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1. Introduction  

ARTDECO (Atmospheric Radiative Transfer Database for Earth Climate Observation)
is  a  numerical  tool  that  gathers  several  models  and  data  for  the  simulation  of  Earth
atmosphere  radiances  and  radiative  fluxes  as  observed  with  passive  sensors
(hyperspectral excluded) in the UV to thermal IR range.

In ARTDECO, users can either access a library of predefined conditions (atmosphere
profile, surface, aerosol and cloud description, filter transmission, etc.) or use their own
description through ASCII input files. User-defined aerosol and cloud properties can be
computed. Users can choose among available models (several methods for the truncation
of the phase function, several 1D radiative transfer equation solver) to compute radiative
quantities corresponding to the scene.  This software package is especially powerful  to
study and optimize performances of different methodologies to model radiative quantities
corresponding to a given scene (Compiègne et al., 2013).

The scientific numeric core of ARTDECO is written in Fortran90. The configuration
files and the main driver are written in python and libraries are in ASCII format, leading to a
very high flexibility and portability.

Main features of   ARTDECO   :

Radiative transfer (1D) 
● DISORT2.1 discrete ordinate(I, thermal), Stamnes et al. (1988) 
● adding-doubling (I Q U V), de Haan et al. (1987)
● Monte-Carlo (I Q U V) , 1D version of Cornet et al. (2010)
● Single scattering approximation (I Q U V)

Spectral range
● From UV to infrared: 0.2 to 50 μmm
● Solar spectrum: Kurucz high resolution spectrum

Gaseous absorption
● k-distribution coefficients for absorption lines : H2O, CO2, O3, O2, N2O, CO, CH4, N2
● Continuum absorption: H2O, CO2, O3, N2

Truncation of phase function
● δ−Potter, δ-M or δ−fit methods Potter, δ-M or δ−Potter, δ-M or δ−fit methods fit methods 

Intensity correction for first order scattering (TMS)
● Nakajima & Tanaka (1988) 

Instrumental spectral response
● For usual satellite sensors : MODIS, POLDER, IIR, SEVIRI, etc.
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Radiative quantities
● Radiance (W.m-2.sr-1),  flux (W.m-2),  warming rate (K/day)  and net  radiative heating
rate (W/m2/m)
● Top-of-Atmosphere, surface level or any atmospheric level
● For any viewing geometry typical for 1D atmospheric observations
● At a given wavelength or for a specified spectral resolution (from 10 to 400 cm-1) 
● For the solar and infrared spectrum (0.2 to 50 μmm)

Atmosphere definition (plane parallel approximation (1D))
● Pressure, temperature and gas concentration vertical profiles
● AFGL & Mc Clatchey profiles
● User-defined profiles 

Particle optical properties:
●  Refractive  index  for  liquid  and  ice  water  and  for  aerosol  material  (OPAC database,
λ = 0.25 – 40 μmm)
●  Microphysical  properties  definition  for  water  clouds  (Stephens,  OPAC),  for
aerosols (OPAC) and for cirrus (Baum et al., POLDER/PARASOL model) 
● Henyey-Greenstein (1941) approximation 
● Mie spherical particles 
● Ray tracing for  hexagonal  monocrystal  particles :  pristine(PHM),  rough (RHM)  or  with
inclusions (IHM) 

Surface
● Lambertian spectral albedo for various surfaces
● Cox & Munk ocean surface BRDF/BPDF 
● “Ross–Li”&“Rahman–Pinty–Verstraete” with hot-spot land surface BRDF 
● “Maignan & Bréon” land surface BPDF  
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2.   Compilation of the   ARTDECO   software

2.1 Download

The package Artdeco is distributed by AERIS/ICARE data and services center :

http://www.icare.univ-lille1.fr/projects/artdeco

2.2 Prerequisite softwares

ARTDECO should run on most Unix, Linux systems as long as the following softwares
are available :

• GNU Fortran (tested on version 4.7.7) or Intel Fortran compilers,
• python 2.x and common modules (such as os, sys, shutil).
• netCDF4 module for python if netCDF4 output files will be written.
• h5py module for python if HDF5 output files will be written.

It has been succesfully compiled and run on MacOS as well.

2.3 Unpack and compile the distribution

To unpack the distribution with the tar tool and enter in the src directory :

tar -zxvf ARTDECO_V1.2.0.tar.gz
cd  ARTDECO_V1.2.0
cd src 

If your computer is 32-bit, you then need to open "Makefile" file and change :

#FFLAGS = -m64 -O2 -fbounds-check
FFLAGS = -m32 -O2 -fbounds-check 

The Makefile (and all secondary Makefiles) is pre-configured for use with GNU Fortran and
Intel Fortran. To switch between those, you have also to edit this file :

################### 
# Choose compiler
FC = gfortran 
#FC = ifort
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Finally, to compile ARTDECO and write the compilation log in a specific file :

make cleanall   &&   make artdeco >& compil.log

An executable named 'artdeco' should now be in the directory.

2.4 Launch a test case

Once in the main directory, a test case can be executed with the command :

python Artdeco.py execute examples/kokhanovsky/rayleigh/disort/config

The output files written in ./out/kokhanovsky_rayleigh_disort should be close to the
reference ones in ./examples/kokhanovsky/rayleigh/disort.

Other  examples  are  available  (configuration  files  and  reference  outputs)  in  the
directory ./examples. These examples are the same as in Kokhanovsky et al. (2010).

Another example can be found in ./examples/kdis. In this configuration, two particles
are modelled using k–distributions :
•      opac_fog : the Legendre coefficients are directly read in ./lib/betal.
•     baum_ghm_cirrus_40 :   the   Legendre   coefficients   are   computed   from   the
optical properties in ./lib/baum/ghm.

Before   launching   the   test   case,   the   baum   package   must   be   uncompressed   in
./lib/baum with the commands :

cd lib/baum
          tar -xzvf ghm.tar.gz
          cd ../..

         then the test case can be launched with :
python Artdeco.py execute examples/kdis/config

The   results   are   written   in   ./out/kdis_opac+cirrus   and   can   be   compared   with
the reference ones in ./examples/kdis.
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3. Package content

Artdeco.py is in the main directory. It is the main driver to launch a run. The  ARTDECO
package contains 9 directories :

• ./src   :  The  main ARTDECO source  files,  particularly  the  main  Makefile  and
artdeco.f90 that contains the PROGRAM statement are in ./src. All other files in that
directory begin with the prefix “artdeco_”. There are then 12 sub-directories :

• ./src/disort : contains a Makefile and the  DISORT2.1 RT model source files
(named with the prefix “od_”).

• ./src/doad :  contains  a  Makefile  and  the  Vesperini  adding-doubling  RT
model source files (named with the prefix “doad_”).

• ./src/mcrad1d : contains a Makefile and Monte Carlo RT model source files
(named with the prefix “mcrad1d_”).

• ./src/cont :  contains  a  Makefile  and  routines  for  the  gas  continuum
absorption (named with the prefix “cont_”).

• ./src/hm :  contains  a  Makefile  and  the  Hexagonal  Monocrystal  optical
properties model source files (named with the prefix “hm_”).

• ./src/mie3 : contains a Makefile and Meerhoff Mie code source file.

• ./src/nm :  contains a Makefile and numerical methods source files (named
with the prefix “nm_”).

• ./src/sol : contains a Makefile and the routines to compute the solar position
in the sky and the variation of the solar constant over a year (named with the
prefix “sol_”).

• ./src/surface : contains a Makefile and source files for routines that provide
BRDF/BPDF surface properties.

• ./src/trunc :  contains a Makefile and source files  for  routines that  perform
phase matrices truncations (named with the prefix “trunc_”)
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• ./config :  The subdirectory  reference contains  reference configuration files that
should not be modified. It is then advised to create new configuration directories in ./
config (see Section 4 for the ARTDECO instructions).

• ./lib : contains data libraries. These files are used as input but are sometimes written
as an output for further use by ARTDECO.

• ./lib/atm :  The  subdirectory  reference/  contains  atmospheric  profiles
(Pressure,  temperature,  air  density,  absorbing  gases  density).  Then  the
program will copy (and possibly modify) the required file in atm/.

• ./lib/baum :  contains  Look-Up  Tables  for  optical  properties  of  the  Baum
cirrus1.

• ./lib/filter : contains instrument spectral response functions.

• ./lib/ihm : contains phase matrix of inclusions computed by Inhomogeneous
Hexagonal Monocrystal optical properties code for further re-use.

• ./lib/kdis :  The subdirectory  ./lib/kdis/reference contains coefficients for  the
correlated k-distribution treatment of gas absorption. Then the program will
copy (and possibly modify) the required file in ./lib/kdis.

• ./lib/opt : contains optical properties of particles (aerosol or cloud).

• ./lib/prop :  contains  files  with  microphysical  properties definition  for  the
computation of particles optical properties.

• ./lib/refind : contains  refractive indices for material to be used to compute
new optical properties.

• ./lib/solrad : contains solar spectra.

• ./lib/surface : contains  surface definition files. surfalb_ files contain albedo
as a function of wavelength for lambertian surfaces while surfbrdf_ contains
parameters for BRDF/BPDF models.

• ./examples : contains reference examples (configurations from Kokhanovsky et al.,
2010).

• ./out : contains ARTDECO outputs. For each run a directory containing the results is
created in ./out . Python configuration files will also be copied in this created sub-

1 http://www.ssec.wisc.edu/~baum/
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directory.

• ./input : The python driver will write some ASCII and python input files here when
launching ARTDECO.

• ./mod : contains Fortran modules generated when compiling the program.

• ./obj : contains object files generated when compiling the program.

• ./doc : contains user's guides and necessary documentation.
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4. Run instructions

The main driver to execute ARTDECO is Artdeco.py. 

The command :

python Artdeco.py usage

will indicate how to launch any functionality of Artdeco.py.

Python Artdeco.py new <configuration_directory>

will create <configuration_directory> and copy reference configuration files (all python files)
in it. If <configuration_directory> already exists, it will not be erased and the command will
raise  an  error  to  alert  on  the  problem.  It  is  advised  to  create  the  new  configuration
directories in ./config.

The  next  step  is  to  edit  some  main  keywords  in  the  file  main.py  in  the
<configuration_directory> (see Section 5.1).

Depending on the options chosen in main.py, several secondary configuration files
will have to be edited in <configuration_directory>. Once the file main.py has been edited,
the command :

python Artdeco.py help-configuration <configuration_directory>

will indicate which secondary configuration files have to be edited (see Section 5.2).

The command :

python Artdeco.py check-configuration <configuration_directory>

will  check the configuration without launching the execution of the program in order to
detect any error.

Finally, the program is launched with the command :

python Artdeco.py execute <configuration_directory>
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5. Run configuration

5.1 Main configuration file     : main.py  

NB : For users that would not be familiar with python files, it must be mentioned first
that any character following a '#' is considered a comment and is not interpreted by the
python  script.  Any  new  comment  line  can  be  added,  as  well  as  erased,  without
consequence on the run. Secondly, the different keywords can be moved throughout the
file, as long as the lines underneath the warning “No user changes should be necessary
under this line.” are not modified. These remarks still hold for the secondary configuration
files that users will have to modify later.

In main.py, the following keywords have to be edited :

• Mode : Mode of simulation for the radiative transfer. Two options are available :

• “mono” for monochromatic mode. In this case the file mono.py will have to
be edited (see Section 5.2 for the edition of the secondary files).

• “kdis” for correlated k-distribution mode. In this case the file kdis.py will have
to be edited.

• With_particles : Whether particles (cloud or aerosols) are taken into account.

• True if this is the case, then the file particles.py has to be edited.

• False otherwise.

• With_atmosphere :

• True if  an  atmospheric  profile  is  taken  into  account,  then  the  file
atmosphere.py has to be edited.

• False. In this case, the program will run with a single layer void of gas.

• RTE_solver : Name of the radiative transfer equation solver ('RTE solver' from now
on).

• “disort” for DISORT2.1 RTE solver (Stamnes et al., 1988). It is a scalar RTE
solver based on the discrete ordinate method. It is widely used, very stable
and well documented. The manual2 that comes with it also gives a general
introduction on 1D radiative transfer. It allows to account for thermal emission
and  can  handle  BRDF surface  definition.  The  secondary  configuration  file
disort.py will have to be edited.

2 http://www.icare.univ-lille1.fr/sites/default/files/files/disortreport1_1.pdf  
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• “doad” for the adding-doubling code developed at the LOA by M. Vesperini. It
is based on de Haan et al. (1987). It accounts for polarization and can handle
BRDF/BPDF surface definition.. That code is used for the “Radiation Budget
and Clouds” inversion pipeline of PARASOL3. The secondary configuration file
doad.py will have to be edited.

• “mcrad1d” for the  Monte Carlo code developed at the  LOA. It accounts for
polarization  and  can  handle  BRDF/BPDF surface  definition,  but  only  in
monochromatic mode. The secondary configuration file mcrad1d.py will have
to be edited.

• “sinsca” for  a  single-scattering  approximation  code  that  accounts  for
polarization and can handle BRDF/BPDF surface definition. That code can be
used for fast resolution in case of very low optical depth, to test the single
scattering approximation against other RTE solvers. However, its main usage
in ARTDECO is to apply the single scattering correction (TMS correction, see
details for the edition of particles.py).

• “none” if no radiative transfer solver is to be used. In this case only optical
properties  and/or  truncation  and  Legendre  polynomial  expansion  are
performed.

• Legendre_and_truncation : This keyword is read only if RTE_solver = “none”.

• False :  In  this  case  the  program  will  only  compute  the  particles  optical
properties.

• True : In this case, the program will possibly compute optical properties (if not
provided as an input) and perform the truncation and Legendre polynomial
expansion.

• Rayleigh_scattering : 

• True : if the Rayleigh molecular scattering is taken into account.

• False otherwise.

• Stokes_components : Number of Stokes parameters to take into account.

• 1 : scalar radiative transfer equation (no polarization).
• 3 : three Stokes parameters approximation (I, Q, U).
• 4 : all Stokes parameters (I, Q, U, V). 

• Prefix_of_input_files :  When  launching  ARTDECO through  the  python  script
Artdeco.py, the program will write some ASCII configuration files in input/. All these

3 https://parasol.cnes.fr/fr
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files names will begin with the string specified with this keyword.

• Verbose : Should the program be verbose ? True of False.

• Warnings : Should the program display warnings ? True or False.

• Log_file : Name of the file in which logs are written.

• Output_directory :  Name of the sub-directory in which results are written. If the
output directory exists, files will be overwritten, otherwise the directory is created.

• Output_format :
• “ascii” : ASCII files only.
• “netcdf” : for NetCDF outputs.
• “hdf” : for HDF outputs.
• “all” : for ASCII, NetCDF and HDF outputs.

 ASCII files are nonetheless always written no matter the chosen option.

• Print_betal :
• True :  the  Legendre  expansion  coefficients  will  be  written  in  the  output

directory.
• False otherwise.

• Print_recomposed_phase_matrix : 
• True : the recomposed phase matrix from the Legendre coefficients will be

written in the output directory.
• False otherwise.
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Screenshot of the file main.py
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5.2 Secondary configuration files

Once  the  main  configuration  file  main.py  has  been  modified,  the  secondary
configuration files that must be modified (based on the configuration specified in main.py)
are indicated by the command :

python Artdeco.py help-configuration <configuration_directory>

5.2.1   Run   in monochromatic mode – Edition of   mono.py  

• Wavelength_unit :  keywords to  specify  the  unit  of  the  specified wavelengths  in
input. Valid strings are :

• “cm-1” or “cm^-1” for wavelengths in cm-1.
• “microm”, “mum” or “micrometers” for wavelengths in µm.

• Wavelength_list :  list  of  float or  integer  specifying  simulated  wavelengths.  The
items in the list might be in ascendant or descendant order, but not unordered.

• Depolarization_value : Value (float or int) of the depolarization factor. It might also
be the string “default”. In this case, the value is 0,0279 (following Young, 1980) in
the V1.2.0 of ARTDECO.

Screenshot of the file mono.py :
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5.2.2 Run in correlated k–distribution mode – Edition  of kdis.py

The gas absorption is accounted for by applying the correlated-k technique (Lacis
and Oinas, 1991) rather than a line by line computation which is very expensive in CPU
time. This method is used to compute integrated radiative values (over the entire spectrum
or an instrumental spectral response function). 

In the ARTDECO package, we have three sets of k-distribution coefficients available,
but any new parameterization can be added in the library (files are in ASCII format). See
Section 6.2 for details about the kdis library files.

The k-distribution parameterization needs the edition of the following keywords in
the secondary configuration file kdis.py :

• K_distribution_parameterization :  Name  of  the  k-distribution  parameterization.
The program will then read the file  kdis_<K_distribution_parameterization>_def.dat
in the library directory ./lib/kdis/reference/.

• Gas_list :  List  of  gas  taken  into  account  in  the  atmospheric  absorption.  The
program  will  read  the  files  kdis_<K_distribution_parameterization>_<gas>.dat for
any gas of the Gas_list.

• Gas_continuum_list : List of gas whose continuum is taken into account in the run.
Any gas of this list must be first in the Gas_list.

• Instrumental_filters_list :  To  specify  instrumental  spectral  response  functions
(ISRF) to integrate the radiance and flux into. An empty list must appear if no such
ISRF is to be used. Filters use is only possible in  kdis mode. Corresponding files
in ./lib/filter will be needed. See in the Section 6.3 for the description of these files.
Some default ISRF are already in the library :

• parasol_1020
• parasol_443
• parasol_490
• parasol_565
• parasol_670
• parasol_763
• parasol_765
• parasol_865
• parasol_910

• Wavelength_unit :  keywords to  specify  the  unit  of  the  specified wavelengths  in
input. Valid strings are :

• “cm-1” or “cm^-1” for wavelengths in cm-1.
• “microm”, “mum” or “micrometers” for wavelengths in µm.

• Wavelength_start : float (recommended)  or  int specifying  the  lower  limit  of  the
spectral domain.
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• Wavelength_end : float (recommended)  or  int specifying  the  upper  limit  of  the
spectral domain.

• Depolarization_value : Value (float or int) of the depolarization factor. It might also
be the string “default”. In this case, the value is 0,0279 (following Young, 1980) in
the V1.2.0 of ARTDECO.

Screenshot of the file kdis.py :

5.2.3 Configuration of the discrete ordinate (Disort2.1) RTE solver – Edition of 
disort.py

• Compute_radiance : 
• True : Computes radiances and flux.
• False : Computes only flux.
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• Print_downward_radiance : The program will write the downward radiances in the
output files. True or False.

• Thermal_emission : The solver takes into account thermal emission.

• Thermal_only : The incoming radiation at the top of the atmosphere is set to zero.
True or False.

• N_stream : Number of Gauss points used for the zenithal integration (number of
streams). Default value is 8.

• Convergence_criterion :  Convergence  criterion  for  azimuthal  (Fourier  cosine)
series. DISORT will stop when the following occurs twice : largest term being added
is  less  than  Convergence_criterion  multiplied  by  the  total  series  sum.  (Twice
because there are cases where terms are anomalously small but azimuthal series
has not converged.) Convergence_criterion should be between 0 and 0.01 to avoid
risk of serious non-convergence. Default value is 0,0.

Screenshot or the file disort.py
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5.2.4 Configuration of the 1D Monte Carlo RTE solver – Edition of mcrad1d.py

• N_photons :  Total  number  of  photons  to  be  thrown  in  the  Monte  Carlo  solver.
Default value is 1e6.

• Maximum_interactions : Number of scattering order to account for. This option is
reserved  for  testing  runs.  In  order  to  keep  an  unlimited  value,  the  user  may
indicate -1 (default value).

• Variance_reduction_methods :  The  variance  reduction  optimal  options  method
(Buras et al., 2011) is activated ? True or False (default value).

• The following keywords are related to the use of the variance reduction optimal
options  method  and  the  indicated  default  values  are  the  ones  given  in
Buras et al. (2011).
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Screenshot of the file mcrad1d.py

5.2.5 Configuration of the Adding-doubling RTE solver – Edition of doad.py

• Print_downward_radiance :  The  program  will  write  the  computed  downward
radiances in output files. True or False.

• N_stream : Number of Gauss points used for the zenith integration. Default value is
24.
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• Adding_epsilon_accuracy : Adding calculation accuracy in the zenith integration.
Default value is 1e-5.

• Maximum_fourier_terms and Minimum_fourier_terms : Maximum and minimum
number of Fourier terms used to achive the accuracy. Default values are 1000 and
10.

Screenshot of the file doad.py

5.2.6 Configuration of the atmospheric profile – Edition of atmosphere.py

• Atmospheric_profile : Name of the atmospheric profile. The program will then look
for the file atm_<Atmospheric_profile>.dat in the directory ./lib/atm/reference/.

• Atmosphere_in_ppmv :  The  gas  vertical  profiles  are  given  in  ppmv  in  the
atmospheric profile file.  True or  False. If True, then the name of the atmospheric
profile must end with the suffix “_ppmv”.

• Uniform_gas_list : List of gas whose concentration is uniform throughout the entire
profile. The value is then given in the same list (in ppmv). If a gas is indicated in the
Uniform_gas_list,  the  program  will  ignore  any  value  concerning  the  gas  in  the
atmospheric profile file.

25



Screenshot of the file atmosphere.py

5.2.7 Configuration of the particles properties – Edition of particles.py

• Particle_option : List of particles parameters. Each item of the list follows the same
pattern :
[particle name, use_betal flag, interp. flag, H-G flag, integrated opacity at 550 nm,
vertical  distribution  type,  parameters  for  the  vertical  distribution  (0,  1  or  2
parameters)]

• particle name : Name of the particle. It will give the name of the files that the
program will read depending on the following flags.

• use_betal flag : 
• True :  The  program  will  directly  read  the Legendre  expansion

coefficients.  The  corresponding  file  betal_<particle_name>.dat is
required and must be stored in /lib/betal/.

• False :  The  program  will  compute  these  coefficients.  If  optical
properties are available in ./lib/opt/opt_<particle_name>.dat, it will read
this  file.  Otherwise,  it  will  compute  them  by  reading  microphysical
properties  file  in  ./lib/prop/prop_<particle_name>.dat and  refractive
indices in ./lib/refind.

• Interp. flag : Optical properties read in  ./lib/opt/opt_<particle_name>.dat are
interpolated  between  pre-existing  ones  (True)  or  only  exact  working
wavelengths  definition  must  be  used  (False).  In  the  first  case,  optical
properties  will  be  read  in  the  file  ./lib/opt/opt_<particle_name>.dat.  In  the
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latter  case,  the  program  will  compute  exact  values  using  microphysical
properties  files  read  in  ./lib/prop/prop_<particle_name>.dat and  refractive
indices read in  ./lib/refind/refind_<particle_type>.dat,  where  <particle_type>
is defined in the file prop_<particle_name>.dat (for example, “lwat” for liquid
water).

• H-G flag :  The phase function can be defined with an Henyey-Greenstein
approximation  (only  available  when  Stokes_components = 1  in  main.py)
using  the  asymmetry  parameter  read  in  lib/opt/opt_<particle_name>.dat.
True or False.

• Integrated opacity at 550 nm.

• Vertical distribution type and related parameters : 

• “layer” :  The  particles  are  entirely  located  in  a  single  atmospheric
layer (defined between two altitude levels, zbottom and ztop). Only one
parameter is then expected : zptcle  (km). The layer will be the one for
which zbottom ≤ zptcle < ztop.

• “sh” :  “scale  height”  parameterization.  This  corresponds  to  an
exponential  decay  of  the  particle  density  exp(-z/zsh).  Only  one
parameter is then expected : zsh (km).

• “gauss” :  The density of particles is normally distributed around an
altitude  z0  with  a  standard  deviation  σz.  Two  parameters  are  then
required : z0 and σz in km.

• “user” :  In  that  case  the  file ./lib/vdist/vdist_<particle name>.dat
describing the vertical distribution of the particle is read.

• Truncation_method : Method used to truncate the phase matrix.

• “none” : no truncation.
• “potter” : Potter truncation (Potter, 1970).
• “dm” : δ-M method (Wiscombe, 1977).
• “dfit” : δ-fit method (Hu et al., 2000).

• Number_of_betal : Maximum number of expansion coefficients (int). In DOAD and
DISORT RTE solvers, the phase matrix is described by Legendre coefficients while in
SINSCA and MCRAD1D the tabulated phase matrix is required. In the latter case, if a
truncation is performed, the phase matrix will then be recomposed to be used as an
input of the RTE solver. If you set Number_of_betal = -1 or “optimized” (default),
ARTDECO will  automatically set it  to the optimized value regarding the number of
quadrature points (so called number of streams) for the radiative transfer. If you call
for TMS correction (see below), Number_of_betal = -1 is required.
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• TMS_correction :  The  intensity  correction  of  Nakajima  and  Tanaka  (1988)  is
applied. True or False.

• Theta_min and Theta_max : The two angles (float or int) used for the extrapolation
of the phase function following Potter (1970).  Used only if  Truncation_method =
“potter”.

• Theta_cut : When fitting the phase function, the weight of angles below Theta_cut
(float or int) will be set to 0 so that the fit ignore them (see Hu et al., 2000). Used
only if Truncation_method = “dfit”.

• Fit_all :  After their renormalisation, the terms of the phase matrix other than the
phase function can be either only expanded into Legendre polynomials (True) or
fitted (False). Used only if Truncation_method = “dfit”.
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Screenshot of the file particles.py
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5.2.8 Configuration of the surface parameters – Edition of surface.py

• Surface_type :
• “lambert” : for a lambertian surface.
• “brdf” :  for  a  surface  characterized  with  a  bidirectional  reflectance

distribution  function  (BRDF) and  eventually  a  bidirectional  polarization
distribution function (BPDF).

• Surface_nature :
• “cste” : Only for lambertian surfaces. It allows to specify a constant albedo

value with the following keyword Surface_albedo.
• “ocean” : Only for a brdf surface type. Some additional keywords have to be

edited in the file : Wind_speed, Ocean_salinity, Pigment_concentration and
Shadowing. 

• A specific name (string) for example “forest”. In this case the program will
read the file ./lib/surface/surfalb_forest.dat or ./lib/surface/surfbrdf_forest.dat.

• Surface_temperature :  Surface  temperature  (in  K).  It  might  be  equal  to  the
temperature in the lowest atmosepheric layer. In this case, the indicated value must
be -1.
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Screenshot of the file surface.py

5.2.9 Configuration of the geometric parameterization – Edition of geometrics.py

• Incident_spectrum :  Only  in  kdis  mode.  Name  of  the  incident  spectrum
parameterization. The program will search the file solrad_<Incident_spectrum>.dat
in ./lib/solrad.

• Fbeam_user : Only in mono mode. Whether the Fbeam value is specified by the
user (True and the value is indicated with the keyword  Fbeam_value). Otherwise
(False), its default value is 1.
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• Solar_configuration_mode : The way the solar configuration is specified :

• “angle” : the solar configurations are directly defined by solar zenith angles
defined in Solar_zenith_angle_list (list of float or int).

• “position” : the solar configurations are defined by lat-lon positions and UT
times  defined  in  Geographic_position (list  of  items  with  the  format
[longitude1, latitude1, day1 of the year, time1 (decimal, UT)]). The program
will then compute corresponding solar zenith angles.

• View_zenith_angle_list and  View_azimuthal_angle_list define  the  observation
geometry (both list of int or float).
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Screenshot of the file geometrics.py
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6. Library files

6.1 Atmospheric profile files

These files are located in  ./lib/atm/reference/ with the name atm_<name>.dat  or
atm_<name>_ppmv.dat,  <name>  being  the  profile  name  defined  in
<configuration_directory>/atmosphere.py.  They  contain  the  atmosphere  profile  for
pressure,  temperature,  absorbing  gas mixing  ratio  if  given in  ppmv or  air  density  and
absorbing gas density if not. The altitude must be sorted in decreasing order. Note that for
absorbing gas that are uniformly distributed in the atmosphere (for example CO2), their
mixing ratio in ppmv may be directly set in <configuration_directory>/atmosphere.py. In this
case, if a value is also given in the atmospheric profile file, the program will ignore it to
consider only the value given in <configuration_directory>/atmosphere.py. 

In the atmospheric profile file, the number of levels, the number of absorbing gas
and their name are specified. Then the profile themselves are given. 

Important : level sampling in that files will constrain the layering of the atmosphere in the
model : one layer between two sampled altitudes. 

A set of files in ./lib/atm/reference is available for use: 

• McClathey : 
• mcclatchey_tropic : For tropical profile. 
• mcclatchey_midsum : For mid latitude summer. 
• mcclatchey_midwin : For mid latitude winter. 
• mcclatchey_subsum : For sub arctic summer. 
• mcclatchey_subwin : For sub arctic winter. 

• AFGL : 
• afgl_tropic : For tropical profile. 
• afgl_us62 : For US standard.
• afgl_midsum : For mid latitude summer.
• afgl_midwin : For mid latitude winter.
• afgl_subsum : For sub arctic summer. 
• afgl_subwin : For sub arctic winter. 
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Screenshot of an atmospheric profile file     :  
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6.2 K-distribution files

In the ARTDECO package, we have three sets of k-distribution coefficients available, but any
new parameterization can be added in the library (files are in ASCII format). The default k-
distribution coefficients :

• the GAME coefficients from Dubuisson et al. (2004, 2005) for different resolutions. It
is suited for radiances and flux to be integrated within instrumental spectral filters.
Absorption coefficients are available for H2O, CO2, O3, O2, N2O, CO, CH4, N2, NO2,
SO2 and the continuum follows the CKD parameterization from Clough et al. (1989).
Different resolutions are available in the library :

• gamesw_1 :  Coefficients  are  given  with  a  resolution  of  10  cm-1 in  the
range [2500 – 50000 cm-1] (e.g. 0.2 – 4.0 µm).

• gamesw_2 :   Coefficients  are  given  with  a  resolution  of  20  cm-1 in  the
range [2500 – 50000 cm-1] (e.g. 0.2 – 4.0 µm).

• gamesw_3 : Coefficients are given with a resolution of 10 cm-1 in the range
[25000 – 50000 cm-1] (e.g  0.4 – 4.0 µm), then with a resolution of 200 cm-1 in
the range [2500 – 25000 cm-1] (e.g 0.2 – 0.4 µm).

• gamesw_4 : Coefficients are given with a resolution of 100 cm-1 in the range
[2500 – 14400 cm-1] (e.g 0.694 – 4.0 µm), then with a resolution of 400 cm-1

in the range [14800 – 25200 cm-1] (e.g 0.676 – 0.397 µm), since there is only
continuum absorption in this range.

• gamesw_5 : Coefficients are given with a resolution of 100 cm-1 in the range
[2500 – 14400 cm-1] (e.g 0.694 – 4.0 µm), then with a resolution of 400 cm-1

in the range [14800 – 50000 cm-1] (e.g 0.676 – 0.2 µm), since there is only
continuum absorption in this range.

• gamelw_1 :  Coefficients  are  given  with  a  resolution  of  20  cm-1 in  the
range [220 – 2500 cm-1] (e.g. 4.0 – 45.45 µm).

• gamelw_2 :  Coefficients  are  given  with  a  resolution  of  10  cm-1 in  the
range [20 – 2500 cm-1] (e.g. 4.0 – 500.0 µm).

• gamelw_3 :  Coefficients  are  given  with  a  resolution  of  20  cm-1 in  the
range [40 – 2500 cm-1] (e.g. 4.0 – 250.0 µm).

• gamefull : Coefficients are given with a resolution of 20 cm-1 in the range
[220 – 2500 cm-1] (4.0 – 45.45 µm), 10 cm-1 in the range [2500 – 25000 cm-1]
(0.4 – 4.0 µm) and 200 cm-1 in the range [25000 – 50000 cm-1] (0.2 – 0.4 µm).

• kato : The coefficients from Kato et al. (1999) with a relatively  low resolution. It is
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well suited to compute flux integrated over the whole solar range [2500 – 41646 cm-

1] (0.24 – 4.0 μm).

• metim : Non-adjacent bands with low resolution in the range  [758 – 23364 cm -1]
(0.428 – 13.19 µm).

• 3mi :  Non-adjacent  bands  with  low  resolution  in  the  range  [4651 – 25000 cm-1]
(0.4 – 2.15 µm).

6.3 Instrumental filter files

These files are located in ./lib/filter and contain any instrumental spectral response
function you want to integrate the radiative quantities into. The above example partly shows
the lib/filter/filter_parasol1020.dat file: 

Screenshot of parasol1020.dat

The file contains the number of wavelengths sampled, the wavelengths and transmissions.
Wavelengths must be sorted in increasing order. It is recommended to cut the ISRF range
as close as possible to the filter bandwidth to lower the number of k-distribution band to be
used and then lower the CPU demand. 
A list of Instrumental spectral response function files are available in lib/filter :
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• parasol1020 
• parasol443 
• parasol490 
• parasol565 
• parasol670 
• parasol763 
• parasol765 
• parasol865 
• parasol910 

6.4 Particle microphysical properties files

These files are located in ./lib/prop directory. They contain all information to compute
new particle optical properties : bulk material,  model to use and its parameters. If  new
optical  properties  are  required  for  a  particle  named  “example”,  a  file
lib/prop/prop_example.dat is necessary. At the beginning of the file, you must first specify
the bulk material for the particle: 

For  a  material  “lwat”  (liquid  water)  to  be  used,  a  file  lib/refind/refind_lwat.dat
containing the complex refractive index is required. 

Then five models are available:

mie3 for Mie (spherical) particles
phm for Pristine Hexagonal Monocrystal
rhm for Rough Hexagonal Monocrystal
ihm for Inhomogeneous Hexagonal Monocrystal
baum for the Baum & Co cirrus model. When using  baum  model, the material is ignored
because the code will just interpolate in LUT of precomputed optical properties. Note that
for Baum cirrus, no lib/opt/opt_type.dat will be written and interp. flag must be set to False
in <configuration_directory>/particles.py. This is because the way we obtain this optical
properties is already by interpolating into LUT.
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Mie Model

If the Mie model is used, the following specifications are necessary :

The  Mie  sum (for a given size bin, see Hansen and Travis (1974)) will  stop when the
difference between two successive terms is less than delta.  The other parameters are
related to the size distribution. Excepted for the power law size distribution, the boundary
sizes rmin and rmax of n(r) will be computed so that n(rmin) < cutoff and n(rmax) < cutoff. The
size  distribution  type is  specified using  the  index  idist, the  number  of  subintervals  for
integration over r, “nsubr”, and the number of gauss points used per subintervals “ngaur” .
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Hexagonal monocristal model 

To use the model for inhomogeneous hexagonal monocrystal, ihm,  the following
parameters are needed after the bulk material definition : 

with the length of the hexagonal monocrystal and radius of the circumscribed circle related
to the hexagonal face (in µm). Then the inclusions (air bubbles) are specified by providing
the mean free path between them (in µm) and the effective radius (in µm) and variance for
their (gamma) size distribution. 

Rough hexagonal monocrystal

To use the model for rough hexagonal monocrystal, rhm , the following parameters
are needed after the bulk material definition:

with the length of the hexagonal monocrystal and radius of the circumscribed circle related
to the hexagonal face (in µm). The tilt angle for the roughness is then specified too. 
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Pristine hexagonal monocrystal

For the pristine hexagonal monocrystal, phm , only the size (with the length of the
particle and the radius of the circumscribed circle) of the crystal is to be declared :

Baum & Co cirrus model 

In order to use the Baum & Co cirrus model, the following parameters are needed
after bulk material definition:

Three different types are available for use : 
• ghm : for General Habit mixture 
• asc : for aggregate solid column 
• sc : for solid columns 

Available optical properties files 

A set of files lib/prop/prop_ptcle.dat   is already available for use. The list of particles
is:

• Liquid water clouds :
• from   Stephens , “Optical properties of eight water cloud types”, Melbourne :

CSIRO , 1979 :
• stephens_as Altostratus
• stephens_cb Cumulominbus
• stephens_cu Fair weather cumulus
• stephens_ns Nimbostratus
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• stephens_sc1 Stratocumulus I
• stephens_sc2 Stratocumulus II
• stephens_st1 Stratus I
• stephens_st2 Stratus II

• from   OPAC (Hess et al., 1998) database:
• opac_cumucoclean Continental cumulus clean
• opac_cumucopollu Continental cumulus polluted
• opac_cumuma Maritime cumulus
• opac_fog Fog
• opac_stratusco Continental stratus
• opac_stratusma Maritime stratus

• Ice clouds
• ihm_parasol  Inhomogeneous  Hexagonal  Monocrystal,  IHM,  used  for  the

“Radiation Budget and Clouds” inversion pipeline of PARASOL data.
• rhm_parasol  Rough Hexagonal Monocrystal ,  RHM, used for the “Radiation

Budget and Clouds” inversion pipeline of PARASOL data.

• Aerosols
• from OPAC (Hess et al., 1998) database :

• opac_inso water-insoluble particles.
• opac_waso## water-soluble particles. ## is the relative humidity. eight

level of relative humidity are defined 00% (hence opac_waso00), 50%,
70%,  80%,  90%,  95%,  98%  and  99%.  For  the  different  relative
humidity either the size distribution and refractive index are different.

• opac_soot Soot
• opac_ssam## Sea  salt  in  accumulation  mode.  ##  is  the  relative

humidity.  eight  level  of  relative  humidity  are  defined  00%  (hence
opac_ssam00), 50%, 70%, 80%, 90%, 95%, 98% and 99%. For the
different  relative  humidity  either  the  size  distribution  and  refractive
index are different.

• opac_sscm## Sea salt  in  coarse mode.  ##  is  the  relative  humidity.
eight level of relative humidity are defined 00% (opac_waso00), 50%,
70%,  80%,  90%,  95%,  98%  and  99%.  For  the  different  relative
humidity either the size distribution and refractive index are different.

• opac_minm Mineral aerosols in nucleation mode.
• opac_miam Mineral aerosols in accumulation mode.
• opac_micm Mineral aerosols in coarse mode.
• opac_mitr Mineral transported aerosols.
• opac_suso## Sulfate  droplets  aerosols.  ##  is  the  relative  humidity.

eight level of relative humidity are defined 00% (opac_waso00), 50%,
70%,  80%,  90%,  95%,  98%  and  99%.  For  the  different  relative
humidity either the size distribution and refractive index are different.

NB :  Note that the optical properties computed with ARTDECO for  OPAC  particles
may be slightly different regarding the one of Hess  et al. (1998) since we do not
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exactly apply the same size cut to the gamma distribution. 

6.5 Refractive index files

It must be located in  ./lib/refind  . It contains the real (n) and imaginary (k) parts of the
complex  refractive  index  (m=n-ik)  of  material  as  a  function  of  the  wavelength  in
micrometers. Wavelengths must be sorted in increasing order. For a material "example" the
file must be ./lib/refind/refind_example.dat. Here we partly show lib/refind/refind_lwat.dat : 
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A set of lib/refind/refind_material.dat files is available. The list of material is: 

• lwat liquid water (0.2 ≤ λ ≤ 1000 μmm ) 
• iwat ice water (0.045 ≤ λ ≤ 167 μmm )
• refractive index taken from OPAC (0.25 ≤ λ ≤ 40 μmm, Hess et al., 1998) :

• opac_lwat for liquid water
• opac_inso for  insoluble.  It  is  for  soil  particles  with  a  certain  amount  of  organic

material)
• opac_waso## for water soluble. It consists of various kinds of sulfates, nitrates, and

other, also organic, water-soluble substances). ## is the value of relative humidity.
Eight values are available: 0%, 50%, 70%, 80%, 90%, 95%, 98%, and 99%.

• opac_soot for soot used to represent absorbing black carbon.
• opac_seas## for  sea  salt.  It  consist  of  the  various  kinds  of  salt  contained  in

seawater. ## is the value of relative humidity. Eight values are available: 0%, 50%,
70%, 80%, 90%, 95%, 98%, and 99%.

• opac_mine for mineral. It consists of a mixture of quartz and clay minerals.
• opac_sulf## for  sulfates.  ##  is  the  value  of  relative  humidity.  Eight  values  are

available: 0%, 50%, 70%, 80%, 90%, 95%, 98%, and 99%.
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6.6 Optical properties

Optical  properties  files  are  located in  ./lib/opt.  The material  (corresponding to  a
refractive index lib/refind/refind_<material>.dat) and model used to compute it are recalled.
In case you provide files computed without ARTDECO, you may indicate “unknown” for that
two items. For atmospheric particles, only six elements are needed to describe the Mueller
matrix. Indeed, the four upper right and the four lower left elements are zero, and F21=F12,
F34=-F43. For spherical particles, F11=F22  and F33=F44  , so that only four elements are
needed. In optical property files, only the needed elements are stored and the number of
these elements is written at the beginning of the file. You first find a list of the sampled
wavelengths  together  with  the  corresponding  extinction  cross  section  (μmm2),  single
scattering albedo and asymmetry parameter. Wavelengths must be sorted in increasing
order. Then, the phase matrix is given with the μm = cos(θ scat ) sorted in increasing order. 
When ARTDECO computes new optical properties for a given particle, it may access pre-
existing file and add the new optical properties.

For  example,  we  partially  show  below  the  file  lib/opt/opt_opac_waso70.dat that
contains one sampled wavelength:
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Note  that  when  the  Henyey-Greenstein,  H-G  approximation  is  turned  on  in
<configuration_directory>/particles.py, the code will skip the phase matrix reading. It will
generate a phase function from the asymmetry parameter. This option is only available with
Stokes_components = 1 (main.py).
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6.7 Legendre expansion coefficients

They are located in ./lib/betal. 

Here we partly show lib/betal/betal_example.dat as an example:
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Note  that  the  Legendre  coefficients  of  the  phase  matrix  expansion  at  the  reference
wavelength of 0.550 μmm must be provided. 
If you want to set a new file containing the legendre coefficients of the phase matrix, you
may follow the file format as in already existing file.

6.8 Land surface specification

Lambertian surfaces
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Located  in  ./lib/surface,  these  files  contain  the  spectral  albedo  for  lambertian
surface. Their name must start with the prefix  surfalb_. Wavelengths must be sorted in
increasing  order.  Below  we  partly  show  the  file  containing  the  albedo  for  ice,
lib/surface/surfalb_ice.dat as an example. 

ARTDECO contains a library of surface albedo for the range λ ~ 0.2 - 2.5 μmm : 

• alb_black 
• alb_bog 
• alb_conifer 
• alb_ice 
• alb_pasture 
• alb_sand 
• alb_savannah 
• alb_snow 
• alb_veg : for generic vegetation surfaces 
• alb_white 

B  RDF   surfaces

Located in ./lib/surface, these files contain the parameterization for land surfaces defined
with a  BRDF/BPDF.  Their name must start  with the prefix  surfbrdf_ . For each sampled
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wavelength, 3 parameters are needed for the Li-Ross BRDF model and the parameter C v

and the refractive index for  the  Maignan BPDF model.  Wavelengths must  be sorted in
increasing order. 

6.9 Particle vertical distribution specification

When using the option “user” in Particle_option in particles.py, the program needs
input files to specify the vertical distribution for the corresponding particles. These files
should be in ./lib/vdist and follow the pattern :

Altitudes must be in decreasing order, and at least the top and bottom altitudes of the
atmosphere are needed. Concentration may be given in arbitrary units since there is a
normalization  process  in  the  program.  Concentrations  between  two  altitudes  are
interpolated as well.

6.10 Incoming radiation flux

Located in ./lib/solrad, they contain the flux of the incoming radiation flux across a
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surface  perpendicular  to  the  beam  propagation.  The  wavelengths  must  be  sorted  in
increasing  order.  The  spectral  flux  files  are  named  with  the  prefix  solrad_.  It  should
correspond to a mean over a year since it can further be weighted as a function of the day
of  the  year  you  use  it  for.  Below,  we  show  as  an  example  the  file
solrad_kurudz_medium.dat for "kurudz_medium" spectral flux: 

This  spectral  flux  will  be  integrated  into  k-distribution  spectral  bands.  A  file
containing the integrated spectral flux will be written for further use. For example, if you
were using the gamesw_4 k-distribution and the spectral flux kurudz_medium, the file will
be named lib/solrad/solrad_kdis_gamesw_4_kurudz_medium.dat : 

52



There are two available files of the integrated spectral flux: 
• kurudz_medium 
• kurudz_full 

6.11 User-defined library files

It is possible in ARTDECO to copy and modify all the library files previously described,
as long as the format remains the same as the one described in this section. 
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7. Output files

7.1 Radiances

Upward radiances at the top of the atmosphere are written in output for each view
configuration. The name of the output file is ARTDECO_Upward_radiances.xxx (xxx may
be dat, nc and/or hdf5 depending on the output options specified in main.py). If polarization
is taken into account (Stokes_components = 3 or 4 in main.py), the differents parameters
are in the same ASCII file with the names I, Q, U, V. If netCDF or HDF5 output files are
written, there is one variable by parameter : I, Q, U and V, depending on the number of
Stokes parameters in the computation.

In mono mode, it contains radiances in W.m-2.sr-1 (multiplied by the value of Fbeam
specified  in  <configuration_directory>/geometrics.py)  for  any  wavelength  and  any
geometry. 

In kdis mode, the output file contains the radiances (in W.m-2.sr -1) integrated in
each k-distribution band for each geometry.

If ISRF are used, an additional file will be written for radiances integrated within the
instrument  filter.  For  example  for  parasol865,  an  additional  output  file  named
ARTDECO_Upward_radiance_parasol865.xxx will be written.

If Print_downward_radiance=True in main.py, the downward radiance at the bottom
of atmosphere is also printed out, with the same characteristics as upward radiances. The
name of the output file will be ARTDECO_Downward_radiance.xxx.

7.2 Fluxes

Fluxes are only printed out when ARTDECO is configured in kdis mode. 

Integrated fluxes     :

Fluxes can either be integrated within an instrumental spectral response function
(ISRF) if one is given in the secondary configuration file kdis.py, or over the spectral domain
specified in kdis.py if no instrumental filter is specified. It is always given for any altitude
sampled  in  the  input  atmosphere  definition  file.  The  direct  downward,  the  total  (e.g.
direct + diffuse) downward and the  upward  flux are given in W.m-2 for each solar zenith
angle.

After  a  run  with  ISRF,  for  example  for  parasol865,  the  output  file  is  named
ARTDECO_Integrated_flux_parasol865.xxx. After a run without ISRF and integration of
flux over a spectral domain, the output file is named ARTDECO_Integrated_flux.xxx.

Flux over kdis bands :

For each "k-distribution" band, the direct downward, the total (e.g. direct + diffuse)
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downward and the total upward flux are given in W.m -2 for each solar zenith angle at each
altitude sampled in the input atmosphere definition file. 

Output file is named ARTDECO_Kdis_bands_flux.xxx. 

7.3 Warming rate and net radiative heating rate

When  the code is used in kdis mode without instrumental filter, it will  return the
warming  rate  (in  K.day-1)  and  the  net  radiative  heating  rate  (in  W.m-2.m-1)  for  each
atmospheric layer.  It  corresponds to the radiation taken between the boundaries of the
layer. 

The  output  files  are  respectively  named  ARTDECO_Warming_rate.xxx and
ARTDECO_Net_radiative_heating_rate.xxx. 

7.4 Legendre expansion coefficients

If  Print_betal = True is specified in main.py,  output files containing the Legendre
coefficients of the phase matrix expansion, after truncation if any is used, will be written for
each particle. They contain information about the truncation method, the truncation factor,
the extinction coefficient, the single scattering albedo and the asymmetry parameter, as
well as the coefficients for every wavelengths. 

For  the  particle  named  “example”,  the  output  files  will  be  named
ARTDECO_Betal_example.xxx.

7.5 Recomposed phase matrix

If  Print_recomposed_phase_matrix = True  is  specified  in  main.py,  output  files
containing the recomposed phase matrix from the Legendre coefficients are written for
each particle. As well as the Legendre coefficients output files, they contain information
about  the truncation method,  the truncation factor,  the extinction coefficient,  the single
scattering albedo and the asymmetry parameter.

For  the  particle  named  “example”,  the  output  files  will  be  named
ARTDECO_Recomposed_phase_matrix_example.xxx.

5.6 Incoming radiation flux

In kdis mode, an additional output file recalls the incoming radiation flux at the Top-
of-atmosphere  that  was used for the computation. It  contains the flux at  each working
wavelengths and eventually the correcting factor of the solar constant that was computed
depending on the day of the year (if specified). 

The ASCII output files will be named ARTDECO_Incoming_radiation_flux.xxx.
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