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1 Introduction

1.1 Overview of Data Fusion tool

Data Fusion (DF) is an innovative tool to derive spatial and temporal fields based on a
series of data fusion methods commonly applied in health and economic benefit
assessments (e.g., Environmental Benefits Mapping and Analysis Program — BenMAP)
and air quality attainment assessments (e.g., Software for Model Attainment Test —
SMAT) tools. The objective of this DF tool is to provide scientists and policymakers a
user-friendly framework for creating desired spatial and temporal fields from existing
air quality monitoring and model data and evaluating the results of fused spatial and
temporal fields. The spatial and temporal field can be annual, quarterly, monthly, or
daily distribution of predicted concentrations on the entire domain or sub-domain.

This standalone DF tool currently implements five built-in data fusion techniques:
(1) Voronoi Neighbor Averaging (VNA)
(2) Enhanced Voronoi Averaging (eVNA)
(3) Downscaler (DS)
(4) Weighting VNA (WVNA)
(5) Nearest Site (NS)

The DF tool has an easy-to-use graphical user interface (GUI) to allow users to flexibly
create spatial and temporal data fields, conduct cross-validation (including Multi-fold,
Leave-one-out, and Leave-group-out cross-evaluation methods), and provide
visualization analysis capabilities (e.g., map, GIS and chart, etc.), as well as contains a
built-in long-term ambient monitoring network database for PM» 5 and its component
species and ozone.

The DF tool includes five key modules currently:
(1) Data input module
(2) Data fusion technique module
(3) Spatial and temporal option module
(4) Cross validation module
(5) Data viewer module
The detailed description of each module can refer to later chapters.

This document provides instructions on how to use DF to conduct data fusion analysis
for PM2 s and O3 with the following chapters:

e Chapter 1. DF introduction and installation

e Chapter 2. Functional Framework of Data Fusion
e Chapter 3. Quick Start

e Chapter 4. PM> s Data Fusion Analysis Details
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e Chapter 5. Ozone Data Fusion Analysis Details
e Chapter 6. Data Viewer for analyzing results

1.2 Computer Requirements
Data Fusion requires a computer with:
a) Net Framework Version 4.0 or higher.
b) 32-bit or 64-bit Windows 7/Windows 8/Windows 10.
c) 2 GB RAM or greater.
d) 6 GB free disk space or greater.
1.3 Install/Uninstall Data Fusion
1.1.1 Install Data Fusion

» Download Data Fusion Software Package from the ABaCAS website or
Google Drive. This tool is available at the following links:
(1) ABaCAS website:

http://abacas.see.scut.edu.cn/tools

(2) Google Drive:
https://drive.google.com/open?id=1X13Vgt1RXeBt FrfHpuCZYumxjgMROhL

» Double click the package (e.g., Data Fusion v1.9 setup.exe) to install the
program, it will appear the following window (Fig. 1).

Welcome to the InstallShield Wizard for
Data_Fusion

The InstallShield(R) Wizard will install Data_Fusion on your

w\\‘ €D ST4 % computer. To continue, dlick Next.
N Xy

4//*(‘1 et

/B\&N()H IN IIU\\?
2~
0

&

’4( prote”

Fig. 1 Setup Window

»  Click the “Next” button, users can customize the destination folder to install
as shown in Fig. 2.
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Destination Folder ®
Click Next to install to this folder, or dick Change to install to a different folder. i
Data Pesice
‘j Install Data_Fusion to:
\ C:\Program Files (x88)\ Change...

InstallShield

Fig. 2 Choose Install Path

» Click the “Next” button, it will show the “Ready to Install the Program”
window as shown in Fig. 3.

Ready to Install the Program ®
The wizard is ready to begin installation.

Data Bsice
Click Install to begin the installation.

If you want to review or change any of your installation settings, dick Back. Click Cancel to
exit the wizard.

InstallShield

< Back Install Cancel

Fig. 3 Ready to Install

»  Click the “Install” button, then the Data Fusion will start installing.
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Installing Data_Fusion
The program features you selected are being installed.

Please wait while the InstallShield Wizard installs Data_Fusion. This may
take several minutes.

Status:
Copying new files

InstallShield

sk [ meds | [ cancl ]

Fig. 4 Installation Process

»  Click the “Finish” button and complete installation.

Fig. 5 Complete Installation

1.1.2 Uninstall Data Fusion
>  Go to Control Panel.

»  Select Data Fusion and click “Change/Remove”, the following window will
appear.
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Data_Fusion

E‘ﬂ! Preparing to remove...

Cancel

Fig. 6 Uninstall DF

After a few seconds, the uninstallation process will finish.

1.2 Contacts for Comments and Questions
For comments and questions, please contact:

(1) Prof. Yun (Dustin) Zhu at South China University of Technology,
Environmental Simulation and Information Laboratory via email at
zhuyun@scut.edu.cn;

(2) The Center for Community Modeling and Analyses System (CMAS) at the
University of North Carolina at Chapel Hill via email at cmas@unc.edu.

2 Functional Framework of Data Fusion

Fig. 7 shows the functional modules of Data Fusion, including five modules:
(1) Data input module
(2) Data fusion technique module
(3) Spatial and temporal option module
(4) Cross validation module

(5) Data viewer module
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Monitor Data

|

Data Input Module

> Model Data
VNA
eVNA
Data Fusion A
Technique Module
WVNA
NS
Spatial and Spatial Field
Data Fusion Tool » Temporal Option
Module Temporal Adjustment
Multi-Fold
Cross Validation R e-out
Module
Leave-group-out
Map
> GIS
Data Viewer il
Module
Chart
Data Table

Fig. 7 The functional framework of Data Fusion

»  Data input module: The Data input module loads the monitor data and the
model data to use for the designed data fusion calculations.

>  Data fusion technique module: The Data fusion technique module selects
the data fusion methods used for calculations. Five algorithms (VNA, eVNA, DS,
wVNA and NS) are provided in this module, and details of these methods can be
found in Appendix I.

> Spatial and temporal option module: The Spatial and temporal option
module sets the spatial field and period used for the designed data fusion
calculations.

> Cross validation module: The Cross-validation module evaluates the

performance of each data fusion technique and analyzes the results at monitor points
under the absence of different scenarios. The results are evaluated by the cross-
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validation methods, including Multi-fold, Leave-one-out, and Leave-group-out
methods listed below:

e Multi-fold Cross Validation: Multi-fold cross validation assumes that all
monitoring locations are randomly or sequentially divided into K groups across
regions. The set of monitors in one group is excluded and then the interpolating
algorithm is performed on the remaining monitors. Each algorithm interpolated
from the training set is used to make predictions at those excluded monitoring
locations. This process is repeated K times, until all groups served as the test set
once, thereby creating out-of-sample predictions for all monitoring locations.
For example, the program uses a 10-fold CV by default. 10-fold cross validation
(10-fold CV) means that all monitoring sites were randomly divided into groups,
one of which contains 90% of the sites and the other group contains the
remaining 10%. Each algorithm was then applied using data from 90% of the
monitoring sites to predict PMzs at the remaining 10%. This process was
repeated for all groups so that predictions could be evaluated against
measurements at all sites. The spatial and temporal correlation (e.g., R2)
between predicted PM» s and monitored PM; 5 are calculated and showed in the
Statistic tab page of the Data Viewer Module.

e Leave-one-out Cross Validation: Leave-one-out is the most extreme case of K-
Fold. The training subset is composed of all samples but one, which is used for
validation. The procedure is also repeated K times.

e Leave-group-out Cross Validation: Leave-group-out is a clustered cross-
validation approach, which splits the points by space used a k-means algorithm.
This approach is an unsupervised learning technique requiring a pre-specified
number of clusters based on proximity to the nearest mean (defined spatially),
effectively grouping points into Voronoi polygons given by those means. The
distance metric used to define space is the conventional Euclidean distance.
Cross-validation groups are contained within regions under this approach, with
a predetermined number of pf clusters per region based on the selected Radius
of Selected Monitors Withheld.

3 Quick Start

This chapter provides the steps required to run DF for PM and Ozone analyses. The
Quick Start will use EPA’s data set to demonstrate how to run each of the DF 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 DF
modules, refer to the User’s Guide chapter for each module.

3.1 Start the Data Fusion

Double click the Data Fusion icon on the desktop or the executable file (Data
Fusion.exe) under the installation path to start the program.

»  The Start Page window will appear on your screen after starting the program,
as shown in Fig. 8.
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File - PM Ozone DataViewer Case -

A\
' i A
PM Data Fusion Tool ) () PM25cCv @ @

) Data Input Option

t
) Data Fusi ——, "~ g
5! D-click to set up desired data input
() Spatial a
t
{

(click apply button in left panel to view data & map)

) Receptor Option :
) Cross Validation Option Name Running messages 3

©

Data Input Option

Project Name:

Monitor Data
O Daily/Weekly Data (FRM/FEM/IMPROVE)
@ Quarterly Data (FRM/FEM)

O Annual Data (DV)

PM Mass Data |official_annual-PM25_2002thru20? ]

[J PM Species

Grid Model Data “

<M )
Back Next

Clear Save Project < >

(0,0)

Fig. 8 Start Page of Data Fusion

3.2 Load existing project

»  Click the Open in the File pull-down menu item on the start page, select the
project file (*. proj) of interest to open, then it can be loaded into the DF Data
Viewer to probe the results. All project files are stored in your computer’s document
directory (C:\Users\ ... \Documents\My DataFusion Files\Result\Project) by default.
Users can select a default project named test_default.

»  After opening a project, the program will jump to the data viewer module, as
shown in Fig. 9.
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File - PM Ozone Data Viewer Case -

(;\M Data Fusion - PM
S
test_default

Algorithms Al

[ Model

&) vNA

[ evnA

[ Downscaler

Filter:

Annual v

Variable: |pm2s

Output Files

Annual PM2.5 SF

Project >

PM2.5 CV

EPA Contract EP-D-12-044

test_default
(click apply button in left panel to view data & map)

Plot

Q Data |(? Log/Msg'

Control  Formula  GIS Layer ~Window

£ el | @ statistics

Model_PM25_Annud
date = Anon PV 5 SF

VNA_PM25_Annud
s = Anrum P23 SF

Min = 4313 2t (1,60, Miex = 15,081 2t [£3.29) Min = 6.958 2t [11,43), Mex = 12.162 ot (62.53)

eVNA_PM25_Annual
data = A W25 SF

Downscaler_PM25_Annual
date = A P2 S 57

Min=7.295 5t {1,6], Miex = 13,035 2t [£3.29)

Min=3.683 2t {1,60], Miex = 12355 2t (38.13)

©0|;

Fig. 9 Open a previous project

» After the selected project is loaded, users are also allowed to view the
configuration options of this project by clicking the project name with a blue
hyperlinked text in the top of output files. Analyzing existing projects can refer to
the details of chapter 6 below. Users can return to the Map view by clicking the

Viewer tab.

3.3 Create a new project

»  Click the New Project in the File pull-down menu item on the start page, the
program will reset all settings and jump to the parameter configuration module, as

shown in Fig. 10.
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File - PM Ozone DataViewer Case -

1 i A
PM  Data Fusion Tool ) () PM25cCV Q e

Data Input Option
Data Fusion Technique Option

(click apply button in left panel to view data & map)

Spatial and Temporal Option = Log/Msg

Receptor Option
Cross Validation Option Name Running messages x

Data Input Option

Project Name:

Monitor Data
O Daily/Weekly Data (FRM/FEM/IMPROVE)
@® Quarterly Data (FRM/FEM)

O Annual Data (DV)

PM Mass Data ‘ofﬁciaI_annual-PMZS_ZOOZthruZOi =
[J PM Species
>
Grid Model Data v
< 3
Back Next
Clear Save Project < >

(0,0)

Fig. 10 Create a new project

»  Configure the parameters of each step, then save and run the new project can
refer to the details of Chapter 4 (PM> s data fusion analysis) and Chapter 5 (Ozone
data fusion analysis).

3.4 PMzsData Fusion Analysis Quick Start

The steps below describe how to use DF to conduct data fusion for PM» s with
monitor data, model data and other related data, and verify the data fusion results.
More details refer to_ Chapter 4.

Step 1. Click PM menu on the top of Data Fusion Tool Home Page to launch the PM
Analysis module window.

Step 2. The Data Input Option window display first. Windows sets the input files of
PM:s monitor data, PMzs grid model data and other data. Data Fusion Analysis
calculates the data fusion result based on the input files.

Use the default settings in the Data Input Option window.

e Click on the Data Input Option hyperlink to display an electronic version of
the User’s Manual for this window.

e Monitor Data: sets the input file of PM2s monitor data. There are three-time
type options: Daily/Weekly Data, Quarterly Data and Annual Data (The
default option is Quarterly Data).

e PM Mass Data: sets the detailed data of PM» s monitor data.

e PM Species: This option is unchecked. (If checked, it will require to input a file
of PM> 5 species data).
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e Grid Model Data: sets the data format, base case model data and grid
description file.

e Data Format: sets the data format of the base year model data. *.csv and
IO/API format data are supported.

e Base Case: sets the detailed data of PM> s model data at base year.

e Grid description: There are two grid definition file type options: a CMAQ grid
description file and a Grid Shape File(*.shp).

e Other Data: This option is unchecked. (If checked, it will require to input a file
of Diffusion model file data or AOD data).

e Click the Next arrow at the bottom right of the Data Input Option window to
proceed to the next step.

Step 3. The Data Fusion Technique Option window sets the data fusion algorithms to
calculate the data fusion result.

Use the default settings in the Data Input Technique Option window.

e Click on the Data Fusion Technique Option hyperlink to display an electronic
version of the User’s Manual for this window.

Algorithm: There are five algorithms options: VNA, eVNA, Downscaler, wVNA and
Nearest Site. The default choices are VNA, eVNA, and Downscaler.

»  Click the Next arrow at the bottom right of the Data Input Technique Option
window to proceed to the next step.

Step 4. The Spatial and Temporal Option window customizes the space and time
separately to comparing the simulation results of entire domain or partial domain and
specified time ranges. Use the default settings in the Spatial and Temporal Option
window.

»  Click on the Spatial and Temporal Option hyperlink to display an electronic
version of the User’s Manual for this window.

Spatial and Temporal Option: select Entire Domain or Partial Domain. The Partial
Domain sets the grid cells by customizing the starting and ending grid cell in the entire
domain.

Temporal Data Fusion Option: includes the time range of data fusion output results,
which are divided into annual average, quarterly average, monthly average, and daily
average.

»  Click the Next arrow at the bottom right of the Spatial and Temporal Option
window to proceed to the next step.

Step S. The Receptor Option window sets the GIS shape file. This GIS shape file is
used to calculate average concentration in specified regions (e.g., states, counties).

Use the default settings in the Receptor Option window.

»  Click on the Receptor 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 Receptor Option window to
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proceed to the next step.
Step 6. The Cross-Validation Option window sets cross-validation method to conduct
scientific and objective analysis of the validity and stability of data fusion results.
Use the default settings in the Cross-Validation Option window.

» Click on the Cross-Validation Option hyperlink to display an electronic
version of the User’s Manual for this window.

Cross Validation: This option is unchecked. (If checked, it requires to select a kind of
cross-validation method).

e Multi-fold: selects the monitoring data file and groups it, and finally verifies
the data fusion result according to the result set synthesized by each group. The
result will intuitively show the validity and stability of the data fusion result.

e Leave-one-out: eliminates different monitoring value points selected by users
one by one, compares and analyzes data fusion results in the absence of different
monitoring points, and then finds and removes abnormal data values.

o Leave-group-out: selects the group data sets to compare and analyze data
fusion results in the absence of different monitoring points, and then find and
removes abnormal data values.

»  Click the Next arrow at the bottom right of the Cross-Validation Option
window to complete the PM Analysis configuration and run the DF project.

» Click Save & Run Project in the pop-up window. Click Save to create a
project (*. proj) file for this tutorial exercise.

The PM Analysis will complete after a few minutes and the Data Fusion Tool Data
Viewer will present the results of this analysis. See Chapter 6 for details on how to use
the Data Viewer to analyze the results.

3.5 Ozone Data Fusion Analysis Quick Start

The steps below describe how to use DF to conduct data fusion operations on Ozone
with ozone monitor data, model data and other related data, and verify the data fusion
results. More details refer to Chapter 5.

Step 1. Click Ozone menu on the top of Data Fusion Tool Home Page to launch the
PM Analysis module window.

Step 2. The Data Input Option window display first. Windows sets the input files of
Ozone monitor data, grid model data and other data. Data Fusion Analysis calculates
the data fusion result based on the input files.

Use the default settings in the Data Input Option window.

e Click on the Data Input Option hyperlink to display an electronic version of
the User’s Manual for this window.

Monitor Data: set the input file of Ozone monitor data. There are two-time type
options: Annual and Daily (The default option is Annual).
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e Select Ozone Design Values (DV) Year: sets the Start Year and End Year
corresponding to the monitor data year.

Grid Model Data: sets the data format, base case model data and grid description
file.

e Data Format: sets the data format of the base year model data. *.csv and
IO/API format data are supported. By default, annual monitor data corresponds
to model data in CSV format. Daily monitor data corresponds to model data in
I0/API format

e Base Case: sets the detailed data of Ozone model data at base year.

e Control Case: This option is unchecked (If checked, it requires to select a file
including the detailed data of Ozone model data at control year).

e Grid description: There are two grid definition file type options: CMAQ grid
description file and Grid Shape File(*.shp).

Other Data: This option is unchecked. (If checked, it requires to input a file of
Diffusion model file data or AOD data).

»  Click the Next arrow at the bottom right of the Data Input Option window to
proceed to the next step.

Step 3. The Data Fusion Technique Option window sets the data fusion algorithms
to calculate the data fusion result.

Use the default settings in the Data Input Technique Option window.

e Click on the Data Fusion Technique Option hyperlink to display an electronic
version of the User’s Manual for this window.

Algorithm: There are five algorithms option: VNA, eVNA, Downscaler, wVNA and
Nearest Site. The default choices are VNA, eVNA, and Downscaler.

»  Click the Next arrow at the bottom right of the Data Input Technique Option
window to proceed to the next step.

Step 4. The Spatial and Temporal Option window customizes the space and time
separately to comparing the simulation results of entire domain or partial domain and
specified time ranges.

Use the default settings in the Spatial and Temporal Option window.

»  Click on the Spatial and Temporal Option hyperlink to display an electronic
version of the User’s Manual for this window.

Spatial and Temporal Option: select Entire Domain or Partial Domain. The
Partial Domain sets the grid cells by customizing the starting and ending grid cell in
the entire domain.

Temporal Data Fusion Option: includes the time range of data fusion output
results, which are divided into annual average, quarterly average, monthly average,
and daily average.

»  Click the Next arrow at the bottom right of the Spatial and Temporal Option
window to proceed to the next step.
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Step 5. The Receptor Option window sets the GIS shape file. This GIS shape file is
used to calculate average concentration in specified regions (e.g., states, counties).
Use the default settings in the Receptor Option window.

»  Click on the Receptor 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 Receptor Option window to
proceed to the next step.

Step 6. The Cross-Validation Option window sets cross-validation method to
conduct scientific and objective analysis of the validity and stability of data fusion
results.

Use the default settings in the Cross-Validation Option window.

» Click on the Cross-Validation Option hyperlink to display an electronic
version of the User’s Manual for this window.

Cross Validation: This option is unchecked. (If checked, it requires to select a kind
of cross-validation method).

e Multi-fold: selects the monitoring data file and groups it, and finally verifies
the data fusion result according to the result set synthesized by each group. The
result will intuitively show the validity and stability of the data fusion result

e Leave-one-out: eliminates different monitoring value points selected by users
one by one, compares and analyzes data fusion results in the absence of different
monitoring points, and then finds and removes abnormal data values.

e Leave-group-out: selects the group data sets to compare and analyze data
fusion results in the absence of different monitoring points, and then find and
removes abnormal data values.

e Click the Next arrow at the bottom right of the Cross-Validation Option
window to complete the Ozone Analysis configuration and run the DF project.

e Click Save & Run Project in the pop-up window. Click Save to create a project
(*. proj) file for this tutorial exercise.

The Ozone Analysis will complete after a few minutes and the Data Fusion Tool Data
Viewer will present the results of this analysis. See Chapter 6 for details on how to
use the Data Viewer to analyze the results.
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4 PM:.s Data Fusion Analysis Details

Details of the PM2 s Analysis options in the DF are provided in this Chapter. A default
project is used to demonstrate the options for this data fusion analysis.

The PM 5 data fusion analysis in DF is organized into five steps. The steps include
the data input and configuration options for interpolation. The following configuration
steps correspond to different DF windows are described in detail in this chapter:

»>  Data Input Option: Specify related data needed to be interpolated in the DF,
including the monitor data, species monitor data, model data, and other data.

»> Data Fusion Technique Option: Select those algorithms of interest, it is also
supported to select multiple algorithms at a time.

» Spatial and Temporal Option: Customize the selection of spatial and
temporal for analysis of the model data.

> Receptor Option: Select the corresponding GIS shapefile to calculate the
aggregation average concentration of pollutants from Gird to region (e.g., state,
county, city) level.

»  Cross Validation Option: Select cross validation methods to validate the data
fusion results and analyze the results at monitor points under the absence of
different scenarios.

To conduct a PM> 5 analysis, click the PM menu from the main menu on the DF Home
Page. Fig. 11 shows the initial window for PM Analysis. The box in the upper left of
the window (highlighted in red in Fig. 11) lists the configuration steps of the PM
Analysis. Each step listed in this box has a different set of configuration options for PM
Analysis. Once a step is successfully configured, the yellow buttons in the box will
change from yellow to green. In general, the configuration steps must be followed in
order, from top to bottom, as they are listed in the box. Previously completed steps may
be accessed and modified by double-clicking on the step name in the box. Once the
configuration for a step is complete, users can move to the next step by either clicking
on it or by selecting the Next button (shown in the blue box in Fig. 11).

A previous project can be loaded by clicking the Open button in the File drop-down
menu item, and a new project may be initiated at any time in the PM Analysis window
by clicking PM menu on the top of DF start page or selecting New Project button from
the File drop-down menu item.

Each of the PM Analysis configuration steps is described in the following sections.
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File - PM Ozone DataViewer Case -
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Fig. 11 Start Page of Creating new PM2.5 data fusion

4.1 Data Input Option

Data Input Option is the first step in PMas data fusion configuration options. The
interface is shown in Fig. 12, including configuration options listed below:

» Project Name: Text string to identify this analysis and set the name of the
project file.

»  Monitor Data: DF requires monitoring data in the form of a text file. DF uses
both "Quarterly Data" and "Daily/Weekly Data" as well as PMa s species data in
its calculations.

»  Quarterly Data. The EPA-approved quarterly average PM2s FRM data that
have been used to calculate PM> 5 design values. These data are commonly used in
the attainment test tool (e.g., SMAT-CE). The default data file in DF was created by
EPA OAQPS. In most cases, the data should not be altered, however, in some cases
(e.g. sensitivity analysis) there may be a need to add or remove data.

>  Daily/Weekly Data. PM> s data that are needed to calculate species fractions.
These data are used in combination with the Species Monitor Data File.

» A detailed description of the formats of the input data files used in this step is
available in Section 2.4 of the User’s Manual of SMAT-CE.

» Grid Model Data: These are gridded model output from models such as
CMAQ or CAMx. Users can choose either daily model data input or quarterly
model data input (which is just a quarterly average of the daily model data). Either
will work for the PM,s Analysis. The default setting is daily average data. It
supports two kinds of formats: one is the simple comma-separated text format (*.csv)
and the other is IOAPI format. Note that the model data year should be consistent
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with the base year of monitor data.

» Other Data: Other data mainly include dispersion model data, related
geographic information data, and Aerosol Optical Depth (AOD) data. AOD data is
mainly used for satellite data fusion. Users can choose according to their
requirements. The program does not use it by default.

File - PM Ozone Data Viewer Case -
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Back Next
Clear Save Project
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Fig. 12 Data Input Option (PM:.5)

Users can keep default options and configuration or change options and configuration
according to their requirements. After setting all the options, click the Next button or
double-click the node of Data Fusion Technique Option in the upper left corner to
proceed to the next step. The color of this node icon changes from yellow to green,
indicating that this step is ready.

4.2 Data Fusion Technique Option

Data Fusion Technique Option includes five data fusion algorithms. Users can choose
one or more algorithms of interest to calculate at a time. The interface is shown in Fig.
13, including five algorithms of VNA, eVNA, DS, wVNA, and NS. The preferred
default choices are VNA, eVNA, and Downscaler. The calculation principle of these
five algorithms are described in Appendix 1.

»  Users can check the Advanced options under the eVNA algorithm option to
set the Inverse Distance Weighting Power (the default is 2) and the Gradient-
adjusted threshold (GAT, the default is 3), as shown in Fig. 14. Inverse Distance
Weighting Power means that the value is the sum of the coefficient of the distance
from the monitor point to the interpolation point. Gradient-adjusted threshold
means that the value in the model grid cell will be replaced with the threshold value
(= GAT X Cwonitor) if the ratio of modeled concentration to monitored concentration
in a target grid cell is larger than the Gradient-adjusted threshold.
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» Users can check the Advanced options under the Downscaler algorithm
option to set the number of iterations and related parameters to reduce the
computational load, and improve the calculation effectiveness, as shown in Fig. 15.

»  Users can check the Advanced options under the wVNA algorithm option to
set the value of weight between VNA and eVNA, as shown in Fig. 16.

File - PM Ozone Data Viewer Case -~
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[ Advanced Option
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Fig. 13 Data Fusion Technique Option (PM:.s)
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File - PM Ozone Data Viewer Case -
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Fig. 14 Advanced Option in eVNA (PM:.5)
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Fig. 15 Advanced Option in Downscaler (PM2.5)
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File - PM Ozone Data Viewer Case -~
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Fig. 16 Advanced Option in wVNA (PM:.s)

The default configuration is that the VNA, eVNA, and Downscaler. algorithm options
are selected. Users can keep default options and configuration or change options and
configuration according to their requirements. After setting all the options, click the
Next button or double-click the node of Spatial and Temporal Option in the upper
left corner to proceed to the next step. The color of this node icon changes from
yellow to green, indicating that this step is ready.

4.3 Spatial and Temporal Option

The interface of Spatial and Temporal Option is shown in Fig. 17, including Spatial
Data Fusion Option and Temporal Data Fusion Option. Users can specify the spatial
and temporal options.

»  Spatial Data Fusion Option: Set the number of the model grid cells used in
the calculations to interpolate from the monitor data, including the Entire Domain
and customized Partial Domain. For the Entire Domain, DF will output the results
for all specified monitors within the domain. For the Partial Domain, DF will
create a spatial filed that matches the size of the gridded model domain according
to the Starting Grid Cell and Ending Grid Cell.

»  Temporal Data Fusion Option: Set the period used in the calculations to
interpolate from the monitor data. It is divided into the Annual Average, Quarterly
Average, Monthly Average, and Daily Average.

When selecting the Daily/Weekly Data option at the step of Data Input
Option(chapter 4.1), all options of Temporal Data Fusion Option will be available.
When selecting the Quarterly Data option at the step of Data Input Option,
Monthly Average and Daily Average will be unavailable. When selecting the
Annual Data option at the step of Data Input Option, only the Annual Average will
be available and other options will be greyed out.
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DF will calculate the Annual Average, Quarterly Average, Monthly Average, and
Daily Average from the input DF formatted daily average gridded model files or
quarterly average files and optionally output the annual, quarterly, monthly, and daily
average concentrations into text files (CSV files) respectively.

File - PM Ozone Data Viewer Case -
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Fig. 17 Spatial and Temporal Option (PM:.5)

Users can keep default options and configuration or change options and configuration
according to their requirements. After setting all the options, click the Next button or
double-click the node of Receptor Option in the upper left corner to proceed to the
next step. The color of this node icon changes from yellow to green, indicating that
this step is ready.

4.4 Receptor Option

The interface of Receptor Option is shown in Fig. 18, including Use Model Grid
and Use GIS Shape File options.

»  Use Model Grid: The model grid file in the area of data fusion (checked in
default).

»  Use GIS Shape File: The average concentration of pollutants in each region,
which can be aggregated by selecting the GIS-related file of the analysis area in the
interface of Receptor Option. The format of the input file can be either *.shp or
*.csv.
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File - PM Ozone Data Viewer Case -~
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Fig. 18 Receptor Option (PM:.5)

Users can keep default options and configuration or change options and configuration
according to their requirements. After setting all the options, click the Next button or
double-click the node of Cross Validation Option in the upper left corner to proceed
to the next step. The color of this node icon changes from yellow to green, indicating
that this step is ready.

4.5 Cross Validation Option

The data fusion results can be evaluated by the following three cross-validation
methods: Multi-fold, Leave-one-out, and Leave-group-out methods (Fig. 19). Users
can select a method of interest at a time. Users can also set a Radius of Selected
Monitors Withheld to implement the Cluster analysis for leaving-out the cluster of
monitors within a specific radius of selected monitors. The calculation principle of
these five algorithms is described in Appendix I.

»  Under the Multi-fold cross validation option (checked in default), users can
set the number of groups and grouping types (Random and Sequential (Cluster)),
as shown in Fig. 19. Random means all monitor sites are randomly divided into
specified groups, while Sequential means all monitor sites are grouped by the order
of monitors. Users can also set the Radius of Selected Monitors Withheld to
implement a radius of withholding for the random & sequential Multi-Fold cross
validation. The Radius of Selected Monitors Withheld means to remove nearby
clusters/monitors with radius withheld at a time. For example, the radius = 0 km
means just removing selected monitor only at a time, while radius = 1 km means
removing a cluster of monitors within 1km for each selected monitor.

»  Under the leave-one-out cross validation option, users can select the monitor
sites to leave out by importing it into the right panel, as shown in Fig. 20. The option
means that a single monitor or nearby cluster/monitors within the radius will be
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»  Under the leave-group-out cross validation option, users can select the group
data sets to be verified and import it into the right panel, as shown in Fig. 21. Users
can also set the Radius of Selected Monitors Withheld to leave a group of
individual monitors and nearby clusters/monitors with radius withheld at the same

time.
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Fig. 19 Cross Validation Option (PM:.5)
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Fig. 20 Leave-one-out Cross Validation
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Users can keep default options and configuration or change options and configuration
according to their requirements. After completing this step, all configuration options
for creating new PM: 5 data fusion have been completed. Click the Next button to
Save Project, or Save & Run Project, as shown in Fig. 22. Users can also click the
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Save Project & Run or Save Project button at the left bottom of the interface to save
the project.

.. SaveOrRunProject X

“Save Project and Run" or "Save Project” ?

Save & Run Project Save Project

Fig. 22 Save & Run Project

5 Ozone Data Fusion Analysis Details

Details of the Ozone Analysis options in the DF are provided in this Chapter. A
default project is used to demonstrate the options for this data fusion analysis.
The steps of creating new Ozone data fusion analysis are similar to the steps of
creating new PM; s data fusion analysis.

To conduct an Ozone analysis, click the Ozone menu from the main menu on the DF
Start Page. Fig. 23 shows the initial window that is displayed when the Ozone
Analysis is selected. The box in the upper left of the window (highlighted in red in
Fig. 23) lists the configuration steps of the Ozone Analysis. Each step listed in this
box has a different set of configuration options that are displayed in the Ozone
Analysis window. Once each step is successfully configured, the yellow buttons in the
box will change from yellow to green. In general, the configuration steps must be
followed in order, from top to bottom, as they are listed in the box. Previously
completed steps may be accessed and modified by double-clicking on the step name
in the box. Once the configuration for a step is complete, users can move to the next
step by either clicking on it or by selecting the Next button (shown in the blue box in
Fig. 23).

A previous project can be loaded by clicking the Open button in the File drop-down
menu item, and a new project may be initiated at any time in the Ozone Analysis
window by selecting Ozone menu on the top of DF start page or clicking New
Project button from the File drop-down menu item.

Each of the Ozone Analysis configuration steps is described in the following sections.
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File - PM Ozone Data Viewer Case -~

0! Data Fusion Tool @ @ Ozone CV O o

—

Data Input Option

Data Fusion Technique Option (click apply button in left panel to view data & map)
Spatial and Temporal Option = Log/Msg

Receptor Option
Cross Validation Option Name Running messages 3

Data Input Option

Project Name |

Monitor Data

@® Annual O Daily

Monitor File |SMAT_OZONE_MAX4DV_STD70_‘ %)
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[J Advanced Option
Grid Model Data

Data Format
@ CSV Format

O 10/API Format

M Base Case 7
- >
Back Next
Clear Save Project

0,0

Fig. 23 Start Page of Creating new Ozone data fusion

5.1 Data Input Option

Data Input Option is the first step in Ozone data fusion configuration options. The
interface is shown in Fig. 24, including configuration options listed below:

» Project Name: Text string to identify this analysis and set the name of the
project file.

»  Monitor Data: DF requires monitoring data in the form of a text file. DF uses
both "Annual" Data and "Daily" Data in its calculations. The start and end years
should be changed to applicable periods, depending on the base modeling year.
Users can set the additional Advanced Option to specify the area of grid cells used
in calculations.

»  Grid Model Data: These are gridded model output from models such as
CMAQ or CAMx. Users can choose either daily model data input or annual model
data input (which is just an annual average of the daily model data). Either will
work for the Ozone Analysis. The default setting is the annual average data. It
supports two kinds of formats: one is the simple comma-separated text format (*.csv)
and the other is IOAPI format. The model value and the monitor value can be
matched automatically according to the selected daily monitor data, as shown in Fig.
25.

»  Other Data: Other data mainly include dispersion data and related geographic
information data. Users can choose according to their requirements. The program
does not use it by default.
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File - PM Ozone Data Viewer Case -
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Fig. 24 Data Input Option (Ozone)
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Fig. 25 Variable Mapping (Ozone)

Users can keep default options and configuration or change options and configuration
according to their requirements. After setting all the options, click the Next button or
double-click the node of Data Fusion Technique Option in the upper left corner to
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proceed to the next step. The color of this node icon changes from yellow to green,
indicating that this step is ready.

5.2 Data Fusion Technique Option

The interface design of the Data Fusion Technique Option for Ozone data fusion
analysis is similar to that of PM; 5 data fusion analysis, as shown in Fig. 26. The
preferred default choices are VNA, eVNA, and Downscaler. Users can refer to

chapter 4.2 above.

File - PM Ozone Data Viewer Case -

0. Data Fusion Tool \j‘ \j Ozone CV O 0

—

) Data Input Option

Data Fusion Technique Option (click apply button in left panel to view data & map)

Spatial and Temporal Option ' Log/Msg
Receptor Option
Cross Validation Option Name Running messages x

Data Fusion Technique Option

Algorithm
VNA (Monitor)
eVNA (Model and Monitor)
[ Advanced Option
Downscaler (Model and Monitor)

[J Advanced Option

[0 wVNA
[J Nearest Site (Monitor)

< p

Back Next

Clear Save Project % 5>

0,0)

Fig. 26 Data Fusion Technique Option (Ozone)

Users can keep default options and configuration or change options and configuration
according to their requirements. After setting all the options, click the Next button or
double-click the node of Spatial and Temporal Option in the upper left corner to
proceed to the next step. The color of this node icon changes from yellow to green,
indicating that this step is ready.

5.3 Spatial and Temporal Option

The interface of Ozone Spatial and Temporal Option is shown in Fig. 27, including
Spatial Data Fusion Option and Temporal Data Fusion Option. Users can specify the
spatial and temporal options.

»  Spatial Data Fusion Option: Set the number of model grid cells used in the
calculations to interpolate from the monitor data, including the Entire Domain and
customized Partial Domain. For the Entire Domain, DF will output the results for
all specified monitors within the domain. For the Partial Domain, DF will create a
spatial filed that matches the size of the gridded model domain according to the
Starting Grid Cell and Ending Grid Cell.
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» Temporal Data Fusion Option: Set the period to use in the calculations to
interpolate from the monitor data. It is divided into the Annual Average, Quarterly
Average, Monthly Average, and Daily Average. Note that the Annual Average
option for Ozone data fusion analysis is not available for annual average
calculations based on quarterly values, as shown in Fig. 28.

File - PM Ozone Data Viewer Case -~

Q Q

o)} Data Fusion Tool

) Data Input Option

@) Data Fusion Techniaue Ontion
@ Spatial and Te D-click to set up desired data input i

{ ) Receptor Option

{ ) Cross Validation Option

Spatial and Temporal Option

©

Spatial Data Fusion Option:

@ Entire Domain

O Partial Domain
Starting Grid Cell: X s, Y[R S
Ending Grid Cell: X 45 7|, Yy [2%¢ °

Temporal Data Fusion Option:

@ Annual
O Quarterly

Select Quarter:
O Monthly

Starting Month: 1

O Daily

Ending Month: 12 >

< 4
Back Next

Clear Save Project

Ozone CV O o
4 4
(click apply button in left panel to view data & map)
r Log/Msg
Name Running messages x
< >
©0) |,

Fig. 27 Spatial and Temporal Option (Ozone)
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O Partial Domain
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Save Project
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(click apply button in left panel to view data & map)
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EPA Contract EP-D-12-044

QO

Name

Running messages

©00 |,

Fig. 28 Spatial and Temporal Option - Only Annual Average (Ozone)

Users can keep default options and configuration or change options and configuration
according to their requirements. After setting all the options, click the Next button or
double-click the node of Receptor Option in the upper left corner to proceed to the
next step. The color of this node icon changes from yellow to green, indicating that

this step is ready.

5.4 Receptor Option

The interface design of Receptor Option for Ozone data fusion analysis is similar to
that of PM> s data fusion analysis, as shown in Fig. 29. Users can refer to chapter 4.4.
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File - PM Ozone Data Viewer Case -~

. I e

“0s Data Fusion Tool L _J OzoneCV ) )
) Data Input Option

@ Data Fusion Technique Option (click apply button in left panel to view data & map)

) Spatial and Temporal Option

' Log/Msg
() Receptor Option

() Cross Validation Option Name Running messages x

Receptor Option (2)
Use Model Grid

Use GIS Shape File

@ GIS Shape File Data (*.shp)
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O GIS Shape File Data(*.csv)
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< 4
Back Next

Clear Save Project

0,0

Fig. 29 Receptor Option (Ozone)

Users can keep default options and configuration or change options and configuration
according to their requirements. After setting all the options, click the Next button or

double-click the node of Cross Validation Option in the upper left corner to proceed
to the next step. The color of this node icon changes from yellow to green, indicating

that this step has completed successfully.

5.5 Cross Validation Option

The interface design of Cross Validation Option for Ozone data fusion analysis is
similar to that of PM>.s data fusion analysis (except that the functions of Leave-
group-out and cluster analysis are still under development), as shown in Fig. 30.
Users can refer to chapter 4.5.
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File - PM Ozone Data Viewer Case -~
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Back Next

Clear Save Project

0,0

Fig. 30 Cross Validation Option (Ozone)

Users can keep default options and configuration or change options and configuration
according to their requirements. After completing this step, all configuration options
for creating new Ozone data fusion have been completed, the steps of Save & Run
Project are the same as that of saving PM> s data fusion results.

6 Data Viewer for analyzing results

The main function of the Data Viewer module is to display the data fusion results in
multiple ways. The Data Viewer module can be loaded in the following ways:

»  Click the File drop-down menu to open an existing project, then the interface
of the Data Viewer of this project will be exhibited automatically.

»  Click the Data Viewer menu item to enter the Data Viewer interface directly,
then click the Project button at the bottom left to open the related project.

»  Select Save & Run Project after creating a new PMz s or Ozone data fusion
analysis, then the data viewer interface of the project will be loaded automatically
after the run.

The interface of the Data Viewer module is mainly divided into two parts: the Qutput
File area and the Data Viewer area, as shown in Fig. 31. The left-hand pane of the
interface is the output files area, listing the output files created during the
configuration of the DF analysis. Which types of output files are available is
dependent on the type of analysis (PMa.5, Ozone) and the output choices set in the
Configuration File. Clicking on any of the output files will load the data into the
graphical and tabular analysis module of Data Viewer. The right-hand pane of the
interface is the data viewer area, displaying the data fusion analysis results of the
example testing case.
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File - PM Ozone DataViewer Case -
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Fig. 31 The interface of the Data Viewer
The results can be displayed in the following ways:

» Map Viewer: Spatial tile plots of model output data used for estimating
relative response factors.

» GIS Viewer: Open-source geographic information system (GIS) graphical
interface for displaying point analysis results of the DF at monitor locations.
Multiple data layers can be added to the map and different attributes within each
layer can be plotting in the GIS tab.

»  Statistics Viewer: Display of the DF input and output data through the bar
chart.

»> Data Viewer: Display of the DF input and output data through the table.

» Log/Msg Viewer: Logging information generated during the currently loaded
project.

6.1 Map Viewer

The Map Viewer window displays the results of model results at monitor locations
in the modeling domain. Example results available to view in the Map window include
the spatial and temporal data fusion results interpolated by the algorithms used in the
calculations. The configuration options available in the Map window include zooming
in/out the map; clicking on a monitoring site in the modeling domain to view the site
information; specifying the color legend; checking to display the location and
concentration of monitor sites; selecting background areas; using the formula function
developed for common mathematical calculations between different data fusion results;
saving the results as an image or CSV file. The interface of the Map for PM> 5 or Ozone
is shown in Fig. 32 and the interface of the Map for AOD are shown in Fig. 33.
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Fig. 32 The interface of the Map Viewer (PM:.5 or Ozone)
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Fig. 33 The interface of the Map Viewer (AOD)

» To examine the results from a completed DF analysis, select one of the
algorithms in the left-hand pane of the Data Viewer window to display the resulting
data on the DF map for analysis (Fig. 34); select one of the periods in the Filter
drop-down boxes and one of the pollutants in the Variable drop-down boxes for
analysis (the default case calculates the average value for PM: 5 only, the cases for
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analysis of other variables within different periods can perform this operation);
select one of the output files in the Output Files pane to show the file data on the
map for analysis (the default case contains only one output file, the analysis cases
with multiple output files can perform this operation). Click the Apply button to
display the selected analysis choices on the Map of the DF.

File - PM Ozone DataViewer Case -

@M Data Fusion - PM PM2.5 CV @
test_default
LAl (click apply button in left panel to view data & map)
Algorith — -
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Project < >> Apply Min=3.683 st (160), Max = 12555 2t [33.13)

Fig. 34 Show map of selected algorithms

As shown in Fig. 35, this option adjusts the map legend levels. Double-click the color
bar on the right -hand of the map to display the legend controls. The legend controls
can set the minimum and maximum values of the legend and the individual colors on

the scale, as is shown in Fig. 36.

©0 | ;
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Fig. 36 Configure Plot
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» As shown in Fig. 37 and Fig. 38, these options control zooming

EPA Contract EP-D-12-044

exporting the map image, and overlaying monitor data on the map image.
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»  As shown in Fig. 39, this option controls the monitors on the DF map, the
program checks show monitors here in default.

‘ File - PM Ozone Data Viewer Case -

@M Data Fusion - PM PM2.5 CV @ @
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Fig. 39 Show Monitors

»  Asshown in Fig. 40, the site information (location, latitude, longitude, country
name, etc.) can be viewed by double-clicking on the monitor location on the map
of the DF.

1D: Type:
State Name: Country Name:
Latitude: Longi tude:
Value: Location:

Fig. 40 Show site information

» As shown in Fig. 41, this option is developed for the common mathematical
calculations between multiple data fusion results through the formula function.
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Fig. 41 Formula Editor

»  Click the Window menu item with the blue font above the DF Map Viewer
window, then choose Close to close the window.

6.2 GIS Viewer

The GIS window displays the results in the selected modeling domain. Example
results available to view in the Map window include the spatial and temporal data
fusion results interpolated by the algorithms used in the calculations. The
configuration options available in the Map window include zooming in/out the map;
clicking the information button to view the site information (location, latitude,
longitude, concentration, country name, etc.) of each monitor location; saving layer
files and add layer files when selected Corresponding regional geographic information
files in the parameter configuration module before. The interface of the DF GIS
Viewer is shown in Fig. 42.
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() isti <
Todel <) Map D) GIS ,!/Stanstlcs| =) Data Log/Msg
] vNA @ .
SVNA = Domain:
Downscaler :'7 Data Domain ©
Filter: Annual N File Name:
fi | Annual PH2.5 SF v
Variable: pm2s v 5
5 | value:
Output Files Al | Model @
Annual PM2.5 SF Show Receptor
= £ Map Layers
= ¥ Annual PH2.5 SF
# pm25_Nodel
L
< >
Double click the I —
legend to change the <5.8 >13.1 K g/m3
Project > Apply value range and
Coordinate=(29,70) Value=13.769 | .:

Fig. 42 The interface of the GIS Viewer

» To examine the results from a completed DF analysis, select one of the
algorithms in the left-hand pane of the Data Viewer window to display the result
data on the DF GIS for analysis; select one of the periods in the Filter drop-down
boxes and one of the pollutants in the Variable drop-down boxes for analysis (the
default case calculates the average value for PMx s only, the cases for analysis of
other variables within different periods can implement this operation); select one of
the output files in the Output Files pane to show the file data on the GIS for analysis
(the default case contains only one output file, the analysis cases with multiple
output files can implement this operation). Click the Apply button to display the
selected analysis choices through GIS on the DF.

» The GIS Viewer shows the aggregation average concentration of the selected
modeling domain in default, as shown in Fig. 42, unchecking the Show Receptor
can show the spatial distribution of the pollutants, as shown in Fig. 43.
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File - PM Ozone Data Viewer Case -

@M Data Fusion - PM PM2.5 CV Q/ @

test_default
e (click apply button in left panel to view data & map)

Algorithms All - oo /<
B @ statistics| ) 3
=) Map D) GIS .’/Stahstms =) Data || ' Log/Msg
VNA @ :
EVNA - Domain:
Downscaler ;; Data Domain ~
Filter: Annual I File Nane:
f4 | Annual PM2.5 SF v
Variable: |pm2s v
5 | Value:
Output Files Al + | Model v
Annual PM2.5 SF [J Show Receptor
= £ Map Layers
= ¥ Annual PH2.5 SF LT
pm25_Nodel |
< >
Double click the I —
legend to change the <5.9 >13.5 W g/m3
Project > Apply value range and

Coordinate=(29,70) Value=13.769 | .:

Fig. 43 GIS Viewer (spatial distribution of pollutants)

»  As shown in Fig. 44, this option provides a quick adjustment of the GIS map
legend levels. Double click the color bar to display the legend controls, as shown in
Fig. 45. The legend controls can set the minimum and maximum values of the
legend and the individual colors on the scale. More detailed customization of the
legend of the map is available by double-clicking a map layer in the Layer Controls
section of the GIS window.
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File - PM Ozone Data Viewer Case -

@M Data Fusion - PM PM2.5 CV @ @

test_default
SRS (click apply button in left panel to view data & map)

Algorithms Mar & 7~
o ) Map U GIS @Staﬂsﬂtsl O Data IQ Log/MsgI
(4 VNA @ .
[ evna \@i Domain:
A4 bownscaler s [Data e &
Filter: Annual I ) File Name:
’ g | |Anual PU2.5 S v
Variable: pm2s v
: 4 | value:

Output Files & A + [lodel v
4] Annual PM2.5 SF [ Show Receptor

= & [Map Layers|

= ) Annual PN2.5 SF
@ pn25_lodel o
T
Double
O ole ede QU

< >

Double click the [ N
: : o ) legend to change the <5.8 >13.1 MK g/m3

Project << > Apply value range and

Coordinate=(29,70) Value=13.769

Fig. 44 Double click to change legend

ol Set Value Range X

Set Value Range

Set color and Boundary Values

Color

4.3126 |5.850... |7.389... 8.927... |10.46... [12.00... 13.54. ..
Boundary Values

bt Double click a color cell to custom celll’ s color!
Single click a boundaryvalue cell to change boundary value !

'Reset to Defaults | OK | | Cancel |

Fig. 45 Set Value Range
» As shown in Fig. 46 and Fig. 47, these options control zooming in/out and

panning the map display, probing monitor values, exporting the map image, saving
a shapefile of the results, and adding external shapefile data to the GIS map.
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File - PM Ozone Data Viewer Case -

(PM Data Fusion - PM PM2.5 CV Qj oj

—
test default test_default
- (click apply button in left panel to view data & map)
Algorithms All - o <
B @ statist 5.
& Map D GIS g/Stahstlcs g Data ' Log/Msg
VNA @ .
SVNA - Domain:
Downscaler ;; Data Domain &
Filter: Annual .| ® File Name:
g | Annual PH2.5 SF v
Variable: | pm2s vl
5 | value:
Output Files Al + | Model ©
Annual PM2.5 SF Show Receptor
= £ \Map Layers/
= ¥ Annual PH2.5 SF
® pm25_Nodel
d—1
o I
< >
Double click the I —
legend to change the <5.8 >13. 1K g/m3
Project >> Apply value range and

Coordinate=(29,70) Value=13.769 | .:

Fig. 46 Click shortcut key to change the GIS map configurations

File - PM Ozone DataViewer Case -
("ot Data Fusion - PM PM2.5 CV O 0
test_default test_default
- (click apply button in left panel to view data & map)
Algorithms All ~ = =
= %) Map O GIS @ Statistics g Data |[ | Log/Msg
k_{ Domain:
Downscaler :ﬁ; Data Domain ~
Filter: Annual . ®© File Name:
g9 | Annual PN2.5 SF  +
Variable: |pm2s v .
5 | Value:
Output Files All + | Model v
Annual PM2.5 SF ™ Show Receptor T T
o g 'Map e 1 Save Current Result to GIS Layer (shape file)
= [ Annual PH2.5 SF Save Current Result to CSV
pr25_Nodel Save All Results to CSV
B
L —
< >
Double click the I —
legend to change the <5.8 >13.1 M g/m3
Project < >> Apply value range and
Coordinate=(29,70) Value=13.769 | .:

Fig. 47 Right-click to save the GIS Layer

»  Asshown in the red box in Fig. 48, these options control the layer attributes of
the DF result to display on the map, the ability to quickly zooms to selected sub-
regions (Zoom To) and the boundary layer attributes to display on the map (Domain

UNC-EMAQ (5-03)-053.vi 43 September 30, 2020



WA 5-03: Task 5 User’s Manual for Data Fusion Tool 1.9 EPA Contract EP-D-12-044

Selections). The Map Layers section of this area can display different GIS layers,
and right-clicking on any of the layers to provide advanced configuration controls

for the layer.

File - PM Ozone Data Viewer Case -

@M Data Fusion - PM PM2.5 CV Q/ @

test_default
(click apply button in left panel to view data & map)

test_default

Algorithms Al P P
4 =) Map ',:) GIS @Statistics /_) Data |( ' Log/Msg
F
Lj Domain:
Downscaler ;‘; Data Domain v
Filter: Annual °] © File Name:
§§ || Annual PH2.5 SF v
Variable: |pm2s N .
5 || value:
Output Files Al + || Model v
Annual PM2.5 SF Show Receptor
& pri5_Model ]
-
L H
< >
Double click the I —
legend to change the <5.8 >13.1 1 g/m3
Project > Apply value range and

Coordinate=(29,70) Value=13.769 | .:

Fig. 48 Options of showing different GIS layers

File - PM Ozone Data Viewer Case -

@M Data Fusion - PM PM2.5 CV @ @

test_default
(click apply button in left panel to view data & map)

N <
@Statlshcs /__) Data ' Log/Msg

test_default

Algorithms Al

- ,-’o*
=) Map d GIS

VNA @ .
eVNA - Domain:
Downscaler & US County ©
Y]
Filter: Annual I ] File Name:
f1 | Annual PH2.5 SF v
Variable: pm2s v i | var £ N
e alue: ST o 3 7 LL
A R BT T
Output Files Al + | Model v ‘n'.i"!‘\‘;%{a=
s Y
Annual PM2.5 SF Show Receptor = ~ ‘TL“
3
= £ Map Layers |
= V] Annual PH2.5 SF
® pm25_Nodel
< >
Double click the I —
legend to change the <5.8 >13.1 M g/m3
Project >> Apply value range and

Coordinate=(29,70) Value=13.769 | .;

Fig. 49 Show GIS layers of different regions
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File - PM Ozone DataViewer Case -

@M Data Fusion - PM PM2.5 CV Q/ @

test_default
(click apply button in left panel to view data & map)

Algorithms Al &

test_default

=) Map ,\J‘ GIS @Stabsncs 3 Data || = Log/Msg
VNA @ .
eVNA Q Domain:
Downscaler o Data Domain <
Filter: Annual o © File Name:
§§ | Annual PH2.5 §F v
Variable: |pm25 v P
Output Files Al || eVNA >
Annual PM2.5 SF Show Receptor
= £ Nap Layers |
= ¥ Annual PH2.5 SF
® pm25_eVNA
—I L
< > \L
Double click the I —
legend to change the <4.9 >10.7 M g/m3
Project > Apply value range and

Coordinate=(29,70) Value=13.769 | ..

Fig. 50 Show GIS layers of different algorithms

6.3 Chart Viewer

The Chart window displays the DF input and output data as a scatter plot. This type of
display is useful for comparing data fusion results interpolated by different
algorithms. The Chart view will display the analysis results as a scatter plot on the
right-hand panel of the Data Viewer window (Fig. 51).
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File - PM Ozone Data Viewer Case -~

o)
PM Data Fusion - PM PM2.5 CV

test_default test_default

9

(click apply button in left panel to view data & map)

EPA Contract EP-D-12-044

O O

Algorithms Al P > N
- Map |57 GIS | \) Data |[ ' Log/Ms
=7 P [ i 8/Msg
VNA [] scatter Plot | [i] Bias Table | Window
eVNA
Downscaler
Model_PM2.5_Annual VNA_PM2.5_Annual
data=Annual PM2.5 Compare data no CV data=Annual PM2.5 Compare data no CV
Filter: Lo e I Y0320 T 48T _—— R2D0TIETE ] = =ssim0ai0s —— wamosemsisi |
Variable: |pm2s v 15 3 13 e
12
- 13 g ] 1
Output Files All s T, m
T 11 L 10
2 — 9
[ Annual PM2.5 Compare data no CV 9 s s
7 7
7 9 1" 13 15 7 8 9 10 1 12 13
Monitor Monitor
eVNA_PM2.5_Annual DownScaler_PM2.5_Annual
data=Annual PM2.5 Compare data no CV data=Annual PM2.5 Compare data no CV
- T T T T T T T T /;’
12 g . 13 e
1" . 2
s, T bl
E 10 7 3 ":“2/
s 9 £ 9 T
8 S /i’
7 7
t t t t + + + + + t + t +
78 9 10 11 12 13 7 8 9 10 11 12 13 14
Monitor Monitor
Project >> Apply

Coordinate=(29,70) Value=13.769

Fig. 51 The interface of the Chart Viewer

» To validate the results from a completed DF analysis, select one of the
algorithms in the left-hand pane of the Data Viewer window to display the result
data on the DF Chart for analysis (Fig. 52); Select one of the periods in the Filter
drop-down boxes and one of the pollutants in the Variable drop-down boxes for
analysis (the default case calculates the average value for PM: s only, the cases for
analysis of other variables within different periods can perform this operation);
select one of the output files in the Output Files pane to show the file data on the
Chart for analysis (Fig. 53). Click the Apply button to display the selected analysis

choices through Chart on the DF.
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File - PM Ozone Data Viewer Case -

@M Data Fusion - PM PM2.5 CV Q/ @

test_default
Lella (click apply button in left panel to view data & map)

Algorithms Al S <
& &~ et <=
B @ ) [
S oae <) Map ) GIS [y Statistics l 9 Data ' Log/Msg
] VNA [+7] scatter Plot |[+7] Bias Table | Window
2] eVNA
Model_PM2.5_Annual VNA_PM2.5_Annual
data=Annual PM2.5 Compare data no CV data=Annual PM2.5 Compare data no CV
Filter: LG e I V0 36264 428 —=— R2=00TIeEE | —— 1=08515:-02805 —=— R'2=03838151
Variable: [pm2s v sE i 13 T
o 12
. 13t e 1"
Output Files All s L)
E 1+ é 10
[“] Annual PM2.5 Compare data no CV 9 F Pl . :
7+ 7
+ + L ' ' ' L s ' +
7 9 1" 13 15 7 8 9 10 1" 12 13
Monitor Monitor

eVNA_PM2.5_Annual
data=Annual PM2.5 Compare data no CV

y=09618x:-03685 —e— R"2=03840358

[

I_l Monitor
Project >> Apply

Fig. 52 Show chart of selected algorithms

Coordinate=(29,70) Value=13.769 | .:

File - PM Ozone Data Viewer Case -
("p\i Data Fusion - PM PM2.5 CV Q 6
L w
test_default test_default )
(click apply button in left panel to view data & map)
Algorithms All = = <
& ~ -
) Map |£79)  als ) Dpata () Log/Ms
Model = P | = ) Log/Msg
VNA [+7] scatter Plot | [+7] Bias Table | Window
eVNA
Downscaler
Model_PM2.5_Annual VNA_PM2.5_Annual
data=Annual PM2.5 Compare data no CV data=Annual PM2.5 Compare data no CV
Fllter: ‘Annual ~ | y=0.3626x+7 4287 —e— R'2=00774574 y=0.9516x+0.4803 —e— R"2=03835131
Variable: [pm25 V] s B j 13 '
12
" 13 1
Output Files All s g 10
g1
/] Annual PM2.5 Compare data no CV I g 9 :
7 7
7 9 1 13 15 7 8 9 10 1" 12 13
Monitor Monitor
eVNA_PM2.5_Annual DownScaler_PM2.5_Annual
data=Annual PM2.5 Compare data no CV data=Annual PM2.5 Compare data no CV
[ =08818:-03883 —=— R'2-08540358
" T T T T T T T T T S RRRaS! T aRass:
13
12 N
1 s
1 b
é 10 s o?
: 9 £ 3
8 8
7 7
+ t + t + + t + + + + t t + t
7 8 9 10 1" 12 13 7 8 9 10 1 12 13 14
Monitor Monitor
Project >> Apply
Coordinate=(29,70) Value=13.769 | .

Fig. 53 Show chart of different output files

»  As shown in Fig. 54, right-clicking on the chart will display a selection box
with options to Copy the chart to the clipboard, export (Save Image As) an image
of the chart, Print the chart, and zoom out (Un-Zoom) from the chart. The Show
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Point Values right-click option enables the values of a monitor to be displayed when
the mouse hovers over the monitor. The Change Title and Legend right-click option
enables customization of the variable names, title, and axes, as shown in Fig. 55.

File - PM Ozone Data Viewer Case -
("pV1 Data Fusion - PM PM2.5 CV O 0
LA w, &
test default test_default
(click apply button in left panel to view data & map)
Algorithms Al &~ P — <
“5) Map |79 GIs (@statistics | ) Dpata () Log/Ms
Model = L L‘/ = 8/Msg
VNA (7] scatter Plot | ] Bias Table | Window
eVNA
Downscaler
Model_PM2.5_Annual VNA_PM2.5_Annual
i data=Annual PM2.5 Compare data no CV data=Annual PM2.5 Compare data no CV
Filter: Annual v I VO RT AT —— o ] [—— =0ssie-02m05_ —— wamosesiel |
Variable: |pm2s v 5 13 T
12 °
. 13 ta
Output Files all ] " Save Image to Clipboard _
Annual PM2.5 Compare data no CV § 9 Save Image as
B Page Setup...
' ' Print... . ' L ' ;
7 ° " 13 Show Point Values 9 10 11 12 13
Monitor Monitor
Un-Zoom
Undo All Zoom/Pan
eVNA_PM2.5_Annual _PM2.5_Annual
data=Annual PM2.5 Compare data Set Scale to Default 5 Compare data no CV
[— _=0ssia03588 —— “"2=‘3»9EE! Change Title and Legend [—— momosesz |
13 T Set Title and Legend to Default T
12 —
1 2
1 L3
g 10 s ok
s 9 £, =
8 8
7 7
7 8 9 10 1 12 13 7 8 9 10 1 12 13 14
Monitor Monitor
Project >> Apply
Coordinate=(29,70) Value=13.769 | .:

Fig. 54 Right-click the chart
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8! Configure Plot - O X
Titles  Legend
Title
Text: lModeI_PMZAS_AnnuaI data=Annual PM2.5 Spatial Field
Font: IAriaI,lB,BoId } Select
[ show Title Color: _ Select
X-axis
Text: IMonitor
Font: |Aria|,14,BoId ‘ Select
Y-axis
Text: lModeI
Font: |Arial,14,80ld || seleat
[ show Y-axis Color: _ Select
Apply 0K Cancel

Fig. 55 Change Title and Legend

»  Asshown in Fig. 56, click the Bias Table menu item with the blue font above
the DF Chart viewer interface can display the estimated performance of data fusion
results interpolated by the selected algorithms. Click the Save data button at the
bottom right can export the data to a CSV file.
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File - PM Ozone Data Viewer Case -

o\ .
. "PM Data Fusion - PM PM2.5 CV

test_default

test_default
- (click apply button in left panel to view data & map)

EPA Contract EP-D-12-044

i)

Algorithms Al @ P U P . ‘ ) <
ode) <) Map |i70  GIs [Jystatistics|("| Data Log/Msg
Zc:A [#7] scatter Plot | [+7] Bias Table | Window
Downscaler Output File: test_default_Annual_PM2.5_Compare_data_no_CV v
iz annual e Performance Netric Nodel VNA eVNA DownScaler
Variable: |pm2s v
0. 84761 -0. 019106 -0. 02529 0. 49751
Output Files Al Mean Error 1.5279 0. 082399 0.091197 0. 67255
Annual PMZ5 Compare data no OV Mean Normalized Bias(%) |0.090778 -0. 00132 -0. 0020159 0. 052939
Mean Normalized Brror (%) 0. 15156 0. 0076438 0. 0087093 0. 068162
Mean Fractional Bias(%) |0.075487 -0. 001409 -0. 0021117 0. 049575
Mean Fractional Error (%) 0.14083 0. 0076647 0. 0087226 0. 065207
Normalized Mean Bias(%) |0.08209 -0. 0018504 -0. 0024493 0.048184
Normalized Mean Error (%) 0. 14798 0. 0079803 0. 0088323 0. 065136
RMSE 1. 8276 0. 14703 0.14511 0. 80222
R"2 0.071487 0. 98392 0. 98404 0. 68075
Project >> Apply Stz Ghin

Coordinate=(29,70) Value=13.769 | .

Fig. 56 Show Bias Table

>  Click the Window menu item with the blue font above the DF Chart Viewer

window, then choose Close to close the window.

6.4 Result Data Viewer

The Result Data window displays the DF input and output data in a tabulated format.
The Data view will display the analysis results as a table on the right-hand panel of

the Data Viewer window (Fig. 57).

UNC-EMAQ (5-03)-053.v1

September 30, 2020



WA 5-03: Task 5 User’s Manual for Data Fusion Tool 1.9

File - PM Ozone Data Viewer Case -

(;\M Data Fusion - PM

test_default

Algorithms All

Downscaler

PM2.5 CV

test_default

-
=) Map I :_/‘
Columns
Output File Name:
Annual PM2.5 SF

GIS

(click apply button in left panel to view data & map)

EPA Contract EP-D-12-044

© O

Filter: Annual v

Variable: pm2s v

Output Files [m] Anl

Annual PM2.5 SF
[] Annual PM2.5 SF - Pop. Weighted
[] Annual PM2.5 Compare data no CV

Td

gridcell_lat
gridcell_long
pm25_Model
pm25_VNA
pm25_eVNA
pm25_Downscaler

Project >> Apply

Apply

@ Statistics :) Data IQ Log/MsgI
Data Detail
id gridcell_lat grideell_long pm25_Model  pm25_VNA i
1001 35.793068 -99.605233 5.41415562 9.33778665 4
1002 35.901383 -99.609068 5.29263644 9.32784813 4
1003 36.009709 -99.612914 5.23704658 9.31690528 4
1004 36.118046 -99.616771 5.26694274 9.30511973 4
1005 36.226393 -99.62064 5.40420712 9.29267246 4
1006 36.33475 -99.62452 5.54274411 9.27974997 4
1007 36.443117 -99.628412 5.57183644 9.26652832 4
1008 36.551493 -99.632315 5.49575726 9.25315808 4
1009 36.659877 -99.63623 5.43332959 9.23974986 4
1010 36.76827 -99.640156 5.48314849 9.2817432 4
1011 36.876671 -99.644094 5.57198329 9.27282009 4
1012 36.98508 -99.648044 5.64339781 9.26392167 4
1013 37.093496 -99.652006 5.64575151 9.25493345 4
1014 37.201918 -99.65598 5.7415926 9.24569828 4
1015 37.310348 -99.659965 5.6944989 9.23601924 4
1016 37.418783 -99.663963 5.76884658 9.22566348 4 v
< >
Digits After Decimal Point: |8 |2
Export

Fig. 57 The interface of the Result Data Viewer

Coordinate=(29,70) Value=13.769 | .:

»  To plot the results from a completed DF analysis, select one of the algorithms
in the left-hand pane of the Data window to display the result data table on the DF
Data for analysis; Select one of the periods in the Filter drop-down boxes and one
of the pollutants in the Variable drop-down boxes for analysis (the default case
calculates the average value for PM> 5 only, the cases for analysis of other variables
within different periods can implement this operation); select one of the project
output files in the Output Files pane to show the file data on the Data for analysis
(Fig. 58). Click the Apply button to display the selected analysis choices on the

Data table of the DF.
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File - PM Ozone DataViewer Case -

(PM Data Fusion - PM PM2.5 CV @

(~

test default test_default
- (click apply button in left panel to view data & map)
Algorithms Al = - — =
& Vo et >,
5 Map |57  cis | @ statistics () |1 Log/Ms
Model =) P [%ZY ) (") Data |7 Log/Msg
Columns Data Detail
Output File Name: ~
Downscaler Annual PM2.5 SF - Pop. V v id gridcell_lat gridcell_long pm25_Model  pm25_VNA i
- id 35793068 -99.605233 5.41415562 9.33778665 4
ilter: Al 1 i
nnua Y gffgce::-:at 1002 35.901383 -00.600068 (529263644  |9.32784813 |4
Variable: |pm25 B | 14 gndeell long _
om25 Model 1002 35.901383 |-99.609068 520263644 932784813 |4
Output Files S pm25 VNA 1003 36.009709 |-99.612914 523704658 931690528 |4
pm25_eVNA 1004 36.118046 -99.616771 5.26694274 9.30511973 4
[ Annual PM2.5 SF pm25_Downscaler 1004 36.118046 -90616771  |5.26604274  |9.30511973 |4
Annual PM2.5 SF - Pop. Weighted County & State Name +
[] Annual PM2.5 Compare data no CV County FIPS ID 1005 36.226393 -99.62064 540420712 |9.20267246 |4
County Population 1005 36.226393 |-09.62064 540420712 920267246 |4
Grid Population 1006 3633475 -99.62452 554274411 027974997 |4
= N | |
Fraction in this county | |05 36.33475 -99.62452 554274411 927974997 |4
1007 36.443117 -90,628412 557183644 026652832 |4
1007 36.443117 -90,628412 557183644 026652832 |4
1008 36551493 -90,632315 540575726 |0.25315808 |4
1008 36551493 -99.632315 549575726 9.25315808 |4
1008 36551493 -99,632315 549575726 9.25315808 |4
1nno 2R AS0ATT -00 R2A22 5 42222050 0 2207402/ A M
< >
Apply Digits After Decimal Point: 8 <

Export
Project < >> Apply P

Coordinate=(29,70) Value=13.769 | .:

Fig. 58 Show result data of different output files

»  Asshown in Fig. 59, the list shows the output files generated in the calculations
of data fusion and the relative columns in the data table. Checking the boxes next
to the columns and clicking "Apply" will filter out rows in the table where the values
of the selected column(s) are null (-9). The data table shows the tabulated results
from the selected DF data file. The table can be sorted by any of the columns by left
clicking on the column header.
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File - PM Ozone DataViewer Case -

("p\V1 Data Fusion - PM PM2.5 CV ()
S
test_default test_default
(click apply button in left panel to view data & map)
Algorithms Man e >
) Map |57 ais | @ statistics () | Log/M I
[ Model = L S “\’/ m Data (? 8/Msg
] vNA Columns Data Detail
[ eVNA Output File Name: id gridcell_lat gridcel long  pm25_Model  pm25_VNA X
Annual PM2.5 SF v
—_— 35.793068 -99.605233 541415562 933778665
Filter: M id 1002 35.901383 -99.609068 5.20263644 032784813
ilter: Annual v |4 gridcell_lat
i X deell | 1003 36.009709 -99.612014 5.23704658 031690528
Variable: ' pm2s o [ grideelllong
pm25_Model 1004 36118046 -99.616771 5.26604274 930511973
Output Files ] An pm25_VNA 1005 36.226393 -99.62064 5.40420712 9.29267246
E p’“zs—e.VNA 1006 36.33475 -99,62452 5.54274411 9.27974997
LULUEY P ale
% Al P25 5F - Pop. Weighted 1007 36.443117 -99,628412 557183644 0.26652832
] Annual PM2.5 Compare data no CV 1008 36551493 -99,632315 5.49575726 9.25315808
1009 36.659877 -90.63623 5.43332059 0.23974986
1010 36.76827 -99,640156 5.48314849 0.2817432
101 36876671 -90.644004 557198329 0.27282009
1012 36.98508 -99,648044 5.64339781 9.26392167
1013 37.093496 -99.652006 5.64575151 0.25493345
1014 37.201918 -99.65598 57415926 9.24569828
1015 37.310348 -99,659965 5.6044089 0.23601924
1016 37.418783 -99.663963 5.76884658 9.22566348
1017 37.527224 -99.667972 508015014 0.2143652 v
- Digits After Decimal Point: (8 [2]
Export
Project << l >> Apply po

Coordinate=(29,70) Value=13.769

Fig. 59 Show data detail of checked column

»  As shown in Fig. 60, this option of the data window sets the precision of the
values in the table (we set it to 6 here).

File - PM Ozone DataViewer Case -

\/ D A
("pI\1 Data Fusion - PM PM2.5 CV " 0
test_default test_default )
(click apply button in left panel to view data & map)
Algorithms All o -
24 @) statistics [C) | |
e Map | D) GIS Q/ Statistics ()} Data f? Log/Msg
] vNA Columns Data Detail
(] eVNA Output File Name: _id gridcell_lat gridcell_long pm25_Model  pm25_VNA i~
Annual PM2.5 SF v
' 35.793068 -99.605233 5.414156 9.33778665
- . 1002 35.901383 -99.609068 5.292636 9.32784813 4
Filter: Annual ¥ [4 gridcell_lat
id II_I 1003 36.009709 -99.612914 5.237047 9.31690528 4
Variable: ' pm2s o [Agrideelllong
[ pm25_Model 1004 36.118046 -99.616771 5.266943 9.30511973 4
Output Files ] An % pm;:_v\';l:A 1005 36.226393 -99.62064 5.404207 9.20267246 |4
pmeS_e 1006 36.33475 -99,62452 5542744 027974997 |4
[ pm25_Downscaler
] Annuai P o Weghted 1007 36.443117 -99.628412  |5.571836 9.26652832 |4
[] Annual PM2.5 Compare data no CV 1008 36.551493 -99.632315 5.495757 9.25315808 4
1009 36.659877 -99.63623 5.43333 9.23974986 4
1010 36.76827 -99.640156 5.483148 9.2817432 4
1011 36.876671 -99.644094 5.571983 9.27282009 4
1012 36.98508 -99.648044 5.643398 9.26392167 4
1013 37.093496 -99.652006 5.645752 9.25493345 4
1014 37.201918 -99.65598 5.741593 9.24569828 4
1015 37.310348 -99.659965 5.694499 9.23601924 4
1016 37.418783 -99.663963 5.768847 9.22566348 4 v
< >
Apply Digits After Decimal Point: |6 {%J |
Export |
Project << >> ‘ ‘ Apply ‘ L

Coordinate=(29,70) Value=13.769 | .:

Fig. 60 Set the digits after decimal point
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6.5 Log/Msg Viewer

The DF Log/Mag Viewer window displays the logging information generated during
the currently loaded project. Clicking on the Log & Msg menu item displays the steps
used to create the DF results and the time that the run completed (Fig. 61).

File - PM Ozone Data Viewer Case -~
P\ Data Fusion - PM PM2.5 CV Q e
— - —
test default test_default
- (click apply button in left panel to view data & map)
Algorithms Al a~ o \
. Map |51 GIS @ Statistics Data
Model £ , B
UNA Name Running messages 2
eVNA
Downscaler test_default Start DataFusion 1.9 run 2020/4/14 20:03:18
Reading model data \PM_large_12KC1_2011_base_GMT.csv".
Filter: | Annual v Finish reading model data: 15 s.
Variable:  pm25 - Reading monitor data \official_annual-PM25_2002thru2017.csv".
) Finish reading monitor data: 0 s.
OUtPEEEles All Start data fusion computation...
Annual PM2.5 SF Finish data fusion computation..23 s.
Finish interpolating Spatial Field: 0 s.
Total DataFusion run time: 61 s.
Finish DataFusion run 2020/4/14 20:04:19
Project >> Apply
Coordinate=(29,70) Value=13.769

Fig. 61 The interface of the Log/Msg Viewer

This Chapter describes the multiple display forms under the Data Viewer module in
the Data Fusion tool. The interface design and operation methods of the Data Viewer
module for PM> s are similar to that for Ozone.

7 Appendix I

7.1 Evaluation principle of Data Fusion Techniques

1. Voronoi Neighbor Averaging (VNA): It is a deterministic spatial interpolation
method that calculates the concentration at the center of each grid cell as the inverse-
distance-squared weighted average of PMz s concentrations at neighboring monitors,
where the neighboring monitors are identified using Delaunay triangulation. The
equation is shown below:

VNA(E) = )., Weight; X Monitor; (1)

where: n is the number of neighboring sites, Weight; is the inverse distance squared
weight for monitor i, Monitor; is the observed concentration at monitor i, and VNA(E)
is the estimation at grid cell E.

2. Enhanced Voronoi Neighbor Averaging (eVNA): In the eVNA approach, the
monitored concentrations used in VNA interpolation are multiplied by the ratio of the

UNC-EMAQ (5-03)-053.vi 54 September 30, 2020



WA 5-03: Task 5 User’s Manual for Data Fusion Tool 1.9 EPA Contract EP-D-12-044

modeled concentration in the target grid cell to that in the monitor-containing grid cell.
Therefore, eVNA places strong weight on CMAQ gradients between the target cell and
cells with nearby monitors. The equation of eVNA is defined as:

i . Model
eVNA(E) = Y. Weight; X Monitor; X Modell; (2)

where: Modelg is the modeled concentration for cell E, and Model; is the modeled
concentration in the grid cell containing monitor site i.

3. Downscaler (DS): The DS interpolation method is a relatively complex statistical
prediction method, but DS resembles a simple linear regression model with spatially
varying coefficients at a high level. DS uses Markov chain Monte Carlo (MCMC)
methods with Gibbs sampling to develop a relationship between observed and modeled
concentrations, and then use the relationship to predict concentrations at points in the
spatial domain. The DS method is frequently used to develop exposure fields for health
studies.

The general structure of DS can be expressed in an equation similar to that of linear
regression:

Yi(s) = Bo + Bo,c(8) + Bre X X:(s) + €.(s) (3)

where:

Y;:(s) is the observed monitoring station data at location s on day z. Furthermore, let
X:(By) be the CMAQ output for grid block Bk on day ¢.

Po,:(s) is a mean zero Gaussian process with covariance function,

Co (h,u|¢)/;0,t) = Cov (,Bo,t(s);ﬁo,nu(s + h)) = U/?O,t eXp{_¢ﬁo,t||h||} ly=0y. 4)

the predictors X, (s) are defined as,

Xt(s) = le§=1 Wyt (8)X(By) (5)
with
_ __exp {(~Pulis=crllexp (Qe(ck)} (6)
Wi (S) TR_1exp {(—dwlls—cll}exp {Qe(ck)}

K is the total number of numerical model grid cells, ¢, is a decay parameter, ¢y is the
centroid for the k” grid cell, and Q(s) is a mean zero Gaussian process with covariance
function C,(h, u|q§Q) which is defined similarly to (4). In this way exp {Q.(cy)}
defines the multiplicative increase to the spatial weight given by exp {—¢,||s — ck|[}-
€.(s) is a white noise Gaussian process with variance 7.

The various parameters of DS and the estimation of these parameters are
described below:

1. (t£,Bos Bie)- Vague conjugate prior distributions are assumed for these parameters.
Additionally, {f,.} and {f;.} are assumed to be independent in time. Thus,
conditional on {X,(s)}, (t,Bo:, B1t) can be sampled via composition by first
sampling 77 then sampling (B, ¢, B1 ) conditional on the obtained value of 77.

2. {Bo¢(s)}. The prior distribution for S, . (s), as stated above, is a mean zero Gaussian
process with exponential covariance function and decay parameter ¢pg ; .
Conditional on all the parameters, the entire vector of {f,.(s)} can be sampled
from its Gaussian complete conditional distribution.
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3. Uﬁo,r Using the conjugate inverse gamma distribution, U/?(,,t can be drawn directly
from its complete conditional distribution.

4. ¢p, - This parameter represents the rate of decay of the spatial correlation in
{Bo:(s)}. Specifically, as ¢p . increases, the spatial correlation of {Bo(s)}
decreases. Since decay parameters for the spatial process are particularly difficult
to estimatel, a grid search for the spatial range with discrete prior which places
mass at (10; 20; ; 90) percent of the maximum observed distance between Y;(s)

and Yt(s / ) is used. After performing the grid search, ¢ . is fixed at the most
likely value (from the grid search) for the remainder of the MCMC algorithm.

5. (¢w, 9o)- These parameters represent the decay parameters for the weights wy, . (s)
used to weight various neighboring numerical model grid cell observations. As very
little information about these parameters is available2 , ¢, and ¢ are fixed such
that the weights (correlation) are essentially zero beyond a distance of three grid
cells.

6. {Q.(cy)}. Each Q.(cy) defines a multiplicative increase in the weight assigned to
the numerical model value X;(By). Intuitively, if Q;(c) is large then X, (B)) will
have a large effect on Y;(s). Notice that there is one Q;(c;) for each CMAQ
centroid. This represents, potentially, a very large number of Q,(cj). As such,
predictive process3 are used to reduce the dimensionality. Specifically, Q;(c;) =
E(Qt(ck)|Qt(c'"])) where the {b;} are a set of sparsely chosen locations with the
number of b; being substantially less than the number of ¢. In this way, all Q;(cy)
can be updated by updating relatively few Qt(bj) . To update {Qt(bj)} , a
Metropolis-Hastings step is used with proposal distribution equal to the prior
distribution.

4. Weighting Voronoi Neighbor Averaging (WVNA): The wVNA interpolation
method combines the VNA and eVNA methods by setting the weights of VNA and
eVNA.

WVNA =w X eV/NA+ (1 —w) XVNA (7)

where:
w is the weight coefficient, when w =0, w/NA = VNA, when w =1, wVNA = eVNA.

5. Nearest Site (NS): The Nearest Site interpolation method is a deterministic spatial
interpolation method that chooses the single closest monitor and applies that value as
the grid cell value.

Modelp = Monitor,.qrest (8)

where:
Monitor,e,rest =the nearest monitor s species/PM; 5 concentration to cell E, Modelg
= modeled species/PM> s concentration at cell E.
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