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Abstract
This paper analyses, in the context of the Environmental Kuznet Curve, the determinants 
of export intensity of hazardous industrial waste among Spanish regions, with particular 
attention to the influence of waste taxes and of environmental policies. This study is carried 
out for the first time in the literature with a spatial dynamic model, fixed effects and panel 
data for the 17 regions (Comunidades Autónomas) of Spain during the period 2007–2017. 
The results suggest there is a spatial-dynamic component to export intensity, and that both 
regional taxes on waste disposal and environmental policy stringency appear to encour-
age, albeit modestly, the rate of exported waste to other regions. The model also shows 
that the more regions recycle, and the greater the economies of scale arising from indus-
trial agglomeration, the lower is the region’s waste export intensity, although increasing 
restrictions on the international trade in hazardous waste have intensified trading inside the 
country. Finally, the results suggest a non-linear relationship between growth and export 
intensity, although apparently we are still far from the absolute decoupling of the Environ-
mental Kuznet Curve.
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1  Introduction

The pace and volume of industrial waste generation have created a trade flow of waste on 
an international scale, involving both European countries which sell part of their waste 
to each other, to be treated, recycled, and in the best-case scenario, its value recovered; 
and developing countries, which sometimes become the main importers of the industrial 
waste of rich countries. However, most of the trade in hazardous waste takes place within 
national borders, so that as Jensen (2012) argues, examining subnational hazardous waste 
flows is more informative than international flows for modellers and political leaders.

The environmental standards and taxes established in different economies may, among 
other effects, disincentivise waste generation, or favour its recycling (Sigman 1996; Sasao 
2014b); incentivise illegal dumping (D’Amato et al. 2014; Sasao 2014c); stimulate a shift 
of polluting industries to other jurisdictions (Cole et  al. 2010; Dou and Han 2019); and 
even affect waste trade flows. This final point will be the subject of this paper, in which we 
will analyse, in the context of the Environmental Kuznets Curve (EKC), the influence of 
environmental policies and taxes on the decision of industries to leave generated waste in 
the region or export it to other regions, for which we analyse the export intensity of hazard-
ous industrial waste at the subnational level. Empirical evidence on waste flows is scanty, 
both at the international and at the subnational level, and the few studies that exist lack a 
series of elements which appear to be fundamental for its analysis, as we will see below, 
indicating that this paper is useful and timely.

The few studies analysing the influence of environmental regulation and/or taxation on 
the international flow of industrial waste have contradictory results. Fikru (2012) finds evi-
dence that the European Union countries most likely to export hazardous waste are those 
where waste is most heavily regulated and taxed, and where environmental tax revenue has 
the most weight. However, Amouzou and Boudier (2016) find that for the hazardous waste 
trade in the EU, countries with strict environmental regulations do not export their waste to 
countries with laxer regulations, but to countries with a high waste treatment capacity. The 
recent contribution of Glover (2017), using partial least squares-structural equation mod-
elling (PLS-SEM) to analyse the determinants of importing (electronic) waste from 130 
countries, suggests that environmental regulations reduce waste imports only slightly.

Other papers which could also be useful for explaining international flows of industrial 
waste, even if they do not explicitly include taxes or regulation, but economic development 
indicators, are those using gravity models.1 With a gravity model and using a two-stage 
regression analysis and per capita income as a proxy for regulatory costs, Baggs (2009) 
analyses the movements of hazardous waste between OECD and non-OECD countries, 
finding that high-income countries import less waste, although understanding that this 
effect might be better explained by differences in capital per worker than per capita income. 
With a sample of hazardous and non-hazardous waste for 92 countries, Kellenberg (2012) 
also provides evidence that waste imports increase in countries whose environmental regu-
lations are becoming looser than those of their trading partners. However, Higashida and 
Managi (2014) and Nuñez-Rocha (2016) find no evidence for a pollution haven for waste.

At the subnational level, the empirical evidence is also very scanty, although it gives 
more homogeneous results. Reams et  al. (1993) and Levinson (1999a, b) find clear 

1  According to Glover (2017), gravity models can report whether a waste haven effect is appearing, but do 
not generally corroborate which variables have the most effect on waste flows.
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evidence that hazardous waste imports in Louisiana and in the United States, respectively, 
are highly tax-sensitive. Along the same line, Alberini and Bartholomew (1999) for Cali-
fornia identify the cost of waste disposal at the destination as an explanatory factor for the 
destination of a certain hazardous waste (halogenated solvents), and Levinson (2000), as 
well as obtaining similar results on imports, finds evidence that waste taxes in the United 
States incentivises waste exports. Sasao (2014c and d) also finds that taxes on industrial 
waste applied in Japanese prefectures have reduced the trade in industrial waste. And 
although it does not consider the effect of environmental taxes, the paper by Jensen (2012) 
for the United Kingdom is especially interesting, as it warns of the need to use spatial 
econometric models to explain the flow of industrial waste, in order to take into account 
possible spatial dependence problems. However, Jensen (2012) does not find evidence that 
spatial dependence parameters are significant.

Meanwhile the fact that the implementation of environmental regulations and taxes is 
often decentralised calls into question their effectiveness, due to the possible existence of 
tax competition or imitation processes. This has also led to the development of a parallel 
literature analysing competition between jurisdictions regarding environmental taxes and 
regulations (e.g. Levinson 2003; Kunce and Shogren 2005). However, much of this litera-
ture does not find evidence of a race to the bottom in environmental tax, and there are even 
papers showing the opposite effect (e.g. Millimet 2003). In fact, cooperation on environ-
mental matters has become a key element of pollution management and control, given its 
strongly spatial nature, as the environmental damage control has the externality character-
istics of a public good, creating a problem of spatial association (Su and Yu 2019). Several 
papers have demonstrated the need to control the spatial dimension of the environmental 
problem, both in urban waste (e.g. Mazzanti et al. 2012) and in environmental pollution 
(e.g. Xiong et al. 2018), to avoid skewed and inconsistent results (Anselin 1988). As far 
as we know, in the field of inter-jurisdictional hazardous waste flows, Jensen (2012) has 
been the only paper to consider that the traditional inclusion in gravity models of variables 
linked to distance, transport costs or neighbourhood does not solve the spatial depend-
ence problems, as regions are not spatially independent; so spatial econometric models are 
needed to take into account the spatial dependence underlying waste trade flows.

The literature also shows the need to take a dynamic approach to environmental topics, 
given that the behaviour of polluting agents tends to persist over time, as demonstrated by 
Sasao (2014a) on waste, and Zhang et al. (2017) on emissions. Also in the context of indus-
trial waste flows, we can expect dynamic behaviour, given that the availability of treatment 
plants and the technology required to introduce value recovery processes demand consider-
able investment effort, and this usually also takes time. However, the available evidence to 
date has not taken this fact into account.

After reviewing the existing literature, we can conclude that there are hardly any empiri-
cal studies of the consequences that decentralising environmental taxation may have on 
industrial waste exports, and the few that exist take a static approach, without considering 
spatial dependence problems. Ignoring these matters could give incorrect, skewed results, 
meaning that any measures taken would be unsuitable and thus not at all effective, as part 
of the effect corresponding to these spatial dependence and temporal persistence factors 
would be wrongly attributed to other variables in the model. Also, if the existence of a 
spatial relationship in industrial waste exports is demonstrated, the regions should adopt 
any economic policy measures arising from the study in a coordinated manner (in order 
to internalise these spillover effects), rather than each administrative unit acting inde-
pendently. For this reason, this paper takes into account the possibility of spatial nexus 
between regions and temporal persistence in waste exports. Moreover, our paper focuses on 
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industrial waste exports at the regional level, an area in which published work is scarce but 
waste flows are larger,2 especially since the introduction of new international restrictions 
on international trade in waste and European regulations requiring waste to be managed as 
near as possible to where it is generated. Specifically, we use the taxation experience of the 
17 Spanish regions from 2007 to 2017, the period for which hazardous waste export figures 
were available. We think this analysis scenario is appropriate, given the lack of studies in 
Spain on this subject, and it also suits our purposes, as all the regions apply environmental 
regulations and laws, and 9 of them have established a waste disposal tax, providing an 
almost equal sample of regions with and without waste disposal tax. Hence, there may be 
lessons to be learned from the example of Spain.

Thus, this paper covers a gap in the literature, as it analyses for the first time whether 
the environmental regulations and waste disposal taxes established in Spain at the regional 
level incentivise the export intensity of hazardous industrial waste, while controlling the 
dynamic nature of these waste flows and the spatial nexus between regions, again for the 
first time in the comparative literature; therefore, it represents a step forward in the meth-
odology used to date for analysing waste flows. It also tests other hypotheses which we 
have considered could be relevant in the explanation of export intensity, such as interna-
tional restrictions on transporting hazardous waste, increased recycling and value recovery, 
the income, and the existence of the waste haven effect. To do this, we use a Kuznets curve 
type function, including region and time fixed effects. The results obtained suggest that 
there is spatial interaction and dynamic behaviour in regional export intensity of hazard-
ous industrial waste; also, a non-linear relationship between growth and export intensity, 
although apparently we are still far from the absolute decoupling of the Environmental 
Kuznets Curve; and that the waste disposal taxes and environmental policy stringency of 
Spanish regions do indeed favour, to some extent, the intensity of exports of this waste to 
other regions.

The paper is organised as follows: The second section discusses the model used and the 
hypotheses to be tested. The third section presents the results obtained. We conclude with 
some final considerations.

2 � A Model to Explain Export Intensity of Hazardous Industrial Waste 
Between Regions

The theoretical model or hypothesis underlying our estimation relates economic growth and 
the environment through the EKC.3 This hypothesis establishes that the relation between 
environmental degradation and per capita income follows an inverted U-shaped path, with 
the explanation that the initial stage of growth (when clean, efficient technology is not 
available) brings a deterioration of environmental quality, associated with the scale effect 
which directly relates production and contamination. After this first phase, there is a turn-
ing point where the environmental degradation stops and begins to be reversed, while per 
capita income continues rising thanks to the new production techniques and the changes to 
the productive structure that come with economic growth, favouring activities that are less 

3  See, for example, Stern et  al. (1996), Bruyn et  al. (1998), Dinda (2004), Özcan and Öztürk (2019), 
(2019), and Sarkodie and Strezor (2019).

2  For example, in 2007, 97% of all hazardous waste transported in the United Kingdom remained in the 
country, a surprisingly similar percentage to hazardous waste transfers in the United States (Jensen 2012).
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harmful to the environment (Grossman and Krueger 1995). Meanwhile, we must take into 
account that, insofar as environmental quality can be considered a normal good (demand 
for which increases with income), economic growth usually involves a change in the struc-
ture of preferences of demand, in favour of goods or behaviours which have a lower impact 
on the environment, and a growing pressure demanding stricter environmental regulations 
(Dinda 2005).

For these reasons, the EKC, as it is usually modelled, can be considered a minimised 
expression of a function which can really capture other hypotheses, as well as income, such 
as changes in the composition of national production favouring the environment, new tech-
nologies, the pressures associated with more information and education about environmen-
tal consequences, or public policies focusing on conserving natural resources (Selden and 
Song 1994; Grossman and Krueger 1995; Bruyn 1997; Ekins 1997; McConnell 1997; or 
Rothman and Bruyn 1998).

It is in this context that this paper explains industry behaviour, estimating a Kuznets 
curve-type function for the export intensity of hazardous waste from the region.4 We do 
so for a sample comprising the 17 regions of Spain, using a dynamic spatial model for the 
period 2007–2017. The introduction of the dynamic component allows us to see whether 
the export behaviour of the regions today depends on past behaviour. And we will consider 
spatial dependence as broadly as possible, taking into account the possibility that a region’s 
export intensity may depend on the past and present intensity export of the other regions; 
on certain factors explaining the exports of neighbouring regions, such as their environ-
mental taxes and regulations; and on possible omitted variables which could also be spa-
tially correlated. To do this, the general specification of the model used will be as follows:

where HWEit measures the tonnes of hazardous industrial waste that region i (i = 1,…,17) 
exports to other Spanish regions, as a percentage of the tonnes of hazardous industrial 
waste generated by that region i in the year t (t = 1999,…, 2017). As the Spanish Ministry 
for Ecological Transition and the Demographic Challenge5 indicates, the definition of haz-
ardous industrial waste in Spain is as established in EU regulations. Thus, hazardous waste 
is any substance listed in Commission Decision 2000/532/CE, later amended by Decision 
2014/955/EU; or which presents any of the hazardous properties listed in Appendix of 
Directive 2008/98/EC, amended by EU Regulation 1357/2014, and transposed as Span-
ish Law 22/2011 (irritant, carcinogenic, harmful, etc.); or any waste thus classified by the 
government in accordance with EU regulations or the international agreements to which 
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4  Fikru (2012) and Levinson (2000) also use export intensity as a dependent variable.
5  https://​www.​miteco.​gob.​es/​es/​calid​ad-y-​evalu​acion-​ambie​ntal/​temas/​preve​ncion-y-​gesti​on-​resid​uos/​flu-
jos/​Resid​uos_​con_​carac​teris​ticas_​pelig​rosid​ad.​aspx.

https://www.miteco.gob.es/es/calidad-y-evaluacion-ambiental/temas/prevencion-y-gestion-residuos/flujos/Residuos_con_caracteristicas_peligrosidad.aspx.
https://www.miteco.gob.es/es/calidad-y-evaluacion-ambiental/temas/prevencion-y-gestion-residuos/flujos/Residuos_con_caracteristicas_peligrosidad.aspx.
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Spain is a signatory; as well as any recipients or containers which may have contained such 
waste.

Meanwhile, the concept of hazardous waste exports we use is established in interna-
tional legislation ( Kiev protocol and Aarhus Convention) and European regulations (Regu-
lation of the European Pollutants Release and Transfer Register, E-PRTR), and has been 
introduced into Spanish law through Real Decreto 508/2007, and subsequent amendments. 
Specifically, we obtained the data on hazardous waste exported to other regions (numera-
tor of our dependent variable HWE) from the Spanish section of the E-PRTR, the Registro 
Estatal de Emisiones y Fuentes Contaminantes6 (State Pollutant Release and Transfer Reg-
ister, hereafter PRTR-España) published by the Spanish Ministry for Ecological Transition 
and the Demographic Challenge, designed to apply at the community level the CEPE/ONU 
PRTR Protocol, which was signed by the European Community and 23 additional States 
in 2003.7 In accordance with Article 5 of the E-PRTR Regulation, this Register shows the 
amounts of waste exported by each facility engaged in one or more industrial activity (of 
those specified in Appendix of the E-PRTR Regulation), and which exceed the threshold 
of 2 tonnes of hazardous waste, or 2,000 tonnes of non-hazardous waste, transferred from 
their site.8 This restricts the group of companies for which information is available to those 
requiring closer monitoring, in order to keep the management and inspection costs of the 
registration system to a reasonable level. Meanwhile, while it is true that the facility has to 
indicate whether the waste will be recovered or disposed of permanently, and this infor-
mation is available at the company level, the historical series we are using, which is also 
disaggregated by region, only covers total waste, whether exported for elimination or for 
recycling. The information on the tonnes of hazardous industrial waste generated in each 
region (denominator of our dependent variable, HWE) is from the National Statistics Insti-
tute’s (INE) Encuesta sobre la generación de residuos en el sector industrial (Survey of 
waste generation in the industrial sector).9

Figure  1 of the appendix shows the export intensity of each region to other Spanish 
regions (HWE), where we can see three facts. First, that all Spanish regions are export-
ers of hazardous industrial waste. This is because not all of the regions have hazardous 
industrial waste landfills (as shown in Figure 2 of the appendix), and some of the existing 
disposal facilities are for a specific type of waste. This in turn makes it possible for regions 
with disposal facilities to have an export ratio of 100%. Second, there are regions which, 
while they do not have waste disposal facilities, have a proportion of exported waste below 
100%, due to the data sample. As we indicate above, the database used (PRTR-España) 
shows only waste exported by companies which exceed the export thresholds set in the 
E-PRTR. And third, almost all waste is exported to other regions within the country, a 
behaviour which we also see in other developed countries, e.g. the UK or the United States, 
so that as Jensen (2012) suggests, these subnational flows of hazardous waste are what we 
should be examining.

8  As the E-PRTR methodology specifies, these thresholds must be understood as the total sum of the waste 
transferred off-site, regardless of whether it is kept in the country, transferred to other countries, eliminated 
or recycled.
9  https://​www.​ine.​es/​jaxi/​Tabla.​htm?​path=/​t26/​e068/​p02/​a2009/​l0/​&​file=​01001.​px&L=0.

6  http://​www.​prtr-​es.​es/​infor​mes/​waste.​aspx.
7  The guide to methodology for its implementation can be seen at: https://​prtr-​es.​es/​Data/​images/​Gu%​C3%​
ADa%​20Imp​lanta​ci%​C3%​B3n%​20E-​PRTR%​20Jun​io%​202006%​20(en%​20ingl%​C3%​A9s)-​0EDE4​D9C1E​
F07E2B.​pdf.

https://www.ine.es/jaxi/Tabla.htm?path=/t26/e068/p02/a2009/l0/&file=01001.px&L=0
http://www.prtr-es.es/informes/waste.aspx
https://prtr-es.es/Data/images/Gu%C3%ADa%20Implantaci%C3%B3n%20E-PRTR%20Junio%202006%20(en%20ingl%C3%A9s)-0EDE4D9C1EF07E2B.pdf
https://prtr-es.es/Data/images/Gu%C3%ADa%20Implantaci%C3%B3n%20E-PRTR%20Junio%202006%20(en%20ingl%C3%A9s)-0EDE4D9C1EF07E2B.pdf
https://prtr-es.es/Data/images/Gu%C3%ADa%20Implantaci%C3%B3n%20E-PRTR%20Junio%202006%20(en%20ingl%C3%A9s)-0EDE4D9C1EF07E2B.pdf
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In expression (1), δ and λ are the spatial lag coefficients, which measure the slope of 
the reaction function or contemporaneous and non-contemporaneous spatial dependence, 
respectively, i.e., whether the export intensity of waste of a region depends on the pre-
sent (δ) and past exports (λ) of its neighbouring regions. ωij is each element of the spatial 
weights matrix used to capture the spatial nexus, which we constructed considering neigh-
bours to be the 5 nearest regions in terms of distance,10 where wii = 0, by definition, and 
ωij ≠ 0, if the regions i and j interact. βw are the coefficients of the variables yiw which cap-
ture the characteristic w of the region i, and αv are the spatial coefficients of local depend-
ence which capture the spatial effect of the v explanatory variables zjv, of the neighbouring 
regions j. μ measures the dynamic component or persistence coefficient of export intensity 
of waste. �i captures the specific effect of each region and τt the time fixed effect. σ is the 
coefficient of spatial autocorrelation of error, with uit = εit in the absence of spatial depend-
ence in the error term. We will suppose that δ, λ, αv and βw are constant in space and time.

The explanatory hypotheses we used in our model are those identified as such in the lit-
erature, and cover economic, institutional, and technological aspects, and the stringency of 
environmental policies (Fischer et al. 2012; Kellenberg 2015)—in other words, they reflect 
the different dimensions or theories of waste trade (Glover 2017). The definition of the 
variables used, and their descriptive statistics are shown in Tables 2 and 3 of the appendix, 
and the correlations matrix in Table 4 of the appendix.

The first group of explanatory variables relates to the region’s control measures and 
environmental policy, insofar as they may condition the costs of the firms producing/
managing such waste (Fischer et  al. 2012). More specifically, our variable of interest is 
the regional revenue from the tax on industrial waste disposal in landfills, introduced by 
some Spanish regions, and expressed in terms of the regional volume of generated indus-
trial waste (WTAX). We use this variable as a proxy of the effective tax rate on hazard-
ous industrial waste,11 as this may stimulate export intensity of industrial waste from these 
regions in order to avoid paying the tax (Levinson 1999a, b and 2000; Sasao 2014d; and 
Kellenberg 2015).12 The expected effect is therefore positive. However, taking into account 
that taxes are not usually applied in isolation but together with other instruments (such as 
regulations and strict monitoring of waste), and that all these measures can encourage and 
induce firms to invest and innovate in waste management (Leiter et al. 2011; Kellenberg 
2012 and 2015), we have also included the variable WINV. This variable shows the indus-
trial sector investment relating to waste management, understanding that this can meas-
ure the result, or be a good indicator, of all the environmental policies (tax-related or not) 

10  The reference taken was the distances between the region’s capitals, leaving aside whether the region 
borders a foreign country, given that our dependent variable only captures exports to other regions of Spain.
11  No disaggregated information exists on tax revenue corresponding to hazardous industrial waste, so we 
are using as proxy the total waste tax revenue, provided by the Ministerio de Hacienda (Finance Ministry) 
in Chapter III, “Impuestos propios” (Own Taxes) of the report “Tributación Autonómica. Medidas” for fis-
cal years 2002 to 2020 (https://​www.​hacie​nda.​gob.​es/​es-​es/​areas%​20tem​aticas/​finan​ciaci​on%​20aut​onomi​ca/​
pagin​as/​libro%​20ele​ctron​ico%​20tri​butac​ion.​aspx).
12  Although constructing the variable WATX in this way has some limitations, we think it is better than 
approximating it through nominal tax rates, as these are usually different for each type of hazardous waste 
(with or without recoverable value, etc.), while the regional series of exported waste data provided by 
PRTR-España, which we use to construct our dependent variable, is aggregated for all hazardous waste. 
This is also how we can take into account the large tax breaks (exemptions and tax credits) which mean that 
effective tax rates are quite different to nominal rates. Fikru (2012), for example, also approximates environ-
mental taxes based on tax revenue.

https://www.hacienda.gob.es/es-es/areas%20tematicas/financiacion%20autonomica/paginas/libro%20electronico%20tributacion.aspx
https://www.hacienda.gob.es/es-es/areas%20tematicas/financiacion%20autonomica/paginas/libro%20electronico%20tributacion.aspx
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intended to improve industrial waste management. This information is from the Encuesta 
del gasto de la industria en protección ambiental (Survey of industry spending on environ-
mental protection)13 by the National Statistics Institute (INE), according to the European 
Union’s Classification of Environmental Protection Activities. The expected sign for this 
variable is, a priori, negative, because if this investment is allocated to developing recy-
cling technology for a specific type of hazardous waste, the region does not need to export 
it (Amouzou and Boudier 2016); however, if waste generation is reduced (the denominator 
of the dependent variable), this could have the opposite effect on the exporting ratio. In 
line with Çagatay and Mihçi (2003), Kellenberg (2012), Amouzou and Boudier (2016), 
and Brunel and Levinson (2016), we have also included an indicator of the environmental 
policy stringency of the region (STRINGENCY), which, for the same reasons as WINV, 
we expect to have an indeterminate influence on export intensity of waste. We have approx-
imated this variable through total spending (current costs and investment) on environmen-
tal protection carried out by the industries of each region, insofar as such spending is the 
result of the public environmental policies adopted in that region.This information was 
obtained from the Encuesta del gasto de la industria en protección ambiental (Survey of 
industry spending on environmental protection) by the National Statistics Institute (INE), 
in response to the European Union’s requests for information on environmental protection.

The variables STRINGENCY, WTAX, and WINV are all expressed in terms of the vol-
ume of generated industrial waste in each region, given that they are intended to measure 
the effective cost of tax and environmental protection policies borne by industrial firms 
per unit of industrial waste produced, whatever their nature (hazardous or non-hazardous), 
as such policies usually affect industrial waste as a whole, and no specific information on 
hazardous waste is available. And to check whether the tightening up of the agreements 
governing the international trade in hazardous industrial waste (European Environment 
Agency 2012; Kellenberg and Levinson 2014; Glover 2017), and especially the EU obliga-
tion to treat waste in or near the jurisdiction of origin, had led to external exports (to other 
countries) switching to or being replaced by internal traffic in waste (between Spanish 
regions), we included the rate of exportation of hazardous industrial waste to other coun-
tries (TRADE-OFF) as an explanatory variable, for which we would expect to obtain a 
negative sign (Levinson 1999b).

The second group of explanatory variables relates to the regional structure of pro-
duction, insofar as the more weight the industrial sector has in the region, the greater its 
export intensity will be (Levinson 2000; and Jensen 2012).14 Specifically, we have included 
the number of industries per square kilometres or industrial agglomeration in the region 
(AGGLO), for which we would expect to obtain a positive sign; and its interaction with the 
relative importance of the industrial sector (INDW), with which we hope to approximate 
the presence of economies of scale in industrial waste management (recycling or value 
recovery). In line with the reasoning of Brülhart and Mathys (2008) and of Amouzou and 
Boudier (2016), a negative sign for this interaction could suggest the appearance of a grow-
ing waste management capacity, with a consequent reduction in the need to export waste 
to other regions. We have also included the intensity of industrial waste generation (POL-
LUTANT), measured as the amount of waste generated per unit of industrial production, 

13  https://​www.​ine.​es/​dynt3/​ineba​se/​index.​htm?​type=​pcaxi​s&​path=/​t26/​p070/​p01/​serie/​&​file=​pcaxi​
s&L=0.
14  Rather than information for the industrial sector, some papers use national income to capture the size of 
the economy (Baggs 2009; Kellenberg 2015; Amouzou and Boudier 2016).

https://www.ine.es/dynt3/inebase/index.htm?type=pcaxis&path=/t26/p070/p01/serie/&file=pcaxis&L=0
https://www.ine.es/dynt3/inebase/index.htm?type=pcaxis&path=/t26/p070/p01/serie/&file=pcaxis&L=0
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to attempt to identify the regions where the most polluting industrial activities are concen-
trated, understanding that this may condition its waste export rate. For the same purposes, 
we have also included industry size (SIZE), since, as McGlinn (2000) indicates, large 
industries are responsible for much of the waste generated, although as they usually man-
age their waste themselves, the expected sign for this variable is initially undetermined. 
Following the approaches of Jensen (2012) and Amouzou and Boudier (2016), we have 
also considered two additional variables relating to waste management capacity: the per-
centage of industrial waste which is reused (VALORIZ), and the percentage of recycling 
companies in the region (RECYC). The expected sign of both variables, a priori, is nega-
tive, as the greater the region’s installed capacity for waste recycling and value recovery, 
the lower the need to export waste should be.

The third group of explanatory variables comprises intensities of use, in terms of indus-
trial production, of the factors of production energy (ENERGY), labour (SALARY) and 
capital (CAPITAL), although given the strong correlation between capital endowment and 
regional income, we have used spending on R&D as a proxy for capital endowment. The 
expected sign for CAPITAL is indeterminate a priori. On the one hand, the capital-intensive 
sectors can be associated with more innovative, less-polluting activities, so the comparative 
advantage in terms of capital intensity would give them sufficiently advanced technology to 
maximise the efficiency of waste management and specialise in it (e.g. Cole and Elliot 2003; 
Glover 2017), and they would tend to export less waste (following this line of thought, labour-
intensive regions -SALARY- would tend to export more waste). On the other hand, many 
industries are capital-intensive but highly polluting (e.g. chemicals, steel, etc.) for whom, as 
Kellenberg (2012) indicates, the marginal cost of exporting waste may be smaller than the 
cost of building new waste facilities at home or relocating entire production facilities to a for-
eign country. Similarly, energy consumption (ENERGY) could capture a greater use of new 
capital assets, more efficient and less polluting, but it could also be a symptom of antiquated 
production processes, energy-intensive and highly polluting (Balsalobre-Lorente et al. 2019).

The last group of variables used captures the region’s socioeconomic characteristics. 
Although a country’s income or production has typically been used in the literature as an 
argument for exploring the Pollution Haven Hypothesis or the Waste Haven Effect, our pro-
posal goes beyond this traditional approach, as we want to analyse not only whether the 
pattern of waste trading between rich and poor countries (the waste haven effect) was being 
reproduced at the regional level in Spain; we also want to see if the industrial waste export-
ing behaviour of Spanish regions is compatible with the EKC hypothesis. For this reason, 
we include both income (INCOME) and its square. Income is expected to have a positive 
effect on export intensity of waste, as it is a scale effect estimation, although if the effects 
of changes in the composition of the product and the technology exceed the scale effect, 
the elasticity of export intensity in relation to income level will be negative. And on the 
same line as Levinson (1999a, b), Jensen (2012), and Sasao (2014d), we also include the 
percentage of population in towns under 1,000 inhabitants (RURAL) and the average years 
of schooling (SCHOOLING). Both variables enable us to approximate the environmen-
tal awareness levels of these collectives (which would be low in the case of the generally 
older rural population, and high among the more educated population); but also the level of 
dynamism and industrial activity of these regions (low in rural areas, with an ageing popu-
lation and low density,15 and high in areas with high education levels). The expected signs 
for these two variables are therefore indeterminate.

15  Balsalobre-Lorente et al. (2019) also point out that technological advances with a positive impact on the 
environment take place in cities (technique effect).
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3 � Results

When implementing the model, we lagged the variables WTAX, WINV, and STRIN-
GENCY, in order to take into account the probable delayed impact of environmental moni-
toring and policies (Levinson 1999a and 2000; Cole et al. 2010). Also, as the literature has 
shown the possible causal relationship between pollution and environmental regulations 
and taxes (e.g. Levinson 2000), and between pollution and waste treatment capacity (e.g. 
Amouzou and Boudier 2016), we tested the potential endogeneity of the variables relat-
ing to environmental policies (WTAX, WINV and STRINGENCY)16 and relating to waste 
treatment capacity (VALORIZ and RECYC). Besides, we also tested the potential endoge-
neity of TRADE-OFF, as we thought there might be a causal relationship between the rate 
of exported waste (to other regions) and external exports (to other countries). To do this, 
we followed the two-stage Hausman procedure, using, among others, the lagged variables 
themselves as instruments, but the results (Durbin-Wu-Hausman statistics) suggested that 
we cannot reject the null hypothesis of exogeneity in any of these variables because the 
p-value associated with the Hausman (1978), Durbin (1954), and Wu-Hausman (Wu 1974 
and Hausman 1978) endogeneity test statistics are over 0.05. The Sargan (1958) and Bas-
mann (1960) tests also indicated that we cannot reject the null hypothesis of validity of the 
instruments used. All of these tests are shown in Table 5 of the appendix.

The Pesaran and Moran tests, shown in Table 6 of the appendix, confirm the hypothesis 
of spatial dependence of the hazardous industrial waste exportation model we had pro-
posed, and which Jensen (2012) suggested, as the null hypothesis of spatial independence 
is rejected, with the p-value less than 0.05. Moreover, the average absolute value of the 
off-diagonal elements is 0.4, which is a very high value, so that there is enough evidence 
suggesting the presence of cross-sectional dependence (Hoyos and Sarafidis 2006) in (1). 
Thus, for the estimators to be consistent, we had to use spatial dependence models.

Table 7 of the appendix shows the different spatial dependence models we considered in 
our analysis. Although the results do not differ substantially, according to the model selec-
tion procedure proposed by Elhorst (2012), and shown in Table 8 of the appendix, the best 
model for explaining the rate of exportation of hazardous waste of the Spanish regions had 
to capture the spatial correlation in the endogenous variable and explanatory variables -in 
other words, it had to be a dynamic spatial Durbin model (dynamic SDM). Therefore, our 
estimate, with panel data and fixed regional and temporal effects, is a dynamic SDM for the 
period 2007–2017, which is estimated using quasi-maximum likelihood (QML) techniques 
(Wooldridge 2010) and Driscoll-Kraay standard errors, which produce heteroscedasticity-
robust estimators for panel regressions with cross-sectional dependence (Hoechle 2007).17

The results of the selected model, which can be seen in Table 1 as Model 1, suggest that 
indeed, export intensity of hazardous industrial waste shows dynamic behaviour (μ) grow-
ing over time, such that a region’s current industrial waste export rate depends positively 
on its past exporting behaviour. This result contradicts Levinson (1999b), who without 

16  However, introducing these lagged variables reduced possible endogeneity problems considerably. Also, 
many environmental regulations originate in the EU, guaranteeing a kind of natural experiment (Brunel and 
Levinson 2016).
17  Quasi-maximum likelihood (QML) techniques use a  statistical model  that is formed by maximizing a 
function that is related to the logarithm of the  likelihood function, but in discussing the consistency and 
(asymptotic) variance–covariance matrix, they assume some parts of the distribution may be mis-specified. 
The Driscoll-Kraay approach provides a specific variant of the Newey-West robust covariance estimator 
computed using the Bartlett kernel and a time series of scores’ cross-sectional averages (Belotti et al. 2017).
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using a dynamic model, finds a constant reduction in the disposal of waste outside the terri-
tory where it was generated. Also, the existence of spatial nexuses in the waste export rate 
is confirmed for Spain. Jensen (2012), the only paper to have considered the existence of 
nexuses to date, did not find them in its spatial model for the United Kingdom. Specifically, 
the global spatial dependence coefficients, δ and λ, show that higher export intensity of 
industrial waste in neighbouring regions (today and in the past) are associated with higher 
export intensity in the region itself (0.37 and 0.42, respectively), and these results are con-
sistent with the value of the off-diagonal elements of the Pesaran test (0.4). The geographi-
cal concentration which characterised Spain’s industrialisation process, and which was 
made more acute by territorial specialisation and agglomeration strategies (Figure 3 of the 
appendix), could explain this spatial correlation.18

Table  1 also shows that all the hypotheses proposed in our model were found to be 
relevant for explaining the dependent variable. As expected from a theoretical point of 
view and empirically demonstrated, a more severe waste tax (WTAX) and more stringent 
environmental regulations (STRINGENCY) mean a higher waste export rate or, to put it 
another way, relatively lower local disposal, seeking to avoid these taxes and regulations 
(Levinson 2000; Sasao 2014d). However, given the small coefficients of both variables, 
the influence of these policies seems to be fairly low in the Spanish case, which may be 
due to the low tax rates; to the location and specialisation of hazardous industrial waste 
disposal facilities; and as Glover (2017) suggests, to poor compliance with environmental 
regulations. Nevertheless, business investments relating to waste management (WINV) do 
not seem to be influencing the waste export rate, which could be understood in a context 
of negligible and falling levels of investment in environmental protection, as seen in Spain 
after the international economic crisis of 2007. This can be seen in Figure 4 of the appen-
dix, which shows a considerable fall in investment in environmental protection starting in 
2008, from which Spain has yet to recover; and in Figure 5 of the appendix, which shows 
that waste management is the environmental area that receives the least investment from 
Spanish industries, representing just 5.7% of the total (equivalent to 0.4% of the turnover of 
these industries).

The waste export rate of a region also seems to depend to some degree on the envi-
ronmental policies established by neighbouring regions (ωWTAX, ωSTRINGENCY and 
ωWINV), although their effect is also very small, and ωWINV is significant only at 10%. 
Kellenberg (2012) and Amouzou and Boudier (2016) obtain a similar result, although 
without using a spatial econometric model. The local spatial dependence, α, captured by 
these variables could be explained by the Pollution Haven Hypothesis, given that when a 
region adopts restrictive environmental policies, not only can this incentivise export inten-
sity of waste, as suggested by the positive sign for these variables in the same region (TAX 
and STRINGENCY); it can also disincentivise its specialisation in polluting activities, and 
these activities may end up moving to neighbouring regions (Stern et al. 1996 and Kellen-
berg 2012), who will be the ones polluting and producing exportable waste, which would 
be reflected in the positive sign for these variables in the neighbouring regions (ωTAX 
and ωSTRINGENCY). Thus, positive coefficients of ωWTAX and ωSTRINGENCY 

18  To test the robustness of our results, we considered other definitions for the weighting matrix, consid-
ering neighbours to be the 2, 3, 4, 5, 6, or 7 nearest regions in turn. Although the significance of some 
variables is sensitive to the matrix considered, as can be seen in Table 9 of the appendix, the results did not 
vary significantly, and the spatial nexus and temporal persistence are a constant in all the cases considered.
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may reflect a displacement or crowding-out effect, pushing polluting industrial activities 
towards neighbouring regions, which then become more intensive centres of waste exports.

Our model also suggests that Spain’s compliance with the Basel Convention19 and 
the guiding principles of EU policy on proximity in waste treatment has led the Spanish 
regions to change the destinations of their waste exports, given that there seems to be a 
TRADE-OFF between external and internal export intensity.

Like Levinson (1999a, b), Kellenberg (2012), and Amouzou and Boudier (2016), our 
results indicate that the more capacity a region has to recover value from waste (VAL-
ORIZ), the less need it has to export it; although the recycling capacity of neighbouring 
regions (RECYC) does not seem to be relevant. Also, the regions with the most polluting 

Table 1   Results of estimating hazardous industrial waste exports (dynamic SDM)

*Significant at 10% level, **significant at 5% level, ***significant at 1% level

Model 1 Model 2 Model 3

Dynamic component (µ) .7610298*** .8060641*** .752023***
WTAX .0016746*** .0018617***
WINV − .0008827 − .0011816 − .0006195
STRINGENCY .0118527*** .0125495***
TRADE-OFF − .000813*** − .0007165** − .000851***
VALORIZ − .0065*** − .007730*** − .0061529**
RECYC​ − .0068302 − .0038118 − .0149541*
POLLUTANT .0050448** .0047374* .0049903**
AGGLO .1637796** .1401269* .1910532***
AGGLO * INDW − .0407569** − .0254727 − .051573***
SIZE .0077132 .0108305 .0033404
ENERGY​ − .0883027*** − .096266*** − .078456***
SALARY​ .4928413** .4430587* .5321593**
CAPITAL − .0891497*** − .080811*** − .086505***
INCOME 1.882795*** 1.957691*** 1.760681***
INCOME2 − .260905*** − .284215*** − .241837***
RURAL .0279938 .0325423* .026379
SCHOOLING .6199749 .6920693* .6201992*
Spatial coefficient of local dependence (α)
ωTAX .0091989** .0045474 .009763**
ωINV .0091694* .0092032* .0082405*
ωSTRINGENCY .0227813*** .0255523*** .0118004*
ωRECYC​ − .0766402 − .0717266 − .0790173
ωINCOME − .5339158 − .6136451 − .4643425
Spatial correlation coefficient (δ) .3702973*** .3251636** .3530322**
Space–time lagged dependent variable (λ) .4210435*** .5592225*** .3278295**
Variance sigma2_e .0004478*** .0004577*** .000457***
R2

w 0.5062 0.4961 0.5127
Observations 170 170 170

19  Intended to stop the most toxic and hard-to-recycle materials being exported to developing countries.
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industrial sectors (POLLUTANT) and with the greatest industrial agglomeration (AGGLO) 
show a higher waste export rate, in line with Jensen (2012), who finds a direct relationship 
between the size of the industrial sector (in terms of employment) and waste flows, although 
this relationship is no longer significant with her spatial econometric model. However, the 
negative sign obtained when we interact AGGLO and INDW may suggest the presence of 
economies of scale in waste management, due to the concentration of economic activity, and 
thus the development of a growing waste management capacity, which could lead to limiting 
the export intensity of waste. This result would fit with the argument of Levinson (1999a, 
b), who suggests that in a context of returns to scale in waste management and disposal, and 
regions with large waste-generating companies which are more likely to have their own waste 
disposal facilities, waste will be proportionately less likely to be exported from high-polluting 
jurisdictions. However, company size SIZE) is not found to be relevant in our model.

The results obtained for inputs also fit what was expected from a theoretical point of 
view, and from what is shown by part of the empirical literature. In line with the results 
obtained by Baggs (2009), regions specialising in activities that are capital-intensive (CAP-
ITAL) and energy-intensive (ENERGY) show a lower waste export rate, while in regions 
with labour-intensive industries (WAGE) the export rate is higher. Cole et al. (2010) and 
Kellenberg (2012), however, do not find significant evidence of this,20 although in a con-
text other than waste exports, Higashida and Managi (2014) find that the higher per capita 
salaries are in an importer country, the more recyclable waste it will import.

With due caution, the positive sign of the coefficient of regional income (INCOME) 
could be understood as an indirect indicator that the pattern of trade between rich and poor 
areas or waste haven effect which Baggs (2009) and Kellenberg (2012, 2015) find at the 
international level, and Jensen and McIntyre (2010) detected weakly in Wales,21 is happen-
ing inside Spain.22 Also, as Balsalobre-Lorente et al. (2019) find, export intensity of waste 
shows a behaviour in line with EKC, as the negative sign of the square of the variable 
INCOME puts Spanish regions on the upward slope of the Kuznets curve, but with relative 
decoupling. However, the average per capita income in Spain is €22,792, so it seems that 
we are far from reaching the turning point, which our model puts at around €36,899 per 
capita. An illustration of the EKC for the hazardous industrial waste export rate in Spain 
can be seen in Figure 6 of the appendix.

Although the literature has found the urban or rural nature of the regional popula-
tion, and its education level, to be relevant in explaining waste trading (Levinson 1999a, 
b; Jensen 2012), our model did not prove sensitive to these variables (RURAL and 
SCHOOLING).23

20  This may be due to the different methodology used; the different way these variables are measured; the 
different scenario, sample, and period analysed; or simply because our analysis only includes hazardous 
industrial waste.
21  Other works (e.g. Higashida and Managi 2014) find that less-developed countries import waste as a 
means of economic development.
22  In fact, as we mention above (Figure  2 of the appendix), hazardous waste landfills tend to be mostly 
located in Spain’s less developed regions. In any case, to be able to state with confidence the existence of 
a waste haven effect, import flows should be taken into account, although the lack of data on this aspect 
makes a study of this kind impossible.
23  We also tried including variables which had been relevant in other papers, such as population or popula-
tion density (Glover 2017; Jensen 2012), although they did not enable us to improve the model.
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Finally, we estimated the model excluding some key variables, WTAX or STRIN-
GENCY (models 2 and 3 on Table 1). However, the results showed hardly any variation, 
which can be a sign that the model used is robust.

4 � Concluding Remarks

Little attention has been paid in the literature to flows of hazardous industrial waste, espe-
cially those that happen inside a country, despite the fact that analysis at the subnational 
level provides a fairly homogeneous context for study in terms of the institutional frame-
work and the statistical quality of information; that quantitatively, regional flows of waste 
are much larger, in relative terms, than international flows (especially in the European 
sphere); and that as Jensen (2012) points out, examining subnational hazardous waste flows 
is more informative to modellers and policymakers than research focusing on international 
hazardous waste flows.

For this reason, in this paper we study the determinants of the subnational trade in haz-
ardous industrial waste, paying particular attention to whether regional industrial waste 
taxes and environmental policies encourage the export intensity of this type of waste. Also, 
our study is the first to analyse this matter while monitoring the spatial nexuses and the 
dynamic component underlying export intensity of hazardous industrial waste, and thus 
makes a clear contribution to the literature. We do this using a dynamic SDM, given that 
spatial dependence has been shown to exist in the endogenous and explanatory variables, 
but not in the error term. The study scenario comprises the 17 Spanish regions and the 
period 2007–2017, a relevant and serviceable sample, given that nine of the regions have 
taxes on industrial waste generation, and all of them have environmental taxes and regula-
tions, in line with national and EU policy.

The results of the model show, on one hand, first, that strict environmental policies, 
including waste tax, encourage export intensity of industrial hazardous waste. Second, 
industrial/production structure and socio-economic factors influence the export rate of 
this type of waste, in line with theoretical predictions in the existing literature. Third, the 
regions do not behave independently when exporting their waste; a region’s waste export 
intensity depends on the export intensity of its neighbouring regions (δ), and this spatial 
interaction extends over time (λ). The model also shows evidence of spatial spillover effects 
for environmental policy (ωWTAX, ωSTRINGENCY). Therefore, if we want to control 
the flow of industrial waste, it would probably be more productive to tackle the problem 
together, rather than launch regional or individual initiatives, e.g., it would be advisable for 
taxes on industrial waste generation to be applied nationally (to internalise these spillover 
effects), or even supranationally. This would help to reduce the displacement of production 
or polluting waste between regions, or between the countries of a trading area, such as the 
European Union, and consequently lower the efficiency costs of eco-dumping generated by 
the existence of jurisdictions where waste disposal is not taxed, enabling greater compli-
ance with the European Union’s “polluter pays” principle. However, these waste taxes are 
not a panacea. We should not forget that although the location and specialisation of hazard-
ous industrial waste disposal facilities in Spain enables them to realise scale economies 
in the recycling industry, and pollution from waste can be minimised by gathering waste 
in one place, they probably impede the effectiveness of waste taxes for disincentivising 
waste exports. Moreover, waste taxes can encourage illegal dumping, which can be much 
more harmful to the environment than legal waste disposal (EEA 2012). For this reason 
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they must be accompanied by efforts to install more hazardous industrial waste disposal 
facilities, develop other waste management options, implement more frequent and strategic 
inspections, and introduce new technologies for tracking the movement of waste. It must 
also be remembered that a decentralised implementation of these taxes can lead to a race to 
the top to offset the high costs and few benefits of waste disposal. However, as decentral-
ised management is the only way to allow adaptation to environmental preferences which 
vary from region to region (or from country to country), it could be advisable to empower 
jurisdictions to set the environmental policies and standards they deem necessary to protect 
the health and environment of their citizens, while respecting minimum federal or supra-
national standards of environmental regulation and taxation. At the same time, economic 
policies on waste management must be strengthened, as this is the area of environmental 
protection receiving the least investment. This appears to be the goal of the draft Law on 
Waste and Polluted Soil (transposing the 2018 directive on waste and the directive on sin-
gle-use plastics), the Spanish Circular Economy Strategy (EEEC), España Circular 2030, 
and the Royal Decree-Law improving the traceability and monitoring of waste transport, 
recently approved by the Government of Spain.

Fourth, our model suggests that export intensity of industrial waste exhibits dynamic 
behaviour ( � ) and is closely linked to regional income (INCOME), although the non-linear 
relationship between both variables would place the Spanish economy on the upward slope 
of the EKC but with relative decoupling. Nevertheless, given the high degree of persistence 
( � ) shown by the dependent variable and the moderate value of the squared INCOME coef-
ficient, plus the negligible effect on containing the flow of waste of the region’s capacity to 
recover value (VALORIZ), the use of capital (CAPITAL) and energy (ENERGY) in pro-
duction processes, and economies of scale in the management of wastes arising from the 
concentration of economic activity (AGGLO*INDW), it seems clear that measures should 
be implemented in Spain which can intensify the relative decoupling which appears to be 
emerging between industrial development and waste exports. The use of new technologies 
in value recovery and recycling which can give waste products a second life, and advanced 
technologies to reduce waste generation, can contribute to this; both are key elements of 
the circular economy and EU environmental strategy. If this is not possible, enough haz-
ardous industrial waste disposal facilities must be provided to enable waste management 
in or near the region of origin, in line with EU regulations. Nevertheless, the idea is not to 
prohibit the trade in hazardous waste,24 but to avoid its transportation by firms seeking to 
avoid the costs of appropriate management of such waste. Also, our model suggests that 
international agreements and European regulations are incentivising a switch from export-
ing to third countries to internal flows of waste between the Spanish regions (TRADE-
OFF), which could prompt the need for new waste treatment facilities to assimilate this 
trade-off.

Although the lack of information at the regional level on the volume of hazardous indus-
trial waste imported shaped the study for this paper, which could only examine exports, we 
were able to draw significant conclusions which represent a contribution to the literature, 
such as the dynamic nature and spatial dependence relationship which appear to character-
ise flows of this type, as well as the influence of certain variables, such as environmental 
policies, the industrial/production structure and socio-economic factors.

24  The fact that not all jurisdictions have industrial waste treatment plants, probably for reasons of profit-
ability and a lack of the necessary technology, makes waste flows between jurisdictions inevitable.
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Appendix

See Appendix Figs. 1, 2, 3, 5, 6 and Tables 2, 3, 4, 5, 6, 7, 8, 9.4, 

Fig. 1   Percentage of waste exported by each region to other regions Source: By the authors, based on data 
obtained from the State Pollutant Release and Transfer Register (PRTR-España) and the Survey of waste 
generation in the industrial sector (INE)

Fig. 2   Location of the hazardous industrial waste disposal facilities  Source: By the authors, based on Mora 
and Dvorzhak (2016)
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Fig. 3   Location of industry by sectors of activity. Source: https://​ecojo​venbl​og.​wordp​ress.​com/​2016/​11/​09/​
prime​ra-​entra​da-​del-​blog/

Fig. 4   Investment in and current expenditure on environmental protection by industry  Source: Instituto 
Nacional de Estadística (INE)

https://ecojovenblog.wordpress.com/2016/11/09/primera-entrada-del-blog/
https://ecojovenblog.wordpress.com/2016/11/09/primera-entrada-del-blog/
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Fig. 5   Investment by industry in environmental protection in 2017, by environmental area (% of total 
investment in environmental protection)  Source: Instituto Nacional de Estadística (INE)

Fig. 6   Environmental Kuznets Curve for the waste export rate in Spain  Source: By the authors
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Table 3   Descriptive statistics of the variables

Variable (unit) Obs Mean Std. Dev Min Max

HWE (Percentage) 170 98.50 4.55 69.90 100
WTAX (Thousands of euros/Tonnes of waste) 170 0.29 1.11 0.00 8.83
WINV (euros/Tonnes of waste) 170 2.67 4.64 0.01 41.79
STRINGENCY (euros/Tonnes of waste) 170 26.91 22.98 6.16 135.56
TRADE-OFF (Percentage) 170 0.01 0.04 0.00 0.30
AGGLO (Industries/km2) 170 0.74 0.73 0.11 3.43
INDW (Percentage) 170 19.50 6.83 7.13 33.16
POLLUTANT (Tonnes of waste/Thousands of euros) 170 0.12 0.12 0.00 0.83
SIZE (Units) 170 73.87 83.84 4.00 402.00
VALORIZ (Percentage) 170 45.30 18.93 0.7146 89.28
RECYC (Percentage) 170 0.11 0.02 0.07 0.19
ENERGY (Percentage) 170 0.03 0.01 0.01 0.05
SALARY (Percentage) 170 47.56 2.36 42.39 53.71
CAPITAL (Percentage) 170 1.08 0.47 0.32 2.24
INCOME (€) 170 22,792 4,499 15,441 33,320
RURAL (Percentage) 170 0.05 0.05 0.00 0.19
SCHOOLING (Units) 170 9.59 0.63 8.14 11.58
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Table 5   Analysis of potential endogeneity

Variable Hausman 
(endog) 
Prob > Xi

2

Durbin 
(endog) 
Prob > Xi

2

Wu-Hausman 
(endog) Prob > F

Sargan 
(overid) 
Prob > Xi

2

Basmann 
(overid) 
Prob > Xi

2

WTAX 0.47 1.2651 1.132 0.518 0.456
0.494 0.261 0.289 0.914 0.928

WINV 0.43 0.314 0.280 3.474 3.109
0.512 0.574 0.597 0.324 0.375

VALORIZ 0.06 0.037 0.033 0.535 0.471
0.808 0.845 0.854 0.911 0.925

RECYC​ 0.26 2.317 2.087 0.524 0.461
0.611 0.127 0.151 0.913 0.927

INCOME 0.62 0.009 0.008 0.460 0.404
0.432 0.920 0.925 0.927 0.939

TRADE-OFF 0.002 0.374 0.333 0.964 0.850
0.569 0.5407 0.564 0.809 0.837

Joint-endogeneity 2.07 8.269 0.655 0.762 0.681
0.723 0.689 0.778 0.382 0.409

Table 6   Test of cross-sectional 
dependence Pesaran test (Pr) 3.372 (0.0007)

Absolute average value of the off-diagonal elements 0.400
Moran MI error test (Pr) 5.2089 (0.000)
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Table 8   LR test for model 
selection and LM test identifying 
spatial effects

Χ2 p-value

Dynamic SAR versus SAR 192.26 0.000
Dynamic SDM versus SDM 117.93 0.000
Dynamic SDM versus dynamic SAR 170.43 0.000
Dynamic SDM versus SEM 317.93 0.000
LM error (error has no spatial autocorrelation) 0.1317 0.7167
LM lag (spatial lagged dependent variable has 

no spatial autocorrelation)
6.0711 0.0137
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