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31 Des
ription of the 
ode1.1 Produ
tion of high-resolution spe
tra and k-distributiondata setsGAS MIX is part of a 
hain of tools designed to 
ompute high-resolutionabsorption spe
tra of gas mixtures. At the present time, these tools in
lude:
• KSPECTRUM: 
omputation of high-resolution absorption spe
tra forany gas mixture, in any thermodynami
 
onditions, with a 
ontrol ofthe un
ertainty. Input data 
onsists in publi
 Line-by-line databases(HITRAN, HITEMP, CDSD).
• KDISTRIBUTIONS: 
omputation of k-distribution data sets from high-resolution absorption spe
tra.While the 
omputation of high-resolution absorption spe
tra is possibleusing KSPECTRUM, these 
omputations require massive CPU time. More-over, using KSPECTRUM is not easy be
ause of the many options the userhas to provide. Finally, the resulting spe
tra are intermediate results in most
ases, where the user has to use a se
ond tool (KDISTRIBUTIONS) in or-der to 
ompute the k-distribution data set asso
iated to ea
h high-resolutionspe
trum.The purpose of GAS MIX is to provide a (
ertainly neither 
omplete, nei-ther perfe
t) solution to the above issues. GAS MIX 's input is the same asKSPECTRUM input: a des
ription of the thermodynami
 
onditions (pres-sure and temperature) and of the mixture (name of the mole
ular spe
iesand their respe
tive molar fra
tions), along with some information aboutthe spe
tral domain results are wanted for: [νmin, νmax]. GAS MIX will then
ompute high-resolution spe
tra, at a mu
h higher speed than KSPECTRUMwould, and the asso
iated k-distribution data sets when required, in a singlestep. In addition, the user does not have to provide as mu
h informationas KSPECTRUM requires (whether of not sub-lorentzian pro�les have tobe used, what a

ura
y levels have to be rea
hed, what kind of spe
traldis
retization s
heme has to be used, et
).Of 
ourse, autonomous behavior and faster 
omputations means some
ompromises have been made...



41.2 How it worksThe main idea behind GAS MIX is that the 
ode will not a
tually 
omputehigh-resolution absorption spe
tra. It will only interpolate known referen
espe
tra. It means, of 
ourse, that referen
e high-resolution spe
tra haveto be available. They must be 
omputed using KSPECTRUM. Therefore,KSPECTRUM is still needed, but on
e referen
e results are available, GASMIX will be able to use them in order to perform faster 
omputations. Themain 
onsequen
es are:
• The user should be aware of what KSPECTRUM did when 
omputingreferen
e spe
tra: whether or not sub-lorentzian pro�les were used,whether or not line pro�les have been trun
ated, what isotopes havebeen taken into a

ount, their respe
tive abundan
es, et
.
• GAS MIX will interpolate spe
tra in the spa
e of referen
e spe
tra. Itmeans that the more referen
e spe
tra are available, the more a

urateresults will be. Moreover, referen
e spe
tra 
an be added to the 
ol-le
tion of available referen
e spe
tra at any time, thus in
reasing thea

ura
y of GAS MIX results.GAS MIX needs the des
ription of at least one gas mixture: let be P and

T the pressure and temperature of the gas mixture, 
omposed of n mole
ularspe
ies of respe
tive molar fra
tions xi.For any spe
ies index i, referen
e spe
tra have to be available for:
• NP,ref values of pressure.
• NT,ref values of temperature.
• Nx,ref values of 
on
entration.Values of NP,ref , NT,ref and Nx,ref 
an be di�erent for ea
h spe
ies.For any spe
ies index i, NP,ref ∗NT,ref ∗Nx,ref referen
e spe
tra are there-fore available. GAS MIX will then interpolate ka,ν for the required P, T, xi
onditions, along the required [νmin, νmax] spe
tral interval (of 
ourse, refer-en
e spe
tra have to be available over this spe
tral interval). GAS MIX isautonomous, whi
h means that it 
an use various interpolation s
hemes in the(P, T, x) spa
e: linear interpolation when little data is available, 
ubi
 spline



5interpolation when possible. The 
ode will identify by itself the �les that 
on-tain referen
e spe
tra that have been 
omputed using KSPECTRUM. Whenno referen
e spe
tra is available for a given spe
ies, an error o

urs.For any wavenumber ν, GAS MIX will interpolate the absorption 
oef-�
ient kinterp
a,ν (P, T, xi) for the (P, T ) 
onditions, for ea
h spe
ies i, at therequired 
on
entration xi. The �nal step is to sum every 
ontribution inorder to 
ompute the absorption 
oe�
ient of the gas mixture:

kinterp
a,ν (P, T, mixture) =

N∑

i=1

kinterp
a,ν (P, T, xi) (1)



62 Installation and prerequisites2.1 First thing to dois to de
lare your fortran 77 
ompiler in the F77 environment variable. Inorder to do so, you should export this environment variable in your .bashr
,.
shr
 or .pro�le �le; for instan
e, add the following line into your .bashr
�le:>export F77=�g77�in 
ase you are using the GNU fortran 77 
ompiler (g77). Repla
e �g77�by your lo
al fortran 77 
ompiler if needed (gfortran, ifort, pgf...)Then you need to type:>sour
e .bashrin order to take the modi�
ations into a

ount. Repla
e �.bashr
� bywhatever you are using. The purpose of de�ning the F77 environment vari-able is to provide the 
orre
t 
ompiler to 
ompilation 
ommands that willbe used later. If this variable is not de�ned, the name of your fortran 77
ompiler will be asked every time a 
ompilation will o

ur.Then you need to use s
ript �install_gas_mix.bash� that is provided withthe ar
hive. This s
ript should be pla
ed in the same dire
tory than theprovided zipped ar
hive. Use 
ommand �./install_gas_mix.bash� in orderto run it. This s
ript will:
• Untar the ar
hive, if the 
orresponding version of GAS MIX is notalready installed
• Go into the �data� dire
tory, 
ompile program �make_data.exe� andrun it in order to generate test �les �
omposition.in� and �narrow-bands.in� (see se
tion 3.2).
• Erase the zipped ar
hive, and erase itself.Then you 
an go into the newly 
reated dire
tory (named �gas_mixX.X.X�with �X.X.X� the version number) to 
ontinue the installation.2.2 Tweaking the �Make�le�Before 
ompiling, you will have to �nd out what 
ompilation options areright for your 
ompiler, and your ma
hine. Open the �Make�le� �le, and



7look at variables �FOR�, �ARCH� and �OPTI�. Variable �FOR� is used tospe
ify your fortran 77 
ompiler.Variable �ARCH� is used to spe
ify ma
hine ar
hite
ture. �-m486� isprobably a good 
hoi
e for a PC running a 32bits linux. Use the do
umen-tation of your fortran 
ompiler to �nd out what ar
hite
ture option you 
anuse.Variable �OPTI� is used to spe
ify 
ode optimization options. The defaultoptions should be enough.You might also want to set variable �DEBUG� (look for its de�nition inthe �le). You 
an expe
t faster exe
ution times if you leave it empty.2.3 Setting up array sizesOne limitation of fortran 77 
ode is that you must de�ne array sizes before
ompilation. Arrays sizes used by the present 
ode are de�ned within the�in
ludes/max.in
� �le. You should at least look at it before 
ompiling, andmore pre
isely at the value of variable �Nk_mx�. Its default value is 50000(5.104). You 
an enable a lower value if you do not have enough memory, ora higher value (whi
h means faster exe
ution times) when possible.2.4 CompilationOn
e you 
he
ked 
ompilation options and array size de�nitions, you 
an usethe following 
ommand in order to 
ompile the exe
utable �le:> make allIf 
ompilation fails, use the 
ompiler error message to determine whatwent wrong. The most probable error 
auses are: a bad de�nition of ar
hi-te
ture 
ompilation option, or an inappropriate value in 
ode optimizationoptions.If you ever need to modify the sour
e �les (in dire
tory �sour
e�), you 
anqui
kly re
ompile the 
ode using �make all� again. This will only re
ompilethe modi�ed sour
e �les, and link obje
ts �les in order to produ
e the newexe
utable �le.If you have to modify the value of any variable de�ned in in
ludes �les(dire
tory �in
ludes�), you will have to re
ompile the whole 
ode from s
rat
h.Use the following 
ommand to erase all obje
ts �les, and then re
ompile themproperly:> make 
lean all



8Odd errors may happen if you 
hange an in
lude �le and then re
ompileusing only the �make all� 
ommand (old value of the modi�ed variable willremain in the un
hanged obje
t �les).2.5 De�nition of the referen
e spe
tra folderGAS MIX will need to know where the referen
e high-resolution spe
tra �lesare lo
ated. The user has to de�ne a symboli
 link named �hires_spe
trum�within the �data� folder to the main folder that 
ontains referen
e spe
tra�les. These �les 
an be organized in sub-folders, as long as they have beenprodu
ed by �KSPECTRUM�. For instan
e, let us say your referen
e spe
tra�les are 
ontained in the folder:$HOME/Username/Spe
tral_dataWithin the �Spe
tral_data� folder, you 
an for instan
e organize referen
espe
tra �les by mole
ule name. Therefore, you will have a number of sub-folders within your main �Spe
tral_data� folder:$HOME/Username/Spe
tral_data/H2O$HOME/Username/Spe
tral_data/CO2$HOME/Username/Spe
tral_data/NO$HOME/Username/Spe
tral_data/O3et
...Then within ea
h one of these sub-folders, you will have a number ofsub-sub folders, one per 
on
entration level:$HOME/Username/Spe
tral_data/H2O/m1 is for xH20 = 0.1$HOME/Username/Spe
tral_data/H2O/m2 is for xH20 = 0.2et
...$HOME/Username/Spe
tral_data/CO2/m1 is for xCO2
= 0.1$HOME/Username/Spe
tral_data/CO2/m2 is for xCO2
= 0.2et
...ea
h one of these sub-sub folders 
ontain a number of referen
e spe
tra�les, one for ea
h (P,T) level.But you 
an 
hoose any other organization, as long as every referen
e �le islo
ated within the �Spe
tral_data� folder. You need to link this folder usinga �data/hires_spe
trum� symboli
 link, i.e. you need to type the following
ommands:> 
d data> ln -s $HOME/Username/Spe
tral_data ./hires_spe
trum



9GAS MIX will navigate within the folder hierar
hy of the main data folder($HOME/Username/Spe
tral_data in this 
ase) and will identify ea
h �lethat has been produ
ed by KSPECTRUM, along with the thermodynami

onditions it has been produ
ed for. The user should only be sure that:
• Referen
e spe
tra are available for ea
h one of the mole
ular spe
iesthat will be required by GAS MIX .
• Referen
e spe
tra are avaiblable along the spe
tral intervals that willbe required by GAS MIX .



103 Using the 
ode3.1 User input �lesThere are two �les in the main GAS MIX folder: �data.in� and �options.in�.The �options.in� �le is where the user 
an 
hose between several options. The�data.in� �le is where the user 
an spe
ify the numeri
al values of a numberof variables the 
ode will use. Below is a des
ription of these two �les.3.1.1 The �data.in� �le
• First and last levels to use: the 
ode 
an run for a limited numberof pressure and temperature levels (see �options.in�). When using alimited number of levels, the indexes of the �rst and last level to usemust be indi
ated in this �le.
• First and last narrowband intervals to use: the 
ode 
an run for a lim-ited number of spe
tral narrowband intervals (see �options.in�). Whenusing a limited number of intervals, the indexes of the �rst and lastintervals to use must be indi
ated in this �le.3.1.2 The �options.in� �le
• Se
tion �Produ
tion of interpolated spe
trum�: the user 
an 
hooseto use every level de�ned in the �
omposition.in� �le (see se
tion 3.2below) or a limited number only. The same thing is possible for spe
tralnarrowband intervals. The 
ode 
an 
he
k referen
e spe
tra �les do
ontain information for the required spe
tral region, but this test takesa lot of time and 
an be disabled if you are sure the required spe
traldata is available. Finally, the user should indi
ate whether or notGAS MIX has to produ
e the k-distribution data sets asso
iated withinterpolated high-resolution spe
tra. In the 
ase the k-distribution haveto be 
omputed, GAS MIX will use the narrowband spe
tral limits thatare de�ned within the �narrowbands.in� �le (see se
tion 3.2 below).
• Se
tion �Produ
tion of quadrature and k-distributions�: when the 
om-putation of k-distributions is required, the user 
an 
hoose among sev-eral quadrature types. See notes at the end of the �options.in� �le



11for available quadrature types (the user 
an also use his own quadra-ture abs
issas and weights). The quadrature order has to be spe
i�ed,and additional data is required for parti
ular quadrature types. Addi-tionnal data may be spe
i�ed, su
h as the size of a

eleration arrays,the relative error over g when inverting g(k(i)), and whether linearor 
ubi
 spline interpolation has to be used over dis
rete interpolatedhigh-resolution spe
tra (this depends on the a

ura
y of the spe
traldis
retization used when 
omputing referen
e high-resolution spe
trawith KSPECTRUM).3.2 Other input �les3.2.1 Atmospheri
 
ompositionis provided via the �data/
omposition.in�. This �le must 
ontain a label forthe atmospheri
 
omposition, the number of atmospheri
 levels, the numberof mole
ular spe
ies, the label of ea
h mole
ular spe
ies, and, for ea
h at-mospheri
 level: altitude in km (unused at present date), pressure in atm,temperature in Kelvin, and the molar fra
tion (or partial pressure) of ea
hmole
ular spe
ies. See the example �le that should be produ
ed at installa-tion.Mole
ule labels have to be identi
al to labels used in the HITRAN nomen-
lature. Labels of mole
ules de�ned in the HITRAN database 
an be foundin the �data/molparam*.txt� �le. They are obvious for most spe
ies: �H2O�is used for water vapor, �CO2� for 
arbon dioxide, et
. Please use 
api-tal letters when providing mole
ule labels in the �data/
omposition.in� �le,and note that mole
ule labels must be provided between bra
kets (example:�[H2O]�) so that the 
ode 
an identify mole
ular spe
ies.3.2.2 Narrowband intervalshave to be provided in the �data/narrowbands.in� �le, provided that the user
hose to use a pre-de�ned narrowband dis
retization (see se
tion 3.1). This�le must 
ontain the number of narrowband intervals, and, for ea
h interval,its lower and upper limits, in terms of wavenumber (in cm−1).



123.3 Running GAS MIXOn
e everything is installed and the exe
utable �le �gas_mix.exe� �le hasbeen 
ompiled, you 
an try to run a 
omputation. I would re
ommend that,for the �rst time, you run GAS MIX over a single atmospheri
 level, for alimited number of narrowband intervals, using a simple atmospheri
 
ompo-sition (the provided example 
omposition for instan
e).Use the following 
ommand to run the 
ode:> ./gas_mix.exe



134 Results4.1 Results �lesGAS MIX will produ
e results �les in the �results� dire
tory:4.1.1 Interpolated high-resolution spe
tra:there is one �le per atmospheri
 level. Files are named �k***� with �***�the index of the atmospheri
 level. For instan
e, �results/k001� is the re-sult �le produ
ed for the �rst atmospheri
 level that is de�ned within the�data/
omposition.in� �le.Ea
h �le 
ontains 3 
olumns. The �st 
olumn gives values of wavenum-bers, in cm−1. The se
ond 
olumn is the total 
ross-se
tion of the gas mixture(in cm2/molecule), at the 
orresponding wavenumber. The third 
olumn isthe total absorption 
oe�
ient (in m−1) at the 
orresponding wavenumber.4.1.2 K-distribution data sets:are lo
ated within the �results/kdist.txt� �le. For ea
h (P,T) level, k-distributiondata is provided on the basis of one line per narrowband interval. For ea
hline, the spe
tral limits of the interval are given, then the �Nq� values ofk are provided; the last value is the relative error between the transmittiv-ity of a 1-meter 
olumn of gas 
omputed using the k-distribution data and
omputed using the dis
retized interpolated high-resolution spe
trum (valueis -1 when irrelevant, whi
h is OK). The quality of the k-distribution dataset is re
orded into the �results/quadrature_results.txt� �le: information isprovided on the quality of the quadrature weights and on the ability of thek-distribution data set to 
ompute the moments of the distribution.4.2 More output �lesAdditionally, the user 
an 
he
k a number of log �les produ
ed by GASMIX during its exe
ution:
• �log/log_[mol℄lev[i℄�: information about referen
e high-resolution spe
-tra that have been used in order to interpolate the spe
trum for mole
-ular spe
ies [mol℄, at level [i℄.



14
• �results/k[mol℄_lev[i℄�: interpolated spe
trum for mole
ular spe
ies [mol℄,at level [i℄.


