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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 (€VNA)
(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 PMzs 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 PM.s and O3 with the following chapters:

e Chapter 1. DF introduction and installation

UNC-Chapel Hill 3 Institute for the Environment
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e Chapter 2. Functional Framework of Data Fusion
e Chapter 3. Quick Start
e Chapter 4. PM» 5 Data Fusion Analysis Details
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
1.3.1 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=1X13VqtIRXeBt 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

((ED STq, computer, To continue, dick Next.
o X

'V \GE v(‘\

,>>\N<\\Q HIAN
KX

R
2 o
AL pro1©
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Fig. 1 Setup Window
» Click the “Next” button, users can customize the destination folder to install as shown

in Fig. 2.

Destination Folder - ®
Click Mext to install to this folder, or dick Change to install to a different folder, |
Dala Fosice
Install Data_Fusion to:
C:'Program Files (x36)\ 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 Fesice
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

UNC-Chapel Hill 5 Institute for the Environment
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> Click the “Install” button, then the Data Fusion will start installing.

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

| cmak | Next> [ cancd ]

Fig. 4 Installation Process

» Click the “Finish” button and complete installation.

-

Fig. 5 Complete Installation

1.3.2 Uninstall Data Fusion
»Go to Control Panel.

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

UNC-Chapel Hill 6 Institute for the Environment



User’s Manual for Data Fusion Tool 1.9

Diata_Fusion

‘iIZI Preparing to remove...
=]
I

Cancel

Fig. 6 Uninstall DF
After a few seconds, the uninstallation process will finish.
1.4 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 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.

2.1 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. 7.
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File - PM Ozone DataViewer Case -

A
_p,M Data Fusion Tool ) @ PM2.5 CV Q Q/

Data Input Option

Data Fusf = r
@ a. Y 1 D-click to set up desired data input |
Spatial arrerremporeropoon

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

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 |official_annual-PM25_2002thru20? ]
[ PM Species
=
Grid Model Data w
Back Next
Clear Save Project a >

0,00
Fig. 7 Start Page of Data Fusion

2.2 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. 8.
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File - PM Ozone Data Viewer Case -

(Vi Data Fusion - PM PM2.5 CV O o
— = ?/
test default test_default
- (click apply button in left panel to view data & map)
Algorithms o . = =
= 165 15 | @) statisti ] ) S
Tieael =2 Map %71  GIS |y Statistics| [~} Data Log/Msg
VRA Plot Control  Formula  GIS Layer ~ Window
SVNA
Downscaler Madel_PM25_Annud VNA_PM25_Annud
asta = A PhZ S 55 dsts = A P25 5F
Filter: Annual ~ 2
Variable: pmas - 4
13
Output Files ANl )
"

Annual PM25 5F

£
[3

Min = 4313 2 [1.50). Mex = 15,091 et {69.25] Min = 5.953 21 [11.43], Max =12 147 ot [52.53]

2VNA_PM25_Annusl Downscaler_PM25_Annusl
st = Al PYZS 57 dste = Anausi PMZS 5F

Project £ Apply Min = 3,683 2t [1.60). Mex = 12,395 ot (39.43] Min = 7.295 2t [1,59]. Mex = 13,036 o1 (69.29]

00
Fig. 8 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 are allowed to return to the Map view by clicking the Viewer tab.

2.3 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.

9.
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File - PM Ozone DataViewer Case -

PV Data Fusion Tool ) ) emascv O e

- ) Data Input Option

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

Spatial and Temporal Option ~ Log/Msg
-t ) Receptor Option _
A Cross Validation Option Name Running messages =

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 |ofﬁcialiannual—FMZ572002thru205 ]
[J PM Species
=
Grid Model Data ©
<4 >
Back Next
Clear Save Project = >

©0)
Fig. 9 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 (PM2 s data fusion analysis) and Chapter 5 (Ozone data fusion
analysis).
2.4 PM25Data Fusion Analysis Quick Start

The steps below describe how to use DF to conduct data fusion for PM3 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. This windows sets the input
files of PM>. s moritor data , PM> 5 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.

» Click on the Data Input Option hyperlink to display an electronic version of the

User’s Manual for this window.
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Monitor Data: sets the input file of PM2 s 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).

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 PM2.5s model data at base year.

¢  Grid description: There are two grid definition file type options: a CMAQ grid

description file and a Grid Shape File(*.shp).

Other Data: This option is unchecked. (If checked, it will require 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.

» 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, wWNA
and Nearest Site. The default choice 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.

UNC-Chapel Hill 11 Institute for the Environment
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» 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: sclect Entire Domain or Partial Domain. The
Partial Domian 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 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.

UNC-Chapel Hill 12 Institute for the Environment
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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.

» 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.

2.5 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. This windows sets the input
files of Ozone moritor 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.

» 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).
e Selcet 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

UNC-Chapel Hill 13 Institute for the Environment



User’s Manual for Data Fusion Tool 1.9

data in CSV format. Daily monitor data corresponds to model data in 10/API
format

e Base Case: scts 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).

¢ 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.

» 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 choice 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: sclect Entire Domain or Partial Domain. The
Partial Domian sets the grid cells by customizing the starting and ending grid cell in

the entire domain.

UNC-Chapel Hill 14 Institute for the Environment
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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 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.
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e C(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.

3 Functional Framework of Data Fusion

Fig. 10 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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Fig. 10 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 1.

» Spatial and temporal option module: The Spatial and temporal option module

sets the spatial field and period used for the designed data fusion calculations.
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» 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-validation
methods, including Multi-fold, Leave-one-out, and Leave-group-out methods listed
below:

® 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 PM» s 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., R?) between
predicted PM>.s and monitored PM> s are calculated and showed in the Statistic tab
page of the Data Viewer Module.

® 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.

® |_eave-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.
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4 PM2s Data Fusion Analysis Details

Details of the PM» 5 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_ s 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 PM2 s 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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Fig. 11 Start Page of Creating new PM> s data fusion
4.1 Data Input Option

Data Input Option is the first step in PM2 s 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 PMazs species data in its
calculations.

Quarterly Data. The EPA-approved quarterly average PM»s FRM data that have
been used to calculate PM2s 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
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CAMXx. 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 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.
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Fig. 12 Data Input Option (PM5)

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
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preferred default choices are VNA, eVNA, and Downscaler. The calculation principle
of these five algorithms are described in Appendix I.

»Users can check the Advanced options under the eVINA 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.

»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.
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Fig. 13 Data Fusion Technique Option (PM2 )
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Fig. 15 Advanced Option in Downscaler (PM: 5)
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Fig. 16 Advanced Option in wVNA (PM2.5)

The default configuration is that the VNA, eVNA, and Downscalar. 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,
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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.

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.
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Fig. 17 Spatial and Temporal Option (PM2.s)

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.
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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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Fig. 18 Receptor Option (PM2.5)

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
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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 removed from
the selected monitors at a time.

» 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 (PM5)
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Fig. 20 Leave-one-out Cross Validation

UNC-Chapel Hill 28 Institute for the Environment



User’s Manual for Data Fusion Tool 1.9

File - PM Ozone Data Viewer Case -

PM Data Fusion Tool @ @ PM2.5 CV O o
&3 Data Input Option
@ Data Fusion Technigue Option (click apply button in left panel to view data & map)
H Spatial and Temporal Option = Log/Msg
@3 Receptor Option —
Cross Validation Option Name Running messages x

Cross Validation Option

@ Leave-group-out .

(Group of individual monitors and nearby cluster/monitors
within radius withheld at the same time)

PM Monitors
Radius of Selected Monitors Withheld: D km

[ Selected Monitoring File

Filter

[] arkansas-lackson-05 A
[] Arkansas-Washingtc
[] lowa-Clinton-19045(
[ lowa-Clinton-19045(

[] Arkansas-lackson-0506

[] lowa-Clinton-19045001
E
<

< >

Back Next

Clear Save Project

00
Fig. 21 Leave-group-out Cross Validation

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 PMz s 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 Save Project & Run or Save Project button at the left bottom of the

interface to save the project.

L1 SaveOrRunProject >

"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.
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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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Fig. 23 Start Page of Creating new Ozone data fusion
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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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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
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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.

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.s 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.
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< p
Back Next

Clear Save Project = >

©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.
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» 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.

» 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 DataViewer Case -

o! Data Fusion Tool Tj Q’_;j Ozone CV O o

.9 Data Input Option
.- Data Fusion Techninue Qntion

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

H Spatial and Te D-click to set up desired data input | = Log/Msg
Receptor Option -
Cross Validation Option Name Running messages =
Spatial and Temporal Option 2
Spatial Data Fusion Option: 2
@® Entire Domain
O Partial Domain
Starting Grid Cell: X |1 o, Y[ =
Ending Grid Cell: X %5 7|, Y 2% ¢
Temporal Data Fusion Option:
® Annual
) Quarterly
Select Quarter:
O Monthly
Starting Month: [1 > | Ending Month: |12 5
O Daily
v
< >
Back Next
Clear Save Project = >

(0,0)

Fig. 27 Spatial and Temporal Option (Ozone)
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File - PM Ozone DataViewer Case -

0. Data Fusion Tool

&3 Data Input Option
9 Data Fusion Technique Option
i Spatial and Temporal Option
Receptor Option
Cross Validation Option

Spatial and Temporal Option

Spatial Data Fusion Option:

@® Entire Domain
O Partial Domain
Starting Grid Cell: X |!

Ending Grid Cell: X |*5%
Temporal Data Fusion Option:

® Annual

Clear

< >
Back Next

Save Project

Ozone CV

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

r Log/Msg

Name

Running messages

0,00

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 PM2 s data fusion analysis, as shown in Fig. 29. Users can refer to chapter 4.4.
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File - PM Ozone DataViewer Case -

0. Data Fusion Tool &)

&3 Data Input Option
9 Data Fusion Technique Option
H Spatial and Temporal Option
! Receptor Option
Cross Validation Option

Receptor Option
Use Model Grid

Use GIS Shape File

(® GIS Shape File Data (* shp)

County_epa2.shp

() GIS Shape File Dataj*.csv)

ReceptorAggregation_Ozone.csv

< >
Back Next

Clear Save Project

Ozone CV

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

r Log/Msg

Name Running messages

Fig. 29 Receptor Option (Ozone)

0,00

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 DataViewer Case -

o. Data Fusion Tool f_j (j Ozone CV O o

43 Data Input Option
i@ Data Fusion Technique Option

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

H Spatial and Temporal Option -~ Log/Msg
&9 Receptor Option =
"4 ) Cross Validation Option Name Running messages b

Cross Validation Option

Cross Validation Option
Cross Validation
® Multi-fold
® Random O Sequential
[ Selected Monitoring File

=1
T

‘10 | - fold = ‘10 | % (leave-out randomly)

O Leave-one-out

w

< >

Back Next

Clear Save Project

©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 PM2 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 PM3 5 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
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of analysis (PM s, 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.

File - PM Ozone DataViewer Case -

o8 .
{PIV1 Data Fusion - PM PM2.5 CV Q/ @

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

test_default

Algorithms & an

[ Model
1 VNA Plot | Control Formula  GIS Layer Window
4] evNA

[ Downscaler Model_PM25_Anmsl VNA_PM25_Annual
Sate = Anvusi PMLS SF Gats = Aceus! PM2.S SF

) = corioc| & ~
=) Map |7y ais |@statistics| ) Data |(F) Log/msg]

Data Viewer area

Filter: Annual ¥

Variable: |pm25 v

Output Files & an

[4 Annual PM2.5 SF

e = €343 ot (160}, Max = 15,081 ot (69.29)

eVNA_PM25_Annud Downscaler_PM25_Annuad
phip il oyl

o/

24

Output File area

Project > Apply i 2683 0t (1.60], M = 12996 o (39.13) i 2.29 ot (160), M = 13036 a (69.39)

0,0)

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
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calculations. The configuration options available in the Map window include zooming

infout 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 PM2s or Ozone

is shown in Fig. 32 and the interface of the Map for AOD are shown in Fig. 33.

File - PM Ozone DataViewer Case -

rP“M Data Fusion - PM

-
test_default

Algorithms

PM2.5 CV

test_default

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

Al

127
Map | <Y

Model

VNA

EVNA
Downscaler

sis | @ statitics|

8

Plot Control  Formula  GIS Layer Window

i)

pata |() Log/Msg

Model_PM25_Annual

Filter: Annual

Variable: pmzs

Output Files

ate = Anus! PVZS 5F

All

Annual PM2.5 SF

win = 4322 #¢ {1,60], Mex =25 081 2t (9,23

VNA_PM25_Annual
dete = Annusl PMZSSF

woin = 353 2t (11,45, Miax = 12142 ;1 [5253)

2VNA_PM25_Annud
rte = Anmust PUIZS 5F

Project B

Fig

UNC-Chapel Hill

Min=3.583 ot |L60]. Mex = 12,856 ot (33.43)

Downscaler_PM25_Annud
dete = Annusl PMZSSF

Min = 7.296 st |1.50]. Mex = 13,036 =t {59.25)

Apply

0.0)

. 32 The interface of the Map Viewer (PM2 5 or Ozone)
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File - PM Ozone Data Viewer Case -

/‘I;iIVI Data Fusion - PM

PM2.5 CV

test_default_AOD
test default AOD (click apply button in left panel to view data & map)

P
Data l LuglMsgl

Algorithms

J __LD I G statistics

=\

=

EUNA

Output Files O an
test_default_AOD_AOD_PM25.csv

AOD_Grid

Wlin =0.047 at {131,93), Max = 0.336 at (52,50)

034

028

022

0ls

01

1 31 60 [0 119 149
Win =0.072 at (131,93), hax = 0.485 at (50,27)

B3

6

23

1

Apply

R J—

a1

PM25_Grid

1 El n T
Min =34.875 at(131,53), Max= 50,212 a1 (52,50)
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6556
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a1 6164
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a6 4780

23 4087

| U 33ss

1 El n 00 119 149
Min = 53952 at{110,40), Max= 68,564 at (64,36)

1

(0,0)

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 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.
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File - PM Ozone DataViewer Case -

(;‘I\'II Data Fusion - PM

S
test_default

Algorithms

Model
VMHA
SVNA
N

Filter: |Annua|

v
Variable: |PM;5 v‘

Output Files All

Annual PM25 SF

‘ Y |I| Apply I

PM2.5 CV

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

.9_‘ Py
7y ais |@statistics

PFlot Control  Formula  GIS Layer  Window

O Data |@ LDgIMsg'

Model_PM25_Annus

i = 4313 ot (150], Mew = 15,051 =1 [53.39]

VNA_PM25_Annus
st = Annus PMES SF

i = £953 t 11,85, Max = 12142 2t 5253

2VNA_PM25_Annud
Gite = A V25 55

Wein = 3,683 2t 1.50]. Max = 42.59 =t [35.13)

00 ;

| Project |

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.
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‘ File - PM Ozone Data Viewer Case -

PM2.5 CV

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

= \) .
@M Data Fusion - PM
test_default

Algorithms 2 An ~ w
& Model ) e I*\'/sm O .
% o Plot | Control Formula GIS Layer Window Double click here
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Fig. 35 Double click to change legend
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Fig. 36 Configure Plot
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» As shown in Fig. 37 and Fig. 38, these options control zooming in/out, exporting the

map image, and overlaying monitor data on the map image.

' File ~ PM Ozone DataViewer Case

) . -
‘&M Data Fusion - PM
test default
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] VNA
] evna
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Output Files [ an
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Fig. 37 Click the Plot menu item to manage map

' File - PM Ozone DataViewer Case
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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 DataViewer Case -

@I\h Data Fusion - PM PM2.5 CV @) @

test_default

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

Algorithms A s -~ > =
o ¥/ > istics| |~ |® |
] Mot “5) Map (79 els | statistics| (7)) Data Log/Msg
% V\N‘,:A Plot Contrel | Formula  GIS Layer  Window
e
] izl Show Monitors I P
dsta = Anmust PAZS 5F
Filter: ‘Annual v | 2
Variable: ‘PM?_"] v| .
2
Output Files ] Al *
bs

[] Annual PM2.5 SF

Min = 4313 st {1.50]. Mex = 15,081 ot {85.25] Wiin = 6855 £t {11.43]. Max = 12.047 =t {52.53]

EVNA_PM25_Annud Dowinscaler_PM25_Annud

ate = Annust PMZS SF asts = Annu PVIES SF

B pp PSS, s e v o

Coordinate=(29,70) Value=13.769 |

Fig. 39 Show Monitors
» As shown 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.

ID: 2904 70005 Type:

State Hame: |Missour: Country Hame:

Latitude: 393 Longi tude: —94. 35

Value: 10. 267 Location: (33,310

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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,» Formula Editor - O x
Variables Function
Aromal FMZ. 5 Spatial Field Mod b
Armual EMZ 5 Spatial Field VHA :-::2) ~ Search
Annmal IM2.5 Spatial Field VB | 4oin()
Aromal FM2. 5 Spatial Field Dow atan() abs (number )
avz() Fetwns a walue of the same type that 1z passzed
costl to it specifyving the absolute value of a number
zosh(])
expl)
ma ) N

Formula Editor

+ —
* /
b <
A ]
m &
10°
x 2 Clear
Note: The wariable must begin with ~ {J and end with ’ }J
Cancel 0K

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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File - PM Ozone Data Viewer Case -

PM2.5 CV Q o/

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

/_L-\.
P\ Data Fusion - PM

test_default

Annual PM2.5 SF

Show Receptor

= £ Map Layers
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[ VNA &) .
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m Data Domain v
Filter: Annual . @ File Name:
fi | Annwal PH2.B SF
Variable: pmzs ~ )
5 | Value:
Output Files All | Model ~

pm25_Nodel

< >

Double click the
legend to change the <5.8
value range and

»13.1 M g/m3

Project o Apply

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 PM; 5 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 -

o
P\ Data Fusion - PM
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»13.5 K g/m3

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 -

O
Q

QM Data Fusion - PM PM2.5 CV
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text default (click apply button in left panel to view data & map)
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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 -
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Fig. 46 Click shortcut key to change the GIS map configurations
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PM2.5 CV

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

Algorithms Al - ;:-. a ~
. = e r,
=) Map ) GIS !Statwtlcsl J Data | Log/Msgl
VNA @ )
SUNA P Domain:
Downscaler {:r*; Data Domain "
File Name:
Filter: Annual L 18 tane
g8 | Annual PM2.5 SF v
Variable: pmzs ~ .
E Value:
Output Files All | Model v
Annusl PML5 SF Show Receptor
5 & [Map Layers Save Current Result to GIS Layer (shape file)
= ¥ Amrmal PHZ.5 SF Save Current Result to CSV
= pr25_Modsl Save All Results to CSV
< >
Double click the
legend to change the <E.8 »13.1 K g/m3
Project 2 Apply value range and

Coordinate=(29,70) Value=13.769

Fig. 47 Right-click to save the GIS Layer

»As shown 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
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(Zoom To) and the boundary layer attributes to display on the map (Domain 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 DataViewer Case -

o)
PN\ Data Fusion - PM PM2.5 CV O o
o) _ A

test default

Algorithms

test_default

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

All

-__-" ":’.l' f L. } - -\.‘. l r_"_\' I
=) Map D) GIS |y Statistics| [~ Data Log/Msg
=] VNA @ -
eVNA a Domain:
Downscaler @7’7 e, Mametm -
Filter: Annual DI ) File Name:
|| Anwal PM2.5 SF ~
Variable: |pmas N 5
=} Value:
Output Files All * || Model v
Annual PM2.5 SF Show Receptor
1 €% (Nzp layers
= [ bl P25 SF
& prih Model
< >
Double click the —
legend to change the <B.B >13.1 W g/m3
Project 2> Apply value range and

File - PM Ozone Data Viewer Case -

o
P\ Data Fusion - PM

test_default

PM2.5 CV

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

Coordinate=(29,70) Value=13.769

Fig. 48 Options of showing different GIS layers

Algorithms Al - = = -
& & s \ -~
=) Map GIS @ Statistics 8 Data Log/Msg
&
_4 Domain:
@
ownscaler {W? US County =
Filter: Annual R ) File Name:
g1 | |Aonual PH2.5 SF ~
Variable: |pmzs ~ -
5 | value:
Output Files All | Model v
Annual PM2.5 5F Show Receptor
B £ Nap Layers
E ¥ Annual PHZ. 5 SF
# pm25_Nodel
< >
Double click the I —
legend to change the <5.8 >13.1 K g/m3
Project = Apply value range and

UNC-Chapel Hill

Coordinate=(29,70) Value=13.769

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

£
P Data Fusion - PM

test default

Algorithms

VNA
EVNA
Downscaler

Al

Filter: Annual

Variable:  pmzs

Output Files

Al

+ITR@206 k;a-.:

Annual PM2.5 SF

Project

Apply

PM2.5 CV

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

Map f_) GIS

-

0 Stah'sticsl _}

Data V}' Log/Msgl

Domain:
Data Domain
File Name:
Armual FN2.5 SF ~
eVH4 ~
Show Receptor

= £ Nap Layers

= ¥ Anrual PM2.5 SF
pmZ5_eVNA

< >

Double click the
legend to change the

value range and

>10.7 K g/m3

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 -

PM2.5 CV

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

P\ Data Fusion - PM

test_default

© 0

Algorithms Al o §
) map |71 a5 (@ ) Log/M
5 wap |79 ais [ stastes| ) o8/Msg
VA || Scatter Plot | [27] Bias Table | Window
SVNA
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: Annua) - [ y=0 Ze2tuaT 4281 _—— Re=0014A | —— 0851504805 —=— 208835180
Variable: pma2s v i 13
12
Output Files = n
= Al cl g 10
Annual PM2.5 Compare data no CV g S
7
+ + 4 4 4 ; 4 ; 4 ;
t t t
7 9 " 13 18 7 8 9 10 " 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
[—— r=t2si8x03689 —=— A"2=02330358 —— y-0si0ax3Age —=— R2=0880752
13
12 e
1 £
® 11 o 3o
g 10 @ .
9 £ 5
8 8
T 7
+ + + + + + + + + + + + + + +
T 8 9 10 11 12 13 7 8 9 0 1 12 13 14
Monitor Monitor
Project oS 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 PMa 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 -~

Y
pI| Data Fusion - PM PM2.5 CV O o
—— i _j
test default test_default
(click apply button in left panel to view data & map)
Algorithms Al ~ P = =
- Map |57 6is (@ Statistics‘ V) Data |( 7] Log/Ms|
2 Model = P %) g L 8/Msg
] VNA Snatler Plot B'\as Table Window
7] 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: Szl hd I V0 32EnT A8 —— RIOOTET | (18516:-04803 —e— W2=08333151
Variable: |pmzs v 5 j j 13
12
Output Files Al E = E 1:]
11
; 2 9
[ Annual PM2.5 Compare data no CV 3 2
7 7
t t
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=0.9613x+0.3682 —=— R"2=0.0840356
" T T T T T T T
12
1
g 10
e 9
i
7
+ + + + + + +
7 8 9 10 11 12 13
Monitor
Project » | Apply |

Coordinate=(29,70) Value=13.769

Fig. 52 Show chart of selected algorithms

File - PM Ozone Data Viewer Case -

/“‘\
P11 Data Fusion - PM PM2.5 CV o @
— _4
test_default test_default ,
{click apply button in left panel to view data & map)
Algorithms Han (# - — —
- Map |70 Gls ((statistics|(")) Data |( ) Log/Ms
Model = P % @ = e/Msg
7] scatter Plot | [7] Bias Table | Window
VNA
EVNA
Model_PM2.5_Annual VNA_PM2.5_Annual
lata=Annual .5 Compare data no lata=Annua .5 Compare data no
data=A I PM2.5 C. dat; cv data=A I PM2.5 C: data no CV
Filter: S e [ V0 BT AT ——— Re.0TiE | I T0EIiE04E0s ——— Frim0gEsaia
Variable: ‘ij ‘ T T . : : : : : : : : :
£ ~
Output Files All

Model

7] Annual PM25 Compare data ne CV I

18 7 8 9 10 " 12 13

7 9 " 13
Monitor Moniter
eVNA_PM2.5_Annual DownScaler_PM2.5_Annual
data=Annual PM2.5 Compare data no CV data=Annual PM2.5 Compare data no CV

y=05708x+3 3967 —w— R"2=0580752

[—— ostiaoiam —— wi-tguass

13

2 : L

11 2

R L3

g 10 3 %
: 9 E 4

8 H

7 7

78 8 10 1 12 13 708 8 10 11 12 13 14

Monitor

Monitor
Project > Apply

Fig. 53 Show chart of different output files

Coordinate=(29,70) Value=13.769

» 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 Point Values right-
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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 DataViewer Case -
AT
PN\ Data Fusion - PM PM2.5 CV O o
— e _,/
test default test_default
(click apply button in left panel to view data & map)
Algorithms All . - —
) Map |£1 GIs  (statisti ‘ Y D ) Log/M
toam ) ap i) GIs |pStatistics|(~ ) Data og/Msg
VNA Snatler Plot E'\as Table Window
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: Annual ¥ I S ST i —— ReamEE [ 0851504305 —— R7=03838181
Variable: |pmzs v i j " ' 13 " j j " j ! :
12 .
. 13 an i
Output Files All ] " Save Image to Clipboard =
Annual PM2.5 Compare data no CV = a Save Image as
- Page Setup...
; ; Print... ' . ' ' ;
7 : ] 11 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
[ IS0 —— wians) Change Title and Legend
13 ' ' ‘ ' ' Set Title and Legend to Default ‘ ' ‘ ' :
12 -
1 5 a,
1 b
E 10 ,:,‘: R
s 2 % 9
L 2
T 7
t t t t t t + t t t + t + t t
7 8 ] 10 " 12 13 7 8 ] 0 1 12 13 14
Monitor Monitor
Project = Apply
Coordinate=(29,70) Value=13.769

Fig. 54 Right-click the chart
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a5 Configure Plot

Titles  |Legend

Title

Text: |ModEI_PMZ.5_AnnuaI data=Annual PM2.5 Spatial Field

Font: |Arial16,80ld || setect

b4 show Title Color: _ Select

¥-axis

Text: |Mon'|tor

Font: [Arial, 14 Bold || setea

Y-axis

Text: |Mode|

Font: |Aria|,14,ao|d | Select

] show Y-axis Color: _ Select
Apply aK Cancel

Fig. 55 Change Title and Legend
» As shown 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 -

PI\1 Data Fusion - PM PM2.5 CV C' o

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

Ii:;:hms M =) Map / GIS @Statistics‘ ) Data | 7] Log/Msg

:::A (7] Scatter Plot | [+<] Bias Table | Window

Output File: test_default_Annual_PM2.5_Compare_data_no_CV ~

ili= nnusl - Performance Netric Model VA e¥NA DownScaler

Variable: |pmz2s v

0. 84761 -0, 019106 -0, 02529 0, 49751

Output Files Al Mean Error 15279 0. 082399 0.091197 0, 67255

Annual PMZ5 Compare data no OV Mean Normalized Bias(%) |0. 09077E -0, 00132 -0, 0020158 0, 052939
Mean Normalized Error (%) 0. 15156 0. 0075438 0, 0087093 0, 068162
Mean Fractional Bias(%) |0. 075487 -0, 001409 -0, 0021117 0, 040575
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. 14793 0. 0073803 0. 0088323 0. 065136
FMSE 1. 8276 0. 14703 0. 14511 0. 80222
R2 0. 071487 0.983082 0. 58404 0. 63075

Project > Apply Save data

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).
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File - PM Ozone DataViewer Case -

Py .
“PIV1 Data Fusion - PM PM2.5 CV Q o/
test default test_default

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

Algorithms Al S - -
=) Map l o oels @ Statistics J Data ‘ 7 Log!Msgl
Calumns Data Detail
Output File Name: gridcell_lat grideell_long  pm25_Model  pm25_VNA e
Annual PM2.5 5F ~
_ 35.793068 90605233  |5.41415562  |9.33778665 !
Filter: id 1002 35.001383 -99.609068 520263644 932784813
ilter: Annual il grideell_lat
deel | 1003 36.009709 -99.612014 5.23704658 9.31690528 4
Variable: pmas v grideell_long
pm25_Model 1004 36118046 -99,616771 526694274 930511973 4
Output Files & A pm235_VNA 1005 36226393 -99,62064 540420712 9.20267246 4
pm25_eVNA 1006 36.33475 -99,52452 5.54274411 0.27974997 4
Annual PM2.5 SF pm25 Downscaler
[ Annuai PVZS SF - Pop. Weighted 1007 36.443117 -00,628412 557183644 9.26652832 4
[ Annual PM2.5 Compare data no CV 1008 36551493 -09,632315 549575726 9.25315808 4
1009 36.659877 -99,63623 543332059 9.23974986 4
1010 36.76827 -09,640156 5.48314849 9.0817432 4
1011 36.876671 -09,644004 557198329 9.27282009 4
1012 36.98508 -99.648044 5.64330781 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 -09,659965 5.6044089 9.23601924 4
1016 37.418783 -09.663963 5.76884658 9.22566348 4,
€ >
Apply Digits After Decimal Point: |8 5
Export
Project > Apply

Coordinate=(29,70) Value=13.769
Fig. 57 The interface of the Result Data Viewer

» 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 Data Viewer Case -~

ot
{"PM Data Fusion - PM PM2.5 CV O o
— A =4
test default test_default
(click apply button in left panel to view data & map)
Algorithms All i~ = = P
— “) Map I ';; Gls @ Statistics () Data ‘ Fy LuglMsgl
VNA Columns Data Detail
eVNA Output File Name: ~
Annual PM2.5 SF - Pop. V v id gridcell_lat grideell_long pm25_Model  pm25_VNA I
I d 1001 35793068 -99.605233 541415562 |033778665 |4
Filter: - :
Annual Brf:'ze::_:at 1002 35.901383 -09.609068  |5.29263644 | 0.327B4813 4
. i ¥
Variable: |pm2s v 222?&233 1002 35901383 99600068  |5.20263644  |9.32784813 4
Outout Fil pm25 VNA 1003 36.009709 -99,612914 523704658  |9.31690528 4
utput Files All -
= pm25_eVNA 1004 36118046 -09,616771 526604274  |0.30511973 |4
O pm25_Downscaler 1004 36.118046 90.616771 526604274 |0.30511973 4
Annual PM2.5 SF - Pop. Weighted County & State Name
£] annui 262 3 Compare data o v & County FISS 1D 1005 36.226393 -89,62064 540420712  |9.29267246 |4
County Population 1005 36.226393 -09,62064 540420712 |0.20267245 4
Grid Populatian 1006 3633475 -99,52452 5.54274411 9.27974997 4
k] Fraction in thi
raction in this county | 450 36.33475 -99.62452 5.54274411 027974997 4
1007 36.443117 -99,628412 557183644  |0.26652832 4
1007 36443117 -99,628412 557183644  |9.26652832 |4
1008 36551493 -09,632315 549575726  |9.25315808 |4
1008 36.551493 -99,632315 549575726  |9.25315808 4
1008 36551493 -09,632315 549575726  |9.25315808 |4
ANNG 2R AROATT _00 R2RID & A2227080 0 7207AQGRR A 4
< >
Apply Digits After Decimal Point: |8 |2

Export
Project > Apply

Coordinate=(29,70) Value=13.769

Fig. 58 Show result data of different output files
» As shown 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 Data Viewer Case -

(?M Data Fusion - PM PM2.5 CV
—
test_default test default )
(click apply button in left panel to view data & map)
Algorithms Al = =N
) wap |7)  ois |@statistics () Data |I‘"$ LDglMssl
Columns Data Detail
Output File Name: ~
Annual PM2.5 SF i
Fler  |anmual » 1002 35.901383 -99.609068 520263644 9.32784813
1003 36.000709 -99.612014 5.23704658 9.31690528
Variable: | pm2s “
| 1004 36.118045 -99.616771 5.26604274 2.30511973
Output Files & A pm25_VNA 1005 36226393 -99,62064 5.40420712 9.29267246
E pm25_eVNA 1006 3633475 -99,62452 554274411 9.27974997
sl PM2.5 5F - Pop. Weight=d 1007 36.443117 -99.628412 5.57183644 9.26652832
[] Annual PM2.5 Compare data no CV 1008 36.551493 -99.632315 549575726 9.25315808
1009 36.650877 -99.63623 5.43332059 9.23974986
1010 36.76827 -99.640156 548314849 9.2817432
1011 36.876671 -99.644004 5.57198329 9.27282009
1012 26.08508 -99.648044 5.64339781 9.26392167
1013 37.093496 -99.652006 5.64575151 9.25493345
1014 37.201918 -99.65598 57415926 9.24569828
1015 37.310348 -99.650965 56044980 9.23601924
1016 37.418783 -99.663963 576884658 9.22566348
1017 37.527224 -99.667972 5.98015014 9.2143652 v
Digits After Decimal Point: |8
. Export
Project < B Apply

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 -

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

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

Algorithms Al . =\
£ wep |1 st 5
- a GIS Statistics | Data | Log/Ms
Model = P | Q | Log/Msg
Columns. Data Detail
Output File Name: id grideell_lat grideell_long pm25_Model pm25_VNA Il
Annual PM2.5 S5F ~ y "
1001 ; 5.414156
S 1002 35.901383 -99.509068 5.292636 9.32784813 4
Filter: Annual b grideell_lat
deell | 1003 36.009709 -09.612914 5.237047 9.31690528 4
Variable: |pmzs ~ gndeel_long
pm25_Madel 1004 36.118046 -09.616771 5.266943 2.30511973 4
Output Files ] An pm25 VNA 1005 36.226393 -99.62064 5.404207 9.29267246 |4
pm23_eVNA 1006 36.33475 -09,62452 5.542744 9.27974997 4
25 pm25_Downscaler
[] Annual PMZ.5 5F - Pop. Weighted 1007 36.443117 -09,628412 5.571836 9.26652832 4
[ Annual PM2.5 Compare data no CV 1008 36.551493 -09.632315 5.495757 9.25315808 4
1009 36.559877 -99.53623 5.43333 9.23974986 4
1010 36.76827 -99.640156 5.483148 9.2817432 4
1011 36.876671 -09.644004 5.571983 9.27282000 4
102 36.98508 -99.548044 5.543398 9.26392167 4
1013 37.093496 -99.652006 5.645752 9.25493345 4
1014 37.201918 -09,65598 5741593 9.24569828 4
1015 37.310348 -09.659965 5.504499 9.23601924 4
1016 37.418783 -99.563963 5.768847 9.22566348 4
v
£ >
Apply Digits After Decimal Point: |5 |+ |
Export

Project <= > Apply

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 DataViewer Case -

PI1 Data Fusion - PM PM2.5 CV O o

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

Algorithms All & P

e <) Map |i7]  GIS |y statistics|(~ | Data Log/Msg;
VA Name Running messages x
eVNA
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: |pma2s v Reading monitor data \official_annual-PM25_2002thru2017.csv".
Finish reading monitor data: 0 s.
Output Files 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 PM25 are similar to that for Ozone.
7 Appendix |

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 PM.s concentrations at neighboring monitors,
where the neighboring monitors are identified using Delaunay triangulation. The
equation is shown below:

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

where: n is the number of neighboring sites, Weight; is the inverse distance squared
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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
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:

. . Model
eVNA(E) = Y[, Weight; X Monitor; X Modellj 2)

where: Modelr 1s 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:
Y. (8) = Bos + Boc(8) + Bre X Xe(s) + €:(5) 3)

where:
Y:(s) is the observed monitoring station data at location s on day t. Furthermore, let
X:(B)) be the CMAQ output for grid block Bk on day t.

Po,:(s) is a mean zero Gaussian process with covariance function,
Co(huldg,c) = Cov (Bo,(s), Bocvu(s + b)) = 0B, , exp{—dp, ellhll} Ipumgy, @)
the predictors X,(s) are defined as,
Xi(s) = Xie1 0ie ()X (Bi) (5)

with

exp(=ulls—cil}exp(Q(ci)} 6)
ZR_1 expl-¢o ls—ckl}exp(Qe(ci)

wk,t(s) =

K is the total number of numerical model grid cells, ¢, is a decay parameter, ¢ is the
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centroid for the " grid cell, and Oi(s) is a mean zero Gaussian process with covariance

function C,(h,u|¢,) which is defined similarly to (4). In this way exp{Q.(c;)}

defines the multiplicative increase to the spatial weight given by exp{—¢,|ls — ck|I}.

€.(s) is a white noise Gaussian process with variance 2.

The various parameters of DS and how the estimation of these parameters are

described below:

1.

(t#,Bo.¢,B1¢)- 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?,B0¢,B1¢) can be sampled via composition by first
sampling 77 then sampling (B, ., B1¢) conditional on the obtained value of 77.
{Bo,:(s)}. The prior distribution for B ((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.

aﬁzo't. Using the conjugate inverse gamma distribution, U[?o,t can be drawn directly
from its complete conditional distribution.

¢p,,c- This parameter represents the rate of decay of the spatial correlation in
{Bo,:(s)}. Specifically, as ¢p,, increases, the spatial correlation of {f,.(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, ¢p . is fixed at the most
likely value (from the grid search) for the remainder of the MCMC algorithm.
(¢w, Po). These parameters represent the decay parameters for the weights wy, ()
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.

{Q:(ci)}. Each Q.(cy) defines a multiplicative increase in the weight assigned to
the numerical model value X;(B). Intuitively, if Q;(cy) is large then X;(By) will
have a large effect on Y;(s). Notice that there is one Q;(cj) for each CMAQ

centroid. This represents, potentially, a very large number of Q;(cy). As such,
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predictive process3 are used to reduce the dimensionality. Specifically, Q,(cy) =
]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 ¢x. 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, wV/NA = VNA, when w =1, wI/NA = 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.

Modelg = Monitoreqrest (8)

where:
Monitoryearest =the nearest monitor s species/PMz s concentration to cell E, Modelg

= modeled species/PM> s concentration at cell E.
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