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| ntroduction

The ATMOS/UrBAT (Urban Branch Atmospheric Trajedory) model predicts sulfur and
particulate deposition and concentrations at regional and urban scde. ATMOS model is a
meso-scde threelayer forward trajedory Lagrangian Puff-transport model (Arndt et al.,
1997, Arndt, 1997 and Guttikunda et al., 2001). The model is a modified version of the
USA National Oceaiic Atmospheric Administration, Branch Atmospheric Trajedory
(BAT) model (Heffter, 1983. This user manual presents technicd details on the model
operations, parameterization and describes how to run the ATMOS/UrBAT model along
with some example datasets.

ATMOS/UrBAT is a Unix/Linux based air pollution disperson model. The model was
primarily developed for sulfur emisson and dispersion modeling as part of the Regional
Air Pollution Information System for Asa (RAINS-Asia — software developed and
distributed by the International Ingtitute of Applied Systems Anaysis (IIASA),
Laxenburg, Austria). ATMOS model was extensively applied for sulfur and particulate
modeling adivitiesin Asia

* As an analysis tool of sulfur emissons and deposition patterns in Asia (Arndt et
al., 1998 and Stredset al., 1995.

» For sulfur control policy implicaions in Asia (Foell et al., 1995 Arndt, 1997, and
Carmichad et al., 1995 Guttikunda et al., 2002).

» For seasonal sulfur deposition and concentration studies in Asia (Guttikunda et
al., 200).

* For Urban Air Quality studies in Asia, e.g., Shangha (Streets et al., 2007,
Chongaging (Adhikary et al., 1999.

» For disperson modeling of fine particles in Asia and for megaaties like Seoul,
South Koreg Shanghai, China and Bangkok, Thailand (Dorwart, 2001).

Structure of the Report

This report is divided into four parts. Chapter 2 presents the technicd description of
ATMOS model, and model parameterization of deposition rates and chemicd conversion
rates. Chapter 3 describes model installation procedures for Unix and Linux work
environments. Chapter 4 explains ©me of the model parameters and their range of



variability in the utility files like the model initialization file, the model include file, etc.
Finally, Chapter 5 demonstrates input and output data file management to exeaute the

model - preparing emissions file, grid description file, Meteorologicd data and use of
extrad codes to visualize model outputs.
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Model Description

Air Pollution models that can be used to predict pollution concentrations for periods of up
to a month or a yea, are generaly semi-empiricd or analyticd approaces based on
gaussan plumes or puffs and uses smple surface based meteorologicd information or
diagnostic wind field information.

In ATMOS/UrBAT lagrangian puff transport model, SO, and PM emisson plumes are
modeled as puffs released every 3 hours or every hour respedively, for regional and
urban smulation. Each puff is assgned a mass proportional to the source strength. It is
asuumed to mix uniformly in the vertica throughout an assgned layer and to diffuse
along a Gaussan distribution in the horizontal. Individual emisson puffs are tradked for
120 hours (5 days) or until the mass falls below a ait-off value of 0.1 percent of the
emisgon source strength or puffs fall out of the smulation domain. Puffs transported
beyond the modeling domain are no longer traded.

This model uses 2.5° by 2.5° reanalysis meteorologicd data from the NCEP/NCAR
(National Center for Environmental Prediction / National Center for Atmospheric
Reseach) (Kanay et al., 1996. Meteorologicd input data include six hourly
predpitation, mixing height, and wind vedor information.

The model separates the verticd dimension into two layers during the day and three
layers at night. The day layers are the boundary and upper layer. The night layers are the
surface boundary, and upper layers. The night surfacelayer extends from ground to 300
meters. The boundary and upper layers are separated by the aiticd inversion, which
determined from the verticd temperature profile. The maximum height for the model is
6000meters (Carmichad and Arndt, 1995.

The model has flexible temporal and spatial resolution and can be run for the periods
ranging from days to decales. The model produces hourly average @ncentrations as
output. Similarly, the horizontal spatial resolution of the model can ke varied from 5000
meter for an urban scde study to 1° x 1° (approximately 90 km) for a regional scde
study. The ATMOS/UrBAT model schematics are presented in Figure 1.
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Figure 1l: The ATMOS/UrBAT Modeling System

For modeling puposes, emissons are amitted at the center of the grid point for area
sources and at the exad locations for elevated sources (in hundredths of a degree. Area
emisson sources (small industries, incinerators, boilers and mobile sources) are released
into the boundary layer during the day and into the surfacelayer at night, and the devated
sources (large point sources, LPSs) are released into the boundary layer during the day
and above the surfacelayer at night. Volcanic sources are released into the upper layer at
all times.
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Figure2: The ATMOS/UrBAT Branching M echanism

The puff relessed duing daytime or nighttime will be expanded and follows its own
trgedory. However, during day to night and night to day transitions the puff branches
into multiple puffs. This adion is performed to smulate verticd wind sheaing of the
puff. Up to 32 branches of the original puff may be tradked smultaneoudy after which
branching ceases. Figure 2 illustrates, the potential branching process during transition.
During a day to night transition a puff in boundary layer will branch into all night three
layers while apuff in the upper layer will stay in the same layer during nighttime. During
night to day transition a puff in the surfacelayer will go to boundary layer, a puff in the



boundary layer will stay in the same layer during daytime, and the growing boundary
layer will cause a puff in the upper layer to branch into the two layers. This continues for
five days or until the trgjedories leare the modeling domain as discussed ealier.

For urban studies, the model adopts the “Briggs-urban” formulation for sigmay and an
increased verticd dilution during nighttime over urban areas, by using a modified lower
layer of 500 m. As for the devated point source (LPSs, Volcanoes), 80% of the puff
emissons are released into the boundary layer with the remaining 20% entering the urban
boundary layer (UBL) during day or into the surfacelayer duwring the nighttime. This
UBL tends to prevent elevated sources from reading the urban surface ad thus deaease
their influence on urban concentration. Furthermore, the UBL ads to trap urban surface
emisson and magnify their influence The flow chart in Figure 3 illustrates the order of
cdculations in the model. The model uses a time-step of 1 hour on which advedion and
surfaceprocesss are cdculated and averaged over the desired time period.

ATMOS/UrBAT model is run separately for sulfur and perticulate deposition and
concentration levels. For sulfur emissons, al the SO, emissons are released as a single
puff per source Where & for particulates, due to physicd and chemicd differences in
PMo and PM,s, two separate bins of particles were distinguished: particulates with
agodynamic diameters between 2.5 and 10 micron (the ‘coarse fradion’) and perticles
smaller than 2.5um (PM_s, the ‘fine fradion’). If concentrations of PM;, (containing
particles with aerodynamic diameter smaller than 10um) are of interest, both size
fradions have to be aded. In addition, sulfate @ncentrations obtained from the
dispersion cdculations of SO, emissons are added to the PM10 fradion to refled the
sulfate a@osol component of sewmndary particles, while nitrate aad ammonium
components are not considered in this version.

Two remova types are wnsidered in this model — chemicd transformation and
deposition. Chemicd transformation is considered only for SO, plumes to sulfate. No
chemicd or physicd transformation is applied to PM plumes. Deposition of pollutants is
separated into wet and dry components. A net removal rate & the surfacedue to dry
deposition is cdculated using Equation 1:

Rj :V_d (1)
V4

where, Ry is the removal rate, V4 is the dry deposition velocity, and z is the surfacelayer
height depending on the day/night transitions and stability zones. Similarly, net removal
rate & the surfacedue to wet deposition is caculated using Equation 2:

R.=S,*p @)
where Ry, is the removal rate , S, is the preapitation scavenging coefficient and p is the

predpitation rate. For more detail s on removal rates and model parameters refer to Arndt,
1997 and Guttikunda et al., 1999 Dry and Wet Deposition rates utili zed in the model are



presented in Table 1 and Table 2. The model uses linea chemicd parameterizaions for
sulfur presented in Table 3.

Table 1: Dry Deposition rates utilized in the ATM OS/UrBAT model

Variable Name Deposition Rate (m/seQ

SO, (over land) = 2.5e-3 for months between May and
September (hot season)
= 1.25e-3 the rest of the yea (cold season)

SO, (over water bodies) =3.2e-3

SO, (over land) =2.0e-3

SO, (over water bodies) =1.0e-3

PM o (over land) =7.0e-3

PM 1 (over water bodies) =7.0e-3

PM, 5 (over land) =2.0e-3

PM, 5 (over water bodies) =1.0e-3

Table 2: Wet Deposition rates utilized in the ATMOSUrBAT model

Variable Name Scavenging Rate (per seg (predpitation
ratein mm/hr)

SO, = 2.0e-5* predpitation rate

SO, =5.0e-5 * preapitation rate * 0.83

PM 1o =7.0e-5 * preapitation rate

PM; s = 6.0e-5 * preapitation rate * 0.83

Table 3: SO, -> SO, Chemical Conversion rates for utilized in the ATMOS/UrBAT
model

Variable Name Conversion rate (per seg

f lat Cos(1.3*lat* 17180

f day Sin((Julian day-80)*211U365)

rate le-5* f lat + 4e-6*(1-f_lat)*f day




Model Initializaion

Start # Regions Loop

Update Trajedories, Emission Sources

Start Main Time Loop (dt =1hr)

Update Meteorologicd Variables— Mixing, Height,
u-wind, v-wind and predpitation rate

Lagrangian Puff Transport (Advedion)

Update Puff Loading

Update Poll utant Transformation (Depaosition and
Chemicd Conversion)

Update Poll utant Concentration and Depaosition
Levels

Terminate Older Trajedories per Criteria

Start New Trajedories at Interval Speafied

End d Time Loop

End d Regions Loop

End o Model Run

Figure 3: Flow Chart of ATMOS/UrBAT M odel
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3

Model | nstallation

System Requirements

ATMOS-UrBAT model, the most recent version, works with the following system
environments:

1) Unix Operating System
2) Linux Operating System

Download Program and Libraries

1) Unix Operating System:

Download the file @amos-urbat-unix.tar.gz from
http://www.cgrer.uiowa.edW ATMOS

To useit, you will also need the UCAR/UNIDATA netCDF
(http://unidata. ucar.edupadages/netcdf/index.html) and the NCSA EDSSModels-3 1/0
API (http://envpro.ncsc.org/products/ioapi/index.html) libraries.

2) Linux Operating System:

Download the following files in atmos-urbat-linux folder
http://www.cgrer.uiowa.edWATMOS/atmos-urbat-linux
1) Instruction.txt
2) atmos-urbat-linux.tar
3) netcdf-ioapi.tar

13



| nstallation

1) Unix Operating System:

Upon downloading the files, exeaute the following lines at the command prompt
in the diredory you want to install the model

e tar —xvf atmos-urbat-unix.tar

This will crede diredories atmos_sulfur and atmos_pm and the following files in
ead of the diredories.

» Fortran code (adved.f, array.f, aamos2.f, concd.f, branch.f, g2gf,
m3_uils.f, masks.f, meteo.f, output.f, ratesf, setup.f, sigmaf,
sources.f, term.f, urban.f, and uils.f)

* Include file mntaining parameter dedarations and dmensions
(atmos2.inc)

* Input diredory containing examples of grid description file
(grid.desc), initidizetion file (atmos2.ini), land-sea mask file
(landseadat), urban-rural mask file (urbrural.dat), meteorologicd
files (lwind.nc, hmix.nc, prate.nc). Note: user should download the
meteorologicd files sparately. See the Meteorologicd data
sedion below.

* Makefile to compile the @&mos code and prepare the exeautables
(atmos2.mak)

* Run script to run atmos code (run_atmos2)

To compile the program, enter atmos_sulfur or atmos_pm diredories. Ched the
netCDF and IOAPI library links (see name-list parameters sdion for description
of the libraries and the makefile) in the amos2.mak file and type the following at
the command prompt to generate the exeautable (atmos2.exe) in the main
diredory

* cdatmos_sulfur or atmos_pm
* make —f atmos2.mak

14



2) Linux Operating System:

» First chedk whether you got threerequired file upon download or CD-rom
* Instruction.txt (thisfile)
» atmos-urbat-linux.tar
* netcdf-ioapi.tar
* Instruction to install li brariesfile
» Untar the netcdf-ioapi archive file
$ar -xvf netcdf-ioapi.tar
You will get 4 files from this archive (netcdf-3.4.tar, ioapi.tar, libretcdf.a, and
netcdf.inc).
* Instal netcdf library;
Y ou should login asroot and go to diredory /usr/locd
o0 Copy netcdf-3.4.tar to /usr/locd
0 Untar the achivefile:
#ar -xvf netcdf-3.4.tar
o Changeto the src diredory of netcdf-3.4:
&d netcdf-3.4/src
Run configure to crede the proper Makefile:
#configure
Compile program:
whake
Just ignore the eror message during compilation process
o You will find al netcdf libraries and include filesin
/usr/locd/netedf-3.4/src/libsre. Sincethe bugs during compilation
process please delete libnetcdf.a in /usr/locd/netcdf-3.4/src/libsrc and replacew/
libretcdf.a from the achive file and also copy netcdf.inc to the same diredory
(/usr/locd/netcdf-3.4/srcllibsrc)
0 Go to ncdump dredory and compile program;
#d /usr/locd/netcdf-3.4/src/ncdump
#make
Y ou will seencdump exeautable commeand (to read netcdf file) after
compilation process
* Ingtruction to install ioapi library for ATMOS
Y ou should login asroot and go to diredory /usr/locd
0 Make diredory for ioapi
#mkdir ioapi
#d ioapi
o Copy ioapi.tar to /usr/locd/ioapi
0 Untar the achivefile:
tar -xvf ioapi.tar
You will have every that need in /usr/locd/ioapi/ioapi
Note If you would like to use ioapi for model 3, you need to compile the aode
@ to /usr/loca/ioapi/ioapi and edit Makefile by add BIN = Linux2_x86
and change OBJDIR = ../$(BIN) to OBJDIR = ../bin.
Seemore information http://envpro.ncsc.org/products/ioapi/H.AVAIL.html

(@)

(@)
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» Edit shell script
0 Go to your working dredory( Example: /home/chen)
o Edit shell script (.bashrc)
@macs .bashrc &
0 Addthese 3 lines into your shell scipt after fi in your shell script
export PATH=$PATH:.:
export NETCDF=/usr/locd/netcdf-3.4
export PATH=$NETCDF/src/ncdump:$PATH
Example of shell script:
thashrc
Bser spedfic diases and functions
#Source global definitions
if [ -f /etc/bashrc |; then
. letc/bashre
fi
0 Saveyour .bashrc and sourceyou shell script by typing
$urce .bashrc
e Install ATMOS-Urbat
0 Go to your working dredory (Example: /home/chen)
o Copy atmos-urbat-linux.tar to your working dredory
0 Un-tar the achivefile:
$ tar -xvf atmos-urbat-linux.tar
0 Youwill see3 dredoriesin your home direcory (atmos_sulfur,
amos_pm, Metdata)
0 Thefollowing filesare in atmos_sulfure and atmos_pm diredory.
README.txt readmefile

atmos2.f model source @de
atmos2.inc include file
Makefile example of compilation script
r_atmos2 example of run script
amos2.ini example of initializaion file

grids.desc example of grids definition file
landseadat  example of land-seamask
urbrural.dat  example of urban-rura file

emisgons sb-diredory to keg emisson data
atmos_out sub-diredory to kegp model output
bin sub-diredory to kegp exeautable file

extrad_codes working sub-diredory to extrad model output
0 Metdata diredory consists of threemeteorologicd files.
( hmix.yyyy.nc, prate.yyyy.nc, and lwind.yyyy.nc)
* To compile the program, enter atmos_sulfur or atmos_pm diredories and type
“make”
fhake

16
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Model | nput Namelist Parameters

Namelist Parameters

This sdion describes only some of the parameters utilized in the model, which are
variable in nature. For most of the parameters, a brief description is available next to its

dedaration in every file.

1) Model Include File (atmos2.inc — located in the main diredory)

Variable Data Description

Name Type

maxx_Ww, integer Maximum number of longitudinal grids. Fixed at 41.

maxx_p, ATMOS model developed for Asiaregion utili zes

maxx_h NCAR/NCEP meteorologicd data & 2.5 degreeresolution.
Model extends from 60 E to 160E in longitude (41 gids at
2.5° x 2.5° resolution). w = wind (u,v), p = predpation rate,
h = mixing height

maxy_Ww, integer Maximum number of latitudinal grids. Fixed at 31. ATMOS

maxy_p, model developed for Asiaregion utilizes NCAR/NCEP

maxy_h meteorologicd data & 2.5 degreeresolution. Model extends
from-20N to 55N in longitude (31 gidsat 2.5° x 2.5°
resolution). w = wind (u,v), p = predpation rate, h = mixing
height

maxXx_C, integer Maximum number of Concentration and Deposition grid

maxy _C cdls (Maximum modeling domain size) — can be dhanged.

maxsrc integer Maximum number of sources per sedor or region. This
depends on operating madine memory.

Max_trajsrc | integer Maximum number of contemporary trajedories per emitting
source equals (Trgjedory duration/Transport time step)+1.
Equals41if puff release timeis st every 3 hour, or 121if
puff release timeis st every 1 hour

dtop red Height of the surfacelayer (1% layer of the model). Surface

layer exists only during the night time and merged into the
boundary layer (variable depending on meteorologicd

17




conditions) during the daytime. Fixed at 300. m

ultop red Maximum height (top layer height) of the modeling domain.
Fixed at 600Q m

alreg logicd Is“true” if the dl regionstogether flag equals“1” (Seethe
initialization file parameter description)

urban logicd Is“true” if the urban smulation flag equals “1” (Seethe
initialization file parameter description)

grid2gid logicd Is“true” if grid to grid cdculation outputs are requested by
the user. This neals to be adivated in the main code
(subroutine — setup.f)

col_load logicd Is“true” if cdculation of column total loading in requested
by the user. This neadsto be adivated in the main code
(subroutine — setup.f)

lay load logicd Is“true” if cdculations of massloading by layer are
requested by the user. This neals to be adivated in the main
code (subroutine — setup.f)

uname, charader | Variable namesfor u-wind, v-wind, mixing height, and

vhame, predpitation rates. This variables are defined for internal

hmixname, purposes. NO nedl to change the variable names.

pname

c_prefix, charader | Variable name prefixes for concentrations, dry deposition

dry_prefix, and wet deposition. This variables are defined for internal

wet_prefix purposes. NO need to change the variable names. Model

outputsinclude ancentrations, dry deposition and wet
deposition (default outputs) of SO2/SO4 if using sulfur
version or PM10/PM25if using perticulate version of the
model. Output variable names are of the following form
concSO2, concSO4, drySO2, drySO4, wetSO2, wetSO4 for
sulfur version, and concPM 10, concPM25, dryPM 10,
dryPM25, wetPM 10, wetPM 25 for particulate version of the
model.

2) Modd Initialization File (atmos2.ini —located in the inputsdiredory)

In thisfile lines garting with the dharader “!” are comment lines.

Variable Name Data Type | Description

Day Month Yea Hour integer Simulation starting time in the following
format (dd mmyyyy hh) Example: 01 01
2000 00for simulation starting January 1% of
yea 2000at hour 00GMT

Day Month Yea Hour integer Simulation ending time in the following

format (dd mmyyyy hh) Example: 01 01
2000 00for smulation ending January 1% of
yea 2000at hour 00GMT

Note: For ayea long smulation (starting

18




Jan 1% and ending dec 31%) end hour must be
18. Example: 31 12 2000 18NCAR/NCEP
datais only available & 6 hr interval (at 00
06 12 18hours GMT)

Trajedory duration

integer

In hours. 120hours by default. Trajedories
are discarded after 5 days of tradking unless
they are drealy out of the smulation domain
or their puff concentration is already less
than 0.1% of the initial puff loading.

Transport time step

integer

In hours. 1 hour by default. Transport
cdculations are conducted every hour for
urban scde and 3 hours for regional scde.
Though meteorologicd datais available only
every 6 hours, model uses constant u,v,hmix
and prate values for every 6 hours of
cdculations.

Output Sampling Duration

integer

In hours. Can be dhanged to output
concentrations and depositions every hour
(), every day (24), every month (672 or
annual (8766. For monthly outputs use the
magic number “672 — number prescribed for
monthly outputsin netCDF/IOAPI formats.

Sigma for AreaSources

red

In meters. Initial horizontal sigma (puff
diameter) for areasources. As athumb rule,
use any number that lesser or equivalent to
smulation grid size Example: For an urban
simulation at 0.1 x 0.1 degreeresolution use
avalue between 8,000 mto 10,000 mas
initial sgma. For aregional smulation at 1 x
1 degreeresolution use 40,000 m asiinitial
sigma (sigma value used for RAINS-Asia
smulation).

Sigmafor Large Point
Sources

red

In meters. Initial horizontal sigma (puff
diameter) for large point sources. As athumb
rule, use anumber lessor equivaent to the
sigma used for areasources. Example: For an
urban smulation at 0.1 x 0.1 degree
resolution use avalue between 4,000. m to
5,000 masinitial sgma. For aregional
smulation at 1 x 1 degreeresolution use
10,000 m as initia sigma (sigma value used
for RAINS-Asia smulation).

% of minimum massof
initial release

red

Fixed at 0.1 %. Trajedories are discarded if
the puff massloading is lessthan 0.1 % of
the initial release, unlesspuff is arealy out
of the smulation domain or is aready 120
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hours older.

Flag to processemitting integer Equals “1” if requested to processall the
regions al together or sedors or regions (seethe amisson database
Separately management sedion for definitions) together

or equals “0” if output isrequested in
separate files for eat sedor or region. For
either case, ched the run_atmos2 fileto
spedfy output filenames. For mote details
seelnput Data File Management sedion and
parameter description for run_atmos2 file.

Flag for Urban Simulation | integer Equals “1” if it is an urban simulation or
equals “0” for aregional smulation.

3) Model Run Script (run_atmos2 — located in the main diredory)

In thisfile lines garting with the dharader “#" are excluded lines. Thisfile mntains links
to input files (initialization file, meteorologicd datafiles, grid description file, emissons
file and output filenames.

Setenv Variable Name Data Type | Description

OUTDIR Charader Output diredory location. Set to ./outputs
in the main diredory. By default al the
outputs are stored in this diredory

INDIR Charader Input diredory locaion. Set to ./inputsin
the main diredory. By default al the
input files — initialization file,
meteorologicd files, grid description file,
emissons files, land-seamask and urban-
rural mask (in case of urban smulation)
are locaed in thisdiredory.

EXEDIR Charader Exeautable direcory. Upon compiling the
code (using atmos2.mak), exeautable
(atmos2.exe) is creaed in this diredory.
Set to ./ (main diredory). By default
exeautable amos2.exeis gored in the

main diredory.

SCENFILE, Charader Required for IOAPI libraries. No need to

EXECUTIONID, change ay of these.

|OAPI_CHECK_HEADERS,

IOAPI_LOG WRITE

GRIDDESC Charader Grid description file (grid.desc) locaed in
the input diredory)

INIFILE Charader Initialization file (atmos2.ini) located in
the input diredory

URBFILE Charader Urban-rural mask file (urbrural.dat)

located in the input diredory. Chedk
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Input file management sedion for detalils.

LANDFILE

Charader

Land-seamask file (landseadat) locaed
inthe input diredory. Ched Input file
management sedion for detalils.

WINDFILE

Charader

U-wind and V-wind detafile
(Iwind.200Qnc) located in the input
diredory. Datais dored every 6hr in
netcdf format.

HMIXFILE

Charader

Mixing height data file (hmix.200Qnc)
located in the input diredory. Datais
stored every 6hr in netcdf format.

PRECFILE

Charader

Preapitation rate file (prate.200Qnc)
located in the input diredory. Datais
stored every 6hr in netcdf format.

FIRSTREG

I nteger

Lowest sedor number in the enissons
file. Ched Input file management sedion
for details. By default set at “1”.

LASTREG

I nteger

Maximum number of sedors allowed in
the emissonsfile. Chedk Input file
management sedion for details. By
default set at “999'.

SRCFILE

Charader

Emissions data file (emissons.txt)
located in the input diredory.

OUTFILE1

Charader

OUTFILEL denotes outpuit file for sector
or region 1 or output file for all emitting
regions or sedors combined. If individual
output files for ead sedor or region is
requested (see @mos2.ini variable
description table), then number of output
filenames equals the number of sedors or
regionsin the emissonsfile. Example: If
4 emitting regions or sedors are present
in the emissons file starting from 1 to 4
and individual output files are requested
(flag = *0"), then user must spedfy 4
output filenames, viz., OUTFILEL,
OUTFILE2, OUTFILE3, OUTFILEA.
Note: If the region or sedor number
ranges from 10to 13, then user must
spedfy 4 output filenames, viz.,
OUTFILEL0, OUTFILEL11, OUTFILE12,
OUTFILE13.

If output for all emitting regions or
sedorstogether (flag = “1") is requested
then irrespedive of number of regions or
sedorsin the emissonsfile, user need to
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spedfy only one output filename, viz.,
OUTFILEL. For more details selnput
Data File Management sedion.

4) Model M akefile (atmos2.mak — located in the main diredory)

Inthisfile, lines garting with the darader “#” are excluded lines.

Setenv Variable Name Data type Description

ROQOTDIR Charader Main diredory for ATMOS. Set to ./

NC_INCDIR Charader NetCDF include diredory containing the
file netCDF.inc

NC_LIBDIR Charader NetCDF library diredory containing the
file libnetcdf.a

IO_INCDIR Charader |OAPI include diredory containing the
filesPARMS3.EXT, STATE3.EXT,
NETCDF.EXT, etc.

IO_LIBDIR Charader |OAPI library diredory containing the

file libioapi.a

No need to change the rest of the links.
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5

| nput and Ouput Data File Management

All the files below are locaed in the inputs diredory.
1) EmissonsData File

The First line start with comment (! ) with explanation of ead column of data. Examples
are provided at the end of ead sedion. (Note: Thisline need be present in the anissons
datafile. Thisisfor user information only)

The emisgonsfile has the following format:
I Sedor# - Longitude - Latitude — Emisson (tons/yea) — Emissons type — Puff release time (hr)

Sedor number indicaes the user spedficaions on how to divide the gridded emissons.
For example, emissons can be aranged by sedor (power, domestic, industrial,
agricultural, transport, etc) or by region (provinces in a country, districts in a province or
east-west-north-south regions of a dty) or by both sedor and region.

Longitude and Latitude (in degrees) are the ceter of the grid for area enissons and
predse locaions for Large Point Sources (LPS).

Emissons are dways real in units of tons/yea (of SO, for sulfur and PM or PM; 5 for
particulates).

Emisgon type: O for areg 1 for LPS and 2 for volcano. Area enisson sources (small
industries, incinerators, boilers and mobile sources) are released into the well-mixed layer
during the day and into the surfacelayer at night, and for elevated sources (large point
sources) are released into the well-mixed layer during the day and above the surfacelayer
a night. Volcanic sources are dways relessed into the well-mixed layer. Since the
surface layer height is fixed at 300m (see amos2.inc file variable descriptions) only
point sources with stadk heights of at least 200m are mnsidered large point sources and
given the amisson type “1”.

Puff release time (in hours) isinterval between two puffs. For regional scde smulations
itis st at 3 hr and for urban it is st a 1 hr. See examples below.
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Examples:

Type 1: All emissonsin the smulation together.

! Sedor# - Longitude - Latitude — Emisson (tons/year) — Emissons type — Puff release time (hr)
1 1205 305 2000 0
1205 315 2000 0
1314 332 10000 1
1321 -55 10000 1
80.1 -45 20000 2

N
N

This file means there ae 5 emitting sources (2 area 2 LPS and 1 volcanic) in the
smulation domain, all speafied under one sedor number “1”. For this smulation user
need to spedfy only one output filename — OUTFILEL.

Type 2. Emissons sparated by type
| Sedor# - Longitude - Latitude — Emisson (tons/year) — Emissons type — Puff release ! time (hr)

1 1205 305 2000 0 3
1 1205 315 2000 0 3
2 1314 332 10000 1 3
2 1321 -5.5 10000 1 3
3 801 -45 20000 2 3

This file means there ae 5 emitting sources (2 area 2 LPS and 1 volcanic) in the
smulation domain, spedfied under 3 sedors — 1, 2, and 3. For this smulation, if output
format al emitting regions together (flag “1” in atmos2.ini file) is wleded, user nedl to
gpedfy only one output filename — OUTFILEL. Otherwise, user nedds to speafy three
output file names— OUTFILEL, OUTFILE2, and OUTFILES.

Type 3: Emissons sparated by seaor type (1=industrial, 2=agricultural, 3=boil ers,
4=domestic, 5=power, 6=volcano) or by region (1=western province, 2=eastern province,
3=southern province, 4=northern province 5=LPS 6=volcano) or by region and sedor
(1=industry in eastern province, 2=agriculture in eastern province, 3=boilersin western
province, 4=domestic in southern province, 5=LPSin northern province, 6=volcano in
the western province)

| Sedor# - Longitude - Latitude — Emisson (tons/year) — Emissons type — Puff release ! time (hr)
1205 305 2000
1205 315 2000
1205 305 2000
1205 315 2000
1205 305 2000
1205 315 2000
1205 305 2000
1205 315 2000
1314 332 10000
1321 -55 10000

OGP DNWWNDNERER
PP OOO0OO0OO0OO0OO0OOo
RPRRPRRRRRRRR
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6 80.1 -45 20000 2 1

This file means there ae 11 emitting sources (8 area 2 LPS and 1 volcanic) in the
smulation domain, spedfied under 6 sedors — 1 to 6. For this smulation, if output
format al emitting regions together (flag “1” in atmos2.ini file) is wleded, user neal to
spedfy only one output filename — OUTFILEL. Otherwise, user needs to speafy 6 output
file names— OUTFILEL, OUTFILEZ2,... and OUTFILES.

Type 4: Emissons sparated by sedor or region asin Type 3, but sedor numbers
ranging from 10-15 instead of 1-6.

| Sedor# - Longitude - Latitude — Emisson (tons/year) — Emissons type — Puff release ! time (hr)
10 1205 305 2000
10 1205 315 2000
11 1205 305 2000
11 1205 315 2000
12 1205 305 2000
12 1205 315 2000
13 1205 305 2000
13 1205 315 2000
14 1314 332 10000
14 1321 -55 10000
15 80.1 -45 20000

NFPPFPOOOOOOOO
WWWWWWwwwwww

This file means there ae 11 emitting sources (8 area 2 LPS and 1 volcanic) in the
smulation domain, speafied under 6 sedors — 10 to 15. For this smulation, if output
format al emitting regions together (flag “1” in atmos2.ini file) is wleded, user neal to
spedfy only one output filename — OUTFILEL. Otherwise, user needs to speafy 6 output
file names— OUTFILE10, OUTFILEL],... and OUTFILE1S5.

Type 5: Emissons sparated by sedor or region asin Type 3, but sedor numbers are
random.
| Sedor# - Longitude - Latitude — Emisson (tons/year) — Emissons type — Puff release ! time (hr)

10 1205 305 2000 0 1
10 1205 315 2000 0 1
27 1205 305 2000 0 1
27 1205 315 2000 0 1
32 1205 305 2000 0 1
32 1205 315 2000 0 1
56 1205 305 2000 0 1
78 1205 315 2000 0 1
90 1314 332 10000 1 1
90 1321 -5.5 10000 1 1
91 801 -45 20000 2 1

This file means there ae 11 emitting sources (8 area 2 LPS and 1 volcanic) in the
smulation domain, spedfied under 7 random sedors. For this smulation, if output
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format al emitting regions together (flag “1” in atmos2.ini file) is wleded, user nedl to
spedfy only one output filename — OUTFILEL. Otherwise, user needs to spedfy 7 output
file names— OUTFILE10, OUTFILE27, OUTFILE32, OUTFILES56, and so on.

Note: For particulates smulation a smilar format for emissonsis followed except for
the emissons column. For particulate emissons user should input both PM10 and PM2.5
emissons together into the model, following the format below.

Sedor# - Longitude - Latitude — PM10 Emisson (tons'yea) — PM2.5 Emisson (tonsyea) —
Emissons type — Puff release time (hr)

Example:

| Sedor# - Longitude - Latitude — Emisson (tons/year) — Emissons type — Puff release ! time (hr)
1 1205 305 2000 1000 0 1

1 1205 315 2000 100 0 1

2 1314 332 10000 6000 1 1

2 1321 -55 10000 6000 1 1

3 80.1 -45 20000 10000 2 1

This file means there ae 5 emitting sources (2 areg 2 LPS and 1 volcanic) in the
smulation domain, spedfied under 3 sedors — 1, 2, and 3. For this smulation, if output
format al emitting regions together (flag “1” in atmos2.ini file) is wleded, user nedl to
spedfy only one output filename — OUTFILEL. Otherwise, user nedds to speafy three
output file names— OUTFILEL, OUTFILE2, and OUTFILES.

2) Land-SeaMask File
The First line start with comment (! ) with explanation of ead parameter. See examples.

The Land-SeaMask File has the following formet:
Longitude - Latitude — Grid type

Longitude and Latitude (in degrees) is the southwest corner of the eab grid.
Grid type: O for water, 1 for land (major portion of the grid)
Example:

! Longitude - Latitude land/water(1/0)

1200 300 O
1200 310 O
1310 330 1
1320 -50 1
800 -40 O
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This file means that the smulation domain has 5 grid cdls (3 water and 2land). By
default, in the model al the grids are asumed land. So, user need not speafy land grids
in thisfile.

3) Urban-Rural Mask File

This file is required only if the urban smulation flag is sleded in the initidization file
(atmos2.ini)

The First line starts with comment (! ) with explanation of eat parameter. See example.

The Urban-Rural Mask file has the following formet:
Longitude - Latitude — Grid type

Longitude and Latitude (in degrees) is the southwest corner of the eab grid.
Grid type: O for rural, 1 for urban (major portion of the grid)

Example:
! Longitude - Latitude urban/rural (1/0)
1200 30.0
1200 310
1310 330
1320 -5.0
800 -4.0

OrPEFrOoOOo

This file means that the smulation domain has 5 grid cdls (3 rura and 2 uban). By
default, in the model al the grids are assumed rural. So, user neal not spedfy rura grids
in thisfile.

4) Grid Description File

This file cntains the smulation domain description, and meteorologicd data description.
File contains the following lines.

'R AINS-ASIAgrids ystens

" LATLON I'" the"l at-lonc oord.s ystem
1, 0.0D0,0 .0DO0,0 .0DO,0 .0DO,0 .0DO
" ' endc oords
"ATMOS_ MET" A TMOSmeteogrid

" LATLON , 60.0D0, -20.0D0, 2.5D0, 2.5D0, 41, 31, 1
" ATMOS_OUJT! 'A TMOSoutputg rid

" LATLON ,1 19.05D0, 29.05D0, 0.1D0, 0.1D0,4 2,4 2, 1
" I endgrids
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User nedds to change only the second last line, which describes the simulation domain
dimensions. Seoond to last line follows the following format (Note: All the dimensions
are expressd in degrees):

‘LATLON’, Longitude, Latitude, Longitude grid size, Latitude grid size, # longitudinal
grids, # of latitudinal grids, 1

Longitude and Latitude crrespond to the center of the southwest corner grid (first grid)
of the smulation domain (119.05° and 29.05° in the example)

Longitude and Latitude grid sizein degrees (0.1° x 0.1° grid resolution in the example)
# of longitudinal and latitudinal grids (42 x 42 gidsin this example)

“1” at the end of the line indicaes that model uses geographic (lat-lon) coordinate
system. Note: ATMOS uses only Geographic Coordinate System.

Similarly, line under with *ATMOSMET" describes the domain for meteorologicd
database. For Asian domain smulations, meteorologicd datais pre-processed using
NCEP reanalysis data for a period of 1-yea (example 1990 1995 200Q etc) at 6-hour
intervals. This gatement if fixed for the meteorologicd data files downloaded from the
website indicated below.

Meteorological Data

The model utili zes pre-processed NCAR/NCEP meteorologicd data & 6-hr interval. Data
includes u-wind, v-wind, mixing heights and predpitation rates. NCEP reanalysis projed
filesare available for free @ 2.5 x 2.5 degreeresolution from NOAA — Climate
Diagnostics Center (http://www.cdc.noaagov/cdc/data.nmc.reanalysis.html)

Meteorology data is available only in netCDF/10API format. Preprocessed data files for
ATMOS model (for Asiaonly) can be downloaded from
(http://www.cgrer.uiowa.edWATMOS/metdata) or can be obtained by sending an email
to any of the contad persons on page 2.

Upon downloading the preprocessed meteorologicd files from the eove ftp site, user
must transfer the files to the “inputs’ diredory of ATMOS model.

Output Data File Management

Output from the model run is aways in netCDF/IOAPI formats. User can download the
extrad programs to convert IOAPI format output data to text format at this website
http://www.cgrer.uiowa.edWATMOS/extradcodes
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