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Abstract. In the last years, there was great interest in the development of tools for an effective evaluation of road 

transport pollutant-related emissions, especially in the urban areas. This paper represents an innovative approach for 

identifying criticalities about pollutant emissions associated with road traffic and for defining effective policies in order 

to decrease pollutant emissions. The proposed tool concerns the development of an emission indicator, a proxy measure, 

which is useful for the assessment of emission problems, based on the use of GPS (Global Positioning System) 

instantaneous vehicle speed data. The tool can be considered an innovative and adequate solution in many cases in 

which the development of a valid and robust traffic simulation model, especially DTA (dynamic traffic assignment) is 

not available in the medium- and short-term horizon. The methodological process concerns the monitoring of road traffic 

conditions using GPS data from probe vehicles in combination with the use of GIS (Geographic Information System) 

for the estimation of an emission indicator. The tool has been tested on a real case study in the city of Cluj in Romania 

for the NOx emissions. The results show the utility of the tool in supporting policy and decision making, due to its ease 

of application and consistency, especially in defining critical areas.  

Keywords: NOx emissions, spatial analysis, GPS instantaneous vehicle speed, COPERT model, urban road traffic. 

Introduction 

Transport-related emissions show a significant growth over the past decade and this trend is expected to continue on 

the long term. In this respect, decarbonising the transport sector by eliminating fossil fuel could be a very effective 

policy on the long term. Meanwhile, smaller scale interventions in the urban area are already possible by implementing 

investments in clean infrastructure (Zhang et al., 2018) or traffic management. Urban areas are acknowledged to have 

the highest share in generating pollution related to transport and to face the most negative direct impact (Covrig et al., 

2016; Roșu et al., 2018). Traffic emissions are included in the background air pollution. However, their impact is very 

important (Alam et al., 2017; Banica et al., 2017; Condurat, 2016; Tongwane et al., 2015).  

Specifically, the impact is more significant in areas where there is a large component of heavy traffic (Laña et al., 

2016) or where car traffic level ranges from moderate to heavy (Matz et al., 2018). Taking into consideration this 

specific context, pollutant emissions related to mobility are strictly correlated with the traffic dynamics such as queue, 

spillback and speed variation (Afotey et al., 2013; Barth & Boriboonsomsin, 2008; Zhao et al., 2017).  

Sustainable Urban Mobility Plans (SUMPs) (EC, 2013; ELTIS, 2014) are strategic documents for transport 

planning. They promote more sustainable mobility systems and they analyse the impact of any trends or policies for 

urban mobility in which the estimation of pollutants is an important project indicator. In some cases, urban regeneration 

models have been developed (García-Fuentes & de Torre, 2017; Kepaptsoglou et al., 2015) with the main aim to reduce 

air pollution related to urban mobility (Pérez et al., 2019).  

There are studies using vehicle speed data for the direct estimation for the calculation of air pollutant emissions 

in the urban area (Zhao et al., 2017; Mitran & Ilie, 2014; Chang & Lin, 2018; Toșa et al., 2015, Jiang et al., 2017; Gori 

et al., 2014; Li et al., 2016). Many different road traffic emission models depending on speed analysis have been 

developed at different level of aggregation in space and time. According to Wang et al. (2018), the main classification 

includes a) static emission models (aggregated models, average-speed models, traffic situation models) and b) dynamic 

emission models (regression-based models, modal models, instantaneous models). The input data for all these is the 

traffic assignment model, classified according to temporal dimension: DTA, semi-dynamic traffic assignment and 

static traffic assignment (STA) models. 
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Significant advances have been made about the accuracy of the emission models depending on the results of 

traffic assignment. However, these models need a large amount of data for calibration and validation and in many 

cases, it is very difficult to implement a satisfactory representation of the car traffic demand. 

The aim of this research is to provide a simple but effective tool for the analysis of emission zones and for the 

evaluation of their impact in order to tackle the problem of reducing air pollutants related to road transport. The 

proposed methodology develops an emission indicator, a proxy measure, based on GPS instantaneous speed data. This 

does not represent a tool for estimating pollutant emissions, which implies the computation of emissions based on the 

knowledge of the level of traffic, but rather an indicator of these emissions. This indicator leads to the evaluation of 

the impact of different policies, as well as the adoption of control strategies in a simpler but nevertheless robust 

approach. 

The approach is based on using data from GPS (Kong et al., 2018) for monitoring road traffic situations, in 

combination with the use of GIS (Liu et al., 2017). GIS tools permit the definition and representation of the spatial 

distribution of many variables, the pollutant emission in this case (Cai et al., 2015; Masood et al., 2017; Tenailleau 

et al., 2016).  

This paper is a refinement of Boitor et al. (2019) innovative approach of identifying the criticalities of pollutant 

emissions related to road traffic. It can be considered an adequate solution especially when the development of valid 

DTA model is not available. It would also be useful for the evaluation of different management actions. Such an 

approach can be used for any specific pollutant emissions and the case study application deals with the NOx emissions.  

The numerical application is applied in the case study of the city of Cluj-Napoca, Romania. The area is divided 

into three different speed-emission zones: Hot emission area, Medium emission area, Cold emission area. These zones 

were graphically represented using only the NOx indicator values.  

The paper is structured as follows: Section 1 describes the methodology of the proposed tool, Section 2 presents 

the case study application while Section 3 shows the results of the application. Finally, conclusions are reported. 

1. Methodology 

The speed – emissions relationship is relevant for both instantaneous as well as average speed (Hu et al., 2018; Li et al. 

2019). Instantaneous speed, along with instantaneous emissions are more accurate than average emissions (Ryu et al., 

2015) for the representation of real-world situations for speeds below 20 km/h. Speed-emissions correlation is sensitive 

to varying real-world driving conditions in the urban context (Pathak et al., 2017), where the speed profile is a crucial 

parameter for fuel consumption and emission estimation, along with other factors such as time, distance, acceleration 

and deceleration (Zhao et al., 2016). 

General process of the new tool for the evaluation of NOx emissions from road traffic is reported in Figure 1. 

 

 

Figure 1. General process of the new tool for the evaluation of NOx emissions from road traffic 
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Step 1 refers to GPS data elaboration and filtering for the numerical application after the map matching and the 

extraction of the GPS data for the specific area. GPS data filtering for the numerical application includes the elimination 

of the parking related points (ZP) which have zero speed (ZS) while maintaining the other points with zero speed, 

which are related to congestion (ZC). Zero speed congestion points are part of the moving process of vehicles, while 

parking points are excluded from the analysis. The process of filtering is also considering the moving points for 

ensuring that GPS instantaneous data can be considered a reliable proxy measure of the average speed of the traffic 

flow. For avoiding the overestimation of emission indicator, the low speed points are filtered, excluding the points 

representing the absence of interference with other vehicles, that generally do not produce reaction with changes in 

acceleration and deceleration. This is the typical condition of the local roads and they are generally considered low 

speed - local condition (LSLC) points. Low speed – congestion (LSC) points are part of the moving process of vehicles, 

while LSLC points are excluded from the analysis. This step allows the use of instantaneous speed data as satisfactory 

indicators of traffic density, thus considering congestion conditions. 

Step 2 concerns the GIS component of the application, starting from the creation and analysis of the speed 

database for the citywide area. Simple visualization of the GPS points and speed weighted points in heat maps are used 

to check their distribution. Furthermore, the large dataset of GPS points is aggregated using a hexagonal tessellated 

grid (10,000 square meters hexagons). Specifically, this step involves the analysis of speed distributions and its 

relationships with different levels of traffic congestion. Spatial distributions are created for identifying some general 

patterns in the area, which can be validated with spatial statistics indicators, such as Global Moran I and Hot Spot 

analysis (Getis-Ord Gi*).  

Step 3 deals with the calculation and visualisation of the NOx emissions indicator. The computation of the 

emission indicator is made using COPERT IV model (Ntziachristos et al., 2009). COPERT is considered the standard 

emission inventory system and it is used to estimate emissions from road transport in many countries. The hot emissions 

equations are considered for the calculation of the emission factor for NOx pollutant. The visualization of NOx 

emissions indicator is conducted using GIS tools for the emission indicator zoning process. The final output of the tool 

consists of a map showing the emission zones. The analysis of hot spots and cold spots is carried out using Getis-Ord 

Gi* statistic, by calculating a Z-score and a p-value for each feature in the dataset. The three types of emission areas – 

Cold, Medium, and Hot emission areas – are validated with geo-statistical analysis. For additional details about the 

spatial analysis and spatial statistics see Boitor et al. (2019). 

2. Case study: Cluj-Napoca, Romania 

The proposed tool is applied in the municipality of Cluj-Napoca, Romania. Cluj-Napoca is a mid-sized city with a 

population of more than 300,000 inhabitants and the transport system relies mostly on roads for both interurban and 

intra-urban mobility. In the urban road network, the speed limit is 50 km/h.  

The database consists of 1,551,135 GPS points collected in the city of Cluj-Napoca, second-by-second between 

09.02.2015 – 19.02.2018, using passenger car probe vehicles monitored with Track GPS application. The database 

contains information regarding time, latitude, longitude, speed and course for every point. 376,699 zero speed (ZS) 

points are divided into zero parking speeds (ZP) and zero congestion speed (ZC). The result was that 10% of the 

recorded points are ZP and they are excluded. A similar study (Zhao et al., 2016) presents that 87% of the recordings 

indicated a moving car and 13% of the recordings indicated that the car had stopped moving or the car had stopped. 

Furthermore, from the new dataset excluding ZP points, 20% of the points are LSLC points and they are excluded from 

the analysis.    

The spatial distribution of the GPS points in Figure 2a shows a good coverage of the city, considering the road 

network, the number of observations as well as the spread locations. The speed weighted points’ distribution in 

Figure 2b shows a very good overlap with the arterial collectors and the main urban streets and it reflects traffic patterns 

and road traffic congestion areas. The spatial distribution of speed weighted points was further carried out to determine 

the spatial autocorrelation of speeds in the data set. The Global Moran analysis reported a value of 0.177713 for Global 

Moran’s Index, a Z-score of 52.4 and a p-value of 0.00000001. The results indicated a strong spatial autocorrelation 

of the speed values. This enabled the hot spot analysis (Getis-Ord Gi*) for more complex pattern analysis. 

Map in Figure 2c present a more practical perspective of the speed analysis. A honeycomb network is used to 

aggregate the points for the analysis and some pattern determination. The honeycomb is classified using speed specific 

percentiles (v25, v50, v75, v85) and the posted speed (similar to v95). The speed patterns, resulting from the map can 

be characterized by three main aspects: 

 the presence of high-speed corridors (arterial or collector street) in red, located outside the built-up area, 

where secondary streets give way to main traffic roads; 

 the presence of high-speed clusters (red hexagons) located within the built-up area, on high-speed 

streets/collectors with the right of way and near signalized intersection;  

 the presence of low-speed hexagons on the main road corridors close to signalized intersections or 

roundabouts.  
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Figure 2. Spatial distribution of the GPS points in the dataset: a) density of points;  

b) density of speed weighted points; c) honeycomb speed distribution 

The numerical application is carried out by using only passenger cars since the percentage of heavy traffic 

vehicles in the general flow in Cluj-Napoca is very low, largely under 10% based on numerous traffic censuses in 

different points in the city. Therefore, the study includes only the speed data of the passenger cars. The NOx evaluation 

in COPERT model is made for the passenger cars disaggregated by type of vehicle and legislation standard. 

Considering the data from the National Institute for Statistics (2018), at the national level there are 55% of gasoline 

passenger cars and 45% diesel passenger cars. The average age of the passenger car fleet in the city is related to the 

emission standard Euro 4. 

3. Results of the application/spatial analysis of data  

The results of the application of the tool in Cluj-Napoca presented in this section are focused on the analysis of the 

results about the emissions indicator. According to the methodology, GIS-based methods are used, such as heat maps, 

spatial distributions, and hotspots. GIS representation for emission indicator visualization is conducted using the 

honeycomb network and different ranges for the classification of the cells.  

Figure 3a presents the distribution of emissions indicator weighted points. It shows that the high concentration of 

emissions is found in the central area of the city, while the sparse density covering the urban areas suggest that the 

points are spread all over the urban built area. High concentration of NOx indicator values is also found in congested 

intersections and on the road that are not modernized. Therefore, the details about the state of the pavement should be 

considered for further and more detailed analysis.  

The Global Moran analysis of the NOx emission factor reports a value of 0.091235 for Global Moran’s Index, a 

Z-score of 26.9 and a p-value of 0.00000001. The results indicate a strong spatial autocorrelation of the NOx emission 

indicator values.  

Figure 3b shows the results of the hot-spot analysis. First, it underlines that, unlike the spatial distribution of 

speed data, the NOx emission indicator presents high values, correlated to the high NOx emission case, in many places 

throughout the city, not only limited to the central part of the city, where spread data show the existence of the traffic 

congestion case. The high emission area distribution is due to the presence of the two worst cases: slow speed for 

congested traffic and high-speed vehicles with increasing fuel consumption. The classification of the road transport 
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system including all its components for the evaluation of the ecological status of these areas was also proposed by 

Andrei and Condurat (2018). Taking into account this approach, the emission zones in terms of NOx pollutant are a 

good indicator for identifying the need of intervention. Specifically, the use of Getis- Ord Gi* statistic underlines the 

presence of three different areas according to the point of view of pollutant emissions. This adjustment of the results, 

by filtering and clustering the points, enables a more homogeneous and clear distribution of the emission areas in the 

urban area model, which is more consistent with real traffic conditions (Figure 4b). Therefore, mapping the areas based 

on the values of the NOx emission indicator (Figure 4a), it is possible to observe that the proxy indicator allows to 

obtain results similar to the ones derived from the classic emission models. 

 

 

Figure 3. Computation of NOx emission zones: a) density of NOx emission indicator/heat map;  

b) hot-spot results of emission indicator 

 

Figure 4. Computation of NOx emission zones: a) NOx emission indicator classification in honeycomb network;  

b) NOx emission areas classification 

Conclusions 

This section reports the description of the methodology proposed and the results of the numerical application of this to 

the real case study of the city of Cluj-Napoca. The basis of the method is related to the use of new technologies that 

allow the collection of an extensive amount of data referring to real vehicle travel history. These data, as also described 

in the literature, are used for developing tools involving the evaluation of the impact of various policies for decreasing 

pollutants emissions, especially in urban areas. 

Therefore, the aim of this study is to propose a simple, but effective tool for the analysis of emission zones and 

for the evaluation of the impact of management policies. The proposed methodology develops an emission indicator, 

a proxy measure, based on GPS instantaneous speed data. This does not represent a tool for estimating pollutant 

emissions, which implies the computation of emissions based on the knowledge of the level of traffic, but rather an 

indicator of these emissions. 

For this purpose, the evaluation and visualization of NOx emissions indicator based on GPS speed data from 

several probe vehicles is conducted in four steps. The first step of the tool refers to raw data processing, namely map 
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matching and extraction of specific area. Secondly, GPS data filtering is conducted in order to identify ZP points 

associated with parking and LSLC points, which are excluded from the emission indicator analysis. Then, the 

validation is carried out by means of GIS tools. At last, the emission indicator is obtained and validated. About the 

application carried out in Cluj-Napoca, it is possible to observe that the emission zones were classified based on the 

values of the NOx emission indicator. A share of 11% Hot emission areas, 44% Medium emission areas and 45% Cold 

emission areas resulted. Moreover, Hot emission areas are easy to spot and further analyse. NOx instantaneous 

emissions have been found to be more reliable for capturing congestion impact. 

The integration of emission data with GIS is an effective method to perform complex environmental analysis by 

means of pollutant spatial distribution. The results show the utility of the tool for policy and planning process of road 

traffic management, due to its ease of application and consistency especially for the definition of critical areas and 

prioritising of the improvements with mobility projects. The input data can be dynamically updated, which implies the 

repetition of the numerical application. 

Further efforts have to be done to better refine the method. The efforts should include the following aspects: (1) 

the study is focused on a small fleet of probe vehicles. More complete analyses, on a wider and more robust sample of 

probe vehicles need to be conducted; (2) the study provides a methodology that the use of the speed data related to 

single vehicles. The activities carried out are mainly focused on the spatial analysis of the data from GPS points but 

there is the need of additional refinements in order to study the temporal changes of speed vehicles as well, for defining 

congested and free-flow conditions in a more robust way; (3) further development will deal with the validation of the 

model using two possible sets of data for comparison: the real-world data concerning pollutants emission and 

concentration from sensors and the emissions estimated using a detailed traffic model based on DTA. Another 

important step for the overall validation of the tool will test the capacity to evaluate various strategies to reduce of 

emissions such as the congestion mitigation actions or speed management techniques.  
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