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Legal

The Model Evaluation Toolkit is free to use. The following Model Evaluation Toolkit component
files are provided under the same licensing terms as the R software package: Datalnput.r,
ModelEvaluation.r, ModelDiagnostics.r and CommonFunctions.r; refer to the R project website
for more information about R licensing. All other components of the Model Evaluation Toolkit,
including this document, are Copyright © 2016 Cambridge Environmental Research Consultants
(CERC) Ltd; this means that while the Model Evaluation Toolkit may be distributed freely as a
whole, its component files (other than the four component files listed above) may not be
modified or used for any other purpose. It is not possible to provide a guarantee or warranty for
the Model Evaluation Toolkit, although we have made every effort to ensure it functions as
documented.

Support

The website for the Model Evaluation Toolkit is www.cerc.co.uk/ModelEvaluationToolkit. Please
follow the links to the User Forum to report issues or suggest improvements; alternatively you can
send an email to help@cerc.co.uk.
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1 Introduction

Regional and municipal governments are increasingly interested in providing services to assess and
forecast local- and city-level air quality. Air quality forecasts on these scales can be disseminated to
health services and the public in terms of air quality alerts, to inform and warn ‘at-risk’ groups about
impending pollution episodes and provide advice. Local air quality modelling is critical in assessment
of air quality against the EC air quality directive as it can provide high resolution maps of
concentration where the population is most dense and allows the investigation of proposed
mitigation measures on short or long time scales. Understanding the benefits, limitations and
performance of individual models, the input data required of them as well the extent of the options
available to them is often lacking. Setting standard evaluation criteria and comparing model
capabilities in a structured way is therefore a crucial task.

The Model Evaluation Toolkit has been developed under the local forecast model evaluation support
work package of the EU’s 7" Framework, PASODOBLE project. It draws on existing best practice
such as the EU Joint Research Council’s (JRC) FAIRMODE initiative on model evaluation [1] and the
openair project tools [2,3].

The Toolkit is a simple-to-install, user-friendly environment that guides the user through the process
of evaluating model predictions of local air quality and investigating the model performance. It runs
on Windows operating systems.

The Toolkit can take modelled data from regional or local scale models as input. Observed data are
in situ time series data. Missing data are handled if they are indicated by a standard value. As
output, the toolkit creates plots of the model performance in predicting concentrations and
predicting alerts with respect to defined thresholds, for single or multiple sites, single or multiple
pollutants and single or multiple modelled datasets. Results can be classified by the type of
monitoring site and the pollutant for each modelled dataset. The diagnosis of model performance
for individual sites and individual pollutants produces time series plots, scatter plots and analyses
with respect to month, day of the week and hour of the day. All the plotted data are also exported
to data files to provide an audit trail and make the data available for further analysis and
visualisation.
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2 Getting started

The Toolkit can be used on Windows operating systems and does not require any software to be
purchased. Before using the Toolkit you will need to install R and the Toolkit itself; this will just take
a few minutes. Detailed installation instructions are given in Sections 2.1 and 2.2.

2.1 Install R

The Model Evaluation Toolkit version 4.0 is compatible with R version 3.2.3.
Follow these step-by-step instructions to download and install R from the internet:

1. Go to http://www.r-project.org/

2. Select CRAN from the links on the left-hand side of the page

3. Choose a CRAN mirror for your locality (in the UK, choose the mirror for the University of
Bristol) and click on the link

4. Under ‘Download and install R’ click on the link for your operating system

5. Click on ‘base’

6. Under ‘Other builds’ click on ‘Previous releases’

7. Clickon ‘R 3.2.3 (December, 2015)’

8. Click on ‘Download R for...” to download the install program

9. Run the install program, taking care to install R in a directory where you have write

privileges.

NOTE: If you do not have direct access to the internet from your computer, for example you access
the internet through a university network, then when you install R, instead of accepting all the
defaults, at the Setup screen choose not to accept all the defaults and when offered, choose
'Internet2' as the internet option. This will force R to use the same proxy settings used by Internet
Explorer. The defaults for all other options can be accepted.

2.2 Install the Model Evaluation Toolkit

Follow these step-by-step instructions to install the Model Evaluation Toolkit:

1. Logon as Local Administrator for the PC.

2. Unzip the downloaded .zip file to a local directory. In Explorer, browse to this directory and
double-click on the file setup.exe. The Welcome window in Figure 2.1 will be launched.
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15! Model Evaluation Toolkit - InstallShield Wizard (3]

Welcome to the InstallShield Wizard for Model
Evaluation Toolkit

The InstallShield{R) Wizard will install Model Evaluation Toolkit
on your computer, To continue, dick Next.

WARMING: This program is protected by copyright law and
international treaties.

< Back I Mext = I [ Cancel

Figure 2.1 The Model Evaluation Toolkit Welcome screen.

3. Click ‘Next’ on the Welcome screen and then enter you Customer Information as shown in
Figure 2.2. Click ‘Next’ to proceed to the Destination Folder screen, as shown in Figure 2.3.

15! Model Evaluation Toolkit - InstallShield Wizard ==

Customer Information

Please enter your information.

User Mame:
IJohn Smith|

Organization:
|Carnbridge Environmental Research Consultants Ltd.

Installshield

[ <Bak |[ Next> || cancel

Figure 2.2 The Model Evaluation Toolkit Customer Information screen.
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15! Model Evaluation Toolkit - InstallShield Wizard (=5

Destination Folder 4 7 |
Click Mext to install to this folder, or dick Change to install to a different folder. u

Install Medel Evaluation Toolkit to:

C:'Program Files (x85)\CERC'Model Evaluation Toalkit)

InstallShield

[ < Back ][ Next = ] [ Cancel

Figure 2.3 The Model Evaluation Toolkit Destination Folder screen.

4. The default installation directory is C:\Program Files (x86)\CERC\Model Evaluation Toolkit\. If
required, use the Change... button to select another destination directory. Click OK to return
to the ‘Destination Folder’ screen.

5. Click Next > to choose who should be able to use the Model Evaluation Toolkit, as shown in
Figure 2.4.

15! Model Evaluation Toolkit - InstallShield Wizard ==

Ready to Install the Program 44

The wizard is ready to begin installation. u

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

Install this application for:

[ Anyone who uses this computer (all users) ]

[ Only for me ]

InstallShield

Figure 2.4 The Model Evaluation Toolkit Ready to Install screen.

6. Choose whether to install for all users of just the current user.

7. If you wish to amend any details, press the < Back and Next > buttons as appropriate. Once
the Install button has been pressed, and the Model Evaluation Toolkit files have been
successfully installed, the installer may prompt a restart, as shown in Figure 2.5. The restart
can be delayed by clicking No but it is required for proper use of the Model Evaluation
Toolkit. A final screen will now appear, as shown in Figure 2.6.
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‘_ﬁ! Model Evaluation Toclkit Installer Information =3

The installation of Model Evaluation Toolkit requires a
reboot. Click Yes to restart now or Mo if you plan to
restart later.

Figure 2.5 The installer may prompt you for a restart.

13! Model Evaluation Toolkit - InstallShield Wizard

InstallShield Wizard Completed

The Installshield Wizard has successfully installed Model
Evaluation Toolkit. Click Finish to exit the wizard,

[T show the Windows Installer log

Figure 2.6 The Model Evaluation Toolkit InstallShield Wizard Completed screen.

Click Finish to complete the installation. The install wizard automatically creates three
shortcuts in the Programs menu under Model Evaluation Toolkit; one each for the Data
Input Tool, Model Diagnostics Tool and Model Evaluation Tool.
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3 Using the toolkit

The Model Evaluation Toolkit consists of three tools:

1. Datalnput

This tool processes your modelled and observed concentration data, saving the processed
data in an R workspace and (optionally) a CSV file.

2. Model Evaluation

This tool takes in the workspace created by the Data Input tool and evaluates all or some of
the data, producing graphs and (optionally) CSV files.

3. Model Diagnostics

This tool takes in the workspace created by the Data Input tool and produces diagnostic
graphs for one station and one pollutant at a time.

This section of the User Guide gives step-by-step instructions for using each tool in the Toolkit.

3.1 Data Input tool

The data input tool processes modelled and observed data, saving it in an R workspace file, which
later can be imported into the Model Evaluation and Model Diagnostics tools.

The tool supports both gridded and point modelled data. Gridded data are interpolated to the
monitoring station locations.

In situ observed data can either be automatically downloaded from the internet and imported (UK
only) or input using simple-format CSV files.

The Toolkit supports the evaluation of multiple modelled datasets, either from multiple models or
from multiple runs of the same model, over the same time period. Initially, a new R workspace is
created with one modelled dataset and an associated observed dataset. Further modelled datasets
can then be added to the same R workspace. There is no limit to the number of models that the
Data Input tool will load into the same R workspace, but memory issues may be encountered if the
number of models is large.

Tip: In the Model Evaluation Toolkit installation directory you will finda' Dat a S a mdrécterg. '
Here you will find sample files in the formats recognised by the Toolkit, and a ReadMe.txt file
describing each file.
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Step 1:

Step 2:

Step 3:

Open the Data Input Tool

[T] Output raw data as a CSV file

w Data Input Tool - (new file) E@
File' Run Results R Support Help
Sattings . Data Input Tool settings
R seltings Workspace [Creale new workspace -
=] Concentration data
Modelled data
[ Observed data =
Full path to file containing pollutant definitions
2
Full path to file containing monitoring station definitions
2

Data Input Tool Settings

Min: ‘

Max

Figure 3.1 The Data Input Tool ¢Settings€ screen

Select whether you wish to create a new workspace or add modelled data

You can choose to either create a new R workspace or to add a modelled dataset to

an existing R workspace created with the Data Input Tool.

Note that, when creating a new workspace, the data range of the modelled

dataset should cover the start and end time you wish to evaluate.

When adding a modelled dataset to an existing R workspace, the R
workspace must have been created by version 4.0 of the Data Input tool.

When adding multiple modelled datasets to a workspace, the modelled data
averaging time and statistic must be the same for all modelled datasets.
Refer to Table 3.1 for details.

If creating a new workspace, browse to select a pollutant definitions file

Your pollutant definitions file should be a CSV file with a comma separator,
containing a list of all the pollutants for which you wish to process data. For each
pollutant a set of parameters must be set. It is very important these parameters are
Refer to Table 3.1 for details of the information

set correctly for your data.

required.
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Step 4:

A B

1

2 no2 ug/m3
3 o3 ug/m3
4 pmilo ug/m3
5 pm2.5  ug/m3
7]
7
a8

9
4 4 » M| pollutants

¥a

C D E
énllutant!nutput.unitﬁ conv.ugm3.ppb min.allowed max.allowed
0.52 o 1000
0.5 1] 1000
1 1] 1000
1 0 1000

Figure 3.2 Example of a pollutant definitions file

Column header

Description

Allowed values

pollutant

Name of the pollutant to be
used in all output

n/a

output.units

Concentration units to be
used in all output

‘mol/mol’, ‘ppb’,
‘ng/m3’, ‘ug/m3’,
‘g/m3’ or ‘kg/m3’

‘ppm’,
‘mg/m3’,

conv.ugm3.ppb

Conversion  factor  from
ug/m’ to ppb (used for unit
conversions)

Any numeric value

min.allowed

Minimum allowed
concentration value

Any numeric value

max.allowed

Maximum allowed
concentration value

Any numeric value

Table 3.1 Details of the pollutant definitions CSV file columns.

If creating a new workspace, browse to select a stations definitions file

Your stations definitions file should be a CSV file with a comma separator, containing
a list of all the stations for which you wish to process data. Each station should have
a station type. Also, if you have selected one of the gridded netCDF modelled data
formats you will also need to include the station longitude and latitude.
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A B C D E

1 [name .lwpe latitude longitude
2 |[BG1 Suburban  51.56375 0.177928
3 |BG2 Suburban 51.32939 (.132889
4 BG3 Roadside 51.34043 (0.074451
5 |BLO Urban Bac 51.52206 -0.12578
6 |[BN1 Roadside  51.61467 -0.17658
7 |BN2 Urban Bac 51.39189 -0.20596
8 |BA5 Industrial 51.47789 0.190833
3 BO6 Industrial 51.47349 (.185298
10 |[BQY Urban Bac 51.49476 0.134384
11 |BQS Urban Bac 51.49476 0.134384
12 |BT1 Suburban 51.383982 -0.27549
13 BT4 Roadside 51.33247 -0.25306
14 |BT5 Industrial 51.55265 -0.24875
15 |BT6 Roadside 51.33779 -0.24776
M 4 » M| stations KCL latlong

Figure 3.3 Example of a station data file

If you are using either the London KCL or UK AURN observed data options then the
station names must match the station codes used by those networks.

Step 5: Select the option to output raw data to a CSV file if required

The processed data generated by the Data Input Tool will always be output as an R
workspace for analysis in the Model Evaluation Tool and/or Model Diagnostics Tool.

If you select this option then this processed data will also be output as a CSV file,
which can be useful for further analysis in other programs such as Excel.

Step 6: Select your modelled data.

Data Input Tool - (new file) [E=8 e |
File Run Results R Support Help
7] Settings _ Modelled data
Data Input Tool settings
[ R settings Modelled data label
[=+{_1 Concentration data
Modelled data Full path to file containing modelled data pollutant definitions
Observed data -3
Modelled data format [aDus PsT -
Single file or a whole directory? [Sing\e file v]

Full path to file containing modelled data

Data separato Comma (,)

Modelled data Min: | Mas: |

Figure3.4¢ KS 5 (F Ly Llzd (tkeéed Gaz2RSff SR
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Step 7:

You need to label the modelled dataset being read in to the tool.

This label will be used in the subsequent plots to identify the modelled
dataset. The label should be alpha-numeric and not include any special
characters such as ‘&’, ‘I’ or commas.

You can select either a single file or a whole directory of data files.
The Data Input tool supports the following formats for modelled data:

9 ADMS PST: point receptor output format from the ADMS suite of atmospheric
dispersion models

9 AIRSHEDS netCDF: gridded modelled data from the PASODOBLE IC-AIRSHEDS
netCDF work package

This option supports output from the PASODOBLE Web Coverage Service
(WCS) and output from individual IC-AIRSHEDS partners

I CAMS Ensemble netCDF: gridded data from the CAMS regional ensemble air
quality product

CMAQ netCDF: gridded modelled data from the CMAQ model

9 Generic CSV: standard text file
0 Refer to Section 5.1 for details of the required format
0 Select the separator used in your CSV files — either comma or semicolon

0 Enter the missing data indicator used in your CSV files (e.g. -999 or NA)

If creating a new workspace, select the modelled data pollutant definitions file

Your modelled data pollutant definitions file should be a CSV file with a comma
separator, containing a list of all the pollutants for which you wish to process data.
For each pollutant a set of parameters must be set. It is very important these
parameters are set correctly for your data. Refer to Figure 3.5 and Table 3.2 for
details of the information required.

A B c D E F |
1 éullutant!mud.aliaﬁ mod.units mod.avg.time.hours mod.statistic E|
2 |no2 no2 ug/m3 1 mean
3 o3 o3 ug/m3 1 mean
4 pmilo pmi10 ug/m3 1 mean
5 -
4 4 » ¢ | pollutants_airtext . ¥] [ m | Bl |

Figure 3.5 Example of a modelled data pollutant definitions file

Page 11



pollutant Name of the pollutant to be | n/a
used in all output

mod.alias Pollutant name as it appears | n/a
in the modelled data

mod.units Units that apply to the | ‘mol/mol’,  ‘ppb’, ‘ppm’,
modelled data ‘ng/m3’, ‘ug/m3’, ‘mg/m3’,

‘g/m3’ or ‘kg/m3’
mod.avg.time.hours | Averaging time in hours of | Aninteger value, minimum 1
the modelled data
(minimum 1 hour)
mod.statistic Statistic that applies to the | ‘max’, ‘mean’ or ‘rolling
modelled data mean’

Table 3.2 Details of the modelled data pollutant definitions file columns
Notes:

9 The ‘mod.alias’ settings will be the same as ‘pollutant’ unless the pollutant
names within the modelled data are different to ‘pollutant’, in which case
use the aliases to make sure the correct fields are extracted from the data.

I When adding multiple modelled datasets to a workspace, the modelled data
averaging time and statistic for a particular pollutant must be the same in all
modelled datasets.

Step 8: LF ONBIFGAYy3 | ySo éZANJ[Aé LI OS = fAél- @ASV
continue; if adding data to an existing workspace, de-4 St SOG WhoaSNBSR
Step 12

Step 9: Select the observed data pollutant definitions file

i Data Input Tool - (new file) [E=2(Ech ===

File Run Results RSupport Help

£ Settings

-4 Data Input Tool settings
- R settings

-1 Concentration data

5
-[d Modelled data -3 =
Observed data format IGeneric csv v]

Single file or a whole directory? lsmg\e file v]

Observed data

Full path to file containing observed data pollutant definitions

Full path to file containing observed data

Data separator Comma () -

Missing data indicator

Observed data Min: | Max: |

Figure3.6¢ KS 5 (0l Ly LJzi ¢seréeeh GhoaSNWSR

;U( (e

- R
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Your observed data pollutant definitions file should be a CSV file with a comma
separator, containing a list of all the pollutants for which you wish to process data.
For each pollutant a set of parameters must be set. It is very important these
parameters are set correctly for your data. Refer to Figure 3.7 and Table 3.3 for

details of the information required.

A B C D E F
1 éullutant!ubs.alias obs.units obs.avg.time.hours obs.statistic
2 |no2 no2 ug/m3 1 mean
3 o3 o3 ug/m3 1 mean
4 |pmil0 pmld  ug/ms3 1 mean
5 pm2.5  pm25 ug/ms3 1 mean
6 v
4 4 + ¢ | pollutants_obs %] [N m | 0
Figure 3.7 Example of an observed data pollutant definitions file
pollutant Namg of the pollutant to be | n/a
used in all output
obs.alias Pollutant name as it appears | n/a
in the observed data
obs.units Units that apply to the | ‘mol/mol’,  ‘ppb’, ‘ppm’,
observed data ‘ng/m3’, ‘ug/m3’, ‘mg/m3’,
‘g/m3’ or ‘kg/m3’

obs.avg.time.hours

Averaging time in hours of

An integer value, minimum 1

the observed data
(minimum 1 hour)

obs.statistic Statistic that applies to the | ‘max’, ‘mean’ or ‘rolling
observed data mean’

Table 3.3 Details of the observed data pollutant definitions file columns.

Notes:

9 The ‘obs.alias’ setting will be the same as ‘pollutant’ unless the pollutant
name within the observed data is different to ‘pollutant’, in which case use
the alias to make sure the correct fields are extracted from the data.

9 The observed data averaging time and statistic must either be the same as
for the modelled data, or 1 hour mean (then it will be recalculated to the
same averaging time and statistic as the modelled data).

Step 10:

Select your required observed data option.

The Data Input tool supports the following formats for observed data:

I Generic CSV: standard text file

0 Referto Section 5.1 for details of the required format

Select the separator used in your CSV files — either comma or semicolon

(0}
0 Enter the missing data indicator used in your CSV files (e.g. -999 or NA)
(0}

Select either a single CSV file or a whole directory of CSV files

Page 13




Step 11:

Step 12:

Step 13:

Step 14:

 London KCL

This option requires internet access

0 King's College London (KCL) maintain a network of 123 monitoring sites
in Greater London

0 Data for all required stations and pollutants will be downloaded and
imported for a time period to match the modelled data

I UK Automatic and Rural Network (AURN)

This option requires internet access

0 The UK AURN is the national network of automatic monitoring stations
around the UK

0 Data for all required stations and pollutants will be downloaded and
imported for a time period to match the modelled data

A 2 oA

LT WDSYSNRO /{+Q Aa asifidothedolowing: 3 (KS
I Browse to select the observed data file or directory

9 Choose the data separator used in the CSV file; the available options are
comma (default) and semi-colon

9 Specify the missing data indicator, for example -999 or NA
Save the settings file and Run the Tool

To save the settings file go to “File” on the toolbar and select “Save” or “Save As...”.
To run the tool with the current settings select “Run” from the toolbar and then
“Data Input Tool”.

Note: If Run is selected without saving a .tki file, the Tool will prompt the user to
save.

Check the log file

The Data Input Tool generates a log file when it runs; this records all the processing
messages that are shown in the run screen as well as any error and warning
messages issued. It is good practice to check the log file for any problems that may
have occurred.

To see the log file go to “Results” on the toolbar and select “View log”. This option
will open the log file in your preferred text editor (Notepad by default).

If “View log” is not available to select, this is because no log file exists for the
currently loaded .tki file.

View results folder

To open the results folder for the currently loaded .tki file, go to “Results” on the
toolbar and select “Open results folder”. This will open the results folder in Explorer.

If “Open results folder” is not available to select, this is because the .tki file has not
yet been run and therefore no results are available to view.

Refer to Section 4.1 for details of the output from the Data Input Tool.
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3.2 Model Evaluation tool

This section gives a step-by-step guide to using the Model Evaluation tool. For details of each graph
type, please refer to Section 4.2.

Tip: In the Model Evaluation Toolkit installation directory you will finda' Dat a S a mdgrécterg.’ sub
Here you will find sample files in the formats recognised by the Toolkit, and a ReadMe.txt file
describing each file.

Step 1:

Step 2:
Step 3:

Step 4:

Open the Model Evaluation tool

w Meodel Evaluation Tool - (new file)
File Run Results R Support Help

E-3 Project
I R settings
£+ Models, stations and pollutants
Models, stations and pollutants
E| 1 Grouping and filtering
Grouping and filtering
E| {1 Concentration evaluation
i [ concentration evaluation
: Forecast index evaluation
L Forecast index evaluation
& Qutput
Output

Project

Full path to R workspace

Project name

Project

Min: | Max: |

Figure3.8¢ K S

azRSf

9 @I t dzlsirekri2 y ¢ 2 2 f

Browse to select the workspace previously created by the Data Input tool

Enter a project name. This will appear on the titles of graphs.

Select which modelled datasets to evaluate

Page 15
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W Model Evaluation Tool - (new file) EI@

File Run Results R Support Help

= PrOJect_ Models, stations and pollutants
Project

R settings
£+ Models, stations and pollutants
£+ Grouping and filtering
Grouping and filtering
£+ Concentration evaluation
Concentration evaluation
£+ Forecast index evaluation
Forecast index evaluation
- Output
Output

Analyse all modelled datasets or just one? [AH modelled datasets vl

Analyse all station types or just one? [AH station types vl

Analyse all pollutants or just one? [AH pallutants vl

‘Mude\s, stations and pollutants Min: ‘ Manc: |

Figure 3.9 The Model Evaluation Toof & a 2statfofis anl p2 f f dzisdre¢nii & €

You can either evaluate all modelled datasets or just one modelled dataset. If you
only want to evaluate one modelled dataset, enter its label (as specified in the Data
Input tool) in the box provided.

Tip: If you d o n ' the lakels of whe modelled datasets that are available, type
any text into the box. When you run the tool it will declare that no data are available
for that modelled dataset and give you a list of the available labels.

Step 5: Select which station types to evaluate

You can either evaluate all station types or just stations of one type. If you only want
to evaluate stations of one type, enter the name of this station type in the box
provided.

Ti p: I f you don’t k now wpeiany text istd thetbax.on t y p €
When you run the tool it will declare that no data are available for that station type
and give you a list of the available station types.

Step 6: Select which pollutants to evaluate

You can either evaluate all pollutants or just one pollutant. If you only want to
evaluate one pollutant, enter the name of this pollutant in the box provided.

Ti p: I f you don’t know wlhohyaekt into thé Bout ant s
When you run the tool it will declare that no data are available for that pollutant and
give you a list of the available pollutants.

Page 16



Step 7: Choose how to group and filter the data

& Mode! Evaluation Toal - (new file) =3 R <=

Eile Run Results RSupport Help

=~ Project
- Project

R settings How should the data be grouped and fitered? | Group by station, filter by pellutant and | +
=~ Models, stations and pollutants >
‘Group by station, filter by pollutant and model

= _
ME_N,EIS’ stations and pollutants Group by statien, filter by pollutant, model and station type
7] Grouping and filtering Group by statien, filter by model and station type

Grouping and filtering

+-{] Grouping and filtering Group by station, filter by model

-1 Concentration evaluation Group by station type, filter by pollutant and model
“-[@ Concentration evaluation Group by statien type, filter by medel

(=11 Forecast index evaluation Group by model, filter by pollutant and station type
Forecast index evaluation Group by model, filter by pollutant

=9 Output Group by model, filter by station type

Group by model, no filtering
Group by pollutant, filter by model and station type
Group by pollutant, filter by model

Output

Select a group and filtering option from the list Min: ‘ Max: ‘

Figure3.10¢ KS a2 RSt 9@ f dzF 0 AfR§ (i Gs¥Fed/ 3 & DNER dzLIA Y 3

‘Grouping’ describes what each data point on a plot represents. The Model
Evaluation tool supports grouping the data by:

f Station'

9 Station type

1 Pollutant

9 Model (or modelled dataset)

‘Filtering’ describes how the data is to be split across plots; for example if the option
to filter by station type is selected then data for different station types will be
plotted on separate plots.

The default option is to group by station and filter by pollutant and model. Data
must always be either grouped by or filtered by model (or modelled dataset)
because the datasets must always be evaluated separately against the observed
data.

Note that there are limitations on the grouping and filtering variables available for
each plot option, appropriate to what each plot presents. For example, the forecast
index evaluation plots present normalised variables and so all options are available
with the only constraint being that the data must be either grouped or filtered by
model. Whereas for concentration evaluation plots, the data must be grouped or
filtered by both pollutant and model. Table 3.4 presents the available paired
options for grouping and filtering for each plot. Refer to Sections 4.2.1 and 4.2.2 for
details about these graphs.

It is noted that, for the frequency scatter plot, conventional scatter plot and QQ plot options, the option to
group by station should be chosen. In these specific cases, the data are plotted for all stations together on the
same graph. If a graph for an individual station is required, refer to Section 3.3 for the Model Diagnostics tool.
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Plot Allowed Group Allowed Filter
Target plot Station Model and Pollutant
Station Model and Pollutant and Station type
Station type Model and Pollutant
Pollutant Model
Pollutant Model and Station type
Model Pollutant
Model Pollutant and Station type
Box and whisker plot | Station Model and Pollutant
Station Model and Pollutant and Station type

Station type

Model and Pollutant

Model

Pollutant and Station type

Scatter plot Station Model and Pollutant

Station Model and Pollutant and Station type
Quantile-quantile Station Model and Pollutant
plot Station Model and Pollutant and Station type
Forecast index plots | Station Model

Station Model and Pollutant

Station Model and Station type

Station Model and Pollutant and Station type

Station type

Model

Station type

Model and Pollutant

Pollutant Model

Pollutant Model and Station type

Model -

Model Pollutant

Model Station type

Model Pollutant and Station type
Time plot Station Model and Pollutant

Table 3.4 Grouping and filtering options for the Model Evaluation tool
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Step 8: Concentration Evaluation
I Model Evaluation Tool - (new file) = | =<
File' Run Results R Support Help
=10 Project - :
3 Project Concentration evaluation
Project
R settings Full path to output averaging times file
=+ Models, stations and pollutants 5
. jons and p =
=+ Grouping and filtering Data capture threshold (%) 75
L G i nd Filteri
rouping a ering [C] Include openair modStats results in CSV
=-{_ Concentration evaluation
~ Graph options
-3 Forecast index evaluation [”] Box and whisker plot
“[@ Forecast index evaluation
£+ Output
‘-3 Output
Type Frequency
[C] Quantile-quantile plot
[”] Time plot averaged over all stations
[[] Target plot (DELTA 1.2)
[C] Target plot (DELTA 3.3)
y
L o
Concentration evaluation Min: I Max: I

Figure3.11¢ KS a2 RSt 9 QI € dzt (i A 881 tedel abderiy’é2 y OSy (i NI

This part of the tool compares the modelled concentrations to observed
concentrations.

9 Check the box to perform the concentration evaluation.

9 Select your output averaging times file.

Your output averaging times file should be a comma-separated CSV file
containing one row per pollutant. For each pollutant, the required averaging
time and statistic must be set. Table 3.5 below describes these parameters.

A B C D
1 éoIIutant!output.avg.time.hours output.statistic output.daily.max
2 no2 24 max no
3 |pml0 24 mean no
4 o3 8 rollingmean  yes
5 pm2.5 24 mean no
M4 b output_averaging_times ¥ |_ il

Figure 3.12 Example of an output averaging times file
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Column header Description Allowed values

pollutant Name of the pollutant as | n/a
defined in the pollutant
data file used in the Data
Input tool

output.avg.time.hours | Averaging time in hours | An  integer value,
to be applied to the | minimum1

concentration evaluation
output  (minimum 1

hour)

output.statistic Statistic that applies to | ‘max’, ‘mean’ or
the concentration | ‘rolling mean’
evaluation output

output.daily.max Should output be based | ‘yes’ or ‘no’

on the daily maximum of
the calculated values?

Table 3.5 Details of the output averaging times CSV file columns. n/a indicates that values
are unrestricted.

9 Enter a data capture threshold to apply to the output averaging process. For
example, for an 8-hour rolling mean, a 75% data capture threshold means
that at least 6 hours of data must be valid in each period for the averaged
data for this period to be considered valid and used in the evaluation.

9 Six graph options are available: a box and whisker plot, a scatter plot as
either a frequency (binned) or conventional scatter plot, a quantile-quantile
plot, a time series plot averaged over all stations, a target plot from version
1.2 of the FAIRMODE DELTA Tool and a target plot from version 3.3 of the
FAIRMODE DELTA Tool. Check the boxes of the graphs you require. Refer to
Section 4.2.1 for details about these graphs.

9 If you have selected the box plot option, check the ‘Show outliers’ option if
you want outliers to be plotted on the graph

9 If you have selected the scatter plot option, select which type of plot you
require; a frequency scatter plot or conventional scatter plot.

Tip: The frequency scatter plot is better suited to larger sets of data, the
conventional scatter plot to smaller sets.

9 If you have selected any of the box plot, scatter plot or quantile-quantile
plot options, check the appropriate ‘Use log scale’ option if you wish the
numerical axes of the plot to be scaled to logy,.

9 If you have selected the target plot from DELTA v3.3, select your
uncertainties file.

Your uncertainties file should be a comma-separated CSV file containing one
row per pollutant. For each pollutant, the coefficients of the measurement
uncertainty given by the FAIRMODE DELTA v3.3 methodology [1] must be
specified. Table 3.6 describes these parameters.
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A B C D E G H
1 éollutam!k ur LV alpha Tarrgetunits target.avg.time.hours target.statistic %
2 |NO2 2 0.12 200 0.02 ug/m3 1 mean
3 |03 1.4 0.09 120 0.62 ug/m3 8 rolling mean
4 [PM1O 2 0.138 50 0.027 ug,r'm3 24 mean
5
6
4 4 » M| uncertainties < ¥J [ m 0 |

Figure 3.13 Example of an uncertainties file

independent of the limit
value.

Column header Description Allowed values
pollutant Name of the pollutant as | n/a
defined in the pollutant
data file used in the Data
Input tool
k Coverage factor, k. Refer to the DELTA
v3.3 methodology [1]
ur Measurement Refer to the DELTA
uncertainty, é{)‘b v3.3 methodology [1]
LV Limit value (or reference | Refer to the DELTA
value) v3.3 methodology [1]
alpha Proportion of the | Refer to the DELTA
measurement v3.3 methodology [1]
uncertainty  that is

target.units

Units that apply to the
measurement
uncertainty

‘mol/mol’, ‘ppb’,
‘ppm’, ‘ng/m3’,
‘ug/m3’, ‘mg/m3’,

‘g/m3’ or ‘kg/m3’

target.avg.time.hours

Averaging time in hours
that applies to the
measurement
uncertainty, which
should be equal to that
applied to the
concentration evaluation
output (minimum 1
hour)

An integer value,
minimum 1

target.statistic

Statistic that applies to
the measurement
uncertainty, which
should be equal to the
concentration evaluation
output

‘{

max’, ‘mean’ or
‘rolling mean’

Table 3.6 Details of the uncertainties CSV file columns. n/a indicates that values are

unrestricted.
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Step 9: Forecast Index Evaluation
This part of the tool converts both the observed and modelled concentrations to
‘forecast indices’ and performs an evaluation based on these forecast indices.
K Model Evaluation Tool - (new file) =2 Ech==<=
File Run Results R Support Help
E'J Project Forecast index evaluation
Project
Full path to index scales file
] Models, stations and pollutants 5
: Models, stations and pollutants =
Grouping and filtering Full path to alert threshold levels file
Grouping and filtering N
1 Concentration evaluation =
[ Concentration evaluation Data capture threshold (%) 75
(-9 Forecast index evaluation Graph options
Forecast index accuracy
B0 Output ] Forecast alerts: Odds ratio skill ORSS
; Output ore alerts: 1o skill score ( )
| Forecast alerts: Performance metrics
Forecast index evaluation Min- ‘ Maxc: |
Figure 3.14 The Model Evaluation Toold C2 NB OF & A yderéeh S @I f dzk G A 2y
9 Check the box to perform the forecast index evaluation.
9 Select your index scales file.
Your index scales file should be a comma-separated CSV file containing one
row per pollutant. For each pollutant, index-related parameters must be set.
Table 3.7 describes these parameters. At least one index threshold
concentration must be defined.
A B G D E F G H 1 J K L M N [#]
1 Emlluiam!index.unhs index.avg.time.hours index.statistic index.daily.max il i2 i3 i4 i3 i6 i7 i3 i9 il0
2 no2 ug[m3 1 mean yes o 68 135 201 268 335 401 468 535 601
3 o3 ug/m3 & rolling mean  yes 0 34 67 101 121 141 161 188 214 241
4 pmlo ug,fm3 24 mean yes o 17 34 51 59 67 76 84 92 101
5 pm2.s  ug/m3 24 mean yes 0 12 24 26 42 48 54 59 65 71
6
|4 <« ¥ ¥ index_scales <] [ m

Figure 3.15 Example of an index scales file
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threshold concentrations
(minimum 1 hour)

Column header Description Allowed values
pollutant Name of the pollutant as | n/a
defined in the pollutant
data file used in the Data
Input tool
index.units Units in which the index | ‘mol/mol’, ‘ppb’, ‘ppm’,
threshold concentrations | ‘ng/m3’, ‘ug/m3’,
are given ‘mg/m3’, ‘g/m3’ or
‘kg/m3’
index.avg.time.hours | Averaging time in hours | An integer  value,
that applies to the index | minimum 1

index.statistic

Statistic that applies to
the index threshold
concentrations

‘

max’, ‘mean’ or ‘rolling
mean’

index.daily.max

Is the forecast given as
the daily maximum of the
calculated indices?

‘ves’ or ‘no’

for index level n

i1 Threshold concentration | Any numeric value
for index level 1

i2 Threshold concentration | Any numeric value
for index level 2

i{n} Threshold concentration | Any numeric value

Table 3.7 Details of the index scales CSV file columns. n/a indicates that values are

Select your alert thr

unrestricted.

esholds file.

Your alert thresholds file should be a comma-separated CSV file containing
one row per alert. Each alert should have a name and an alert threshold
defined in terms of the user-defined index scales. Table 3.8 describes these

parameters.
A B C D E F K
1 |index !name =
2 4 moderate
3 7 high
4 10 very high
5
4 4 » M| alert_thresholds < #2 [ TR [

Figure 3.16 Example of an alert thresholds file

Column header

Description

Allowed values

index

Threshold index for this alert

Any integer value

name

The name to give to this alert
in all output

n/a

Table 3.8 Details of the alert thresholds CSV file columns. n/a indicates that values are

unrestricted.
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i Enter a data capture threshold to apply to the forecast index averaging
process. For example, for an 8-hour rolling mean, a 75% data capture
threshold means that at least 6 hours of data must be valid in each period
for the averaged data to be valid and used in the evaluation. The threshold
will also be applied over each day if the daily maximum is set to “yes” in
your index scales file.

9 Select the graphs you require

There are three graph options (for details about these graphs, refer to
Section 4.3):

1. Forecast index accuracy
2. Forecast alerts: Odds ratio skill score (ORSS)
3. Forecast alerts: Performance metrics

Check the boxes for the graph output you require.

Step 10:  Select graph output format

I Model Evalustion Tool - (new file) I

File Run Results RSupport Help

E|_l Project Oulput

@ Project

4 R settings Graph output format [JPG -I
=+ Models, stations and pollutants

Models, stations and pollutants Image file size [Large (Ad) vl
=+ Grouping and filtering

i--[d Grouping and filtering
-3 Concentration evaluation

-4 Concentration evaluation
=0 Forecast index evaluation

"-[d Forecast index evaluation
=+ Output

[”] Output processed data and statistics as a CSV file

‘Output Min: | Max:

There are three graph output options: JPG, PNG and PDF.

The first two options produce image files that can be imported into other
documents. One image file is produced for each graph. The PDF option produces
PDF files (size A4), with one PDF file per graph type.

Page 24



Step 11:

Step 12:

Step 13:

Step 14:

Step 15:

Select image file size
There are three options: Large (A4), Medium and Small.

These options only apply to the image output formats JPG or PNG. PDF output is
always produced on A4. Reducing the overall image size will increase the
proportional size of text. These options provide flexibility to produce graphs for
reports or presentations.

Choose whether to output processed data and statistics as CSV

This is a very useful option that produces CSV files containing all of the numerical
data used to create the graphs, also some statistics not shown on the graphs. Refer
to Section 4.2 for details of the contents of these files.

Save the settings file and Run the Tool

To save the settings file go to “File” on the toolbar and select “Save” or “Save As...”.
To run the tool with the current settings select “Run” from the toolbar and then
“Model Evaluation Tool”.

Note: If Run is selected without saving a .tkm file, the Tool will prompt the user to
save.

Check the log file

The Model Evaluation Tool generates a log file when it runs; this records all the
processing messages that are shown in the run screen as well as any error and
warning messages issued. It is good practice to check the log file for any problems
that may have occurred.

To see the log file go to “Results” on the toolbar and select “View log”. This option
will open the log file in your preferred text editor (Notepad by default).

If “View log” is not available to select, this is because no log file exists for the
currently loaded .tkm file.

View results folder

To open the results folder for the currently loaded .tkm file, go to “Results” on the
toolbar and select “Open results folder”. This will open the results folder in Explorer.

If “Open results folder” is not available to select, this is because the .tkm file has not
yet been run and therefore no results are available to view.

Refer to Section 4.2 for details of the output from the Model Evaluation tool.

Page 25



3.3 Model Diagnostics Tool

The aim of the model diagnostics tool is to enable further investigation of the performance of a

model at one particular monitoring station for one particular pollutant.

Tip: In the Model Evaluation Toolkit i

Here you will find sample files in the formats recognised by the Toolkit, and a ReadMe.txt file

describing each file.

Step 1:

Step 2:

Step 3:

nstall ati

Open the Model Diagnostics Tool

on

directory -dyegosy. wi | | f

Model Diagnostics Tool - (new file)

Eile Run Results R Support

Help

f=lie s

R settings
Station, pollutant and model

Data to plot
: Data to plot
B 7 Plot options
Plot options
=+ Output

Output

Station, pollutant and model

Project

Full path to R workspace file

Project name

Settings

Min: | Max: |

Figure3.17¢ K S

az2zRSf

5Al 3y 2saréen Oa

¢ 22f¢

Browse to select the workspace previously created by the Data Input tool

Enter a project name; this will appear on the titles of graphs
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Step 4:

Step 5:

Enter station, pollutant and modelled dataset label

Here you should type in the appropriate boxes the name of the station, pollutant
and modelled dataset that you wish to produce plots for.

Model Diagnostics Tool - (new file) [E=8 EeR 5

File Run Results RSupport Help

703 Project. Station, pollutant and model
-[F Project

“-[d R settings Station
B0 Station, pollutant and model

¥ F]| Station, poliutant and model Pollutant

=] J Data to plot Modelled dataset

: Data to plot
=1 Plot optiens

-[Z Plot options
B0 Output

: Output

Station name, pollutant name and modelled dataset Min: | Max: |

Figure 3.18 The Model Diagnostics ¢ 2 2 f & pollukadit And ryiabelé screen

Choose which type of data to plot
There are three options for the type of data to plot (see Figure 3.19):
1. Plot raw concentration data

This plots the data as it was entered, in the averaging time of the modelled
data.

2. Plot calculated statistics

This plots the selected statistic, from a choice of the following: 8-hour rolling
mean, 8-hour mean, daily mean, daily maximum and the daily maximum of
the 8-hour rolling mean.

3. Plot calculated forecast indices

This converts both the modelled and observed data to indices (as defined in
the index scales file described in Section 3.2, step 9, and detailed in Table
3.7).

If ‘Raw concentration data’ or ‘Calculated statistics’ is selected, then one to ten
reference values may also be plotted on the graph. To enter more than one
reference value, separate the values with a comma, e.g. ‘50, 100’. If ‘Forecast
indices’ is selected, then the alert thresholds defined in the selected alert thresholds
file (described in Section 3.2, step 9) can be plotted on the graphs as reference lines.
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Step 6:

If either calculated statistics or forecast indices are selected, you also need to enter
a data capture threshold to apply to the averaging process. For example, for an 8-
hour rolling mean, a 75% data capture threshold means that at least 6 hours of data
must be valid in each period for the averaged data for that period to be valid and
used in the graph.

File Run Results R Support Help
i @ Pro ;
~ Type of data to plot [Raw concentration data v]
=7 Station, pollutant and model
Station, pollutant and model Reference values {optional)
& ta to plot Statistic |B-hour rolling mean v|
= Plot options Data capture threshold (%)
*-[&@ Plot options Forecast indices
L3 Output . i
\-@ Output Full path to index scales file
| \
[ Plot alert thresholds
Full path to alert threshold levels file
| |
Choose the data to be plotted Min: I Manc: I
Figure3.19¢ KS a2 RSf G5S5Al Iy 2alskreea ¢ 2 2 ¢

Select which plot options you require

File  Run
=3 Project
-~ Project
[ R settings
=17 Station, pollutant and model
".[@ Station, poliutant and model
-1 Data to plot

Results R Support

Help

Time plot
Scatter plot

Time variation (always plots raw data)

: Data to plot Type |Frequency

=1 Plot options

B¥Ei| Piot options Filtering option |No filtering
E-E3 Output [ Use a log scale?
‘@ Output

Choose which openair graphs to plot

Min: I Manc: I

Figure 3.20 The Model Diagnostics ¢ 2 2

BJb & Bcgeén?
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Step 7:

There are three plot options (for full details on the graphs refer to Section 4.3):

This openair graph plots averages by weekday, month and hour. The settings
in the ‘Data to plot’ section do not apply to this graph; it uses the raw data
as it was entered into the Data Input tool.

This openair graph is a time series plot of both modelled and observed data.

1. Time variation
2. Time plot
3. Scatter plot

This openair graph plots modelled against observed data. Select which type
of plot you require; a frequency scatter plot shows the frequency of
occurrence of each point whereas a conventional scatter plot shows one
point per pairwise modelled-observed data point. The scatter plot can be
scaled to log,o and filtered by weekday, month or season.

Tip: The frequency scatter plot is better suited to larger sets of data, the
conventional scatter plot to smaller sets.

Select graph output format and image file size

Model Diagnostics Tool - (new file)

File Run Results R Support

Help

=1 Ecl 53

=1 Project
- @ Project
= R settings
Station, pollutant and model
‘[ Station, pollutant and model
=+ Data to plot
‘[ Data to plot
=3 Plot options
Plot options
=0 Output

Output

Graph output format |JFG

Image file size ||_arge (Ad)

‘ Qutput options

Min: | Max: |

There are three graph output format options: JPG, PNG and PDF. The first two
options produce image files that can be imported into other documents. The PDF
option produces PDF files.

There are three image file size options: Large (A4), Medium and Small. These
options only apply to the image output formats JPG or PNG. PDF output is always
produced on A4. Reducing the overall image size will increase the proportional size

of text.
presentations.

These options provide flexibility to produce graphs for reports or
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Step 8:

Step 9:

Step 10:

Save the settings file and Run the Tool

To save the settings file go to “File” on the toolbar and select “Save” or “Save As...”.
To run the tool with the current settings select “Run” from the toolbar and then
“Model Diagnostics Tool”.

Note: If Run is selected without saving a .tkd file, the Tool will prompt the user to
save.

Check the log file

The Model Diagnostics Tool generates a log file when it runs; this records all the
processing messages that are shown in the run screen as well as any error and
warning messages issued. It is good practice to check the log file for any problems
that may have occurred.

To see the log file go to “Results” on the toolbar and select “View log”. This option
will open the log file in your preferred text editor (Notepad by default).

If “View log” is not available to select, this is because no log file exists for the
currently loaded .tkd file.

View results folder

To open the results folder for the currently loaded .tkd file, go to “Results” on the
toolbar and select “Open results folder”. This will open the results folder in Explorer.

If “Open results folder” is not available to select, this is because the .tkd file has not
yet been run and therefore no results are available to view.

Refer to Section 4.3 for details of the output from the Model Diagnostics tool.
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4 Output

All three tools generate output files that are in the same directory as the input .tki, .tkm or .tkd file,
with the name of the input file as a prefix, for easy identification. In addition to tool-specific output,
all three tools produce a .log file that records messages written to the output screen, including any
error or warning messages.

4.1 Data Input Tool Output

4.1.1 R Workspace
This is an R workspace containing all the data imported by the Data Input tool, processed and ready
for import into the Model Evaluation and Model Diagnostic tools.

This workspace can also be loaded into R to explore the data further.

4.1.2 CSVfile

This contains the time series of concentrations (in output units as defined in the pollutants
information file) for every station and pollutant for which both monitored and modelled data are
available, with the same averaging time and statistic as the modelled data.

4.2 Model Evaluation Tool Output

4.2.1 Concentration Evaluation Output

4.2.1.1 Target plot (DELTA 1.2)

The ‘Target’ plots produced by the concentration evaluation part of the Model Evaluation tool are
similar to the plot produced by the FAIRMODE DELTA tool [1]. These plots can be output as defined
by either version 1.2 or version 3.3 of the DELTA tool. This section describes output in line with
version 1.2 of the DELTA tool.

For DELTA version 1.2, the metrics calculated by the tool for each monitoring station and pollutant
and shown on the target plot are:

Centralised root-mean-square error (CRMSE):

1 . on « . 2
CRMSE= T Ugq U Ug U

a1l

0 is the mean modelled concentration, U is the mean observed concentration.

Mean bias (BIAS):

1
a1
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Standard deviation of the observations (0. 4 :

_ o v 9
wédi — o Uo U
£ 0 Q
‘21

Standard deviation of the modelled data (0 . m):

na€Q = 0 qQ U 2
a1
Target (7):
_ BIAS? CRMSE®
The target plot shows Bfésagainst CR"YISE where
n €W » EW
~ CRMSE | S
IP - I ” ) ”Q ” X
CRMSE _ g ae ew
nedi r CRMSE
- ’ w L if wEG Z naEQ
7EW

The radial distance to a data point on the target plot is equal to “Yfor that station. The smaller the
value of Y the better the concentration prediction for that station.

The black circle represents "¥1, the dark green circle represents "¥0.8, the light green circle
represents "¥0.65 and the dotted line represents "¥0.3. In DELTA v1.2, 0.8 is the ‘criteria’ value,
0.65 is the ‘goal’ value and 0.3 is the uncertainty.

Figure 4.1 shows an example of target plot (DELTA 1.2) output from the concentration evaluation
part of the model evaluation tool (all pollutants, all station types).
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BIAS/Gops

Target plot: airText 2012, run-a, ALL STATIONS, ALL POLLUTANTS

from 01/01/12 00:00 to 31/12/12 23:00

-2 -1 0 1
| 1 | 1 1| | 1 1
daily mean PM2.5 hourly mean NO2
= -2
T=1
N 1
L]
0
n
*o
X
<o
— — -1
Omod > Oobs Gobs > Omod Gmod > Oobs Oobs > Omod
s - -2
8-hour rolling mean O3 daily mean PM10
2 L
T=1
1 =
Gmod > Cobs Oobs > Omod Smod > Oobs Oobs > Omod
£ L
T T T T | T
-2 -1 0 1 2
CRMSE /64ps
bg1 o] bx2 “a ea2 X gn3 * hs2 =® ke5 o b1 -] th2 A
bg2 A bx3 © ea6 O gnd @ hs4 ¥ ke7 o 3 XX tha \v4
bio bx8 4 ea7 grd , hs5 Ib4 rbd tk8
bnt X cdl & ea8 R g5 O hs6 @ bs A s B wa2 A
b2 O cd3 @ eit $ ar7 o hs7 XX 1b6 v ri1 2 wa? 4+
bgs cd9 e ei2 a8 O hss B twi o ri2 [ ] wa8 X
bq6 cr3 ei7 ar9 hs9 w2 sk5 wag
bq7 g ca O ent XX 7S v na 8 w3+ st3 A wmo
bq8 crs O end B hg1 (o] is2 =1 me1 X st4 > wmé
bt4 otl en5 hg2 L is6 @ me2 st5 ®
b5 XX 3 v g0 B ho 4+ kel A myl W st @
bts B o6 O g ® hke X k2 # my7 st O
o B a8 A g0 @ o O ke3 @ m2 ¥ tdo O
bx1 eal an2 hr2 ked nm3 th1

Figure 4.1 Example of a target plot (DELTA 1.2) from the concentration evaluation part of the Model
Evaluation tool (grouped by station and filtered by model and pollutant for a single model ¥un-a
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4.2.1.2 Target plot (DELTA 3.3)

The ‘Target’ plots produced by the concentration evaluation part of the Model Evaluation tool are
similar to the plot produced by the FAIRMODE DELTA tool [1]. This section describes output in line
with version 3.3 of the DELTA tool.

For DELTA version 3.3, the metrics calculated by the tool for each monitoring station and pollutant
and shown on the target plot are:

Centralised root-mean-square error (CRMSE):

1
el

0 is the mean modelled concentration, U is the mean observed concentration.

Mean bias (BIAS):

1
a1

Root-mean-square of the observation measurement uncertainty (RMSu):

RMS =@ 1 | 02+ ,2 +| 0o®

where 82 is the standard deviation of the observed data, LV is the limit value of interest and the
other coefficients, Q ('}P‘b and | , are derived for a specific pollutant from measurement data, as
described in the FAIRMODE DELTA v3.3 methodology [1] and associated papers [4,5]. An example
uncertainties file is provided in the data examples, using the values reported by DELTA v3.3:

oyT » LV (ug/m3)
NO2 2 0.120 0.020 200
03 1.4 0.090 0.620 120
PM10 2 0.138 0.027 50
Target (7): e BIAS 2,  CRMSE?
arget (1) - 2RMS 2RMS,
BIAS .. CRMSE
The target plot shows RNS, against 2RVS, NI\/lSthere
CRMSE . NMSD
;-.';' f ——<1
CRMSE " 2RM§ 21 Y
2RMS, \usp o CRMSE . NMSD 1

if —>
iy 2RM§ 21 Y

R is the Pearson’s correlation coefficient and NMSD is the normalised mean standard deviation

wd mé Jwg-

The radial distance to a data point on the target plot is equal to “"Yfor that station. The smaller the
value of "Ythe better the concentration prediction for that station.
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The black circle represents “¥1, which represents the performance criteria and should be fulfilled by
at least 90% of stations. The dashed black circle represents "¥0.5. The grey lines separate quadrants
representative of the dominant error in the modelled data, from positive or negative BIAS, or from
standard deviation (SD) or correlation (R) errors in the CRMSE.

Figure 4.2 and Figure 4.3 show examples of output from the concentration evaluation part of the
model evaluation tool with different grouping and filtering options.

Target plot (DELTA 3.3): airText 2012, run-a, ALL STATIONS, ALL POLLUTANTS
from 01/01/12 00:00 to 31/12/12 23:00

2 -1 0 1 2
| | | 1 L1 1 1 | |
daily mean PM2.5 hourly mean NO2
i -2
Bias|>0 Bias|> 0
n -1
0
. - -1
Bias|< 0 Bias|< 0
. - -2

8-hour rolling mean O3 daily mean PM10

Bias[> 0 Bias|>

BIAS/(2RMSu)

-2 -1 0 1 2
CRMSE/(2RMSu)

bgl O b2 W ea2 X gn3 & hs2 ®& ks O m @ th2 A
bg2 A x3 @ ea6 O gnd @ hsd ¥ ke7 u} w3 XX thd v
) bx9 ea? ard hs5 Ib4 b4 tk8
b1 X cdl * eas8 K g5 O hs6 @ 1b5 A s B wa2 A
b2 O cd3 @ eil $ a7 ] hs7 XX 1b6 \v4 i1 2 wa?  +
bgs cd9 . ei2 g8 O hs8 H w1 (e} 2 | wa8 X
bg6 cr3 ei7 ar9 hs9 w2 sk5 wa9
ba7 ¥ cra O ent XX L7 V4 e & ws  + st3 A wmo
b P o5 O end H hg1 (o) is2 =] met X std o wmé
bt4 ct1 en5 hg2 is6 me2 stS
b5 XX <IN v4 g0 B ho 4 kel A myl v st6 e
bt6 5] ctb o gb6 o hk6 X ke2 * my7 = st7 o]
>0 B a8 A g0 @ o O k3 @ m2 ¥ tdo O
bx1 eat gn2 hr2 ke nm3 th1

Figure 4.2 Example of a target plot (DELTA 3.3) from the concentration evaluation part of the Model
Evaluation tool (grouped by station and filtered by model and pollutant for a single model ¥un-a(p
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BIAS/(2RMSu)

Target plot (DELTA 3.3): airTEXT 2012, ALL STATIONS, ALL POLLUTANTS
from 01/01/12 00:00 to 31/12/12 23:00

-2 -1 0 1

| |
Sensitivity-G Sensitivity-J

= - 2
Bias|> 0 Bias|> 0
2 -1
0
. - -1
Bias|< 0
- — -2
Forecast Sensitivity-C
2 — -
Bias|> 0
1 — s
0
-1 - —
-2 - -
-2 -1 0 1 2
CRMSE /(2RMSu)
8-hour rolling mean O3 (o] daily mean PM10 A hourly mean NO2

Figure 4.3 Example of a target plot (DELTA 3.3) from the concentration evaluation part of the Model

Evaluation tool (grouped by pollutant and filtered by model)
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4.2.1.3 Boxand Whisker plot
The Box and Whisker plot shows 5 pieces of information for each station, for each of the modelled

and observed datasets:

1. The lower whisker

2. The 25" percentile (the lower quartile — the lower end of the box)
3. The 50" percentile (the median — the horizontal line inside the box)
4. The 75" percentile (the upper quartile — the upper end of the box)
5. The upper whisker

The inter-quartile range (IQR) is defined as the 75™ percentile minus the 25" percentile, i.e. the
length of the box. The lower whisker is defined as the lowest concentration value still within
1.5xIQR of the lower quartile. The upper whisker is defined as the highest concentration value still
within 1.5xIQR of the upper quartile. Optionally, the outliers lying outside of the upper and lower
whisker can also be plotted, and the plot can be displayed on a logy, scale. An example box and
whisker plot is shown in Figure 4.4.

Box and Whisker plot: AIRTEXT 2012 VALIDATION
ROADSIDE, 8-HOUR ROLLING MEAN O3

200
0 observed
® Forecast
= Sensitivity-C
150 — ® Sensitivity-G
= Sensitivity-J
©
£
9 100 —
™
o
50 —
0 e

Stations

Summary

Date range 01/01/12 00:00 to 31/12/12 23:00 Valid stations 9 out of 57

Figure 4.4 Example of a box and whisker plot from the concentration evaluation part of the Model
Evaluation tool (grouped by station and filtered by model and pollutant; displaying single station type
Roadside¥or pollutant O;)

4.2.1.4 Scatter Plot

This plot compares the modelled and observed concentrations on a scatter plot. The frequency
scatter plot shows the frequency of occurrence of each point whereas the conventional scatter plot
shows one point per pairwise modelled-observed data point. The data can optionally be plotted on a
logyo scale. The black solid line is the 1:1 line. The dotted lines are the factor of 2 lines. Figure 4.5
presents an example frequency scatter plot and Figure 4.6 presents an example conventional scatter
plot.
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Frequency Scatter Plot: AIRTEXT 2012 VALIDATION
Forecast, ROADSIDE, 8-HOUR ROLLING MEAN O3 (ug m~3)
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T
50 100 150

Observed
Date range: 01/01/12 00:00 to 31/12/12 23:00

Figure 4.5 Example of a frequency scatter plot from the concentration evaluation part of the Model
Evaluation tool (grouped by station and filtered by model and pollutant; displaying single Y 2 RSt WC2 NB Ol a i
and single station type Roadside(¥or pollutant O3)

Scatter Plot: AIRTEXT 2012 VALIDATION
SUBURBAN, DAILY MEAN PMyq (ug m~3)
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Date range: 01/01/12 00:00 to 31/12/12 23:00

Figure 4.6 Example of a conventional scatter plot from the concentration evaluation part of the Model
Evaluation tool (grouped by station and filtered by model and pollutant; displaying single station type
YhdustrialCand pollutant PMy)
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4.2.1.5 Time plot averaged over all stations

This plot compares the modelled to the observed concentrations for each pollutant in a number of
time series plots, averaged over all stations. If a forecast assessment is also being carried out then
the plot includes alert thresholds. This plot will only be produced by the Toolkit if the “Group by
station, filter by model and pollutant” option is selected. Figure 4.7 shows an example time plot
averaged over all stations.

Time Plot: DAYO PMDAILYAVG Average concentration over all stations

06/04 07/04 08/04 09/04 10/04 11/04 12/04 13/04
1 1 1 1 1 1 g 1 1 1 1 1 1 1 1 1 1 1 1 1 1 X 1
no2 nox 03

200 500 | 100 -

400 -
150

300 -
100 —

50 ~11%-\

70
60
50 ==~
40

30

20

T T T T T T T T T T T T T T T T
06/04 07/04 08/04 09/04 10/04 11/04 12/04 13/04

airTEXT, obs, num.obs.stations, moderate.threshold, high.threshold

airTEXT —— Observed Number of monitoring stations available Moderate ~  ----- High

Figure 4.7 Example of a time plot averaged over all stations from the concentration evaluation part of the
Model Evaluation tool (grouped by model and filtered by pollutant)
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4.2.1.6 Quantile -Quantile Plot

This plot compares the modelled and observed concentrations ordered independently from lowest
to highest concentration, as a quantile-quantile plot. The data can optionally be plotted on logs,
scales. The black solid line is the 1:1 line. The dotted lines are the factor of 2 lines. Figure 4.8
presents an example quantile-quantile plot.

Quantile-Quantile Plot: AIRTEXT 2012 VALIDATION
INDUSTRIAL, DAILY MEAN PM;q (ug m3)
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Date range: 01/01/12 00:00 to 31/12/12 23:00
Figure 4.8 Example of a quantile-quantile plot from the concentration evaluation part of the Model

Evaluation tool (grouped by station and filtered by model and pollutant; displaying pollutant PM;,
on a log,, scale)
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4.2.1.7 CSV output files

When the “output processed data and statistics as CSV” option is checked, statistics are calculated
for each pollutant (in output units) and are output in a CSV file, <*_conc_stats.csv>. The statistics
are calculated for the variable by which the data is grouped and additionally over all data, filtered by
the filters selected. For example, if data is grouped by station and filtered by model and pollutant,
the statistics are output for each station and for all valid stations in each model and pollutant.

The statistics that are output in are given in Table 4.1. Where ‘obs’ or ‘mod’ occur in variable names,
these indicate observed or modelled values respectively.

Name Description Equation
num.valid.values Number of values
obs.mean Mean 1 : 6
mod.mean
SDO Standard Deviation 1 . = 2
& 0 O
SDM
MB Mean Bias 5r,] B¢
NMSE Normalised Mean-Square-Error w -
Oh O¢ O¢ Oh
R Pearson’s Correlation Coefficient  cov & ,6; Biyn b
Fac2 Factor of 2 Fraction of data where 05  0;j 6 2
(when 6; = 0, 63j 6¢ © Hband the data pair
is not counted)
Fb Fractional Bias 6, ©6: 050 +08;
Fs Fractional Standard Deviation 2By nbs 05 5, + N
obs.max Maximum maxo
mod.max
obs.RHC Robust Highest Concentration &+ (&) In 3 1
2 ’
mod.RHC

where & is the number of values used to
characterise the upper end of the
concentration distribution, ...is the average
of the € 1 largest values, and ...& is the
¢ largest value; £ is taken to be 26.

Table 4.1 Details of the statistics output by the concentration evaluation part of the Model Evaluation tool
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hourly mean Forecast 6178 27.0268 30.3741 19.1772 20.2714 3.34722 0.4707 051897 0.68404 0.11663 0.05547 141.354 184.895 136.149 130.502 0.00
hourly mean Forecast 4354 38.7334 39.3303 21.9996 22.5357 0.65183 0.27754 0.57361 0.79835 0.01669 0.02407 150.808 194.64 154.605 204.544 0.400
hourly mean Forecast 8167 50.7602 48.1986 22.0264 24.3583 -2.56163 0.20543 054281 0.87085 -0.05177 0.10059 180.045 274161 194.017 23203
hourly mean  Forecast 2150 66.3278 46.2063 33.0571 23.373 -20.1209 0.39153 0.3462 0.75256 -0.35753 -0.34238 212.213 276.82 215.8 206.412 4.038
hourly mean Forecast 2610 36.3922 44.7605 22.8447 22.3123 8.36833 0.25093 066802 0.79617 0.20624 -0.02335 163.37 292,297 154.999 210.261 1.354

hourly mean Forecast 8147 75.8217 A41.8792 35.2431 24,4857 -33.9425 0.84232 0.55286 0.34351
hourly mean Forecast 7975 439912 39.6278 23.1449 23.0667 -4.36341 0.36651 0.41946 0.76389

7211 410412 369685 222842 238228 .4 (727 906 56192 0.76494 -0.10442 0.06674 181.388 | 186,035
il

0.57676 -0.36116 329.072 316.202 352.85 259.361 5.832
10436 -0.00339 192.626 304.302 195.197 245.838 0.08
462012

nourly mean Forera
Validation_conc_st

= Rl g aIrTEXT 2012_Validation_conc_stats.csv - Microsoft Excel - x
Home  Insert Page Layout Formulas Data Review  View Developer @ -
| AL - 'S A ‘ station
Al B | [ [ b ] E F G H 1 ] K L M N o 3 Q R [ s [ 7
statiordpollutant output.avg.time model  num.valid.val obs.mear mod.mez SDO SDM MB NMSE R Fac2 Fb Fs obs.max mod.max obs.RHC mod.RHC obs.lov

hourly mean Forecast 8393 244707 29.0189 18.3087 20.3343 4.54819 0.472p6 058253 0.68736 0.17006 0.10486 107.747 201545 11272 215.754 0.280.

(=R R y- airTEXT 2012_Validation_cone_stats.csv - Microsoft Excel - =3 X
Home Insert Page Layout | Farmulas | Data Review View Developer @ - = x
| AL -Q £ type
A [ 8 ] c [ b E F G H | J K L M N 0 P a | R |
1 |type |po|lutant output.avg.time.ancmodel  num.valid.val obs.meal mod.me:SDO SDM MB NMSE R Fac2 Fb Fs obs.max mod.mas abs.RHC mc
iinduitrial no2 hourly mean Forecast 26492 44.5693 40.7344 24.6336 24.2996 -3.774% 0.36543 0.45706 0.74823 -0.0884 -0.0133 234,127 304.302 273.697 |
| 3 | kerbside no2 hourly mean Forecast 62191 83.7825 424253 53.9601 28.4228 -41.357 123738 0.33634 0.5226 -0.6554 -0.62 431.801 309.321 437.511 3
iruadside no2 hourly mean Forecast 274730 57.8025 40.1746 36.215 254069 -17.628 0.58402 0.49536 0.67835 -0.3598 -0.3508 440.388 316.202 463.445 30
isuhurban no2 hourly mean Forecast 71023 31.9865 32.0862 23.5513 22.4656 0.09967 0.50362 0.51267 0.6675 0.00311 -0.0472 190.523 258.895 192.127 27
6 |urban background no2 hourly mean Forecast 143067 45.3272 39.2987 42.5518 24.2326 -6.0285 0.97538 0.33786 0.74147 -0.1425 -0.3486 500.635 302.593 508.071 30
7| all no2 hourly mean Forecast 577503 53.7277 39.2337 40.8257 25.2314 -14.454 0.77957 0.42236 0.67918 -0.3118 -0.4721 500.635 316.202 504.168 32
ikerbside 03 8-hour rolling mean Forecast 8328 14.8367 19.6832 12.087 17.4808 4.84656 0.8928 0.50737 0.47418 0.2808 0.36484 85.25 96.2339 89.7035 10
9 |roadside 03 8-hour rolling mean Forecast 75313 27.1242 27.4484 19.691 22.4253 0.32425 0.40084 0.67059 0.63925 0.01188 0.12387 148.506 163.37 171.579 17
10 suburhan 03 &-hour ro n Forecast GNG79_37.AANR 372084 27 4577 8AG7 54525 129141 0.A9934 09338 -N.1561 N.NANR3 175.837
H | airTEXT 2012 _Validation_conc_st I
Ready | P3| =

Figure 4.9 Examples of concentration evaluation output CSV file (grouped by station, station type and
pollutant and filtered by model and pollutant)

= Rl g airTEXT 2012_target_conc_stats.csv - Microsoft Excel - = X
Home  Insert Page Layout Formulas Data Review  View Developer @ -
| Al ML Fe ‘ pollutant
A ] B ] c D [ e Il el & [ w Il v [ o[ x ] v [ m]~n~T]T ol er ] al=r]'s
1 mllutant!uutput.avg.time.and. model num.valid.vali obs.meai mod.me: SDO SDM MB NMSE R Fac2 Fb Fs obs.max mod.ma obs.RHC mod.RHC obs.lowe
2 |no2 hourly mean Forecast 577503 53.7277 39.2337 40.8257 25.2314 -14.494 0.77957 0.42236 0.67918 -0.3118 -0.4721 500.635 316.202 504.168 339.137 0| |
3 |o3 8-hour rolling mean  Forecast 244278 32.8639 28.8509 21.9952 22.9686 -4.013 0.36994 0.66973 0.64107 -0.1301 0.0433 164.792 179.566 169.118 179.855 0 b
4 |pml0 daily mean Forecast 21771 24.8454 21.9979 13.638 17.3695 -2.8475 0.33309 0.65533 0.72946 -0.1216 0.24068 209.045 126.358 147.405 126.455 3.2911
5 |no2 hourly mean 580933 53.8056 54.4771 40.8884 42.0918 0.67151 0.5155 0.56157 0.7771 0.0124 0.029 540.583 555.023 3526.533 3565.62 o
| 6 |03 8-hour rolling mean 245833 32.9428 35.3803 22,0818 21.4857 2.43751 0.18649 0.77756 0.74023 0.07135 -0.0274 1p4.792 17071 16%.118 170.362 0
7 |pml0 daily mean 21893 24.9211 22,9123 13.6782 11.7396 -2.0088 0.15703 0.74565 0.34323 -0.084 -0.1475 209.045 113.734 147405 115.223 3.2311
8 |no2 hourly mean 580953 53.8056 56.6055 40.8884 43.9585 2.79995 0.52292 0.56176 0.77056 0.05072 0.07237 540.583 562 526.553 564.342 1]
9 03 8-hour rolling mean 245853 32.9428 42.6938 22.0818 23.702 9.75097 0.23568 0.77667 0.70264 0.25784 0.07078 164.792 178.75 169.118 178.423 0
ET 21893 24.9211 249126 782 11.7995 (N84 a7 74565 0.95003 -0.0003 -0.1475 209.045
I
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In addition, some statistics for each station that are presented on the target plots and the box plots
are also output in the CSV file for each station:

Lower whisker (observed)
Lower quartile (observed)
Median (observed)

Upper quartile (observed)
Upper whisker (observed)
Lower whisker (modelled)
Lower quartile (modelled)

Median (modelled)

A A A A

Upper quartile (modelled)

=
o

. Upper whisker (modelled)

[y
=

. centralised root-mean-square-error (CRMSE)

[EEN
N

. root-mean-square measurement uncertainty (RMSu)

[EEN
w

. normalised mean standard deviation (NMSD)

. CRMSE.sign.DELTA.1.2 (CRMSE multiplied by +1 if SDO>SDM and multiplied by -1 if
SDM>SDO)

=
o

15. Target parameter (T.DELTA.1.2)

16. CRMSE.sign.DELTA.3.3. (CRMSE multiplied by +1 if NMSD> 2 1 'Y and multiplied by -1

ifNMSD< 21 )
17. Target parameter (T.DELTA.3.3)
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In addition, if the “Include openair modStats results in CSV file” option is selected, then a number of
further additional columns of data are added to the CSV file; these are described briefly in Table 4.2.
For more information about the statistics generated by the modStats function, please refer to
openair documentation [3].

Statistic Description

N The number of complete pairs of data

FAC2 Fraction of predictions within a factor of two

MB The mean bias

MGE The mean gross error

NMB The normalised mean bias

NMGE The normalised mean gross error

RMSE The root mean squared error

R The Pearson correlation coefficient.

COE The Coefficient of Efficiency based on Legates and McCabe (1999, 2012) which
spans from -1 to +1 with values approaching +1 representing better model
performance

I0A The Index of Agreement based on Willmott et al. (2011), which spans between -1

and +1 with values approaching +1 representing better model performance

Table 4.2 Details of the statistics used by the openair modStats package
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If the ‘Time plot averaged over all stations’ option is selected, then an additional CSV file,
<* conc_agg.csv> is created containing the aggregated values plotted on the graph. More details
are given in Table 4.3.

Name Description

date The date and time of each data point

pollutant Name of the pollutant measured

obs The measured concentration of a pollutant averaged over all relevant

observed stations and averaging time determined by the output
averaging times file. The units are determined by the pollutants file

airTEXT The measured concentration of a pollutant averaged over all relevant
modelled stations and averaging time determined by the output
averaging times file. The units are determined by the pollutants file

num.obs.stations Number of observation stations that measure each pollutant. The obs
column values are averaged over these stations

num.airTEXT.stations Number of modelled stations that measure each pollutant. The airTEXT
column values are averaged over these stations

moderate.threshold The moderated concentration threshold as defined in the index scales
and alert threshold files. This column will contain NAs when Forecast
Evaluation is not performed

high.threshold The high concentration threshold as defined in the index scales and alert
threshold files. This column will contain NAs when Forecast Evaluation is
not performed

Table435SGFAfa 2F GKS KSFRSNAR Ay GKS /{+ FTAfS LINRRdJzOSR
option is selected
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4.2.2 Forecast Index Evaluation Output
The forecast index evaluation part of the model evaluation tool produces three types of output;
these are described in this section.

All three types of graph are based on a ‘forecast index’, which is calculated from the modelled and
observed data according to the index threshold definitions in the index scales file (described in
Section 3.2, step 9).

4.2.2.1 Forecast index accuracy
This part of the tool assesses the performance of the model’s forecast index predictions against
forecast indices calculated from observed concentrations.

The graph is a stacked bar chart that shows, for each station, the percentage of calculated forecast
indices valid for comparison where the modelled index was equal to the observed index (green) and
where the modelled index was equal to the observed index plus or minus one band (grey). Only
forecast periods for which both modelled and observed indices can be calculated are included in the
assessment. The stations are sorted by the number of indices valid for comparison, which is also
shown on the chart by the blue circles and the right-hand y-axis. A key to the stations is given below
the graph. Refer to Figure 4.10 for an example.

Forecast Index Accuracy: airTEXT 2012 Forecast ALL STATIONS NO2

Percentage of forecast indices valid for comparison where the modelled index is either equal to or 1 band apart from the observed index

O modelled = observed+1 O modelled = observed

c c
2 2
] - 00000 - S
g 100 ooooooooooooooooooooooooooo 364 g

0000 a
£ 000000000000 =
o 00000000 ] 5
o o
4
5 A
= L L oot &

s 0® 2

o
'] e >
o

g i §
£ - 218 £
- (=4
% £
g %0 £t %
5 g
e -] 145 @

=
=] L2

8 %
£ .20 0000000 g
@ -

3 | 72 g
[
a 0® =z
°
°
0 =0
1 357 911 14 17 20 23 26 29 32 35 38 41 44 47 50 53 S6 59 62 65 68 71 74 77 80 83
Station number (ordered by the number of forecast indices valid for comparison)
Key to numbers
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Figure 4.10 Example of the forecast index accuracy graph (grouped by station and filtered by model and
L2 f £ dzii I YT RPofedadtChnd golliE@nt NO9)RSf W
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4.2.2.2 Forecast alert accuracy

It is usual in operational pollution forecasting to use pollution bandings to help communicate
pollution levels to the public. For example, a common set of bandings for a 1 to 10 forecast index
scale is shown in Table 4.4.

Band Forecast index range | Alert threshold
LOW 1to3 n/a
MODERATE | 4to6 4

HIGH 7t09 7

VERY HIGH 10 10

Table 4.4 Example set of bandings, with associated alert thresholds

Depending on the system, a forecast index in the MODERATE, HIGH or VERY HIGH range may trigger
an alert to the public; it is therefore important for system operators to understand whether the
system issues these alerts correctly.

The assessment of forecast alerts is carried out by calculating metrics for each monitoring station
based on considering the exceedence of an alert threshold as an ‘event’. The number of events
observed and modelled, modelled but not observed, observed but not modelled, not modelled and
not observed are summed to get the parameters a, b, ¢ and d respectively. This is summarised in
Table 4.5.

Event observed

Yes No
Event Yes | a b
modelled | No | ¢ d

Table 4.5 Definition of the forecast alert parameters

The forecast index evaluation includes two sets of graphical output for the assessment of the
accuracy of forecast alerts:

1. Odds ratio skill score (ORSS)

The odds ratio skill score (ORSS) is calculated from the alert metrics as follows:

Odds ratio(OR = P

oY 1

ORSS VT 1

A perfect system will have b and ¢ equal to zero, which means OR© Hs which means
ORS® 1.

A poor system will have a and d equal to zero, which means OR= 0, which means
ORSS 1.

The odds ratio is a good metric for determining if a model is good at correctly issuing and
not issuing alerts. It gives equal weighting to the correct prediction of an alert and to the
correct non-prediction of a non-alert. If no alerts are observed or no alerts are forecast then
ORSS is invalid. The graph shows ORSS for each station, where the stations are ordered by
the number of observed alert threshold exceedences. The number of observed and
modelled alerts for each station is also plotted in blue (right-hand y-axis). A key to the
stations is shown below the graph. Figure 4.11 shows an example of an ORSS graph.
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Odds Ratio Skill Score (ORSS): airTEXT 2012 Forecast ALL STATIONS MODERATE ALL POLLUTANTS

No bars are shown where ORSS is invalid (the number of observed or modelled alert threshold exceedences is zero)
© observed X modelled

© r 1212

1 (Good)
|

2 I 969

= 727

Odds Ratio Skill Score (ORSS)
0 (Random)
1

Number of alert threshold exceedences

- 242

-1 (Bad)

1 2 3
Pollutant number (ordered by the number of observed alert threshold exceedences)

Key to numbers
03
PM10
NO2

Summary

01/01/12 00:00 to 3112122300 Vaid poidants Joutol 3

Figure 4.11 Example of a ORSS graph produced by the forecast index evaluation (grouped by pollutant and
filteredby Y2 RSt T RA&LIX I @Ay 3 Y2RStf WC2NBOlFaidQ

2. Performance metrics

In an operational pollution forecasting system, it is important not to issue alerts when there
should not be an alert, but it is arguably more important to accurately issue an alert when an
alert should be issued.

The following performance metrics give information about the skill of a model in terms of its
ability to issue accurate alerts, and any tendency towards ‘false alarms’.

W+ Q

Probability of a correct forecast PCF = -———————
Wt Wt W+t Q

o

®
Probability of detection POD = ——
O+ W
_ @
False alarm ratio FAR = ——
W+ W

W
Probability of false detection(POFD = PR

Each of these metrics lies in the range 0 to 1. A good score for PCF and POD is 1; a good
score for FAR and POFD is 0.

The graphical output from the performance metrics option is a series of five graphs; the
four metrics described above and a graph showing the number of observed and modelled
alert threshold exceedences for each station. Again, the stations are sorted by the number
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of observed alert threshold exceedences and a key to the stations is shown below the
graphs. Figure 4.12 and Figure 4.13 show examples of this output grouped and filtered by
different variables.

Forecast Performance Metrics: airTEXT 2012
ALL STATIONS MODERATE O3

Probability of a correct forecast (PCF)
10 7770909000000 0 0 0 0 0 0 0 0 0 0 ¢ 0 O 0 0 0 0 0 0o 0 0 ¢ 0 0O

0.5
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1 4 7 10 13 16 19 22 25 28 32
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1.0 o
o © °
0.5 o [} o
) ° )
? o o o o o o % o T o699
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0.0 T T T T T T T T T T 1
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° o
00 — T T T T T T T T T =
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Probability of false detection (POFD)
1.0
05 =
1 4 7 4 10 13 16 19 22 25 28 32
Number of alert threshold exceedences
14 eeeeeedec e b L 0..observed . modglied..
1 6 9 o ¢
8 & N - X X T e EXxowmodmo R I T x X
5 X 6 Q o X X X X X
6 68 060 0 *
2 °
0 o R T T T T T T T T 1
1 4 7 10 13 16 19 22 25 28 32
Station number (ordered by the number of observed alert threshold exceedences)
Key to numbers
1 BT4 11 LHO 21 HIO 31 TH1
2 CT6 12 TH4 22 RB1 a2 RI2
3 EA1 13 GR9 23 ST3
4 HS2 14 EA7 24 WMO
5 MY1 15 TDO 25 GR4
6 GN3 16 BLO 26 NM3
7 HK6 17 BX1 27 BQ7
8 LwWi1 18 WA2 28 NM2
9 CR3 19 CT1 29 KC1
10 GR8 20 GB6 30 HG2
summary
Date range 01/01/12 00:00 to 31/12/12 23:00 Valid stations 32 out of 123

Figure 4.12 Example of a forecast performance metrics graph produced by the forecast index evaluation
(grouped by station and filtered by model and pollutant; displaying pollutant O3)
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Forecast Performance Metrics: airTEXT 2012 ALL STATIONS MODERATE O3
Probability of a correct forecast (PCF)

1.0 O © © ©
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1 2 < 4
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Model number (ordered by the number of observed alert threshold exceedences)

Key to numbers

1 FORECAST
2 SENSITVITY-C
3 SENSITIVITY-G
4 SENSITIVITY-J
Summary
Date range 01/01/12 00:00 to 31/12/12 23:00 Valid models 4 out of 4

Figure 4.13 Example of a forecast performance metrics graph produced by the forecast index evaluation
(grouped by model and filtered by pollutant; displaying pollutant O3)
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4.2.2.3 CSV output files
* forecast_index_data.csv:

This contains the modelled and observed concentrations using the index averaging time and
statistic, in both output units and index units, also the observed and modelled index value
for each averaging period and the absolute difference between the observed and modelled
indices. For an example refer to Figure 4.14.

ﬁ:!n = R = DELTA_all forecast_index_data.csv - Microsoft Excel - A X
'.:d Home Insert Page Layout Formulas Data Review View @ -8 Xx
"m"'j * Calibri ol - |A‘ A‘l |§ = :‘ @l" 5 Ger!eral 2 fﬁConditimﬂalForrnat:tingv ;"ﬂInser‘t' X - %
= 153 |§ ~ % || g% Formatas Table - I Delete - IE - -
Pate g || B U] [ ][O0 ||| E 8 5% B cell Styles - 2 Format - || 2 rters Seners
Clipboard ™= Font = Alignment (F] Mumber = Styles Cells Editing
| 5 - £ |
A B C D E F G H I J
1 |date obs.output.units mod.output.units station obs.index.units mod.index.units index.obs index.mod index.absdiff pollutant
2 |01/01/2008 53.5 138.003006 bgl 55.5 138.003006 1 3 2 no2
3 | 02/01/2008 48.6 56.42210007 bgl 48.6 56.42210007 1 1 0 no2
4 |03/01/2008 40.2 50.55319977 bgl 40.2 50.55319977 1 1 0 no2
EI 04/01/2008 44.1 56.74079893 bgl 44,1 56.74079895 1 1 0 no2
6 |05/01/2008 68.3 51.73329977 bgl 68.3 51.73923977 2 1 1 no2
7 | 06/01/2008 57.9 50.41519928 bgl 57.9 60.41519928 1 1 0 no2
8 | 07/01/2008 45 22.02479935 bgl 45 22.02479935 1 1 0 no2
9 | 08/01/2008 42.6 17.50289955 bgl 42.6 17.60289955 1 1 0 no2
10 | 09/01/2008 43.4 29.15769938 bgl 43.4 29.15769958 1 1 0 no2
11 |10/01/2008 28.6 37.64580134 bgl 28.6 37.84580154 1 1 0 no2
12 |11/01/2008 63.8 49.26250076 bgl 65.8 45.26250076 1 1 0 no2
13 |12/01/2008 61.5 53.96709824 bgl 61.5 63.96709824 1 1 0 no2
14 | 13/01/2008 11.3 14.9048996 bgl 11.3 14.9048996 1 1 0 no2
M 4+ v| DELTA_all_forecast_index_data %2 [ m
Reser [EEEFTTNO===p===C"")

Figure 4.14 Example of forecast index evaluation output *_forecast_index_data.csv file

* forecast_index_stats.csv:

This contains, for each pollutant and station, the number of valid calculated index values,
the percentage of indices where the modelled index was correct and the percentage of
indices where the modelled index was one band either above or below the correct index. For
an example refer to Figure 4.15.

I@g =™ = DELTA_all_forecast_index_stats.csv - Microsoft Excel - = X
~ Home Insert Page Layout Formulas Data Review View @ - 2 X
_"m"j % calibri 2l - |A‘ A-l |§ — _Hi‘v/ 5 Gen.eral e FQC(}nditimalFurmat:tingv ge=Insert - z - ?

EE] |E3@ - oy || [EFormatas Table - 5% Delete ~ || (9]~ -
Paste g ||[B L T || & || O A | E g 55 cell Styles ~ ElFomst = | 2 Fiters tecs
Clipboard & Font T} Alignment [F} Mumber & Styles Cells Editing
| Al - fe | station
A B C D E F G H 1 1 [~

1 |stationlpollutant num.valid.indices perc.indices.same perc.indices.oneapart 1=
2 |bgl no2 365 76.16438356 22.46575342
3 |bg2 no2 326 66.56441718 31.58509202
4 |bg3 nol 360 71.38888889 26.94444444
5 |blo no2 366 68.85245902 30.05464481
6 |bnl noz2 365 58.35616438 40
7 |bn2 no2 366 75.95628415 23.49726776
8 |btl no2 358 7541899441 23.74301676
9 |bta no2 340 33.82352941 50.58823529
10 |bt6 no2 337 64.9851632 34.42136499
11 |bt7 nol 324 70.67901235 28.7037037
12 |bx1 no2 363 73.8292011 23.69146006
13 |bx2 noz2 356 74.15730337 23.59550562
14 |bx7 no2 365 36.71232877 46.30136986

i 4 » M| DELTA_all_forecast_index_stats %3 4 [ m i
— [T ===

Figure 4.15 Example of forecast index evaluation output *_forecast_index_stats.csv file
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* forecast_alert_stats.csv:

This contains, for each station, for each pollutant, and for each alert threshold, the number
of observed alerts, the 4 event parameters a, b, c and d, the performance metrics PCF, POD,
FAR, POFD and also the odds ratio OR and the odds ratio skill score ORSS. Refer to Figure
4.16 for an example.

;ﬁé\l = R 2 DELTA_all_forecast_alert_stats.csv - Microsoft Excel - =
2 Home Insert Page Layout Formulas Data Review View @ - =7 x
3 i Calibri |[#-] | Siwrap et General - ij‘ iﬁ‘f@ I::ﬁi j'I' j\ ;J %:‘ﬁsun" ‘y Ea
besiz 7 |B £ s S A -] 25| EdMerge & Center - | |EB~ % 9 || %8 5% Ffzz;:‘da\:tl‘:”ﬂ;\v 3512"9.“5 Stfleel;v Insert Delete Farmat & Clear - FSI:E“ SFI;:C‘&_
Clipboard & Font i) Alignment & Number £ Styles Cells Editing
| AL - fe ‘ alert.name
A B & D E|F|G|H 1 1 K L M N o] P Q
1 alen.mame!pm\mam station num.obs.alerts @ b ¢ d FB POD PCF FAR POFD total.skill OR ORSS
2 moderate no2 bgl 0 0 0 D 365NA NA 1 NA 0 NA NA NA
3 moderate no2 bg2 0 0 0 D326 NA NA 1 NA 0 NA NA NA
4 moderate no2 bg3 4 0 2 4354 0.5 0 0.983333333 1 0.005617378 0.434425833 0 -1
5 |moderate no2 blo 0 0 1 0 365NA NA 0.99726776 1 0.00273224 NA NA NA
6 moderate no2 bnl 4 0 3 43352 2.25 0 0.964383562 1 0.024930748 0.484863203 0 -1
7 moderate no2 bn2 0 0 0 D 366NA NA 1NA 0 NA NA NA
8 |moderate no2 btl 0 0 1 D0 357NA NA 0.997206704 1 0.002793296 NA NA NA
9 |moderate no2 bt4 3 2 71 1266 24.33333333 0.666666667 0.783235294 0.97260274 0.210682433 0.567904182 7.452957746 0.764510773
10 \moderate no2 bt6 1 0 1 133 1 0 0.994065282 1 0.00297519 0.497772273 0 -1
11 \moderate no2 bt7 0 0 1 D0 323NA NA 0.39691358 1 0.00308642 NA NA NA
12 moderate no2 bx1 0 0 2 D 3B1NA NA 0.994490358 1 0.005509842 NA NA NA
13 moderate no2 bx2 0 0 3 D035 NA NA 0.991573034 1 0.008426966 NA NA NA
14 moderate no2 bx7 0 0 56 0 309 NA NA 0.846575342 1 0.153424658 NA NA NA
W 4 » M| DELTA_all forecast alert stats %1 E! m
Ready [EEEr e (s

Figure 4.16 Example of forecast index evaluation output *_forecast_alert_stats.csv file

4.3 Model Diagnostics Tool Output

4.3.1 Time Variation Plot

This compares modelled and observed concentrations by (clockwise from top) hour and day of the
week, day of the week, month of the year and hour of the day. The shaded area indicates the 95%
confidence interval in the mean. For an example, refer to Figure 4.17.

4.3.2 Scatter Plot

This compares the modelled and observed concentrations on a scatter plot, optionally filtered by
weekday, month or season. The frequency scatter plot shows the frequency of occurrence of each
point whereas the conventional scatter plot shows one point per pairwise modelled-observed data
point. When the calculated forecast indices are chosen in the data to plot, the output defaults to a
frequency scatter plot. The black solid line is the 1:1 line. The dotted lines are the factor of 2 lines.
Figure 4.18 to Figure 4.21 show examples of frequency and conventional scatter plots for different
‘data to plot’ and different filtering options.

4.3.3 Time Plot
This plots a time series of modelled and observed concentrations. Figure 4.22 and Figure 4.23 show
examples of a time plot for different ‘data to plot’.
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NO, (ug m™)

NO, (ug m™®)

Time variation analysis: Raw Data, Forecast, Station RB1, Pollutant NO, (ug m™)
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Figure 4.17 Example of a time variation plot from the Model Diagnostics tool.

Frequency Scatter Plot: Raw Data, Forecast, RB1

Raw Data NO, (ug m~2), No Filtering

| Il |

200 —

Modelled
g
1

50 —

Counts
395
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157

50 100 150

Observed
Date range: 01/01/12 00:00 to 31/12/12 23:00

200

Figure 4.18 Example of a frequency scatter plot from the Model Diagnostics tool; raw data with no filtering
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Figure 4.19 Example of a frequency scatter plot from the Model Diagnostics tool; raw data filtered by season

Frequency Scatter Plot: Raw Data, Forecast, RB1
Raw Data NO, (ug m3), Filtered by Season
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Date range: 01/01/12 00:00 to 31/12/12 23:00

Scatter Plot: Diagnostics, Forecast, RB1
Daily Maximum NO, (ug m~2), Filtered by Month
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Figure 4.20 Example of a conventional scatter plot from the Model Diagnostics tool; calculated statistics
(daily maximum NO,) filtered by month
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Frequency Scatter Plot: Diagnostics, Forecast, RB1
O, (Forecast Indices), No Filtering
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Figure 4.21 Example of a frequency scatter plot from the Model Diagnostics tool; forecast indices with no

filtering

Time Plot: Raw Data, Forecast, Station RB1, Pollutant NO, (ug m's)

1 | | |

200 —

150 —

NO, (ug m™)

Modelled
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Date Range: 01/01/12 00:00 to 31/12/12 23:00

Figure 4.22 Example of a time plot from the Model Diagnostics tool; raw data
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O3 (Forecast Indices)

Time Plot: Forecast Index, Forecast, Station RB1
Pollutant O; (Forecast Indices)

Modelled Observed
Date Range: 01/01/12 00:00 to 31/12/12 23:00

Figure 4.23 Example of a time plot from the Model Diagnostics tool; forecast indices
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5 File formats

5.1 CSV modelled and observed data

i ™

Oia ol - (o 5 BM2.csv - Microsoft Excel - = X
% el —
Home Insert Page Layout Formulas |Data| Review View &) — = X
=[] o2 oL
Get External| Refresh il Sort Filter ; Data | Outline
Data ~ Al & A2 ||Tools~|| -
Connections Sort & Filter
Al - 'f_‘ fe | year ¥
A B C D E F G L
1 |year .munth day hour NO2 PMLO
2 2008 1 1 1 63.3 32
3 2008 1 1 2 56.8 45.6
4 2008 1 1 3 40.7 34.9
3 2008 1 1 4 41.3 18.6
6 2008 1 1 3 46 23.6
7 2008 1 1 7} 49 21.5
8 2008 1 1 7 514 21.8
9 2008 1 1 8 514 21.6
10 2008 1 1 9 56.3 19
11 2008 1 1 10 37 159.1
12 2008 1 1 11 46.2 17.3
13 2008 1 1 12 44.5 18.8
14 2008 1 1 13 47.1 20.3
15 2008 1 1 14 46.2 18.5
W 4 » M| BN2 F i |
| Ready | Ii@"g

Figure 5.1 Example of an observed dataset in CSV file format

Restrictions:

9 Include no more than one column per pollutant to be analysed
9 The date must be given by the year, month, day and hour.

9 The station column is optional. If it is present, the header should read “station”; if it is
missing (as in the screenshot above), then all the data in that file is assigned to a ‘station’
with the name of the filename, e.g. BG1.csv would be assigned to station ‘BG1’.

 Modelled data must contain data for each pollutant to be analysed. Note that if multiple
files are used, that means each pollutant to be analysed must be present in at least one file.
Observed data does not have to include data for all required pollutants.
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6 R Support

The three Model Evaluation Toolkit tools each contain a number of utilities for managing the
interaction of the Toolkit with R.
6.1 R Settings screen

Each tool has an ‘R Settings’ screen. The Data Input Tool R Settings screen with the default settings is
shown in Figure 6.1.

g Data Input Tool - (new file)

[ollo ]

Eile Run Results R Support Help

) Settings

) R settings
Data Input Tool settings
Web address of preferred CRAN mirror  https:/iwww stats_bris.ac.uk/R
) Concentration data
Modelled data Update R packages

4] Observed data
=] Station data
--[d Station data

|R settings Min: Max:

Figure 6.1 Data Input Tool R Settings screen, showing the default settings

6.1.1 Web address of preferred CRAN mirror

The CRAN mirror must be specified and should ideally be the mirror most relevant for the user’s
geographical location. The default mirror web address is for the UK; for other locations go to the ‘R
Support’ menu and select ‘See a full list of CRAN mirrors...". This will bring up the R project website
that lists the web addresses of all CRAN mirrors; copy the link that applies to your location and paste
into the Toolkit. To use this CRAN mirror as the default mirror in future, see Section 7.

6.1.2 Update R packages

Each time a Model Evaluation Toolkit Tool is run, by default any installed R packages will be updated

to the latest version, according to the CRAN mirror specified. If you do not wish the Toolkit to update
packages in this way for any reason, untick this option.
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6.2 R Support menu

Each tool has an ‘R Support’ menu, as shown in Figure 6.2.

| Data Input Tool - (new file) = | R
File Run Results | R Support | Help
=0 Settings Detect current R installation directory
(& Data Input Too Edit Rscript path...
See a full list of CRAN mirrors CRAN mirror https:/fwww.stats.bris.ac. uk/R

) Concentration data
--[@ Modelled data Update R packages
Observed data
=7 Station data

".[@ Station data

|R settings Min: Max:

Figure 6.2 Data Input Tool R Support menu

6.2.1 Detect current R installation directory

The first time you run any Model Evaluation Toolkit tool, the Toolkit will automatically set itself to
use the version of R that was most recently installed. If you install a different version of R and wish to
update the Toolkit to use this newly-installed version of R, select ‘Detect current R installation
directory’ to re-set the installation used by the Toolkit to the most recently installed version.

Note: The .log file for any tool run records the version of R used.

6.2.2 Edit Rscript path...

As described above, by default the Toolkit will use the most recently installed version of R. If you
want the Toolkit to use a different installed version of R, click ‘Edit Rscript path...” to open the file
shown below in Figure 6.3. Edit the path as required and save the file.

i

| RscriptPath bt - Notepad E=B|EEE =S
Eile Edit Format View Help
£:%Program Files'R“R-3.2.3%bin'\x64"\Rscript.exe -

Figure 6.3 The RscriptPath.txt file
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6.2.3 See a full list of CRAN mirrors...

Select this option to bring up the R project website that lists the web addresses of all CRAN mirrors,

as shown in Figure 6.4.

’ {@ CRAN - Mirrars

c https://cran.r-project.org/mirrors.html

N —

e

0-Cloud
https://cran rstudio.com/
http.//cran.rstudio.com/
Algeria
http://eran usthb dz/
Argentina
http//mirror feaglp unlp edu ar/ CRAN/
Australia

Austria
https://eran wirac at/

http://cran wiac.at/

Belgium
http.//
http-//

Brazil

www. freestatistics.org/cran’
lib ugent be/CRAN/

/cran-r.c3sl ufpr br/

“//eran fiocruz. br/

Canada

“/leran stat sfu.ca/

“/miirror its dal ca/cran/

http://cran utstat utoronto ca/

Chile

s-//dirichlet mat puc.cl/

J/dirichlet mat puc.cl/

China

J/mirror. bytu.edu.co/cran/

CRAN Mirrors

The Comprehensive R Archive Network 1s available at the following URLs. please choose a location close to yvou. Some
statistics on the status of the mirrors can be found here: main page windows release. windows old release.

Rstudio. automatic redirection to servers worldwide
Rstudio. automatic redirection to servers worldwide

Unrversity of Science and Technology Houan
Boumediene

Universidad Nacional de La Plata

CSIRO

Unrversity of Melbourne

Wirtschaftsuniversitat Wien
Wirtschaftsuniversitat Wien

K.U Leuven Association
Ghent University Library

Center for Comp. Biol. at Universidade Estadual de
Santa Cruz

Unrversidade Federal do Parana

Oswaldo Cruz Foundation, Rio de Janeiro
Untversity of Sao Paulo. Sao Paulo
Unrversity of Sao Paulo. Piracicaba

Simon Fraser University, Burnaby
Dalhousie University, Halifax
Unrversity of Toronto

Pontificia Universidad Catolica de Chile. Santiago

Pontificia Universidad Catolica de Chile. Santiago

Beymng Jiaotong Universitv. Beyjing

Figure 6.4 Screenshot of the R project website that lists all CRAN mirrors
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7 Using a template file

If you wish to change any of the default settings used by any of the Toolkit tools to defaults that are
more appropriate for you, for example if you are outside the UK and need to use a different CRAN
mirror, you can do this using a ‘template’ file.

Step 1: Open the tool concerned
Step 2: Change the settings concerned to your new default values
Step 3: Save the file

Stepd: CNRBY (GKS WCAfSQ YSydzz aSftSOG WwtN

&
-+
w»
Z

Preferences

Template data file to use

@ lUse default data

_ Use a template data file

—c—
|
Figure 7.1 Preferences screen showing the Template Tab
Step5: { St SO0 W! aS | (dSrowsite sélest thRfilelydu saed ifh Ste@3. | Y
Step 6: Click OK.
Step 7: If necessary (for instance to change the default CRAN mirror) repeat Steps 1 to 6

for the other tools

In future, any new input files will use the settings in your saved template files as the default settings
instead of the standard default settings. If at any time you wish to revert to the standard default
settings, simply change the Preferences screen setting back to ‘Use default data’.
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8 Batch mode facility

The Data Input, Model Evaluation and Model Diagnostics tools can be run from the command-line,
making it possible to automate tasks, for example in a batch file.

The procedure is the same for each of the above tools:

1. Open the tool, enter your settings and save the settings file
2. Onthe command-line (or in a batch file) type

{R ' Rscript.exe path} {Patho f t h e §{setoidgs fik path)r f i | e

More information is given below about the three components of the instruction:

{R’ s Rs cr } plhis isethe @athpaaé di the Rscript.exe file installed with R. This must be
used when running R from the command line. A typical path on a Windows
PC (where R was installed in "C:\Program Files\R\R-3.2.3”) would be

"C:\Program Files\R\R-3.2.3\bin\x64\Rscript.exe"

{(Pat h of t ke t Thioidthepathname of the R-sript for the tool you want to run. For
example, for the Data Input tool, if the Toolkit is installed at
"C:\ModelEvaluationToolkit" then the path would be

"C:\ModelEvaluationToolkit\Datalnput.r"

{settings file path}- This is the path of the settings file that you saved. For example, if you saved
a Data Input tool settings file to the directory “C:\Toolkit_output” with the
filename “toolkit” then the settings file path would be

“C:\Toolkit_output\toolkit.tki”

Page 62



9 References

1. Thunis, P., A. Pederzoli, E. Giorgieva, C. Cuvelier and D. Pernigotti (2013). The DELTA
tool and Benchmarking Report template: Concepts and User guide version 3.2.
http://agm.jrc.ec.europa.eu/index.aspx

2. Carslaw, D.C. and K. Ropkins, (2012). openair 8 an R package for air quality data
analysis. Environmental Modelling & Software. Volume 27-28, pp. 52i 61.

3. Carslaw, D.C. (2015). The openair manual &8 open-source tools for analysing air
pollution data. Manual for version 1.1-4 , Kingés C o | hitpe//anew.opecain-d o n .
project.org/PDF/OpenAir _Manual.pdf

4, Thunis, P., D. Pernigotti and M. Gerboles (2013). Model quality objectives based on
measurement uncertainty. Part 1. Ozone. Atmospheric Environment, In Press.
http://dx.doi.org/10.1016/j.atmosenv.2013.05.018

5. Thunis, P., D. Pernigotti, M. Gerboles and C. Belis (2013). Model quality objectives
based on measurement uncertainty. Part 1l: PM10 and NO2. Atmospheric Environment,
Submitted.

6. R Development Core Team (2010). R: A language and environment for statistical
computing. R Foundation for Statistical Computing, Vienna, Austria. ISBN 3-900051-07-0,
URL http://www.R-project.org/.

Page 63


http://aqm.jrc.ec.europa.eu/index.aspx
http://www.openair-project.org/PDF/OpenAir_Manual.pdf
http://www.openair-project.org/PDF/OpenAir_Manual.pdf
http://dx.doi.org/10.1016/j.atmosenv.2013.05.018
http://www.r-project.org/

