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IntroductionIntroduction

The MoDiVaSET Project
Dispersion Modelling for Emission Scenarios Evaluation in Tuscany

Funded by the Regional Administration of Tuscany
Partners: DE-UniFI, CNR-IBIMET/LaMMA, ARPAT

Pollutants:
NOX, PM10, SOx

Sources:
Line (main roads)
Point (main industries)
Grid (other sources)

Domain:
49x40 km2

Firenze – Prato – Pistoia
metropolitan area
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IntroductionIntroduction

The MoDiVaSET project

Phase 1: Preliminary study – concluded

Year 2000 inventory – Analysis of critical factors – Preliminary sensitivity analysis, 
validation and uncertainty – Pollutants: PM10, NOX, SOx

Phase 2: Scenario analysis – in progress

Year 2003 inventory – 2012 scenarios: BAU and modified – Pollutants: PM10, NOX

Phase 3: Improvements - ???

Year 2005 inventory – new scenarios – other pollutants – chemical mechanisms –
multi-scale approach

TheThe MoDiVaSETMoDiVaSET projectproject

Phase 1: Phase 1: Preliminary study Preliminary study –– concludedconcluded

Year 2000 inventory Year 2000 inventory –– Analysis of critical factors Analysis of critical factors –– Preliminary sensitivity analysis, Preliminary sensitivity analysis, 
validation and uncertainty validation and uncertainty –– Pollutants: PMPollutants: PM1010, NO, NOXX,, SOSOxx

Phase 2: Phase 2: Scenario analysis Scenario analysis –– in progressin progress

Year 2003 inventory Year 2003 inventory –– 2012 scenarios: BAU and modified 2012 scenarios: BAU and modified –– Pollutants: PMPollutants: PM1010, NO, NOXX

Phase 3: Phase 3: Improvements Improvements -- ??????

Year 2005 inventory Year 2005 inventory –– new scenarios new scenarios –– other pollutants other pollutants –– chemical mechanisms chemical mechanisms ––
multimulti--scale approachscale approach
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Modelling Systems Modelling Systems -- 11

Meteorological DataMeteorological Data Emission InventoryEmission Inventory

Line
Sources
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Sources Point
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Point

Sources Grid Area
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Grid Area
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+

Osservatorio
Ximeniano
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Baciacavallo
+

Osservatorio
Ximeniano

stations

Year 2002

RAMS
archive
RAMS
archive

ADMS - UrbanADMS - UrbanCALMETCALMET

RESULTSRESULTS

“ADMS”“ADMS”
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Modelling Systems Modelling Systems -- 22

Meteorological DataMeteorological Data Emission InventoryEmission Inventory
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Modelling Systems Modelling Systems -- 33

Meteorological DataMeteorological Data Emission InventoryEmission Inventory
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Validation and UncertaintyValidation and Uncertainty

Monitoring Monitoring 
networksnetworks

of Florence, of Florence, 
Prato andPrato and
Pistoia: Pistoia: 

25 monitoring 25 monitoring 
stations stations 
(24 NO(24 NO22,,

17 PM17 PM1010 andand
9 SO9 SO22)(
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Validation and UncertaintyValidation and Uncertainty

Models Evaluation and Validation

Validation:    method based on the use of statistical indices derived from the 
BOOT (Hanna, 1989), the MVK(Olesen, 1995 & 2005) and the indices of Poli &

Cirillo(1993) - MEAN, BIAS, FB, SIGMA, FS, COR, FA2,  NMSE, WNNR, NNR

Quality objectives and  acceptability
criteria : 
(1) Chang & Hanna criteria (2004):
FA2>0.5, -0.3<FB<0.3, NMSE<4

(2) Quality objectives of the EEC directives
based on the results “accuracy”

Models Evaluation and ValidationModels Evaluation and Validation

ValidationValidation:    :    method based on the use of statistical indices derived from the method based on the use of statistical indices derived from the 
BOOT (Hanna, 1989), the MVK(BOOT (Hanna, 1989), the MVK(OlesenOlesen, 1995 & 2005) and the indices of, 1995 & 2005) and the indices of PoliPoli &&

CirilloCirillo(1993) (1993) -- MEAN, BIAS, FB, SIGMA, FS, COR, FA2,  NMSE, WNNR, NNRMEAN, BIAS, FB, SIGMA, FS, COR, FA2,  NMSE, WNNR, NNR

Quality objectives and  acceptabilityQuality objectives and  acceptability
criteriacriteria : : 
(1) (1) Chang & Hanna criteria (2004):Chang & Hanna criteria (2004):
FA2>0.5, FA2>0.5, --0.3<FB<0.3, NMSE<40.3<FB<0.3, NMSE<4

(2)(2) Quality objectives of the EEC directivesQuality objectives of the EEC directives
based on the results “accuracy”based on the results “accuracy”
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Validation and UncertaintyValidation and Uncertainty

Models Evaluation and Validation

Uncertainty analysis: 
bottom-up method

Based on the estimation of 
the single error sources 

and, then, on the statistical
calculation of the overall error.  

Uncertainty analysis: top-down method (Colvile et al. 2002)
the single error sources are not considered, but the overall error is quantified

by means of a high number of measures sufficiently representative of the 
phenomenon

Models Evaluation and ValidationModels Evaluation and Validation

Uncertainty analysis: Uncertainty analysis: 
bottombottom--up methodup method

Based on the estimation of Based on the estimation of 
the single error sources the single error sources 

and, then, on the statisticaland, then, on the statistical
calculation of the overall error.  calculation of the overall error.  

Uncertainty analysis: topUncertainty analysis: top--down method (down method (ColvileColvile et al. 2002)et al. 2002)
the single error sources are not considered, but the overall errthe single error sources are not considered, but the overall error is quantifiedor is quantified

by means of a high number of measures sufficiently representatiby means of a high number of measures sufficiently representative of the ve of the 
phenomenonphenomenon
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Meteorological dataMeteorological data

Reference meteorological scenario
Application RAMS-CALMET integrated model

Reference period:
2002-year

Computational grid:
49x40x12 cells
1x1 km2

Geografical input:
DEM and landuse data
with 1x1 km2 resolution

Output:
Concentration
time series

Reference meteorological scenarioReference meteorological scenario
Application RAMSApplication RAMS--CALMET integrated modelCALMET integrated model

Reference periodReference period::
20022002--yearyear

Computational gridComputational grid::
49x40x12 cells49x40x12 cells
1x1 km1x1 km22

GeograficalGeografical input:input:
DEM andDEM and landuselanduse datadata
with 1x1 kmwith 1x1 km22 resolutionresolution

Output:Output:
ConcentrationConcentration
time seriestime series
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Emissions Emissions –– Line SourcesLine Sources

LINE SOURCESLINE SOURCES

SchematizationSchematization::
79 straight79 straight--lineline
segmentssegments

HourHour--byby--hour hour 
EMISSIONS: EMISSIONS: 
provided by IRSEprovided by IRSE
regional inventoryregional inventory

SOSOxxNONOXX PMPM1010
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Emissions Emissions –– Point sourcesPoint sources

POINT SOURCESPOINT SOURCES

15 plants15 plants

87 industrial 87 industrial 
stacksstacks

Emissions and Emissions and 
geometrical geometrical 
parameters parameters 
retrieved from retrieved from 
IRSE regional IRSE regional 
inventoryinventory11th Harmonisation Conference 
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Emissions Emissions –– Area sourcesArea sources
GRID SOURCEGRID SOURCE

NONOXX PMPM1010

SOSOXX
1x1 km2 cell1x1 km2 cell

HourHour--by hour by hour 
emissions by emissions by 

IRSEIRSE
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Model resultsModel results

All the sourcesAll the sources

NONOXX
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Model resultsModel results

All the sourcesAll the sources

PMPM1010
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Model resultsModel results

All the sourcesAll the sources

SOSO22
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Validation exerciseValidation exercise

NONO22
*Model IntercomparisonModel Intercomparison

BackgroundBackground
FB: 0.84 (CGSA)FB: 0.84 (CGSA)

-- 0.61 (CGPL)0.61 (CGPL)

COR: 0.25 (CGPL)COR: 0.25 (CGPL)
-- 0.62 (ADMS)0.62 (ADMS)

FA2: 0.27 (CGSA)FA2: 0.27 (CGSA)
-- 0.60 (CGPL)0.60 (CGPL)

NMSE: 1.12 (CGSA)NMSE: 1.12 (CGSA)
-- 0.65 (CGPL)0.65 (CGPL)

TrafficTraffic

* NO* NOXX--NONO22 correlation: Derwent and Middleton (1996) formulacorrelation: Derwent and Middleton (1996) formula
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Validation exerciseValidation exercise

SOSO2
Model IntercomparisonModel Intercomparison

2

BackgroundBackground FB: 0.77 (ADMS)FB: 0.77 (ADMS)
to 0.43 (CGPL)to 0.43 (CGPL)

FA2: 0.50 (CGSA)FA2: 0.50 (CGSA)
to 0.67 (CGPL)to 0.67 (CGPL)

NMSE: 0.82 (ADMS)NMSE: 0.82 (ADMS)
to 0.35 (CGPL)to 0.35 (CGPL)

TrafficTraffic11th Harmonisation Conference 
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Validation exerciseValidation exercise

PMPM10
Model IntercomparisonModel Intercomparison

10

BackgroundBackground
FB: 1.80 (CGSA)FB: 1.80 (CGSA)

to 1.76 (ADMS)to 1.76 (ADMS)

FA2: 0.00FA2: 0.00

NMSE: 18.0 (CGSA)NMSE: 18.0 (CGSA)
to 14.1 (CGPL)to 14.1 (CGPL)
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Validation exerciseValidation exercise

Urban BackgroundUrban Background

Rural BackgroundRural Background Urban TrafficUrban Traffic

Urban BackgroundUrban Background

NONO22
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Validation exerciseValidation exercise

Urban BackgroundUrban Background

Urban TrafficUrban TrafficUrban BackgroundUrban Background

Urban BackgroundUrban Background

SOSO22
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Validation exerciseValidation exercise

Urban BackgroundUrban Background

Urban TrafficUrban TrafficUrban TrafficUrban Traffic

Urban TrafficUrban Traffic

PMPM1010
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Uncertainty analysisUncertainty analysis

Accuracy in accordance with the EC directiveAccuracy in accordance with the EC directiveAccuracy in accordance with the EC directive

Precision in accordance with Colvile et al. (2002) methodPrecision in accordance withPrecision in accordance with ColvileColvile et al. (2002) methodet al. (2002) method
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ConclusionsConclusions

Summary

Annual mean concentrations: the order of magnitude of NO2 and SO2
concentrations is correctly reproduced by the models. PM10 result is

underestimated.
Statistical validation indices confirm this analysis; Chang & Hanna
(2004) criteria are generally satisfied for FA2 and NMSE, not for FB

(NO2 and SO2).
The accuracy criteria of EC directive are not satisfied due to a

sistematic underestimation of the concentrations.

Hourly time series: despite the uncertainties, results show good
agreement between observed and calculated concentrations.

FB, FA2 and NMSE indices are rather close to the Chang & Hanna
criteria (except for PM10) 

SummarySummary

Annual mean concentrationsAnnual mean concentrations: : the order of magnitude of NO2 and SO2the order of magnitude of NO2 and SO2
concentrations is correctly reproduced by the models. PM10 resulconcentrations is correctly reproduced by the models. PM10 result ist is

underestimated.underestimated.
Statistical validation indices confirm this analysis; Chang & HaStatistical validation indices confirm this analysis; Chang & Hannanna
(2004) criteria are generally satisfied for FA2 and NMSE, not fo(2004) criteria are generally satisfied for FA2 and NMSE, not for FBr FB

(NO2 and SO2).(NO2 and SO2).
The accuracy criteria of EC directive are not satisfied due to aThe accuracy criteria of EC directive are not satisfied due to a

sistematicsistematic underestimation of the concentrations.underestimation of the concentrations.

Hourly time seriesHourly time series: : despite the uncertainties, results show gooddespite the uncertainties, results show good
agreement between observed and calculated concentrations.agreement between observed and calculated concentrations.

FB, FA2 and NMSE indices are rather close to the Chang & HannaFB, FA2 and NMSE indices are rather close to the Chang & Hanna
criteria (except for PM10) criteria (except for PM10)  11th Harmonisation Conference
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ConclusionsConclusions

Main limitations

1- Regional Background

The interaction with the bigger spatial scales (regional and
continental scale) must be included in the simulations

2- Local scale effects

Main cause of the underestimation at the monitoring points placed inside complex 
urban geometry; it is appropriate  to include the interaction with the smaller 

scales in order to improve efficiency of the validation study

3- Secondary pollution

It assumes fundamental significance, especially for PM10

Main limitationsMain limitations

11-- Regional BackgroundRegional Background

The interaction with the bigger spatial scales (regional andThe interaction with the bigger spatial scales (regional and
continental scale) must be included in the simulationscontinental scale) must be included in the simulations

22-- Local scale effectsLocal scale effects

Main cause of the underestimation at the monitoring points placeMain cause of the underestimation at the monitoring points placed inside complex d inside complex 
urban geometry; it is appropriate  to include the interaction wiurban geometry; it is appropriate  to include the interaction with the smaller th the smaller 

scales in order to improve efficiency of the validation studyscales in order to improve efficiency of the validation study

33-- Secondary pollutionSecondary pollution

It assumes fundamental significance, especially for PM10It assumes fundamental significance, especially for PM10
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ConclusionsConclusions

Current and future work

New (updated) emission scenarios – year 2003 / 2005(?) 

Inclusion of background concentrations

Smaller scale effects: main urban canyons

Chemistry module – secondary pollution
Other models (CAMx – CMAQ - .....) 

Current and future workCurrent and future work

New (updated) emission scenarios New (updated) emission scenarios –– year 2003 / 2005(?) (?)year 2003 / 2005 

Inclusion of background concentrationsInclusion of background concentrations

Smaller scale effects: main urban canyonsSmaller scale effects: main urban canyons

Chemistry module Chemistry module –– secondary pollutionsecondary pollution
Other models (Other models (CAMxCAMx –– CMAQ CMAQ -- .....)  11th Harmonisation Conference(.....
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