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OBJECTIVESOBJECTIVES

♣♣Atmospheric chemistry Model StructureAtmospheric chemistry Model Structure

♣♣Gas-phase chemistry in Gas-phase chemistry in RegCMRegCM



Out-linesOut-lines

♣♣EmissionsEmissions

♣♣PhotolysisPhotolysis

♣♣DepositionsDepositions

♣♣Chemical MechanismsChemical Mechanisms

♣♣Aerosols MechanismsAerosols Mechanisms



EmissionsEmissions

♣♣Emissions componentsEmissions components

             A-Biogenic Emissions             A-Biogenic Emissions

                    e.ge.g wild fire, forest emissions wild fire, forest emissions

             B-Anthropogenic Emissions             B-Anthropogenic Emissions

                    e.ge.g Industrial emissions, Vehicle Industrial emissions, Vehicle
emissions. Man made fires.emissions. Man made fires.



Chemical Compositions ofChemical Compositions of
EmissionsEmissions

♣♣Atmosphere has a numerous chemicalAtmosphere has a numerous chemical
composition, from inorganic compounds tocomposition, from inorganic compounds to
organic compounds.organic compounds.

♣♣Inorganic like (HInorganic like (H22SOSO44 , HNO , HNO33 , HCL) , HCL)

♣♣Organic like , Formic acid (HCOOH) ,Organic like , Formic acid (HCOOH) ,
Acetic Acid (CHAcetic Acid (CH33COOH)COOH)

♣♣Ions (SOIons (SO44
2-2- , NH , NH44

++))

♣♣Solids (Dust, Black carbon, Pollens)Solids (Dust, Black carbon, Pollens)



What is a Chemistry Package?What is a Chemistry Package?

1- Emissions1- Emissions

2- Photolysis2- Photolysis

3- Chemical Mechanisms3- Chemical Mechanisms

4- Aerosols processes4- Aerosols processes

5- Dry-deposition5- Dry-deposition

6- Wet-deposition6- Wet-deposition



Emission driverEmission driver

♣♣GuntherGunther method for biogenic emissions method for biogenic emissions

♣♣BEIS311 method for biogenic emissionsBEIS311 method for biogenic emissions
both option support the biogenicboth option support the biogenic
emissions for Isoprene and emissions for Isoprene and VOCVOC’’ss ( (ketket,,
xylxyl, eth, , eth, ……), they depends on), they depends on
temperature, pressure and short wavetemperature, pressure and short wave
radiations inputs.radiations inputs.

♣♣Add Add anthrogenicanthrogenic and biogenic emissions and biogenic emissions



Photolysis DriverPhotolysis Driver

♣♣MadronichMadronich option option

♣♣Fast J. optionFast J. option

♣♣Photolysis driver support the photolysisPhotolysis driver support the photolysis
fields for certain important chemicalfields for certain important chemical
compounds (O3, NO2, HNO3, HCHO,compounds (O3, NO2, HNO3, HCHO,……))



Chemical MechanismsChemical Mechanisms

♣♣Chemical Mechanism means, an approximatedChemical Mechanism means, an approximated
set of atmospheric  chemical reactions.set of atmospheric  chemical reactions.

♣♣Such set may be very simple and may be verySuch set may be very simple and may be very
complex (explicit). Depends on the number ofcomplex (explicit). Depends on the number of
species and reactions employed. The mainspecies and reactions employed. The main
source of complexity is the implementation ofsource of complexity is the implementation of
organic species.organic species.

♣♣There are three famous chemical mechanismsThere are three famous chemical mechanisms



♣♣RADM2 (Regional Acidic DepositionRADM2 (Regional Acidic Deposition
Model) (Model) (StockwellStockwell  et al.  et al. 1990 1990))

♣♣RACM (Regional Atmospheric ChemistryRACM (Regional Atmospheric Chemistry
Mechanism)(Mechanism)(StockwellStockwell et al. et al. 1997 1997))

♣♣CBM-Z ( Carbon Bond Mechanism-CBM-Z ( Carbon Bond Mechanism-ZaveriZaveri))
((ZaveriZaveri, A. and  Peter, K. 1999, A. and  Peter, K. 1999))



237237157157Number of reactionsNumber of reactions

24241616Intermediate organicIntermediate organic
speciesspecies

32322626Stable organic speciesStable organic species

3333Abundant speciesAbundant species

4444Intermediate inorganicIntermediate inorganic
speciesspecies

17171414Stable inorganicStable inorganic
speciesspecies

RACMRACMRADM2RADM2



Lumping Technique (pros & cons)Lumping Technique (pros & cons)
how to represent how to represent VOCVOC’’ss??

♣♣Lumped structure (RADM2 & RACM)Lumped structure (RADM2 & RACM)

    1-surrogate species have similar reactivity    1-surrogate species have similar reactivity
range.range.

    2-does not conserve carbon mass.    2-does not conserve carbon mass.

♣♣Lumped molecule (CBM-IV & CBM-Z)Lumped molecule (CBM-IV & CBM-Z)

      1-relatively fewer categories are needed to      1-relatively fewer categories are needed to
represent the organic species.represent the organic species.

       2-conserve carbon mass       2-conserve carbon mass



Aerosols ModulesAerosols Modules

♣♣We have three major Aerosols ModulesWe have three major Aerosols Modules

1-RPM (Regional Particulate Matter model)1-RPM (Regional Particulate Matter model)
((BinkowskiBinkowski, F. and , F. and ShankerShanker 1995) 1995)

2-SORGAM (Secondary Organic Aerosols2-SORGAM (Secondary Organic Aerosols
Model)(Model)(ShellShell et al. 2001 et al. 2001))

3-MOSAIC (Model for Simulation Aerosols3-MOSAIC (Model for Simulation Aerosols
Interaction and Interaction and Chemistry)(Chemistry)(ZaveriZaveri. 1999. 1999))



Aerosols Model ModulesAerosols Model Modules

♣♣ Any aerosols model must have the followingAny aerosols model must have the following
components to simulate aerosol formationcomponents to simulate aerosol formation
accuratelyaccurately

        a- size distribution module (modal/sectional)        a- size distribution module (modal/sectional)
        b- nucleation module        b- nucleation module
        c- coagulation module        c- coagulation module
        d- condensation/evaporation module        d- condensation/evaporation module
        e- dry/wet deposition module        e- dry/wet deposition module
The difference between aerosol models dependsThe difference between aerosol models depends

on how the model simulate each components.on how the model simulate each components.



RPMRPM

♣♣RPM simulates the chemistry, transportRPM simulates the chemistry, transport
and dynamics of sulfuric acid aerosoland dynamics of sulfuric acid aerosol
resulting from primary emissions and theresulting from primary emissions and the
gas phase oxidation of sulfur dioxide.gas phase oxidation of sulfur dioxide.

♣♣RPM uses a bimodal (two mode)RPM uses a bimodal (two mode)
lognormal distribution to representlognormal distribution to represent
aerosols.aerosols.

♣♣RPM is an equilibrium model based onRPM is an equilibrium model based on
fundamental thermodynamics.fundamental thermodynamics.



SORGAMSORGAM

♣♣What is What is Secondary Organic Aerosols?Secondary Organic Aerosols?

            Primary organic aerosol is emittedPrimary organic aerosol is emitted
directly into the atmosphere, whereasdirectly into the atmosphere, whereas
secondary organic aerosol (SOA) issecondary organic aerosol (SOA) is
formed in the atmosphere by gas-to-formed in the atmosphere by gas-to-
particle partitioning.particle partitioning.



Chemistry Flow ChartChemistry Flow Chart
Reading Emissions

Emission DriverGunther Bioemission BEIS 331

Add Anthropogenic 

emiss_opt=1
emiss_opt=2



Photolysis DriverMadronich Fast J

Chemistry 
Mechanisms

RADM2RACM CBM-Z

Phot_opt=2Phot_opt=1

chem_opt=5

chem_opt= 3
or 4



Aerosols
Driver

SORGAM MOSAIC
8-BIN

DRY-Deposition

WET-Deposition

END

Aero_opt=2Aero_opt=1



The Kinetic Pre-Processor (KPP)The Kinetic Pre-Processor (KPP)
((SanduSandu, A. and Sander, R. 2006, A. and Sander, R. 2006))

♣♣Chemistry Mechanisms includes hundredsChemistry Mechanisms includes hundreds
of reactions and dozens of chemicalof reactions and dozens of chemical
species (species (e.ge.g RACM has 237 reactions and RACM has 237 reactions and
77 species).77 species).

♣♣Solving the corresponding huge systemsSolving the corresponding huge systems
of ODE requires highly efficient numericalof ODE requires highly efficient numerical
integrators, and costly code developmentsintegrators, and costly code developments
and updates.and updates.



KPP (cont.)KPP (cont.)

♣♣Automatic Code generation has become widelyAutomatic Code generation has become widely
used tool to overcome the above problems.used tool to overcome the above problems.

♣♣KPP needs only three files (user defined) one forKPP needs only three files (user defined) one for
the set of mechanism equations, one forthe set of mechanism equations, one for
definitions of  species and the last one fordefinitions of  species and the last one for
initialization and inline code.initialization and inline code.

♣♣KPP will process such files and produce aKPP will process such files and produce a
complete package for simulation of suchcomplete package for simulation of such
mechanisms.mechanisms.



KPP (cont.)KPP (cont.)

♣♣KPP used to produces the chemicalKPP used to produces the chemical
mechanisms for the gas-phase (RADM2,mechanisms for the gas-phase (RADM2,
CBM-Z and RACM).CBM-Z and RACM).

We use the Data of smog (environmental)We use the Data of smog (environmental)
chamber, to verify the output of KPP,chamber, to verify the output of KPP,
((SimonaitisSimonaitis R. et al. 1997) R. et al. 1997)



KPP verificationKPP verification

Chamber Data RACM output



Chamber Data

RACM output



Chamber Data 

RADM2 output



Chamber Data

RADM2 output



Chamber Data +
CBM-Z

CBM-Z KPP output



Chamber Data +
CBM-Z

CBM-Z KPP



Coupling of Gas PhaseCoupling of Gas Phase
withwith

RegCMRegCM



Emission InventoriesEmission Inventories

1.1. RETRO 0.5RETRO 0.5oo X 0.5 X 0.5oo (1960-2000) (1960-2000)

2. EDGAR 3.2FT2000 12. EDGAR 3.2FT2000 1oo X 1 X 1o o  (2000) (2000)

3. POET 13. POET 1oo X 1 X 1o   o     (1990-2003)  (1990-2003)

4. GFED 4. GFED 11oo X 1 X 1o      o       (1997-2005) (1997-2005)



RETRORETRO

RETRO speciesRETRO species

Biogenic {CO, BC, CH4, ACETONE,Biogenic {CO, BC, CH4, ACETONE,
ETHAN, ISOPRENE, N2O, NH3, OC,ETHAN, ISOPRENE, N2O, NH3, OC,
PM2.5, SO2, PM2.5, SO2, ……}}

Anthropogenic {ACIDS, ALCOHOLS,Anthropogenic {ACIDS, ALCOHOLS,
BENZENE, CO, ETHER, BENZENE, CO, ETHER, NOxNOx,,
PROPANE, PROPANE, ……}}



POETPOET

POET speciesPOET species

Biogenic { ACET, CHOH, CO, Biogenic { ACET, CHOH, CO, NOxNOx, , ……}}

Anthropogenic { ACET, CHOH, CO, Anthropogenic { ACET, CHOH, CO, NOxNOx,,……}}



GFEDGFED

GFED speciesGFED species

Biogenic {BC, C, CH4, CO, H2, N2O,Biogenic {BC, C, CH4, CO, H2, N2O,
NMHC, NMHC, NOxNOx, OC, PM2.5, , OC, PM2.5, ……}}



EDGAREDGAR

EDGAR speciesEDGAR species

 Biogenic {BC, CH4, CO, CO2,  Biogenic {BC, CH4, CO, CO2, DMSDMS, , OCOC,,
SO2,…}

Anthropogenic { BC, CH4, CO, CO2,
SO2…}



Emission Data BaseEmission Data Base

Emission Data Base 
In 

NetCDF format
+

Oxidant data (OH, H2O2, NO3, O3, H2O2)

AEROSOLS 
Read Pack.

AERO.dat
AERO.ctl



NamelistNamelist

PARAMETER (NSPC1A=1)     !Anthropogenic RETROPARAMETER (NSPC1A=1)     !Anthropogenic RETRO

PARAMETER (NSPC2=1)       !POETPARAMETER (NSPC2=1)       !POET

PARAMETER  (NSPC4B=1)    !Biogenic EDGARPARAMETER  (NSPC4B=1)    !Biogenic EDGAR

DATA ELE_RETROA / 'NOXDATA ELE_RETROA / 'NOX‘‘//

DATA ELE_POET / 'ch2o'/DATA ELE_POET / 'ch2o'/

 DATA ELE_EDGARA /'so2'/ DATA ELE_EDGARA /'so2'/



AERO.ctlAERO.ctl

a_NOXa_NOX       0 99          Anthropogenic emission, RETRO       0 99          Anthropogenic emission, RETRO

a_ch2o      0 99           Anthropogenic emission, POETa_ch2o      0 99           Anthropogenic emission, POET

a_so2       0 99          Anthropogenic emission, EDGARa_so2       0 99          Anthropogenic emission, EDGAR



Emissions InputsEmissions Inputs





Gas Phase in Gas Phase in RegCMRegCM

Regcm/model

./CHEM
KPP code (F90)

Chemtend.f / tractend.f



- Sulfur dioxide (SO2)- Sulfur dioxide (SO2)
- Nitrogen dioxide (NO2)- Nitrogen dioxide (NO2)
- DMS- DMS
- HCHO- HCHO
- Ozone (O3)- Ozone (O3)
- Sulfuric acid (H2SO4(g))- Sulfuric acid (H2SO4(g))
- Nitric Acid (HNO3(g))- Nitric Acid (HNO3(g))
- MSA- MSA
- OH- OH
- H2O2- H2O2

 Number of advected Species (10)
regcm.in



O3 productionO3 production
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