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Abstract

The goal of the present paper is to analyse and to purpose issues on the question of the top-down approach for estimating local emissions of road transport sector from national level. A set of indicators related to transport activities is used for identifying homogeneous areas in the Italian territory. For each area, COPERT methodology is therefore applied to estimate atmospheric emissions of different pollutants. The results by vehicle category and driving mode allow to individuate differences between estimates obtained by applying the proposed methodology and those resulting from a simple disaggregation of national data by means of population as proxy variable. The study identifies a corrective index which could be used for a more reliable characterization of road transport emissions at local level.
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Introduction

Road transport is one of the major contributor to air pollution in Italy. In fact, estimates at national level show that, in the recent years, transport is the main source of pollution in urban areas related to different pollutants, such as NOx (nitrogen dioxide), NMVOC (non methanic volatile organic compounds), CO (carbon monoxide) and PM (particular matter). Transport sector is also responsible for a large part of CO2 national emissions, the principal greenhouse gas.

The methodology used to estimate national air pollutants and GHGs emissions from road transport is COPERT (Computer Programme to estimate Emissions from Road Traffic), the same adopted by the European Environment Agency inside CORINAIR Air Emissions Inventory Program. COPERT is a mathematical model based on a large database including information on national automotive fleet and several related parameters like: speed-dependent emission functions, fuel consumption, average speed and mileage for each vehicle. 

In order to estimate road transport emissions in urban areas, the same methodology could be used but the need of detailed information can not always be completely satisfied. In this case, national data are usually used as the basis for rough estimation of road transport pollution also at local level. Proxy variables can be identified and used for a top-down approach of the national totals. 

The identification and application of a methodology that takes into account local specifities and information allows to have more reliable estimates at local level without a lot of time and resources consumption and above all data which are consistent with national totals.

1. Objectives

The goal of the present work is to analyse and to purpose issues on the question of the top-down approach for the estimation of local road transport emissions from estimates at national level. 

A bottom-up approach should be applied in case input data required by estimation procedures are available at urban level. Otherwise, emissions are allocated from national to smaller levels by a top-down approach with the help of proxy variables. The identification of these variables is very important for the reliability of the estimates at local level. Thus, a set of both vehicle categories and socio-economic indicators at provincial level has been simultaneously considered in order to characterize homogeneous areas in the Italian territory. Four different groups of territorial units have been individuated and COPERT methodology has been applied to each group to estimate road transport emissions of different pollutants. The results, by vehicle category and driving mode, are compared with average national totals and with those obtained by disaggregating national estimates by means of a simple proxy variable. 

Since the spatial aggregation of territorial units is not supposed to change substantially during the years, the macro-areas can be considered representative of different transport typologies. Therefore, a corrective index is obtained and proposed to ameliorate and better characterize road transport emissions at local level without lacking in consistency with national estimates.

2. Approach

A set of indicators related to transport activities is used for identifying homogeneous areas in the Italian territory. Both vehicle categories and socio-economic information is considered simultaneously in order to characterize different groups of territorial units. The base data for the analysis are the values of seventeen variables for the 103 provinces by which Italy is divided. A description of the variables is shown in table 1. A cluster analysis has been applied to the set of data and four groups with different number of provinces have been individuated. The results of the analysis are mapped in figure 1. The most numerous cluster (cluster 1) is characterized by provinces all situated in the southern part of Italy; the presence of highways is very limited in these areas and an old vehicular fleet shows the highest index of diesel cars per capita. Cluster 2 shows the highest mean value of rural roads length per provincial surface, as well as the highest value of gasoline distribution and LPG cars per capita. The most numerous  gasoline fleet per capita and the newest vehicular cars (Euro1) are observed in cluster 3. Cluster 4, which includes provinces where greatest cities are situated (Rome, Milan, Naples, Florence), is characterized by high concentration of urban roads and highways, maximum number of mopeds per capita and high gasoline distribution.

For each group, COPERT methodology has been applied to estimate road transport emissions for different pollutants. Information resulting by the cluster analysis has been taken into account in order to differentiate the variables considered in the estimation methodology (annual mileage per vehicle, distribution of mileage by driving mode per vehicle sector), characterize the different clusters and balance the total calculated fuel consumption per fuel type with the consumption statistics of the cluster. National annual mileage per vehicle has been estimated as a weighted average of clusters data and then national totals have been calculated using COPERT.   

Table 1. List of indicators used for classifying Italian provinces.

	Employees-Manufacturing and construction industry /  labour forces

	Employees-Electricity, gas, steam and hot water supply /  labour forces 

	Employees-Wholesale and retail trade; repairs of motor vehicles, motorcycles 

                   and personal and household goods. Hotels and restaurants. 

                   Transport, storage and communication /  labour forces

	Employees-Financial intermediation. Real estate, renting and business activities /  labour forces

	Employees-Public administration and defence; compulsory social security /  labour forces

	Urban road length / surface 

	Rural road length / surface

	Highways road length / surface

	Gasoline Passenger cars per capita

	Diesel Passenger cars per capita

	LPG Passenger cars per capita

	Light duty vehicles / vehicles fleet

	Heavy duty vehicles / vehicles fleet

	Mopeds per capita

	Motorcycles per capita

	Gasoline distribution / Gasoline Passenger cars

	Diesel distribution / Heavy duty vehicles


3. Results and Discussion

Emission results of the new methodological approach for each cluster have been compared with the provincial CORINAIR emissions aggregated by cluster. Provincial CORINAIR emissions are calculated by the standard top-down approach which uses population and highways length, as proxy variables, to disaggregate the national total:
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where
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= CORINAIR emission in province i (i = 1,…, 103) for vehicle sector k (k = 1,…, 5);
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 = national proxy value.  
The information used to characterize homogeneous areas (clusters) has been used to correct standard CORINAIR emissions by province, by means of the specific following indexes:
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where
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= variation index for cluster c (c= 1,…, 4) and vehicle sector k;
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= COPERT estimated emission for cluster c, for vehicle sector k;
m   =  dimension of cluster c.

Finally the corrected emission for province i and vehicle sector k is:
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The results of the comparison are described in figure 2. Differences by vehicle sectors are significant at cluster level, reflecting specificities related to transport activities, while, for each pollutant, the deviation 
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 observed at national level (“Total” in figure 2) is under the 1% threshold in consequence of model adjustments:
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Moreover for each cluster and pollutant, emissions per vehicle sector have also been calculated according to three different driving mode (urban, rural, highway). 

The subsequent step is to individuate urban areas, which are the ones with more than 40.000 inhabitants and estimate road transport emissions at local scale. 

For each province of the cluster, the quote of urban emissions by vehicular fleet has been disaggregated by means of different weights considering the relative population in each urban area. 

Results are shown in figure 3. For each cluster, urban areas in evidence cover the 25o percentile value. 

Conclusion

In this paper the issue of the top-down approach for the estimation of local road transport emissions from estimates at national level has been analysed. 

A new methodology that takes into account local specifities has been proposed and applied to Italian provinces. 

By means of a set of indicators related to transport activities, four homogeneous areas have been identified. Information provided by the cluster analysis results allows to characterize and differentiate locally COPERT emission estimates consistently with the national total estimates. A variation index has been calculated for each of the four areas and used to correct standard CORINAIR emissions for provinces of the same cluster. Therefore, urban estimates have been obtained from provincial ones by means of population as proxy variable. 

Further work will complete the methodological aspects regarding the estimation of emissions in rural areas and highways for a detailed characterisation of road transport pollution at local level.

Figure 1. Italian provinces. Results of cluster analysis. 
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Figure 2. Emissions results for vehicle categories (3 pollutants): deviation (%) from standard CORINAIR methodology estimates.
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Figure 3. NOx emissions results in urban areas - Clusters ranking.
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Figure 3 (continued). NOx emissions results in urban areas - Clusters ranking.
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