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1. Overview

1.1 Overall Objective and Basic Structure

The Atmospheric Model Evaluation Tool (AMET) (Gédhn et al., 2005) is a suite of software
designed to facilitate the analysis and evaluatfometeorological and air quality models.
AMET matches the model output for particular logas to the corresponding observed values
from one or more networks of monitors. These pgsgiof values (model and observation) are
then used to statistically and graphically analymemodel’s performance.

More specifically, AMET is currently designed toadyre outputs from the PSU/NCAR
Mesoscale Model (MM5), the Weather Research anddasting (WRF) model, and the
Community Multiscale Air Quality (CMAQ) model, asellas Meteorology-Chemistry Interface
Processor (MCIP)-postprocessed meteorological (@atéace only). The basic structure of
AMET consists of twdields and twoprocesses

* The two fields (scientific topics) aMET andAQ, corresponding to meteorology and air
quality data.

* The two processes (actions) database population andanalysis. Database population
refers to the underlying structure of AMET,; aftee tobservations and model data are
paired in space and time, the pairs are insertedainlatabase (MySQL). Analysis refers
to the statistical evaluation of these pairings @ik subsequent plotting.

Practically, a user may be interested in using onky of the fields (either MET or AQ), or may
be interested in using both fields. That decis®hdsed on the scope of the study. The three
main software components of AMET aviySQL (an open-source database software systeém),
(a free software environment for statistical conmuyiand graphics), angerl  (an open-source
cross-platform programming language).

1.2 Concept of an AMET “Project”

A central organizing structure for AMET applicatsis aproject A project groups a particular
model simulation (specific model, physics-set, spatomain, grid scale, etc.) with all of the
AMET database tables that correspond to that simoulathe scripts necessary to populate that
database, and the scripts required to analyzepthpgct. For example, you might have one
project for a 2002 36-km continental U.S. simulatiand another project for a 2002 12-km
Eastern U.S. simulation. A project can be for e¢itd&T or AQ, not for both. It is essential that
you uniquely name each project. It is recommentatytou follow the directory structure when
creating new projects, by copying one of the tleneemple directoriesaiExample ,
mm5Example, wrfExample ) provided with the installation and then renamiing the new
project’s name.
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Organization of This User’s Guide

The Community Modeling and Analysis System (CMA@nE&r has created this user’s guide to
assist you in applying the AMET system in your waZiAS obtained the MET and AQ

portions of AMET separately from EPA, then integththe two to create a consistent and
integrated AMET package that uses the UNIX C-sinédirface to perform both MET and AQ
model evaluation and analyses. After this integrgtwe tested the integrated AMET package on
multiple environments. After this integration, vested the integrated AMET package on
multiple environments.

Finally, we created this user’s guide. The conteftbe remaining sections are listed below.

Section 2 describes the overall directory structdrtne AMET installation.
Section 3 gives instructions on how to configure Berl and R configuration files.

In Section 4 is an overview of the various modepats and observed data provided with
the AMET release.

Section 5 provides instructions on how to createAMET MySQL database, with
specific instructions for each of the MET and AQdals. Sample MySQL commands are
also shown for illustrative SQL queries.

Section 6 gives instructions on how to populateANET MySQL database, with
specific instructions for each of the MM5, WRF, MCand CMAQ models, and also on
how to create a new MET project and a new AQ ptdmcsubsequent analyses.

In Section 7 are instructions on how to perform ei@Valuation for each of the WRF
and CMAQ models, and includes an overview of thefionality of all the MET and AQ
evaluation scripts provided.

IMPORTANT NOTE: The set of analyses/evaluation scripts providethis release are

strictly for illustration purposes on the functiditg/design of AMET, and are not to be
construed as a recommended suite of analyses s¢apmodel evaluation. We
encourage the user community to use the scriptsave provided as examples as well as
a basis to start developing other analyses scapid contribute them to the modeling
community to increase AMET functionality.

Section 8 discusses how to obtain support for AMi&mM the Community Modeling and
Analysis System (CMAS) Centelitip://www.cmascenter.org ).

In Appendix A is an overall flow diagram for AMETd its various components.

Appendix B provides information on the various ihples used in AMET. For each
input file, a table lists brief descriptions of afier-defined variables that can be set by the
user for a given evaluation.
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Before using AMET and this user’s guide, you murst fnstall the AMET package on your
system. For information on the installation procgdsase see the separAtenospheric Model
Evaluation Tool (AMET) Installation Guideat can be downloaded from the CMAS web site.

2. Directory Structure
In our discussions, we refer to the top of the AMEEctory structure assAMETBASE This
environment variable is actually set in many ofshapts discussed below. For example, if you
had untarred AMET’s tarball in your home directahenAMETBASEvould be~/AMET.

Under$SAMETBASEre the directories shown in Table 2-1.

Table 2-1. Directories under $AMETBASE

Directory Description
bin External executables used by helper scripts.
configure Configuration files for Perl and R.
model_data Model output data

(contains field-specific [i.,eMETandAQ subdirectories).

obs Observational data (e.g., MADIS, discussed in $acti.2)
(contains field-specific [i.,eMETandAQ subdirectories).

output Output of database population and analysis
(contains project-specific subdirectories).

per Perl scripts used primarily for database population
R R scripts used for statistical analysis.
scripts_analysis Project-specific wrapper scripts and inputs forlgsia

(contains project-specific subdirectories).

scripts_db Project-specific wrapper scripts and inputs foatlase population
(contains project-specific subdirectories).

src Source code for third-party software.

Note: For large model outputs and for MADIS observatitiveg cover a long period of time, it
may be prudent to link these data within the appab@ AMET directories rather than moving or
copying them.
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3. Configuration

After untarring the AMET code and data and instgibuilding the required three tiers of
software components (as discussed in the AMET liasitan guide referenced above), the next

stage is to configure the AMET system. In $##8eMETBASE/configure  directory, you will
find five files:

» A perl configuration file &met-config.pl ).
* An R configuration file émet-config.R ).

» Three Meteorological Assimilation Data Ingest Sgs{®ADIS) configuration files
(MET_matching.conf, MET_matching.MCIP.conf, and
MET_matching_nonPX.conf ). These configuration files describe how MADIS
variables “match” (map or translate to) various Miaddel variables. Most users will not
need to change these variable mapping files, spateenot discussed further in this
guide. For the AQ side, the matching of variablesveen model output and observations
is project specific. See Section 6.5, “CreatingeavMQ Project,” for more details on
changing the default mapping of AQ observationstalel variables.

3.1 Perl Configuration File ( amet-config.pl )

The Perl configuration file is used by the undemtyPerl programs to populate the database with
the data pairs created by AMET’s matching of mangput for particular locations to correspon-
ding observed values (these data pairs are referedhis document as “model-obs pairs”).
Most users will need to modify only a few speclifes of this configuration file. The most com-
mon variables to change are shown in Table 3-atl@éscription can be found in Appendix B.1.

Table 3-1. Most common variables that need to be changed in amet-config.pl

Variable Description

The MySQL server location. Examples &ealhost  if MySQL is
installed on the same machine on which you haualled AMET, or
rama.cempd.unc.edu if you have installed the MySQL server on a
remote host callechma.

$mysgl_server

Password foametsecure |, or your$root_login (if you changed it

$root pass from "ametsecure "). This MySQL user will be created later when you
—P are working through Section 5. To provide additisecurity, AMET is
shipped with permissions that allow this file torbad only by the user.
Location of additional Perl libraries. In our teg}j we added additional
$perl_lib libraries through the Comprehensive Perl Archivéwdek (CPAN) to

lusr/local/lib/perl . Below that is the version number directory,
and below that are the additional modules.



Variable

$R_lib

$fslftp_madis
$login_madis

$pass_madis

$pass_ncep !

1

1
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Description

All of the R library paths that should be searchgdhe R scripts. In our
installation, they are

/usr/local/pkgs/Rpackages:$R_dir/lib/R/site-

library , since we installed additional R libraries under
/usr/local/pkgs/Rpackages

! MADIS ftp site (MADIS is discussed in Section 4.2).

MADIS-provided login.
MADIS-provided password.

Anonymous password for the National Centers fori&mmnental
Prediction (NCEP); this is usually your e-mail agkelt. Note the necessary
ll\@ll.

! Needed only if using MET side of AMET.

3.2 R Configuration File ( amet-config.R )

The R configuration file is used by the underlyRgrograms to perform statistical analysis on
your model-obs pairs. Most users will need to mpdiily a few specific lines of this configura-
tion file. The most common variables to changesti@vn in Table 3-2.

Table 3-2. Most common variablesthat need to be changed in amet-config.R

Variable

server

passwd

Description

The MySQL server location. Examples &ealhost  if MySQL is
installed on the same machine on which you havelled AMET, or
rama.cempd.unc.edu if you have installed the MySQL server on a
remote host callethma.

Password foametsecure , or yourlogin (if you changed it from
"ametsecure "). This MySQL user will be created later when yare
working through Section 5. To provide additionatsdty, AMET is
shipped with permissions that allow this file torbad only by the user.
Note The R and perl configuration files should haveaheg passwords
and logins.
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Variable Description

Should include all R library paths where R packagere installed. In
our installation, they are:

. c(“/usr/local/pkgs/Rpackages”,oldLibPath) , Since we
newLibPath installed additional R libraries under
lusr/local/pkgs/Rpackages . Note: TheoldLibPath  needs to

be included in this variable.

4. Datasets

The AMET release includes both model and obsematidatasets provided as examples. You
should have downloaded these into the proper dinestduring the installation process.

4.1 Model Data

For the model data, we have included both metegicdband air quality data. We have
organized the data into four example projeatsm5Example”, "wrfExample ",
"mcipExample ", and 'agExample ". On the MET side, there is a 5-day MM5 simulation
(July 04 2002 00:00 UTC to July 08 2002 23:00 UT&LH-day WRF simulation (July 05 2002
00:00 UTC to July 09 2002 23:00 UTC), and a 5-dayIRtpostprocessed MM5 simulation
(July 05 2002 00:00 UTC to July 09 2002 23:00 UTRR)e MM5 data file is

$AMETBASE/model_data/MET/ mm5Example/MMOUT_DOMAIN1_02Jul04

Note that we have boldedim5Example’ in the directory name above to highlight the femwit
we are using the project name to organize the nmaelut files into directories.

The WRF data consist of five WRF output files in@BF format:

SAMETBASE/model_data/MET/ wrfExample /
wrfout_d01_2002-07-05_00:00:00
wrfout_d01_2002-07-06_00:00:00
wrfout_d01_ 2002-07-07_00:00:00
wrfout_d01_ 2002-07-08_00:00:00
wrfout_d01_ 2002-07-09_00:00:00

The MCIP data consist of five METCRO2D files anc&edBRIDCRO2D file in netCDF format:

SAMETBASE/model_data/MET/mcipExample/
GRIDCRO2D 2002187
METCRO2D_2002186

METCRO2D_2002187

METCRO2D_2002188
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METCRO2D_2002189
METCRO2D_2002190

On the AQ side, we have included two CMAQ outplgsfifor the period July 01 2002 0:00 UTC
to July 11 2002 00:00 UTC. The two files:

$AMETBASE/model_data/AQ/ agExample /
test.36km.conc
test.36km.dep

correspond to the concentration and wet deposttigput files from CMAQ, after they have
been postprocessed with tt@mbine utility.

All of the spatial domains cover the continentabland have a 36-km grid resolution.

4.2 Observational Data

As with the model data, the observations directbrycture is divided between MET and AQ
fields. On the MET side, all of the observationsedrom the Meteorological Assimilation Data
Ingest System (MADIS), provided by the National @ue and Atmospheric Administration
(NOAA). If you are going to use AMET for MET analgsyou must first contact MADIS to
obtain a MADIS account, login, and password (g&&/www-sdd.fsl.noaa.gov/MADIS for
details). You will use this login information intdag up the Perl configuration file (discussed in
Section 3.1).

In the AMET structure, all of the MADIS data arerstd undeBAMETBASE/obs/MET. The
file stations.csv is a metadata file that describes the stationn@®lacation of each of the
MADIS monitoring sites; this file is in comma-septad-value (.csv) format. The AMET
distribution from CMAS will not include any MET obsrations from MADIS. When you run
the database population scripts (Section 6), théyautomatically call the MADIS system to
download the available monitoring sites’ observadifor the specified time period via ftp. For
example, the radiosonde data will be downloaded to

SAMETBASE/obs/MET/point/raob/netcdf

Each of the observation files is a netCDF file esgnting one hour’s worth of data from all
available monitoring sites. The netCDF file carsh@ed in a gzip compressed format to save
space, and unzipped automatically as needed. Nat¢hte default settings for the MADIS obs
extraction are set in template filesHAMETBASE/bin/madis_input . You can modify these
template files to extract mesonet data if desifdsb, you can adjust the quality control level
from its current highest level. See the MADIS doemtation available from their web site for
more information on how to customize these temgikgs.

On the AQ side, we have included the observatidatd for the following networks: Air Quality
System (AQS) network, Clean Air Status and Trendswdrk (CASTNET), Interagency
Monitoring of PROtected Visual Environments (IMPRBEMetwork, Mercury Deposition
Network (MDN), National Atmospheric Deposition Pragn (NADP) network, SouthEastern
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Aerosol Research and Characterization Study (SEAR®@kHwvork, and the Speciated Trends
Network (STN). The observational datasets have pesprocessed and reformatted (in some
instances from their original sources) for accgs8MET. The temporal range is network
dependent, and ranges from 2001 to 2006. The nrorgtstation locations are provided by a
series of .csv files under the subdirectbAMETBASE/obs/AQ/site_lists . A brief
synopsis of each network, along with the stepsiaéereate these data for AMET, is given
below. Note that in the species lists, each lingf ihe format “observed species name; model
species name (units)”.

4.2.1. Clean Air Status and Trends Network (CASTNet ) Weekly

Source:CASTNet data are obtained through the CASTNet svieb

http://www.epa.gov/castnet/ . Weekly CASTNet data can be obtained by downlagtie
“drychem” file under the prepackaged datasets erfASTNet web site. No postprocessing of
the downloaded data is necessary in order for tioedme compatible with the Site Compare
(sitecmp ) software packaged with the AMET system.

Species used with AMET
tso4; ASOAT (ug/r)
tno3; ANO3T (ug/m)
tnh4; ANH4T (pg/m)
tno3+nhno3; ANO3T+HNO3_UGM3 (TNO3; pghn
nhno3; HNO3_UGM3 (ug/M
wso02; SO2_UGM3 (ug/h

4.2.2. Clean Air Status and Trends Network (CASTNet ) Hourly

Source:CASTNet data are obtained through the CASTNet svieb

http://www.epa.gov/castnet/ . Hourly CASTNet ozone data can be obtained by doading

the files labeled “ozone_yyyy” under the prepackbdatasets on the CASTNet web site.
Additionally, a “metdata_yyyy” file is also availedon the CASTNet web site, which contains
several meteorological variables in addition torezd\No postprocessing of the downloaded data
is necessary in order for them to be compatibla WNMET’s sitecmp .

Species used with AMET
Ozone; ozone (ppb)

Additional species that could be used with AMET:
Surface Temperature Precipitation
Relative Humidity 10m Wind Speed
Solar Radiation 10m Wind Direction
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4.2.3. Interagency Monitoring of PROtected Visual E  nvironments (IMPROVE)

SourceIMPROVE data can be through the IMPROVE web site:
http://vista.cira.colostate.edu/improve/ . The IMPROVE web site links to the Visibility
Information Exchange Web System (VIEWS) web sitkiclv is an interactive system for
downloading various air-quality-related data. IMPR®©data obtained through the VIEWS
system do not require any additional processingdik with AMET’s sitecmp .

Species used with AMET
SO04f_val; ASOAT (ug/f
NO3f_val; ANO3T (pg/m)
NH4f_val; ANHAT (ug/m)
MF_val; PM25 (ug/m)
OCf_val; PM_OC (ug/f
ECf_val; AECT (ug/m)
OCf_val+ECf_val; PM_OC+AECT (TC; pghfn

4.2.4. Mercury Deposition Network (MDN)

Source:MDN data are obtained through the NADP/MDN netwadd site:
http://nadp.sws.uiuc.edu/mdn/ . Data are available for download as a comma-dtdahiile

for all sites. No postprocessing of the downloadath is necessary in order for them to be used
with AMET’s sitecmp .

Species used with AMETirom CMAQ deposition file):
HGconc; TWDEP_HG (ng/L)
HGdep; TWDEP_HG (ug/fi

4.2.5. National Atmospheric Deposition Program (NAD  P)

SourceXNADP data are obtained through the NADP/NTN weéé: si

http://nadp.sws.uiuc.edu/ . Weekly wet concentration data are downloadesmroa-
delimited format directly from the NADP web siteo ldostprocessing of the downloaded data is
necessary in order for them to be used with AMEitscmp .

Species used with AMETirom CMAQ deposition file):
NH4; WDEP_NHX (mg/L or kg/ha)
NO3; WDEP_TNOS3 (mg/L or kg/ha)
SO4; WDEP_ASOAT (mg/L or kg/ha)
precip; RT (mm)
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4.2.6. SouthEastern Aerosol Research and Characteri  zation (SEARCH) Study

Source:SEARCH data are obtained through the SEARCH webisip://www.atmospheric-
research.com/public/index.html . The SEARCH data can be downloaded as comma-
delimited files for each SEARCH site. In order sused witlsitecmp and AMET, the
individual site files must first be merged togetho a single file. The example SEARCH data
file provided with AMET should serve as an examgfiédow the raw SEARCH data need to be
combined and formatted in order to work wsitecmp and AMET.

Species used with AMET
03; O3 (ppb)
co; CO (ppb)
s02; SO2 (ppb)
no; NO (ppb)
hno3; HNO3 (ppb)
teom; PM25 (pg/rf
no3; ANO3T (pg/m)
so04; ASOAT (ug/f)
nh4; ANHAT (pg/m)
noy; NOY (ppb)

4.2.7. Speciation Trends Network (STN)

Source:STN data are obtained through the EPAs Air Quabystem (AQS), located at
http://www.epa.gov/ttn/airs/airsags/ . The data provided with AMET are a sample of the
STN data that can be obtained through the AQS. détppocessing of the downloaded STN data
is necessary in order for them to work wsitecmp and AMET.

Species used with AMET
m_so4; ASOAT (ug/m
m_no3; ANO3T (ug/i)
m_nh4; ANH4T (ng/m)
FRM PM, s Mass;PM, s (pLg/nT)
oc_adj; PM_OC (ug/f
ec_niosh; AECT (ug/f
oc_adj+ec_niosh; PM_OC+AECT (TC; pgjm

4.2.8. Air Quality System (AQS)

SourceAQS data are obtained through the EPA's Air Quéiystem (AQS), located at
http://www.epa.gov/ttn/airs/airsags/ . Various species of atmospheric gases are availabl

10
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for download through the AQS. Although only ozorgadare provided with the AMET release,
bothsitecmp and AMET can process other gaseous species aeditabugh the AQS (some
customization is required, however).

Species used with AMET:
ozone; ozone (ppb)

5. Database Setup

The next step in using AMET is to set up the MySfatabase. Please refer to the flow diagram
in Appendix A to understand the overall flow of @@mong the various modules within AMET.
This section must be completed before you poptlteg@latabase with your project-specific data
(Section 6). This setup process is required onbedor a given AMET installation. There are
separate setup procedures for the two fields, METAQ. If you are using AMET for only one

of those fields, you need to run only the corresiiog setup. If you are running AMET for both
fields, you will need to run both setups. In thédwing discussion, we assume the default name
of the AMET databaseamet”, and the default AMET MySQL useratnetsecure . If you
decide to change either of these, then you wildrteaupdate the appropriate variables in the Perl
and R configuration files in the directdBAMETBASE/configure  (see Section 3). Before

you run the setup scripts, you will need to knoe ‘ttoot ” password for the MySQL admini-
strator. Note that this is not the same as #métsecure " password that will be created using
the scripts discussed below.

5.1 MET Setup

Go to the setup directory
$ cd SAMETBASE /scripts_db/setupMET

Here, you will see a series of C-shell scriptsh)@nd an input file (.input). The input file,
sites_meta.input , defines the metadata file for the MADIS statig¢station ID, location,
etc.).

To initialize the MET side of AMET, you will need &dit and run the

initialize_met_db.csh script. Specifically, you should make sure the gadii
AMETBASEorresponds to your system. If you have alreadythe setup procedure for AQ, you
should set the variablenéw_db” to “N’; otherwise set it toY” to create a nevamet database.
Run the initialize script

$ ./initialize_met_db.csh

This will ask you for MySQL's foot " password. It will then set up the AMET database,
“amet”, and the AMET user,dmetsecure ”. It will also create two tables in yoamet
databasestations  (observation sites metadata) gmmdject_log (contains summary
information for each MET project).

11
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The setup directory also contains scripts for reimgpprojects and removing tlaenet database.
To delete a specific MET project, use

$./delete_project.csh

This script will ask you for the name of the prdjecdelete CAUTION: This will delete all of
the tables in the database corresponding to tlogqir

To delete thamet database from MySQL, use
$./delete_db.csh

This script will ask you for the MySQLréot " password before proceediridse this script
with EXTREME CAUTION because this will delete all of the data in théathase
corresponding tall of the projectsifoth MET and AQ).

5.2 AQ Setup
Go to the setup directory
$ cd SAMETBASE/scripts_db/setupAQ

As for the MET setup, you will see a series of @sbcripts and an input file. The input file,
sites_meta.input , defines the metadata files for the various AQ aoimg networks
(station ID, location, etc.).

To initialize the AQ side of AMET, you will need it and run the

initialize_aq_db.csh script. Specifically, you should make sure thaieadf AMETBASE
corresponds to your system. If you have alreadytmarsetup procedure for MET, you should set
the variable hew_db” to “N’; otherwise set it toY” to create a newamet database. Run the
initialize script

$ ./initialize_ag_db.csh

This will ask you for MySQL's foot ” password. It will then set up the AMET database,
“amet”, and the AMET user,dmetsecure ”. It will also create three tables in yoamet
databasesite_metadata  (observation sites metadatpjpject_units (contains species-
specific units for each project), and_project_log (contains summary information for
each AQ project).

The setup directory also contains scripts for reimgpprojects and removing tlaenet database.
To delete a specific MET project, use

$./delete_project.csh

This script will ask you for the name of the prdjezdelete CAUTION: This will delete all of
the tables in the database corresponding to tloggir

To delete thamet database from MySQL, use
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$./delete_db.csh

This script will ask you for the MySQLréot " password before proceedindse this script
with EXTREME CAUTION because this will delete all of the data in théadbase
corresponding t@ll of the projectsijoth MET and AQ).

5.3 Basic MySQL Commands

As you begin to go through tlzenet database setup and the project-specific datalmgadgte
process, you may want to query the database direectiee your progress. Here are a few
commands to help you interact directly with the NDfSamet database. For more specifics, see
one of the many MySQL books available, or lookhat documentation under

http://dev.mysql.com/doc

To log onto the MySQL server from the command ligpe
$ mysql -u ametsecure -D amet —p

This will give you a MySQL prompt (hysqgl> “). Note that all MySQL commands are case
insensitive, and they must end with a semicolori)(*

To get a list of all the tables in your databagpet
mysql> show tables;

After you have populated all of the example prgjdend of Section 6), that command will yield
a table like this:

| Tables_in_amet |

agExample |
ag_project_log |
mmb5Example_profiler |
mmb5Example_raob |
mm5Example_surface |
mcipExample_profiler|
mcipExample_raob |
mcipExample_surface |
project_log |
project_units |
site_metadata |
stations |
wrfExample_profiler |
wrfExample_raob |
wrfExample_surface |

To select every column and row in yquoject_log table:
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mysql> select * from project_log;

To select the latitude, longitude, and common naah@mns from the stations metadata table
and limit the results to the first 20 rows:

mysqgl> select lat,lon,common_name from stations lim it 20;
To select all station metadata where the moniténois the CASTNET network:

mysql> select * from site_metadata where network="‘c astnet’;
To determine which networks are included in @lgq&xample project:

mysql> select distinct network from agExample;

6. Database Population

The database population phase of AMET must be pedd for each new project. As discussed
in Section 1.2, thprojectis the organizing structure that we use to groppréicular model
simulation with the scripts and data used to pdptlaeamet tables. If you go to the database
populate directory by typing

$ cd SAMETBASE/scripts_db

you will see four project directories, in addititmthe setup directories described earlier. The
projects are

(a) a MET example for the WRF modelifExample ),
(b) a MET example for the MM5 modahim5Example),
(c) a MET example for MCIP postprocessed surface datapExample ), and
(d) an AQ example for the CMAQ modeldExample ).

In the following subsections, we describe how to @ach project.

6.1 The wrfExample Project
Go to the project directory
$ cd SAMETBASE /scripts_db/wrfExample

Here, you will see two input files and two C-sleadtipts. Thesetup_project.input file is

the input file for initializing the project’s databe tables (discussed later in Section 6). The only
thing you should need to change in this file is‘themail ” variable. Note that you should use
the backslash “escape” charactér;,'to prevent Perl from evaluating th@in your e-mail
address. Thpopulate_project.input file describes specific flags for the model ougput
and observations that you want to process. Seero® for information on the specifics
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relating to each variable. You will likely not needichange anything in this second input file.

The C-shell filemetProject.csh is a wrapper script for calling the Perl prograirest
actually populate the AMET database with the piojiata. You will likely only need to verify
that the variablAMETBASHas been updated for this project. Run the sbyipgyping

$ ./metProject.csh >& log.populate

This C-shell script will create three empty projediles in the AMET database:
wrfExample_profiler , wrfExample_raob , andwrfExample_surface. These
tables correspond to the matches between the roatlts and (1) the wind profiler
observations, (2) the radiosonde observations(@nithe surface observations. After creating
these tables, the script then begins the matchimgegs. This consists of auto-ftp-ing data from
the MADIS web site for the model’s temporal periadzipping the downloaded data, finding
the geographic location of each observation sitthermodel grid and interpolating to those
locations, populating the appropriate table with tmodel-obs pairs for each variable, and
optionally rezipping the data for compressed ster&inally, the script updates the

project_log with summary information for therfExample project.

The second C-shell filenetFTP.csh , is a wrapper script for calling Perl programs to
download observational data from MADIS for a spegueriod of time. This allows you to
download observational data without having the rhodgut. Make sure the variable
auto_ftp  is set to 1 when running this script. Please tiraethe MADIS data need to be
downloaded once for a given time period and wilsagquently be available to all projects.

6.2 The mm5Example Project
Go to the project directory:
$ cd SAMETBASE/scripts_db/mm5Example

Here, you will see two input files and two C-slsdtipts. Thesetup_project.input file is

the input file for initializing the project’s databe tables (discussed later in Section 6). The only
thing you should need to change in this file is‘themail ” variable. Note that you should use
the backslash “escape” charactér;,'to prevent Perl from evaluating th@"in your e-mail
address. Thpopulate_project.input file describes specific flags for the model ougput
and observations that you want to process. Seerf&lmp® for information on the specifics
relating to each variable. You will likely not neexichange anything in this second input file.
Note that the MM5 model has been run with the Pi¥im(PX) surface model and has the
relevant flags for this configuration; see AppenBifor more information.

The C-shell filemetProject.csh is a wrapper script for calling the Perl progratiret
actually populate the AMET database with the piojiata. You will likely only need to verify
that the variablAMETBASHas been updated for this project. Run the sbyigyping

$ ./metProject.csh >& log.populate

15



Atmospheric Model Evaluation Tool (AMET) User’s @i

This C-shell script will create three empty projediles in the AMET database:
mm5Example_profiler , mm5Example_raob , andmm5Example_surface. These
tables correspond to the matches between the roatfaits and (1) the wind profiler
observations, (2) the radiosonde observations(@ithe surface observations. After creating
these tables, the script then begins the matchimgegs. This consists of converting the MM5
output file into a netCDF file, auto-ftp-ing datarn the MADIS web site for the model’s
temporal period, unzipping the downloaded datalifig the geographic location of each
observation site on the model grid and interpotpatmthose locations, populating the appropriate
table with the model-obs pairs for each variabte] aptionally rezipping the data for
compressed storage. Finally, the script updateprtbject_log with summary information
for themm5Example project.

Note that if your MM5 simulation was configureduse a non-PX surface model, you will need
to change the two variabl&sliagnose_sfc ~ and$match_config  in the
populate_project.input file; see Appendix B for more information.

The second C-shell filenetFTP.csh , is a wrapper script for calling Perl programs to
download observational data from MADIS for a spegikeriod of time. This allows you to
download observational data without having the rhodgut. Make sure that the variable
auto_ftp  is set to 1 when running this script. Please tiaethe MADIS data need to be
downloaded only once for a given time period anidlsuibsequently be available to all projects.

6.3 The mcipExample Project
Go to the project directory
$ cd SAMETBASE/scripts_db/mcipExample

Here, you will see two input files and two C-slsdtipts. Thesetup_project.input file is

the input file for initializing the project’s databe tables (discussed later in Section 6). The only
thing you should need to change in this file is‘themail ” variable. Note that you should use
the backslash “escape” charactér;,'to prevent Perl from evaluating th@"in your e-mail
address. Thpopulate_project.input file describes specific flags for the model ougput
and observations that you want to process. Seerio® for information on the specifics
relating to each variable. You will likely not neexichange anything in this second input file.

The C-shell filemetProject.csh is a wrapper script for calling the Perl prograiret
actually populate the AMET database with the progiata. You will likely only need to verify
the variableAMETBASHas been updated for this project. Also notevdreable
AMET_MCIP_GRIDwhich should provide the full path to the GRIDCHDfile used for this
project. Run the script by typing

$ ./metProject.csh >& log.populate

This C-shell script will create three empty projediles in the AMET database:
mcipExample_profiler , mcipExample_raob , andmcipExample_surface. These

16



Atmospheric Model Evaluation Tool (AMET) User’s @i

tables correspond to the matches between the roatits and (1) the wind profiler
observations, (2) the radiosonde observations(3nithe surface observations. However, AMET
currently works only on MCIP surface data, so theifer and raob tables will be empty. After
creating these tables, the script then begins #itehing process. This consists of auto-ftp-ing
data from the MADIS web site for the model's tengbgeriod, unzipping the downloaded data,
finding the geographic location of each observasit@ on the model grid and interpolating to
those locations, populating the appropriate talbike the model-obs pairs for each variable, and
optionally rezipping the data for compressed ster&inally, the script updates the

project_log with summary information for thecipExample project.

The second C-shell filenetFTP.csh , is a wrapper script for calling Perl programs to
download observational data from MADIS for a spegueriod of time. This allows you to
download observational data without having the rhodgut. Make sure the variable

auto_ftp  is set to 1 when running this script. Please ttrethe MADIS data need to be
downloaded only once for a given time period anidlsuibsequently be available to all projects.

6.4 The agExample Project
Go to the project directory:
$ cd SAMETBASE/scripts_db/agExample

Here, you will see two input files, one C-shellistrand thecombine subdirectory. The
setup_project.input file is the input file for initializing the projés database table
(discussed later in Section 6). The only thing gbauld need to change in this file is the
“$email ” variable. Note that you should use the backstashape” character)®, to prevent
Perl from evaluating the@ in your e-mail address. Th®pulate_project.input file
describes specific flags for the model outputs @pgkrvations that you want to process. See
Appendix B for information on the specifics relatito each variable. You will likely not need to
change anything in this second input file. Toenbine subdirectory is not used for this
example; it is discussed later in Section 6.5, &lirey a New AQ Project”.

The C-shell fileagProject.csh is a wrapper script for calling the Perl prograthre actually
populate the AMET database with the project dake. Variable that you will likely need to
change for this project IAMETBASE Run the script by typing

$ ./agProject.csh >& log.populate

Note that if you are overwriting an existing prdjéce., using the same project name), you
cannot redirect the screen output to a file bectusescript will require input from you.

This C-shell script will create one empty projedtle in the AMET databasagExample .

After creating this table, the script then beghms tatching process. This consists of calling a
series of Perl programs and Fortran helper progratmestwo Fortran helper programs are
$AMETBASE/bin/cmp_airs.exe and$AMETBASE/bin/sitecmp.exe ; the first one
matches the AQS network’s data to the nearestogtidn the CMAQ model, and the second one
does the same for the other networks. After eatliar& has been matched to the model, the
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agExample table is populated with the model-obs pairs. Iditoh to creating and populating
theagExample table, the script updates theoject_units table with each network for
that project. This table defines the physical uaftthe species variables for this network (e.g.,
ppb vs. ug/M). Finally, the script updates tiag_project_log with summary information
for theagExample project.

6.5 Creating a New MET Project

When you create your own projects, we recommendythautilize the structure of naming your
directories after your projects. If you choose toado this, you will have to modify the provided
run scripts.

To create a new project, follow these basic steps:
1. Copy the appropriate example project to a new thrgc

2. Rename it after your new project (use #éxactproject name, as many scripts use the
project name to navigate directories).

3. Create a new project directory uné&METBASE/model_data/MET for the input
model data.

4. Change the appropriate variables in the projedhéll-script.
5. Run your new populate script.

For example, if we were creating a new WRF progatied ‘WwrfNC2007 ”, we would use

$ cd SAMETBASE/scripts_db
$ cp -r wrfExample wrfNC2007
$ cd wrfNC2007

Create a new model data directory and move onjolk model data into it, as follows:
$ cd SAMETBASE/model_data/MET
$ mkdir wrfNC2007
$ cd wrfNC2007
$ In -s <model data> .

Here, you would replace<tnodel data> ” with the path to your model data file(s). The
metProject.csh script will perform the model-obs matching on athael outputs in this
new directory.

Next, edit thebAMETBASE/script_db/wrfNC2007/metProject.csh variables
AMET_PROJECT'wrfNC2007") andAMET_PROJ_DESQyour description of the project).

Finally, run the populate script:
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$ cd SAMETBASE/scripts_db/wrfNC2007
$ ./metProject.csh

This will create a new MET project in tlaenet database. Specifically, it will create a new row
in your project_log table and three new tableerfNC2007_profiler ,
wrfNC2007_raob , andwrfNC2007_surface

6.6 Creating a New AQ Project

Before describing the creation of a new AQ projeat,need to clarify a potentially confusing
issue: the relationship between model species amdton species. In order for AQ database
population to work, there must be a mapping betwbemmodel species and the various network
species. This mapping is accomplished by postpsiogshe CMAQ model data, and through
species definitions in th@opulate_project.input file. The model data used in the
agExample section (Section 6.3) were already postprocessede did not need to go through
that step when running the example project. Inva m®ject, you will likely need to postprocess
your CMAQ data before they are ingested intoaheet database. This postprocessing is
accomplished in the third step of creating a newpgkQect (described below), using the
combine Fortran program.

Also, when you create your own projects, we reconubat you utilize the structure of naming
your directories after your projects. If you choose to do this, you will have to modify the
provided run scripts.

To create a new project, follow these basic steps:
1. Copy the appropriate example project to a new thrgc
2. Rename it after your new project (use é&xactproject name).
3. Postprocess the model data usingdbmmbine Fortran program.

4. Create a new project directory uné&METBASE/model_data/AQ for the input
model data.

5. Change the appropriate variables in the projedi€l}script.
6. Run the new populate script.
For example, if we were creating a new AQ projetied “agNC2007”, we would use

$ cd SAMETBASE/scripts_db
$ cp -r agExample agNC2007

Next you will need to postprocess the raw CMAQ @oiation and wet deposition files to map
the data to the appropriate species nhames. Taglo/tu will use the&eombine Fortran
program. Go to theombine directory:
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$ cd agNC2007/combine

Edit thecombine_conc.csh  andcombine_dep.csh  scripts for your model data. For
detailed instructions oocombine , see

http://www.cmascenter.org/help/model docs/cmaqg/4.6/ EVALUATION TOOLS.txt . Run
the two combine scripts:

$ ./combine_conc.csh
$ ./combine_dep.csh

Regarding the@opulate_project.input file, you will not need to change it if you do not
change the species definition filepéc_def* ). If you do change the species definitions, you
will need to change the species definitions andetaim the
$AMETBASE/scripts_db/agNC2007/populate_project.inpu t . See Appendix B
for details.

Next, create a new model data directory and movalorour postprocessed model data into it,
as follows:

$ cd SAMETBASE/model_data/AQ
$ mkdir agNC2007

$ cd agNC2007

$ In -s <model data> .

Here, you would replace<tnodel data> ” with the path to your postprocessed model data
file(s).

Next, in the fileSAMETBASE/scripts_db/agNC2007/aqProject.csh , edit the
variablesAMET_PROJECT'agNC2007") START_DATE (start date of the model data),
END_DATHend date of the model dat&ONC_1 (model concentration file(s)), amEP_1
(model deposition file(s)). Note that the modeladfiies should point to your postprocessed
model data.

Finally, run the populate script:

$ cd SAMETBASE/scripts_db/agNC2007
$ .JagProject.csh

This will create a new AQ project in tlanet database. Specifically, it will create a new row i
yourag_project_log table, a series of new rows (one for each netwiarlgpur
project_units table, and a new project tabsfNC2007.

7. Analysis
The analysis phase of AMET consists of performitagjstical analyses on the model-obs pairs

and creating plots of the resulting statistics. Bhasic process is to query the project’s database
table(s) using a set of SQL criteria; to perforatistical analyses on the returned data; and to
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create plots, tables, and text file outputs. Threetu AMET package contains a series of
preprogrammed statistical analysis and plottindines, based on the R language. These scripts
are provided strictly as a starting point and lasifative examples. Because all the model-obs
pairs are stored in a MySQL database, an advarsmrdcan decide to access those data in any
desired manner, including other software packagjiéshat is required is a MySQL interface and
some exploration of the table structure. We enagrieadvanced users to extend these R scripts to
create more specific or advanced plotting capaslito use other languages to expand AMET
analysis capabilities, and to contribute these tgsdtn the CMAS community.

As with the database populate phase, the projelceisrganizing structure that we use to group a
particular model run (specific model, physics oeristry, spatial domain, scale, etc.) with the
scripts used to analyze thenet tables and with the output from this analysis tgknd data).

A second organizing structure is the grouping odétfiles for each type of analysis. In the
project directories, you will see a C-shell scept an input file with similar names (e.g.,
run_timeseries.csh andtimeseries.input ). These two files set up everything that
is necessary to run an underlying R scripAMETBASE/Rand then they run that script. The
use of the C-shell interface allows users who atevary familiar with R to perform these
predefined analyses, shielding them from the adtuabde.

7.1 wrfExample

Go to the project directory:
$ cd SAMETBASE/scripts_analysis/wrfExample

Here, you will see a series of C-shell scripts #rar accompanying input files. We will go
through an analysis script in detail as an exarfgrleunning each of the scripts in the project.

Therun_spatial_surface.csh script creates a series of maps comparing thacairf
monitors to the model for one or more days. Eaoh glovides color-coded model performance
metrics at each of the monitor locations. In eaepnit plots the particular value at the monitor
location.

First, edit therun_spatial_surface.csh file. Change th& METBASFEariable to
correspond with your setup. The corresponding ififjtspatial_surface.input , will
likely not need to be changed.

Run the script:
$ ./run_spatial_surface.csh

This will run the script and print out the locatiohthe plots. In addition to the script outputs, a
detailed log file is produced and located in thectory
$AMETBASE/scripts_analysis/wrfExample . After the script has completed, go to the
output directory and view your maps:

$ cd SAMETBASE/output/wrfExample/spatial_surface
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You should see a whole series of plots of the form:
wrfExample.<stats>.<variable>.20020705.20020709.pdf

A brief summary of each of the C-shell scriptsiieg in Table 7-1.

Table 7-1. MET analysis scripts.

C-shell Script I nput Description
run_daily_barplot daily_barplot Creates a series of daily barplots for all sites
.csh .input within your domain.

Compares AQ and MET data. Creates a spatial
plot of correlation and a time series plot of bias.

run_met_aq _ri':]erfaf‘q—w“p'ed Note You need to setup both MET and AQ
models and define the MET variables and the AQ
species and network of interest.

Creates time-height maps of wind direction and
run_plot_prof plot_prof speed profiles statistics. Also can create spatial
.csh {input plot of site locations and names to help identify

sites in the domain.

Creates plots of rawinsonde sites. It creates a

run_plot_rach i T series of maps of all sites and vertical profile fo
user-specified site.

run_spatial_surface spatial_surface Creates a series of maps comparing surface

.csh Ainput monitor and model values for one or more days.
Creates a summary plot of a series of MET
variables. This includes a time series plot and an
“ametplot,” which includes a scatterplot, time
series, boxplot, and for wind direction, a histo-

run_summary summary gram and directional scatterplot. Note that you

.csh Ainput may want to change the variad1ET_RUNIDo

change the file naming convention. Also, the
AMET_CRITERIAIs an additional SQL
command that further limits the data used. This
can be customized by the user.
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C-shell Script I nput Description

Creates a time series plot for one or more
monitoring stations. Creates a time series plot for
temperature, mixing ratio, wind speed and

_ . _ _ direction. You control which monitors are plotted

run_timeseries F:nmpeuste”es through theAMET_SITEID variable. You can

also control date ranges and provide additional
SQL criteria to further limit the datalote
Multiple sites can either be averaged or used to
create separate plots.

run_wind_prof wind_prof Creates wind arrow profiles for a set of specific
.csh input monitoring sites.

Under thebAMETBASE/scripts_analysis directory, you will notice that there is only a
wrfExample project on the MET side. We did not include then5Example project nor the
mcipExample project because the different inputs are basi¢edigted the same in terms of
analysis. You could easily add a new project damctor mm5Example or mcipExample by
following the instructions in Section 7.3.

7.2 aqExample

Go to the project directory:
$ cd SAMETBASE/scripts_analysis/agExample

Here, you will see a series of C-shell scripts #rar accompanying input files. We will go
through an analysis script in detail as a exammieudnning each of the scripts in the project.

Therun_scatterplot.csh script creates a scatterplot for one species boenor more
monitoring networks. It compares the observed \sataghe corresponding model values. The
AQ side has an added complication: not all monipnetworks monitor all species. Therefore,
the user needs to know which network(s) has theispef interest; if that species is not
available in the network(s) specified, the analgsispts will likely fail. See Section 4.2 and
Appendix B for more details on the various spetheas are monitored (or available) from each
AQ network.

First, edittherun_scatterplot.csh file. Change thMETBASKEariable to correspond
with your setup. Note that the species select&Did and you are plotting two networks:
IMPROVE and CASTNET. The corresponding input fdeatterplot.input , Will likely
not need to be changed.

Also note that all AQ analysis scripts make usthefNetwork.input input file. This file
contains information about each observational ndtvawailable to the project that is needed by
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the R scripts. More information about this file denfound in Appendix B, Table B-13.
Run the script:
$ ./run_scatterplot.csh

This will run the script and print out the locatiohthe plots. In addition to the script outputs, a
detailed log file is produced and located in thectiory
$AMETBASE/scripts_analysis/aqgExample . After the script has completed, go to the
output directory and view your plots:

$ cd SAMETBASE/output/agExample/scatterplot
You should see files of the form:
agExample_SO4_scatterplot.pdf

A brief summary of each of the C-shell scriptsiigeeg in Table 7-2.

Table 7-2. AQ analysis scripts.
C-shell Script I nput Description Scope

Creates a box plot of model single
obs quartiles. Designed for . network;
run_boxplot boxplot entire year of data. Can be o
~ : single species;
.csh -Input used with a period as short des

3 months. single

simulation

Creates side-by-side boxplc single
to create a diurnal average network;
curve. Hourly data only.

run_boxplot_hourly boxplot_hourly hourly species
.csh .input only;
single
simulation
Model performance criteria multiple
are adjusted as a function o networks;
the average concentration c single species:
run._bugleplot bugleplot the observed value for that single ’
= : species. As the average X .
.csh Ainput P g simulation

concentration of the species
decreases, the acceptable

performance criteria increas
Creates a bias and error plc
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run_met_aq
.csh

run_pave_overlay
.csh

run_plot_spatial
.csh

run_scatterplot
.csh

run_scatterplot_MtoM
.csh

run_scatterplot_single
.csh

I nput

met_aq_coupled
.input

pave_overlay
.input

plot_spatial
.input

scatterplot
.input

scatterplot_MtoM
.input

scatterplot_single
.input
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Description Scope
Compares AQ and MET dat AQS;
Creates a spatial plot of O
correlation and a time seriet
plot of bias. Notehatyou
need to setup both MET an
AQ models and define the
MET variables and the AQ
species and network of
interest.

single
MET/AQ
simulation
pair

Creates a data file that can single

used by the program network;
bldoverlay
overlay file. This file can be
used in PAVE to overlay ove

CMAQ model output. Hourly Single
data only. simulation

only;

Plots the observed value, multiple
model value, and difference networks;

between the model and obs gjngje species:

for each site. Multiple value:
for a site are averaged to a
single value for plotting
purposes.

single
simulation

Creates a single model vs.
obs scatterplot. This script

multiple
networks;

will plot a single species froi single species;

up to three networks on a
single plot. Summary
statistics are also included ¢

multiple
simulations

the plot.
Creates a single model-to- multiple
model scatterplofNote The networks;

model points correspond 0 gjngle species:

network’s site locations only :
multiple

simulations

Creates a scatter plot for a single
single network that includes network;

more specific statistics than single species:

run_scatterplot.csh. )
multiple

simulations

to create an hour|y specieS
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C-shell Script I nput Description Scope

Creates a forecast skill scat all AQS
plot. The script is designed ' networks;

run_scatterplot_skill scatterplot_skill work specifically with Q. O

.csh .input £l
single
simulation

Creates a soccerplot for one multiple
or more species over one ol network;
more networks. Criteria and multiple
goal lines are plotted in sucl species;
a way as to form a “soccer
goal” on the plot area. Two
statistics are then plotted:
Bias NMB(normalized
run_soccerplot soccerplot mean),FB (fractional), or
.csh .input NMdnB(normalized
median)] on the x-axis and
Error NMEnormalized
mean),FE(fractional), or
NMdnEnormalized median)
on the y-axis. The better the
performance of the model, t
closer the plotted points will
fall within the “goal” lines.

multiple
simulations

Data are averaged (mean o STN or
median) for S@Q NOs;, NH;, SEARCH;
EC, OC, and Pl for the species

run_stacked_barplot stacked_barplot model and observed values ,qgefined:

.csh .input Averages are then plotted o , ’
a stacked bar plot, along wit Multiple
the percent of the total Py Simulations
that each species constitute

Generates a series of spatic multiple
plotsof NMBNMEFB, FE, networks;
run_stats_plots stats_plots andCorrelation . CSV single species;
.csh input files with additional single
domain- and site-specific simulation
statistics are also include:
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C-shell Script I nput Description Scope

Creates a time series plot. single
With multiple sites; the sites network;

o ot SIS IS ENEEGIEE) 1D CTEeifs single species;

osh Input single plot. Also plots the bi: _ ’
and error between the obs ¢ Multiple
model. simulations

7.3 Creating a New Analysis Project

Creating a new analysis project requires the saasi Isteps for both the MET and the AQ
models. When you create your own analysis projess,ecommend that you utilize the
structure of naming your directories after yourjpcts (described earlier). To run analyses, you
must already have populated the database withetwepnoject (see Sections 6.4 and 6.5). To
create a new analysis project, follow these bdsiuss

1. Copy the appropriate example project to a new thrgc

2. Rename it after your new project (use éxactproject name, as many scripts use the
project name to navigate directories).

3. Change the appropriate variables in the projechéllscripts.
4. Run the new analysis scripts.
For example, if we were creating a new WRF progatied ‘wrfNC2007 ”, we would use
$ cd SAMETBASE/scripts_analysis
$ cp -r wrfExample wrfNC2007
$ cd wrfNC2007

In each of the C-shell scripts you want to run, enalre to change t#eMET_PROJECTO
wrfNC2007 . You will also likely change dates and custonesitin many of the scripts.

Run the desired analysis scripts from your newegmtajlirectory.

8. CMAS Support for AMET

We have added AMET to Bugzilla, the CMAS bug-trackand support request software system.
You are encouraged to contact CMAS via bugzilipoill have bugs to report, or if you would

like assistance with a specific component of AMERe Bugzilla site for AMET is
http://bugz.unc.edu/enter bug.cgi?product=AMET . If you have never accessed this site
before, a user account needs to be created bymgpadiemail request to the CMAS
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administrator. We have created the following sutiges on the Bugzilla AMET page:

* AQ Analyses
* AQ Database
* Installation

* Met Analyses
* Met Database
* Other

References

Gilliam, R, W. Appel, and S. Phillips, 2005. Thewdspheric Model Evaluation Tool:
Meteorology Module. Presented at teAhnual CMAS Conference, Chapel Hill, NC, Septem-

ber 2005. Also available at:
http://www.cmascenter.org/conference/2005/abstracts /6 1.pdf
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Appendix A:
Overview Flow Diagram
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| Overview of AMET Data Flow ]
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Appendix B:
Configuration and Input Files
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B.1 Perl Configuration File

This is the configuration file for all Perl scripised in database population—for example,
$AMETBASE/configure/amet-config.pl

Variable

$amet_base

$mysql_server

$root_login

$root_pass

$dbase

$perl_lib

$R_dir

$R_exe

$R_lib

$EXEC_ags
$EXEC_all

$fslftp_madis

Table B-1. amet-config.pl

Description

Top of AMET directory tree. It is recommended tiiati keep this as the
value of the environmental variatBAMETBASEIf you use something
else, the provided scripts will need significantdification.

" for the same
" for a server on rama.

MySQL server location. Examples alecalhost
machine as AMET, orrama.cempd.unc.edu

MySQL user for adding data to the database andpeifig queries.
“ametsecure " is recommended. This user will be created in the
database setuplote: To increase system security, users may want to
restrict this configuration file to read and wriely by user.

Password fordmetsecure ", or your$root_login (if changed from
“ametsecure "). This user will be created in the database setup

The name of the MySQL database created for all ANJESfects. amet”
is recommended.

Location of additional Perl libraries. In our exdmpve added additional
libraries through CPAN to/tisr/local/lib/perl ". Below
$perl_lib is the version number directory and below thatthee
additional modules.

Base directory for R installation.
Full path to R executable.

All of the R library paths that should be searcHedur example,
“/usr/local/pkgs/Rpackages:$R_dir/lib/R/site-

library 7, we installed additional R libraries under
lusr/local/pkgs/Rpackages

Full path tocmp_airs executable.
Full path tositecmp executable.

MADIS ftp site (needed only if using MET side).
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Variable Description
$login_madis MADIS-provided login (MET side only).
$pass_madis MADIS-provided password (MET side only).
$fslftp_ncep NCEP ftp site (needed only if using MET side).
$login_ncep NCEP login; most likely &nonymous .

Anonymous password for NCEP, usually your emairasisl Note the

$pass_ncep necessary “\@" (MET side only).

$amet_verbose  Verbosestdout . “yes” for more verbose,rfo” for less verbose.
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B.2 R Configuration File

This is the configuration file for all R-based aysads scripts. Note that the values here should
likely match the equivalent values in the Perl agunfation file—for example,
$AMETBASE/configure/amet-config.R

Table B-2. amet-config.R

Variable Description
MySQL server location. Examples alecalhost " for the same
server X .
machine as AMET, orrama.cempd.unc.edu for a server on rama.
MySQL user for adding data to the database andpeifig queries.
login “ametsecure ”is recommended. This user will be created in the

database setuplote: To increase system security, users may want to
restrict this configuration file to read and wraely by user.

Password fordmetsecure 7, or your login (if changed from
passwd “ametsecure ). This user will be created in the database setng
should reflect the Perl configuration file.

The name of the MySQL database created for all ANESjects.

CleREEE “amet” is recommended.
Maximum number of records to extract from the dasafor any one
maxrec )
guery. No maximum =1.
Should include all R library paths where R packagere installed. In
our installation, they are:
. c(“/usr/local/pkgs/Rpackages”,oldLibPath) , Since we
Leellbnat installed additional R libraries under
lusr/local/pkgs/Rpackages . Note that theldLibPath  needs

to be included in this variable.
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B.3 MET Project Setup Input File

This is the MET input file for all new projects,dsets up an empty project—for example,
$AMETBASE/scripts_db/wrfExample/setup_project.input .

Variable

$run_id
$model

$login

$email

$description

TableB-3. MET setup_project.pl
Description
Project name. Must be unique across both MET angAgct names.
MET model. Examples:tim3, “wrf .

Your username. Identifier used to populaser column inproject_log
table.

Your email. Note: use the backslash charadtéitd escape the “@”
character for Perl.

Brief project description.

35



Atmospheric Model Evaluation Tool (AMET) User’s @i

B.4 AQ Project Setup Input File

This is the AQ input file for all new projects, agsets up an empty project—for example,
$AMETBASE/scripts_db/agExample/setup_project.input

Table B-4. AQ setup_project.input

Variable Description
$run_id Project name. Must be unique across both MET angbAgct names.
$model AQ model. Example:CMAQ
$login Your username. Identifier used to populaser column in

aqg_project_log table.

$email Your email. Note: use\” to escape the@®” character for Perl.
$description Brief project description.
$delete_id Delete project if project already exists:

“y” — yes, delete project, with prompt
“n” — no, do not delete project

$exit_exists Returned exit status &Q_create_project.pl if project already
exists:

1 — return error
0 — return success

36



Atmospheric Model Evaluation Tool (AMET) User’s @i

B.5 MET Project Populate Input Files

This is the MET input file for populating new projs—for example,
$AMETBASE/scripts_db/wrfExample/populate_project.in put .

Table B-5. MET populate_project.input

Variable Description
$pid Project name. Must be unique across both MET angbAgct
names.
$model MET model. Examples:tim3, “wrf ”, “mcip ”, or “eta ".
$obs_format Observation format:

“madis " — MADIS observations

“tdl " — preprocessed nonstandard obs
$model_data_dir Directory of model output.
$mcip_grid_file Path to MCIFGRIDCRO2Mile.
$obs_dir Top of observation directory. For MADIS, this iethquivalent of
$TOPand$MADIS_DATA For typical setup, this will be
$SAMETBASE/obs/MET.
$tmp_dir Output directory for temporary MADIS files and MM&tCDF files.
$interp_method Interpolation technique from model grid to obseimatocation:
0 — bilinear

1 — nearest neighbor

$eval_class Observation types to include:
“surface " — surface observations only
“profiler 7 —wind profiler only

“raob ” — rawinsonde only
“acars " — aircraft only
“mesonet ” — mesonet only

“all " —all observation types
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Variable Description

$diagnose_sfc Diagnose surface model:
1 — MM5 with PX surface model
0 — WRF or MM5 without PX surface model

Note that if you us@® for MM5, you need to change
$match_config to non-PX configuration.

Soutput_int Model output time step in hours.
$eval_int Observations time step in hours.
$forecast Model is a forecast, so observations may not béadola for all hours:

1 — yes (forecast hour is set to time index in
model output x output interval)

0 — no (forecast hour is set to zero)

$auto_ftp Automatically ftp observations from MADIS:
1-yes
0-no

$auto_unzip Automatically unzip MADIS data stored in gzip fortna
1-yes
0-no

$auto_zip Automatically zip MADIS data in gzip format for sage:
1-yes
0-no

$time_index_start Starting index of model output. This can be useskip a spin-up

period. The starting point is index + 1. Exampl&iea:
-1 — start at Oth hour, i.e., include all time steps

0 — skip first time step, start at hour 1

11 — start at hour 12
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Variable

$process_npa

$real_time

$file_date

$rm_output_file

$match_config

Atmospheric Model Evaluation Tool (AMET) User’s @i

Description

Match model precip with National Precipitation Aysb (not
supported at this time):

1-yes
0-no

Real-time run, use current system date as timesramgcripts:
1-yes

0-no

For MM5 data, model data need to be in netCDF foonaonverted
to netCDF. If they have been converted, they neagé the naming
conventiormmout.YYYY.MM.DD-NHRS For example,
mmout.2001.04.01.00-48 is a model run starting at 4/1/2001

00 UTC and running for 48 hours.
MM5 has already been converted to netCDF:

1-yes

0-no

Remove model output file after matching process:

1-yes

0-no

Full path to configuration file for matching MADM&ariables to mode
variables. Note that if you are using MM5 with anA®X surface
model, you will have to usMET_matching_nonPX.conf  and

change th&diagnose_sfc  value to0. All MCIP output should
use the MCIP configuration file.
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B.6 AQ Project Populate Input Files

This is the AQ input file for populating new profse-for example,
$AMETBASE/scripts_db/agExample/populate_project.inp ut .

Variable
$start_date

$end_date

$m3_file]i]

$m3_dep_file[i]

$project_id

$castnet_flag

$O3_units

$precip_units

$inc_rh

$user_def _spec

$ozone

Table B-6. AQ populate project.input
Description
Start date of model-observation matching.
End date of model-observation matching.
Array of model output file(s). Up to 6 model contration files.
Array of model output file(s). Up to 6 model wetpdsition files.
Project name. Must be unique across both MET anghAj&ct names.

Example of monitoring network flag (CASTNET). Eaobtwork can
be either included or excluded:

y” — include monitoring network’s observations
“n” — exclude monitoring network’s observations

Concentration units for modék:
“ppb” or “ppn

Precipitation units in model:
“cm” or “mm

Include relative humidity:
“y” —include RH
“n” — do not include RH

Additional or different definition for chemical sges:
“y” — user is providing new definitions
“n” — user is not providing new definitions

Example of specific species to be user-defined.aft@pecies that use
the default definitions, set them to™ If user-defined, set that species
to “y”, and change the respective species name.
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Variable Description

User-defined species. Usedditecmp orcmp_airs to translate
between model variables and monitor variables. @saéd if respective
species is set to user-definegt{): For example, total carbon
(TC_conc_name) is being defined as AECT + PM_OC.

$0O3_conc_name
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B.7 MET Analysis Input Files

The analysis input files are found$AMET/scripts_analysis/wrfExample . The
following is a partial list of variables. Not alf these variables are available in every input file

TableB-7. MET analysisinput variables
Variable Description

acars.only

ametp

ag_database

aqg_network

ag_project

aq_site_table

ag_species_col

checksave

colp

colpRH

colpT

colpws

Either plot only ACARS airport sites on site locatiplot, or
include all profile stations:

TRUE- only ACARS sites
FALSE- All sites

Flag to generate figures.

Name of air quality database. This is typically Haene as the
meteorological database (e.qamet").

Air quality network to be plotted. Default froosh script.
Air quality project to be used. Default frozsh script.

Table in AMET database that contains metadatarajiality
sites.

Air quality variables to be included in analysiefBult value is
from csh script.

Check to see if R datafile exists (i.e., if sawefd activated R
datafile is saved, so there is no need to quebdae).

Various color specifications for model evaluatioatrcs.

Color specifications for model evaluation metricgdlving
relative humidity.

Color specifications for model evaluation metriegadlving 2-m
temperature.

Color specifications for model evaluation metriegadlving
10-m wind.
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Variable

convert

date

datee

dates

Daydelay

De

Diurnal

Ds

elev

extra

extra?2
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Description

ImageMagick command. Used to crop margins of images
variable has been deprecated.

Either one date used as both starting and enditeg(dafault
from csh script), or a vector containing starting and egdin
dates.

Format:YYYYMMDD
In met_aq_coupled.input , used to select ending date of
analysis. Default uses value frarsh script.

In summary.input , used in the plot header to show the
ending date used in the analysis. Does not chaatgs dsed in
analysis.

Format:YYYYMMDD

In met_aq_coupled.input , used to select starting date of
analysis. Default uses value frarsh script.

In summary.input , used in the plot header to show the
starting date used in the analysis. Does not chdatgs used in
analysis.

Format:YYYYMMDD
Used in real-time mode to lag statisticsdaydelay days.

Ending day of time series analysis. Default usésevlomcsh
script.

Flag to partition and plot statistics as a funcwdime of day.

Starting day of time series analysis. Default usdge from
csh script.

Elevation criterion.
Additional SQL criterion to use in database query.

Additional SQL criterion to use in database qué&hys is for the
second site in time series plot.
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Variable

fcasthr

figdir

figid_sub

figure

fixed.legend

he
histplot

hs

imageplot

landuse

lat

layer

layerlab
layerunit
layervar
legend.div
legend.interval

legend.interval.bias

Atmospheric Model Evaluation Tool (AMET) User’s @i

Description

Forecast hour criteria used to isolate a particsggment of
forecast data.

Directory where figures will be output. Default valcomes
from thecsh script.

Secondary figure label.
Full figure path and name.

FALSE- Use default legend

TRUE- Use custom legend frolmgend.interval
Ending hour of analysis.

Flag to plot histogram of statistics.

Starting hour of analysis.

Include contours on profile plots:
TRUE- Contour and shade plot
FALSE- Only shade plot

Land use classification criteria for MySQL query.
Latitude specification for MySQL query.

Layer specification for profiler statistics.

Label for specified layer.

Units for layer statistics.

Variable for layer statistics.

Number of legend intervals.

Specific legend intervals.

Legend intervals for mean bias.
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Variable
level
levsRH
levsT
levsWS
lon
LT.offset

max.dist

maxrec

me
met_database

met_network

met_project

met_site table

met_variable_col

model
modell
model2

ms

obnetwork
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Description
Level description.
Levels for relative humidity statistics.
Levels for temperature statistics.
Levels for wind speed statistics.
Longitude specification for query.
Maximum and minimum UTC to local time offset in daim
Maximum distance allowed between AQ and MET sitelsnn.

Maximum number of records to allow from databasergyset
to-1 for unlimited).

Ending month of analysis; default comes frosh run script.
MySQL database name that holds meteorological giroje
Meteorological network.

Meteorological project name to be used in analy3&gault uses
value fromcsh script.

Name of the table that contains meteorologicalisftamation.

Modeled and observational variables of interestughbe
column names from database.

AMET project name.

Primary AMET project for time series plot.

Secondary AMET project for time series plot.

Starting month of analysis; default comes fresh run script.

Network used in analysis. This value is used onlghe plot
header, and does not affect the analysis.
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Variable

obtime

pheight

pid

player

plotfmt

plotSingleProfile

plotSiteMap

plotsize

processprof
prof

proflim

project

pwidth

qcQ

qcT

qcWs
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Description

Times used in analysis. This value is used onthénplot
header, and does not affect the analysis.

Plot height in pixels.

A separate identification that is attached to thgpot. Can be
used to distinguish between different output sidk®tthe same
project. Default value is input from tlesh script.

Logical to plot layer statistics.

File type of output. Default is taken from tbgh script.
Acceptable Valuespng, pdf , jpg , oreps

Logical (T or F) for generating hourly model-obswaivector
and potential temperature profile plots

Logical (T or F) for generating a site locationtgloat can aid in
identifying site IDs and locations.

Scale factor to increase or decrease the sizeotd.pl
1 =541 x 700 pixelgng) or 8.5 x 11 inchgdf )

Logical to generate profile comparisons.
Logical (T or F) for plotting raob-model profile comparison.
Lower and upper limit of profile plot.

AMET project name to be used in analysis. Defaaltg is
taken fromcsh run script.

Width of plot.

Quiality control limits of moisture data\¢te:All data outside
of this range are not considered.)

Quality control limits of temperature data.

Quality control limits of wind speed data.
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Variable Description
query MySQL query.
A separate identification that is attached to thgpot. Can be
querylD used to distinguish different output subsets fersame project.

Default value is transferred fropid .

Additional SQL criteria that can be used to sultisetdata used

querystr by the analysis. Default value is transferred ftberun script.
realtime Run script in real-time automated mode.
: Directory in which plots and other output will baved. Default
savedir 2 :
value is input frontsh script.
. Logical to generate an R data file that contaiesdhta used in
savefile _
the statistics plots.
saveid Name of R data file.
scex Scale factor for statistics text size.
shadeplot gllgtg to plot shaded statistics plot in additioptint statistics
sres Resolution of shaded plot in degrees.
In timeseries_plot , the site ID to be used in the analysis.
) Default value is taken from thesh script.
statid
In summary_plot |, the station label to be used in labeling the
plot.
Symbol shape to be used in plots. See R documemtati
symb
shape numbers.
symbo Plot symbol.
; Scale factor to adjust size of symbols on plots.
symbsiz ' _ '
0.5 is very small whilel.5 is large.
syncond This variable has been deprecated.
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Variable

t.test.flag

textout

textstats

thresh

time.of.day.utc

tserieslen
uniguepnum
wantfigs

wantsave

wdweightws

ye
ys

zlims
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Description
Logical to apply statistical significance test e tspatial
statistics. If it is applied and the model and obaton data are
not different statistically, the values are nottf@d.
Logical to write text output of statistics and urlgieg data.

Logical to write text file of statistics.

Used in spatial surface to identify the minimum fo@mof data
points required at a particular site to computestiaéistics.

Range of time (UTC) to isolate met and AQ data.(€gmpare
average temperature and average PM for hours bet@vaad
12 UTC).

Length in days of time series if real-time modagtvated.
Unique plot number (random).

Flag to generate figures.

Flag to save station statistics data in R data file

Logical to weight wind direction statistics by tivnd speed
(e.g., if wind speed falls below 3 m/s, the diffaze between
model and observed wind direction is mitigated).

Ending year of analysis default; comes fromdbke script.

Starting year of analysis default; comes fromdsle script.

Specification of lower and upper vertical levelpobfile.
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B.8 AQ Analysis Input Files

The analysis input files are found$AMET/scripts_analysis/agExample . The
following is a partial list of variables in the Aghalysis input files. Not all of these variables ar
available in every input file.

Table B-8. AQ analysisinput variables

Variable Description
add_query Additional query syntax to add to the MySQL query.
ag_database AQ MySQL database. Most likelyatnet”.
ag_network AQ monitoring network.
aqg_project AQ project name.
ag_site_table AQ monitoring site MySQL table. Most likely
“site_metadata .
ag_species_col AQ variables, column names, from AQ project table.
averaging Average across time:

“n” — no averaging (default)
“s” — seasonal averaging (DJF; MAM; JJA; SON)
“nm’ — monthly averaging

“a” — entire time period averaging

axis_max_limit Axis (x and y) max limit:

“NULL" — script-defined limit

axis_min_limit Axis (x and y) min limit:

“NULL" — script-defined limit

bias_range_max Bias range max limit:
“NULL" — script-defined limit
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Variable

bias_range_min

Bldoverlay _exe

conf_line

coverage_limit

custom_title

datee

dates

diff_range_max

diff_range_min

end_date
end_hour

error_range_max

figdir

fixed.legend
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Description

Bias range min limit:
“NULL" — script-defined limit

The location of thédldoverlay  Fortran executable. Most
likely SAMETBASE/bin/bldoverlay . (AQ only)

Add confidence lines to scatterploty.”or “n”.

%necessary for data completeness (&&.means 75% data
completeness).

Custom title for plots:
“ — no custom title

End date of queryy YYYMMDiarmat
(met_aq_coupled.input only).

Start date of queryYYYMMDiormat
(met_aq_coupled.input only).

Difference range max limit:
“NULL" — script defined limit

Difference range min limit:
“NULL" — script defined limit

End date of queryfYYYMMDidrmat.
End hour of queryiHformat.

Error range max limit:
“NULL" — script defined limit

Output directory for plots.

Fixed legend intervalsriet_aq_coupled.input ):
“F” — False, use full range of data

“T" — True, specify custom legend through
legend.interval
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Variable
inc_ranges
legend.div

legend.interval

legend.interval.bias

LT.offset

max.dist

median

met_database
met_network
met_project
met_site_table
met_variable_col

num_ints

overlay_opt
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Description
Included quartileanges on box plots
Number of levels if a fixed interval is not speei
Custom legend intervair(et_aq_coupled.input ).
Custom legend bias intervahét _aq_coupled.input ).
Maximum and minimum UTC to LT offset in domain.
Maximum distance allowed between MET and AQ “buddy”
sites. These “buddy” sites are used to compare BHETAQ

results inmet_aq_coupled

Statistical averaging method to use for stackeglbar
TRUE- median
FALSE— mean

MET MySQL database. Most likelyafnet ”.

MET monitoring network.

MET project name.

MET monitoring site MySQL table. Most likelystations
MET variables, column names, from AQ project table.
The number of color intervals to use for spatiatgl The script
will ultimately determine the number of intervabsit

num_ints can be set to increase or decrease the number of

intervals.

PAVE overlay times:
1 — hourly

2 — daily

3 — 1-hr daily max
4 — 8-hr daily max
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Variable
pid
plot_colors
plot_colors2

plotfmt

plotsize

query

remove_negatives
remove_other

rmse_range_max

run_info_text

run_namel
run_name?2

site

soccerplot_opt
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Description
Project name; must be unique across both MET and AQ
Scatter plot symbol colors for primary simulation.
Scatter plot symbol colors for secondary simulation

Plot format, output type:
“PDF — pdf format
“PNG - png and pdf formats

Scale factor to increase or decrease the siz&é1 & 700 pixel
(png) or 8.5 x 11 inchydf ) plot.

MySQL query to select data from database. In mases, this is
only part of the query. The complete query is cacsed in the
corresponding R script.

Remove negative values™ or “n”. default = ‘y”.

Remove “PM other” category from stacked bar platlgsis.

RMS Error range max limit:
“NULL" — script defined limit

Include model run info as additional text to plots:

y”or“n
Project name; must be unique across AQ and MET.
Second project name (allowed only in some scripts).

Plot label for when you are including only certaites. Note
that you will need to use an additional query tualty subset

the data to these sites.

Flag for soccer and bugle plot options:
1 — normalized mean bias/error

2 — fractional bias/error
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Variable
species
start_date
start_hour

State

stat_file

stats_flags

symb

symbo

symbsiz

textstats

time.of.day.utc

use_avg_stats

use_log

Atmospheric Model Evaluation Tool (AMET) User’s @i

Description
Chemical species to plot.
Start date of queryYYYMMDidrmat.
Start hour of query{dHformat.

Plot label for indicating certain states. Note tyai will need to
use an additional query to actually subset the tatiaese
states.

File containing specific list of stations to anadytJser-defined.

Flags to determine which statistics are includedhen
run_scatterplot.csh script. Up to five statistics can be
included, and are indicated byyd.'Unused statistics are left
blank. The order of the statistics flagsiredex of

agreement (IA), correlation (r), RMSE,
systematic RMSE, unsystematic RMSE, NMB,
NME, Normalized Median Bias, Normalized
Median Error, Mean Bias, Mean Error, Median
Bias, Median Error, Fractional Bias,

Fractional Error

Plot symbol:

15 — square

19 —circle
Plot symbol.

Plot symbol size:qQ.5 very small tol.5 large). A value of is
recommended for most applications.

Produce text statistics fil&iRUEor FALSE

Range of time (UTC) to isolate met and AQ data.(egmpare
average temperature and average PM for hours bet@vaad
12 UTC).

Use time-averaged statisticy.™or “n”.

Use natural log transformy” or “n”.
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B.9 AQ Network Input File

In addition to the analysis input files which aceigt specific, AMET makes use of the input file
$AMET/scripts_analysis/agExample/Network.input . This file allows all of the
network-specific processing to be handled in oration, and allows for easier addition of new
networks into the analysis scripts.

Table B-9. AQ network input variables

Variable Description

inc_airmon_dep Include AIRMoN "network ”: “y” or “n”.
inc_ags_1lmax Include AQS 1-hr maxrietwork ”: “y” or “n”.
inc_ags_1max_9cell Include AQS 1-hr max 9-cell averageetwork ”: “y” or “n”.
inc_ags_8max Include AQS 8-hr maxrfetwork ": “y” or “n”.
inc_aqs_8max_9cell Include AQS 8-hr max 9-cell averageetwork ": “y” or “n”.
inc_ags_hourly Include AQS hourly ietwork ”: “y” or “n”.
inc_castnet Include CASTNET tetwork ”: “y” or “n”.

inc_castnet_hr Include CASTNET hourly @“network ™: “y” or “n”.

inc_improve Include IMPROVE hetwork ”: “y” or “n”.
inc_nadp Include NADP ‘hetwork ”: “y” or “n”.
inc_search Include SEARCH tetwork ™ “y” or “n”.

inc_search_daily
inc_stn
network_label
network_names

total_networks

Include SEARCH daily fietwork ”: “y” or “n”.
Include STN thetwork ”: “y” or “n”.

Label of networks to be include in analysis.
Names of networks to be included in analysis.

Total number of networks in analysis.
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B.10 AQ Variables-Network Mapping

We provide below a mapping between monitoring netaofrequency (of observations), and
chemical species that are included in the obsela¢akets, and that can be used in the model
evaluation scripts. The units of all these variahere provided already in Section 4.2.

Table B-10. AQ networks, species, and frequency of observations
Network Frequency Chemical Species
AQS hourly Os
CASTNET weekly (hourly Q) SOy, NOs, NHs, HNO3, TNO3, SG, O3

IMPROVE daily (every & day) so,, NOs, NHs, PMy s, EC, OC, TC

MDN weekly Wet deposition and concentration for Hg
NADP weekly accumulate Wet deposition and concentration for 803, NH, and

precipitation
SEARCH  hourly SOy, NO3, NHs, PMy 5, HNO3, NO, SO, O3, CO, NG

STN daily (every ¥ day) SO, NOs, NH,, PMy 5, EC, OC, TC
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