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ABSTRACT 

Pollution derived from traffic can be considered one of the major problems of modern cities. Although 

considerable efforts have been devoted to gathering information about pollution and its control, little 

attention has been paid to the analysis of relationships between pollution distribution and town planning. 

The existence of these relationships would enable better prediction and prevention of pollution through 

town planning. In this work, an analysis of one pollutant derived from traffic (urban noise) in 27 cities is 

presented. Non-parametric tests and ROC analyses were employed, using the equivalent sound level 

(Leq) values as the dependent variable. For the characterization of the pollutant, an alternative concept to 

accessibility is analyzed: the concept of functionality. 

Results of statistical inferential analysis showed the existence of significant differences between the 

sound levels of the different categories results, confirming that noise is stratified in the studied cities and 

that the five categories proposed based in the concept of functionality highlight this noise stratification. 

Moreover, high sensitivity and low non-specificity were obtained by using ROC analysis. Results of this 

analysis also showed an overall average value of prediction capacity close to 90%. Therefore, because 

the proposed categories highlight the noise stratification of the studied pollutant in all the towns studied, 

the functionality concept can be considered an interesting tool for urban planning and for designing 

pollution prevention policies. Finally, as traffic is a source of other urban pollutants, the concept of 

functionality may be a new concept for wide environmental pollution management. 
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1. INTRODUCTION 

One of the major consequences of globalization has been the continuous increase in the population of 

urban centers. Cities have become in the most successful habitat model for human civilization. 

Development patterns have changed from compact urban areas, with a strong central business district 

and industrial facilities serving as large employment centers, to metropolitan areas that extend over large 

areas and in which employment is frequently widely scattered (EPA, 2001; EEA, 2009). People must rely 

on automobiles for access to jobs and services because residential and commercial areas are separated. 

This increase in vehicle travel and vehicle dependency has not only contributed to an increase in 

greenhouse gases but has also produced an increase in annoying noise and noisy environments 

(Babisch, 2006; Belojevic et al., 2008; Iosub et al., 2008; Pathak et al., 2008; Paunović  et al., 2009; 

Szeremeta and Zannin, 2009; Di et al., 2012; Halonen et al., 2012). Recent publications from international 

organizations indicate that noise pollution is a major environmental problem that affects a large part of the 

world population and represents a risk to our health and quality of life (EEA, 2009; WHO, 2011). 

 

The importance of the urban form on sustainable development has been recognized in recent years and 

determines transportation demands, which directly affect noise and air pollution (Sheng and Wa Tang, 

2011). Some researchers have studied the spatial relationship between urban shapes and morphologies 

and air pollution and noise (Bowker et al., 2007; Su et al., 2008, Albert and Liu, 2010; Can et al., 2011a, 

2011b; Foraster et al., 2011; Guedes et al., 2011; Wang and Kang, 2011; Freitas et al., 2012; Salomons 

and Berghauser Pont, 2012).  

 

Currently, accessibility is a concept that is widely used in a number of scientific fields, including transport 

planning, urban planning and geography. As a result, land-use and infrastructure policy plans are often 

evaluated with accessibility measures that are easy to interpret for researchers and policy makers but that 

have strong methodological disadvantages (Geurs and van Wee, 2004).  

 

In this work, an alternative concept to accessibility for use in transport planning, urban planning and 

environmental pollution management is analyzed: the concept of functionality. This concept involves the 
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consideration of the functionality of the streets of the city as a communication path between different parts 

of the city and between the city and other urban areas. In addition, other variables such as the flow of 

vehicles, the type of traffic, the average speed and others may have a clear relationship with functionality. 

Consequently, functionality may be associated with the pollution that is related to road traffic (both 

acoustical and chemical). Previous works have analyzed the relationship between traffic and pollutants 

(physical, such as noise, or chemical) (Barrigón et al., 2005, Su et al., 2008, Can et al., 2011a, 2011b; 

Foraster et al. 2011). Therefore, the concept of functionality can be a very useful tool for the prediction 

and control of physical and chemical urban pollution and for improving urban planning policy. 

 

To date, the concept of functionality has been rarely used to study pollution in cities. In this sense, our 

research group has been working on the development of a methodology that allows us to establish 

statistically significant relationships between the functionality of the urban streets and noise pollution, 

which we call the categorization method. It has been demonstrated that categorization is adequate for the 

description of noise in medium-sized cities (Barrigón et al., 2005) and clearly has a better prediction 

capacity than the standarized grid method (Barrigón et al., 2011, Rey Gozalo et al., 2012). 

 

In the present work, an analysis of the relationship among the functionality of urban streets and noise 

pollution is performed for urban areas that range from small towns of approximately 2,000 inhabitants to 

more populated cities of almost 700,000 inhabitants, with a total of 27 cities studied. These analyses 

focused on the verification of the proposed categories, which highlight noise stratification, and on the 

prediction capacity of the method. Although this analysis is focused on noise, it is expected that the 

results can be extrapolated to other types of pollution produced by traffic. 

 

Section 2 describes the method and the cities in which it was applied. Section 3 presents and discusses 

the results. Finally, Section 4 presents the most relevant conclusions. 
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2. METHODS 

 

2.1. The studied cities 

In the present work, 27 different cities were studied, with 25 cities located in various regions of Spain as 

well as one each in Chile (Valdivia) and Portugal (Campo Maior). Table I shows different data of the 

studied cities. The studied cities present different characteristics with respect to: 

 Location: coastal cities (Santander, Málaga and Valdivia), cross-border cities (Campo Maior, 

Olivenza and Badajoz) and interior cities (the rest of the cities). 

 Administrative relevance: high administrative relevance cities such regional capital cities (Mérida, 

Valladolid, Sevilla, Santander and Vitoria), medium administrative relevance cities such as 

province capitals cities (Cáceres, Badajoz, Sevilla, Málaga, Salamanca, Valladolid, Santander 

and Vitoria), and the rest of the cities with low administrative relevance. 

 Urban area: varying from 59.27 km
2
 (Sevilla) to 0.57 km

2
 (La Coronada). 

 Population (INE 2008, 2010): varying from 699,759 inhabitants (Sevilla) to 2,238 inhabitants (La 

Coronada). The Spanish cities included in this study comprise nearly 6% of the entire population 

of Spain. There are 8 cities with populations greater than 100,000 inhabitants (Valdivia, Badajoz, 

Salamanca, Santander, Vitoria, Valladolid, Málaga and Sevilla) while the rest (19 cities) are 

under this number of inhabitants. Note that an important part of the world population lives in 

cities under 100,000 inhabitants (68% of the world in 2003)  

 

These differences between the studied cities reflect the existence of important town planning differences 

that allow for a more complete verification of the validity of the categorization method as a tool that 

demonstrates the relationship between the functionality concept and the existence of a stratification in 

one of the pollutants associated with urban traffic (noise). 

 

2.2. The categorization method 

As previously mentioned, the categorization method classifies the urban roads according to their 

communication function and develops the following steps: (a) Definition of the categories. (b) Assigning 
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the town’s streets to these categories. (c) Selection of sampling points. (c) Decision on the number of 

samples and sampling schedule. (d) Sampling. (e) Analysis of the results and confirmation of the initial 

hypothesis. 

 

For the first step (definition of the categories), we used the following definitions: 

 

 Type 1 includes those preferred streets whose function is to form connections with other Spanish 

towns and to interconnect those preferred streets. In general, these streets are indicated by a 

system of road signs.  

 Type 2 includes those streets that provide access to the major distribution nodes of the town. For 

the purpose of this study, a distribution node is considered to exist when at least four major 

streets meet. This definition does not include any possible nodes of preferred streets as defined 

in Type 1, above. This category also includes streets normally used as alternatives to Type 1 

streets in the case of traffic saturation. 

 Type 3 includes streets that lead to regional roads, streets that provide access from those streets 

of Types 1 and 2 to centers of interest in the town (hospitals, shopping malls, etc.), and streets 

that clearly allow communication between streets of Types 1 and 2. 

 Type 4 includes all other streets that clearly allow communication between the three previously 

defined types of street, as well as the principal streets of the different districts of the town that 

were not included in the previously defined categories. 

 Type 5 comprises the rest of the streets of the town except pedestrian-only streets.  

 Type 6 comprises all the pedestrian-only streets.  

 

As the assumption behind this method of street categorization is that traffic is the most important source 

of noise pollution, the sixth category was not included in the present study. In any case, pedestrian-only 

streets usually represent a very small percentage of all the streets in a city. 

 

For the second step (assigning the town’s streets to these categories), basic information about the city 
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was obtained, including plans, areas of interest that imply movements of a great number of citizens 

(entertainment, bureaucratic, commercial, industrial, residential, etc. centers), and traffic restrictions. 

From this information, a first assignment was performed. Assignments were modified or confirmed after 

visiting the cities and speaking with citizens. 

 

For the third step (sampling point selection), points of streets belonging to each category were randomly 

selected. Two methods were used: for streets in categories 1 to 4, the total street length was calculated, 

and using a "random" function, different non-equivalent sampling points were selected. Equivalent points 

are those located on the same section of a street with no important intersection between them. Streets 

and points were selected for each category. In the case of category 5, due to the large number of streets 

involved, each administrative-level street was taken to be a single potential sampling point, with the 

actual measurement made in the middle of the segment that corresponded to the entire street. When 

possible, 10 points were chosen per category. Sometimes in small towns, a lower number was chosen, 

with at least 6 points per category. 

 

For the fourth step (decision on the number of samples and sampling schedule), all the measurements 

included in this work were performed from 7:00 to 19:00 on working days in the years 2005 to 2011. At 

each sampling point, three or four 15-minute measurements were performed on different days of the 

week and at different time intervals. The diurnal period (7:00 to 19:00) was divided into three or four 

intervals, and each measurement of the sampling point was performed in one of these intervals. 

 

For the fifth step (sampling), all measurements were performed following the ISO 1996-2 guidelines (ISO 

1996-2, 2007) using 2236, 2238 or 2250 Brüel&Kjaer type-I sound-level meters with a tripod and 

windshield. Calibration was performed using a 4231 Brüel&Kjaer calibrator. The sound-level meter was 

located one meter from the curb. The volume of traffic was visually determined and classified (cars, 

heavy vehicles, and motorcycles) during sampling. Other relevant information (noise sources, 

meteorological conditions, street dimensions, road surface type, conservation of the road surface, etc.) 

was also noted.  
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For the sixth step (analysis of the results and confirmation of the stratification), the measured data were 

processed by calculating the noise value at each sampling point, which was performed by averaging the 

sound energy results for the measurements performed at each point. Different analyses were then 

carried out as described in the following section. 

 

In additionally to the previous six steps, in this work, we investigated the prediction capacity of the 

method and other characteristics that would be necessary for applying the method to urban noise 

management and planning purposes. Additionally, given the above-mentioned good correlations 

generally observed between noise levels, traffic conditions and pollutant concentrations (Chen et al., 

2008; Vlahogianni et al., 2011), the results of this method might also be applied in the decision-making 

process in the fight against chemical pollution. 

 

2.3. Statistical analyses 

The continuous equivalent sound level (Leq) was chosen for the different statistical tests used to analyze 

the results and evaluate the quality of the category classification because Leq is most commonly used in 

noise studies. Leq is also used to calculate other noise indicators, such as LDN and LDEN, which are 

preferred by some of international regulations (ANSI, 1996; COM, 2002). 

 

From the calculated sound values at each sampling point, the average value and the standard deviation 

of the five studied categories was calculated for all cities. These values provided preliminary information 

about the differences between the categories and between the evaluated cities. These results were 

contrasted by inferential analysis. 

 

For the analysis of the categorization method, two groups of statistical tests were chosen, all of them 

implemented in the shareware R Project. 

 

In the first group, comparison of sound level values for each category was performed for each city to 
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determine whether the proposed classification enabled a significant description of the stratification of 

noise in the city. The hypotheses were as follows: 

 

 Null hypothesis (H0): There are no significant differences between the Leq values  (dBA) of the 

different categories. 

 Alternative hypothesis (H1): There are significant differences between the Leq values (dBA) of the 

different categories. 

 

The small number of samples made it doubtful that the contrasts were from a normal population, and 

thus, nonparametric rather than parametric tests were used. To address the previous hypotheses at a 

probability of at least 95%, that is, with a degree of significance (α) equal to 0.05, the nonparametric 

Kruskal-Wallis and Mann-Whitney U-tests were used. 

 

The Kruskal-Wallis test (Kruskal and Wallis, 1952) was used for comparison of the five categories to 

determine any significant differences. When these differences were found, as they were in all cities, as 

shown below, Mann-Whitney U-tests were used to compare pairs of categories. 

 

The Mann-Whitney U-test (also called Mann-Whitney-Wilcoxon test or Wilcoxon test or Wilcoxon-Mann-

Whitney test) is a nonparametric test for assessing whether two independent samples or observations 

come from the same distribution (Wilcoxon, 1945; Mann and Whitney, 1947). This test was used to 

compare pairs of separate categories within the same population. To avoid any errors due to the use of 

data from the same population rather than from randomly selected data, the Holm correction was used 

(Holm, 1979).  

 

In the second group of statistical tests, we used the Receiver Operating Characteristics (ROC) analysis to 

study the predictive capacity and other characteristics that refer to the classification capacity of this 

method (Hand and Till, 2001; Fawcett, 2006, Torija and Ruiz, 2012). ROC analysis allows us to establish 

the upper and lower limits of the sound levels assigned to each category, calculate the sensibility 
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(capacity to include previously assigned streets in the stratum), non-specificity (proportion of streets that 

were not initially assigned to a certain stratum but that the ROC analysis indicated belonged to that 

stratum), and predictive values (proportion of the streets that the ROC analysis assigned to a stratum that 

matched the categories to which they were initially assigned, relative to the total number of streets that 

the ROC analysis determined for the stratum) from the following equations: 

 

The ROC analysis allowed us to analyze the stratification of sound values by considering the percentage 

of correctly classified values (sensibility and predictive value) and the number of incorrectly classified 

values (non-specificity). It is an alternative test that allows us to contrast the results of inferential analyses 

and achieves a better evaluation of the performance of the categorization method. 

 

3. RESULTS AND DISCUSSION 

 

3.1. Mean and global results  

As a first step, the mean values of the five categories were calculated for each studied city (Table II). As 

observed, in two of the studied cities (Arroyo de la Luz and Coria), their town planning structure did not 

allow assigning of any streets to category 2. 

 

As observed in Table II, for all the cities, there was an increase in the mean noise levels as the category 

number decreased. There was generally a difference between the mean values of adjacent categories 

near 3 dB and sometimes (usually between categories 4 and 5) differences of 8 dB or more. Sometimes, 

the observed difference was small, which may have indicated a possible overlap in the results of the 

categories. The mean values and standard deviations of the differences between categories were 2.4 ± 
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1.2, 2.1 ± 0.9, 3.5 ± 1.2, and 5.8 ± 1.8 dBA for differences between categories 1 and 2, categories 2 and 

3, categories 3 and 4, and categories 4 and 5, respectively. As mentioned above, the highest differences 

were found between categories 4 and 5.  

 

We also observe in Table II that the standard deviations obtained for the mean noise values of the 

different categories of the studied cities were generally small for the first four categories (mean values of 

1.6 ± 0.8, 1.4 ± 0.6, 1.6 ± 0.7, and 1.8 ± 0.7 dBA for categories 1 to 4, respectively), indicating a high 

homogeneity in the sound values of the streets included in these four categories in each city. In contrast, 

the standard deviation was higher in category 5 (mean value of 2.9 ± 0.9 dBA), as previously described 

(Barrigón el al. 2005; Romeu et al., 2006). This result was likely due to the great variety of form, 

inhabitants, location, type, and use of these streets. 

 

Comparing results shown in Table II with some international references, we can see that none of the 

mean measured values were under 50 dBA, considered by the WHO as moderate annoyance (WHO, 

1999) and only in the category 5 of four cities (Castuera, Coria, Campo Maior and Trujillo) mean 

measured noise levels were under 55 dBA, a level that the WHO considers as a serious annoyance 

(WHO, 1999). Note that these cities are not the less populated or the ones with less surface or density. If 

we now consider the 65 dBA value [the value that the OECD suggests as the daytime exposure limit 

(OECD, 1986)] the mean values of categories 1, 2 and 3 were generally above this reference level 

(100%, 96% and 70 %, respectively) but only 37% and 4% of the mean values of categories 4 and 5, 

respectively, were above this reference level. The only city in which category 5 mean value was higher 

than 65 dBA was Santander which is not the most populated studied city. 

 

3.2. Study of the stratification of noise levels values for the different categories 

The observed differences between the different categories, shown in Table II, were analyzed by 

inferential analysis using the Kruskal-Wallis and Mann-Whitney U-tests. 
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The results of the Kruskal-Wallis test for the different cities produced p-values from 2.54·10
-6

 to 3.60·10
-9

, 

indicating that in all the studied cities, there were significant differences (p ≤ 0.001) between the values 

of the different categories. The existence of these significant differences between categories in all the 

cities made it reasonable to look for significant differences among each pair of categories using the 

Mann-Whitney U-test with the Holm correction. The results of this test are shown in Table III. 

 

As observed, a major proportion of comparisons of the pairs of categories are significantly different at a 

confidence level of 95% or higher. Only in 7.5% of the comparisons was a non-significant difference 

found, indicating an overlap between the categories. The possible overlaps detected were always 

between adjacent categories, except in the city of Trujillo, where an overlap between categories 1 and 3 

was found. The rest of the overlaps were primarily between categories 1 and 2 and categories 2 and 3. 

Only one overlap was observed between categories 3 and 4, and no overlaps were observed between 

categories 4 and 5. In 14 of the 27 studied cities, there were no overlaps between any categories, and 

only one overlap was observed in 8 cities. 

 

These results confirmed that the proposed definition of the categories highlighted the stratification of 

urban noise. Thus, it seems clear that noise in our apparently chaotic cities had a linear and spatial 

internal structure that could be highlighted and used for other purposes, such as urban design, noise 

mapping, noise estimation in non-measured streets, etc. 

 

Therefore, the application of the concept of functionality to the definition of street categories allows us to 

demonstrate the existence of a stratification of a contaminant such as noise. Given the relationship 

between this contaminant and other related chemical pollutants related to traffic, the concept of 

functionality and these defined categories may provide new strategies for the study of pollution in cities 

and new methodologies for urban management and planning. 

 

3.3. ROC analysis 



 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

 12 

To enhance the analysis of the differences between the categories, ROC analysis was used to analyze 

additional characteristics of each category, such as sensibility, non-specificity and predictive capacity. 

 

In Figure 1A, the mark (mean value of the upper and lower limits for each category) of the different 

categories is shown. In Figure 1A, we observe that, as observed for the mean values of the categories 

(Table I), the mark values of the different categories decreased from the first to the fifth categories for all 

of the cities studied. Comparing the mean differences between the mark values for the categories 

(3.0±1.0, 2.2±0.6, 3.5±0.8, and 6.3±1.7 dBA for the differences between categories 1 and 2, categories 2 

and 3, categories 3 and 4, and categories 4 and 5, respectively) we observe that, similar to the mean 

values, the differences among the first four categories were clearly lower than the difference between 

categories 4 and 5. 

 

In Figure 1B, the amplitude (the difference between the upper and lower limits of the category) of the 

different categories is also shown for the cities studied. The mean values obtained for the amplitude of 

the different categories were 3.9±1.9, 2.0±0.8, 2.7±1.0, 4.4±1.4, and 8.3±3.2, and categories 2 and 3 

presented the lowest amplitude values. This finding is in agreement with the fact that these two 

categories were present in almost all of the overlaps detected (see Table III). The high amplitude for 

category 5 is consistent with previous results and is indicative of a high variability in the sound levels of 

the streets in this category. 

 

Considering the results presented in Figure 2, we observed that there was high sensibility and low non-

specificity in almost all of the categories, indicating good stratification method runs. Figure 2 describes 

the following data: 

 

 All the cities had an overall sensitivity that was higher than 70%, and except in two cases, the 

sensitivity values were always above 80%. If we analyze the sensitivity of the different 

categories, in only 14% of the categories, a value of 70% was not exceeded. 
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 Considering the mean sensitivity values of the different categories, Table III reveals that the fifth 

category had a value that exceeded 90%, and categories 1 and 4 exceeded 85% sensitivity, 

while only category 2 had a value lower than 70%. The overall mean sensitivity value was very 

close to 90%. Therefore, these results showed that the proportion of correctly classified data that 

referred to the number of points assigned to the category was generally very high. 

 All the cities had an overall non-specificity lower than 10%, and except for 4 cities, the non-

specificity was lower than 5%. Considering the non-specificity of the different categories, in only 

9% of the categories, the value of this variable was higher than 10%. 

 Considering the mean non-specificity of the different categories, the first and fifth categories had 

values lower than 5%, and the rest of categories had values lower than 10%. The overall mean 

non-specificity value was lower than 5%. Therefore, the results showed that the proportion of 

incorrectly classified data in a category with respect to the number of data not assigned to this 

category was very low. 

 

As expected from the previous results, the prediction values (Figure 3) were quite high. Thus, in all the 

studied cities, the overall predictive value was higher than 75%, and two-thirds of the cities were above 

85%. Independently considering the results per category, in 83% of the categories, the prediction values 

were over 70% and were over 80% in 63% of the categories. 

 

Considering the mean values of the predictions (Table IV), it can be seen that the mean value was always 

higher than 70%, was higher than 80% in categories 1 and 4 and exceeded 90% in category 5. The 

overall average predictive value was close to 90%, indicating the great prediction capacity of the method. 

 

Therefore, the prediction capacity of the method is very elevated and makes the procedure very suitable 

for further applications such as noise prediction, helping design environmental policy and so on. 
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4. CONCLUSIONS 

 

An alternative concept to accessibility for use in transport planning, urban planning and environmental 

pollution management is analyzed: the concept of functionality. 

 

Functionality is the basis of the categorization method. In this work, this method was tested in 27 cities 

with major differences in size, location, socio-economic status, climate, etc. 

 

Using the results obtained for all of the studied cities, the application reliability of the concept of 

functionality (as the basis of the categorization method) and the viability of this method for analysis of 

other pollutants related to traffic were analyzed. 

 

The major conclusions drawn from the presented results are as follows: 

 Statistical inferential analysis confirmed the existence of significant differences between the 

sound levels of the different categories of the studied cities and the different combinations of 

category pairs. The study has thus shown that urban noise is, in fact, stratified and that an 

appropriate way to study this stratification is by using the functionality concept. The proposed 

method, whose categories are based on the concept of functionality, highlights the stratification 

of the urban noise of the studied cities. 

 Based on the previous demonstrated stratification, we proved by using the ROC analysis that the 

categorization method had high sensitivity and prediction capacity and low non-specificity. 

Considering all the cities’ results, the overall sensitivity and predictions capacity values were 

close to 90%, and the non-specificity was below 4%. 

 

Given the reduced number of sampling points necessary for the categorization method and the high 

variability in the characteristics of the 27 cities studied, the existence of stratification of the values of the 

studied pollution and the high prediction capacity of the proposed methodology clearly indicate the 

possibility of using the functionality concept in urban planning and the management of environmental 
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noise. Moreover, given the relationships between different urban pollutants and traffic, it seems clear that 

the functionality concept and proposed or similar methodologies could be applied to the analysis of other 

pollutants that are related to traffic. Thus, the functionality concept could be widely applicable in urban 

pollution monitoring, urban planning and the development of environmental policy. 
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TABLE I. Data for the studied cities. 
 

City 
Population 

(inhabitant number) 
Area 
(km²) 

Density 
(inhabitants/km²) 

La Coronada 2,238 0.57 3,926 

Arroyo de la Luz 6,477 1.17 5,536 

Castuera 6,652 1.38 4,820 

Guareña 7,365 1.27 5,799 

Campo Maior (Portugal) 8,387 1.30 6,452 

Azuaga 8,501 1.88 4,522 

Trujillo 9,766 4.06 2,405 

Miajadas 10,241 2.97 3,448 

Olivenza 11,814 2.07 5,707 

Coria 12,868 1.10 11,698 

Zafra 16,218 2.12 7,650 

Navalmoral de la Mata 17,103 1.99 8,594 

Villanueva de la Serena 25,576 3.43 7,457 

Almendralejo 33,177 6.03 5,502 

Don Benito 34,540 6.97 4,956 

Plasencia 40,105 9.63 4,165 

Mérida 55,568 10.87 5,112 

Talavera de la Reina 88,986 12.57 7,079 

Cáceres 92,187 12.66 7,282 

Valdivia (Chile) 129,952 33.00 3,938 

Badajoz 146,832 17.20 8,537 

Salamanca 155,740 18.05 8,628 

Santander 181,589 15.60 11,640 

Vitoria 221,270 30.00 7,376 

Valladolid 318,461 37.02 8,602 

Málaga 566,447 53.44 10,600 

Sevilla 699,759 59.27 11,806 
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TABLE II. Mean value and standard deviation of Leq (dBA) in the different categories for the studied cities. 

City 
Category  1 

 

Category 2 

 

Category 3 

 

Category 4 

 

Category 5 

 

La Coronada 69.8±3.3 65.4±1.7 65.3±1.3 59.1±1.3 55.3±2.6 

Arroyo de la Luz 65.7±1.1 - 62.1±1.2 60.6±0.9 55.9±2.3 

Castuera 68.5±1.6 64.5±1.6 63.0±0.9 58.6±2.1 52.3±2.8 

Guareña 67.5±2.3 65.9±2.0 63.8±1.2 60.8±1.3 56.2±2.2 

Campo Maior 68.4±1.5 67.4±0.5 64.5±1.5 60.3±1.4 54.6±3.2 

Azuaga 70.7±1.8 66.5±0.8 64.2±1.4 60.6±1.2 57.5±1.8 

Trujillo 71.6±0.3 70.8±0.6 67.6±2.8 61.2±3.5 54.0±4.4 

Miajadas 71.5±1.6 69.0±1.4 67.1±2.1 64.3±1.9 59.9±3.3 

Olivenza 70.2±1.5 67.4±2.0 64.4±2.0 61.0±1.8 56.6±1.7 

Coria 68.0±1.7 - 64.8±1.6 61.1±1.7 54.1±3.4 

Zafra 70.7±1.5 66.7±0.7 65.5±2.2 60.8±1.4 55.6±2.4 

Navalmoral de la Mata 70.5±1.1 66.4±1.2 65.0±2.4 61.3±3.4 55.0±2.1 

Villanueva de la Serena 70.2±2.2 69.8±2.0 66.4±1.4 63.2±1.9 57.0±3.9 

Almendralejo 73.6±0.7 70.6±2.2 68.7±1.3 65.3±1.7 57.5±3.5 

Don Benito 71.0±1.6 68.8±1.3 65.9±1.2 64.0±2.1 59.5±2.3 

Plasencia 71.5±0.8 69.5±0.8 67.1±1.5 64.7±1.3 59.7±3.2 

Mérida 71.2±1.9 70.3±2.4 66.8±1.6 62.8±3.1 59.0±1.6 

Talavera de la Reina 72.4±1.0 71.3±0.8 68.7±4.0 65.5±2.2 60.7±3.6 

Cáceres 70.9±1.8 69.6±1.7 68.0±1.5 64.6±0.7 59.1±2.7 

Valdivia 75.0±0.7 72.9±1.0 71.6±1.1 66.5±2.3 55.9±2.9 

Badajoz 73.4±1.2 71.5±1.5 68.0±1.5 65.9±2.3 57.5±4.4 

Salamanca 75.0±2.0 72.2±2.5 70.9±1.4 67.8±2.3 60.6±5.1 

Santander 76.9±4.1 74.5±1.7 72.2±0.9 68.8±1.4 65.5±1.9 

Vitoria 74.8±1.7 71.4±1.6 70.7±1.7 68.7±1.5 63.1±3.0 

Valladolid 75.3±1.7 72.5±1.7 71.4±1.2 68.3±1.4 60.6±2.5 

Málaga 76.9±2.2 74.7±0.9 72.5±1.1 71.1±1.4 62.6±2.8 

Sevilla 76.5±1.2 73.7±1.4 72.2±1.1 67.8±1.5 61.9±2.8 
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TABLE III. Results of the Mann-Whitney U-test applied to pairs of categories. (*), (**), (***) indicate the 

grade of significance of the differences (p ≤ 0.05, p ≤ 0.01, and p ≤ 0.001, respectively). (n.s.) indicates a 

non-significant difference (p > 0.05). 

City 
Category pairs 

1-2 1-3 1-4 1-5 2-3 2-4 2-5 3-4 3-5 4-5 

           
La Coronada 

6.3
·
10

-2
 

(n.s.) 

1.1
·
10

-2
 

(*) 

1.1
·
10

-2
 

(*) 

1.1
·
10

-2
 

(*) 

9.5
·
10

-1
 

(n.s.) 

8.0
·
10

-3
 

(**) 

8.0
·
10

-3
 

(**) 

2.2
·
10

-4
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TABLE IV. Sensitivity (%), non-specificity (%) and predictive value (%) obtained from ROC analysis for 

the Leq (dBA) mean values of the different categories and for the global Leq value of the studied cities. 

 

Mean values (%) 

Cat 1 Cat 2 Cat 3 Cat 4 Cat 5 
Global 

(weigthed) 

Sensitivity 87.2 66.6 74.6 85.5 93.6 89.4 

No-specificity 3.9 6.3 6.0 5.3 2.1 3.3 

Predictive value 84.4 70.1 76.8 82.5 93.6 89.3 
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FIGURE CAPTIONS 

 

Figure 1. Mark (dBA) (A) and amplitude (dBA) (B) obtained from ROC analysis of the Leq (dBA) values of 

the different categories of the studied cities. 

 

Figure 2. Sensitivity (%) (A) and non-specificity (%) (B) obtained from ROC analysis of the Leq (dBA) 

values of the different categories of the studied cities. 

 

Figure 3. Predictive value (%) obtained from ROC analysis for the Leq (dBA) values of the different 

categories and for the global Leq value of the studied cities. 
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