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Chapter 1IntrodutionSPACK is a hemial preproessor. SPACK is written in FORTRAN77. Given a set of hemialreations, SPACK writes FORTRAN routines to be used in hemistry-transport models.This version of SPACK only deals with gas-phase hemistry.1.1 Software struture and exeutionSPACK has the following diretories:� ode: the di�erent subroutines.In order to run SPACK, type: make. SPACK is then generated in appliation.� mehanism: the di�erent hemial mehanisms that are urrently available, that is RACM, RADM,MOCA, OZONE16 (a toy model) and CBM4 (a simpli�ed version of CBM IV).� appliation: the diretory for running SPACK. Choose a hemial mehanism and the relatedset of hemial speies (see next setion). This has to spei�ed in the �le inSPACK. Then type:SPACK>result and the required subroutines are generated (see next setion). Some ommentsan be found in result (whatever the name is): hek WARNING and ERROR (the exeution stopif an error ours)� usersguide: the �les for this user's guide.1.2 Inputs/outputs1.2.1 InputsTwo �les are to be given as inputs for SPACK:� The �rst �le gives the names of hemial speies to be used: let say iMECHANISM (e.g. iMoCA,iRADM, iRACM)).� The seond one details the hemial mehanisms: let say MECHANISM (e.g. MOCA, RADM, RACM).The names of these 2 �les are to be spei�ed in the master �le inSPACK (this is the only �le forwhih the name has to be kept). 5



Setion 1.3 { Desription of the hemial mehanism MECHANISM1.2.2 Outputs� a �le kineti.f:This routines omputes the kineti rates for the hemial mehanism.The format is SUBROUTINE kineti(rk,temp,xlw,Press,azi,att,photk,oefphotk)with:{ inputs:TEMP: temperature (Kelvin).XLW: water massi fration.PRESS: pressure (Pasal).AZI: zenithal angle (degree).ATT: loud attenuation fator.PHOTK, COEFPHOTK: photolysis oeÆients omputed e.g. by FASTJ.{ outputs:RK(NR): kineti rates for the NR reations.� a �le fexhem.f:This routine omputes the hemial prodution rates.The format is SUBROUTINE fexhem(y,rk,ZCsour,hem) with:{ inputs:Y(NESP): onentrations of the NESP speies.RK(NR): kineti rates for the NR hemial reations.ZCSOURC(NESP): volumi soure terms for the NESP speies.{ outputs:CHEM(NESP): hemial prodution rates for the NESP speies.� a �le jadhemd.f.This routine omputes the Jaobian matrix assoiated to hemistry.The format is SUBROUTINE jadhemd(y,rk,JaC) with:{ inputs:Y(NESP)): onentrations of the NESP speies.RK(NR): kineti rates for the NR hemial reations.{ outputs:JACC(NESP,NESP): Jaobian matrix.1.3 Desription of the hemial mehanism MECHANISM1.3.1 Commented linesAll lines starting with % or ! are not read by SPACK.6



Chapter 1 { Introdution1.3.2 Standart format for stoihiometrySPACK needs hemial reations to be written in a standarized format, as now explained. Examplesare given in RACM ([1℄), MOCA ([2℄), RADM ([3℄ and CBM4 ([4℄). Note that the names of all hemialspeies used need to be de�ned in a separate �le (see next point).A hemial reation of the form X1 +X2 ! X3 +X4, where Xi are hemial speies, should bewritten as:X1+ X2 > X3 + X4KINETIC KEYWORDwhere KEYWORD spe�ies the kind of hemial reation (e.g. photolyti) and the onstants requiredto ompute the rate oeÆient of the reations.The word KINETIC may be replaed by KIN. > may be replaed by ->.1.3.3 Keywords for set-upSet-up ommands are:� The de�nition of units by SET UNIT GAS X with X is either MOLCM3 or PPB.� The de�nition of tabulated zenithal angles for photolysis through:SET TABULATION N DEGREES T1 T2 ... TNwhere N is the number of tabulated angles and Ti is the value (in degrees) for the i-th angle.Notie that the sequene has to be stritly monotoni (inreasing or dereasing).1.3.4 Keywords for kineti ratesDi�erent keywords may be used. For eah of the keyword reognized by SPACK, this paragraphdetails how many onstants Ci are required to ompute the rate oeÆient k of the orrespondingreation.� Arrhenius' law with one onstant:KINETIC ARR1 C1This omputes: k = C1.� Arrhenius' law with two onstants:KINETIC ARR2 C1 C2This omputes: k = C1 exp(�C2=T ) where T is the temperature.� Arrhenius's law with three onstants:KINETIC ARR3 C1 C2 C3This omputes: k = C1 TC2 exp(�C3=T ).� TROE/Fall-o� reations with 4 oeÆients:KINETIC TROE4 C1 C2 C3 C4This omputes: k = k0M1 + k0 �M=k1 0:6 1(1+[log10(k0�M=k1)℄2)with k0 = C1(T=300)�C2 and k1 = C3 (T=300)�C4 .7



Setion 1.3 { Desription of the hemial mehanism MECHANISM� TROE/Fall-o� reations with 5 oeÆients:KINETIC TROE5 C1 C2 C3 C4 C5This omputes: k = k0M1 + k0 �M=k1C5 1(1+[log10(k0�M=k1)℄2)with k0 = C1(T=300)�C2 and k1 = C3 (T=300)�C4 .� TROE/Fall-o� reations with 7 oeÆients:KINETIC TROE7 C1 C2 C3 C4 C5 C6 C7This omputes: k = k0M1 + k0 �M=k1C7 1(1+[log10(k0�M=k1)℄2)with k0 = C1 exp(�C2=T ) (T=300)�C3 and k1 = C4 exp(�C5=T ) (T=300)�C6 .� TROE/Fall-o� reations with 10 oeÆients (e.g. in MOCA):KINETIC TROE10 C1 C2 C3 C4 ... C10� Reations alulated from equilibria:KINETIC RCFE C1 C2 C3 C4 C5 C6This omputes: k = C5 exp(�C6=T ) k0M1 + k0 �M=k1 0:6 1(1+[log10(k0�M=k1)℄2)with k0 = C1(T=300)�C2 and k1 = C3 (T=300)�b4.� Tabulated photolysis:KINETIC PHOTOLYSIS C1 C2 C3 ... CNThe onstants Ci are the photolyti onstants orresponding to the zenithal angles T (i) asde�ned by the ommand SET TABULATION (to be used before!).There is no photolysis at 90. Interpolation is made with a standard ubi spline (the �rst andseond derivatives are set to 0 at 0 and 90).� Reations with variable stoihiometry (e.g. MOCA):KINETIC CVAR C1 C2 ... C7The stoihiometri oeÆients of the produed speies by the reations may vary with tem-perature. Although the stoihiometri oeÆients may vary with temperature, the oeÆientsof all the hemial produed are the same:{ C1, C2, C3 are the three Arrhenius oeÆients of the reation (as for ARR3).{ C4, C5, C6, C7 are the stoihiometri oeÆients at temperature 260K, 280K, 300K, 320Krespetively.� Speial reation of \EXTRA" type:These reations are speial reations whih require to provide some parameters.8



Chapter 1 { Introdution{ For the reation N2O5 ! 2HNO3:KINETIC EXTRA0 C1{ For the reation 2HO2 ! H2O2:KINETIC EXTRA1 C1 C2 C3 C4 C5{ For the reation O3 ! 2OH:KINETIC EXTRA2 C1 ... CNwhere the onstants Ci are the photolyti onstants orresponding to the zenithal anglesT (i) as de�ned by the ommand SET TABULATION (to be used before!). An attenuationfator is then applied.� Speial reations:KINETIC SPEC IThe hemial reation is not desribed by any of the keyword above. Beause the rate oeÆ-ient may not be omputed similarly to any other reation, this reation is treated expliitelyin SPACK. The reation is referened with the integer : It does not required any onstant asinput. See next setion how to add suh a reation.{ Case I=-1:O3P -> O3KINETIC TB O2 SPEC -1This omputes: k = 6:00 10�34( T300)�2:3O2M{ Case I=-2:HO2 + HO2 -> H2O2 + O2KINETIC SPEC -2This omputes:k = 2:3 10�13EXP (600:=T ) + 1:7 10�33M EXP (1000:=T ){ Case I=-3:HO2 + HO2 -> H2O2 + H2O + O2KINETIC TB H20 SPEC -3This omputes:k = [3:22 10�34EXP (2800=T ) + 2:38 10�54M EXP (3200:=T )℄H20{ Case I=-4:HO + HNO3 -> NO3 + H2OKINETIC SPEC -4This omputes:a = 7:2 10�15EXP (785=T ) ; b = 4:1 10�16EXP (1440=T ) ;  = 1:9 10�33EXP (725=T )Mand then k = a+ =(1 + =b). 9



Setion 1.5 { Desription of the speies iMECHANISM{ Case I=-5:CO + HO -> HO2 + CO2KINETIC SPEC -5This omputes: k = 1:5 10�13(1 + 2:439 10�20M){ Case I=-6:NO2 + OH -> HNO3KINETIC SPEC -6This omputes:Rapk = 3:4 10�30(300T )3:2M ; Effko = Rapk=(4:77 10�11(300T )1:4)and then: k = (Rapk=(1: +Effko)) � 0:3 11+((dlog10(Effko)�0:12)=1:2)2{ Case I=-7:N2O5 -> 2. HNO3KINETIC SPEC -7This omputes: k = 2: 10�39H20H20� Third body reations:KINETIC TB NAME KEYWORD.KEYWORD may be any of the keywords desribed above. The name of the third body (NAME)may be M, O2, N2, H2 or H20. The kineti rate is then multiplied by the onentration of thethird body.1.4 Desription of the speies iMECHANISMSee the examples provided in mehanism. The number of gas-phase speies has to be given andthe list of speies. The molar masses may (or not) be spei�ed. This is not used in the gas-phaseversion of SPACK.1.5 How to add a new keywordTo add a new keyword in SPACK:� the subroutine kinrea in �le ode/inet.f needs to be modi�ed in order to de�ne thekeyword,� a new subroutine that details how to ompute rate oeÆients aording to this keyword needsto be added in the �le ode/generator.f.For example, suh a routine may be written similarly to WTROE, if it requires four onstants asinputs.
10
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