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OBJECTIVES

sAtmospheric chemistry: Model Structure
ssGas-phase chemistry in RegCM




Out-lines

SeEmissions
ssPhotolysis
ssDepositions
sChemical Mechanisms
seAerosols Mechanisms




Emissions

sEmissions components
A-Biogenic Emissions
e.g wild fire, forest emissions

B-Anthropogenic Emissions

e.d Inadustrial emissions, Vehicle
emissions. Man made fires.




Chemical Compositions; of
Emissions
Atmosphere has a numerous chemical

composition, from inorganic compounds to
Organic compounds.

selnorganic like (H,SO, , HNO; , HCL)

ssOrganic like , Formic acid (HCOOH) ,
Acetic Acidl (CH;COOH)

oflons (SO,% , NH, %)
eSolids (Dust, Black cartbon, Pollens)




What is a Chemistry Package?

1- Emissions

2- Photolysis

3= Chemical Miechanisms
4- Aerosols processes

9~ Dry-deposition

6=\ el-deposition




Emission driver

ssGunther method for biogenic emissions

#BEIS311 method for biogenic emissions

POt eption sUpport the Biegenic
emissions for Isoprene and VOC's (ket,
xyl, eth, ...), they depends on
lemperature, pressure and short wave
fadiations, Inputs;.

s Add anthregenic andl biogenic EMISSIONS




Phoetelysis Driver

ss)\ladronich option
seEast J. option

ssPhotolysis driver support the photo
fields for certain Important: chemica
compounds (03, NOZ2, HNOS, HCH




Chemical Mechanisms

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

ofs Such set may be very simple and may: be very
complex (explicit). Depends on the number of
species and reactions employed. TThe main
source of complexity Is the implementation of
Organic SpPecies.

ot [[here are three famous chemical mechanisms




JRADM?2 (Regional Acidic: Deposition
Model) (Stockwell et al. 1990)

JRACM (Regional Atmospheric Chemistry.

Mechanism)(Stockwell et al. 1199i)

S CBM-Z (| Carbon Bond Mechanism-Zaveri)
(Zavern;, A and - RPeter, Ko 1999)




Stable inorganic
Species

Intermediate inorganic
Species

Abundant species

Stable organic species

Intermeadiate erganic
SpPEcIes

Number of reactions




LUumpIing Tlechnigue (pros & cons)
how to represent VOC's?

o |_umped structure (RADM2 & RACM)

{-surrogate species have similar reactivity
range.

2-does not conserve carbon mass.

o |_umped molecule (CBM=IV & CBVI-Z)

jl-relatively fewer categores are needed to
iepresent the organic Species.

2-conserve carbon mass




Aerosols Modules

o\\/e have three major Aerosols Modules

1-RPM (Regional Particulate Matter model)
(Binkowski, 5. and: Shanker 1995)

2-SORGAM (Secondary Organic Aeresols
Viedel)(Snellletal. 2001))

S=VIOSAIC (Medellfor Simulation Aeresols
Interaction and Chemistry)(Zaveri. 1999)




Aerosols Model Modules

o Any aerosols model must have the following
components to simulate aerosol formation
accurately

a- size distribution moedule (modal/sectional)
0= nucleation module

c- coagulation module

d- condensation/evaporation module

e- dry/wet deposition module

TThe difference between aerosol models depends
N hew: the model simulate each compoenents;




RPW

#oRPM simulates the chemistry, transport
and dynamics of sulfuric acid aerosol
resulting from: primary. emissions and the
gas phase oxidation of sulfur dioxide.

RPN Uses aibimodall (twoe mode)
lognoermal distrikbution o represent
2Erosols.

seREPM is an equilibritim model based on
iuneamental thermoedynamics:




SORGAM

s\ hat is Secondary Organic Aerosols?

Primary organic aerosol is emitted
directly into the atmosphere, whereas
seconadary organic aerosol (SOA) Is
formed inithe atmosphere by gas-1o-
particle pantitiening




Chemistry: Elow: Chart

[ Reading Emissions J
[ : J emiss_opt=2
emiss_opt=1

[Gunther Bioemission Emission Driver BEIS 331 J

[Add Anthropogenic 1




{ Phot_opt=1 }

Madronich

Photolysis Driver

Phot_opt=2

Fast J J

chem_opt= 3
or4

{ RACM RADM?2

Chemistry
Mechanisms

{ chem_opt=5 }

CBM-Z J




{ Aero_opt=1 } { Aero_opt=2 }

[ SORGAm Aerosols MOSAIC J

Driver 8-BIN

[DRY-DepositionJ

!

{ WET-Deposition }

v




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

e Chemistry Mechanisms includes hundreds
of reactions and dozens of chemical
species (e.g RACM has 237 reactions and
11 SpPecIes).

seSolving| the correspondingl huge: systems
off ODE requires highly: efficient numerical
Integrators; anal costly code developments
anadl updates.




KPP (cont.)

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

o KPP needs only: three files (user defined) one for
the set off mechanism equations, one for
definitions ofi species and the last one for
nitialization andl Inline code.

ot KPP willf process: suchifilesiand produce: a
complete package fior simulation: ofi such
mMechanisms.




KPP (cont.)

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

\We use the Data ol smoeg (envirenmental)
chamier, to veriry the output off KPP,
(Simonaitis R. et al. 1997)




KPP verfication
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Chamber Data

RACM output
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Coupling off Gas Phase
With

RegCVi




Emission Inventories

1. RETRO 0.5° X 0.5° (1960-2000)
2. EDGAR 3.2FT2000 1° X 1° (2000)
3 POET 12X 12 (1990-2003)

4. GEEDHe X 1° (1997-20095)




RETRO

RETRO species

Biogenic {CO, BC, CH4, ACETONE,
ETHAN, ISOPRENE, N20O, NH3, OC,

PM2.5, SO2, ...}

Anthroepogenic {ACIDS, ALCOHOLS,
BENZENE, CO, ETHER, NOx,
PROPANE, ...}




POET species

Biogenic { ACET, CHOH, CO, NOx, ...}

Anthropegenic { ACET, CHOH, CO, NOx, ...}




GFED species

Biogenic {BC, C, CH4, CO, H2, N20,

NMIFHC, NOx, OC, PM2.5, ...}




EDGAR

EDGAR species

Biogenic {BC, CH4, CO, CO2, DMS, OC,
SO2,...}

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




Emission Data Base

Emission Data Base
T AEROSOLS

NetCDF format Read Pack.
+

Oxidant data (OH, H202, NO3, O3, H202)

\ 4

AERO.dat
AERO.ctl




Namelist

PARAMETER (NSPC1A=1)  !Anthropogenic RETRO
PARAMETER (NSPC2=1) IPOET

PARAMETER (NSPC4B=1) IBiogenic EDGAR
DATA ELE RETROA /'NOX'/

DATA ELE POET / ‘ch20’/

DATA ELE _EDGARA /'so27




AERO.cll

a_NOX 099 Anthropogenic emission, RETRO

a chz2o 099 Anthropogenic emission, POET

a_S02 099 Anthropogenic emission, EDGAR




Emissions Inputs

NO anth. emission {mole/(km2 hr NO bio. emission (mole/(km2 hr))

GrADS: COLA/IGES 2007-08-02-12:12_GrADS: COLA/IGES 2007-08-02-12:12




S02 anth. emission (mole/(km2 hr)) S02 bio. emission {mole/(km2 hr))
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Gas Phase in RegCM

Regcm/model

Chemtend.f / tractend.f

A 4

JCHEM
KPP code (F90)




Number of advected Species (10)

regcm.in

- Sulfiur dioxide (SO2)

- Nitrogen dioxide (NO2)
- DMS

- HCHO

- Ozone (03)

- Sulfuric acid (H2S04(g))
- Nitric' Acid (IHNO3(q))

- MSA

- OH

- 5202




OS5 preduction

tropospheric ozone (ug/m3) May 1999

f . ¢

SrADS: COLA/IGES 2007-12-21-12:34
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