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Introduction   

In a project focused on validating the CAMS re-Analysis and Forecast products, there was a need 

for efficient calculation of a large number of indicators, as defined in Fairmode publications ([1], 

[2], [3]). Although the well-known DeltaTool [1] provides extensive features for analyzing Air 

Quality model results, its batch mode is not well developed. 
 

Delta.Tool.Light emphasizes the calculation and visualization of indicators in multi-model, multi-

species, multi-domain, and multi-period studies, considering different approaches to parameters 

related to observational uncertainties (referred to in DeltaTool as Goals & Criteria). In addition to 

the graphical representation of these indicators, several supporting graphical options are 

implemented. 
 

Delta.Tool.Light has a general setup, and specific applications are defined in an external file called 

ΨD9b9w![ƛƴǇǳǘΦŘŀǘΩΦ ¢ƘŜ ƛƴǇǳǘ ŦƻǊƳŀǘǎ ŦƻǊ !ƛǊ vǳŀƭƛǘȅ aƻŘŜƭ ǊŜǎǳƭǘǎΣ hōǎŜǊǾŀǘƛƻƴŀƭ ŘŀǘŀΣ ŀƴŘ 
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Startup files (i.e., data regarding the monitoring stations) are identical to those used in DeltaTool 

[1]. 
 

The following Model Performance Indicators (in short, indicators) are implemented in DTL: 
 

- MQI_HD, MQI_YR, MQI_FC (only in Forecast mode): Model Quality Indices 

- TN(Bias), TN(1-R), TN(Stdev): Temporal (observational-uncertainty) normalized Bias (Model ς 

Obs), 1-R (i.e. 1 minus Correlation), Stdev (i.e. Standard Deviation), 

- T(W-S), T(Wk-We), T(D-N), For (T) Traffic stations temporal-related normalized differences 

between Winter (W) bias and Summer (S) bias, same for WeekDays (Wk) and WeekEndDays 

(We), and DayTimeHours (D) and NightTimeHours (N), 

- B(W-S), B(Wk-We), B(D-N): same as before for (B) Background stations,  

- I(W-S), I(Wk-We). I(D-N): same as before for (I) Industrial stations, 

- SN(1-R), SN(Stdev): Spatial observational-uncertainty normalized 1-R, and Stdev, 

- UT-UB: Spatial gradients of UrbanTraffic and UrbanBackground stations, 

- UB-RB: Spatial gradients of UrbanBackground and RuralBackground stations. 
 

The graphics have the following default ordering of the indicators: 
 

 
 

For definitions of the Indicators we refer to the Annex 1 of this manual. 

 

Download, Installation, Launch 
 

0)  Windows environment needed on your pc. 

1)  Log in on the JRC box: 

https://jrcbox.jrc.ec.europa.eu/index.php/s/qAt8FqwJvxC1vSD 

with password: Fairmode_CT9! 

2)  Dƻ ǘƻ ŦƻƭŘŜǊ Ψ5Ŝƭǘŀ¢ƻƻƭ[ƛƎƘǘ ό5¢[ύ. 

3)  Go to folder DLT_Package. 

4a)  Download the contents of the DTL_Package into a local folder which will serve as the    

        DTL home directory.  

4b) The package contains all 9 CAMS re-analysis model results (total 4.5 Gb) in folder    

       .\DTLinput\modeling\CAMS2021.  

       If you want to reduce the download size, 2 or 3 models are sufficient to explore all the  

features of the Tool. 

Ensure the DTL home directory contains the following subdirectories: DTLinput, DTLoutput, 

and IDL88, as well as the following files: deltatoollight.sav, DTLTool.exe, DTLTool.ini, and 

splash_DTLTool.bmp.      

For convenience, you may create a shortcut to the executable DTLTool.exe on the desktop.  

https://jrcbox.jrc.ec.europa.eu/index.php/s/qAt8FqwJvxC1vSD
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5)  Double click on the executable (or its shortcut) to launch the Tool and ŎƭƛŎƪ ΨŎƻƴǘƛƴǳŜΩ ǘƻ ǎǘŀǊǘ 

the IDL virtual machine.  

 

The following DTL openings window will appear. 
 

 
                             

Left part of the DTL openings window. 

 

Input 
 

¶ Input to Delta.Tool.Light (DTL) consists of three folders, which are identical to those used in 

DeltaTool, and a text file with application-specific information. 
 

¶ Startup 

This folder contains the startup.ini file or files, similar to those used in the DeltaTool.  

Remark 1: The first ƭƛƴŜǎ ǳǇ ǘƻ Ψ[MONITORING]Ω+1 are not used.  

Remark 2: For each station line, only the following information is utilized:  

StationCode, Altitude, Longitude, Latitude, GMT, Station Type, Area Type, NUTS 

code, and the list of observational species.  

Accepted Station Types: Traffic, Industrial, Background (first 3 letters are used) 

Accepted Area Types: Urban, Rural, SubUrban (first 3 letters are used) 

Example: 

Milano;M1;M2;122;9.14;45.478;GMT+1;LOM;background;urban;ITC4C;NO2*O3*PM25; 
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¶ Modelling  

This folder contains (subfolders with) ƳƻŘŜƭ ŦƛƭŜǎ ƻŦ ǘȅǇŜ ΨYear_Model_¢La9ΦŎŘŦΩΣ ǎƛƳƛƭŀǊ ǘƻ ǘƘŜ 

model cdf files in the DeltaTool. 
 

¶ Monitoring 

This folder contains (subfolders with) the ƳƻƴƛǘƻǊƛƴƎ ŦƛƭŜ ƻŦ ǘȅǇŜ ΨOBS_TIMEΦŎŘŦΩΣ ǎƛƳƛƭŀǊ ǘƻ ǘƘŜ 

monitoring cdf file in the DeltaTool. 
 

¶ GENERALinput.dat 

This file contains all the application-specific information: 
 

 
 

with: 
 

¶ SPECS: List of species with units and Limit Values. 
 

¶ RECALC: Model and Monitoring data have hourly frequency. This line indicates whether or 
not a recalculation into DailyMax, hr8DailyMax, or DailyMean is required. 
0= Hourly, 1= DailyMax (NO2), HR8Max (O3), Mean (PM). 
 

¶ dirOBS, dirMOD, dirSTART: location of folders for Observations, Models, and Startup. These 
lines contain the location relative to the DTL home directory. 
EȄŀƳǇƭŜΥ Ψ5¢[ƛƴǇǳǘ\modeling\CAMS\Ω). 
 

¶ Start*: location of startup files which may be species-specific (NO2, O3, PM2.5, PM10). 
If only 1 line (common to all species) is used ǘƘŜƴ ƻƳƛǘ Ψ{ǘŀǊǘмҐΩΦ 1, 2, 3, 4 for species-

dependent startup files. 
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¶ dirOUTPUT: location of Output file (relative to the DTL home directory) for data and 

graphics. This folder contains subfolders for graphical output (Radars, Targets, TSsumms, 
DynEvals, Scatters, Taylors, ScatDynEvals, Bars, TimeSeries). 
 

¶ CNTRS: List of Countries/Regions (user) names. 
 

¶ CNTRSNUTS: List of NUTS codes corresponding to CNTRS. NUTS codes up to level 3 
depending on what is available in the startup file. An R utility progam vor the conversion of 
Longitute, Latitude values to NUTS code is reproduced in Annex 3.  

 

¶ INDORDER: Ordering of the 19 Indicators. For default order see Introduction. User specific 
ordering can be defined here. 

 

¶ YEAR: The annual year 
 

¶ INIT*: Initial settings for model, species, domain, period, GC in the DTL opening window. 
INITGC refers to the following uncertainty parameters: Fairmode (FM), CEN, and AAQD. 

 

¶ !/wh.!¢Υ [ƛƴƪ ǘƻ ǘƘŜ !ŎǊƻōŀǘ ǊŜŀŘŜǊ ŦƻǊ Ŏƻƴǎǳƭǘŀǘƛƻƴ ƻŦ ǘƘŜ όǇŘŦύ ǳǎŜǊΩǎ Ƴŀƴǳŀƭ ƛƴ ǘƘŜ 
DTLinput directory. 

 

¶ USER_PERIODS: The standard time periods available in the tool are: Year, Summer (JJA), 

Winter (DJF), and the 12 individual months. Specific user-defined periods can be added as 

the sum of individual months.  

ExamplesΥ ΨW!bҌFEB+59/ΩΣ ΨW¦[Ҍ!¦DΩΦ 
 

¶ COLORTAB: 0 for the default colour table, 1 for the DeltaTool colour table 

 

Drop lists and left panel of window 
 

 
 

The drop lists at the top of the DTL window allow you to select which cases to run: 
 

¶ SPECIES: List of species is taken from the GENERALinput.dat file. 
 

¶ MODELS: A list is generated based on what is available in the modeling folder (dirMOD). 
 

¶ DOMAINS: Countries/Regions are taken from the GENERALinput.dat file. 
 

¶ PERIODS: This includes the default periods (Year, Summer, Winter, 12 months) as well as user-

defined periods from the GENERALinput.dat file.  

¢ƘŜ ōǳǘǘƻƴ Ψ¦{9wIw{Ω Ŏŀƴ ōŜ ǳǎŜŘ ǘƻ ŘŜŦƛƴŜ ŀ ǎǇŜŎƛŦƛŎ ǘƛƳŜ ƛƴǘŜǊǾŀƭ ƛƴ ǘƘŜ ŜŘƛǘŀōƭŜ ŦƛŜƭŘ 

USERHRS. ¢ƘŜ ŦƻǊƳŀǘ ƛǎΤ Lƴƛǘƛŀƭ ƘƻǳǊΣ ŦƻƭƭƻǿŜŘ ōȅ Ψ-ΨΣ ŦƻƭƭƻǿŜŘ ōȅ ŜƴŘ ƘƻǳǊΦ  

For example: 2000 ς 3000. 
 

¶ GOAL/CRIT: 3 types of parameters for the observational uncertainty are available: Fairmode 

(FM), CEN, and AAQD. For details, see Annex 2.  
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¶ INCLSTATS: This list provides options to include/exclude specific types of stations. 
 

¶ ASSESS/FORECAST: The default mode is Assessment. In Forecast mode, the Persistence model 

can be selected here, and the indicator MQI_FC is calculated and appears in the Radar plot.  

There are three types of Persistence models:  

P1 is the mean value of Day -1 ,-2, -3 ,-4.  

P2 is the most recent hourly value at Day -1, -2, -3, -4. 

P3 is the value at the same hour on Day -1, -2, -3, -4. 

In the Target plot, normalization is with respect to the Persistence model (see [4]). 
 

¶ INDICATORS: A list of Indicators that can be included or excluded from the visualization. 
 

¶ ACTION/INFO: Provides useful editing and deletion options. 

 
 

The selections made in the drop lists are summarized in the left panel. For example: 
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Execute DTL 
 

¢ƘŜ ΨEXECUTE DELTA.TOOL.LIGHTΩ ōǳǘǘƻƴ runs de code and produces the following data output 

ŦƛƭŜǎ ƛƴ ǘƘŜ Ψ5¢[ƻǳǘǇǳǘΩ ŦƻƭŘŜǊΥ 
 

¶ OUTPUT_INDICATORS90p:  
All indicators (90p) 
 

      Example: 
 

 
 

¶ OUTPUT_INDICATORSxSTATION:    
   
All indicators per station: 
(StatName, Area/Type, Model mean norm., Obs mean norm., TN(BIAS), TN(1-R), TN(STDEV), 
Mod-Obs Summer norm., Mod-Obs Winter norm., Mod-Obs WeekD norm., Mod-Obs WeekD 
norm., Mod-Obs WeekEnd norm., Mod-Obs WeekEnd norm., Mod-Obs DayHours norm., Mod-
Obs NightHours norm., DynEval(W-S), DynEval(Wk-We), DynEval(D-N), statUB, UT-UB norm., 
StatRB, UB-RB norm.) 
 

Example: 
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¶ OUTPUT_STATISTICSxSTATION:    

 

Statistics per station 

(StatName, Altitude, Lon, Lat, GMT, Area/Type, MQI_H, MQI_Y, mean Model, mean Obs, stdev 
M, stdev O, Bias M-O, CRMSE, RMSE, 1-R, Normalized Bias, Symmetrical Normalized RMSE) 
 

Example: 
 

 
 

¶ OUTPUT_STATISTICSmeans:     
 

Statistics mean values over stations 

(mean values over Stations: MQI_H, MQI_Y, Model, Obs, STDEV Model, STDEV Obs,  

BIAS (M-O), CRMSE, RMSE, 1-R, NBIAS, SNRMSE) 
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Example: 

 
 

Graphics 
 

For the selections made in the drop lists, the following graphics can be generated:  
 

¶ Radar plots 

¶ Target plots 

¶ Temporal.Spatial Reports 

¶ Dynamic.Evaluation Reports 

¶ Scatter plots 

¶ Taylor plots 

¶ Scatter.Dynamic.Evaluation plots 

¶ Bar plots 

¶ Time Series.  

There are two ways to produce the graphics: 
- SHOW SINGLE GRAPHICS: Graphics can be generated for a single species, a single model, a 

single domain, a single period, and a single G&C at a time based on the selections made in the 
droplists. These graphics will be saved in the DTLoutput subfolders. 
The produced and saved graphics can be visualized one by one ǳǎƛƴƎ ǘƘŜ Ψ{Ih² {!±95 
GRAPHICS 1-by-мΩ ōǳǘǘƻƴΦ 

- SHOW MULTIPLE GRAPHICS: Graphics with multiple input parameters (species, models, 

domains, periods, G&C) can be generated using a line command in the editable field located at 
the bottom of the left-hand panel: 

-  
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Generating Graphics with Uncertainty Parameters: For graphics dependent on uncertainty 
parameters (Radar, Target, Temporal_Spatial Report, Dynamic_Evaluation Report, and 
{ŎŀǘǘŜǊύΣ ƛƴŘƛŎŀǘƻǊǎ Ƴǳǎǘ ŦƛǊǎǘ ōŜ ŎŀƭŎǳƭŀǘŜŘ ǳǎƛƴƎ ǘƘŜ Ψ9·9/¦¢9Ω ōǳǘǘƻƴΦ 
The line command may include multiple Models, Species, Domains, Periods, or Uncertainty 
Parameters, however, combining multiple values for different parameters simultaneously is 
not allowed. 
Examples of valid commands:  
Mod1,Mod2; NO2; ES; Year; CEN 
Mod1; NO2,O3,PM10; FR; May; FM 
Mod1; NO2,O3; ES,FR; Summer; CEN  not allowed due to multiple combinations. 
 

Generating Graphics without Indicator calculations: ²ƛǘƘƻǳǘ ǇǊƛƻǊ ŎŀƭŎǳƭŀǘƛƻƴ όΨ9·9/¦¢9Ωύ ƻŦ 
the indicators, the graphics (Taylor, Scatter_Dynamic_Evaluation, Bar, and TimeSeries) can be 
generated for all Models, Species, Periods, and for all Station codes and Nuts codes available in 
the startup file. The G&C parameter in the command line can be omitted. 
Examples of valid commands:   
Mod1,Mod2; NO2; ES; Year 
Mod1,Mod2; NO2; ES0041A; Year 
Mod1; NO2,O3,PM10; FR; May 
For Time Series double multiples are allowed: 
Mod1,Mod2; NO2,O3; ES0094A; Summer 
Mod1; NO2,O3,PM10; FR,FR1,FR101; July 
      

The default (i.e. DTL) colour table is as follows: 
 

 
          1         2           3          4          5          6          7          у          ф          мл        мм       мн   ΧΧΦΦ 

 

For single-variable plots, the colour is determined by the rank number of the model in the model 

drop list sequence. 

For multi-variable plots, the sequence of the variables determines the colours. 
 

We now will show a number of graphics with one or more models, species, domains, and three 

different sets of observational uncertainty parameters. For each of the graphics, the 

corresponding line-commands is given between brackets in the legend,  

 

RADAR PLOT 
 

All active indicators are displayed in a radar setting. A specific MQO is met if the corresponding 

indicator (its 90th percentile) is less than 1, i.e., within the green zone. 

The line below the plots indicates the types of stations included. For single plots (e.g., model, 

ǎǇŜŎƛŜǎΣ ŘƻƳŀƛƴΣ ǇŜǊƛƻŘΣ D/ύΣ ǘƘŜ άƴǳƳōŜǊ ƻŦ ǾŀƭƛŘ ǎǘŀǘƛƻƴǎ κ ǘƘŜ ƴǳƳōŜǊ ƻŦ ǎŜƭŜŎǘŜŘ ǎǘŀǘƛƻƴǎέ 
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shows which stations meet the 75% rule of model and observational data coverage over the 

period. 

Examples of radar plots include: 

 
Radar plot with all ES stations. [AENSa;NO2;ES;YEAR;CEN].    Same plot with Traffic stations excluded. 

         [AENSa;NO2;ES;YEAR;CEN]. 

 

 
Radar plot with two models superimposed.                                    Radar plot with two species superimposed. 

[AENSa,CHIa;NO2;ES;YEAR;CEN].     [AENSa;NO2,O3;ES;YEAR;CEN]. 

 

 
Radar plot with four models superimposed.                                 Radar plot with three species superimposed. 
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[AENSa,CHIa,DEHMa,FMIa;NO2;ES;YEAR;CEN].  [AENSa;NO2,PM25,PM10;ES;YEAR;CEN]. 

 

 
Radar plots (NO2 left, PM10 right) with three different sets of uncertainty parameters (FM, CEN, AAQD). 

[AENSa;NO2;ES;YEAR;FM,CEN,AAQD].   [AENSa;PM10;ES;YEAR;FM,CEN,AAQD]. 

 

TARGET PLOT 
 

In the Target plot, observational-uncertainty normalized Bias is displayed on the vertical axis and 

similarly normalized CRMSE on the horizontal axis. The CRMSE is positive in both directions. A 

station dot appears on the right side of the diagram if the standard deviation (SD) dominates over 

the correlation coefficient (R) in the expression for CRMSE. Otherwise, it appears on the left side. 

Within the green area, the Target value (i.e., normalized RMSE) is less than or equal to 1 (T=1). 

In Forecast mode, the Bias, CRMSE, and normalization are calculated with respect to the 

Persistence model (for details, see [4]). 

Examples of Target plots include: 

 
 

 
Target plot with all ES stations with MQI values in the                 Target plot with Traffic stations excluded 

diagram. [AENSa;NO2;ES;YEAR;CEN].    [AENSa;NO2;ES;YEAR;CEN]. 
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Target plot with two models superimposed.                                Target plot with two species superimposed. 

[AENSa,CHIa;NO2;ES;YEAR;FM,CEN,AAQD].   [AENSa;NO2,PM10;ES;YEAR;FM,CEN,AAQD]. 

 

 

TEMPORAL.SPATIAL (TS) REPORT 
 

The TS Report shows bar plots with Temporal and Spatial indicators. Each horizontal bar 

represents station values using black dots. If the number of stations/dots on a bar exceeds 15, the 

stations are grouped into a blue box, extended by lines to the right and left . The values of the box 

indicate the 25th percentile, median, and 75th percentile. The extension to the left gives the 

minimum value, and the extension to the right gives the maximum value. 

A vertical line on each bar shows the position of the 90th percentile MQI (Model Quality 

Indicator), with the value listed in the column on the right-hand side of the diagram. If this 90th 

percentile MQI is within the coloured part of the bar, the MQO (Model Quality Objective) is 

fulfilled (green if in the coloured zone, red otherwise). For the difference between orange and 

green we refer to [1].  

Examples of TS Reports include: 
 

 
 TS Report for two species with station dots and blue                TS Report for two domains.  

 Boxes. [AENSa;NO2,O3;ES;YEAR;FM,CEN,AAQD]   [AENSa;NO2,O3;POV,POL;YEAR;FM,CEN,AAQD]. 
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DYNAMIC.EVALUATION (DE) REPORT 
 

The Dynamic Evaluation Report shows bar plots for Dynamic Evaluation indicators, with station 

dots and blue boxes presented similarly to the TS Report. 

The vertical line on each bar indicates the position of the 90th percentile MQI, with the value 

shown in the right-hand column (green if in the green zone, red if outside). 

The MQO is fulfilled if the 90th percentile MQI is within the green part of the bar. 

Examples of DE Reports include:  
 

 
DE Report for two species. [AENSa;NO2,O3;ES;YEAR;CEN].   DE Report for two domains. [AENSa;NO2;ES,FR;YEAR;CEN]. 

 

SCATTER PLOT 
 

The Scatter Plot is a classic comparison of Observations (on the horizontal axis) versus Model 

results (on the vertical axis). The plot includes a coloured area representing the uncertainty zone. 

For more details on the differences between green and yellow zones, refer to [1]. 
 

 
Scatter plot with CEN uncertainty zone.                                     Scatter plot with AAQD uncertainty zone. 

[AENSa;O3;ES;YEAR;AAQD].               [AENSa;O3;ES;YEAR;CEN]. 
 

Since the parameters for the uncertainty zone depend on the species, we indicate, in a multiple 

species scatter plot, the uncertainty zones by coloured borders (panel below right).   
 


