . This term is related to B as

D) 2
& ={8L] |R”
3 )| & |
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where again g is the degeneracy of the lower state, and is usually equal to 2"+ for a
basic diatomic molecule.

Here R is the transition dipole moment and is defined as
R=[¥"MY dr

where M is the molecular electric-dipole moment. The transition dipole moment R is
usually given in units of Debye and 1 Debye = 10"® esu'cm. Often R is due to several
terms arising from vibrational, rotational, and rotational-vibrational interactions as

vlvﬂ

where the first term is due to pure vibrational transition probability, the second term due
to rotational transitions, and the third term is a rotational-vibrational correction term
called the Herman-Wallis factor. F(m) can be given for a linear diatomic molecule as

F(m)=1+C,m+D, 2m+....

where 2m =J'(J'+1)-J"(J"+1). Here J” is the rotational quantum number of the lower
level and J” is that for the upper level. For a P-branch transition, m = -J’" and for an R-
branch, m =J”+1. For a simple diatomic molecule like HCI, |r;. ,"|2 is equal to |m|.

Finally, taking into account all of the above equations, one can write

3hc 81 kT Q ’

EV
3 R 2 eXp(_kT)
S'=(8L]‘V‘ u .gl.NL.(%J.Ia.[l_exp(_hc_‘/jJ.gl.—.lo—36

where 1, is the isotope fraction and g; is the nuclear spin degeneracy of the lower level.
The term of 107 is used to convert the values of Debyes® to cgs units. In the above

2
equation, the numerical value of the term |R% is given in the HITRAN database in units

of Debyes” and includes the degeneracy factor as indicated. The above equation , is the
isotopic abundance and these values are listed in the corresponding Appendix.

Finally, the value of S’ can be related to S as used in the HITRAN database by
normalizing S to 1 Atm of pressure as
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A more thorough discussion of the above definition of S as used in the HITRAN database
is contained in the references.

(b) Atmospheric Density N

In the Hitran-PC program, the user is also given the option of specifying whether or not
N will depend upon temperature. The usual (default) answer will use NV proportional to

1/T, which follows the ideal gas law.

molecules) for

cm3

all temperature values using the “Fixed value of N” Option specified during the
question/answer start of the Hitran-PC program. This option is offered so that the user
can model an absorption experiment in which the gas is contained inside a sealed
(enclosed) absorption cell. In this case, the total pressure would increase with the
temperature, but the concentration of the gas (i. e. N-P,) would remain fixed. This can
be modeled in the Hitran-PC program by using the “Fixed N~ option which fixes the
value of N-P,. Unfortunately, however, the Hitran-PC program does not change the
value of P, with this option. As such, the user must manually increase the value of Py in

order to model the linear increase of the total pressure with temperature.

However the user can set N equal to a constant value (N, = 2.479 - 10"

(¢) The Doppler Linewidths

The Doppler linewidths are calculated using the standard Doppler equation and the
molecular weights of the isotopes; the molecular weights of the isotopes used in the
Hitran-PC program are given in the Appendices.

(d) Temperature Override Option

The Hitran-PC program allows the user to specify the temperature to be used for the
transmission calculations. For temperatures not equal to the HITRAN database
reference temperature (296 K), then the temperature extrapolation routines are used for
all lines, except those few lines for which the temperature extrapolation is not valid (i. e.
molecules with E = -1).  For these latter lines, the Hitran-PC program will just ignore
their contribution to the overall transmission spectrum and inform the user that some
lines are not being plotted because of this reason. However, the user can override the
skipping of these lines by using the temperature override option (the Default option) as
specified during the input parameter selection. In this case, these lines are included in the
overall transmission calculations, except a temperature of 296K is used for the
determination of the § value; that is, the user specified temperature is used for all
molecules except those with E = -1, and a temperature of 296K is used for those
molecules with E =-1. Note, however, that the user specified temperature is used for the
calculation of the linewidths (Pressure and Doppler) and the atmospheric density term,
N. For example in the case of O; lines in the older HITRAN databases of 1992/1996, if
the user specifies a temperature of 1000K and the override option is used, then T=1000K
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is used for the linewidth and N calculations, and 7 = 296K is used for the § value
determination of the O, lines. The temperature dependence of NV can also be overridden
as specified by the user so that a constant value of /V is used for the temperatures.

A1.3 Slant Path Calculations Using Altitude Profiles

The total transmission spectrum of the atmosphere along a slant path is modeled in
the Hitran-PC program by subdividing the path into multiple layers and assigning the
appropriate value of the temperature, path length, total atmospheric pressure, and partial
pressure for each gas at the altitude of each layer. The number of layers and the altitude
of each layer is specified by the user. = The Hitran-PC program performs a linear
interpolation of the stored altitude profiles in order to compute the appropriate total
pressure, temperature, and partial pressures for each layer. The Hitran-PC program can
handle up to 1000 layers for these calculations, although such detail will reduce the
execution speed of the program and affect the accuracy due to the optical depth threshold
limit or discrete representation of numbers in a computer. The program uses a spherical
earth geometry in that the ending altitude is calculated using this geometry; i.e. a long
horizontal path will show an increase in altitude at far ranges.

The atmospheric profiles used are those from one of the U.S. Atmospheric Models
and are stored in 44 ASCII data files in the press* subdirectories.” The parameter values
stored are total pressure (milibars, mb), temperature (K), and mixing ratios (ppmyv, parts
per million by volume) for each of the gases. Each data file is a list of altitude values in
kilometers (km) and the parameter value. The altitude values listed in the files must
cover the range starting with 0 km and go to 120 km. Any number of altitude levels is
allowed, depending upon the level of detail desired by the user. These data files can be
changed by the user, or a new set of values can be specified in order to model other
characteristics, such as a high altitude plume of gas; see the appendices for more details
on the press6 data files, and use of other press* datafiles. The default subdirectory used
is the press6 subdirectory which contains the U.S. Standard Atmosphere (Model #6).

There are two options that the user can specify for the calculation of the values of the
parameters for each altitude level: Option I uses the parameter values as stored in the
press* datafiles, and Option 2 uses these profiles but also allows the user to specify or
change the ground level value. In the latter case, the properties are proportional to the
values stored in the press* data files. This is explained in the following:

OPTION 1:

For a slant path calculation, the user specifies the initial altitude, the path length, number
of layers, and the slant angle (+90 degrees for vertical direction, 0 degrees for horizontal
path). The program calculated the appropriate altitude of each layer, and uses the press*
data files to form the interpolated values of the total pressure, temperature, and partial
pressures for each layer. The linear interpolated values have units of millibars for the
total pressure, PT,5(h), degrees Kelvin (K) for the temperature, T(%), and units of ppmv
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for each of the individual gases, PAppmv(h); here, h is the altitude or height of the layer.
These values are converted to the units of atmospheres (4A¢m) as used by the Hitran-PC
program by these equations

14
PTotm (h)= PTmb(”)’(ﬁJ

PA,, (h) = PAppmv(h)' PTom (h)

The latter equation is used to calculate the partial pressures for each of the HITRAN line-
by-line atmospheric molecules.

OPTION 2:

As another option, the Hitran-PC program also allows the user to individually change
the ground level (0 km altitude) value of the total pressure, temperature, and partial
pressure of each individual molecule, and to modify the altitude profiles accordingly.
These are the separately inputted values that are normally specified and used when the
Hitran-PC program calculates the transmission along a fixed horizontal path, and the
normal “Run” command is used. These values are also stored in the transw.cfg startup
file and are the ones that can be changed by the menu options.

For Option (2), the interpretation for the temperature is to produce a constant shift in the
temperature profile at all altitudes. The interpretation for the pressure is to produce a
proportional change in the pressure at all altitudes. If the user specified value of the
ground level total pressure (Atm) is PT;, the temperature is Ty, and the partial pressures
(Atm) are PA, then the modified values for the parameter values at each altitude, A, are

T'()=1()+ (7, -7(0))

atm

PT
PT' 41 (h)szatm(h)°(PT : 0 J

PT'atm (h) PAppmv (h) PAs

) 7 . (h)= PT',, (0) PA, (0)

pmy

where the primed variables represent the modified values which are used in the Hitran-
PC program at each altitude level, A. The unprimed parameters are defined as in the
equations for Option I above, and are the interpolated values obtained from the press*
altitude profiles.
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These equations are used to calculate the values of the temperature, total pressure, and
partial pressures for all altitudes for the slant path calculations. This allows the user to
still use the relative altitude profiles as stored in the press* data files, but set the ground
level (0 km altitude) values to that of the “horizontal path™ calculation. The values can
be displayed during the initial input portion of the slant path calculation, and are
displayed as each layer transmission is plotted.  After the slant path calculation is
completed using the above Option 2 and the user goes to the normal “Run” or
“Horizontal Path” mode of operation, the partial pressures, total pressure, and the
temperature values are returned to their ground level specified values of PTy, Ty, and PA;.
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Appendix 2 - Theory used in Atmospheric
Continuum Absorption Calculations

Hitran-PC incorporates molecular continuum calculations. Atmospheric continuum
absorption occurs in regions of strong H,O, CO, and N, absorption and is due to non-
Lorentzian contributions of the wings of lines far from the line absorption. As its name
implies, the continuum occurs as a slowly varying background absorption. The model
adopted in Hitran-PC program is the same used by the Air Force Geophysics LAB
(AFGL) FASCODE3P program. This model is based upon empirical data from D. Burch
and theory developed by S. A. Clough as AFGL (Ref. 1).

The continuum line shape function used by Clough is defined as

1a(p/p) v v <25 em™

r 252 b M 12
L FTI

;ﬁ, |Vp,tv,-|225cm_1

| i

A plot of the continuum function is shown below. It should be noticed that the line
shape is defined to be flat in the region within 25 cm™ of the line center. As such, line by
line calculations in Hitran-PC should not use a Far Wing Contribution beyond 25 cm™.
A contribution beyond 25 cm™ will overestimate the absorption in the far wings when
combined with a continuum calculation.
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Line shape function f.(v), used to develop the continuum (solid curve). The dashed curve
represents the function used by Burch.
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The continuum absorption spectra in strongly absorbing H,O, CO,, and N, regions
have already been calculated by Clough under various temperature conditions. The
calculations have been fit to the continuum measurements of Burch and Alt, to give a
semi-empirical model of the continuum. An example showing the temperature
dependence of the self-broadened H,O continuum is shown below.

1200 1400 1600 160C 2GCOo 2200 2470 6V 7900 3000 ..y
+ i L
{
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----- — 260K E
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............ 338K Iz g
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,_.\ ~. - ,”,
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I.O‘"T‘ T et B 1 ngs*
E
!
10" R PSS (N NS NN U (NSO SISPU (USRS (PSP NP (R SRR ORI [ | ol
0 200 400 600 aéa 1000 12w 1400 16Q0 anng @ 20 2430 CCOt 7nn0 J0Qn

WAVENUMEER (cm™')

The self-broadened water vapor continuum at 338K, 296K and 260K. The continua at 338K
and 296K have been fit to data and the 260K continua have been extrapolated.

The Hitran-PC program uses pre-calculated continuum spectra found in FASCODE
and LOWTRAN. These continuum values are found in Data statements in the
FORTRAN code of FASCODE3P and were recopied into the Hitran-PC CONT
subdirectory files. = Continuum spectra are interpolated and scaled for the correct
temperature, concentration and path length. There are both self and foreign broadened

2

-1
-1
continuum coefficients for H20. The continuum coefficients (w] may be
cm

related to an absorption coefficient a.(v) (cm™) as a function of frequency v by the

following:
o= B2 o[ 2], (22)
2 Po Po

where:
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B = ho/KT,

C, — Self Broadened Continuum Coefficient

Cr — Foreign Continuum Coefficient

ps — Concentration / Partial Pressure of self broadening (H,O, CO; or N;) gas
pr — Concentration / Partial Pressure of foreign broadening gas (N)

po — Atmospheric Density / Total Pressure

The Hitran-PC program uses continuum absorption coefficient to calculate the
appropriate optical depth to be added to the line-by-line spectra.  The continuum
functions are available for all horizontal and slant paths. As an example, Figure 1 shows
comparison of the Hitran-PC generated spectrum using the continuum calculation and
that obtained by measurements, FASCODE, and the older Hitran-PC program (Trans
version 2.31). As can be seen, excellent agreement is shown between the Hitran-PC,
FASCODE, and measured spectra.

References

(1) S. A. Clough, F. X. Kneizys, and R. W. Davies, “Line Shape and Water Vapor
Continuum”, Atmospheric Research, Vol. 23, 229 — 241 (1989).
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Comparison of measured atmospheric spectrum (6.4 km horizontal path, ground level)

and calculated spectrum using FASCODE, Hitran-PC without continuum, and Hitran-PC
with continuum. As can be seen, the calculation of Hitran-PC which includes the

continuum, agrees much better with both the measured and FASCODE generated spectra.
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Appendix 3 - Theory Used in Calculation of
Index Of Refraction of the Atmosphere

As an option, the index of refraction may be calculated by the Hitran-PC program
using the appropriate midpoint wavelength, partial pressures and temperature. For slant
paths, the appropriate pressure and temperature values for each layer are used; one index
of refraction is calculated for each layer.

The index of refraction of the atmosphere may be calculated by using a Sellmeir type
equation which considers strong electronic transitions of N,, O,, and water vapor. One
form of the equation is given in the IREO Handbook (Ref. 1) and separates the dry air
and water vapor contributions. The dry air refractive index is given by the following
equation:

2 2
Ny = (n—1)-10° = (237 243203 vi | 11.69-v) J Pary
ry .

vi-v:  vioy? T -

where N is the refractivity, v is the wavenumber in Cm'l, v; = 114,000.0 cm'l, vy, =
62,400.0 cm’, Py, is the dry air pressure in KPa, and T is the temperature in Kelvin.
The moist air component for strong H,O electronic transitions in given by the following
equation:

N 651.7-v3 Pu,o0
H,0 — ’
? vi—y? T >

where v; = 111,575.0 cm’ and Pyoo is the water vapor pressure in KPa. The total
refractivity is given by the sum of dry and moist air components,

Ntotal = Ndry +NH20 .

It should be noted that all spectral calculations in Hitan-PC are done in wavenumbers.
Spectral plots may also be made in wavelength units for convenience (taking into account
the index of refraction).

References

(1) R. G. Smith, M. E. Thomas, D. Duncan, “The Infrared & Electro-Optical Systems
Handbook”, Vol. 2, 88 (1993)
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Appendix 4 - Hitran-PC Radiative Transfer
Calculations

The total path irradiance [ arising from molecular absorption and

cmz-sr-cm_l]
thermal re-emission may be calculated for horizontal or slant paths in the atmosphere. In
addition, a secondary blackbody source may be defined and propagated through the
atmosphere, or the user can also change the temperature and composition of one layer
(slant path calculation) to a higher temperature to simulate a hot plume of gas.

Theory / Equations
Atmospheric radiative transfer calculations involve calculating the blackbody

radiation due to a layer or plume or gas in the atmosphere. ~The blackbody source
function (Plank) is given by

2he?y? Watts
B(T,V)_ eXp(hCV/KT)—l (sz .sr.cm_lJ

where & is Plank’s constant (6.626:107 J-s), ¢ is the speed of light, v is the frequency in
cm’, K is Boltzmann’s constant (1.3807 J/K) and T is the temperature (K) of the
atmospheric layer or plume of gas.

The amount of radiation emitted by the layer, I(7, v), is determined by multiplying

the Plank function by the emissivity, & of the layer. The emissivity is (1 —
Transmission) through layer as calculated by Hitran-PC. The equations are

s(v) =1-Transmission and Transmission = e P

and
I(T,v)= g(v)- B(T,v) ,
where OD is the optical depth, and 7 is the temperature of the layer.
A slant path calculation requires a numerical integration of the irradiance through
each preceding layer (j-1), propagating it through the atmosphere of the current layer (j)

layer, then adding the contribution of that layer. This simple numerical integration is
made by summing over all layers starting at the point farthest from the observer,

I= izlj_l(Tj,v)~ ¢ 0P +gj(v)~Bj(Tj,v)_
j=
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The emission of the last layer (closest to the observer) is assumed not to be significantly
attenuated by atmospheric absorption.

Comparisons with FASCODE:

The following slant path calculations were done for an observer altitude at 20-km altitude

looking downward to the earth’s surface. A 13 layer US Standard Model atmosphere
was used in both cases.

Spectral Irradiance Calculated By HITRAN-PC
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As can be seen, there is good agreement both in the shape and magnitude of the curve
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Appendix 5 — Molecular Partion Functions Used
for Temperature extrapolation from 296K
HITRAN data

The Hitran-PC program recalculates the temperature dependence of the line intensity
(8) values. This section explains some of the equations that are used to perform these
calculations, and primarily involves the calculation of the Total Internal Partition Sum
(Q) which is used to calculate the Boltzmann factor, and the stimulated emission term
(See Appendix 1 for the theory).

The default temperature recalculation method used in version 4.0 of the Hitran-PC
program was adopted from the HITRAN 2004 database and is also used in the 2008
database. Temperature recalculation of Total Internal Partition Sums in HITRAN 2004
utilizes a 4-point LaGrange interpolation to generate a look up table of Total Internal
Partition Sums for individual isotopes in the 70K — 3000K range with 1 Kelvin steps.
This lookup table is used by the Hitran-PC program for temperature recalculations and
can be found in a file called parsum.dat in the Global Data subdirectory of the HITRAN
2004 edition.

In 3.0 and earlier versions of Hitran-PC program the third order polynomial approach
was used for Total Internal Partition Sums recalculation. This method was adopted from
HITRAN editions of 1992 — 2000. The algorithm used for these third order
extrapolation calculations is the one provided by L. Rothman and R. R. Gamache in the
SELECT92.FOR program of HITRAN 1992, BD QT.FOR program of HITRAN 1996 and
TIPS97.FOR program of HITRAN 2000, accompanying the corresponding HITRAN
editions. The relevant extracts from these programs are presented below. It is worth
pointing out that while the third order polynomial approach was kept the same from 1992
through 2000 HITRAN editions, the interpolation coefficients have been updated for later
HITRAN editions. For more information on the availability of temperature recalculation
coefficients for different isotopes and temperature ranges in different HITRAN editions,
please refer to the table presented later in this Appendix.

The Hitran-PC 4.0 program allows the user to select which of the two methods is used
to calculate the internal partition function, Q, using either the third order polynomial or
the newer 4-point LaGrange look up table.  This is provided so that the user can
duplicate previous spectral calculations, and also because some of the newer molecules
may not have complete coefficients for calculations (see the table at the end of this
appendix).

The coefficients for third order polynomial Total Internal Partition Sums temperature

recalculation method used in Hitran-PC 4.0 program are the ones from HITRAN 1996
database.
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The 3" order polynomial expansion to determine the change in the value of Q as
referenced to a temperature of 296 for each of the molecules is defined for two
temperature ranges (70K < T < 415K and 415K < T < 2005K) in the HITRAN 1992
edition and three temperature ranges (70K < T < 500, 500 < T <1500 and 1500 < T <
3000) in the HITRAN 1996 - 2000 editions. The coefficients necessary to calculate the
molecular partition sums are contained in the variable Qcoef(ivec, range, *) in the code
presented below.
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HITRAN 1992: extract from PROGRAMS/SELECT92.FOR file

al
o)
=1

1

qQr 2

Subroutine QofT(Mol, Iso, Tout, QT) qT 3

[« qT 4

C...input - Mol, Iso, and a temperature Tout qT 5

C...output - Total internal partition sum, QT, at T=Tout qT [

C qr 7

implicit DOUBLE PRECISION (a-h,o-z) qrT g

C++ qQr 9
PARAMETER (NMOL=32,NTRANS= 1,NCHOIC=10,Nspeci=77 CDR

c++:  bd-I50 qQr 11

COMMON /ISVECT/ ISOVEC(NMOL),IS082(Nspeci),ISONM{NMOL) QT 12

c++: bd-qT qT 13

common/Qtot/ Qcoef(Nspeci,2,4), Q296(Nspeci), aQ(Nspeci), qrT 14

+ bq(Nspeci), gj(Nspeci) qT 15

[« qT 16

DATA Tref,eps / 296., 1.D-05/ aT 7

c...find position in array QT 18

ivec = isovec{Mol) + iso qT 19

c qQr 20

C...total internal sum at 296K qT 21

IF (DpaBs(Tout-Tref) .1t. eps) THEN qr 22

QT = 0296(ivec) qQr 23

G0 TO 99 qQr 24

ENDIF qQr 25

c qQr 26

c...value depends on temperature range QT 7

IF (Tout .ge. 70. .and. Tout .Te. 415.) irange = 1 qT 28

IF (Tout .gt. 415. .and. Tout .le. 2005.) irange = 2 qr 29

IF (Tout .gt. 2005.) irange = 3 qT 30

C QT 31

IF (irange .eq. 1 .or. irange .eq. 2) THEN qQr 32

QT = gcoef(ivec,irange,1) qrT 33

+ + Qcoef(ivec,irange,2)*Tout qT 34

+ + Qcoef (ivec,irange, 3)*Tout*Tout qr 35

+ + qcoef (ivec,irange,4)*Tout*Tout*Tout qT 36

ELSE qQr 7

c...high temperature extrapolation qQr 38

IF (aq(ivec) .eqg. -1.) THEN qrT 39

qQr = -1. qQr 40

ELSE qQr 41

alnaT = aQ(ivec)*dlog(Tout) + ba(ivec) QT 42

QT = dexp(alnam) QT 43

ENDIF qQr 44

c qQr 45

ENDIF qQr 46

[« qT 7

99 RETURN qQr 48

END Qr 49

[aNal
o
el
L
=

HITRAN 1996: extract from SOFTWARE/GENERIC/BD_QT.FOR file (an alternative C
code may be found in the BD QT.C file of the same directory in the HITRAN 1996

database)
d
SUBROUTINE QofT(Mol, Iso, Tout, QT)
C
c...date last changed: oOctober 21, 1995
[«
c...input - Mol, Iso, and a temperature Tout
C...output - Total internal partition sum, QT, at T=Tout
[«
IMPLICIT DOUBLE PRECISION (a-h,o-z)
[«
INCLUDE ‘Species.cmn’
INCLUDE 'Isotops.cmn’
INCLUDE 'QofT.cmn’
[«

paTAa Tref,eps / 296., 1.D-05/
c...Find position in array:
ivec = isovec(Mol) + iso

(alal

..Total internal sum at 296K:
IF (DABS(Tout-Tref) .1t. eps) THEN
QT = Q296(ivec)
GOTO 99
ENDIF

(alal

.value depends on temperature range

IF (Tout.lt.70. .OR. Tout.gt.3005.) THEN
qQr = -1.
WRITE (*,%)
GOTO 99

ENDIF

IF (Tout .ge. 70. .and. Tout .le. 500.) irange

IF (Tout .gt. 500. .and. Tout .le. 1500.) irange

IF (Tout .gt. 1500.) irange = 3

OUT OF TEMPERATURE RANGE'

L=l

QT = Qcoef (ivec,irange,1)
+ + qcoef (ivec,irange,2)*Tout
+ + qcoef (ivec,irange, 3)*Tout*Tout
+ + qcoef (ivec,irange,4)*Tout*Tout*Tout

99 RETURN
END
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HITRAN 2000: extract from SOFTWARE/GENERIC/TIPS97.FOR file

Ry EET T Ry EEE s T

[
SUBROUTINE QofT(Mol, Iso, Tout, QT)
C HRAE HRER HRER HRRRRRE
c...date last changed: September 19, 1997
c
C...input - Mol, Iso, and a temperature Tout
c...output - Total internal partition sum, QT, at T=Tout
c
IMPLICIT DOUELE PRECISION (a-h,o-z)
=
C++
PARAMETER (NMOL=36,Nspeci=85)
C++
COMMON /ISVECT,/ ISOVEC(NMOL),IS082(Nspeci),ISONM(NMOL)
C++ bd-qT
common,/Qtot,/ Qcoef(Nspeci,3,4), Q296(Nspeci), aQ(Nspeci),
+ bq(Nspeci), gj(Nspeci)
[«
DATA Tref,eps / 296., 1.D-05/
C...Find position in array:
ivec = isovec(Mol) + iso
=
c...Total internal sum at 296K:
IF (DABS(Tout-Tref) .T1t. eps) THEN
QT = Q296(ivec)
GOTC 99
ENDIF
c
C...value depends on temperature range
IF (Tout.lt.70. .OR. Tout.gt.3005.) THEN
QT = -1.
WRITE (*,®*) ' OUT OF TEMPERATURE RANGE'
GOTO 99
ENDIF
IF (Tout .ge. 70. .and. Tout .le. 500.) irange =1
IF (Tout .gt. 500. .and. Tout .le. 1500.) irange = 2
IF (Tout .gt. 1500.) irange = 3
=
QT = qcoef(ivec,irange,1)
+ + qcoef (ivec,irange,2)*Tout
+ + qcoef (ivec,irange,3)*Tout*Tout
+ + Qcoef (ivec,irange,4)*Tout*Tout*Tout
c
99 RETURN
END
C £ 23 EE 23 EE 223 £33

For completeness, the following table presents detailed listing of the available

coeffients for each of the gases and for each of the HITRAN databases through the years.

The detailed user may then use the best approach for their own specific case.

146



Availability of temperature recalculations for total internal partition sums in different HITRAN editions

HITRAN 1992: Third order polynomial with coefficients in 2 ranges: 70K < T < 415K and 415K < T <2005
HITRAN 1996 — 2000: Third order polynomial with coefficients in 3 ranges: 70K < T < 500K, 500K < T < 1500K and /500K < T <3000K.
HITRAN 2004 — 2008: Lookup table for 70K — 3000K range obtained with Lagrange 4-point interpolation with coefficients for 25K steps

Molecule Chem. Isotopologue HITRAN HITRAN HITRAN HITRAN | HITRAN
Number formula number 1992 1996 2000 2004 2008

e e

"M‘ VI % VI Vi % VI Vi S S

N@N&MN%N&MM&MN%N&MM&M S S

. SVHGVv Y SV %Y SHY S SV Sy SHYS Vi Vi

Temperature region — SN SN (S REXS 85 (S FEXS ~ ~
SViernq SviiSSI~NSSF SviiSS~SS~

S K X RS RS = RS RS Vi \2

|0y <) s |2 <05 |2 X X

N~ N~ N~ = =

161 X X X X X X X X X X

181 X X X X X X X X X X

1 H20 171 X X X X X X X X X X

162 X X X X X X X X X X

182 - - - - - - - - X X

172 - = = - - - - - X X

626 X X X X X X X X X X

636 X X X X X X X X X X

628 X X X X X X X X X X

627 X X X X X X X X X X

) CcO2 638 X X X X X X X X X X

637 X X X X X X X X X X

828 X X X X X X X X X X

827 X X X X X X X X X X

838 - - - - - - - - - -

837 - = = - - - - - = -

666 X X X X X X X X X X

03 668 X X X X X X X X X X

3 686 X X X X X X X X X X

667 - - X X X X X X X X
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24 CH3Cl 215 X X X - - X - - X X
217 X X X - - X - - X X

25 H202 1661 X X X X X X X X X X
1221 X X X - - X - - X X

26 C2H2 1231 X X X - - X - - X X
27 C2H6 1221 - - - - - - - - X X
28 PH3 1111 X X X X X X X X X X
29 COF2 269 - - X - - X - - X X
30 SF6 29 - - - - - - - - X X
121 - - X X X X X X X X

31 H2S 141 - - X X X X X X X X
131 - - X X X X X X X X

32 HCOOH 126 - - X - - X - - X X
33 HO2 166 - - X X X X X X X X
34 O 6 - - - - - - - - - -
5646 - - - - - - - - X X

35 CIONO2 7646 . . - - - - - - x "
36 NO+ 46 - - X X X X X X X X
169 - - - - - - - - X X

37 HOBr 161 . . - - - - - . < "
221 - - - - - - - - X X

38 C2H4 231 . . . . . : : : < "
39 CH30H 2161 - - - - - - - - X X
40 CH3Br 219 - - - - - - - - - -
211 - - - - - - - - - -

41 CH3CN 2124 - - - - - - - - - -
42 CF4 29 - - - - - - - - - -

“x”” — Temperature recalculation coefficients available for the corresponding HITRAN edition, isotope and temperature range

[T

Isotopes displayed in grey were unavailable in the corresponding HITRAN edition.

— Temperature recalculation coefficients unavailable for the corresponding HITRAN edition, isotope and temperature range.
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Appendix 6 — Generating custom HITRAN type
datafiles for use with Hitran-PC

In some cases one may need to run Hitran-PC calculations for a number of spectral
lines using the line data different from the one supplied in the HITRAN database. In
order to do that, it is possible to generate user-defined HITRAN formatted datafiles to be
used with the Hitran-PC program instead of the standard HITRAN database files. This
appendix explains how such files may be generated and used in the Hitran-PC program.

Custom HITRAN type files must follow the HITRAN database format. In addition,
there are currently two requirements to the HITRAN-type files to be used by the Hitran-
PC program:

1) Custom HITRAN type file have to contain more that 1 line of data.
2) The search routine in the Hitran-PC program does not use the last line in the HITRAN
file supplied if the maximum wavenumber of the calculation region specified in the
Hitran-PC program exceeds the maximum wavenumber in the custom HITRAN file.
Therefore, it is necessary to add an additional HITRAN formatted line at the end of the
custom HITRAN file so that all the lines before the last one will be used correctly.
Therefore, the best approach to creating a custom HITRAN type file is to create a
database with the correct lines following the HITRAN database format, and then add a
place holder line at the beginning of the HITRAN file (say at 1 cm™), and add a place
holder line at the end of the HITRAN file (say 20,000 cm™). It is not important what
values the beginning and ending lines in the custom HITRAN file contain as long as they
conform to the HITRAN database format. Since HITRAN database files are text files it
is even possible to copy two lines from one of the HITRAN files supplied with the
HITRAN database paying attention only to their wavenumber values making sure they
are relatively far from those of the actual custom HITRAN lines to be used in the
calculations. It is also important that the lines in the custom HITRAN file are arranged
in the ascending order in wavenumbers.

If a particular field in a custom HITRAN file contains fewer characters than the
maximum number of characters permitted by the HITRAN format summarized in two
tables (taken from HITRAN 2004 edition paper) later in this Appendix, the remaining
characters should be filled out with spaces to the left of the corresponding field value.

For example: Suppose it is necessary to create a custom HITRAN line for H20
which is assigned molecule number 1 in the HITRAN database. @ The first field,
containing the molecule number may have a maximum of 2 characters, therefore for an
H20 molecule it will be necessary to type in “Space” and “1” to fill out the 2 character
fields allocated for the molecule number in the HITRAN format. A similar approach
should be used for all other fields as well. It is important that additional spaces typed in
this way should be added to the left of the actual field value.
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After such custom file is loaded, it is important to make sure that the frequency region
specified in the Hitran-PC program covers the spectral region with the lines in the custom
HITRAN type file loaded.

Below is an example of how a custom HITRAN file may be generated. In this
example the beginning and the ending lines were taken from a separate molecule H20
file of the HITRAN 2008 database (01 hit08.par file located in HITRAN2008/By-
Molecule/Uncompressed-files/ directory). It is much easier to use separate molecules
files for this purpose since they are much smaller than the complete HITRAN database
file. As a result they load much faster and are easy to scroll to the end of the file. The
custom HITRAN-type files should be filled in between the beginning and ending lines to
create a custom HITRAN file to be used with the Hitran-PC program. The custom
HITRAN-like files should be created using the directions provided earlier in this
Appendix along with the data in the two tables on the next two pages containing the
information about HITRAN 2004 line-by-line format:

14 0.007002 1.165E-32 2.071E-14.05870.305 818.00670.590.000000 > remaining fields not shown
... Custom HITRAN type lines to be inserted here...

1125232.004100 6.340E-27 1.036E-04.08870.439 382.51690.56-.044540 > remaining fields not shown
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Record formats for line-by-line parameters and cross-section data in HITRAN

Format for HITRAN Parameters in the line-by-line section, Editions 1986 through 2001 (100-character record)

Parameter M 1 v S RN Yair Vel E" i Guir v’ V" o Q' lerr Iref
Field Length 2 1 12 10 10 5 5 10 4 8 3 3 9 9 3 6
FORTRAN Descriptor 12 Il Fl2.6 E10.3 E10.3 F54 F54 F10.4 F4.2 F8.6 I3 I3 A9 A9 311 312

Format for HITRAN Parameters in the line-by-line section, 2004 Edition (160-character record)

Parameter M I v S A Vi Yool E" Haic i V' | o Q" lerr  Iref * (flag) ¢ q"
Field Length 2 1 12 10 10 5 5 10 4 8 15 15 15 15 6 12 1 7 7
FORTRAN Descriptor 12 11 Fl12.6 E103 EI03 F54 F54 FI04 F42 F86 Al5S Al5 Al5 Al5 6ll 612 Al F7.1  F7.1
Format for cross-section headers
Quantity Chemical Wavenumber (cm ') Number of Temperature Pressure Maximum Resolution Common Not Broadener Reference
symbol Minimum Maximum points (K) (torr) X-section name used number
Field length 20 10 10 7 7 6 10 5 15 4 3 3
FORTRAN Descriptor A20 F10.3 F10.3 17 F7.1 F6.1 E10.3 A5 AlS 4X A3 13

Notes: The quantities of the HITRAN line-by-line section in these 100- and 160-character records are defined in Table 2.

The format of the cross-section files did not change from the HITRAN 2000 edition to the 2004 edition. The pressure stated in the cross-section
header is in torr (760 torr = 1 atm = 1013.25 hPa). The field for resolution is normally given in cm™' since the majority of cross-section measurements
were taken with Fourier transform spectrometers. In the case of measurements taken with grating spectrometers, the resolution field is given in milli-
Angtroms and is listed as xxaxmA where “xxx™ 1s a number.

This table was taken from the HITRAN 2004 paper: L.S. Rothman et. al., “The HITRAN 2004 molecular spectroscopic database”,
JQSRT 96 (2005), 139 - 204

As an example, the following is the first line in the water file (01 hit08.par), showing the 160 characters and the data format
spacing and width (ie. F10.3 indicates a Floating Point number of 10 characters and 3 digits after the decimal point):

14 0.007002 1.165E-32 2.071E-14.05870.305 818.00670.590.000000 00O
000 7 5 2 7 5 3 005540 02227 5 2 O 90.0 90.0
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Description of the quantities present in the 100- and 160-character records of the HITRAN line-by-line section

Parameter  Meaning Field length of the Type Comments or units
(100/160) character records

M Molecule number 2/2 Integer HITRAN chronological assignment
I Isotopologue number 1/1 Integer Ordering within a molecule by terrestrial abundance
v Vacuum wavenumber 12/12 Real cm™!
S Intensity 10/10 Real em™' /(molecule cm™?) at standard 296 K
" W(.:lghlcd square of the transition moment ]0_.'"(} Real ])cbyg2 (for an eclectric dlpolc transition)
A Einstein A-coefficient 0/10 Real s~
Vi Air-broadened half-width 5/5 Real HWHM at 296K (in cm™" atm™")
Vself Self-broadened hall-width 5/5 Real HWHM at 296K (in cm~" atm™")
E" Lower-state energy 10/10 Real em™!
Haie Temperature-dependence exponent for y,;,  4/4 Real unitless, with y,(T) = 3. (To) x (T, /T)"ir
O Air pressure-induced line shift 8/8 Real em fatm ™! at 296K
v Upper-state “global™ quanta 3/15 Hollerith see Table 3
V" Lower-state “"global™ quanta 3/15 Hollerith see Table 3
o Upper-state “local” quanta 9/15 Hollerith sce Table 4
Q' Lower-state “local” quanta 9/15 Hollerith  see Table 4
lerr Uncertainty indices 3/6 Integer Accuracy for 3/6 critical parameters
(0,8, 70ie /02 S, Vaies Vscars Maies Oair ), Se€ Table 5
Irel Reference indices 6/12 Integer References for 3/6 critical parameters
(v, S, Vit f{".* S, Vairs Vserrs Mairs ()‘.Iil':'
r Flag 0/1 Character  Availability of program and data for the case of line mixing
g Statistical weight of the upper state 0/7 Real See details in Ref. [3]
g" Statistical weight of the lower state 0/7 Real See details in Ref. [3]

Notes: For the field-length column, the notation A/B corresponds to the number of characters respectively in the 100- and 160-character records. For
example, concerning the weighted square of the transition moment, the number of characters for R is 10 in the case of the HITRAN 2000 edition [1],

and 0 in the case of the HITRAN 2004 edition since this parameter has been replaced by the Einstein A-coefficient.

This table was taken from the HITRAN 2004 paper: L.S. Rothman et. al., “The HITRAN 2004 molecular spectroscopic database”,
JQSRT 96 (2005), 139 - 204
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Appendix 7 — Spectral smoothing window
functions (*.WIN files)

The *win data files in the win subdirectory of the main Hitran-PC folder describe
the relative distribution of the associated smoothing window as used in the Hitran-PC
program when the spectra are smoothed with a reduced resolution. The values in the
*win files are 99 sequential values representing the normalized spectral smoothing
function. These values should start at a value near 0.00 and end with a value near 0.00.
The center value is at the 50" data point. The values should be normalized, in that the
summation of all values = 1.000. Four files are supplied: TRIANGE.win, GAUSS.win
(Gaussian shape), SOUARE.win (rectangular window), and SINC2.win. The user inputs
into the Hitran-PC a value for the width of the window in wavenumbers, and this value
corresponds to the total length or width of the 99 values in the *.win files. The program
assumes that 99 values are evenly spaced in frequency. It should be noted that if the user
inputs a value for the smoothing width of 1 cm™ representing the 99 values, then the
actual modeled FWHM is about '% of this value; this is seen for the triangular profile
where the FWHM (Full width Half Maximum) is about 2 of the base of the triangle.
The other smoothing functions would have a similar effect.

The user can also create his own 99 data point ASCII *win file in order to model a
particular window function. The Hitran-PC program provides the capability to use user-
defined window files for smoothing. As an example, the supplied TRIANGLE.win file is:

0.00000 0.01166 0.01749 0.00583
0.00042 0.01208 0.01708 0.00541
0.00083 0.01249 0.01666 0.00500
0.00125 0.01291 0.01624 0.00458
0.00167 0.01333 0.01583 0.00416
0.00208 0.01374 0.01541 0.00375
0.00250 0.01416 0.01499 0.00333
0.00292 0.01458 0.01458 0.00292
0.00333 0.01499 0.01416 0.00250
0.00375 0.01541 0.01374 0.00208
0.00416 0.01583 0.01333 0.00167
0.00458 0.01624 0.01291 0.00125
0.00500 0.01666 0.01249 0.00083
0.00541 0.01708 0.01208 0.00042
0.00583 0.01749 0.01166 0.00000
0.00625 0.01791 0.01125
0.00666 0.01833 0.01083
0.00708 0.01874 0.01041
0.00750 0.01916 0.01000
0.00791 0.01958 0.00958
0.00833 0.01999 0.00916
0.00875 0.02041 0.00875
0.00916 0.01999 0.00833
0.00958 0.01958 0.00791
0.01000 0.01916 0.00750
0.01041 0.01874 0.00708
0.01083 0.01833 0.00666
0.01125 0.01791 0.00625
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Appendix 8 — Laser line data files (*.Isr)

The *.Isr data files are stored in the laser subdirectory and contain the approximate
frequency positions of many laser lines. These ASCII data files are read by the Hitran-
PC program and are used to overlay the laser line positions with the transmission spectra
of the atmosphere. The supplied laser line files were created using values from the
Handbook of Lasers (CRC Press, 2000, ISBN: 0-8493-3509-4). Only information about
commercial lasers was used to compile laser lines files (dye lasers were skipped from the
listing). While in most cases the data is accurate, the reader should be warned that
sometimes the reported values in the Handbook are not corrected for the refractive index
of air or the values given are approximate to only a percent or so. In many of the cases,
the wavelengths given were either the air wavelength value or were not specified.
Because of the difficulty in determining the index of refraction over a wide spectral range
of the different lasers, the corresponding frequency (wavenumber) was not corrected for
the index of refraction, and the value is called the Air Wavenumber. As such, the user
should use the laser line positions in these data files as approximations only.

The user can also create his own laser line data file, using the format in the current
files, naming it with a *.Isr ending, and storing it in the laser subdirectory of the main
directory. The data format of the laser lines was changed in the Hitran-PC 4.0 program
in order to better represent tunable and other laser types. The new *.Isr data format is
explained below.

The first four lines in the laser lines file now contain the following information:

1) Type of the laser (such as molecular, eximer, etc.)

2) Common name of the laser (such as Nd:YAG, He-Ne etc.)

3) Chemical formula of the lasing medium (such as Nd:Y3AI15012 for Nd:YAG etc.)
4) Header of the data columns

Please note that the first 4 lines in the *.Isr files are informational and do not contain
laser lines information. The second line (called Common name of the laser) contains
the name of the laser to be displayed in the Hitran-PC program and in the informational
boxes.

The format of the data columns is as follows (columns have to be delimited with a Tab
symbol)
Note: in earlier versions ten spaces were used as field delimiters.

(if tunable) (if tunable)
Maximum Minimum
Wavenumber, cm’ wavelength, micron

Fixed or Minimum
-1
Wavenumber, cm

Fixed or Maximum | Harmonic
wavelength, micron number

Minimum wavelength and Maximum wavelength fields are informational only,
Maximum wavelength corresponds to the Minimum wavenumber and the Minimum
wavelength corresponds to the Maximum wavenumber.
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Maximum wavenumber is an optional parameter which has been introduced in order
to specify the range of wavelengths for tunable or semiconductor lasers as well as the
regions with a large number of separate laser lines for some lasers which are not used
very often. In such cases the user is encouraged to refer to the appropriate literature such
as the book mentioned previously in this Appendix for further information.

If single wavelength is to be specified, the fields corresponding to the Maximum
wavenumber and the Minimum wavelength should contain “-* to indicate that such
record only contains single wavelength information.

In general, it is sufficient to specify only the Minimum wavenumber for single
wavelength records and Minimum and Maximum wavenumbers (separated by a Tab
symbol) for a range of wavelengths record in a laser lines file skipping the remaining
fields. It is thus only the first wavenumber data columns which have to be present in the
laser lines datafile. Minimum wavenumber values do not have to be in increasing or
decreasing order but it is encouraged to keep the increasing or decreasing order in the
laser lines files.

It is also permitted to write comments (additional information) in each line after
the initial 5 fields. In many of the *.Isr files, this additional data may show the
wavelength values, band names, etc. The additional information should be spaced from
the 5th column data by a TAB symbol.

The Harmonic number is an informational field used to specify the second, third, etc
harmonics of the same laser. This field is not currently used and was introduced for future
use by the next version of the Hitran-PC program.

Below is the listing of all laser lines files supplied with Hitran-PC 4.0 listed in the
following order:

1) Crystalline lanthanide ions lasers

- Neodymium
Nd_YAB.LSR
Nd_YAG.LSR
Nd_YLF.LSR
Nd_YVO4.LSR
Nd_GGG.LSR
Nd_YALO.LSR
Nd_Cr_GSGG.LSR

- Holmium
Ho_YLF.LSR
Ho_YAG.LSR
Ho_YSGG.LSR
Ho_ Tm_Cr_YAG.LSR

- Erbium
Er_YAG.LSR
Er_YSGG.LSR

- Thilium
Tm_LuAG.LSR
Tm_YAG.LSR
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2)

3)

4)

)

6)

7

8)

9

Glass lasers
Nd_glass_phosphate.LSR
Nd_glass_silicate. LSR
Er_glass.LSR
Er_glass fiber.LSR
Er_doped_fiber_amplf.LSR

Crystalline transition metal ions lasers
RUBY.LSR
ALEXANDRITE.LSR
Ti_SAPPHIRE.LSR
COBALT_PEROVSKITE.LSR
CHROMIUM_LiSAF.LSR
CHROMIUM_FLUORIDE.LSR
FORSTERITE.LSR

Solid state dye lasers
POLYMERIC HOST.LSR

Gas lasers
HELIUM-NEON.LSR
HELIUM-CADMIUM.LSR
HELIUM_SILVER.LSR
HELIUM-GOLD.LSR
IODINE.LSR
NEON-COPPER.LSR
XENON-HELIUM.LSR

Gas lasers (Molecular)
CO2.LSR
2xCO2.LSR
CARBON_MONOXIDE.LSR
NITROGEN.LSR
NITROUS_OXIDE.LSR

Gas lasers (Metal vapor)
COPPER.LSR
GOLD.LSR

Gas lasers (Ion)
NEON_ION.LSR
ARGON_ION.LSR
KRYPTON_ION.LSR
ARGON-KRYPTON_ION.LSR
XENON_ION.LSR

Gas lasers (Excimer)
FLUORINE.LSR
ARGON_FLUORIDE.LSR
KRYPTON_CHLORIDE.LSR
KRYPTON_FLUORIDE.LSR
XENON_CHLORIDE.LSR
XENON_FLUORIDE.LSR

10) Gas lasers (Chemical)

HYDROGEN_FLUORIDE.LSR
DEUTERIUM_FLUORIDE.LSR

11) Gas lasers (Far infrared)

METHANOL.LSR
METHYL_FLUORIDE.LSR
METHANOL_DEUTERATED.LSR
METHYLAMINE.LSR
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METHYL_IODIDE_DEUTERATED.LSR
11) Semiconductor laser

InGaN.LSR

GaN.LSR

InGaAIP.LSR

GaAsP.LSR

GaAlAs.LSR

GaAlAs_arrays.LSR

GaAlAs_stacked_arrays.LSR

GaAs.LSR

GaAs_arrays.LSR

InGaAs.LSR

InGaAs_arrays.LSR

InGaAsP.LSR

InGaAsP_arrays.LSR

Pb_salts.LSR

Pb_salts 77K.LSR

The following is the actual laser files: For example, Nd YAB.LSR is the name of the
laser line file (the first on the list presented below) which contains 4 lines of information
followed by 2 lines of laser lines for 0.53um and 1.06pum.
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Crystalline lanthanide ions lasers

Neodymium:

Nd_YAB.LSR

Commercial crystalline lanthanide ion laser
Nd:YAB

Nd:YAI3(BO3)4

Min wN (cm-1) Max WN (cm-1) Min WL (micron)
18867.92 -

9433.96 - -

Nd_YAG.LSR

Commercial crystalline lanthanide ion laser
Nd:YAG

Nd:Y3AI5012

Min wN (cm-1) Max WN (cm-1) Min WL (micron)
46948.36 - -
37593.98 - -
28169.01 - -
18796.99 - -
10570.82 - -
9398.50 - -
7581.50 - -

Nd_YLF.LSR

Commercial crystalline lanthanide ion laser
Nd:YLF

Nd:LiYF4

Min wN (cm-1) Max WN (cm-1) Min WL (micron)
47846.89 -

38022.81 - -

28490.03 - -

19120.46 - -

18975.33 - -

9551.10 - -

9496.68 - -

7616.15 - -

7570.02 - -

Nd_YVO4.LSR

Commercial crystalline lanthanide ion laser

Nd:YVO4

Nd:YVO4

Min wN (cm-1) Max WN (cm-1) Min WL (micron)
28169.01 - -

21141.65 - -

18796.99 - -

9398.50 - -

Nd_GGG.LSR

Commercial crystalline lanthanide ion laser

Nd:GGG

Nd:Gd3Ga5012

Min wN (cm-1) Max WN (cm-1) Min WL (micron)
9416.20 - -

Max WL (micron)
0.53
1.06

Max WL (micron)
0.213
0.266
0.355
0.532
0.946
1.064
1.319

Max WL (micron)
0.209
0.263
0.351
0.523
0.527
1.047
1.053
1.313
1.321

Max WL (micron)
0.355
0.473
0.532
1.064

Max WL (micron)
1.062

Harmonic
2
1

Harmonic

—_— == N WA WD

Harmonic

—_ == = NN W R D

Harmonic
3

2
2
1

Harmonic
1
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Nd_YALO.LSR

Commercial crystalline lanthanide ion laser

Nd:YALO

Nd:YAIO3

Min wN (cm-1) Max WN (cm-1) Min WL (micron)
9267.84 - -

Nd_Cr_GSGG.LSR

Commercial crystalline lanthanide ion laser
Nd,Cr:GSGG

Nd,CR:Gd3Sc2Ga3012

Min wN (cm-1) Max WN (cm-1)
9425.07 -

Min WL (micron)

Holmium:

Ho_YLF.LSR
Commercial crystalline lanthanide ion laser
Ho:YLF
Ho:LiYF4

Min wN (cm-1)
4833.25

Max WN (cm-1)
4882.81

Min WL (micron)
2.048

Ho_YAG.LSR

Commercial crystalline lanthanide ion laser

Ho:YAG

Ho:Y3AI5012

Min wN (cm-1) Max WN (cm-1) Min WL (micron)
4782.40 4789.27 2.088

4761.90 - -

Ho_YSGG.LSR
Commercial crystalline lanthanide ion laser
Ho:YSGG
Ho:Y3Sc2Ga3012
Min wN (cm-1)

Max WN (cm-1)
4789.27 -

Min WL (micron)

Ho_Tm_Cr_YAG.LSR

Commercial crystalline lanthanide ion laser
Ho,Tm,Cr:YAG
Ho,Tm,Cr:Y3AI5012
Min wN (cm-1)
4784.69

Min WL (micron)

Max WN (cm-1)

Erbium:

Er_YAG.LSR

Commercial crystalline lanthanide ion laser
Er:YAG
Er:Y3AI5S012
Min wN (cm-1)
3448.28
3401.36 - -

Max WN (cm-1) Min WL (micron)

Max WL (micron)
1.079

Max WL (micron)
1.061

Max WL (micron)
2.069

Max WL (micron)
2.091
2.1

Max WL (micron)
2.088

Max WL (micron)
2.09

Max WL (micron)
2.90
2.94

Harmonic
1

Harmonic
1

Harmonic
1

Harmonic
1
1

Harmonic
1

Harmonic
1

Harmonic
1
1
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Er_YSGG.LSR

Commercial crystalline lanthanide ion laser

Er:YSGG

Er:Y3Sc2Ga3012

Min wN (cm-1) Max WN (cm-1) Min WL (micron)
3584.23 - -

Thilium:

Tm_LuAG.LSR

Commercial crystalline lanthanide ion laser

Tm:LuAG

Tm:Lu3AlI5012

Min wN (cm-1) Max WN (cm-1) Min WL (micron)
4952.95 - -

Tm_YAG.LSR
Commercial crystalline lanthanide ion laser
Tm:YAG
Tm:Y3AI5012
Min wN (cm-1)
4938.27

Max WN (cm-1)
4985.04

Min WL (micron)
2.006

Glass lasers

Nd_glass_phosphate.LSR

Commercial glass laser

Nd:glass (phosphate)

Nd:glass (phosphate)

Min wN (cm-1) Max WN (cm-1) Min WL (micron)
38022.81 - -

28490.03 - -

18975.33 - -

9487.67 - -

Nd_glass_silicate.LSR
Commercial glass laser
Nd:glass (silicate)
Nd:glass (silicate)
Min wN (cm-1)
38461.54
28571.43 - -
18867.92 - -
9433.96 - -
9451.80 - -

Max WN (cm-1) Min WL (micron)

Er_glass.LSR

Commercial glass laser

Er:glass

Er:glass

Min wN (cm-1) Max WN (cm-1) Min WL (micron)
6493.51 - -

6451.61 - -

Max WL (micron)
2.79

Max WL (micron)
2.019

Max WL (micron)
2.025

Max WL (micron)
0.263
0.351
0.527
1.054

Max WL (micron)
0.26

0.35

0.53

1.060

1.058

Max WL (micron)
1.54
1.55

Harmonic
1

Harmonic
1

Harmonic
1

Harmonic
4

3
2
1

Harmonic

—_—— N W

Harmonic
1
1
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Er_glass_fiber.LSR
Commercial glass laser

Er:glass (fiber)

Er:glass (fiber)

Min wN (cm-1) Max WN (cm-1) Min WL (micron)
6369.43 6578.95 1.52

6493.51 - -

3401.36 - -

EDFA.LSR

Commercial glass laser

EDFA

Er doped fiber amplifier

Min wN (cm-1) Max WN (cm-1) Min WL (micron)
6410.26 6535.95 1.530

Crystalline transition metal ions lasers

RUBY.LSR

Commercial crystalline transition metal ion laser

Ruby

Cr:Al203

Min wN (cm-1) Max WN (cm-1) Min WL (micron)
28818.44 - -

14402.99 - -

ALEXANDRITE.LSR
Commercial crystalline transition metal ion laser
Alexandrite

Cr:BeAl204

Min wN (cm-1) Max WN (cm-1) Min WL (micron)
25000.00 27777.77 0.36

12195.12 14285.71 0.7

Ti_SAPPHIRE.LSR
Commercial crystalline transition metal ion lasers
Ti: sapphire

Ti:AI203

Min wN (cm-1) Max WN (cm-1) Min WL (micron)
33333.33 40000 0.25

21739.13 27777.77 0.36

8849.56 14925.37 0.67

COBALT_PEROVSKITE.LSR
Commercial Crystalline Transition Metal Ion Laser
Cobalt Perovskite

Co:MgF2
Min wN (cm-1) Max WN (cm-1) Min WL (micron)
4000.00 5714.29 1.75

Max WL (micron)
1.57
1.54
2.94

Max WL (micron)
1.560

Max WL (micron)
0.347
0.6943

Max WL (micron)
0.4
0.82

Max WL (micron)
0.3

0.46

1.13

Max WL (micron)
2.5

Harmonic
1
1
1

Harmonic
1

Harmonic
2
1

Harmonic
2
1

Harmonic
3
2
1

Harmonic
1
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CHROMIUM_LIiSAF.LSR
Commercial Crystalline Transition Metal Ion Laser
Cr:LiSAF

Cr:LiSrAIF6
Min wN (cm-1) Max WN (cm-1) Min WL (micron)
9900.99 12820.51 0.78

CHROMIUM_FLUORIDE.LSR
Commercial Crystalline Transition Metal Ion Laser
Chromium fluoride

Cr:KZnF3

Min wN (cm-1) Max WN (cm-1) Min WL (micron)
11764.71 12820.51 0.78
FORSTERITE.LSR

Commercial Crystalline Transition Metal Ion Laser
Forsterite
Cr:Mg2Si04
Min wN (cm-1)
15151.51
7352.94

Max WN (cm-1) Min WL (micron)
17241.38 0.58
8849.56 1.13

Solid state dve lasers

POLYMERIC_HOST.LSR
Commercial Solid State Dye Laser
Polymeric host
Polymeric host
Min wN (cm-1)
14285.71

Max WN (cm-1) Min WL (micron)
18181.81 0.55

Gas lasers

HELIUM-NEON.LSR

Commercial gas laser

He-Ne

He-Ne

Min wN (cm-1) Max WN (cm-1) Min WL (micron)
18399.26 - -
16832.18 - -
16342.54 - -
15802.78 - -
8680.56 - -
6565.99 - -
2948.98 - -

HELIUM-CADMIUM.LSR
Commercial gas laser
Helium-Cadmium
He-Cd

Min wN (cm-1)
30769.23

22421.52 - -

Min WL (micron)

Max WN (cm-1)

Max WL (micron)
1.01

Max WL (micron)
0.85

Max WL (micron)
0.66
1.36

Max WL (micron)
0.70

Max WL (micron)
0.5435

0.5941

0.6119

0.6328

1.152

1.523

3.391

Max WL (micron)
0.325
0.4416

Harmonic
1

Harmonic
1

Harmonic
2
1

Harmonic
1

Harmonic

— e e e

Harmonic
1
1
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HELIUM_SILVER.LSR
Commercial gas laser

Helium-Silver

He-Ag+

Min wN (cm-1) Max WN (cm-1)
44583.15 -

HELIUM-GOLD.LSR
Commercial gas laser
Helium-Gold
He-Au+

Min wN (cm-1)
34246.58

Max WN (cm-1)
35460.99

IODINE.LSR
Commercial gas laser
Iodine

I

Min wN (cm-1) Max WN (cm-1)
7604.56 -
NEON-COPPER.LSR

Commercial gas laser

Neon-Copper

Ne-Cu+
Min wN (cm-1) Max WN (cm-1)
37037.04 40322.58

XENON-HELIUM.LSR
Commercial gas laser
Xenon-Helium

Xe-He

Min wN (cm-1) Max WN (cm-1)
2852.25 -

2500.00 5000.00

Gas lasers (Molecular)

CO2.LSR

Commercial molecular laser

CO2

CO2

Min wN (cm-1)  Max WN (cm-1)
920.829 -

922914 -

924.973 -

927.008 -

929.017 -
931.001 -
932.960 -
934.894 -
936.804 -
938.688 -

Min WL (micron)  Max WL (micron) = Harmonic

- 0.2243 1

Min WL (micron)  Max WL (micron) = Harmonic

0.282 0.292 1

Min WL (micron)  Max WL (micron)  Harmonic

- 1.315 1

Min WL (micron)  Max WL (micron)  Harmonic

0.248 0.270 1

Min WL (micron)  Max WL (micron)  Harmonic

- 3.506 1

2 4 1
Min WL (micron) Max WL (micron) Harmonic
- 10.85978 1 P(44)
- 10.83525 1 P(42)
- 10.81113 1 P(40)
- 10.78739 1 P(38) 10.859-

10.423 micron

- 10.76407 1 P(36)
- 10.74113 1 P(34)
- 10.71857 1 P(32)
- 10.69640 1 P(30)
- 10.67459 1 P(28)
- 10.65317 1 P(26)
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940.548 - - 10.63210 1 P(24)
942.383 - - 10.61140 1 P(22)
944.194 - - 10.59104 1 P(20)
945.98 - - 10.57105 1 P(18)
947.742 - - 10.55139 1 P(16)
949.479 - - 10.53209 1 P(14)
951.192 - - 10.51312 1 P(12)
952.881 - - 10.49449 1 P(10)
954.545 - - 10.47620 1 P(8)
956.184 - - 10.45824 1 P(6)
957.8 - - 10.44059 1 P(4)
959.391 - - 10.42328 1 P(2)
961.733 - - 10.39790 1 R(0) 10.397-
10.105 micron
963.263 - - 10.38138 1 R(2)
964.769 - - 10.36518 1 R(4)
966.25 - - 10.34929 1 R(6)
967.707 - - 10.33371 1 R(8)
969.139 - - 10.31844 1 R(10)
970.547 - - 10.30347 1 R(12)
971.93 - - 10.28881 1 R(14)
973.288 - - 10.27445 1 R(16)
974.621 - - 10.26040 1 R(18)
975.93 - - 10.24664 1 R(20)
977214 - - 10.23317 1 R(22)
978.472 - - 10.22002 1 R(24)
979.705 - - 10.20715 1 R(26)
980.913 - - 10.19458 1 R(28)
982.096 - - 10.18230 1 R(30)
983.252 - - 10.17033 1 R(32)
984.383 - - 10.15865 1 R(34)
985.488 - - 10.14726 1 R(36)
986.567 - - 10.13616 1 R(38)
987.62 - - 10.12535 1 R(40)
988.647 - - 10.11483 1 R(42)
989.646 - - 10.10462 1 R(44)
1014.518 - - 9.85690 1 P(52) 9.857-
9.414 micron
1016.721 - - 9.83554 1 P(50)
1018.901 - - 9.81450 1 P(48)
1021.057 - - 9.79377 1 P(46)
1023.189 - - 9.77337 1 P(44)
1025.298 - - 9.75326 1 P(42)
1027.382 - - 9.73348 1 P(40)
1029.442 - - 9.71400 1 P(38)
1031.477 - - 9.69484 1 P(36)
1033.488 - - 9.67597 1 P(34)
1035.474 - - 9.65741 1 P(32)
1037.434 - - 9.63917 1 P(30)
1039.369 - - 9.62122 1 P(28)
1041.279 - - 9.60357 1 P(26)
1043.163 - - 9.58623 1 P(24)
1045.022 - - 9.56918 1 P(22)
1046.854 - - 9.55243 1 P(20)
1048.661 - - 9.53597 1 P(18)
1050.441 - - 9.51981 1 P(16)
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1052.196
1053.924
1055.625
1057.3

1058.949
1060.571
1062.166
1064.509

1066.037
1067.539
1069.014
1070.462
1071.884
1073.278
1074.646
1075.988
1077.302
1078.591
1079.852
1081.087
1082.296
1083.479
1084.635
1085.765
1086.87

1087.948
1089.001
1090.028

2xCO2.LSR

Commercial molecular laser

2xCO2
2xCO2

Min wN (cm-1)

1841.658
1845.828
1849.946
1854.016
1858.0341
1862.002
1865.92
1869.788
1873.608
1877.376
1881.0959
1884.766
1888.3879
1891.96
1895.484
1898.958
1902.384
1905.762
1909.09
1912.368
1915.6

Max WN (cm-1)

9.50393
9.48835
9.47306
9.45805
9.44333
9.42888
9.41472
9.39400

9.38054
9.36734
9.35441
9.34176
9.32937
9.31725
9.30539
9.29378
9.28245
9.27136
9.26053
9.24995
9.23962
9.22953
9.21969
9.21010
9.20073
9.19162
9.18273
9.17408

Min WL (micron)

Max WL (micron)

5.429889806
5.417622877
5.405563189
5.39369671

5.382032547
5.370563512
5.359286572
5.348199903
5.337295742
5.326583487
5.316050075
5.305698426
5.295522175
5.285524007
5.275697394
5.266045905
5.256562292
5.247244934
5.238097732
5.229119082
5.220296513

m b e b e b e e e b e e e e e e e e ek

P(14)
P(12)
P(10)
P(8)
P(6)
P4)
P(2)
R(0) 9.394-
9.174 micron
R(2)
R(4)
R(6)
R(8)
R(10)
R(12)
R(14)
R(16)
R(18)
R(20)
R(22)
R(24)
R(26)
R(28)
R(30)
R(32)
R(34)
R(36)
R(38)
R(40)

Harmonic
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1918.782
1923.4659
1926.526
1929.538
1932.5
1935.4139
1938.278
1941.094
1943.86
1946.576
1949.2419
1951.86
1954.428
1956.944
1959.41
1961.826
1964.192
1966.504
1968.766
1970.976
1973.134
1975.24
1977.2939
1979.292
2029.036
2033.442
2037.802
2042.114
2046.3781
2050.5959
2054.7639
2058.884
2062.9541
2066.9761
2070.948
2074.8679
2078.738
2082.5581
2086.3259
2090.0439
2093.708
2097.322
2100.8821
2104.3921
2107.8479
2111.25
2114.6001
2117.8979
2121.1421
2124.332
2129.0181
2132.074
2135.0779
2138.0281
2140.9241
2143.7681

5.211639467
5.198948419
5.190690393
5.182587749
5.174644243
5.166853457
5.159218647
5.151734022
5.144403404
5.137225569
5.130199592
5.123318271
5.116586541
5.110008258
5.103577097
5.097292013
5.091151985
5.085166366
5.0793238

5.073628497
5.068079512
5.062675928
5.057417109
5.052311635
4.928448781
4.917769968
4.907248104
4.896886266
4.886682476
4.876631227
4.866739191
4.8570002

4.847417594
4.837985306
4.828706467
4.819583936
4.810611053
4.801786802
4.793115016
4.784588496
4.776215212
4.767985078
4.759905375
4.751966138
4.744175327
4.736530491
4.729026543
4.721662928
4.714441338
4.707362126
4.697000932
4.690268724
4.683669856
4.677207002
4.670880205
4.664683647
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2146.5559
2149.292
2151.9761
2154.604
2157.1819
2159.7041
2162.1741
2164.592
2166.958
2169.27
2171.53
2173.74
2175.896
2178.002
2180.0559

CARBON_MONOXIDE.LSR
Commercial molecular laser
Carbon monoxide

CO

Min wN (cm-1)

1428.57

NITROGEN.LSR
Commercial molecular laser

Nitrogen
N2

Min wN (cm-1)

29664.79

NITROUS_ OXIDE.LSR
Commercial molecular laser

Nitrous Oxide
N20

Min wN (cm-1)

938.967
900.9

Gas lasers (Metal vapor)

Max WN (cm-1)
2000

Max WN (cm-1)

Max WN (cm-1)

970.874

COPPER.LSR
Commercial metal vapor laser

Copper
Cu

Min wN (cm-1)

19588.64
17295.05

GOLD.LSR

Commercial metal vapor laser

Gold
Au

Min wN (cm-1)

15923.57

Max WN (cm-1)

Max WN (cm-1)

Min WL (micron)
5

Min WL (micron)

Min WL (micron)

10.3

Min WL (micron)

Min WL (micron)

4.658625475
4.652694934
4.646891757
4.641224095
4.635677687
4.630263933
4.624974464
4.619808259
4.614764107
4.609845708
4.605048054
4.600366189
4.595807888
4.591364012
4.587038342

Max WL (micron)

7

Max WL (micron)

0.3371

Max WL (micron)

10.65
11.1

Max WL (micron)

0.5105
0.5782

Max WL (micron)

0.628

[NON NS TN SO 2N (ST (S J5 (O S RN (O 2 \S I (O I NS I (S I O 2 \S I 8

Harmonic
1

Harmonic
1

Harmonic
1
1

Harmonic
1
1

Harmonic
1
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Gas lasers (Ion)

NEON_ION.LSR

Commercial gas ion laser

Neon

Ne+

Min wN (cm-1) Max WN (cm-1) Min WL (micron)  Max WL (micron)  Harmonic

30084.24 0.3324 1
29895.37 - - 0.3345 1
29603.32 - - 0.3378 1
29481.13 - - 0.3392 1
26932.40 - - 0.3713 1
26809.65 - - 0.373 1
ARGON_ION.LSR

Commercial gas ion laser

Argon

Ar+

Min wN (cm-1) Max WN (cm-1) Min WL (micron)  Max WL (micron)  Harmonic
28490.03 - - 0.351 1
22002.20 - - 0.4545 1
21838.83 - - 0.4579 1
20986.36 - - 0.4765 1
20491.80 - - 0.4880 1
20140.99 - - 0.4965 1
19932.23 - - 0.5017 1
19436.35 - - 0.5145 1
18914.32 - - 0.5287 1

KRYPTON_ION.LSR

Commercial gas ion laser

Krypton

Kr+

Min wN (cm-1) Max WN (cm-1) Min WL (micron)  Max WL (micron) = Harmonic

29629.63 0.3375 1
28058.36 - - 0.3564 1
20999.58 - - 0.4762 1
19201.23 - - 0.5208 1
18835.94 - - 0.5309 1
17599.44 - - 0.5682 1
15453.56 - - 0.6471 1
14784.15 - - 0.6764 1
13289.04 - - 0.7525 1
12510.95 - - 0.7993 1
ARGON-KRYPTON_ION.LSR

Commercial gas ion laser

Argon-Krypton

Ar+ - Kr+

Min wN (cm-1) Max WN (cm-1) Min WL (micron)  Max WL (micron)  Harmonic
12500 29411.76 0.34 0.8 1
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XENON_ION.LSR

Commercial gas ion laser

Xenon

Xe+

Min wN (cm-1) Max WN (cm-1)
18535.68 -

Gas lasers (Excimer)

FLUORINE.LSR
Commercial excimer laser
Fluorine

F2

Min wN (cm-1)
63694.27

Max WN (cm-1)

ARGON_FLUORIDE.LSR
Commercial excimer laser
Argon fluoride
ArF

Min wN (cm-1) Max WN (cm-1)
51813.47 -
KRYPTON_CHLORIDE.LSR
Commercial excimer laser

Krypton chloride (KrCl)

Krypton chloride (KrCl)

Min wN (cm-1) Max WN (cm-1)
45045.05 -

KRYPTON_FLUORIDE.LSR
Commercial excimer laser

Krypton fluoride (KrF)

Krypton fluoride (KrF)

Min wN (cm-1) Max WN (cm-1)
40322.58 -

XENON_CHLORIDE.LSR
Commercial excimer laser

Xenon chloride (XeCl)

Xenon chloride (XeCl)

Min wN (cm-1) Max WN (cm-1)
32467.53 -

XENON_FLUORIDE.LSR
Commercial excimer laser
Xenon fluoride (XeF)
Xenon fluoride (XeF)
Min wN (cm-1)

Max WN (cm-1)
28490.03 -

Min WL (micron)

Min WL (micron)

Min WL (micron)

Min WL (micron)

Min WL (micron)

Min WL (micron)

Min WL (micron)

Max WL (micron)
0.5395

Max WL (micron)
0.157

Max WL (micron)
0.193

Max WL (micron)
0.222

Max WL (micron)
0.248

Max WL (micron)
0.308

Max WL (micron)
0.351

Harmonic
1

Harmonic
1

Harmonic
1

Harmonic
1

Harmonic
1

Harmonic
1

Harmonic
1
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Gas lasers (Chemical)

HYDROGEN_FLUORIDE.LSR
Commercial chemical laser

Hydrogen fluoride

HF

Min wN (cm-1) Max WN (cm-1)
3333.33 3846.15

DEUTERIUM_FLUORIDE.LSR
Commercial chemical laser
Deuterium fluoride

DF
Min wN (cm-1) Max WN (cm-1)
2500.00 2777.77

Gas lasers (Far infrared)

METHANOL.LSR
Commercial far infrared laser
Methanol

CH30H

Min wN (cm-1) Max WN (cm-1)
263.852 -
141.844 -
103.627 -
84.746 -
17.513 -
14.306 -

METHYL_FLUORIDE.LSR
Commercial far infrared laser
Methyl fluoride
CH3F

Min wN (cm-1)
20.1613

8.1833 -

Max WN (cm-1)

METHANOL_DEUTERATED.LSR
Commercial far infrared laser
Methanol deuterated
CD30D

Min wN (cm-1)
243.9024

54.3478 -
43.6681 -
39.2157 -

Max WN (cm-1)

METHYLAMINE.LSR

Commercial far infrared laser
Methylamine

CH3NH2

Min wN (cm-1) Max WN (cm-1)
67.6590 -

Min WL (micron)
2.6

Min WL (micron)
3.6

Min WL (micron)

Min WL (micron)

Min WL (micron)

Min WL (micron)

Max WL (micron)
3

Max WL (micron)
4

Max WL (micron)
37.9
70.5
96.5
118
571
699

Max WL (micron)
496
1222

Max WL (micron)
41.0
184
229
255

Max WL (micron)
147.8

Harmonic
1

Harmonic
1

Harmonic

—_ e = e

Harmonic
1
1

Harmonic
1

1
1
1

Harmonic
1
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METHYL_IODIDE_DEUTERATED.LSR

Commercial far infrared laser

Methyl iodide deuterated

CD3I

Min wN (cm-1) Max WN (cm-1)
21.6920 -

19.2308 -

Semiconductor lasers

InGaN.LSR
Commercial semiconductor laser
InGaN
InGaN
Min wN (cm-1)
25000

Max WN (cm-1)

GaN.LSR
Commercial semiconductor laser
GaN

GaN

Min wN (cm-1) Max WN (cm-1)
24096.39 -

InGaAIP.LSR

Commercial semiconductor laser
InGaAlP
InGaAlIP

Min wN (cm-1)
14705.88

Max WN (cm-1)
15873.02

GaAsP.LSR

Commercial semiconductor laser
GaAsP

GaAsP

Min wN (cm-1) Max WN (cm-1)
14925.37 -

GaAlAs.LSR

Commercial semiconductor laser
GaAlAs

GaAlAs

Min wN (cm-1) Max WN (cm-1)
23809.52 -

23255.81 -

11764.71 13333.33

GaAlAs_arrays.LSR
Commercial semiconductor laser
GaAlAs arrays
GaAlAs arrays
Min wN (cm-1)
10989.01

Max WN (cm-1)
13333.33

Min WL (micron)

Min WL (micron)

Min WL (micron)

Min WL (micron)
0.63

Min WL (micron)

Min WL (micron)

0.75

Min WL (micron)
0.75

Max WL (micron)
461
520

Max WL (micron)
0.4

Max WL (micron)
0.415

Max WL (micron)
0.68

Max WL (micron)
0.67

Max WL (micron)
0.42
0.43
0.85

Max WL (micron)
0.91

Harmonic
1
1

Harmonic
1

Harmonic
1

Harmonic
1

Harmonic
1

Harmonic
2
2
1

Harmonic
1
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GaAlAs_stacked_arrays.LSR
Commercial semiconductor laser
GaAlAs stacked arrays

GaAlAs stacked arrays

Min wN (cm-1) Max WN (cm-1)
10204.08 12658.23
GaAs.LSR

Commercial semiconductor laser
GaAs

GaAs

Min wN (cm-1) Max WN (cm-1)
11061.95 -

GaAs_arrays.LSR
Commercial semiconductor laser
GaAs arrays
GaAs arrays
Min wN (cm-1) Max WN (cm-1)
11061.95 -

InGaAs.LSR

Commercial semiconductor laser
InGaAs
InGaAs

Min wN (cm-1)
10204.08

Max WN (cm-1)
11049.72

InGaAs_arrays.LSR
Commercial semiconductor laser
InGaAs arrays

InGaAs arrays

Min wN (cm-1) Max WN (cm-1)
10204.08 10989.02
InGaAsP.LSR

Commercial semiconductor laser
InGaAsP

InGaAsP

Min wN (cm-1) Max WN (cm-1)
7518.80 7874.02

6134.97 9433.97

InGaAsP_arrays.LSR
Commercial semiconductor laser
InGaAsP arrays
InGaAsP arrays
Min wN (cm-1) Max WN (cm-1)
6451.61 -

Pb_salts.LSR

Commercial semiconductor laser

Pb salts

Pb salts

Min wN (cm-1) Max WN (cm-1)
370.37 3030.30

Min WL (micron)
0.79

Min WL (micron)

Min WL (micron)

Min WL (micron)
0.905

Min WL (micron)
0.91

Min WL (micron)
1.27
1.06

Min WL (micron)

Min WL (micron)
3.3

Max WL (micron)
0.98

Max WL (micron)
0.904

Max WL (micron)
0.904

Max WL (micron)
0.98

Max WL (micron)
0.98

Max WL (micron)
1.33
1.63

Max WL (micron)
1.55

Max WL (micron)
27

Harmonic
1

Harmonic
1

Harmonic
1

Harmonic
1

Harmonic
1

Harmonic
1
1

Harmonic
1

Harmonic
1
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Pb_salts 77K.LSR
Commercial semiconductor laser

Pb salts 77K

Pb salts 77K

Min wN (cm-1) Max WN (cm-1)
2777.77 3448.28

Min WL (micron)
2.9

Max WL (micron)
3.6

Harmonic
1
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Appendix 9 Cross Section Attenuation Equations

HITRAN Cross-sections calculations

The absorption cross-section, k, (cm? - molecule™), is defined in the HITRAN database
as

ky = (=Int,)/nL (1)
where
T, — Spectral transmittance at a wavenumber v

3 — Column density (in molecules / cm’) along an optical path length L (cm)
L — Optical path length in centimeters.

Taking into account that Optical Depth OD = —In 7,, equation (1) may be rewritten
as

0D = k1L )

The total number of molecules NV of absorbing gas per cm’ per Atm at temperature T may
be written as:

N =NL-Z= 3)

where
NL — Loschmidts number (value of N at 296 K)
T — Temperature of the gas in degrees Kelvin

There are 2 modes of calculations for the cross-sectional HITRAN data. In the first
mode all the Cross-sectional data is used directly from the HITRAN database at a
temperature Txsc specified for each cross sectional record in the corresponding cross-
sectional header. Thus the temperature dependence of the total number of molecules of
absorbing gas per cm’ per Arm in this case is calculated as follows:

N1 — NL - 296K

4)

Txsc

where

NL — Loschmidts number (value of N at 296 K)

Txsc — Temperature in degrees Kelvin at which the cross sectional spectral data was
recorded and specified in the cross —sectional header of the HITAN database
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Txsc )
© term was introduced to scale the cross-

In the second mode of calculations, the

sectional data to the current temperature specified by the user in the Hitran-PC program
under the “Temp >> Change Temperature” menu option. This term takes into account
that cross sectional values in the HITRAN database are provided for a temperature Txsc
as opposed to 296 Kelvin. Introducing this term into equation (3) results in the following
equation which is used to calculate the temperature dependence of the total number of
molecules of absorbing gas per cm’ per Atm in the second method:

N :NL.ﬂ.TXSC — NL'TXSC (5)
2 T 296K T

where

NL — Loschmidts number (value of N at 296 K)

T — Temperature of the gas in degrees Kelvin

Txsc — Temperature at which the cross-sectional data was recorded

Taking into account that) = Ny - P, or) = N, + P, Equation 2 may be rewritten as
OD=k, -N"-P, -L (4)

where
OD — Optical Depth
k, — Absorption cross section value recorded at wavenumber v, temperature Tyg and

pressure Pygc
N* — Total number of molecules of absorbing gas per cm’ per Atm (N* = N; (Equation 4)
in the first mode or N* = N, (Equation 5) in the second mode)
P, — Absolute partial pressure of the gas for the current cross-sectional molecule in A¢m
L — Pathlength in centimeters
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Appendix 10 PNNL Equations

The digital spectral files in the PNNL/DOE infrared spectral library correspond to
Absorbance for a sample concentration of one part-per-million (ppm) over an optical path
length of one meter (m) at a temperature of 296 Kelvin (K). The units of the spectral data
in the PNNL database are ppm™ - m™.

Please note that even though the spectral data in the PNNL database was recorded at
3 different temperatures (5 C° 25 C° and 50 C°), all spectra have been renormalized to
the temperature of 296K regardless of the temperature indicated for a particular record in
the PNNL database files.

In order to use the PNNL spectral data in the Hitran-PC program in combination with
the line-by-line calculations, it is necessary to first convert the Absorbance values in the
PNNL spectral data from ppm™ - m™ into atm™ m™; such conversion is carried out though
the multiplication of the PNNL data by /0°, or

Absorbance (atm™! - m™1) = Absorbance (ppm=1-m~1) - 10° (1)

Since the calculations in the Hitran-PC program are carried out in Optical Depth units
the Absorbance units have to be converted to the corresponding Optical Depth units as
follows

Optical Depth (atm™' - m™1) = [n(10) - Absorbance (atm™1 -m™1) (2)

Please note, that there are 2 modes of calculations for the PNNL data. In the first
mode all the PNNL spectral data is used directly from the PNNL database at the
temperature of 296K. For the first case the Optical Depth value for a given partial
pressure Partial P of the gas (Atm), Path length (m), and the temperature of 296K the
following formula is used:

Optical Depth = Optical Depth (atm™!-m™1) - Partial_P - Path 3)

In the second mode the data is scaled to the current temperature by introducing the
temperature correction term as shown below:

Optical Depth = Optical Depth (atm™!-m™1) - Partial_P - Path - (M) @))

Temperature

Temperature is the current temperature value specified by the user under “Temp >>
Change Temperature” menu option.
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Appendix 11 High temperature HITRAN 2008
Database usage with Hitran-PC 4.0

The HITRAN 2008 database contains spectral information for selected molecules at
high temperatures. Such spectral information is supplied separately from the main
HITRAN database. If the HITRAN files are downloaded from the HITRAN ftp server,
the high temperature 2008 database is located in a separate folder called HITEMP 2008
while the HITRAN database itself is located in a folder called HITRAN 2008. The size
of the HITEMP 2008 database is about 1 GByte compressed, and is 11 GByte
uncompressed. The HITRAN 2000 HITEMP database is much smaller.

All files in HITEMP 2008 folder are compressed and need to be extracted before they
may be used by the Hitran-PC program. After extraction HITEMP 2008 files will have
an OUT extension. Even though the OUT extension of the extracted HITEMP files is
different from the typical HITRAN database PAR extension, the format of the OUT files
is the same as that of the PAR files. In order to use such HITEMP files with the Hitran-
PC program, they have to be loaded from within the Hitran-PC program in the same way
as the usual HITRAN 2004-2008 files with the PAR extension by selecting PAR >>
Change HITRAN database >> Use 2004 — 2008 HITRAN type file option from the
main menu.

Hitran-PC 4.0 uses the same user selected partition functions for temperature
calculations for the HITEMP database as those used for the HITRAN database.
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Appendix 12 Download Instructions for PNNL

Database

How to download and install the PNNL database

Hitran-PC 4.0 was designed to operate with the complete PNNL database or just a
portion of the complete database. This section will describe how to obtain the PNNL
database from the PNNL (Pacific Northwest National Laboratory) website.

1)

Open www.google.com and search for “PNNL database”, to find the link to the

relevant Pacific Northwest National Laboratory website, as shown below:

{@ PNNL database - Google Search - Mozilla Firefox = E e
File Edit View History Bookmarks Teols Help
is - c Q L'g.' | http://www.google.com/#hl=enBiq=PMNNL+databas ﬁ - | |'| Google Io|
Web |mages Video Maps Mews Shopping Gmail more v Signin *
Google s (Seah) sz
Web Show options... Results 1 - 10 of about 400,000 for PNNL database. (0.38 seconds)
Northwest Infrared
A hi lity and quantitative reference library of infrared absorption spectra.
K[_nwir.pnl.gov/ DSimilar pages
Or go directly to http:/nwir.pnl.gov as shown below:
@ NorthWest Infrared - Mozilla Firefox [E=rEn =)
File Edit View History Bookmarks Tools Help
@ - 7y @M httpsi//secure2 prl.gownsd/nsd.nsf/Welcome Y7 - [Q-] Googte A
Pacific Northwest National Laboratory 1
=3 - | ‘ i ) st iy ) Tinctelomer ) (S0, ) et oty
| ﬁé
S Northwest-Infrared ’
: H Units and
oL Vapor phase infrared Conversion
. Ercwbse CAS Spectra| |Ibl'ary Database
Humbers Summary Paper ||
Browse Compound
" Names
Listing of All 5 Fe‘ltl" es:
" Compounds 3.0x1074
New User 2.5 Ammonia
" Registration g 1 ppm-meter @ 25° C
- Pricing g 20
Registered User = i%
" Logon g =7 !
- Search "; 1.0 i
- 3 Many spectra supplied at
What's New (News = ‘ | - spe:
" ltems) 0.5 | J? [N Rl ‘ b b =
https://secure2 pnl.gov/nsd/NSD.nsf/Mew User Registration Form?QOpenForm secure2.pnl.gov (L
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2) If you have not registered with PNNL, choose new user registration, as shown in
the figure above and fill out the registration form shown below (If you are already
registered with PNNL, skip steps 2 through 4 and login to the PNNL website with your

user name and password by using the Registered user login link).

& Mozilla Firefox [E=TEE =5
Fle Edit View History Bookmarks Ieols Help
gﬁr = C 0 £ R nttpsy/secured.pni.gov/nsd/NSD.nsf/New User Registration Form?OpenForm&Car 7 - | |[C]+| Googie E

. Pacific Northwest National Laboratory

Done

Return and

Customer Delivery
i Refund Policy

dsclui Privacy
Service o Tl | mcsiote

Statement

Northwest-Infrared
New User Registration Form

- PNNL Home ‘LastN
Browse CAS . ?5 ame:
Numbers . FlrstNName
Browse Comound ompangfh am::
Names . . ddone :

] e-mail address:

Listing of All
Lompounds !
Sempras * Enter a Challenge Question

. New User (used if you forget your password):
Reqgistration * Response to Challenge Question:

. Pricing “Select a Username:
Registered User ( ’:ISE'Et"; ahPasi:"D"’l

. at least 8 characters|
L3 * confirm password

- Search Do you wish fo receive e-mail notification of new or @ g
What's New (News updated data sets? © Yes
ltems’ * Denotes a Required Field

- Adminstration

m

secure.prlgov () |

3) After the registration you will be redirected to the Login page, as shown below,

@ Scoreboard Login - Mexilla Firefox

Username:
Password:
(Case Sensitive)

Securitv & Privacy

Done

e Edit Yiew Higtory Bookmarks Teols Help

O c < oUm st . % (G cos 2|

&1 Scoreboard Login
-

Legin

This site chose VeriSign S5L
for secure e-commerce and
confidential communications.

securel.pal.gov

Use your registered user name and password to log in, the following window will appear:
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@ Mozilla Firefox ol 1

File Edit View History Bookmarks Tools Help

@ - c Q uhttps:h’sa.:urelpnl.gov/nsd!nsd.nsfﬁhanks+for+REg\stanng?OpenForm&Iogm pig '| |'|Goo;’s ﬁ|

, Pacific Northwest National Laboratory

é ‘ Corioe” ) and Tonibg ) Disclaioacr Stutement ) Rebund Policy
R Northwest-Infrared
Thanks for registering!!!

- PNNL Home

fioila If you'd like to browse or purchase any of the available Compounds by CAS

Number please click on CAS.

" Numbers

. Browse Compound
Names If you'd like to browse or purchase any of the available Compounds by B
Listing of All Compound Name please click on Compounds.

" Compounds
New User

" Registration

- Pricing
" <—-Back ] I Browse by CAS I [ Browse by Compound Name
Registered User
"l ~aon
Done secure2.pnl.gov (}

4) After the registration in complete, please pay $200 in order to gain access to the
PNNL database compilation, as described in the North-Infrared Pricing policy shown
below (accessible through the Pricing link on the page shown above)

Northwest-Infrared
Pricing Policy

The compounds of this data set are being released as a complete set. Once a
user has registered and paid the registration fee that individual is allowed to
download as little or as much data as desired; furthermore, once registered an
individual can return at any time in the future to download additional data (both
new and updated compounds) for no additional charge.

As a public service we are giving this data away; however, we do charge a one
time registration fee of $200.00 to help maintain this web site. If this data is
given away to unregistered users then PNNL will no longer be able to maintain
this site or this service.
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At the time this manual was written, online payments were not accepted. In order to
pay the registration fee it was necessary to contact Pete Robinson at
pete.robinson@pnl.gov, (509) 375-5947, as shown in the figure below

@ NorthWest Infrared - Mozilla Firefox ==
File Edit View History Bookmarks Tools Help
@ = C 0 #y & nttps/securcl.pnl.gov/nsd/NSD.nst/Order?OpenFormBiCaniD=10575-071745 v7 - | [[Gl] Google A|

>

Customer Delivery Disclair Privacy Return and
Service and Timing SCAMET T Sratement | Refund Policy

Northwest-Infrared
Order

- PNNL Home
Browse CAS
" Numbers

_ Browse Compound
Names

m

Order for: Plutov, Denis

NOTE: At this time we are not able to process credit card payments
_ Listing of All on-line. We are working to resolve this issue and apologize for any
[ inconvenience.
New User
" Registration If you wish purchase access to download the infrared spectral library,
- Pricing please contact Pete Robinson at pete.robinson@pnl.gov or 509-375-5947.
Registered User Thank you.
Logon

- Search o ———
pestr A= | DiGiTAL sECURITY by |

What's New (News
" ltems Enfrust

*» YERIFY
- Adminstration e sst <

Done securel.pnlgov (3

5) After registering and paying the registration fee the steps described below should be
carried out to obtain the PNNL database. Select Browse compound names or Browse
CAS numbers from the left menu to obtain a listing of all compounds as shown in the
figure below:

& Mozilla Firefox B =)

File Edit View History Bookmarks Tools Help

C 0 £y & rtps//secure pnl.gov/nsd/NSD.nsf/Order CompoundsIOpeniiewliew=Compoundst 17 - | [[G]+| Geogle A

.2, Pacific Northwest National Laboratory

Customer Delivery Disclaimer Privacy Return and
Service and Timing Suatement Refund Policy
Awailable Compounds
Pricing Information
Viewing Compounds
- PNNL Home
Browse CAS Items 1 through 30 of 440 Next 30 ltems
" Numbers
trowse Compouna Compound Name CAS Number Add to Cart
" Names Purchase All Compounds 1-1-1 Add to cart
Listing of All 1-Bromopropane 106-94-5 Add to cart
" Compounds 1-Butene 25167-67-3 Add to cart
_ New User 1-Butyne 107-00-6 Add to cart
Hedsilillen 1-Chloro-1,1.2 2-tetraflucrosthane (R124A)  354-25-6 Add to cart
- Pricing 1-Chloro-2-methylpropane 513-36-0 Add to cart
_ Registered User 1-Chlorobutane 109-69-3 Addtocart
Done secure? pnlgov [}
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The Hitran-PC program is designed to operate with the complete uncompressed
PNNL database, which was downloaded in a compressed form and then subsequently
extracted and saved in an uncompressed form in the "compounds" folder. As such, it is
necessary to choose Add to cart for Purchase all compounds, as shown in the figure
above.

@ Mosilla Firefox [E=REal™
File View History Bookmarks Teols Help
C' 0 & nttps/isecurel pnlgow/nsd/NSD.nst/ cart?ReadForm&CartlD=10575-071745 77 - | [IG-] Googie El

Customer Delivery Disclair Privacy Return and
Service and Timing SCMMET 1 Statement | Refund Policy

Northwest-Infrared
Shopping Cart

- PNNL Home
Browse CAS
" Numbers

To remove an item from your shopping cart just click on the checkbox to the
left of the Compound then click on the Refresh button below. To remove all
. E‘rowse Compound items from your shopping cart please click Empty Cart Contents.
ames

Listing of All Keep Shopping allows you to add additional items to your cart.
" Compounds

New User Checkout allows you to purchase the items in your shopping cart.
" Registration

- Pricing Delete Compound Name

. Registered User Purchase All Compounds
Logon

- Search
_ What's New (News o B I@E Emwcml

ltems’
- Adminstration Keep Shopping |

Done secure2pnl.gov ()

If the registration fee has been paid, the following window will appear after pressing the
Checkout button:

@) NorthWest Infrared - Mozills Firefox (e
Ele Edit View Higtory Bookmerks Iools Help
@ v @ 0 R nttpsi/securez.prl.gov/nsd/NSD.nsf/Order?OpenForm@ CartiD=11755-081514 v -] [Gl-] Google A

) Pacific Northwest National Laboratory

Customer Delivery iscla Privacy Return and
Service and Tiang | Dlediaicser ) o iemont: ) Befimd Policy

Northwest-Infrared
Order

- PNNL Home
Browse CAS
" Numbers

Browse Compound
" Names

Listing of All

" Compounds
. New User
Registration
- Pricing (oicmat securiray |

Registered User | m',w |

- Search \_@“

What's New (News

" ltems

- Adminstration -
Done secureZpnl.gov (3 .

i

Order for: Killinger, Dennis
Since you have paid the $200 fee you can proceed to the download page.
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Click Download selections button above to obtain the window shown below with the
links to compressed files:

@ Mozilla Firefox [E=EE )
File Edit View History Bookmarks Tools Help
T (& L) u https://secure2.pnl.gov/nsd/NSD.nsf/download+all7openform [ v| |v| Google p|

Customer Delivery Disclaimes Privacy Return and
Service and Timing SCUME T Siatement | Refund Policy

n

Northwest-Infrared

Download Al Compounds
- PNNL Home -
. Wﬁ The compounds have been compressed into several zip files which are
SUMbers displayed as links below. To download the file, just click on the title (ex:
_ Browse Compound part1.zip) and it will begin downloading.
Names
Listing of All You will need to "unzip" these files using a program such as WinZip. To get the
Compounds latest evaluation version of WinZip please click here.
New User )
Registration M}%
 Driei Part 2 zip file
I Part 3 zip file
_ Registered User Part 4 zip file
Logon Part 5 zip file
- Search Part 6 zip file
_ What's New (News Part 7 zip file
Items) E—L;T g = ge
- Adminstration ﬁjﬁ -

Done secure2.pnl.gov

6) At the time this manual was written, the complete PNNL database contained 54
compressed files. Before the download is started, it is desirable to create a directory to
store all the compressed PNNL files. It is important to save all compressed files to the
same directory on your harddrive. The location and name of such a directory should be
selected by the user, for example a directory called PNNL database on the C drive of
your computer may be created. After the PNNL database directory has been created, the
files from the PNNL website should be downloaded and saved to this directory.

The most straight forward approach to save the files to your disk is to right click on a
link to a particular file and choose “Save link as...” (if Firefox internet browser is used),
or “Save target as...” (if Internet Explorer is used) and then choose a directory where
the file should be saved to. From our own experience, use of the Firefox browser is much
faster for downloading these files. An example for the Firefox browser is shown below:

Part 1 zip file
Part 2 zip file
Part 3 zip i
Part 4 zip i
Part 5 zip fi
Part 6 zip fil Bookmark This Link
ML& Save Link As...
RﬂI‘T—SZ‘iLﬁ Send Link...

Part 9 zip fil Copy Link Location
— Dart 10 =i 4 L
Properties

_— —_—
[

Open Link in New Window
Open Link in New Tab
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This operation should be repeated for all the compressed files. Several files may be
downloaded in parallel (Firefox supports 15 parallel downloads). It is also possible to use
some sort of an automatic download program (like DownloadStudio or the like) to
automate the download process.

In order to extract the compressed PNNL database files it is necessary to have a
WinZip or WinRar program installed. The example in this manual is for the WinRar
program. An Evaluation version of WinRar may be downloaded free from
www.download.com by searching for WinRar.

After all the PNNL database files have been downloaded, and saved to the chosen
directory on the harddrive, it is necessary to select all files (multiple files selections are
carried out by pressing the SHIFT key and using the mouse or the arrow keys on the
keyboard).

After selecting all the files, right click on the selected files and chose Extract here
from the menu, as shown in the figure below:

= [ E] [ |
y | |« Denis » atabase - Downloade ril 4, » - Search
) D PNNL Datab Downloaded April 4, 2009 3 |
File Edit View Tools Help
‘ Organize v £ Views ~ M E-maill (@ Bum
Favorite Links MName Date modified Size i
[ Documents B partl zip 4/4/2009 9:44 PM 33273 KB
y - ) B part2.zip 4/5/2009 8:58 AM 31,087 KB
E ictures B part3.zip 4/5/2009 %:09 AM 33,380 KB
&' Music ; 2 E
5 T : gpﬂftﬂ“ﬂ B Add to archive...
% Recently Change
= ’ 5 Epamﬁ'zf B Add to "PNNL Database - Downloaded April 4, 2009.rar"
B searches EF’E ?'Zf B  Compress and email...
. Public Epa:s'zf B Compress to "PNNL Database - Downloaded April 4, 2009.rar” and email
Epanglzf B Edract files...
Eparﬂ;f B Extract Here
Eparﬂlh B  Extract each archive to separate folder
Eparﬂlh B Edract to partd\,
partel  1.zip v
Eparﬂj.:
a 5 can for threats...
Bpartld] P Scanforth
rtl5.]
Epa Send To 3
Eparﬂﬁ.:
Eparﬂ?.: Cut
Eparﬂ&: Copy
Eparﬂg.:
Folders A Epartm.: Create Shortcut il
& 54 items selected Size: 16268 Doet
Rename
Extract files to the current folder Properties

The menus for compressing and uncompressing the files at right click will only be
available if an application such as WinZip or WinRar is installed (used to compress or
uncompress files).

After the extraction process is complete, all the PNNL files will be placed into a

compounds folder within the PNNL directory containing compressed files, as shown
below:
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== g
@u-| « Denis » PNNL Database - Downloaded April4, 2009 » = [ 42 ][ searcn P
File Edit View Tools Help
‘ Organize ~ Views M Slide Show (@ Bumn
Eavorite Links Mame = Date modified Size Il
-~ compounds 9/28/2007 2:32 PM
E Documents X
B partlzip 4/4/2009 %:44 PM 33,273 KB
B Pictures B part2ip 4/5/2009 8:58 AM 31,087 KB
B Music B partzaip 4/5/2009 2:09 AM 33,889 KB 3
[# Recently Changed Brparttzip 4/5/2009 %11 AM 32,149 KB
B Searches B pasaip 4/5/2009 3:19 AM 29,657 KB
| Public B part6.zip 4/5/2009 9:20 AM 31,146 KB b
B part? zip 4/5/2009 2:22 AM 33,713 KB
B partt.zip 4/5/2009 9:22 AM 31,902 KB
B part9.zip 4/5/2009 3:22 AM 32,806 KB
B partl0zip 4/5/2009 .22 AM 31,216 KB
B parti1zip 4/5/2009 3:22 AM 31,839 KB
B partl2zip 4/5/2009 9:22 AM 32,068 KB
B partizzip 4/5/2009 2:21 AM 29,471 KB
B partldzip 4/5/2009 9:23 AM 32,534 KB
B partiszip 4/5/2009 3:23 AM 31,180 KB
B parti6azip 4/5/2009 .23 AM 30,379 KB
B part1zip 4/5/2009 3:24 AM 31,732 KB
B partiszip 4/5/2009 9:22 AM 30,243 KB
Folders A Bpatiozip 4/5/2009 9:23 AM 32,838 KB 8
, 55 items
55 items I.. Computer

The contents of the compounds folder will look similar to the listing below:

= | B % ]
@u¢| | « PNNL Database - Downloaded April 4, 2009 » compounds » - | &,| | Search o
File Edit View Tools Help
111 2 3 3 3-Heptafluoropropane_(HFCZ227EA) 1_2-Dichloro-1-fluoroethane_(R141)
E‘ pBocliments 111 2-Tetrachloroethane .. 1_2-Dichloroethane
!E Pictures 1011 1-Chlerodiflucroethane_(Freon-142B) 5] Dichloroethene_(Dioform)
!B\ Music 1.1 1-Trichloroethane . 1_2-Dichloropropane
@ Recently Changed 1.1 1-Trifluoroacetone . 1_2-Diclorobenzene
1.1 1-Trifluoroethane_(R143A) . 1 _2-Difluore-1_2-dichloroethane_(R132)
E Searches 1.1_2 ?-Tetrachloro-1-flucroethane_(F121) 1_2-Difluorotetrachloroethane_(R112)
. Public 1.1 2 2-Tetrachloroethane . 1_2-Dimethoxyethane
11 2-Trichloroethane 1 2-Epoxy-3-chloropropane
1_1-Dichloro-1-flucroethane_(R141B} . 1_2-Epoxybutane
. 1_1-Dichloroethane 1\ 1_2-Epoxypropane
1_1-Dichloroethene - 1.3_5-Trimethylbenzene_{Mesitylene)
1_1-Difluoro-2_2-dichloroethane_(R1324) . 1_3-Butadiene
1 1-Diflucroethane_(Freon-1524) . 1 _3-Dichlorobenzene
1_1-Dimethylhydrazine 1_3-Dichloropropane
1.2 3 4-Tetrahydronaphthaline . 1_4-Dichlorobenzene
1.2 3 4-Tetramethylbenzene 1 4-Dioxane
1_2_3_5-Tetramethylbenzene . 1-Bromopropane
| 1_2-Dibomotetrafluoroethane_(Freon-114B2) . 1-Butene
1_2-Dibromoethane_(EDB) . 1-Butyne
. 1_2-Dichloro-1_1_2-trifluoroethane_(F1324) . 1-Chloro-1_1_2_2-tetrafluoroethane_{R1244)
Folders Ll 1 =T (3
432 items
432 items M Computer

As can be seen above, the compounds folder contains subfolders for each compound
in the PNNL database, each of these subfolders contains PNNL database information for
that particular compound.

It is this compounds folder that needs to be specified from within the Hitran-PC
program to link to the PNNL database.
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Appendix 13

Isotope abundances and other

isotope parameters

This is the listing of the molparam.txt file obtained directly from the HITRAN 2008
database. This file contains isotope abundances, total internal partition sums at 296K,
state degeneracy factors and molar masses for all isotopes. It is located in the info
directory of the Hitran-PC 4.0 directory for use by the Hitran-PC program.

Molecule # \ Iso \ Abundance \ Q (296K) \ gj \ Molar Mass(g)
H20(1)
161 997317E+00 1.7464E+02 1 18.010565
181 1.99983E-03 1.7511E+02 1 20.014811
171 3.71884E-04 1.0479E+03 6 19.014780
162 3.10693E-04 8.5901E+02 6 19.016740
182 6.23003E-07 8.7519E+02 6 21.020985
172 1.15853E-07 5.2204E+03 36 20.020956
C02(2)
626 .984204E+00 2.8694E+02 1 43.989830
636 1.10574E-02 5.7841E+02 2 44993185
628 3.94707E-03 6.0948E+02 1 45.994076
627 7.33989E-04 3.5527E+03 6 44.994045
638 4.43446E-05 1.2291E+03 2 46.997431
637 8.24623E-06 7.1629E+03 12 45.997400
828 3.95734E-06 3.2421E+02 1 47.998322
827 1.47180E-06 3.7764E+03 6 46.998291
838 4.44600E-08 - 2 49.001675
837 1.65354E-08 - 12 48.001646
03(3)
666 .992901E+00 3.4838E+03 1 47.984745
668 3.98194E-03 7.4657E+03 1 49.988991
686 1.99097E-03 3.6471E+03 1 49.988991
667 7.40475E-04 4.3331E+04 6 48.988960
676 3.70237E-04 2.1405E+04 6 48.988960
N204)
446 .990333E+00 5.0018E+03 9 44.001062
456 3.64093E-03 3.3619E+03 6 44.998096
546 3.64093E-03 3.4586E+03 6 44.998096
448 1.98582E-03 5.3147E+03 9 46.005308
447 3.69280E-04 3.0971E+04 54 45.005278
CO(5)
26 .986544E+00 1.0712E+02 1 27.994915
36 1.10836E-02 2.2408E+02 2 28.998270
28 1.97822E-03 1.1247E+02 1 29.999161
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27 3.67867E-04 6.5934E+02 6 28.999130
38 2.22250E-05 2.3582E+02 2 31.002516
37 4.13292E-06 1.3809E+03 12 | 30.002485
CH4(6)
211 | .988274E+00 5.9045E+02 1 16.031300
311 | 1.11031E-02 1.1808E+03 2 17.034655
212 | 6.15751E-04 4.7750E+03 3 17.037475
312 | 6.91785E-06 9.5880E+03 6 18.040830
02(7)
66 .995262E+00 2.1577E+02 1 31.989830
68 3.99141E-03 4.5230E+02 1 33.994076
67 7.42235E-04 2.6406E+03 6 32.994045
NO(8)
46 .993974E+00 1.1421E+03 3 29.997989
56 3.65431E-03 7.8926E+02 2 30.995023
48 1.99312E-03 1.2045E+03 3 32.002234
S02(9)
626 | .945678E+00 6.3403E+03 63.961901
646 | 4.19503E-02 6.3689E+03 65.957695
NO2(10)
646 | 991616E+00 | 1.3578E+04 '3 [ 45.992904
NH3(11)
4111 | .995872E+00 1.7252E+03 3 17.026549
5111 | 3.66129E-03 1.1527E+03 2 18.023583
HNO3(12)
146 | 989110E+00 | 2.1412E+05 6 | 62.995644
OH(13)
61 .997473E+00 8.0362E+01 2 17.002740
81 2.00014E-03 8.0882E+01 2 19.006986
62 1.55371E-04 2.0931E+02 3 18.008915
HF(14)
19 | .999844E+00 | 4.1466E+01 4 20.006229
HCI(15)
15 757587E+00 1.6066E+02 8 35.976678
17 242257E+00 1.6089E+02 8 37.973729
HBr(16)
19 .506781E+00 2.0018E+02 8 79.926160
11 493063E+00 2.0024E+02 8 81.924115
HI(17)
17 999844E+00 | 3.8900E+02 12 | 127912297
ClO(18)
56 .755908E+00 3.2746E+03 4 50.963768
76 241720E+00 3.3323E+03 4 52.960819
0CS(19)
622 | .937395E+00 | 1.2210E+03 1 59.966986
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624 | 4.15828E-02 1.2535E+03 1 61.962780
632 | 1.05315E-02 2.4842E+03 2 60.970341
623 | 7.39908E-03 4.9501E+03 4 60.966371
822 | 1.87967E-03 1.3137E+03 1 61.971231
H2CO(20)
126 | .986237E+00 2.8467E+03 1 30.010565
136 | 1.10802E-02 5.8376E+03 2 31.013920
128 | 1.97761E-03 2.9864E+03 1 32.014811
HOCI(21)
165 | .755790E+00 1.9274E+04 8 51.971593
167 | .241683E+00 1.9616E+04 8 53.968644
N2(22)
44 | 992687E+00 | 4.6598E+02 1 | 28.006147
HCN(23)
124 | .985114E+00 8.9529E+02 6 27.010899
134 | 1.10676E-02 1.8403E+03 12 | 28.014254
125 | 3.62174E-03 6.2141E+02 4 28.007933
CH3CI(24)
215 | .748937E+00 1.1583E+05 4 49.992328
217 | .239491E+00 1.1767E+05 4 51.989379
H202(25)
1661 | .994952E+00 | 9.8198E+03 1 | 34.005480
C2H2(26)
1221 | .977599E+00 4.1403E+02 1 26.015650
1231 | .19663E-02 1.6562E+03 8 27.019005
C2H6(27)
1221 | .976990E+00 | 7.0881E+04 1 | 30.046950
PH3(28)
(1111 | .999533E+00 | 3.2486E+03 2 33.997238
COF2(29)
1269 | .986544E+00 | 7.0044E+04 1 65.991722
SF6(30)
129 | .950180E+00 | 1.6233E+06 1 | 145.962492
H2S(31)
121 | .949884E+00 5.0307E+02 33.987721
141 | 4.21369E-02 5.0435E+02 35.983515
131 | 7.49766E-03 2.0149E+03 34.987105
HCOOH(32)
126 | .983898E+00 | 3.9133E+04 4 | 46.005480
HO2(33)
166 | .995107E+00 | 4.3004E+03 2 32997655
0(34)
6 | 997628E+00 | 6.7212E+00 1 | 15.994915
CIONO2(35)
| 5646 | .749570E+00 | 4.7884E+06 12 96.956672
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| 7646 | 239694E+00 | 4.9102E+06 12 | 98.953723
NO+(36)

46 | .993974E+00 | 3.1168E+02 '3 129.997989
HOBr(37)

169 | .505579E+00 2.8339E+04 8 95.921076

161 | .491894E+00 2.8238E+04 8 97.919027
C2H4(38)

221 | .977294E+00 1.1041E+04 1 28.031300

231 | 2.19595E-02 4.5197E+04 2 29.034655
CH30H(39)

12161 | .985930E+00 | 3.5314E+04 2 32.026215
CH3Br(40)

219 | .500995E+00 2.0762E+04 4 93.941811

211 | .487433E+00 2.0849E+04 4 95.939764
CH3CN(41)

| 2124 | .973866E+00 | 8.8670E+04 '3 | 41.026549
CF4(42)

129 | .988890E+00 | 1.2127E+05 1 87.993616
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Appendix 14 Examples of HDF, TXT, and 3D
ASC Output spectral files

HDF and TXT files format
The file format of HDF files has been changed in Hitran-PC 4.0. The HDF file now
has a header which contains spectral information followed by several columes of the

spectral data, as shown in the example below:

File generated with Hictran-PC 4.0

05-28-2009 15:20:49< Date and time the file was generated

Y-Axis format: 0 Transmisszion, ¥<«——— Units along the vertical axis (spectral attenuation units)
X-Axis format: 0 Wavelength<«——— Horizontal axis units (wavenumber or wavelength)
From (1/cm): 2000.000000

To (1/cm): 2100.000000 The calculation region along the

From (micrometers): 4.761904762 horizontal axis (in 1/cm and microns)

To (micrometers): §.000000000

Flot Increment (l/cm): 0.020000« Resolution along horizontal axis (in 1/cm)

Mumber Of Points: 5000« Number of points along horizontal axis (X-axis)
Lineshape: Lorentzian (Pressure) Lineshape function used in the calculations
Temperature: 2596.00«¢ Temperature in degrees Kelvin used in calculations
Layer altitude / Horiz. path alt. (m): 0<«—— Horizontal path or current layer altitude in meters
Pathlength (m}:  1000.000 < Horizontal path / Current slant path layer pathlength
WL (micron) TCR H20 co2 03 Radiance (W/(cm"2*sr*cm-1)

4.76190E+00 8.09529E+01 8.10169E+01 9.99210E+01 1.00000E+02 7.69452E-08

9.76195E+00 8.13484E+01 E.149166E+01 95.9916ZE+01 1.00000E+02 7.53526E-08

4,76200E+00 B.23737E+01 B8.24477E+01 9.99101E+01 1.00000E+02 7.12153E-08

HDF files may now contain arbitrary number of columns with spectral attenuation
data selected for saving by the user, that was done in order to enable easy export of
calculations into applications like Excel and Origin for plotting and manipulations. The
columns are separated by a TAB.

HDF files also contain abbreviated column titles to enable columns identification
once the data is transferred to another application. If spectra for separate molecules are
saved, the corresponding header will contain a molecule name. Some of the abbreviated
column headers which require an explanation are presented below:

TCR — Total composite raw

TCRA - Total composite raw with aerosols

TCS — Total composite smoothed

TCSA — Total composite smoothed with aerosols

The difference between HDF and TXT files saved by the Hitran-PC program is that a

TXT file may or may not contain a header and/or column titles while an HDF file has to
contain both the file header and the column titles.
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3D data files (*.ASC)

3D data files (3 column files) are used to save the data for all altitudes in the slant
path layers and all wavelengths chosen for the calculation. This file format is used to
pass the transmission data to the Lidar-PC program and represents the attenuation (1/km)
of the atmosphere as a function of wavelength and altitude.

An extract from a typical 3D three column file generated by Hitran-PC is presented
below:

Molecular attenuation data file generated

with the USF HITRAN-PC 4.0

Attenuation (km-1) vs wavenumber (cm-1)
4,8123800E+03 Begiﬂﬂing wWavenumber (cm-1)
4.8147300E+03 Ending wavenumber (cm-1)

05000 Number of wavelength Divisions
1. 0000000E4+00 Lowest Altitude (km)
1.9000000E+01 Highest Altitude (km)

00010 Number of Altitude Levels
WM {cm-1) ATt (km) Mol atten (km-1)
4812, 3800 1.000E+00 1.6E5E-02
4812. 3805 1.000E+00 1.685E-02
4812. 3809 1.000E+00 1.685E-02
4812, 3814 1.000E+00 1.6E5E-02
4812. 3819 1.000E+00 1.688E-02
4812. 3824 1.000E+00 1.686E-02
4812.3828 1.000E+00 1.6EB6E-02

As can be seen, the data may be saved either in wavelength (WL) or wavenumbers
(WN). The attenuation is in units of Optical Depth per km of pathlength (usually referred
to as the attenuation coefficient, a ), so that the transmission for any path length, x , is
exp(- a X) .
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