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In this paper we estimate the intensity function of a Cox process modelling the point 
pattern representing the spatial distribution of pollutant releases in Europe, in two 
different moments in time. The intensity of a Cox process is variable, depending on the 
location; therefore we can work with inhomogeneous spatial point patterns. We obtain a 
non-parametric spatial distribution function, which allows us to detect a clear tendency 
toward clustering in the location of polluting facilities in some areas of the European 
Union and the study of the spatial variations of pollutant releases in Europe. 
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1. Introduction 

Climate change is one of the most important challenges on the agenda of governments, 

politicians and institutions worldwide. Representatives of the world’s governments meet 

regularly in order to reach an international agreement to combat climate change. 

The United Nations Framework Convention on Climate Change (UNFCCC) was 

created, in 1992, by the United Nations General Assembly to establish a framework for 

intergovernmental negotiations, in order to agree an international response to climate 

change. This year, the UNFCCC tried to combat climate change by stabilizing global 

emissions and so limiting average global temperature increases. This non-binding 

agreement soon had to be improved to strengthen the global response to climate change 

and, in 1997, these negotiations concluded with the Kyoto Protocol. 

The Kyoto Protocol adopted binding emission reduction targets for all developed and 

transition-economy countries, but did not set emissions targets for developing countries. 

However, due to a difficult process of ratification, it did not enter into force until 2005. 

This protocol affected to 37 industrialized countries and the European community in its 

first commitment period. The Protocol’s first commitment period started in 2008 and 

ended in 2012 and only binded to developed countries because it recognized that these 

countries are the main responsible for the current high levels of greenhouse gases 

(GHG) emissions in the atmosphere as a result of more than 150 years of industrial 

activity. The second commitment period began in 2013 and will end in 2020. 

At the Paris climate conference, celebrated in 2015, parties launched new negotiations 

to agree a climate deal for the period beyond 2020. Therefore, the Paris Agreement 

seeks to accelerate and intensify the actions to strengthen the ability of countries to deal 

with the impacts of climate change. This agreement will try to keep a global 

temperature rise, this century, below 2 degrees Celsius above pre-industrial levels and 

will pursue efforts to limit the temperature increase even further to 1.5 degrees Celsius. 

Moreover, the Paris Agreement requires all Parties to put forward their best efforts 

through “nationally determined contributions” (NDCs) and to strengthen these efforts in 

the years ahead. This includes requirements that all Parties report regularly on their 

emissions and on their implementation efforts. 



 

In this way, by means of this brief summary about climate change politics, we have 

realized that from finals of last century many measures have been adopted to decelerate 

the negative impacts of the climate change; however, do the adopted measures really get 

the desired aims initially? 

To answer this question, we are going to compare the pollutant releases emitted by 

European facilities in two different years (2007 and 2013). To be more precise, we are 

going to analyse the existing changes in the spatial distribution of pollutant releases 

during these two years. In this way, we are not going only to know whether the 

emissions of pollutant releases increase or decrease during the six years studied, but we 

will also know where these emissions suffer the changes. 

Spatial agglomeration or clustering is one of the key stylized facts of the geographical 

location of individual firms and industries. Consequently, the spatial distribution of 

economic activity is basically inhomogeneous, and the spatial inequalities become the 

norm more than the exception at many economic relevant levels. The topics of 

economic activity location and spatial concentration of firms have attracted the attention 

of economists for long time ago. Thus, from the pioneering works of Von Thünen 

(1826), Marshall, (1890), Weber (1909), Lösch, (1940), Hoover (1948), among others, 

to more recent contributions of the "new economic geography" (for a survey of this 

literature see Duranton, (1997), Ottaviano and Puga, (1998), Fujita, Krugman and 

Venables, (1999), Neary, (2001), and Jovanovic, (2007)), the interest of economists has 

been to characterize the patterns of geographic concentration of firms and industries, 

and analyze the forces that can allow to explain these inequalities across space. 

However, in contrast to the recent advances in our understanding of economic forces 

that can allow to explain spatial disparities, the advances in the empirical 

characterization of the spatial patterns of economic activity have been comparatively 

small, and a lot of work must be done to provide both accurate feedbacks to theory, and 

strong stylized facts in this field. 

The work on the characterization of the spatial distribution of economic activity has 

focused mainly on the calculation of indices, more or less complex, and more recently, 

estimating homogeneous spatial distribution functions (Sweeney and Feser (1998), 

Marcon and Puech (2003), Duranton and Overman (2005)). These new tools use 



 

distance based methods, avoiding one of the more annoying problems of traditional 

indices, the modifiable areal unit problem (MAUP), that is, their dependence of the 

particular administrative scale chosen (see Figure 1). Nevertheless, these methods face 

at least one important shortcoming: they suppose homogeneous spatial processes1, 

becoming inappropriate to analyze non-homogeneous point sets. In this paper we take a 

step more forward and propose a distance-based method2, but able to detect spatial 

structure of inhomogeneous process, the estimation of an intensity function of a Cox 

process. 

Finally, we illustrate the use of this tool with an application to an interesting database – 

one that deals with information on the polluting facilities3 and their spatial location 

within the Europe territory. Thus, the second objective of the paper is to test statistically 

whether there is some regularity in the selection of the spatial location of polluting 

facilities in Europe, with significant differential agglomeration in specific locations, 

which would open the debate on the possible existence of polluting havens into Europe. 

 

 
Figure 1: The cluster level of a certain points set can depend on the regional borders 

The rest of de paper is organized as follows. Section 2 shows the statistical framework, 

section 3 outlines the methodology used for the intensity function estimation, in section 

4 we describe the data and develop a practical application analysing the spatial 

                                                 
1 These authors used as method of analysis the K-function (Ripley, 1977), that means that the measures 
only yield valid results when they are used to asses spatial patterns where there is no large scale variation 
in the mean of the process (homogeneous point process). 
2 This method is also used by Quah and Simpson (2003). 
3 Data obtained from the European Pollutant Release and Transfer Register (E-PRTR). 



 

distribution of the pollutant releases in Europe, and finally, in the section 5 some final 

considerations are made. 

2. Statistical framework 

Definition 1. A point process is a stochastic model governing the locations of 

events }{ is  in some set X, a bounded region in Rd, Cressie (1993). A spatial point 

pattern is a partial realisation of a stochastic point process (Cox and Isham (1980)). 

Such a realization may be visualized very easily as a cloud of points in a bounded 

region. 

Definition 2. A homogeneous Poisson process with intensity λ  is defined by: 

1.   The number of events nsss ,...,, 21  in any bounded region XA∈  follows a     

Poisson distribution with mean ¸Aλ  

(being A  = surface of A) 

2.    The n events are uniform and independently distributed in A. 

In accordance with condition (2.1), the intensity λ  is constant. The condition (2.2) 

avoids the existence of interactions among the events. In economics the presence of 

agglomeration phenomena is usual, and this kind of phenomena cannot be treated with 

homogeneous processes, we must work with inhomogeneous point processes. Any 

inhomogeneous process defines a variation of the inhomogeneous Poisson process in 

the following way. 

Definition 3. Let ( ) +→ RXs :λ  be a non-constant function on X. The set of events 

nsss ,...,, 21  in X is an inhomogeneous Poisson process if: 

1.  For each bounded region XA∈ the number of events N(A) = n follows a 

Poisson distribution with mean ( )∫A dssλ . 

2.  Given n events in A, the localizations nsss ,...,, 21  in X form a random and 

independent sample of this distribution on A with a density that depends on the intensity 

function ( )sλ , As∈ , and whose values depend on the different localizations. 



 

In some applications it is useful to allow that the intensity function ( )sλ  of a 

Poisson process can vary in space, to transform itself into a stochastic process ( )sΛ . 

Definition 4. 

1.    Let ( )sΛ , Xs∈ denote a non-negative stochastic process on X. 

2.    A realization of  ( )sΛ  will be a Cox process driven by Λ  if this realization 

is an inhomogeneous Poisson process with intensity function λ=Λ  

The result of the realization inherits the properties of the process ( )sΛ  in a natural 

way. 

3. Estimation of the intensity function 

In this paper we use the estimation method proposed by Berman and Diggle (1989). Our 

aim is to estimate the inhomogeneous version of the intensity function λ  and ( )sλ  

respectively, starting from a data set, { }niAsi ,...,2,1: =∈  being A a planar region. 

 We can estimate λ  by the usual estimator 

An /
~ =λ  

 since λ  is defined as the expected number of events by area unit. 

 The usual estimator for ( )sλ  is  

( ) ( ) ( )212,
~

hNhhs ππλ −= , 

the observed number of events by area unit in a disk with radius h, centred in a 

point ssi ∈ . 

Using kernel method for smoothing point process data, 

( ) ( ){ }∑
=

−− −=
n

i
isshfhhs

1

12;
~λ  

where ( )iss−  denotes distance among points, and  

( ) { 1:1 ≤= − uuf π  

             1:0 >u  

The border effects are kept in mind modifying the denominator and obtaining  



 

( ) ( ) ( )hsAhNhs ;;
~ 2πλ =  

where ( )hsA ;  is the area of the intersection among the observed region A and 

the disk with radius h centred in s. 

The final form of the estimator is: 

( ) ( ){ } ( )∑
=

−− −=
n

i
i hsAsshfhhs

1

12 ;;
~λ  

The method chooses the smoothing parameter h to be that value minimizing the 

mean square error, for ( ) ( ) ( )[ ]{ }2~
xxEhMSE h Λ−= λ .  

 

4. Application 

4.1. Data 

Some of the problems that have persisted along years in environmental data sets were 

large measurement errors, insufficient information or missing data values. However, 

this can cease being a drawback with the European Pollutant Release and Transfer 

Register, henceforth E-PRTR. This database brings together information about which 

pollutants are being released, where, how much and by whom.  

OECD has played an important role in developing the concept of the E-PRTR and 

supported the development and implementation of an E-PRTR in member countries. 

Our study is based in more than 35,000 pollutant releases reported by industrial 

facilities included in the E-PRTR. These industrial facilities4 should report information 

about specific pollutants when they exceed the applicable capacity thresholds5. 

European Pollutant Release and Transfer Register provides a rich source of data about 

pollutants released to air, water and soil.  

The E-PRTR covers the 27 EU Member States6 as well as Iceland, Liechtenstein, 

Norway, Serbia and Switzerland. The data is reported annually by each facility for 

which the applicable thresholds are exceeded. This information is entirely reliable, 

                                                 
4  Set out in Annex I of E-PRTR Regulation. 
5  Listed in Annex I and II of E-PRTR Regulation. 
6 Austria, Belgium, Bulgaria, Cyprus, Czech Republic, Denmark, Estonia, Finland, France, Germany, 
Greece, Hungary, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, Netherlands, Poland, Portugal, 
Romania, Slovakia, Slovenia, Spain, Sweden and United Kingdom. 



 

transparent, consistent and comparable along the years and the different countries. In 

this way, although a little fraction of the actual releases are not captured by E-PRTR 

because they are below the required reporting threshold, the objective of this European 

Register is to cover 95% of the emissions of each selected pollutant. 

The industrial facilities that report information cover 65 economic activities and our 

database provides 91 different pollutants, classified in 7 groups: greenhouse gases, other 

gases, heavy metals, pesticides, chlorinated organic substances, other organic 

substances and inorganic substances. 

We use geographical coordinates (longitude and latitude) in order to locate all the 

polluting industrial facilities. These coordinates give a precision of at least 500± meters 

and refer to the geographical centre of the site of the facility. Our analysis takes into 

consideration the whole of the countries which we have information, except for Iceland 

because its location. 

In this way, we analyse the changes that appear in the spatial distribution of pollutant 

releases, by taking into account two different years (2007 and 2013). This analysis is 

carried out by means of the geographical coordinates of the industrial facilities that emit 

pollutants. The first reporting year of the Register, 2007, we have 38,926 pollutant 

releases, and the last reporting year, 2013, we have 37,690 pollutant releases. 

We should highlight that the European Pollutant Emission Register (EPER), the 

previous register to the E-PRTR, provided more longitudinal information, but its 

database had less than half of countries, and also the pollutants taken into account were 

much scarcer. Therefore, as the comparison between both registers was not possible, we 

decided to use the E-PRTR in order to have comparable and homogeneous information. 

4.2. Empirical Results  

Figure 1 shows the two point patterns which represent the location of the pollutant 

facilities taken into account. The left hand side of this figure represents year 2007 and in 

the right hand side we find the distribution of pollutant releases in 2013. 



 

  

Figure 1. Spatial location of pollutant releases in Europe 

 

A simple visual inspection of this graph makes us think that we are faced with a point 

pattern which is a realization of an inhomogeneous spatial point process.  

Thus, next, we should estimate the intensity function that detects the spatial structure of 

this inhomogeneous process using the method of Berman and Diggle, by means of the 

free software R and CRAN (2004). This software allows us to calculate our intensity 

function for a certain number of sub-regions inside the study region. The study region of 

our analysis is divided in 400 equal square sub-regions, i.e. 20x20. Given that the sides 

of this region measure 3,500 km, approximately, the side of each sub-region will 

measure 175 km of longitude. The calculation of the intensity has been performed 

taking an interaction distance of h = 0.01 (35 km). This value of h minimizes the mean 

square error and is the optimum smoothing parameter. That is to say, we considered the 

distance between any polluting facility and all those located in their surroundings in a 

radius of 35 km. 



 

  
Figure 2. Intensity of pollutant facilities in Europe 

The main results are shown graphically in Figure 2. The surface variations on the 

graphs of this figure represent the values of the 400 estimated local intensities, whose 

magnitude7 are shown in the chart of the Figure 3 and Figure 4, respectively. Each one 

of these 400 sub-regions is identified by their geographical coordinates; therefore, for 

each sub-region we know both, the location and the intensity in pollutant industrial 

facilities. 

 

                                                 
7 This magnitude is function of both, the number of pollutant facilities inside the sub-region, and the 
number of pollutant facilities located around this sub-region in a distance equal or smaller than 35 
kilometres. 



 

Figure 3. Intensity of pollutant releases in Europe (2007) 

 

 

Figure 4. Intensity of pollutant releases in Europe (2013) 

In this paper we take a further step more and present the Cox process as a useful 

instrument to measure the cluster or concentration of inhomogeneous point processes. 

Since the results obtained with the method of Berman and Diggle are sensitive both to 

the number of points and to the distance among them, to make comparable the estimates 

obtained on points patterns with different number of points, we act in the following 

way: for each different number of points – in year 2007, 38,926 points and in year 2013, 

37,690 points – and, through Monte Carlo simulations, we obtain 100 random points 

patterns to build confidence intervals with the values obtained when fitting the intensity 

of a Cox process. Using the measures of intensity that surpass those of the confidence 

interval, we can make comparisons of concentration measures among different point 

patterns.  



 

 

 

In these Figures, the axis of ordinates measures the fitted values of local intensity, and 

we use these values as measures of pollutant industrial facilities concentration in EU 

regions. The confidence interval (95% of confidence) is represented by the distance 

among the two parallel lines in the low side of the graph. These values above the 

confidence limit indicate cluster, and the more far away they are from the interval, the 



 

larger is the cluster. The axis of abscissas represents each one of the 400 sub-regions in 

which we have divided our area of study.  

The global pollutant releases have increased from year 2007 to year 2013. 

We detect a tendency towards concentration of pollutant facilities, in both years, and 

this tendency is not fortuitous but statistically significant. 

We do not find great differences in the spatial distribution of pollutant facilities, 

although it seems that these ones tend to reallocate in a lower number of locations. So, it 

is worth noting that those locations with higher levels of pollutant releases tend to get 

even more elevated levels of pollution. 

In this way, should we consider that the adopted agreements do not get the desired aims 

initially, making that the global emissions reduce their level? Or it depends on regional 

environmental policies more than on international environmental policies? 
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