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2 Introduction
To conduct a comprehensive evaluation of the performance of different source apportionment approaches, a new standalone reduced-complexity tool named FAST-CE was developed to provide greater flexibility and transparency in the estimation of monetized benefits for O3 and PM2.5 reductions. This tool provides fast turnaround times for benefits estimation, which can be an alternative to the more time-intensive application of specific control strategies modeled with a photochemical transport model. With this tool, users can integrate source-receptor relationships generated by photochemical transport models and provide analysis for meeting requirements of regulatory demonstration that range in complexity. The flexible framework allows users to integrate more complex air quality surfaces generated by photochemical models applied with instrumented techniques, including source apportionment (SA) modeling technique (CAMx/OSAT & PSAT, etc.), source/receptor sensitivity modeling technique (DDM) (Dunker, Yarwood et al. 2002, Li, An et al. 2016), and response surface modeling technique (RSM).
[bookmark: _Toc122982040]Evaluation Principle
Various methods have been applied to characterize and quantify the relationship between emission sources and pollutant concentrations. For example, model source apportionment approaches like Ozone source apportionment technology (OSAT) and Particle source apportionment technology (PSAT) in Comprehensive Air Quality Model with Extensions (CAMx), or the Integrated Source Apportionment Method (ISAM) in the Community Multiscale Air Quality (CMAQ), augment the model by adopting a system of tracer species to track the sources of ozone or PM2.5 and its precursor species for selected groupings of emissions categories and geographical regions (Li, An et al. 2016, Mojtaba, L. et al. 2018). The DDM integrates the sensitivity equations decoupled from the model equations and then calculates the sensitivity coefficients of the response of O3 and PM2.5 concentrations to changes in model inputs (e.g., initial concentrations, boundary conditions, emission rates, etc.) using mathematical technology, while RSM uses advanced mathematical statistical techniques to characterize the relationship between model outputs and input parameters in a highly economical manner.

Accordingly, based on the above principles and the gridded photochemical model source apportionment surfaces or photochemical model DDM sensitivity coefficients generated by them, FAST-CE can modulate those surfaces to generate a new air quality surface, visualize the change in the air quality surface, and conduct a comprehensive comparison among OSAT/PSAT & ISAM, RSM, and DDM. The conceptual framework of FAST-CE is shown in Figure 1.
[image: ]
[bookmark: _Ref43732439][bookmark: _Toc122982096][bookmark: _Toc43734187]Figure 1. The conceptual framework of FAST-CE

The methodology and processes of FAST-CE are listed as:
1) The source contribution method (e.g., OSAT/PSAT&ISAM, RSM and DDM method) and corresponding data are selected based on the research needs.
2) Combined with the source apportionment data generated by OSAT/PSAT&ISAM, RSM or DDM, the program will create scenarios contribution fields for each tag, and then sum up all scaled contribution tag fields, and finally create scenarios spatial field for SMAT-CE or BenMAP-CE;
3) The performance of FAST-CE is validated through scatter plots (e.g., normal scatter plots and color density scatter plots) which compare the user-generated FAST-CE results with the EPA validation data.
[bookmark: _Toc438541457][bookmark: _Toc122982041][bookmark: _Toc439061746]Computer Requirements
FAST-CE requires a computer with:
Net Framework Version 4.6 or higher.
32-bit or 64-bit Windows 7/Windows 8/Windows 10.
4GB RAM or greater.
10 GB free disk space or greater.
[bookmark: _Toc438541458][bookmark: _Toc439061747][bookmark: _Toc122982042][bookmark: _Toc438541461][bookmark: _Toc439061750]Installing/Uninstalling FAST-CE
[bookmark: _Toc439061748][bookmark: _Toc438541459][bookmark: _Toc122982043]Installing FAST-CE
Download FAST-CE Software Package and corresponding example data (including FAST-CE EJ&GCAM Data.exe) from the ABaCAS website:
(1) ABaCAS EPA tools download page: http://abacas.see.scut.edu.cn/tools/ 
· Double click the package (e.g., FAST-CE.exe) to install the program (Figure 2).
[image: ]
[bookmark: _Ref445828077][bookmark: _Toc122982097][bookmark: _Toc43734188]Figure 2. Setup Window
Click the “Next” button, select the “Change” button if necessary, to specify a path rather than the default install path, as shown in Figure 3.
[image: ]
[bookmark: _Ref438996860][bookmark: _Toc43734189][bookmark: _Toc122982098]Figure 3. Choose Install Path
Click the “Next” button, the “Ready to Install” window will display as shown in Figure 4.
[image: ]
[bookmark: _Ref438996876][bookmark: _Toc43734190][bookmark: _Toc122982099]Figure 4. Ready to Install
Click the “Install” button and FAST-CE will be installed.
[image: ]
[bookmark: _Toc122982100][bookmark: _Toc43734191]Figure 5. Installation Process
Click the “Finish” button and complete the installation process.

[image: ]
[bookmark: _Toc122982101][bookmark: _Toc43734192]Figure 6. Complete Installation 

[bookmark: _Toc122982044]Installing FAST-CE Data Installer
After finishing the installation, please install the corresponding FAST-CE example data executable file (e.g., FAST-CE Data.exe) to User Documents directory under “\Documents\My FAST-CE Files\Data\*” to replace the old Data folder. 
Double click the example data executable file to install the program (Figure 7). It is recommended not to change the default install path because it is the path where FAST-CE reads the example data.

[image: ]
[bookmark: _Ref43369354][bookmark: _Toc43734193][bookmark: _Toc122982102]Figure 7. Choose Install Path
Click the “Install” button and the FAST-CE Data will be extracted.
[image: ]
[bookmark: _Toc43734194][bookmark: _Toc122982103]Figure 8. Installation Process

When the data extraction is completed, the installation window will be closed automatically.
[bookmark: _Toc438541460][bookmark: _Toc439061749][bookmark: _Toc122982045]Uninstalling FAST-CE
Go to Control Panel.
Select FAST-CE and click Change/Remove, the pop-up window below will appear.

[image: ]
[bookmark: _Toc43734195][bookmark: _Toc122982104]Figure 9. Uninstallation Process

After a few seconds, uninstallation will finish.
[bookmark: _Toc122982046]Contacts for Comments and Questions
[bookmark: _Hlk43994538]For comments and questions, please contact the following：
(1) The Center for Community Modeling and Analysis System (CMAS) at the University of North Carolina at Chapel Hill via email at cmas@unc.edu.
[bookmark: _Toc438541463][bookmark: _Toc439061752][bookmark: _Toc122982047]Terminology and File Types
The first section of this chapter explains the common terms used in this user’s manual and users can refer to other sections in this manual to find more detailed information about them if necessary. Section 2.2 describes the necessary format for externally generated model and monitor data files that can be read into FAST-CE in detail.
[bookmark: _Toc122982048]Common Terms
OSAT/PSAT: Ozone source apportionment technology (OSAT) and Particle source apportionment technology (PSAT) are source apportionment modeling approaches in Comprehensive Air Quality Model with Extensions (CAMx), which augment the model by adopting a system of tracer species to track the sources of ozone or PM2.5 and its precursor species for selected groupings of emissions categories and geographical regions.
 RSM: RSM is a “reduced form” model of a complex air quality model (e.g. CMAQ) - “meta-model”, based on a systematically selected set of model runs, statistical techniques can be used to represent the relationship between model inputs and outputs (e.g. emissions control and concentrations of PM & ozone). Once the “response surface” has been generated, it can be used to simulate the change in secondary air pollutant concentrations due to a range of changes in emissions without re-running the computationally expensive photochemical air quality model. It can be also used to derive analytical representations of model sensitivities to changes in model inputs.
CMAQ (Community Multi-Scale Air Quality): A state-of-the-art air quality model able to model ambient particulate levels, as well as other pollutants, including ozone. The grid-size of CMAQ is approximately 36 kilometers by 36 kilometers.
[bookmark: _Toc122982049]File Types
[bookmark: _Toc122982050]File Types for OSAT/PSAT/APCA/ISAM method
CAMx Model data input for OSAT/PSAT: A netCDF formatted file for each tracer that contains tag information.
Receptor Region File: A *.csv file which defines the grids of the analyzed receptors and is used to aggregate the grid concentration values to the level of those specified receptor regions. The columns in this file indicate in turn: region ID, grid column, grid row, grid region ratio, region code, and region name. The region ID, region code, and region name can be customized by users. Information such as grid columns, rows, and region ratios need to be calculated and obtained by ArcGIS.
Mapping File: A *.csv file, which is used to link the tagged variables of CAMx model data with control factors (Region, Pollutant, Source) for FAST-CE. The columns in this file indicate in turn: tagged variables of CAMx model data, names used to identify different items, region, source, and pollutant. The names used to identify different items can be customized by users, and the control factors (Region, Pollutant, Source) were derived from the emission file.
Baseline Spatial Field File: A *.csv file contains the baseline spatial field information, which is generally created by SMAT-CE. For O3 analysis, it contains 14 headers (Table 1), while for PM2.5 analysis, it contains 32 headers (Table 2). The meaning of each header can refer to User’s Manual for SMAT-CE.
[bookmark: _Ref44340935][bookmark: _Toc122982092]Table 1. The headers of Baseline Spatial Field File for O3 analysis
	No.
	Header name
	No.
	Header name

	1
	_id
	8
	i_f_o3(eVNA)

	2
	_type
	9
	b_o3_model

	3
	lat
	10
	f_o3_model

	4
	long
	11
	ppb

	5
	date
	12
	days

	6
	ga_conc
	13
	referencecell

	7
	i_b_o3(eVNA)
	14
	rrf


[bookmark: _Ref44340944][bookmark: _Toc122982093]Table 2. The headers of Baseline Spatial Field File for PM2.5 analysis
	No.
	Header name
	No.
	Header name

	1
	_id
	17
	f_crustal_mass_q_ga

	2
	gridcell_lat
	18
	f_EC_mass_q_ga

	3
	gridcell_long
	19
	f_NH4_mass_q_ga

	4
	quarter
	20
	f_Ocmb_mass_q_ga

	5
	b_pm25_ann_q_DV_ga
	21
	f_SO4_mass_q_ga

	6
	f_pm25_ann_q_DV_ga
	22
	f_NO3_mass_q_ga

	7
	b_blank_mass_q_ga
	23
	f_water_mass_q_ga

	8
	b_crustal_mass_q_ga
	24
	f_salt_mass_q_ga

	9
	b_EC_mass_q_ga
	25
	rrf_crustal_q_ga

	10
	b_NH4_mass_q_ga
	26
	rrf_ec_q_ga

	11
	b_Ocmb_mass_q_ga
	27
	rrf_nh4_q_ga

	12
	b_SO4_mass_q_ga
	28
	rrf_oc_q_ga

	13
	b_NO3_mass_q_ga
	29
	rrf_so4_q_ga

	14
	b_water_mass_q_ga
	30
	rrf_no3_q_ga

	15
	b_salt_mass_q_ga
	31
	rrf_salt_q_ga

	16
	f_blank_mass_q_ga
	32
	rrf_water_q_ga



Baseline Species Spatial Field File: This option is only for PM analysis, which allows the user to set up PM species spatial field data. This data file is also created by SMAT-CE. It contains 24 headers (Table 3) and the meaning of each header can refer to the User’s Manual for SMAT-CE.
[bookmark: _Ref44341390][bookmark: _Toc122982094]Table 3. The headers of Baseline Species Spatial Field File
	No.
	Header name
	No.
	Header name

	1
	_id
	13
	fsalt_ga

	2
	gridcell_lat
	14
	blank_mass_ga

	3
	gridcell_long
	15
	don_ga

	4
	quarter
	16
	i_so4_ga

	5
	pm25_mass_frac_ga
	17
	i_no3r_ga

	6
	fcr_ga
	18
	i_ocb_ga

	7
	fec_ga
	19
	i_ec_ga

	8
	fnh4_ga
	20
	i_crustal_ga

	9
	focm_ga
	21
	i_don_ga

	10
	fso4_ga
	22
	i_nh4_ga

	11
	fno3_ga
	23
	i_no3_ga

	12
	fwater_ga
	24
	i_salt_ga



Cases & Emission File: A *.csv formatted file describes information of base & control cases and corresponding emission data. It contains three headers: “Case Name”, “Pollutant” and “Emission Path”. The “Emission Path” is used to link to the emission file which defines the total emissions by tag for all the baseline and policy scenarios (e.g., ACE 2025, 2030, 2035).
Validation Configuration File: A *.csv formatted file that describes the configuration for FAST-CE cases and QA cases contains three headers: “FAST-CE Case”, “QA Case”, and “QA File”. The “FAST-CE Case” is the case name of FAST-CE analysis, which is consistent with the control case of “Cases & Emission File”. The “QA Case” is the user-defined name to each QA analysis and “QA File” is the origin EPA ACE results file.
[bookmark: _Toc122982051]File Types for RSM method
RSM Input File: A pre-run RSM file, created by RSM-VAT.
Receptor Region File: A separate *.txt file that defines the grids of the analyzed receptors. The meaning of each column is the same as the “Receptor Region File” of the OSAT/PSAT/APCA/ISAM method.
Emission Matrix File: A *.csv file used to set up RSM base & control cases contains two headers: “Case Name” and “Emission Path”. The case name can be defined by the user and the “Emission Path” is the path of corresponding “FactorsInfo” file which describes the information of emission factor, including the attribute, size, and source of each factor.
Table 4 presents the type, name, extension, and data source of the files.
[bookmark: _Ref43733183][bookmark: _Toc43734237][bookmark: _Toc43734717][bookmark: _Toc43806403][bookmark: _Toc122982095]Table 4. File types used by FAST-CE
	Filename
	File Extension
	Source

	CAMx Model data input
	netcdf
	CAMx

	Receptor Region File
	*.csv or *.txt
	RSM-VAT

	Mapping File
	*.csv
	User-defined

	Baseline Spatial Field File 
	*.csv
	SMAT-CE

	Baseline Species Spatial Field File
	*.csv
	SMAT-CE

	Cases & Emission File
	*.csv
	User-defined

	Validation Configuration File
	*.csv
	User-defined

	RSM Input File
	*.rsm
	RSM-VAT

	Emission Matrix File
	*.csv
	User-defined



[bookmark: _Toc122982052]Quick Start
This chapter provides the steps required to run FAST-CE for various analyses. The Quick Start will use EPA’s Affordable Clean Energy (ACE) data set to demonstrate how to run each of the FAST-CE analysis modules. These steps will use the default settings and do not describe the configuration settings for each analysis. For details of the configuration settings for the individual FAST-CE modules, refer to the User’s Guide chapter for each module. 
[bookmark: _Toc122982053]Load a Previous Project
Click File→Open Project on the FAST-CE Home Page to launch a Windows Explorer window. Use this window to navigate to the directory where FAST-CE project (*. proj) files are saved to load a previous project.
[image: ]
[bookmark: _Toc122982105]Figure 10. Load a previous project

[bookmark: _Toc122982054]PM Analysis Quick Start
The steps below describe how to use FAST-CE to conduct source contributions and create SMAT-CE air quality surface flexibly and in real-time for PM2.5. 

Step 1. Click Analysis→PM menu on the top of FAST-CE Home Page to launch the PM Analysis module window.

Step 2. The Source Contribution Method Option window display first. This window sets the source contribution method (e.g., OSAT/PSAT/APCA/ISAM), data input types (e.g., monthly), input files of selected source contribution method, receptor region file and mapping file for PM2.5 analysis. FAST-CE calculates fraction contribution for each tag in each grid-cell based on the input files.

Use the default settings in the Source Contribution Method Option window.

Click on the Source Contribution Method Option hyperlink to display an electronic version of the User’s Manual for this window.
Source Contribution Method. Sets the source contribution method. There are three sets of source contribution methods for users to select. The default selected is OSAT/PSAT/APCA/ISAM.

Data Input Types: Sets the data type of input files. It provides three options: Daily, Monthly and Annual.

Data Input File: For OSAT/PSAT/APCA/ISAM option, sets the SA tags IOAPI files (e.g., inputs 12 monthly PM2.5 Source Appointment (SA) tag files for Monthly option specified in Data Input Types). For RSM option, sets the rsm file (*.rsm) that contains the response parameters between emission and air quality.

Receptor Region File: Sets the information of grid cells that located in those regions of interest.

Mapping File: Only for OSAT/PSAT/APCA/ISAM option. Sets a mapping between the variables in Source Appointment (SA) tag files and the variables in emission file.
Click the Next arrow at the bottom right of the Source Contribution Method Option window to proceed to the next step.
Step 3. The Emission & Spatial Field Input Option window sets the baseline spatial field files and emission files. FAST-CE multiplies the baseline spatial field data by fractional contribution for each tag that calculated in last step, and then multiplies the appropriate emission ratio from emission files to create a scaled contribution tag fields, then finally sums up all scaled contribution tag fields to output future scenario spatial field data (including quarterly& annual for PM). 

Use the default settings in the Source Contribution Method Option window.
Click on the Emission & Spatial Field Input Option hyperlink to display an electronic version of the User’s Manual for this window.
Include PM Species. Inputs the baseline quarterly PM2.5 spatial field that created by SMAT-CE (e.g., xxx Quarterly PM25 Spatial Field (eVNA).csv, “xxx” represents the project name of SMAT-CE) when this option is checked. Or sets the baseline air quality surface by users when this option is not checked.
SMAT-CE adjustment. Only for Include PM Species option, sets the baseline quarterly species fraction spatial field that created by SMAT-CE (e.g.,   xxx Quarterly Avg Spec Frac Spatial Field (eVNA).csv, “xxx” represents the project name of SMAT-CE).
Input Cases & Emissions Files. Inputs the emissions configuration file that set up one or more control cases and provide corresponding emissions data files.
Click the Next arrow at the bottom right of the Emission & Spatial Field Input Option window to proceed to the next step.
Step 4. The QA/Validation Input Option window sets the validation configuration file. This step is optional, and the default is checked. For OSAT/PSAT/APCA/ISAM option specified in the Step 2, this option validates the FAST-CE results with SMAT-CE results. For RSM option specified in the Step 2, this option verifies RSM predictions with those CMAQ simulations that not included in RSM creation.

Use the default settings in the QA/Validation Input Option window.
Click on the QA/Validation Input Option hyperlink to display an electronic version of the User’s Manual for this window.
Click the Next arrow at the bottom right of the QA/Validation Input Option window to complete the PM Analysis configuration and run the FAST-CE project.
Click OK in the pop-up window to input a project name and create a project (*. proj) file for this tutorial exercise. 
The PM Analysis will complete after a few minutes and the results of this analysis will be presented in MAP, Receptor Analysis, QA/Validate and Data module on the right of current window. See Chapter 6 for details on how to analyze the results.
[bookmark: _Toc122982055]Ozone Analysis Quick Start
The steps below describe how to use FAST-CE to conduct source contributions and create SMAT-CE air quality surface flexibly and in real-time for O3.

Step 1. Click Ozone Analysis on the SMAT-CE Start Page to launch the Ozone Analysis module window. Click Analysis→Ozone menu on the top of FAST-CE Home Page to launch the Ozone Analysis module window.

Step 2. The Source Contribution Method Option window display first. This window sets the source contribution method (e.g., OSAT/PSAT/APCA/ISAM), data input types (e.g., daily), input files of selected source contribution method, receptor region file and mapping file for Ozone analysis. FAST-CE calculates fraction contribution for each tag in each grid-cell based on the input files.

Use the default settings in the Source Contribution Method Option window.
Click on the Source Contribution Method Option hyperlink to display an electronic version of the User’s Manual for this window.
Source Contribution Method. Sets the source contribution method. There are three sets of source contribution methods for users to select. The default selected is OSAT/PSAT/APCA/ISAM.
Data Input Types: Sets the data type of input files. It provides three options: Daily, Seasonal avg. for O3-MDA8 (May-Sept) and Seasonal avg. for O3-MDA1 (April-OCT).
Data Input File: For OSAT/PSAT/APCA/ISAM option, sets the SA tags IOAPI files. For RSM option, sets the rsm file (*.rsm) that contains the response parameters between emission and air quality.
Receptor Region File: Sets the information of grid cells that located in those regions of interest.
Mapping File: Only for OSAT/PSAT/APCA/ISAM option. Sets a mapping between the variables in SA tag files and the variables in emission file.
Click the Next arrow at the bottom right of the Source Contribution Method Option window to proceed to the next step.
Step 3. The Emission & Spatial Field Input Option window sets the baseline spatial field files and emission files. Note that the baseline spatial field file (e.g., xxx - Spatial Field -- interpolated monitor data, temporally adjusted; gradient-adjusted monitor data, 2023.csv, “xxx” stands for the project name of SMAT-CE) could be created by SMAT-CE. FAST-CE multiplies the baseline spatial field data by fractional contribution for each tag that calculated in last step, and then multiplies the appropriate emission ratio from emission files to create a scaled contribution tag fields, then finally sums up all scaled contribution tag fields to output future scenario spatial field data (including MDA1&MDA8 for Ozone).

Use the default settings in the Source Contribution Method Option window.
Click on the Emission & Spatial Field Input Option hyperlink to display an electronic version of the User’s Manual for this window.
Click the Next arrow at the bottom right of the Emission & Spatial Field Input Option window to proceed to the next step.
Step 4. The QA/Validation Input Option window sets the validation configuration file. This step is optional, and the default is checked for ACE cases. This default option is determined by the default configuration file set in Startup Option. For OSAT/PSAT/APCA/ISAM option specified in the Step 2, this option validates the FAST-CE results with SMAT-CE results. For RSM option specified in the Step 2, this option verifies RSM predictions with those CMAQ simulations that not included in RSM creation.

Use the default settings in the QA/Validation Input Option window.
Click on the QA/Validation Input Option hyperlink to display an electronic version of the User’s Manual for this window.
Click the Next arrow at the bottom right of the QA/Validation Input Option window to complete the Ozone Analysis configuration and run the FAST-CE project.
Click OK in the pop-up window to input a project name and create a project (*. proj) file for this tutorial exercise. 
The Ozone Analysis will complete after a few minutes and the results of this analysis will be presented in MAP, Receptor Analysis, QA/Validate and Data module on the right of current window. See Chapter 6 for details on how to analyze the results.
[bookmark: _Toc122982056][bookmark: _Toc438541467][bookmark: _Toc439061756]Main Interface
The top menu toolbar contains four menus: File, Analysis, View and About
Click the File button on the toolbar of the main interface, there are seven options that users can choose.
1) Go to File, click Open Project (*.proj) button, locate the *.proj file and open it.
2) Click the New Project button to create a new project.
3) Click the Load Configuration (*.xml) button to load a configuration file (*.xml) for project input files.
4) Click the Save Configuration (*.xml) button to save a configuration file (*.xml) for project input files.
5) Click the Example Cases button to load the default configuration for “ACE O3 case” or “ACE PM case”.
6) Click the Startup Option button to set a default configuration file (*.xml). After settings, the default inputs in FAST-CE will be loaded from this default configuration file, even the program is opened next time. User can also decide whether to enable the EJ function here. Note that the EJ function only enables when the EJ data package is installed successfully after checking the EJ function in Startup Option.
7) Click the Exit button to exit the program.
Click the View button on the toolbar of the main interface, there are two options that users can choose.
1) Click the Setting Viewer button to view the setting interface.
2) Click the Data Viewer button to view the visual analysis interface.
Click the Analysis button to select the target pollutant (e.g., PM, Ozone) to be analyzed.
Click the About button to see the version and copyright information of FAST-CE.
To complete a FAST-CE case, users should configure three streamline options to input data and configure the calculation parameters step by step. The three options are called Source Contribution Input Option, Emission & Spatial Field Input Option, and QA/Validation Input Option.

The main interface of FAST-CE is shown in Figure 11.

[image: ]
[bookmark: _Ref43663247][bookmark: _Toc122982106][bookmark: _Toc43734196]Figure 11. Main Interface of FAST-CE
· Data Input Area
This part is for user to set up the configuration and input data files of different analysis.  
To complete a FAST-CE case, users should configure three streamline options to input data and configure the calculation parameters step by step. The three options are called Source Contribution Input Option, Baseline AQ Surface & Emissions Input Option, and QA and Comparison Option.

· Data View Area
When a FAST-CE analysis is completed, all the results will be displayed under the Data View Area. The system provides four kinds of ways to display the source contribution analysis results, including Map, Receptor Analysis, QA/Validate, and Data

· Model Domain & Metadata Area
 This area is to show the model domain and the meta-data information of a FAST-CE project.
[bookmark: 4_1_Meta_Data_Function178D8418][bookmark: _Toc105573377][bookmark: _Toc122982057]Meta Data Function
Click the "Add/Edit" Metadata" and "Modelinfo", to activate "Metadata Information" and "Model Data" windows as shown in Figure 12. Users are allowed to identify the FAST-CE cases & dataset.
[image: ]
[bookmark: _Toc122982107]Figure 12. Show Metadata/Model data
In “Add/Edit Metadata”, users are allowed to add new rows and add information if needed.
[image: ]
[bookmark: _Toc122982108]Figure 13. Add New Rows and Information
Click the "Delete", the selected row is deleted.
[image: ]
[bookmark: _Toc122982109]Figure 14. Delete Rows
[bookmark: _Toc122982058]Run FAST-CE
[bookmark: _Hlk29510139][bookmark: _Toc122982059]Source Contribution Input Option
This option allows the user to select different source contribution methods and set up the input data and parameter configurations. FAST-CE 3.1 includes two kinds of source contribution methods: OSAT/PSAT/APCA/ISAM and RSM method. The GUI and input data are different for different methods.
[image: ]
[bookmark: _Toc122982110][bookmark: _Toc43734197]Figure 15. Source Contribution Input Option
[bookmark: _Toc122982060]Input option for OSAT/PSAT/APCA/ISAM method
For the OSAT/PSAT/APCA/ISAM methods, there are four necessary sub-options: Data Input File, Source Apportionment Data Input File, Source Apportionment Mapping File and Optional Receptor Region File.
[image: ]
[bookmark: _Toc43734198][bookmark: _Toc122982111]Figure 16. Input option for OSAT/PSAT/APCA/ISAM method

Data Input Type: allows the user to specify the format of the input file (Daily, Seasonal Average for O3-MDA8 (May-Sept.), Seasonal Average for O3-MDA1 (April-Oct.).
Source Apportionment Data Input File: allows the user to specify the file name and path of the input model data. The OSAT/PSAT method requires the Comprehensive Air Quality Model with Extensions (CAMx) model data. The ISAM method requires the Community Multiscale Air Quality (CMAQ) model data.
Source Apportionment Mapping File: A *.csv file, which is used to link the tagged variables of CAMx model data with control factors (Region, Pollutant, Source) of FAST-CE.
Optional Receptor Region File: A *.csv file which defines the grids of the analyzed receptors.
[bookmark: _Toc122982061]Input option for RSM method
For the RSM method, there are two necessary sub-options: Input RSM File and Optional Receptor Region File.

[image: ]
[bookmark: _Toc43734199][bookmark: _Toc122982112]Figure 17. Input option for RSM method

[bookmark: _Hlk29543353]Input RSM File: Specify the path and name of a pre-run RSM file, created by RSM-VAT.
Receptor Region File: Specify the path and name of a *.txt file which defines the grids of the analyzed receptors.
[bookmark: _Hlk29510235][bookmark: _Toc122982062]Emission & Spatial Field Input Option 
In this option, users should set up one or more control cases and provide corresponding emission data files. Different source contribution methods require different kinds of input files.
[image: ]
[bookmark: _Toc122982113][bookmark: _Toc43734200]Figure 18. Emission & Spatial Field Input Option
[bookmark: _Toc122982063]Emission & Spatial Field Input option for OSAT/PSAT/APCA/ISAM method
For OSAT/PSAT/APCA/ISAM method, there are two necessary sub-options: Baseline AQ Data Input and Input Cases & Emission Files.
[image: ]
[bookmark: _Toc43734201][bookmark: _Toc122982114]Figure 19. Baseline AQ Surface & Emissions Input Option for OSAT/PSAT/APCA/ISAM Method

[bookmark: _Hlk29543493][bookmark: _Hlk29543555]Baseline AQ Data Input: Allow the user to set up the baseline AQ data, including using TOTAL contribution as Baseline AQ input, using Baseline AQ data file and using monitor point (DVs) data file.
[bookmark: _Hlk29543570]Input Cases & Emission Files: A *.csv formatted file describes the configuration information of base & control cases and corresponding emission data.
[bookmark: _Toc122982064]Emission & Spatial Field Input option for RSM method
For the RSM method, users need to set up the Input Emission Matrix for RSM option.
[image: ]
[bookmark: _Toc43734202][bookmark: _Toc122982115]Figure 20. Baseline AQ Surface & Emissions Input Option for RSM Method

Emission Matrix for RSM: A *.csv file which exhibits the emission matrix of the baseline case and control cases for RSM analysis.
[bookmark: _Toc122982065][bookmark: _Hlk29510269]QA/Validation Input Option
To validate the results of FAST-CE, the QA and Comparison Option module allows users setting up validation cases. In this option, users need to input a Validation Configuration File, *.csv formatted file that describes QA data files for each FAST-CE case.

[image: ]
[bookmark: _Toc43734203][bookmark: _Toc122982116]Figure 21. QA/Validation Input Option

After the input settings are completed, users click “Next” to start running FAST-CE. Users can view the running messages through “Log/Msg”, as shown in Figure 22.

[image: ]
[bookmark: _Ref43663511][bookmark: _Toc122982117][bookmark: _Toc43734204]Figure 22. Running FAST-CE
[bookmark: _Toc122982066]Input File Validation Option
When click "Next" button or the "Check Data" button, FAST-CE can detect and validate the in-put data files.  
There will be three different results:
(1) The input data is invalid, which means FAST-CE can’t run into next step until the invalid data file gets fixed. In this case, one or more pop-up message boxes/windows will display and the bottom icon will display like this [image: ].
[image: ] 
[bookmark: _Toc122982118]Figure 23. Data Invalid Warnings

(2) In some cases, the input data files are accepted, but the contents may not be reasonable. FAST-CE will provide some warnings. The bottom icon will turn to [image: ]. In this case, the warning window will not display automatically. User need to click the bottom icon manually to display the window.
[image: ] 
[bookmark: _Toc122982119]Figure 24. Data Unreasonable Warnings

(3) If the input data files are acceptable and reasonable, the bottom icon will disappear.
[image: ]
[bookmark: _Toc122982120]Figure 25. Acceptable data tips
[bookmark: _Operation_Results][bookmark: _Toc122982067]Operation Results
When the FAST-CE running is finished, the system provides four kinds of ways to display the source contribution analysis results, including Map, Receptor Analysis, QA/Validate, and Data, as shown in Figure 26.

[image: ]
[image: ]
[bookmark: _Ref43649553][bookmark: _Toc43734205][bookmark: _Toc122982121]Figure 26. Data Viewer of the FAST-CE results
[bookmark: _Toc122982068]Map
Under the Map module, users may explore the concentration/response distribution of different control scenarios. Options include the display of 2D or 3D plot types, adjustment of emission factors grouped by region, pollutant, and sector for base and control cases were provided in this module, as shown in Figure 27. 

To visualize the results, FAST-CE allows the user to:
· Select 2D/3D plot
· Configure color legend
· Show concentration or response value of base/control cases
· Customize the value of control factors to display the corresponding results
· Customize Model Domain
· Monitor Point/DVs & Projection module
· Display the PM Species Concentration/Response value
· Overlay the EJ/Demographics Data

[image: ]
[bookmark: _Ref43649579][bookmark: _Toc43734206][bookmark: _Toc122982122]Figure 27. Map view of FAST-CE results

[bookmark: _Toc122982069]Select 2D/3D plot
Select “2D Plot” or “3D Plot” to show a specific plot type. In general, both 2D and 3D plots will display the distribution of Concentration/Response values and show the min/max value on the bottom, and the legend scale on the right. 
[image: ]
[bookmark: _Toc43734207][bookmark: _Toc122982123]Figure 28. 2D plot

[image: ]
[bookmark: _Toc43734208][bookmark: _Toc122982124]Figure 29. 3D plot
[bookmark: _Toc122982070]Configure color legend
Double-click on the color legend, to activate a pop-up configuration window as shown in Figure 30. Users can select a different color palette and new legend scale values.
[image: ]
[bookmark: _Ref43649655][bookmark: _Toc43734209][bookmark: _Toc122982125]Figure 30. Configure color legend

[bookmark: _Toc122982071]Show concentration or response value of base/control cases
Users can select either the Concentration or the Response option on the top of the map to display the concentration or response results of different cases as shown in Figure 31.

[image: ]
[bookmark: _Ref43649680][bookmark: _Toc43734210][bookmark: _Toc122982126]Figure 31. Show concentration value of base/control cases

If the user selects the Response button, FAST-CE will show the distribution of the difference between base case and control case as shown in Figure 32.

[image: ]
[bookmark: _Ref43649711][bookmark: _Toc122982127][bookmark: _Toc43734211]Figure 32. Show response value of base/control cases

Users can also check the “Multiple Plots” option to display multiple results at one time.

[image: ]
[bookmark: _Toc43734212][bookmark: _Toc122982128]Figure 33. Show multiple plots
[bookmark: _Toc122982072]Customize control factors
FAST-CE allows the user to flexibly change the input control factor and show the corresponding response value of concentrations in real-time. The panel on the left lists all control factors. The sliders may be adjusted to change a single factor or multiple factors at the same time.

[image: ]
[bookmark: _Toc43734213][bookmark: _Toc122982129]Figure 34. Customize control factors and displaying results

User can also set up the max “slider bar value” in the “FAST-CE.ini” file in …\My FAST-CE Files\FAST-CE.ini. So that user can change the ratio up to “10” or higher value.
[image: ]
[bookmark: _Toc122982130]Figure 35. Set the Max Slider Bar Value.
Moreover, users can group/combine specific factors by region/pollutant/sector in the control factors panel to change the selected control factors to some extent.

[image: ]
[bookmark: _Toc43734214][bookmark: _Toc122982131]Figure 36. Group/combine specific factors

Users can also define control factors through the following two ways according to their needs.
(1) Pre-defined control filter: all existing control factors can be classified by pre-defined filters, including “Region”, “Pollutant” and “Sector”. Users can select interested filter to re-organized control factors and get the corresponding air quality surfaces by changing these new defined factors, as shown in Figure 37.

[image: ]
[bookmark: _Ref44406647][bookmark: _Toc122982132]Figure 37. Pre-defined control filter
(2) User-defined control method: it provides two kinds of ways to define control factors as needed. a) Select interested factors only. This means that those factors you want to control will be selected and listed in control factors panel while those unselected factors will be kept as baseline (equal to 1). To do this, users just need to check the interested factors from the left panel of Figure 38(a), and then click “Select Desired Factors” to move these factors to right panel and finally click “OK” to return control factors panel. b) Select any combination of factors. This means that you can combine one or more factors to form a new factor by using “Combine Control Factors”, as shown in Figure 38(b).

[image: ]
(a) Select interested factors only
[image: ]
(b) Select any combination of factors
[bookmark: _Ref44406960][bookmark: _Toc122982133]Figure 38. User-defined control method
[bookmark: 6_1_5_Edit_Model_Domin7D90665B][bookmark: _Toc122982073][bookmark: _Toc105573393]
Customize Model Domain
FAST-CE allows the user to flexibly change the model domain.
Click the mini-map in the lower left corner of the main interface, a new "Edit Domain" window will be displayed.
Under the "Edit Domain" window, users can select a sub-range area as new model domain and click "OK", then the modified domain will be applied to all 2D/3D plots
[image: ]
[bookmark: _Toc122982134]Figure 39. Edit the Model Domain
[bookmark: _Toc122982074][bookmark: 6_1_6_Monitor_Point_DVs__Proje770B48A5][bookmark: _Toc105573394]Monitor Point/DVs & Projection module
When user Input the monitor-based data by selecting the option “Use Monitor Points (DVs) data file” under the “Baseline AQ surface & Emissions Input Option” and finish Running/Loading a “Monitor Projection” scenario, the “Monitor Plot” module will display all monitors on the Map and provide following functions:
0. “Probe” function to show value when click monitor point
0. Allow to configure the “size” and “color” of monitor points
[image: ]
[bookmark: _Toc122982135]Figure 40. Configure Color and Size of Monitor Points
0. Allow to “zoom-in” “zoom-out” map
0. Allow to “Compare” the difference of two selected scenarios
[image: ] 
[bookmark: _Toc122982136]Figure 41. Compare the Selected Scenarios

0. Allow to display VNA results.
[image: ]
[bookmark: _Toc122982137]Figure 42. Display VNA Results
0. Output Contribution Table
	FAST-CE can also calculate the contributions to all Monitor point/DVs and extract the summary table as *.csv file.
1. Click the "Output Contribution Table" button and select the output file path:
[image: ]
[bookmark: _Toc122982138]Figure 43. Output contribution table
1. The summary table will be shown as below:
[image: ]
[bookmark: _Toc122982139]Figure 44. Output summary table of contributions to all O3 monitors
[bookmark: Display_PM_Species_valueB51FC9A3][bookmark: _Toc105573395][bookmark: _Toc122982075]Display PM Species value
For PM2.5 analysis, users can display the PM species concentration/response value under 2D/3D plot. This function is available only when the “Include PM Species” and “SMAT-CE adjustment” options are checked.
[image: ]
[bookmark: _Toc122982140]Figure 45. Display the PM Species Value
[bookmark: _EJ/Demographics_Data_module][bookmark: _Toc105573396][bookmark: EJ_Demographics_Data_moduleF4886140][bookmark: _Toc122982076]EJ/Demographics Data module
Users can choose whether to enable the EJ/Demographics Data module and navigate to the EJ/Demographics data files directory in "Startup Option" plot. Note that the EJ/Demographics function only available when the EJ/GCAM Data package is installed.
[image: ]
[bookmark: _Toc122982141]Figure 46. Enable EJ/Demographics Data Module
If user enable overlaying EJ/Demographic layer, the “EJ/Demographics Data” option will be added to the right-click menu under 2D plot.
[image: ]
[bookmark: _Toc122982142]Figure 47. "EJ/Demographics Data" Option in Right-click Menu
When right-click the “EJ/Demographics Data”, user will be asked to set the EJ/Demographics Data. After clicking the "Confirm" button, the “EJ/Demographics Data” layer will be de displayed. FAST-CE also allows the user to flexibly change the EJ index and show the corresponding “EJ/Demographics Data” layer in real-time[image: ] 
[bookmark: _Toc122982143]Figure 48. EJ/Demographics Setting Plot

[bookmark: _Toc122982077]Receptor Analysis
Under the Receptor Analysis module, users can also view the effects of emission reduction at different scales through the chart and configure the plotting according to their preferences.

There are four types of charts in this module:
(1) Emission Control 1
(2) Emission Control 2
(3) Source Contribution 1 
(4) Source Contribution 2
[bookmark: _Toc122982078]Emission Control 1
Under the Emission Control 1 module, users can view the effects of different emission control scenarios on selected receptor regions through bar charts.

[image: ]
[bookmark: _Toc43734215][bookmark: _Toc122982144]Figure 49. Emission Control 1
[bookmark: _Toc122982079]Emission Control 2
Under the Emission Control 2 module, users can view the effects of emission control scenarios at different levels in one bar chart.

[image: ]
[bookmark: _Toc122982145][bookmark: _Toc43734216]Figure 50. Emission Control 2
[bookmark: _Toc122982080]Source Contribution 1
The Source Contribution 1 module displays a bar chart of the total source contribution to receptors caused by all user-selected control factors.
[image: ]
[bookmark: _Toc122982146][bookmark: _Toc43734217]Figure 51. Source Contribution 1
[bookmark: _Toc122982081]Source Contribution 2
The Source Contribution 2 module displays a stacked bar chart of the source contribution to receptors caused by each user-selected control factor.
[image: ]
[bookmark: _Toc122982147]Figure 52. Source Contribution 2
[bookmark: _Toc122982082]Customize receptor regions
FAST-CE allows the user to flexibly customize the receptor regions and show the corresponding response results of new receptor regions in real-time. For example, users can select desired states or CBSA regions by selecting the default file “US_states.csv” or “US_cbsa.csv” or checking the regions of interest on the right panel, and then click “Apply” to display the corresponding response results of new receptor regions (Figure 53). Users can also add new receptor regions by importing receptor region files in the specified format according to their needs (Figure 54). Besides, users can extract the desired regions for further study.
[image: ]
[bookmark: _Ref44424442][bookmark: _Toc122982148]Figure 53. Select receptor regions of interest
[image: ]
[bookmark: _Ref44424473][bookmark: _Toc122982149]Figure 54. Add new receptor regions
[bookmark: _Toc122982083]QA/Validation
The QA/Validation module evaluates the performance of FAST-CE. Users can specific the receptors or grids to be included in the analysis for generating the scatter plots to compare the user-generated FAST-CE results with EPA validation data, as shown in Figure 55. This module not only supports to display the comparison results about concentration between FAST-CE predicted and EPA but their corresponding response comparison results. The default scatter plots displayed are normal scatter plots, but users can switch to the color density scatter plots by checking “Color Density Plot”. Besides, users can also compare the results of multiple control scenarios simultaneously by checking the “Multiple Plots”.

[image: ]
[bookmark: _Ref43652319][bookmark: _Toc43734219][bookmark: _Toc122982150]Figure 55. QA/Validate module
[bookmark: _Toc122982084]Data
The Data module provides more detailed information about the concentration of the target pollutant at each grid. Users can export the data for further study, as shown in Figure 56.

[image: ]
[bookmark: _Ref43494137][bookmark: _Toc43734221][bookmark: _Toc122982151]Figure 56. Detailed data results and configuration
[bookmark: _Toc122982085]GCAM Scenario Builder
The GCAM Scenario Builder module allows users to run GCAM in FAST-CE and output emissions files. This function is available only when the GCAM data package was installed. Users can set up GCAM configuration in “GCAM Scenario Builder” plot and click “Save & Run” to run GCAM model. After running the GCAM model, the output emissions plot will be presented to the user.
[image: ]
[bookmark: _Toc122982152]Figure 57. Steps for GCAM Scenario Builder
The output emissions from GCAM model as shown in Figure58. Users can switch the “Emissions from GCAM” table sheet by clicking the sheet name (“Output by Region” or “Output by Sector”) on the bottom of the worksheet. Also, user can click the "output" button to save the output to local path.
[image: ]
[bookmark: _Toc122982153]Figure 58. Emissions output from GCAM

[bookmark: _Toc122982086]Case Study
To illustrate how to run the FAST-CE, an example case study of the OSAT method in the U.S. is given as follows.
[bookmark: _Toc122982087]Ozone MDA8 Analysis – OSAT.
[bookmark: _Toc122982088]Create a new project
Click the File button and choose the New Project option to create a new project.
Click the Analysis button and choose the Ozone option to create a new O3 project.
[image: ]
[bookmark: _Toc122982154][bookmark: _Toc43734222]Figure 59. Create a new O3 project
[bookmark: _Toc122982089]Set up input parameters
Double-click the Source Contribution Method Option, then select the OSAT/PSAT/APCA/ISAM method.
[image: ]
[bookmark: _Toc43734223][bookmark: _Toc122982155]Figure 60. Source Contribution Method Option for O3-MDA8 analysis
Set the Data Input Type to Seasonal avg for O3-MDA8 (May-Sept), which can be explained by the nonattainment of the National Ambient Air Quality Standards (NAAQS) over many areas in the U.S caused by the high summertime ozone concentrations (Hakami, Seinfeld et al. 2006, Liao, Hou et al. 2014, Couzo, Mccann et al. 2016).	
[image: ]Click button and choose “m3tproc_2023en2_tags_apca_cb6r4_11g.12US2.camx.contrib8hrmax_LST.5-9.ioapi” as the Data Input File, “US_states.csv” as the Receptor Region File and “Mapping_Emis_ref_SA_O3.csv” as the Mapping File. The details of the Receptor Region File and Mapping File are shown in Figure 61 and Figure 62, respectively.
[image: ]
[bookmark: _Ref43653028][bookmark: _Toc43734224][bookmark: _Toc122982156]Figure 61. Receptor Region File

[image: ]
[bookmark: _Ref43653033][bookmark: _Toc122982157][bookmark: _Toc43734225]Figure 62. Mapping File
Click[image: ] and go to set up the Emission & Spatial Field Input Option.
[image: ]
[bookmark: _Toc43734226][bookmark: _Toc122982158]Figure 63. Emission & Spatial Field Input Option for O3-MDA8 analysis

Click [image: ]button and select 
“O3_MDA8 - Spatial Field -- interpolated monitor data, temporally adjusted; gradient-adjusted monitor data, 2023.csv” as the Input Baseline Spatial File. The details of the Baseline Spatial File are shown in Figure 64.

[image: ]
[bookmark: _Ref43653347][bookmark: _Toc122982159][bookmark: _Toc43734227]Figure 64. Baseline Spatial File

[bookmark: _GoBack]Click the next [image: ]button and select “emission_files_config_O3.csv” as the Input Cases & Emissions Files. The details of the Cases & Emission Files are displayed in Figure 65 and Figure 66.
[image: ]
[bookmark: _Ref43653363][bookmark: _Toc43734228][bookmark: _Toc122982160]Figure 65. Cases & Emission Files

[image: ]
[bookmark: _Ref43663068][bookmark: _Toc43734229][bookmark: _Toc122982161]Figure 66. An example of “Emission File”
(“2025_final_ACE_NOX_summer.csv”)
Click[image: ] and go to set up the QA/Validation Input Option.
[image: ]
[bookmark: _Toc43734230][bookmark: _Toc122982162]Figure 67. QA/Validation Input Option for O3-MDA8 analysis
Check “Conduct QA/Validation”, click [image: ]button and select “Validation_files_config_O3_MDA8.csv” as the Validation Configuration File. The details of the Validation Configuration File and an example of “QA File” are shown in Figure 68 and Figure 69, respectively.

[image: ]
[bookmark: _Ref43653504][bookmark: _Toc43734231][bookmark: _Toc122982163]Figure 68. Validation Configuration File
[image: ]
[bookmark: _Ref43662994][bookmark: _Toc122982164][bookmark: _Toc43734232]Figure 69. An example of “QA File”
(“fused_surface_2025_final_ACE_MDA8.BenMAP_ready.O3_Spatial_Field_Future_eVNA.csv”)
Click[image: ] button to run FAST-CE.
[bookmark: _Toc122982090]View results
[bookmark: _Hlk29513379]Map results

The map results show the distribution of O3-MDA8 concentration and the corresponding O3-MDA8 response under selected control scenarios (i.e., ACE 2025, 2030, 2035), as displayed in Figure 70. With the strengthening of the control scenarios, O3-MDA8 pollution has improved significantly throughout the U.S., especially in the southeastern U.S.
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[bookmark: _Ref43470187][bookmark: _Toc122982165][bookmark: _Toc43734233]Figure 70. Map results
The results of Receptor Analysis

The effects of emission reduction on selected receptor regions are displayed in the Receptor Analysis module, as shown in Figure 71. For example, the top three contributors to the overall O3-MDA8 reductions from control scenarios of ACE 2025 to 2035 are slightly different but all include DC, which indicates that more stringent control measures on DC can effectively alleviate the O3-MDA8 pollution to a certain extent.
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[bookmark: _Ref43477003][bookmark: _Toc122982166][bookmark: _Toc43734234]Figure 71. Results of “Emission Control 1”

The results of QA/Validation

In the OA/Validation module, it can be seen that the FAST-CE predictions of O3-MDA8 show good performance with the EPA’s ACE results, with the R2 of both concentration and response more than 0.99 (Figure 72).
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[bookmark: _Ref43481131][bookmark: _Toc43734235][bookmark: _Toc122982167]Figure 72. Results of QA/Validation

Data results
The more detailed information about the O3-MDA8 concentration of each grid, including the baseline concentration and the concentration that responds to the control scenarios (i.e., ACE 2025, 2030, 2035), can be seen in the Data module (Figure 73).
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[bookmark: _Toc122982091]Reference
1. [bookmark: _ENREF_1]Couzo, E., J. Mccann, W. Vizuete, S. Blumsack and J. J. West (2016). "Modeled response of ozone to electricity generation emissions in the northeastern United States using three sensitivity techniques." Journal of the Air & Waste Management Association 66(5): 456-469.
2. [bookmark: _ENREF_2]Dunker, A. M., G. Yarwood, J. P. Ortmann and G. M. Wilson (2002). "Comparison of Source Apportionment and Source Sensitivity of Ozone in a Three-Dimensional Air Quality Model." Environmental Science & Technology 36(13): 2953-2964.
3. [bookmark: _ENREF_3]Hakami, A., J. Seinfeld, T. Chai, Y. Tang, G. Carmichael and A. Sandu (2006). "Adjoint sensitivity analysis of ozone nonattainment over the continental United States." Environmental Science & Technology 40(12): p. 3855-3864.
4. [bookmark: _ENREF_4]Li, L., J. Y. An, Y. Y. Shi, M. Zhou, R. S. Yan, C. Huang, H. L. Wang, S. R. Lou, Q. Wang and Q. Lu (2016). "Source apportionment of surface ozone in the Yangtze River Delta, China in the summer of 2013." Atmospheric Environment 144: 194-207.
5. [bookmark: _ENREF_5]Liao, K. J., X. Hou and D. R. Baker (2014). "Impacts of interstate transport of pollutants on high ozone events over the Mid-Atlantic United States." Atmospheric Environment 84(feb.): 100-112.
6. [bookmark: _ENREF_6]Mojtaba, M., A. C. L. and M. Ali (2018). "The importance of transport to ozone pollution in the U.S. Mid-Atlantic." Atmospheric environment 191(OCT.): 420-431.

UNC Chapel Hill	ii		Institute for the Environment
image2.png
Input parameters

N e ____ ol wnsiﬁvity coefficients) N e P4

Math. & Statistical approximation Math. approximation Chemical approximation

Response Surface Source/Receptor Source Apportionment
Modeling Sensitivity Modeling Modeling

RSM % DDM ¥ W OSAT/PSAT

Dynamic control & I SAM

strategies

Source Apportionment
(RSM/DDM//OSAT&PSAT)

!

Estlmatlon of monetized benefits for various control strateg1es

International cost
estimate (ICET)

Attainment assessment tool Health benefit tool
(SMAT-CE) (BenMAP-CE)

Lowest Cost strategy

[Optimizedlcost—efﬁcient Control strategy ]





image3.png
15 FAST_CE - InstallShield Wizard
Welcome to the InstaliShield Wizard for
FAST_CE

The Instalishield(R) Wizard il nstall FAST_CE on your
computer. To continue, cick Next.

WARNING: This programis protected by copyright law and
internationaltreates.





image4.png
5 FAST_CE - InstallShield Wizard X
Destination Folder
Click Next tonstal t this foder, or cck Change to nstal to  diffrent folder.

FAST-CE

Install FAST_CE.
Corogram Files (86)\ Change.

Instalshield

ECN =




image5.png
8 FAST_CE - InstallShield Wizard X

Ready to Install the Program
The wizard s ready to begi installation.

FAST-CE

ClckInstal o begin the instalation.

If you want to review or change any of your installation settings, cck Back. Cick Cancel to
exitthe wizard.

Instalshield

P e





image6.png
98 FAST_CE - InstallShield Wizard - X

Installing FAST_CE
The program features you selected are being nstalld.

FAST-CE

Please wait whik the InstaliShield Wizard installs FAST_CE. This may take

oy several minutes.

Status:

Instalshield





image7.png
1§ FAST CE - InstalShield Wizard

Instalishield Wizard Completed

The InstaliShield Wizard has successfulyinstalled FAST_CE.
Clck Finish to exit the wizard.

N4

SBR[ G





image8.png
Extract FAST-CE data... - X

Extract FAST-CE example data ...
(N4
% S
Pag "Dﬁ."
Destination folder

Browse...

Installation progress

e




image9.png
Extract FAST-CE data... - X

_final_ACE_MDAS BenMAP_ready.03_Spatia_Field_Future_eVNA.csv -
Extracting Data\04_fies\03\used_suface_2035
|_final ACE_MDAS BenMAP_ieady.03_Spalial_Field_Future_eVNA.csv
Extracling Data\04_fies\03
Extracting Data\0A_fies\PM
70 Tz, [Exiacting Data\baselineSpatialField
o *_ |Esracting Data\mapping._fies
2 % |Extacting Data\0A, files
H § |Extiacting Dataveceptor_fies
%, & [Ewacting Resut
Extracting Data
Estracting Readme.tit
Extracting DatatbaselineSpatialField\03_MDAB - Spatial Field - interpolated
imonitor data, temporally adjusted; gradient-adjusted monitor data, 2023.csv

Destination folder
C:\Users\IADocuments\My FAST-CE Files Browse.

Installation progress.

Install Cancel





image10.png
FAST CE

@mmmmmmrmg

Time remaining: 48 seconds




image11.png
File - Analysis = View - About

SeenjEeoy )d Option @ 0)
New Project put Option - -
Example Cases v kL P | . | . 0
i AlValidate | [~
oo %) Map @/ Receptor Analysis @ QAlValidate | ( -\ Data Log/Msg
ptions
ot bd Option )
Source Contribution Method
(@ OSAT/PSAT/APCA/ISAM
O rsM
DOM/HDDM 9. Open project... X
Data Input Types N . <« Users » Devin » Documents » My FAST-CE Files » Result v O Search Result 2
Dai
L Organize + MNew folder =~ @M @
® Seasonal avg. for 03-MDAE (Ma =
~ - : ~
() seasonal avg. for 03-MDAL(Apri v 3 Quick access Iﬁlame Date modified Type Size
B Desktop  # & KB_case_no_species.proj 2020-04-27 5:47PM  PROJ File 20,475 KB
Data Input File: 3 oow e KB_case_ozone.proj 2020-04-27 5:39 PM  PRO) File 15,334 KB
n loads o
b6ré_11g.12US2.camx.contrib8hrma " L test.proj 2020-04-12 10:27...  PROJ Fi 20,474 KB
o Fil: | Documents & PM_ACE.proj 2020-04-111:38PM  PROJFi 939,750 KB
t £ & This PC #* [ 03_ACE_MDA1.proj 2020-04-11 1:05PM  PROJFi 292,387 KB
us, 255 .
states v ||, Google Drive # [ 03_ACE_MDAS.proj 2020-04-111:03PM  PROJ File 292,387 KB
Mapping File: || Datsbase e PM_RSM_JUL.proj 2020-03-2511:02...  PROJ File 2,104 KB
Mapping_Emis_ref_SA_03.csv . Mincidence # j PM_RSM_JAN.proj 2020-03-2511:01 ... PROJ File 2104 KB
[ Project & 03_RSM_JUL.proj 2020-03-2510:59...  PROJ File 2,103 KB
B Pro & O3_RSM_JAN.proj 2020-03-2510:58 ... PROJ File 2,103 KB
roject [ test3 2020-05-01 440 PM  File folder
[ UserGuide 200y 1y, 2020-04-3011:53...  File folder v
File name: | PM_RSM_JUL.proj ~| | Project files(*.proj}
Cancel

Cancel

o=

=)

Back Next





image12.png
File = Analysis - View - About

@ Source Contribution Method Option 03_ACE_MDAS
@ Baseline AQ Surface & Emissions Input Option
@ QA and Comparison Option

@J Receptor Analysis 0

QA & Compare | e

i 2D Plot | 30 Plot |
Source Contribution Method Option
@ Baseline2023 O AcE2025 O ACE2030 (O ACE 2035 Concentration [] Multiple Plots

Source Contribution Method =
(@ OSAT/PSAT/APCA/ISAM SO
O rsM [ Region [] Pollutant [] Sector,

oo Datalnput oA 2 Data View 70
. Area [to0]

Data Input File: | ) Area s
O Annual AZNDACoal w0
@© seasonal avg. for 03-MDAS '] :
O seasonal avg. for 03-MDAL 525

AR\NOX\Coal
Daily _—
1 ] 100 50

Source Apportionment Data Input File: —
mtproc_2023en2_tags_apca_cbéré_tg12us2c| [ (3 CANDACoal 5 5

< > ] 100
Project Metadata & Model Info. =y
COVNDX\Coal
'] 100 25
Model Domain & Cr\Ne\Coal e
1.00
Metadata Info ¥ [ s
RI\NDX\Coal o
[ | 10| v 20 159 239 318 397
Setall to 1 Reset Min =17.112 at (346,199), Max = 74 277 at (48,99)
Add/Edit Metadata Model Info.
- Select/Combine Factors
ol [ creckona |4 ED

Back Next





image13.png
File - Analysis - View = About

@ Source Contribution Method Option

03 ACE MDAS ()

calion A0 Sunface & Emisions lncait Ok
FYP——— =0 X hconpwe|C) 0w | @) ot
load save Add Delete
Soured'yome Valus
o - aae s Concentration ] Multple lets
| ProjectDescription 03 3nd PM2.5 Source spportionment o Stte Level for ACE rule
O e 2001 o
O ereonsSowr 2033 s, 20252030203 cE i Lo
Ooof  -oadata () Y 0
g IRt
Model Background  CAM 7.0 Source apporionment APCA modeiing s
O aon|  ~Cantot HeatherSimmon, USEPAr Guaity Modeling Group, simman hestherGepa gov -
©sea] | Documenston  TSD can be provided S R
e et =
O Se8: boubleCick to Edit Metadata ame tanberes

Pt onSring«projlce +13t_1+33 +1at 2o +1at 0n40 +ion_Ow57 +346370000.0 663700000

cawoACoat Terero1
OATETIME -2
L vt
Va3
cowonco Row - 246

pca_chérs_115 12052 camcontribehrm ST 53 0301
Fhstce 07300235 apea o

10APLVERSION = Si0- 1) Ioapi IIbaryversion 315,
D= 39757

WOATE = 2018102, .





image14.png
Metadata Information - o x

toad _save [73d | pelete

Name. Vaive
& MetaData

|- Project Description 03 and PM2.5 Source apportonment of State Level for ACE e

|-Emissions Year 2011

|- Enmissions Scenario 2023 baseline, 2025203012035 ACE scenarios.

|03 data vy v

-PMdata (YN) Y

| Model Background  CAMx v7.0 Source apportionment APCA modeling

- Contact Si USEPAir Qualiy | 9 Group, simmon heat 900

|~ Documentation TSD can be provided

|~ Name1 Value

Double-Click to Edit Metadata





image15.png
£ Metadata Information - a X £ Metadata Information - a
= N
S mten S mten
|- Project Description 03 and PM2.5 Source apportionment of State Level for ACE rule |- Project Description 03 and PM2.5 Source apportionment of State Level for ACE rule
|~ Emissions Year 2011 |~ Emissions Year 2011
|~ Emissions Scenario 2023 baseline, 2025203012035 ACE scenarios |~ Emissions Scenario 2023 baseline, 2025203012035 ACE scenarios
|03 data (viN) Y |03 data (viN) Y
|-PM data (YIN) Y |-PM data (YIN) Y
|~Model Background  CAMx 7.0 Source apporionment APCA modeling ——=> | Model Background  CAMxv.7.0 Source apporionment APCA modeling
|- Contact Heather Simmon, USEPAAir Quality Modeling Group, simmon heather@epa.gov |- Contact Heather Simmon, USEPAAir Quality Modeling Group, simmon heather@epa.gov
Documentation TSD can be provided |- Documentation TSD can be provided
-
:

Double-Click to Edit Metadata

Double-Click to Edit Metadata





image16.png
File - Analysis - View = About

Project Name: QO
wog/vsg|

Baseline AQ Surface & Emissions Input Option

® 04 and comparison Option %) wap | () Receptor Analysis| %) QA & Compare | 7)) pata ()

Source Contribution Method Option

Source Contribution Method
(@ OSAT/PSAT/APCA/ISAM
O rsM.
DDM/HDDM

Data Input File:

@© Annual

O seasonal avg. for 03-MDAE
O seasonal avg. for 03-MDAL

Daily

Source Apportionment Data nput File:
(A5 21_ 2016 oo sesnupos. o bose ] [,





image17.png
Source Contribution Method Option

Source Contribution Method

(® OSAT/PSAT/APCA/ISAM °
O Rsm

Data Input File:

QO Annual °

@ Seasonal avg. for 03-MDAS
O seasonal avg. for 03-MDAL

Source Apportionment Data Input File:
‘m3mro(_2|1232nZ_tags_ap(a_chﬁrl_llg.IZUSZ.(‘ 5]

Source Apportionment Mapping File:
[Mappinz,ﬁmus,rev,sn,os.csv ‘ =]

Optional Receptor Region File:

lus,stax:s.csv ‘ =]





image18.png
Source Contribution Method Option

Source Contribution Method
O OSAT/PSAT/APCA/ISAM
@ rsM

Data Input File:
Input RSM Files (*.rsm)
B

‘Optional Receptor Region File:

Us_Muit_region include otherot [=]




image19.png
File - Analysis - View - About

) Source Contribution Method Option

Project Name:

@ Baseline AQ Surface & Emissions Input Option G
@ QA and Comparison Option

Baseline AQ Surface & Emissions Input Option

Baseline AQ Data Input @
@ Use TOTAL contribution as Baseline AQ input

O Use Baseline AQ Data File

O Use Monitor Point (DVs) data file

Input Cases & Emissions Files

emis_config_HCMAQ_O3.csv [=) ‘
Pollutant  Emission Path Action ~

Baseline ———————— A

by
Add/Edit Metadata Model Info.

‘ Cancel |Checkl)an & =
Back  Next

‘@ Map I@) Re:emrAnalyslsl‘Q QA & Compare I@ Data Q I“l

Q@

i)





image20.png
Baseline AQ Surface & Emissions Input Option

Baseline AQ Data Input
® Use TOTAL contribution as Baseline AQ input
O Use Baseline AQ Data File

[03_MDA8 - Spatia Field ~ interpolated monitor] [Jf

O Use Monitor Point (DVs) data file:

Input Cases & Emissions Files

[emission_fies_confg P25 cov =]

Pollutant _Emission Path agion | A
ACE 2025 .
PM2S 2025 final ACE_PM25_annual... [Biowse
NOx 2025 final ACENOX annual... [Browse
s02 2025_final_ACE_S02_annua.c... [Browse
ACE 2030 .
PM25 2030 finalACE_PM25_annual... [Browse
NOX 2030 final ACE_NOX annual... [Browse
s02 2030 final_ACE_S02_annua.c... [Browse
ACE 2035 .
PM2S 2035 final ACE_PM25_annual... [Biowse
NOx 2035 final ACENOX annual... [Browse
s02 2035_final_ACE_S02_annual.c... [Browse
Baseline 2023 .
PU2S  2023en PM25_annual_Smar2... [Browse
NOx  2023en NOX_annual 3mar20.. [Browse





image21.png
Baseline AQ Surface & Emissions Input Option

Input Emission Matrix for RSM
[emission_fies_config_03.csv 1[&]
Emission Matrix File Action
ACE 2025 -
2025_final_ACE_NOX_summer.csv [Browse|
ACE 2030 -
2030_final_ACE_NOx_summer.csv [Browse|
ACE 2035 -
2035_final_ACE_NOx_summer.csv Browse|
Baseline 2023 ~

2023en_NOX_ozoneseason_3mar2018.csv  |Browse|





image22.png
ot tome: (=] :]
23] e (2 mecotor s G5 on & compre |2 ot | ) ouree|





image23.png
25 st | o | 8 mn ) o [T

et e ot s s AT

D T e




image24.png




image25.png
® FAST-CE 2.9

@ QA and Comparison Option

File = Analysis * View - About Tip X
@ Source Contribution Method Option
Can'tfind Souice Appointment Data File
@ Baseline AQ Surface & Emissions Input ath: CAUser hmon02\OmeDrive - Emironmenta rotection Agency

(EPA)\Documents on C\CPP_ACE_and_otherEGUGHGrUIes\2022
rules\FAST

Source Contribution Method Option

inputs\PM\monthlyavg LST ¥_24.12U52 2026_egusa_psat_16}01.nci

Data nput Filer | Deseription
O szl ®)
‘Source Apportic

Source Apporti
Mapping_emis_24

‘Optional Recept
Us_states.csv

Project Metadat

Source Contribution Method
(@ OSAT/PSAT/APCA/ISAM ==
O rsm
oowroom | £ Warings
FileName

Source Contribution Method Option
€ can't find Souce Appointment Data File.Path: C:\Users\hsimon02\OneDrive - Environmen...  monthlyavg.LSTY_2...

Add/Edit Metadata

Cancel Check Data

Model Info,

o =

Back  Next @1~





image26.png




image27.png
®rascezs

File  Anslysis - View - About

|5 Receptor Anaiysis| €5 r & compare | ) ata | () tog/mse |
QA and Comparison Option _
ow © bt O R © Mt VS O VA © Comantaion Rapern ik s
(e e s ]| Qe T o
[ s 2w ~
sl 1

e 10] I this case, the warming window wil not pop-up. FAST-CE can sl run

Vel Emiogon Seor_ Patant
s o
Boc Boc Al B0G
PScammeus anl Us AT
omiee  RREOTHAI Aot
REs RREPRESAL  FRES P —
FISHORRRE OFFSAl  Offssore | No “AK' regionin
NMX AN RRE_CNM Al CNMXANTH Mapping File
fRBAL RRETRBAAI  TRBAL
be A A M Nos
e w2 A nox
7 v
A N -
om0 M Nox
Bomoa o a no
b meor o A nor

WEDC DG A Nox
L R R A o

WEGA GA A Nox

3

State boilers
AL 9508 |
A ] sss The Emission file
iz 132 contains Region "AK"
AR 10198
CA 5706
co 2228
CcT 165
DE 83

FAST-CE will ignore region *AK, although it is included in Emission File.





image28.png
File - Analysis - View = About
QO

) Source Contribution Method Option Project Namq

@ Baseline AQ Surface & Emissions Input Option
@ 04 and Comparison Option “) map L@) Receptor Analysis

Source Contribution Method Option

@) oa& compare |O Data |Q IollMss|

Source Contribution Method
(@ OSAT/PSAT/APCA/ISAM

O rsM.

DDM/HODM
Data : X
input File:
@® Annual O Monthly Daily
Allinput data iles are acceptable!

Source Apportionment Data Input File:

[monthyeve L5TY_2 12052 2026._egusa_psac 1] | 1)

4 w=

‘Source Apportionment Mapping File:

[Wappine._emis_20261 PSAT_sgusa.cov | [

< >

Project Metadata & Model Info.

Add/Edit Metadata Model Info,

2l o |€m =D

Back  Next





image29.png
[ ap |2 neceptor natysis| G & compure | 7} pata |3 tousvase
2D Plot | 30 Plot |

© saseline 2023 O Ace2025 O AcE200 O ACE2035.

Concentration () Muliple Plots

1921008
O region O rotitant (] Secor
Awodcost |
1 )

sawocon
’ )
ARWOACoa!
v )
cawocoat
v )
«
cowoncont
v )
anvoncont
1
AwOACon
1
oEwaAco
'] 10
sesite 1 Reser
seiec/comsine factrs

03

Baseline 2023

00
159 29

Min=17.112 at (346,199), Max = 74.277 t (48,99)

vata | () Log/msg|

Emissions Control 1| Emissions Control 2| Source Contribution 1 | Source Contribution 2 |

O saseline 2023 © AcE2025 O AcE200 O ACe 2035

03 concentrations on selected regions/cities
(AL; AR; AZ; CA; CO)

[re— =
sttocas
0 hesen 0 otvane 0 secor
08
avoacon :
1 ] 044
AZ\NDX\Coal
] 03
e
L B B
2
oo
a
e 1 e | 2
P i ]

@ ReceptorRegions ~ « » &
One

Ono

One

Onn

On

P ot

Set New Recepor Regions:

Current View.
Reduction

output | | Apply

TN

Receptor regions

Comparison Plot | Scatter Plot |

PR T—— ) ove

R—ept?—rAnalysw

Select Case: O Concentration O Response. (O Color Density Plot () Multiple Plots
°
3 tce 0
O epance 2035 "FAST-CE ACE 2025" vs. "EPA ACE 2025"
O aicass ‘ B "FAST-CE ACE 2025":"EPA ACE 2025" r"2=0.9999984
O ecestorsOniy T T T T r
701
8 select All Receptors
60 + 4
g
& 50 1 ]
N ow
5]
<
ot ]
w
B
30 + 4
20 1 ]
20 30 40 50 60 70
"FAST-CE ACE 2025"
soniy

QA/Validate





image30.png
%) Map | ) Receptor Anaiysis| ) 0A & Compare [ ) pata |(5) on/ms |

© row o B s aemo s

0 s B ey e |memm s
2 1 3 2862670898 |sn62670858 | 262670008 [2862670058
3 1 4 2833967971 |28.33967971 |28.33967971 | 2833967971
4 1 5 2840971375 |28.00m375 |28.09m375 |28.09m375
5 1 6 12848539925 |28.8539925 | 288539925 | 2848539925
0 : B sewsen sewsior | sesmon | msesees
B + 0 oo e |menses | meusoss
0 + s e e |newen  |mesen
s + o weene nwene e nssn
B B u o |woow | [moas
1 1 12 12826834106 |sa2sese106 |2a2se3e106 12826834106
12 1 13 2826677132 |sasrns2 |aasemn 128.26677132
13 1 1 283584938 |2a3snesme |283smesme 1283584938
14 1 15 2836272621 (23627221 |2s362me21 |2362me21
15 1 16 28.36698532 | 2836698532 | 2836698532 | 2836698532
16 1 17 2846172141 |ssrraa |es1e |esrma
17 1 18 12925472068 |2925472088 |29:254m2088 |29.254m2088
u + i sson |mansen |maaewn |msases
B + B o | masen  |mases  |sases
B + u s |wswene |mswse | mowsne
B s B wasme | mesme|mesws | mesme

Data

Digts Afer Decimal Point: &

Bxport





image31.png
Pl = Analysis * View - About

@ o oot | 3.k ot 00
foimrareora i

@ Ao Comparson ptien ) |2 mectoranatys| 65 on e compue | ) o | 3) owsmse|

P T Y D — —C
Pyesm—

O (O G o G e
o i 5
O oo
[peeara— v o
[Epmpe—





image32.png
3D Plot |

@ Baseline 2023 O AcE2025 O ACE2030 O ACE 2035 Concentration [ Multiple Plots.
192 facors
2D plot 03
[ Region [] Poliutant [] Sector| wnscline 2025

AN Coal ~ 7

| )
AZANOX\Coal 108

| )
ARVNOA\Coal

v > s
CAVNDRCoal

<
| )
El

COVNOX\Coal

| )
CT\NOACoal s

| )
RIYNOACoal

B
] 10| v 159 397
Select/Combine Factors the min/max value legend





image33.png
2D Plot | 3D Plot

@ Baseline 2023 O AcE2025 (O ACE2030 () ACI < > @ Concentration O Response [] Muktiple Plots

190 factors 3D plot 03
[ Region [] Poliutant [] Sector
Baseline 2023 0
ALNOACo =
] 675
AZ\NOx\Coal 600
AR\NOX\Coal 52
L w0
3
CA\NOX\Coal ]
5 375
CO\NOX\Coal 300
9]
CT\NOxX\Coal =8
' 150
RI\NOxX\Coal 75
v .
00

Set

o [ 1] | Reser

Select/Combine Factors

7.112 at (346,199), Max = 74.277 at (48,39





image34.png
247

198

149

03

Baseline 2023

color legend

80 159 239 318 397

1. double-click the

Min =17 112 at (346,199), Max = 74.277 at (48,99)

9. Configure Plot
File

iumber of Ties:

ColorMep Tides  Labels  Others.

] patenetype:  [Color Ramp. 7]

N W vevon 768 (inuen

| CIECUEER 1 X select color:

O v | @ e

centration O Response [] Multple Plots

Scale: [Unear

aD r——

03

| baseline 2023

rebuild value scale
base on the min/max value

15 2w

(346.199), Max= 74 277 3t (48.39)





image35.png
2D Plot 3D Plot

ace 2025 (O ACE2030 (O ACI < > |@ Concentration () Response

@ Baseline Za
190 factors
[ Region[] Sector
AL\NOX\Coal =
v
AZ\NOx\Coal
AR\NOX\Coal
CA\NOx\Coal
CO\NOX\Coal
CT\NOx\Coal
v
RI\NOx\Coal
v .
Setaiito |[ 1 | Reser
Select/Combine Factors

247

198

149

99

50

239 318 397

Min =17.112 at (346,199), Max = 74.277 at (48,99)

multiple
plots

675
600
525
50
375
300
25
150
75

00





image36.png
2D Plot 3D Plot

O Baseline 2023 @ AcE2025 (O ACE 2030 OA‘:l()ocnm-mﬁn

[ Multiple Plots

190 factors.
[ Region [] Poliutant [] Sector 03
Baseline 2023 - ACE 2025
ALNOX\Coal 2 27 10
L 0
AZ\NOx\Coal
[] 198 0s
AR\NOX\Coal 04
(X us 02
Il
CA\NOX\Coa| 00
v [
CO\NOX\Coal % 02
"
\NOx\Coal
) ° >
RI\NOx\Coal e
L Lo . 1 10
1 80 158 239 318 397
Setallto H Reset Min=-1701 at (77,217), Max = 3.343 at (217,72)
Select/Combine Factors ‘





image37.png
2D Plot 3D Plot [2X Multi-select base/control cases
[ Baseline 2023 [] ACE2025 [7] ACE2030 [] ACE 2035

(O Concentration @ Response

03

207 Baseline 2023 - ACE 2025

198

149

1 80 159 239 318 397
Min = -1.701 2t (77,217), Max = 3.343 2 (217,72)

02

04

06

08

10

247

198

149

03

Baseline 2023 - ACE 2030

80 159 239 318
Min = -1.829 2t (77,217), Max = 3.195 at (217,72)

397

Multiple
Plots

option





image38.png
2D Plot 3D Plot

O Baseline 2023 @ AcE2025 (O ACE2030 () ACI < > @ Concentration O Response [] Muktiple Plots

190 factors
[1 Region[] Pollutant[ ] Sector 03
AL\NOX\Coal Slide to adjust single control factor 7s0
L [o4] w75
AZ\NOX\Coal
198 60.0
AR\NOX\Coal 25
v us 450
|
CA\NOX\Coal 375
v ‘
CO\NOX\Coal % o0
2s
NOx\Coal
CTNOKY °a' (i3] s 150
RI\NOxX\Coal 78
v Al w
1 239 318 397
setalito 1] ax= 74170 at (48,99)
et all control factor to spe alue
Select/Combine





image39.png
Fle - Analyss = View + About

@ o s sty o5 Act ks o0
@ e srtan st oo
@ onmicompaomonem PRI ) recotor Artss| ) ot compa ) o @) towve|
aopt | soris |
@ e O s O tme O st mamn | ke
BT o
= =s
(rociseah] @ || w -
- | o
i = [, -
o
Model-VATPath= » =] as
DataFusionPath= .
. N
) = -
- 1] v
el [ e
e





image40.png
O Baseline 2023 @ AcE2025 (O ACE2030 () ACI < > @ Concentration O Response [] Muktiple Plots

03

ACE 2025 750

675

600

525

50

375

300

25

150

1 80 159 239 318 397

Setaiito |[ 1 | Reser WMin = 17.093 at (346,199), Max = 74.274 at (48,99)

Select/Combine Factors





image41.png
2, Select pre-defined control filters (e.g., “Region”,
3 tociKamame . Pollutant”, “ Sector” ) to divide factorsinto

I o | fand corresponding classification results.
© buscice s Oucns O[O oot} e o —
Control factors panel * - . e | o
[0 Region (] Potiutent ] Secrod g : .“l::n(:zl Omazs O
- B — S GG
o - Qe — =
e v 0
pe— pe -
i . — v oo
- - s [ - -
= o —
AWVOC\NonCon! e .
9 —
o Chack Al i
pa— —
v — /
e— —
v 9] w reck Al
amvoccon T
0 o (|
- — = .| 3. Click “OK” button to show the
Swct DesredFacers | Combe comrlFacos o changed control factors for 2D plot .

1, Click “Select/Combine Factors” button to
open the “Select/Combine Factors ...”
window and then set control factors.





image42.png
S soncrcommeracon 2, The selected factorswill
e g be put into the right panel.
20Plot | Y I 0 rocor Region Pollutant. Setor _ swus A avel Factor Detete.
. vy ewoncon Sl »
[ p— Priiniyim ==
Control factors panel R =
[ Resion ) Portoame (] seco] Awooos! Bemoreal & ] 30 i
= - frossisyw— == by O ks O i Ok €5 @ Concmuntion epore [ ke
Aioaces T a‘ ALWVOC\NonCoal Remove Al & 10t |
AUVOCIN.. ALVOCWonCoe! Aemove. [ Repion ] Potuaans [] secior o
r— . v B e = sz
) - — Jrrp— = s
O anwonicost 3 nox Contine> | saoNencos Remove Al & J—
Avoocost Feftoavl I - [RIe— — v [
o e R P Fstt I L
R [t - frssivuspi, = T
) o ARVOCNercon S I P
0 omoncen - P = Rl i
pr— D votencon -
) B v - -
o ol
AR\NOX\NonCoa! COWMM o /' .mm(.i -
= O comoncon o
[t - e
anwon ,n
[ B tovenvern " e s s B T L]
. o [« ot | o — i
Setalito | 1] | Reser < > e
| T o] [t I T | 3, Click “OK” button to show the
1, Check the factors that users want to control changed control factors for 2D plot .

and view the control effect of them, and then
click “Select Desired Factors” button.




image43.png
8. select/Combine Factor. - - a x|

- ]

&
20Plot | 30 plot | Py 2, Setthe controllername
® e Oxazs © 5 N0and click “OK” button to

Control factors panel © ~v==create a new factor.

- ookl

Awoucon
wrvoccen

[ Fevion 03 rotmane 0 5o ranvorcen
Aworcont a woron
9 rowocen
rs—— Controter Name:

miffieeiiggt

[ x oxwocen

Avocicest sawoccen

wnvecen

prS—
w9 @ .

awoncon e
e
A Noncon! o
w e e

i

s
v
v
vt
| plos

i

ARvoccost
i

ARVOCINoncon! v a vy

H
iiiiiii”iiiii‘i/ﬂ

il -

200 307 |
© e 1 O 1283 O sx28 © €3 @ Commtnion O Rpenn [ okl

fremtmmene] Lo
-
-
. s

3, Click “OK” button to show the

R sevoncen
[Cocreomomersam | st st racin F’M.m x

i

’_IHHHHHHHH{HHHHH

changed control factors for 2D plot .

1, Check one or more factors that users want
to combine to a new factor and click “Combine
Control Factors” button.




image44.png
' Edit Domain - o x

Analysis | ) mamp-raf@ Data |Q '-DI/MS!|

O ace2030 O Ace 2035 concentration [ Muliple Plots
L
Before 03 After
tor| 03
Baseline 2023
3 25 750 Baseline 2023
70
s
s
157 o
o
525
. 525
50
end Position: (396,246): e 50
©0) EX
4 EX
Project Metadata & Info. 9 00 00
CoWDACoal
v 25
25
cos 150
CT\NOACoal s 150
’ s
75
RINDACoal
B[] v oe
1 @ 1% 2w a7 w6 oo
w1 1 a5 o2
Setalito || Reset in = 17.112 at (346,199), Max = 74.277 3t (48,39)
Add/Edit Metadata Model info. Min= 17112 3t (346,199), Max=74.277 3t (45,99)
Select/Combine Factors
) [ oo |4 WD -





image45.png
Monitors Plot

© saeiine 23 O Rew s

“Probe” function to show value

03
Baseline 2021

lick monitor point

sstactns
0 rewon 3 potirane (O secor
Anwios 2 .
ANS_ANTH
L
AIoper
L =
anvires
v
Anorrsrre
v 1
AINHANTH — |
L
ATRE
when cl
Aol \.
L
Aworw
L
oAl »
v
cawoaal
v
cowonal
9 ] v
secaio [ 1] | eset
Seleccombine factors

%

©® Monitor Points/DVs O VNA ® Concentration O Response ] Muiple Plts

- X

0

Min = 47.900, M=

) Acpiv o 1 cument maps

) Reset o cetauit

00





image46.png
[ET e Cp— (O Monitor oint/DUs ® UNA  Concentstion  Response (2 Mokl Pt

03 03

03

Reset to default domain
Zoom out to previous domain

L~ Difference Plot

——  Saveimage to clipboard
Save image as...
Allow to “Compare” the difference Save as Excel
Y - | of two selected scenarios oI
wneod Save as SMAT-CE Data

Save Adjusted Emis
BenMAP Emission-Cut Output
Output Contribution Table

n Data





image47.png
@ Baseline 2023 O RCU2026 VNA  Concentration [ Multple Plots

56 factors Monitor Points/DVs
03 v
Region [] Potlutant [] sector|
o o o Baseline 2023
AIINBIOG. ~ 7 70
L 708
Ans_anH
s ' 198 660
as
AlINNAL Other
v s e
AINFIRES A s25
= w00
AlIN\DFFSHORE
v s
AINCHDCANTH © w0
v as
AINNTRIBAL
w00
| E
seraiio | Reser Min= 47,800, b= 104 200
Select/Combine Factors.





image48.png
@ Baseline 2023 O RCU 2026 VNA ~ Concentration  [J Multiple Plots
56 factors ‘
03
R Pollutant [] secor
0 seion 0 ot () sacr soseine 2023
AIIN\BIOG 2 750
v s
AINUS_ANTH
v Reset to default dom 60
Zoom out to previous domain 65
AINVAI Other ” e Plot
v Save image to clipboard 570
AR Save image as... ws
' Save as Excel
Save as BenMAP-CE Data 80
AIIN\OFFSHORE Save as SMAT-CE Data
] Save Adjusted Emission Data s
AT BenMAP Emission-Cut Output 250
v s
ANTRIEAL 300
| ] 100] v 159 29
Setall to Reset Min = 47.800, Max = 104.200
‘Select/Combine Factors.





image49.png
0[N3 6 5 B RS @@ N @ o @ =

A B @ D E E G H 1 J K L M N o] P
AQS Site ID_ State County Concentration  Contributions -> BIOG USANTH AllOther FIRES OFFSHORE CNMXANTH TRIBAL AL AZ AR CA
10030010 Alabama  Baldwin 538 24 1894 1105 038 158 051 0 793 001 018 001
10331002 Alabama  Colbert 503 459 1653 119 031 012 032 001 477 005 032 007
10499991 Alabama  DeKalb 536 339 1636 1626 061 022 04 0 442 003 036 003
10550011 Alabama  Etowah 531 295 1698 1534 037 019 028 001 58 004 02 005
10730023 Alabama  Jefferson 545 282 2044 1017 03 009 023 001 116 002 034 003
10731003 Alabama  Jefferson 543 267 2027 1042 031 013 023 0 1157 002 032 002
10731005 Alabama Jefferson 535 27 1935 1149 027 01 025 0 1098 002 015 002
10731010 Alabama Jefferson 528 254 199 97 031 027 018 0 1218 003 047 003
10732006 Alabama Jefferson 541 263 2023 1045 022 007 027 0 1227 002 031 002
10735003 Alabama Jefferson 53 243 1785 1399 028 026 035 001 947 004 008 003
10736002 Alabama Jefferson 56.1 251 2159 959 028 029 024 0 135 003 032 003
10890014 Alabama  Madison 539 354 1787 1375 03 02 037 001 767 004 029 006
10890022 Alabama  Madison 528 397 1645 1499 031 02 043 001 584 006 015 007
10970003 Alabama  Mobile 533 198 1725 1426 027 157 071 0 832 001 015 002
10972005 Alabama  Mobile 55.1 206 2242 699 022 082 017 0 1485 002 026 002
11011002 Alabama  Montgomery 507 251 186 1033 025 014 028 0 1113 001 01 001
11030011 Alabama  Morgan 553 441 1734 1551 025 014 031 001 603 004 047 004
11130002 Alabama  Russell 517 324 1833 1107 029 011 032 0 615 002 02 004





image50.png
File - Analysis - View = About

) Source Contribution Method Option
@ Baseline AQ Surface & Emissions Input Option

@ QA and Comparison Option

Baseline AQ Surface & Emissions Input Option

@ Baseline2023 O AcE2025 O AcE2030 O <

Baseline AQ Data Input
O Use TOTAL contribution as Baseline AQ input

pmacedon

<) map |@ Receptor Analys
2DPlot | 30 Plot |

287 factors

@® Use Baseline AQ Data File

[ Region [] Pollutant [] Sector|

Include PM Species These two options should be checked

PNI_WIATS_2023_EngCase_PMsurface Quarterly PH| | (3

‘SMAT.CE adjustment
Input Baseline Species Spatial Field File

P_aTS_2025_Engcase.pusurace Quariery A | (3

L\NOCoal @

BNDA\Coal

Input Cases & Emissions Files 4

[emission_files_config_PM25.csv

Pollutant Emission Path

Project Metadata & Model Info.

HOACoal
L
CANDACoal
L
cowDcoal
L
CrNOACoal

RINDACoal

B (o] v

(an)

QA & Compare |@ Data |Q Ing/Msg'

Swith to display PM species

@

v

198

us

%

el

secao [ 1] | eset

Min = 0.00E0 3t (1,1), Max = 7.146 at (164.15)

Add/Edit Metadata Model Info,

Select/Combine Factors

504 | Concentration  [J Multiple Plots
V25
austal || 504
EC eline 2023
27 NHa an

<= =

Check Data
Back  Next

f





image51.png
File = Analysis - View - About

@ source Contribution Method Option

@ QA and Comparison Option

@ Baseline AQ Surface & Emissions Input Option

Project Nam

Source Contribution Method Option

‘Source Contribution Method

(® OSAT/PSAT/APCA/ISAM
O rsM

Data Input ile:
QO Annuat
@® seasonal ave. for 03-MDAE

O seasonal avg. for 03-MDAL

‘Source Apportionment Data Input File:

m3tproc_2023en2_tags_apca_cbéré_11g.12Us2.c|

<

Project Metadata & Model Info.

Metadata

Back

Model Info,

checkona | G0 WD

“5) map |@J ReoepmrAnalysisl@ QA & Compare |@

Options

Default Configuration

[cUsers\ESIL\Documents\My FAST-CE Files\Tool\FAST-CE\Example| | ()

Enable Overlaying EJ/Demographic Layer

[cAUsers\ESIL\Documents\My FAST-CE Files\Tool\FAST-CE\Data\NE] | () |

[

Next





image52.png
@ FAST-CE 29

File - Analysis - View = About

@ source Contribution Method Option
@ Baseline AQ Surface & Emissions Input Option
@ QA and Comparison Option

Source Contribution Method Option

Source Contribution Method A
(© OSAT/PSAT/APCA/ISAM
O rsM

Data Input File:

O Annual
@® seasonal ave. for 03-MDAE

O seasonal avg. for 03-MDAL

‘Source Apportionment Data Input File:

m3tproc_2023en2_tags_apca_cbsré_1g 12Us2¢| |

< >
Project Metadata & Model Info.

Model Info,

o= =

Back  Next

Check Data

03 ACE MDA8

2DPlot | 30 Plot |

@ Baseline 2023 O AcE2025 O ACE2030 O ACE 2035

162 factors

Map |@ Receptor Analysis | )

[ Multiple Plots

Concentration

[ Region [] Pollutant [] Sector|

ALNDACoa! @

azDdcoal

L
AR\NOACa3l
L
CANDACoal
L
cowDcoal
L
CrNOACoal

RINDACoal

B (o] v

setalito Reset

Select/Combine Factors

03

Baseline 2023
27 750

Reset to default domain
Zoom aut to previous domain

Configure plot

Difference Plot

Save image to clipboard

Save image as...
Save GIS layer (shape file) to CSV format
Save GIS layer (shape file)
Save as Excel

Save as BenMAP-CE Data
Save as SMAT-CE Data

Save Adjusted Emission Data





image53.png
© FAST-CE3.1

File - Analysis - View - About

@ source Contribution Method Option
@ Baseline AQ Surface & Emissions Input Option
@ QA and Comparison Option

Source Contribution Method Option

03 ACE_MDA8

2D Plot | 30 Plot |

Map |@) Receptor Analysis

@© Baseline2023 O AcE2025 O ACE2030 O ACE 2035

Source Contribution Method

(® OSAT/PSAT/APCA/ISAM | w2focoes |
O Rsm [ Region [] Poliutant [] sector|
O DbM/HDDM - =
Data Input File: | l

O Annual © BJ/Demographics Plots

@ seasonal avg. for 03-MDAS
O seasonal avg. for 03-MDAL

Source Apportionment Data I
m3tproc_2023en2_tags_apca ¢

@© EJ/Demographics Indicator

O Top Percentile (higher than %)

QA&ComplreI@ Data IQ I.ngIMsgI

Concentration

[ Multiple Plots

247

80

7/, ©1/Demographics

03

Baseline 2023

159 239 318

Min=17.112 at (346,199), Max = 74.277 at (45,99)

750

675

60.0

525

450

375

300

25

150

<
90
Project Metadata & Model Irf
e
[ CrWGx\Coal
] 1.00
RI\ND\Coal
L] 100] ¥
‘ setallto 1) | Reset
Add/Edit Metadata Model Info.
Select/Combine Factors
Cancel Check Data « ‘

Back Next





image54.png
) map (1) Receptor Analysis | aa/validate | (7)) Data | () Log/msg |
Emlssk‘ms Control ZI Source Contribution 1 I Source Contribution 2 |

[O Baseline 2023 @ ACE2025 O ACE2030 O ACE zoasl 1. Select control case.

2. Customize control factors. 03 concentrations on selected regions/cities
(AL; AR; AZ; CA; CO)

192 factors 08

[ Region [] Poliutant [] Sector|

4. Display control resulits.
~ 0.7 N

AL\NOX\Coal e
:

AL\NOX\NonCoal L

AL\VOC\Coal 05 +

1.0| v

setaiito [ 1 | Reset ‘é“

Select/Combine Factors

(W] Receptor Regions ~ « » 2 03 + q
MaL Cne N R oau :
M Ar I no i >
M az CI ne 0.2
M ca O ne .
A rn e
Set New Receptor Regions o1l 0.104

3. Select receptor regions.

Reduction v





image55.png
() Receptor Analysis |5 aavaiidate | ) pata | () Log/msg |
Emissions Control isaurce Contribution 1 | Source Contribution 2 |

I Comorezon] 2
[ AL [ ne ~
M AR M nNH
[A a7 A n

1. Select desired control
actors (regions, pollutants|
sectors).

M[Poliutants 2
Nox [ voc

M[sectors 2
Coal [ NonCoal

Emission Reduction (%) 2 |4

25
50 2.Set up control level.

[®] Receptor Regions « » 2

] AL One Al

[ AR Ono

[ Az O ne

[ ca O nH J

A ~n L YT |
Set New Receptor Regions

3. Select receptor regions.

Reduction v

Output Apply

BOSPPOvT

25

20

15

10

05

0.0

03 Reductions :

(25%, 50%, 75% emission control )
o 50% == 5%

== 25%

AL

4. Display coﬁtrol resulfts.

AR AZ CA

Receptor n!ions





image56.png
Map () Receptor Analysis

@ oavalidate IQ Data IQ Log/Msg|

Emissions Control 1| Emissions Control 2| Source Contribution 1 |Source Contribution 2 |

[ control Regions (Reduced by) 2

M AL 1005

M AR 1009
I aanl

Fl. Select and set u}a
Edontrol level of desired

Eregions.

A er I nnia 7
Reset all to %

™ Pollutants 2

2.Select desired pollutants
land sectors to be controlled}

] Sectors R
M Coal [4] NonCoal ¢
: Receptor Regions « » A
M AL O ne "~
M AR COno

M az O ne

M ca O NH

o O

Oecr CJ nm v

Set New Receptor Regions

3.Select receptor regions.
Reduction v

Apply

Output

A\ O3(ppbv)

3.0

25

20

05

0.0 4

03 Reductions

4, Difsplay the iotal contfibution
of emissions reduction. :

2.481

2.14

0.620

AL AR

: Coemm
i i [I i
Az ca co

Receptor regions





image57.png
&

E Control Regions (Reduced by) 2

M AL 100 3¢ ~
M AR 1005

1. Select and set up
lcontrol level of desired
Iregions. )

Reset all to 50| %

™ pollutants 2

2.Select desired pollutants

and sectors to be controlled
] Sectors R

M Coal [4] NonCoal
Receptor Regions « » A

M AL O ne ~

M AR COno

M az O ne

Mca [ nH

Mco Own

Oecr CJ nm

Ooc O nv

[1oE 1Ny v

Set New Receptor Regions

:; Map \@)RmpernaIysk

Emissions Control 1| Emissions Control 2| Source Contribution 1

) 0A/Va|udate| ) Dpata IQ log/Mssl

Source Contribution 2

3. Select receptor regions.

Output Apply

A03(ppby )

03 Reductions

== NOx\Coal

[C=mm VOC\NonCoal C— RET2025

== NOx\NonCoa —mm VOCiCoal

C—3 RET2030

3.0

4 Dlsplay the |nd|V|duaI

25 4 : 2% contributions of emlssmns
: Ereductlon
2154 H
2.0 4
15 :
10 4 :
3 0.2
0.5 -
: 0.331
0.0 .
AL

Receptor regions





image58.png
Control Factors 2

192 foctors Allow to select desired

8. Receptor Region Configuratior,
O Region () Poliutant () Sector

states or CBSA regions.

~ O [Emisions Cantrl 1] Emissions Contrl 2| Soure Contribution 1| Source Contibutionz |
O susine 33 © it O stz O icezoss

select Region Fle
AWOACoa! & | [us statescov

] s D
AZNOACoal 2.Select receptor

1 ] 0% region file of intere;
ARWOACoal o
Setaiito | 1| Reser

Selecy/Combine Facirs

g Qv |

Set New Receptor Regions.

Reducton v

outpur | | Apply. ] et

o Shontame. = = s s

0 prainy (AborSD; AberWA; Abilen; AdaOK; Adrian)

15210000 o
2 Lmson
| Region ) poturane () Secr
s ammen Hammona A O rewr O o
0 n ingeon, e H
! urine BuriingronNC v | o
g Sweew Sweetwarernx ]
g Boisec Boise CD WO
7 Porme [Portiand-Soutn. v o 020
0 cnamps champaign-ur
s snev [asneviienc

Reser
0 wacor wacomx o1
u crart charieston-a. Selec/Cambine facors
1 whitew whitewsrer
I o
B owtons ovtors s
| Quuer |
1 o Cotumbus.
Qaw

5 Montro Monrose o 005
0 sae0n Saiemon
B vamor vamore 0k
m ey o0
T seeas TGV ] Applyto All Chans Recoptor ragons.

1.click “Set new Receptor Regions” button
to open the “ Receptor Region Configuration”
Window and then select receptor region file.

Allow to extract selected

regions to CSV.

3.Click “Apply” button to show the
corresponding results of receptor regions.





image59.png
SeectRegonrie | . selec e F
O Baseline 2023 @ AcE2025 O |[us sutescor V(6 | Rreceptor s »
ControlFactors N - -ae
192 toctors 1 Swmm o= wazm = =
3one Cibme  mwoonn o, i
[ Region [] Potiutant [] sector T [ —
- TR T T
""“""‘“' o 2. Select and add the receptor
gion file of interest.
AL\NOx\NonCoa! | uoox
L] ra— T——
Auvoc\Coat —— e —y
| e e
[seonw ]3] [esr | - ——
e e Wieca
Select/Combine Factors - @ b ——
e T
e Jowwy [owemenn
o B 1. Click “Add” button to g - SRR asasied
H open the "Select file...” e = oo e Oreans-
window. e -
0 T
e s Ty
e |« I
e v -
2 u - i
[ P e ]

Allow to apply the receptor region 3- Click “Apply” button to show the
configuration to the whole receptor corresponding results of receptor regions.
analysis module.




image60.png
e L T T T TN Rt il e oror e
%) wer | @sigaet o aikitay the Corrasponding “icheck to display; ="~ """ """ o aroaman
Comparison Piscatter plots of concentration or response. multiple plots. : e ] = L :
1. Check to show the [select Case: h |
N © emnace 2025 | . |
control scenarios of | epa ace 2050 “FAST-CE ACE 2025" vs. “EPA ACE i |
interest. O epance 2035 [y T ] | - - :
I1H H
2. Choose to compare [ aiciss n Check to show the L F. |
all grids values or only|® Recestors oniy color density plot. 1, ; |
receptor grids values. (& select All Receptors 1 p |
BA - ® IS R l
3. This panelisonly (E% [ " T et
. g co

available when the |gr .
“Receptors Only” is %: & e
selected. Users can (&% g l
select desired %:ﬁ ‘ “ |
receptors to compare | MV :

=1 . .

the performance of |ginc . N |
FAST-CE. b : Xl
=5 . R
4.Click “Apply”  [E1% . = ||
buttonto display  |Zw ® . |
corresponding » T mcencems - :
scatter plots. = |





image61.png
anvaiidate (*) pata |() Log/msg

@ Mw |@) Receptor Analysis

D ROW coL Saseline ACE 2025 ACE 2030 ACE 2035 -
1 1 2 2845793723 |2845793723  |2845793723 | 28.45793723
2 I I3 |2862670898  |2862670898  |2862670898  |28.62670898
3 [1 [+ |2833067071  |2833967971 2833967971 | 2833967971
s [1 [s |2840071375  |28e09mi37s 2840971375 | 28.40971375
5 [1 3 |2848530925 2848530925 2848530925  |28.48539925
6 1 7 |2856389808 2856389808 | 2856389808 | 28.56389808
7 [1 s |2881150626  |2881150626 2881150626 | 2881150626
8 [1 o |2880346122  |28803e6122  |28sonse1z | 2889346122
9 [1 [10 |288ss32082  |28sss32282  |28sss3szs2 | 28.88832282
10 1 11 |2897023773  |28o7023773  |28s7023773 2897023773
1 [1 [12 |282683¢106 2826834106 2826834106  |28.26834106
2 [1 [13 |2826677132  |2826677132  |2826677132 | 2826677132
13 [1 [1e |283s84938  |283584338  |283584938 283584938
1 1 [15 |2836272621  |236272621 2836272621 2836272621
15 [1 [16 |2836698532 2836698532 2836698532 2836698532
1 [1 [17 |28e6172101  |28ee172101  |28ee172141 | 2846172101
7 [1 [18 |2925472068  |202547208  |20.25472088 | 29.25472068
|(ﬁ | 1 | 19 | 29 34763039 | 29 347263039 | 29 347263039 | 29 347263039 N v

Digits After Decimal Point: 8 |3

Export the output
data to local path





image62.png
2.Set up GCAM configuration and click “Save & Run”
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Data Detail

ROW

Baseline

ACE 2025

ACE 2030

ACE 2035

1 1 2 28.45793723 28.45793723 28.45793723 28.45793723
2 1 3 2862670898 2862670898 2862670898 2862670898
3 1 4 2833967971 2833967971 2833967971 2833967971
2 1 5 28.40971375 28.40971375 28.40971375 28.40971375
5 1 6 28.48539925 28.48539925 28.48539925 28.48539925
6 1 7 28.56389808 28.56389808 28.56389808 28.56389808
7 1 8 2881150626 2881150626 2881150626 2881150626
8 1 9 2889346122 2889346122 2889346122 2889346122
9 1 10 28.88832282 28.88832282 28.88832282 28.88832282
10 1 1 28.97023773 28.97023773 28.97023773 28.97023773
1 1 12 28.26834106 28.26834106 28.26834106 28.26834106
12 1 13 28.26677132 28.26677132 28.26677132 28.26677132
13 1 18 28.3584938 28.3584938 28.3584938 28.3584938

14 1 15 28.36272621 28.36272621 28.36272621 28.36272621
15 1 16 28.36698532 28.36698532 28.36698532 28.36698532
1% I 17 2846172141 2846172141 2846172141 2846172141
17 1 18 29.25472068 29.25472068 29.25472068 29.25472068
12 1 19 932763039 932763039 932763039 2932763039
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