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The LBLRTM is a line-by-line radiative transfer model developed and maintained by Atmospheric and Environmental Research (AER) Inc.  The model has a long history, with roots in the LOWTRAN project that was run by the Air Force Geophysical Laboratory in the 1970s.  The output from this model has been compared to ground-based, airborne, and space-borne spectral radiance observations over several decades; these comparisons have led to marked improvements in the underlying spectroscopy used in the model (and this work continues today).  Some of the best papers that describe this model are Clough et al. (1992), Clough and Iacono (1995), Mlawer et al. (2012), and Alvarado et al. (2013).  

The absorption line parameters come from the HITRAN database (e.g., Rothman 2003).  The LBLRTM treats absorption lines as having “local” and “continuum” components.  Turner and Mlawer (2010) provide a simple explanation of these two components.  The most challenging part to model has been the water vapor continuum, and Tony Clough and his colleagues have developed a semi-empirical model that describes this (Clough et al. 1989; Mlawer et al. 2012).  

The LBLRTM serves as a forward model in several different retrieval algorithms (e.g., Turner and Löhnert 2014, Clough et al. 2006; Turner 2005).  This model also served as the baseline for computing the gaseous absorption coefficients used in the correlated-k model RRTM (Mlawer et al. 1997), which is the fast radiative transfer model parameterization used in many weather and climate models (e.g., Iacono et al. 2008; Morcrette et al. 2008).  

This document serves as an explanation on how to install the LBLRTM on your compute, compile it, and prepare it for execution.  I have provided a tarfile with v12.1 of the model here.  This tarball has the directories organized in a specific manner, and provides two very useful scripts needed to run the code.  If you elect to downloaded newer versions of the LBLRTM from the AER website (rtweb.aer.com) and you maintain this directory structure, then it should be a simple upgrade.
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Step by Step Instructions to set up the LBLRTM

1) Move to the directory where you wish the model to live.  Untar the tarfile with the model
 there:
	% untar xvf  lblrtm_v12.1.tar

2) We need to build the spectroscopic input file.  This starts off as a text file, but needs to be formatted into a binary file with some additional “parameters” added to it.  First we need to build the executable that performs this work:
	% cd lblrtm_v12.1/lnfl
If there is an executable that exists there (e.g., lnfl_v2.6_linux_intel_sgl) then remove it (or them):  
	% rm lnfl_v2.6_linux_intel_sgl
Move to “build” subdirectory:
	% cd build
Read the README.build_instructions file.  There are many different types of machine/compiler options.  I am going to assume that you are on a mac using GNU compilers for the remainder of this process.  Pick the correct target (which would be “osxGNUsgl”) and execute it as:
	% make –f make_lnfl osxGNUsgl
This should have created an executable back one directory level named “lnfl_v2.6_OS_X_gnu_sgl”.  If so, proceed to the next step

3) Move to the “line_file” subdirectory.  Remove a file.  Run the LNFL code to build the new TAPE3 file.  Rename the newly created TAPE3 file.  Remove the miscellaneous files that were created.
	% cd ../../aer_v_3.1/line_file
	% rm TAPE3.10-3500cm-1.*
	% ../../lnfl/lnfl_v2.6_OS_X_gnu_sgl
	% mv TAPE3 TAPE3.10-3500cm-1.first_7_molecules_reject
	% rm TAPE6 TAPE7 TAPE10

4) Move to the lblrtm main directory.  
	% cd ../../lblrtm
Remove any binaries in this directory.  Confirm that there exists a subdirectory named “hitran” and that this subdirectory contains links to “x”, “xs”, and “FSCDXS”.  These will tell the LBLRTM about the cross-sections of heavy molecules (i.e., molecules that have many atoms per molecule like CFCs).  The hitran subdirectory should also contain a link called “tape3.data” that points to the TAPE3 file that you just created.

5) Move to the lblrtm’s build subdirectory.  Again, look at the README.build_instructions file to find the OS and compiler option you desire.  Remove any of the “mod” files (see below).  Using mac with GNU, I would then execute
	% rm *mod*
% make –f make_lblrtm 
This should have created an executable one level back (i.e., in the main lblrtm directory). 

6) Move to the “bin” subdirectory one directory level back.  Create a soft link between the executable you just created and “lblrtm” like this:
	% rm lblrtm
	% ln –s  ../lblrtm_v12.1_OS_X_gnu_sgl  lblrtm

7) You are almost there!  You now need to make two last changes, this time to your environment.  If you are using c-shell, then you will want to modify the “.cshrc” file in your home directory; if you are using bash as your shell, then you will want to modify your “.profile” or “.bashrc” file.  You need to first define the path so that the executable “lblrun”, which is a script in the ...../lblrtm_v12.1/lblrtm/bin directory can be found.  You also need to define the environment variable “LBL_HOME” (capital letters are important here).  Suppose the path to this code is this: /Users/dturner/code/lblrtm_v12.1, with the subdirectories “lblrtm”, “lnfl”, and “aer_v_3.1” as the next level.  Then modify your “.cshrc” file like this:
	set LBL_HOME = /Users/dturner/code/lblrtm_v12.1/lblrtm
set path = ($path $LBL_HOME/bin)
If you are using bash as your shell, you need to do something similar.  Now when you log in, you will have the correct environment and are ready to run the LBLRTM!

Guidance on running the LBLRTM

Everything that you've done up to now is purely setting up the model.  Now you are ready to run the code.  Because of the work setting up the model directory structure, it is actually pretty easy to run the model.  The script “lblrun” will save you a lot of work, and this is what we will call to run the model.

The LBLRTM is a clear-sky model only; i.e., it is really not designed to input cloud or aerosol scattering layers into the calculation.  Its strength is computing the molecular absorption, and then performing the radiative transfer.  This model has a TON of different options on how to run the model; see the file $LBL_HOME/docs/html/lblrtm_instructions.html for all of the gory details on how the model can be run.  

In short, however, all of the instructions are passed into the LBLRTM via an input file that we will affectionately call the TAPE5.  This is historical, back when the original LOWTRAN model was designed to take input from punch cards.  The TAPE5 is an ascii file, but it is very format specific: being off even one space can cause the input value to be read incorrectly.  Thus, read the instructions very carefully when you are creating your own TAPE5.  

The TAPE5 contains all of the information needed to run the LBLRTM.  It will contain the model control switches (which indicate what options are on/off), model levels, the starting and ending wavenumber for the calculations, the propagation direction (i.e., downwelling from zenith, downwelling at 65 degrees off zenith, upwelling at 15 degrees off nadir, etc.), the levels of the input profiles of temperature and pressure (and their units), the concentration of the various gases to use in the calculation, the standard model to use for gases you don’t want to explicitly specify, and much, much more.  

I have included an example TAPE5 in the test_case subdirectory called tape5.black_forest.  This file specifies that I want the model to use 67 layers from the surface to 70 km, with the spacing starting at 0, 100m, 200m, …, 66km, and 70km.  The model will compute downwelling radiance from 400 to 1600 cm-1.  The model will assume a CO2 concentration of 384.999 ppm.  The input profile is from a radiosonde that has 3936 levels.  The surface pressure is 949.76 mb, which indicated with the “A”.  The surface temperature is 28.18 C, which is indicated with the “B”.  The “C666666” speaks about the units of the first 7 gases, which are given on the next line.  The “C” indicates mixing ratio of water vapor (g/kg), whereas the “6” indicates that the 6th standard atmosphere (US Standard Atmosphere) should be used for the gas profiles with height.  All of this is described in the LBLRTM instructions.  Finally, the control line (which starts off “ HI=1 F4=1…” also indicates that (a) heavy molecule cross-sections should be included and (b) the monochromatic output of the radiative transfer should be convolved with the sinc function to simulate an interferometer like the AERI.  The details of which heavy molecules to include and this sinc function are provided at the bottom of the TAPE5 file.  

After you have a TAPE5 file (from whatever source), you run the model like this:
	% lblrun tape5_filename lbl_output
where tape5_filename is the name of the TAPE5 file (in this case “tape5.black_forest”) and the last is the name of a directory where the output will be stored.  

In this example, when we convolve the monochromatic radiance with the sinc function, we’ve specified that the convolved data be output to the TAPE27 (radiance) and TAPE28 (atmospheric transmittance) files.  These are both ascii, and are easily plotted.  The TAPE12 file contains the monochromatic radiances and transmittances, but it is a binary file.  I have a reader for it in IDL, but not in matlab or python.   

As a second example, I’ve included a TAPE5 that only computes the monochromatic gaseous optical depths at each layer (“tape5.layer_od”); it does not solve for the radiation.  Compare this TAPE5 with the one from the Black Forest.  They look very different.  First, this one does not seem to specify the atmosphere!  But indeed it does -- it indicates that the atmospheric composition is given entirely by the US Standard Atmosphere.  It also indicates want the model to use a 49-layer atmosphere for this calculation.  But compare the control line of the two TAPE5s and you will note some important differences.  Finally, run this TAPE5 and notice that the output directory contains a lot of files that look like “ODdeflt_***”.  These are binary files that contain the monochromatic optical depths for each model layer, with 001 being the lowest layer (near the ground) and 048 being the uppermost layer.  You can dump these ODdeflt files to ascii using the code in the subdirectory “code_read_OD_files” (look at the header of that file to see how to compile it).  Look at some of these OD spectra (i.e., plot them) near the surface and aloft, and get a sense of what is happening…

[bookmark: _GoBack]

Setting Up and Running the LBLRTM on Your Computer

T BT b ey e vt o derpd o iy
Amon e Rescrc (ER 0 T et s s s

e LoWTRAN et e by e A Fort G sy e
57 The ol s o o o i
e s e s ey i 1 il
e oy Some o ek o ot e i e g 41
G, o o (1995, Mo (3012 Ao 200

TR e . Fthn 203

T LR s o a1 b M 2o ot
T s Mier (2010 e e i e oot T

s ot g e el o i s (G 5
e 208

B a————
T L 201 Coagh o 20 Trner 2309 T o o 2 he
o e e
M Mer 1 7)o s et e o o ek
ey e e e . s 90 e . 08

i dcumnt e 1 cpsion s b o sl LM o yous s
i s e R ]
e TS bl o e s oped 5 e, S s oo ey
B oo LR et (s o) 0 o s Gy Tt
iy

ST T e ot
e e e L
e S

e e
ot

e e o e
e U
S

ol et g




