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DID TRANSITION BRING CLEANER AIR? 

EFFECTS OF OWNERSHIP, TERRITORIAL AND TECHNOLOGY POLICY  

ON AIR POLLUTION 

Camilla Jensen and Andrea Mina 

ABSTRACT 

The paper investigates trends in air pollution in Poland during transition to a market economy. 
By analysing how the EU, national and regional development policy mix affects environmental 
outcomes we show the importance of context in terms of assessing the contribution to air pollu-
tion of different stakeholders such as foreign investors. The results show that while state owned 
firms pollute more, new domestic firms make a positive contribution to reducing emitted particu-
late matter and foreign owned subsidiaries on average have an increasing or neutral impact on air 
pollution. However, territorial policy becomes in Poland the focal point for understanding these 
changes as there are large differences for areas that are subject to this policy. When accounting 
for the combinations in these policies results suggest that zone governance has been very effec-
tive in reducing emissions of particulate matter. Zones combine ownership changes with techno-
logical changes associated with restructuring of enterprises and FDI along with EU subsidies as-
sociated with technology policies such as adoption of more green technologies in general. Both 
policy factors (e.g. using FDI to restructure former SOEs within the zones and using zones also 
as a policy tool to distribute structural funds) aid in reducing emissions, while to the extent we 
can compare them (due to differential measuring scales) we conclude that technology policy 
through structural funds has been by far the most effective policy tool towards curbing high 
emissions levels in Poland. 

Keywords: Foreign direct investment; air pollution; territorial policy; technology policy; green 
technologies; policy mix. 



INTRODUCTION 

One of the great expectations to the transition to capitalism in Eastern Europe was its side 

effects on the natural environment: in many countries there had been little technological change 

and the burden of production on the environment became clear during the 1980s (Brown et al., 

2000). However, in the transition process the environmental impact of foreign direct investment 

(FDI) has been called into question.  

On the one hand, a free market approach could imply that the reduction of negative exter-

nalities follows naturally from the introduction of incentives to technical change spearheaded 

mostly from abroad through FDI (Domanski, 2003, Jensen, 2002). On the other hand, research 

on FDI in developing countries has pointed out that industrial activity with the strongest negative 

externality will target countries that adopt a more lenient approach to environmental legislation. 

This argument is known as ‘the pollution haven hypothesis’ (Bommer, 1999, Cole, 2004; Eske-

land and Harrison, 2003; He, 2006). Overall, because of the several contrasting forces at play 

and the contemporaneous impact of different policies, the outcome of the development process 

may have somewhat uncertain outcomes on pollution levels (Jaffe et al., 1995; Taylor, 2004).  

We address this complex question by focussing on the case of Poland. This offers an in-

valuable opportunity to explore the levers of sustainability during broad socio-technological 

transitions (Geels, 2002; 2004). We are especially interested in the relative role of domestic and 

foreign firms, and in the effect of place-based regional development policy (the special economic 

zones policy that facilitated FDI and new business creation during the transition period) and the 

effects of technology policy on air pollution emissions. Recent literature on this topic has 

brought to the fore the interplay between institutional and technological changes that are often 

spelled out at the regional level (Costantini and Mazzanti, 2012; Leoncini et al., 2016). This calls 

for a comprehensive assessment of the set of policy instruments that shape relevant economic 



incentives (Flanagan et al., 2011; Bachtler and Turok, 2013), including different aspects of the 

policy mix for sustainable transitions (Rogge and Reichardt, 2016; Edmondson et al., 2018).  

We therefore investigate with regional panel data at the county level  – whether and how 

the territorial and technology policy mix contributed to curb particulate matter (PM) emissions. 

To foreshadow the most interesting findings, we find that foreign owned subsidiaries have had 

on average a ‘positive’ (increasing) or neutral impact on air pollution, but contributing relatively 

more to output than to emissions, thus improving the overall sustainability balance (defined as 

the ratio between pollution and value added, see Eskeland and Harrison, 2003). Both the intro-

duction of special economic zones in combination with FDI and environmental technology poli-

cy aided by EU subsidies have had significant effects, but technology policy has been particular-

ly effective in reducing PM emissions levels. 

WHAT DO WE KNOW ABOUT THE ‘POLLUTION HAVEN’ HYPOTHESIS?  

The literature on the pollution haven hypothesis is quite varied in terms of types and scope 

of studies (Erdogan, 2013; Cole et al., 2017). As data availability is a major factor of overall 

study validity, and therefore also a key determinant of the confidence we can have in the findings 

and the potential biases involved, it is essential to take into account the level of analysis. We first 

cover studies based on firm-level data, we then review the literature on industry-level data and 

finally the works that use regional data. Overall there is relatively strong evidence that foreign 

investors tend to be among the absolute most polluting firms. That is, they pollute more than the 

average firm in the host economy. However, when we consider their contribution to value added 

and exports, the net contribution to making production more sustainable in the host country is 

still positive, because the ratio between pollution to value added is lower for foreign investors 

relative to local firms due both to their superior technologies (Lanjouw and Mody, 1996, 



Letchumanan and Kodama, 2000, Ang, 2009) and to type of activities in which they specialise 

(see also Cole and Elliott, 2003). This is also the kind of projected or expected behaviour we see 

in the literature on tradeable CO2 permits across countries with different environmental standards 

and industrial pasts (Andersson, 2012). The argument is here that it could be ethically defensible 

to move polluting activities abroad due to differences in existing technologies and practices 

across countries, whereby the global welfare effect is positive and both parties will gain from the 

trade in permits and goods due to technology transfer (De Lucia, 2010). 

Firm-level studies 

Since pollution is often a type of point emission or potentially associated with a direct source or 

polluter, the availability of firm-level data towards testing the pollution haven hypothesis can be 

important. Problems of firm-level studies may be the types of pollution it has been possible to 

observe with micro datasets and the fact that oftentimes firm-level studies rely on sampled rather 

than population data. In one of the few studies with access to such data, using consumption of 

energy as a proxy for pollution intensity for Cote d’Ivoire, Mexico, Morocco and Venezuela, Es-

keland and Harrison (2003) find that while foreign owned subsidiaries are producing more and 

therefore also polluting more, FDI still promotes greener and more energy-efficient technologies 

and therefore make a positive net contribution to a more sustainable production in the host coun-

try. In two studies with firm-level data for multinationals across a large number of host countries, 

Dam and Scholtens (2008, 2012) reassess the pollution haven hypothesis and find that outcomes 

depend both on the standards or quality of institutions in the host country and the standards or 

CSR policies adopted by multinational firms. Hence, they conclude that the pollution haven hy-

pothesis is driven by a combination of countries with poor standards and firms with poor stan-

dards. Dam and Scholtens (2008) also find that it is often the larger multinational firms that in-

vest in extensive CSR programs and therefore contribute relatively less to fulfilling the hypothe-



sis’ prediction. Kheder and Zugravu (2012) confirm the pollution haven hypothesis for middle 

(emerging economies and CEE) but not low income (developing and CIS) countries with the lo-

cation decisions of French firms. However, in this case there is no documentation of de facto pol-

luting behaviour of French multinationals and results may be driven by third factors that are un-

related or only indirectly related (such as electricity cost, e.g. as in Panhans, Lavcric and Hanley, 

2016) with polluting behaviours. Manderson and Kneller (2012) explicitly account for firm het-

erogeneity by controlling for the empirical regularity that it is the most productive firms in each 

industry that have been found to establish subsidiaries abroad. Accounting for a combination of 

the pollution intensity (measured as environmental compliance cost) of each industry and the 

stringency of standards abroad (environmental policy implemented in the host country), Mander-

son and Kneller (2012) find no robust evidence for the pollution haven hypothesis at least in the 

aspect of establishing multinational subsidiaries abroad. With a similar approach Rezza (2013) 

shows that the strategic motivations of Norwegian multinationals matter in the interaction be-

tween volume and direction of FDI with local environmental standards. It is efficiency-seeking 

multinationals that are more likely to fulfil the pollution haven hypothesis, but again there is no 

de facto evidence of emissions in the individual host country. Naughton (2014) and Candau and 

Dienesch (2017) obtain very similar results with a more aggregate country-level and affiliate lev-

el dataset respectively. These studies provide useful but only partial evidence, as they are unable 

to resolve the problem without observation of de facto emissions. 

Industry-level studies  

Industry level studies have arguably been the most popular in investigating the pollution haven 

hypothesis. The perspective taken in these studies is quite distinctive even though it also shares 

similarities with firm-level studies when the environmental variable is nested at the industry lev-

el (Mulatu, 2017). Industries are often classified by the stringency of environmental legislation 



enforced in the home or host country from the perspective of investing companies. The main ar-

gument of these studies is that if foreign investment is more prevalent in industries with more 

stringent standards (in the perspective of the home country - but lax if oppositely seen from the 

perspective of the host country), it is indicative of evidence in favour of the pollution haven hy-

pothesis. Wagner and Timmins (2009) report for Germany at the level of industries that the deter-

rent effect of environmental regulations have a large and significant effect on German FDI out-

flows. Elliott and Shimamoto (2008) find no evidence of the pollution haven for Japanese in-

vestments in 3 ASEAN countries. Few of the industry level studies, however, are concerned 

about the validity of the findings considering that other factors that have little to do with de facto 

pollution or emissions levels in the target country could be driving these investments (e.g. the 

need to cut cost and offshore parts of their production activities). This argument has increased in 

importance as the trend towards more disaggregated global value chains have started to prevail. 

Furthermore, some of the pollution may also be entirely outsourced to third party producers and 

hence not observable in the data series on foreign direct investments by industry (see also Cole, 

Elliott and Zhang, 2017). A number of more recent studies in the same tradition (and especially 

when combining regulatory trends with information about the enforcement of these laws - hence 

e.g. reporting more robust governance indicators), and now with better panel data techniques that 

can account better also for industry-level differences and focusing instead on the stringency or 

laxity of environmental legislation in developing countries, have reported a relatively large effect 

of lack of environmental standards on outbound FDI activity from countries such as the US (Kel-

lenberg, 2009), the UK (Mulatu, 2017) and in some industries also for the Netherlands (Poel-

hekke and Van der Ploeg, 2015). 

One approach which is interesting in this perspective (but focusing more on trade in global 

value chains than FDI per se) involves looking at the pollution intensity of exports from the host 

countries. Such studies have been conducted for a number of countries. In a study of the pollu-



tion-intensity of exports for Turkey, Akbostanci, Tunc and Turut-Asik (2007) report that exports 

increase with the pollution intensity. Hering and Poncet (2014) report similar findings for Chi-

nese exports at the level of cities and for privately owned firms, but with declining exports in re-

sponse to more stringent regulation. However, state owned firms in this study were not similarly 

responsive in adjusting the pollution-intensity of exports to new environmental regulations. 

In another study, which takes the opposite perspective of imports into the EU during a pe-

riod of intense improvements in environmental standards in the Union, Cave and Blomquist 

(2008) found some evidence that the EU increased imports of goods in industries classified as 

dirty and toxic. However, Constantini and Mazzanti (2012) demonstrate that environmental regu-

lation and standards can also be important drivers of EU export competitiveness and indirectly 

lead to more sustainable outcomes in host countries via technology transfer or as standards em-

bedded in new and improved technological solutions. Relatedly, Leiter, Parolini and Winner 

(2011) show with European industry-level data that more stringent environmental regulation can 

be a driver of investments. 

Regional-level studies 

Relatively few studies have used regional datasets. It is often the case that available regional 

datasets only provide coarse information and this in itself reduces the accuracy of any attempt to 

ascribe behaviour to particular actors in any given location. Among the few exceptions there are 

three studies of Chinese regions that are especially interesting. Using data extracted from moni-

toring stations across 112 Chinese cities, Cole, Elliott and Zhang (2011) report that the impact of 

foreign owned firms vary greatly by pollutant, being largest and significant for petroleum-like 

matter and smallest and insignificant for the air pollutants of waste gas, SO2, soot and dust. He 

(2006) uses provincial level data and the FDI capital stock as a proxy for the presence of foreign 



owned firms, and finds that FDI has a small but weakly positive effect on SO2 emissions. This 

study concludes that investors tend to seek industries with lower pollution compliance cost in 

China (which in part also owes to weak mechanisms of enforcement at the regional level). Tang 

and Yang (2016) investigate a similar question (again with provincial data) but focus on haze 

pollution, which is somewhat overlapping with other categories of air pollution such as SO2, par-

ticulate matter and pollution with CO2 . They report a positive and significant, although small, 1

effect of FDI on air pollution (in the order of 0.02% in response to a 1% increase in FDI). Tang 

and Yang (2016) find in parallel to both He (2006) and Eskeland and Harrison (2003) that while 

FDI contributes to elevating the overall level of pollution, the sustainability balance is likely to 

be positive due to the greater impact of foreign technologies on GDP and growth relative to pol-

lution. In our analysis we follow this line of enquiry on pollution measured at the source at a 

fine-grained (county) level of geographical aggregation.  

Overall our literature review demonstrates that there is increasingly strong evidence for a pollu-

tion haven hypothesis, but also that there is a need especially in the transition context to adopt a 

dynamic or panel-data based approach to this question. Because while FDI may introduce an 

element of fulfilling the pollution haven hypothesis, a somewhat overlooked element in many 

strands of the literature is that FDI will also typically bring technological change which in some 

circumstances can help to countervail the negative aspects. Increasingly it is also important to 

take into account the impact that global value chains rather than FDI alone will have on the loca-

tion of polluting activities, the role played by policies of place that could relate to pollution and 

how factor intensity may be differently related with the pollution haven hypothesis across diffe-

ren types of global value chains in terms of the relative role of FDI and trade. 

 Hazes are in particular a problem when different types of air pollution combine with the hot and humid climates 1

that we often find in Asia. This condition creates a special toxic air that it can be particularly dangerous to breathe.



THE CONTEXT 

Within the European landscape Poland is particularly interesting because it has in the past 

and continues at present to top statistics that record high air pollution, especially of particulate 

matter which is considered dangerous to human health. The second source of interest in the Pol-

ish case is its process of transition towards a market based economy and European Union mem-

bership. And yet, perhaps surprisingly, there has been relatively few studies of how the environ-

mental transition happened and took place, despite the publication of some major reports docu-

menting significant advancement in this area since the early 1990s (see e.g. OECD, 2012, 2015, 

EEA, 2016, PAGE, 2017). 

Figure 1 provides the background for historical levels of industrial air pollution in Poland 

over the course of its economic transition. Over a 20-year period significant advances have been 

achieved with a reduction in air pollution with respect to particulate matter, today standing at less 

than 10 percent of the level of air pollution at the outset of the transition process.  Poland is nev2 -

ertheless the single most polluted country in the EU when it comes to air pollution, with levels of 

emitted particular matter above the target values set by the European Union and the World 

Health Organisation (WHO) (see EEA, 2016, Page 28 and WHO & UNAIDS, 2006, 

Krzyzanowski and Cohen, 2008).  

<<INSERT FIGURE 1 ABOUT HERE>> 

 A note of caution is important here: while the transition has led to a large decrease in air pollution, the level of pol2 -
lution that existed in the past may not be a relevant yardstick up to which the actions of current actors should be 
measured as far as environmental standards are concerned. 



What Figure 1 also reveals is that while (industrial) air pollution overall has gone down 

with the transition, there has been a trend towards a more skewed distribution (as captured with 

the coefficient of variation across the different geographical areas) in air pollution towards par-

ticular localities, and especially across Poland’s six major regions, with air pollution now most 

strongly concentrated in the South of the country. In part this trend can also be due to the Green 

Lung policy that was adopted already in 1989 where a large part of land in the North-East was 

becoming one of the largest European natural reserves with hardly any industrial activity at all 

(GUS, 2017). Location of and activities with industries have therefore not acquired less impor-

tance than in the past but they may be subject to new patterns (e.g. types of behaviour and regu-

latory concerns) relatively to the past because of the privatisation process. 

Figure 2 (Map 1) shows the distribution of air pollution by county (powiat) in 2014. The 

Map makes it possible to visualise the precise location of the polluting activities. Industrial air 

pollution nowadays is concentrated outside major cities and skewed towards industrialised areas 

such as Upper Silesia and around the cities of Katowice, Krakow, Poznan, Szeczin and Lodz. 

Whereas past studies (as reviewed in Section 2) have mostly relied on firm-level data and indus-

trial patterns and general activities and emission levels associated with industries, we are able to 

document quite specifically, by using detailed micro-regional data collected at the source of 

emission, the direct impact of different groups of firms on air pollution. To the best of our 

knowledge, this is the first contribution of its kind in Europe.  

<<INSERT FIGURE 2 ABOUT HERE>> 



DATA 

The data used in the study come from the Polish Local Databank published online by the 

Central Statistical Office in Warsaw (www.bdl.stat.gov.pl). We use the LAU1 level in EU 

nomenclature (equivalent to ‘powiat’ level in the Polish nomenclature or to ‘county’ level in the 

UK nomenclature). Hereafter the study refers to the geographical unit of analysis as powiat. 

The main variables are emissions of air pollutants from plants that are especially noxious 

to air purity Emissions  (quoted as particulates in tonnes per year), counts of firm populations by 3

ownership All firms, Domestic owned firms, State owned firms and Foreign owned firms (no. of 

firms), and investments in green technology (total outlays on fixed assets serving environmental 

protection) Greentech investments (measured in thousand Polish zloty). The categories of Do-

mestic owned and Foreign owned firms are obtained by using the variables on private entities and 

commercial (law) companies with foreign capital participation from the local databank and de-

ducting from the former the latter to obtain a category of purely privately held domestic firms. 

Hence we include due to data availability any company with foreign capital that has been or is in 

the process of privatisation under the label FDI or foreign ownership. The ideal data would in-

clude firm counts or populations by entry mode (greenfield or acquisition) whereby we would 

have two ownership categories that would more perfectly map onto other comparable ownership 

categories (domestic private or state owned), but such data is not available from the local data-

bank (see also Jensen, 2007). Important control variables are the share of agriculture Share of 

 The following meta-data on the dependent variable is available from GUS(2016): “Data on emission from plants of 3

significant nuisance to air quality come from annual CSO reports and pertain to organised emission (i.e. technologi-
cal and heating devices, through emitters, chimneys, exhausts etc.) as well as non-organised emission (heaps, stor-
age yards, in the course of reloading of loose and volatile materials, production halls etc.)”



agriculture (calculated as the area of agricultural land to the total area of the powiat, both in ha ) 4

and population Population (number of permanent residents). Public investment expenditure is 

included (in mio Polish zloty): this also controls for private investment because the two series are 

highly correlated (corr>0.90), and has the advantage of being available for a longer panel than 

private investment data. As instruments for investments in green technology, the series on corpo-

rate income tax Corporate taxes (in mio Polish zloty) and the series on EU subsidies EU subsi-

dies (in mio Polish zloty) are used. Finally, area dummies are used (at the powiat level) when 

affected by the special economic zones policy which is time variant and has been collected di-

rectly from each zones administration (see also Jensen, 2018). This policy variable is referred to 

as Powiat with zones policy or simply as SEZ when used as an interaction term in conjunction 

with other variables. 

Panel data summary statistics are shown with Appendix Table A1 for the study variables. 

The period of study is 1999-2014. 

As the research confronts a multivariate problem, this section sets out the strategy we use 

to map and establish the relationship between pollution, location of economic activity in general 

and foreign direct investment in particular. Figure 3 shows a plot of the emissions levels for Pol-

ish ‘gminas’ (communes in the UK or the LAU2 level in the EU nomenclature which is the low-

est possible level of geographical detail in either classification system) in 1999 against the con-

centration of firm populations by ownership. From this simple plot it is observed that the location 

of Poland’s state owned enterprises is one of the main sources behind air pollution with particu-

late matter. According to Figure 3 foreign owned subsidiaries have not added much to these pre-

existing pollution levels, but often located in the same areas where there is a high level of air pol-

 As the variable for agricultural land is only available before 2006 and after 2011, it is estimated for the interim 4

period (2006-2011) as the average of its value in 2005 and 2012. It may still be time variant, but much less so, be-
cause the total area of the powiat may still change over the interim period. We also considered what happened to all 
specifications with and without this variable. However, including the Share of agriculture does not have any major 
influence on any of the results reported in the study.



lution (partly due to the privatisation process whereby foreigners have bought and restructured 

former state owned enterprises), while new firms in general would tend to be associated with a 

reduction in the overall level of air pollution. (Partly because the new firms are located outside 

areas with high pollution levels and also tend to cluster in less pollution intensive new-economy 

type of industries and in particular services have expanded with the economic transition (see 

e.g. Peng, 2001)). Hence due to intra- and inter-firm dynamics or ownership changes it is reason-

able to expect that firm populations will contribute both to increases and decreases in emissions 

levels, where in practice the latter could take place when a new owner takes over an existing 

production apparatus and subsequently restructures it by changing (investing in new) products 

and/or production processes. Alternatively structural changes in emissions levels occur as old 

firms are closed down and new types of firms are opened in their place. 

<<INSERT FIGURE 3 ABOUT HERE>> 

While Figure 3 shows the prior level of air population plotted against firm populations at 

the outset of the period of investigation (1999), Figure 4 shows in parallel hereto (but now only 

with data available at the powiat level which is somewhat coarser than the gmina level, e.g. we 

move from communes to whole counties) the change in the same two sets of variables over the 

period of study. Whereas the general change in firm populations is neutral or mildly positive 

(e.g. neutral due to ownership changes not having any influence on the overall number of firms 

and positive when there is a process of net entry as we would expect when going from a scenario 

with highly restricted entry to much fewer restrictions), while the number of state owned enter-

prises goes down and the number of foreign owned enterprises goes up during the period of 

study. Both are included in the category all firms (the series on domestic private owned firms has 



been suppressed in these comparisons) . Whereas the scatter plot shows a consistent positive cor5 -

relation between reduction in emissions and reduction in the category of state owned enterprises 

at the powiat level, the plot shows a dual tendency for foreign owned enterprises, where there is 

a neutral or slightly positive effect on emissions in one trend and a negative correlation between 

reduction in emissions and increases in the foreign owned category of firms in another trend. It is 

these trends that we now set out to document more precisely using multivariate panel data re-

gression analysis. 

<<INSERT FIGURE 4 ABOUT HERE>> 

ECONOMETRIC METHODOLOGY 

Using the available longitudinal panel dataset that runs from 1999 until 2014 (T=16) for the main 

variables, we investigate at the powiat or area level (of which there are on average 377 in Poland 

during the period of study) the development in emissions of particulate matter. The following 

base specification is adopted, where SOE, DOM and FOR represent the three ownership classes 

(state owned, domestic private held and foreign owned respectively) in our study, and X is a set 

of control variables (Share of agriculture, Population and Public investment expenditure) : 

Equation 1. 

 Note that here the firm populations are additive to the group of all firms, so that all firms are inclusive of both state 5

owned and foreign owned enterprises. Hence the latter groups are to be read as ‘deviations’ from the group of all 
firms in Figures 2a and 2b. In the subsequent regression analysis all firms have been divided out on domestic (pri-
vate) owned, state owned and foreign owned respectively and each group therefore retain independent coefficient 
estimates in the statistical analysis.



Given area heterogeneity (as also captured in our dataset with the variable Area which reflects 

the actual physical size of each measured in ha), several econometric strategies are considered 

towards reducing area heterogeneity and aiding model interpretation. Standard options for para-

metric methods were considered including logarithmic transformation, application of manual 

weights or the estimation of weighted least squares. The latter method has several advantages if 

area heterogeneity turns out also to be a source of heteroscedasticity. For example, the problem 

of using logarithmic transformation for observations with the value 0 is avoided. Initially a man-

ual weighting scheme was applied. However, manual weighting proved difficult towards inter-

pretation of coefficient estimates which came out in varying sizes. Finally, and given that we 

found that the size of each area is a likely source of heteroscedasticity (e.g. our robust standard 

errors were less sensitive to the automatic weights which suggests that WLS takes care of a sig-

nificant proportion of the likely problem of hesteroscedasticity embedded in a panel dataset such 

as ours) we finally adopted automatic weights following this transformation: 

Equation 2. 

Compared to the original Equation 1 we were thus able to tackle several model problems with 

one transformation and obtain more efficient and reliable estimators for the parameterised model.  

REGRESSION ANALYSIS 

As a first step, we investigate model fit using the random effect and fixed effect panel data esti-

mators for our base equation, the main objective being to understand the influence that foreign 



direct investment has had on emission levels of particulate matter over the period of study. As we 

will later see, a more accurate answer to this question also depends on the policy variables. We 

model as shown with Equations 1 and 2, emissions levels Emission for the i’th powiat at time t as 

a function of firm populations by ownership types (domestic DOM, state owned SOE and foreign 

FOR) in a two-way fixed and random effects models, adopting Area size as weights (Equation 2) 

and by inclusion of the control variables: Share of agriculture, Population (rather than employ-

ment to avoid strong multicollinearity between control variables and our main explanatory vari-

ables) and Public investment expenditure. 

Regression Table 1 reports results from regressing firm populations and our control vari-

ables on emissions of particulate matter at the powiat level over the period 1999-2014 with the 

fixed effect (within) and random effect estimators for panel data (operationalised with the pack-

age plm in R and streamlined regressions tables output owing to the Stargazer package delivered 

by Hlavac(2015)). The standard errors reported in the first two columns of Table 1 are double-

clustered robust and hence robust to errors clustering in both the powiat and time dimensions of 

the panel (see Cameron, Gelbach and Miller, 2011). A reasonable compromise and good alterna-

tive to reduce heterogeneity and avoid the problems involved when applying logarithms to zero 

inflated data is to apply the area sizes as weights using either a manual weighting scheme or au-

tomatic weighting with WLS instead of OLS as discussed under econometric methodology . The 6

results shown in Table 1 are for the unweighted variables in the first three columns and for the 

weighted variables in the last two columns (automatic weights using the option ‘weights’ in the 

 In a theoretical perspective there is nothing apriori to warrant that we need to weigh for area size from the view6 -
point that there need not be a very high correlation between the density of economic and physical space owing to the 
phenomena of agglomeration economies. Perhaps rather the opposite which could be a good argument for weighing, 
e.g. powiats that are small in physical size but large in economic size will attain more influence in the weighted 
dataset. Small area size (due to economic agglomerations which are often also highly pollution intensive) is likely to 
lead to an underestimation of emissions and oppositely large area size (more prevalent for natural reserves or areas 
dense in agriculture and forestry but with low emissions levels in general) is likely to lead to an overestimation of 
emissions. Hence weighing with area size will reduce this source of heteroscedasticity in the dataset.



FELM package in R). Under the assumption that weights resolve problems of heteroscedasticity 

the interpretation of the coefficient estimates remain as per their original units. 

<<INSERT TABLE 1 ABOUT HERE>> 

The Hausman test was run to test the relative fit of the two panel data models with the data 

(e.g. Columns 1 and 2 in Regression Table 1). The Hausman test rejected the random effect mod-

el in favour of the fixed effect model with a X2=72.33, rendering the random effect model incon-

sistent.   7

In the third column of Table 1 we re-estimated the fixed effect model with the package 

felm in R which has the advantage that it reports the r2 for the full model (as opposed to only the 

projected model or the part of the model which is explained by the time variant independent 

variables when using the package plm). The coefficient estimate of interest in Regression Table 1 

for the variable foreign owned firms is large relative to that for domestic owned firms, adopting 

weighted least squares all the ownership groups are significant. The preferred specification (Col-

umn 5 in Regression Table 1) demonstrates that the main factor behind industrial air pollution in 

Poland is the presence of firm populations inherited from the past (e.g. state owned firms - where 

one state owned firm per area on average increases emissions with 12.609 tonnes per year ), 8

while foreign owned firms on average pollute more (e.g. one more foreign owned firm per area 

 This is also coherent with the more practical consideration that a fixed effect model is suitable when the data com7 -
prises all observations for the full population that the research seeks to describe or evaluate.

 This is a large effect given that the EU Ambient Air Quality Directive sets a target value of 25 micrograms per m3 8

per day when averaged out over the calendar year (see EEA, 2016, Page 27). For the Polish emissions context at the 
level of powiats it converts into 25 micrograms x 10000 (converting from m3 to ha) x 82,731 (per average sized area 
or powiat in ha) x 365 (days per year) : 1,000,000,000,000 (converting from micrograms into tonnes) = 7.549 tonnes 
per year per (average sized) area.



increases emissions with 0.222 tonnes of particulate matter per year), whereas domestic owned 

firms on average have a small but negative effect on air pollution. 

Hence a generally higher domestic owned (e.g. Polish privately held) firm population in a 

certain area leads to on average less air pollution over time and foreign owned firms according to 

this result are not much different from the rest of the (new or privatised) Polish firms, but at the 

high end of pollution when compared to their private domestic held peers. Overall our results 

suggest that foreign owned firms have an impact in between domestic owned and state owned 

enterprises. This is not surprising as foreign owned firms comprise both new firms and former 

state owned enterprises undergoing restructuring. 

Other potentially important explanatory factors of air pollution include areas with high 

population density (increases air pollution) and public investment expenditure (reduces air pollu-

tion). Here it is important to stress  that air pollution from households is not included in the mea-

surement of industrial emissions that our dependent variable captures, but population is strongly 

correlated with employment and thereby indirectly also captures the effect of the location of 

larger firms (which our firm variables are unable to do as they only reflect firm populations as 

counts) and the concentration of production in economic agglomerations. Only state owned en-

terprises stand out as the major polluters according to the results shown in Regression Table 1. 

A robustness check on the results in Regression Table 1 is presented in Appendix 2. Here 

we use an alternative proxy for FDI (total capital invested in each powiat), which allows us to 

test the overall impact of FDI on the sustainability balance since this proxy, contrary to the num-

ber of firms, takes into account the relative size of firms. Even though the capital variable is only 

available for a short panel and only makes possible to discriminate between foreign and domestic 

ownership (but not public-private), it is still a useful complementary test. The results reported 

confirm the result from previous studies that per capital invested the net contribution of foreign 

capital to the sustainability balance is positive. 



In the next section we split the sample into powiats with and without status of ‘special eco-

nomic zones’. Even though this is not an explicit mandate of the zones policy (see e.g. Gwodz et 

al, 2008) it is important to investigate whether this policy has had any direct influence on the 

propensity of different firms to emit particulate matter and due to the importance it has assumed 

for employment patterns and the concentration of economic activity in the late industrialisation 

period in Poland after the economic transition in 1989 (see. e.g. Jensen, 2018). In the subsequent 

section on technology policy we focus then in addition on the effect of technology and structural 

policies including indirectly the adoption of green technology or of investments in more envi-

ronmental friendly solutions, to test whether the incentives provided through the EU’s structural 

funds have been used to make existing polluters and new potential polluters invest in such solu-

tions and thereby whether these policies have worked as planned and helped to reduce industrial 

air pollution in Poland over the period of study. 

THE ROLE OF TERRITORIAL POLICY 

How did territorial policy influence the impact of FDI on air pollution? The main question 

is if the pollution intensity of foreign investors is affected by whether they are located within or 

in the vicinity of special economic zones. The zones are in this perspective important as they 

have been the main instrument of regional development policy during the Polish transition to 

capitalism. Initially the policy involved only 14 areas (and in size smaller than the gminas or 

communes) where the zone management companies now are located. Subsequent to EU acces-

sion at least 13% of land and up to half of all areas with any significant employment concentra-

tion outside Poland’s capital cities (e.g. Warsaw, Gdansk and Poznan) have become involved in 

the land development scheme. Over time the zones have become the pivots for redirecting and 

governing the locational patterns of industrial activity in Poland. Due to the shift to a demand-led 

usage of the policy, whereby investors can effectively ask to have a new area enrolled under one 



of the existing administrations, zone administrations have come over time to replace traditional 

regional administrations in terms of being focal points for late industrialisation patterns in 

Poland. The zone administrations are there to deal with the many practical concerns of foreign 

investors (Dorożyński, Świerkocki and Urbaniak, 2017). In what must be seen as a traditionally 

non-federalist or unitary state structure, the zones administrations could be perceived as the di-

rect arm of central government dealing with investors at the local administrative level. This could 

by-pass the need or pressure for moving towards a federal or more decentralised regional gover-

nance system. The aim of the policy has always been to redirect (in part simply by maintaining 

employment structures) industrial activity and hence employment away from Poland’s capital 

cities. Over time it can be argued that the focus has shifted more towards sustaining employment 

in areas that are hit hard by privatisation and the dismantling of state owned enterprises (Jensen, 

2018). The zones policy thereby has become a focal point both for regional and ownership 

changes and with that also technological changes. Therefore we hypothesise that the impact of 

the policy is rather large in terms of aiding also the restructuring of state owned enterprises and 

thereby reduction in emissions because of ownership and technological changes.  

<<INSERT FIGURE 5 ABOUT HERE>> 

While prior research suggest that the zones policy has been effective in meetings its main 

objective of securing employment for regional populations in Poland during the transition and 

EU accession period (see e.g. Cizkowiczs et al., 2016, Jensen, 2018), there is less evidence espe-

cially after the policy has been rolled out that it has been effective in attracting FDI (for an early 

study see Cieslik and Ryan, 2005). With the data available from the Local Databank we can ob-

serve that there has been a tendency for the policy to become less focused on attracting foreign 



investors and has aimed over time more broadly to target any investor independent of national 

background.  

Figure 3 already showed that the proportion of foreign owned firms in the zones topped 

around the time of EU accession in 2004 in relative terms and levelled out, with most zones now 

having a mix of around 60-40% foreign-domestic investors (Adekoya, 2016). However, this ex-

act mix cannot be observed from our data which is at the level of powiats, where the zones take 

up only a (often minor) part of the area of each powiat. At the powiat level the share of foreign 

subsidiaries is relatively modest at around 5% in 2014 (notice the second axis in Figure 3 is in 

per mille and not percentage). This is also not surprising as the policy over its lifetime has been 

mainstreamed and redirected from a supply- to demand-led model of land development, also 

considering that discriminatory tax incentives based on factors such as nationality would be in 

direct violation of EU law. One of the reasons why the policy has been so successful especially 

in some areas may be the incentives that the attraction of first generation FDI has given towards 

establishing a large second generation of smaller and locally owned suppliers. Hence foreign in-

vestors may have both a large direct and indirect impact on the evolution of emissions patterns 

and especially within the areas designated as special economic zones. 

Regression Table 2 reports the results of running with outset in the base specification from 

Table 1 (Column 2 in Table 2), one specification where we include a simple dummy for powiats 

that have the zones policy (last row in Table 2). The impact of the zones policy on emissions is 

negative but insignificant. 

<<INSERT TABLE 2 ABOUT HERE>> 

Subsequently the full model is expanded with the SEZ dummy is estimated and we also 

tried to include instead the centred explanatory variables for the interaction terms (not shown). 



However, neither of these specifications suggest that the difference in emissions is significantly 

different across areas with and without the zones policy. This may be due to the large hetero-

geneity that exists across areas with and without the policy (see also Jensen, 2018). Therefore, 

we adopted two different matching routines adjusted to the panel data dimensions. The results of 

the matching routines towards improving model fit via balancing the sample are shown in Col-

umns 4 and 5 of Regression Table 2. The first matching routine (match1) applies nearest neigh-

bour combined with Mahalanobis distance matching (without replacement), whereby we find the 

best match of treated areas up against non-treated areas in each year and we then re-stack the 

dataset into a panel. In the second matching routine (match 2, implemented with the R package 

MatchIt, in line with Stuart et al. 2011) we go back to 1999 to find the best match for any treated 

area over the horizon of the policy and then maintain this match consistently throughout the pe-

riod of study. The main disadvantage of this method is that it is greedy in terms of observations 

lost to the matching routine (because of the gradual but also large invasion of the policy over 

time at the level of powiats). The first matching routine does not induce much change in results 

reported in Column 3 of Table 2. The second routine does instead generate some changes: we 

find that the zones policy has a rather large impact on the polluting behaviour of remaining state 

owned enterprises (the effect shifts to the remaining SOEs in areas not affected by the policy) 

and also among foreign investors but here rendering the previous significant positive effect of 

FOR on emissions insignificant. In addition there is a shift towards rendering the Public invest-

ment expenditure variable more negative and highly significant (Column 5 in Regression Table 

2).  

We also note that with the last specification reported in Column 5 of Table 2, population 

attains a rather high statistical significance in explaining emissions, which may have to do with 

the fact that more population dense areas also reflect larger firms with a larger employment ba-

sis. Finally does the variable Public Investment Expenditure also attain more influence in Col-



umn 5 due to the matching procedure. We will come back to this point later on, when we report 

the results from the final specification complete with the technology policy variable included.  

Territorial policy may be part of the explanation for the reductions in emissions levels 

through the exercise of both formal norms (administrative measures) and informal norms (culture 

and imitative behaviours constraining negative externalities, as suggested by Delmas and Toffel, 

2004) which are related to environmental and technology policy. It is also possible that zones 

attract by design firms in industries that are targeting labour-intensive and/or cost cutting activi-

ties. Prior research, however, has found that in this respect the zones have had a neutral impact 

(Cizkowicz et al, 2016) whereas they have not had a neutral impact on employment, suggesting 

that the zones are likely to foster more labour-intensive activities and this might help explain the 

differential behaviour we observe in the patterns of emissions by firm populations inside and 

outside powiats covered by the zones policy. But our calculations in Appendix 2 also suggest that 

this is not the whole explanation since powiats with zones are more capital intensive overall and 

especially when focusing on industrial capital (where total capital also includes primary sectors). 

Hence we cannot reject the hypothesis that the zones policy has helped to foster behavioural 

change which is related both with the direct and indirect impact that foreign investors have had 

on emissions. 

As a robustness check on the results for the zones policy variable we also conducted differ-

ent sample splitting exercises.  The results we show in Table 3 are supportive of the previous re9 -

sults but also render additional insights. We also cut the sample slightly differently in the next 

columns of Table 3 to further document the impact that area heterogeneity or sample imbalance 

may have on the findings. In Columns 3 and 4 we split the sample into areas that at some point in 

time were involved in the zone policy and those areas that have never had the zone policy (many 

 Even though this does not allow us to draw conclusions on the statistical significance of differences between split 9

samples, these exercises are very helpful when it is suspected that area heterogeneity or sample imbalance could be 
affecting the results.



of which are rural areas). Then in the last Columns 5 and 6 we only focus on areas that have had 

the zone policy and split them up in two groups: after and before the policy treatment. Again, the 

results are particularly interesting for the state owned enterprises and foreign owned firms: for 

state owned enterprises there is a very strong confirmation that the zones policy does exercise an 

impact on de facto polluting behaviour. Now the coefficient estimate for FOR is consistently 

negative meaning that foreign investors have a negative or reducing impact on emissions levels. 

This is true for any sample that involves powiats involved in the policy at any point in time. Op-

positely is there no or a neutral effect now of foreign investors out of the zones. Similarly, we 

find that within the zones, state owned enterprises do not stand out as polluters with a significant 

effect, whereas it is outside the zones that most of these emissions levels continue to take place.  

<<INSERT TABLE 3 ABOUT HERE>> 

Hence again the result support that zones are different which is related with the ownership 

and technological changes associated with the restructuring activities of state owned enterprises, 

but independently hereof also that foreign investors that locate in areas with the zones policy be-

have differently from investors that are not governed by the same rules and structures outside the 

zones. At the same times does the different sample splitting exercises also demonstrate that the 

difference is not due to the zones policy per se but more owing to area heterogeneity for powiats 

which were selected for the policy. Hence we are not able to establish any direct causality 

(chronologically) of the policy intervention on the polluting behaviour of foreign direct in-

vestors, but only observe that behaviour is different across areas with and without the policy. We 

return to a discussion of these findings in the final part of the paper. 



THE ROLE OF TECHNOLOGY POLICY 

 In this section we use data on technology policy to investigate whether the usage of such 

policies have been effective in terms of curbing emissions. Until 2006 technology policy was 

mainly a national concern in Poland (see e.g. Brown, 2000), but since EU accession in 2004 and 

with Poland’s de facto accession to the EUs structural funds in 2006 technology policy has be-

come an area of greater concern and intervention due to the indirect higher environmental and 

technology standards that come with Poland’s accession to the Internal Market. Hence our study 

provides a major opportunity to evaluate the usage of EU structural funds as a means towards 

reducing air pollution and therefore also a way to evaluate whether standards in trade policy such 

as those attached to the EU funding process and part of the Internal Market has the intended ef-

fect (see e.g. Rodrik, 2014).  

 One potential policy variable available in the Local Databank is the adoption of green 

technologies (output measure). But while there may be concerns for mild endogeneity for many 

of the explanatory variables used in this study, there is a stronger concern about endogeneity for 

this particular policy variable (see also Millimet and Roy, 2016). Reverse causality can be a ma-

jor factor, since the adoption of green technology is also highly likely to be affected by (prior) 

levels of pollution. This concern is also embedded in the very nature of environmental regulation 

and enforcement, where, for example, environmental fines are channelled through public budgets 

towards investments that will improve the environment. It could therefore important to use an 

instrumental variables method. But also better alternative technology policy related variables are 

available from the Local Databank such as in particular the series on EU subsidies distributed via 

regional funds which has a general aim but also specifically aims to fund technology policies re-

lated with incentivising the adoption of cleaner technologies. This is arguably a very important 

incentive for the adoption of green technologies in the new member states (Golub, 2013). At the 

same time is it also likely to be independent of regional air pollution levels since EU subsidies is 



a general instrument used to fund many different types of public policies (see Rodriguez-Pose 

and Fratesi, 2004). An alternative input measure that could also serve as instrument for technolo-

gy policy is the Corporate income tax which is equally available from the Local Databank over 

the full period of study. Instrument tests conducted initially suggest that EU subsidies is a better 

instrument for technology policy relative to corporate income taxes. Finally, the major advantage 

of using both input measures is that they are available throughout the period whereas the output 

measure (adoption of green technology) is only available until 2008.  

 Hence in the final analysis we choose to focus on and report regression results where we 

adopt the input measures as simple covariates (rather than using an instrumental approach for an 

endogenous variable that is potentially tautological and also limited in time which impairs the 

comparability with the earlier results reported in the paper prior to the focus on technology poli-

cy).  

<<INSERT TABLE 4 ABOUT HERE>> 

 First, the technology policy input variable EU subsidies is included in the fixed effect 

weighted least squares specification from earlier (as reported in Column 1 in Table 4). According 

to these results there is no immediate significant effect on emissions from the technology policy 

input variable even though the coefficient estimate has the expected sign. However, there may be 

multicollinearity between the Public investment expenditure variable and the EU subsidies series. 

In the second column when omitting the former, the EU subsidies variable has a larger reducing 

impact on emissions levels and is now significant. This problem could also owe to co-financing 

whereby there is a double-counting in the sense that any EU subsidies will typically be matched 

in a certain proportion with a local public allocation. We therefore also defined a new variable 

(Pie less EU subsidies) which is the Public investment expenditure series less the EU subsidies 



series. Now both variables are significant (Column 3 in Regression Table 4) which confirms that 

most likely co-financing could be one potential cause of the multicollinearity. But the results 

when splitting the sample in and out of the special economic zones (Columns 4 and 5) also sug-

gests that the collinearity is related with the zones policy. Now the significance shifts in its entity 

towards the EU subsidies variable (away from the Public investment expenditure variable). Fol-

lowing our initial study hypothesis the results show that technology policy has mainly been ef-

fective in areas that are under the zones policy. An additional 1 mio zloty spend under the struc-

tural funds within the zones policy leads to a reduction in emissions with up to 1.4 tonnes per 

year. Correctly accounting for the influences of different policies now also render the result that 

foreign owned firms and especially within the zones policy affected areas have a similar sized 

reducing effect but here measured per firm. Comparatively the structural funds are therefore 

spend very effectively towards reducing emissions levels even though the effect sizes are diffi-

cult to compare but we must assume that one additional foreign firm in an area involves that a 

larger sized investment than 1 mio zloty is involved. Our preferred specification is therefore in 

columns 4 and 5 which best summarise the full results of the study. Remaining high emissions 

levels in Poland are according to these results concentrated in areas that are not under the zones 

policy and related either with state owned enterprises or powiats that have a very significant in-

fluence from the agricultural sector on emissions levels.  

 The same results are also reported with Regression Table 4b for the alternative technolo-

gy policy input variable (Corporate income taxes), however, we found little or no effect of this 

alternative policy variable, in fact the reverse, where results in particular out of the zones for the 

tax variable suggests that taxes are positively correlated or endogenous with emissions levels and 

especially in areas that are not affected by the zones policy. 

<<INSERT TABLE 4b ABOUT HERE>> 



DISCUSSION AND CONCLUSION 

The objective of the study is twofold: firstly, to investigate the pollution haven hypothesis 

in Poland over the late transition period and EU accession (1999-2014), and secondly to identify 

the role of important policies influencing environmental outcomes of firm decisions, such as ter-

ritorial and technology policies. Our initial results show that foreign investors on average pollute 

more, but still make a positive contribution to sustainability in the host country because foreign 

owned firms tend to be larger and therefore contribute relatively more to production, employ-

ment and exports. This is in line with prior findings in the field studied. We add to these results 

new findings which are important in the context of reforming economies and transition countries 

who may aim to cut emission levels of air pollutants as well as other similar pollutants such as 

water and waste. Our findings point to a positive environmental trend accompanying the transi-

tion to a market-based system open to FDI. A fundamental determinant of PM reduction, accord-

ing to our coefficient estimates, has been the implementation of technology policy, which in the 

later period of our time series has also received significant incentives via the EU structural funds. 

International technology transfer or the net contribution of foreign subsidiaries may have made a 

positive contribution to the sustainability balance due to the incentives associated with the SEZ 

territorial policy. Additional robustness checks and simple comparisons of capital intensities 

across areas (powiats) with and without the zones policy led to a rejection of the alternative hy-

pothesis that the zones policy give better environmental outcomes through the impact the policy 

has on relative specialisation patterns and the promotion of more labour intensive, and therefore 

through implementation of less capital- and pollution- intensive production processes.  

Our study has therefore opened up important avenues for future research on the relation-

ship between different components of the regional development policy mix. It also shows that in 



many respect recent popular regional development policies such as special economic zones are 

far from one-dimensional and need to be evaluated more in-depth. 

Part of the story that would also require further investigation concerns the adoption of en-

vironmental standards in international trade negotiations (Dam and Scholtens, 2008), this would 

involve an analysis of how such standards, when enforced through international and/or regional 

trade agreements, can help to prevent the realisation of the pollution haven hypothesis. The 

rather positive outcome we have observed for Poland, and despite the fact that the country still 

has some way to go before complying with the accepted level of air pollution set by the EU and 

the WHO, brings the attention both to the internal drive to overcome the negative environmental 

spillovers of the country’s industrial past and to the role played by the EU accession process and 

its multidimensional policy impact, which helped pave the way for a new behavioural model. 

In-depth country case studies such as this present one also indicates that larger studies 

pooling together many different countries risk missing the important role that contextual policies 

and institutions have in shaping investment behaviours and the attainment of societal goals. This 

is unfortunate because in improving the international investment environment it is important to 

raise awareness of what specific policies are likely to work in specific contexts and not in others. 

Governments and investors are often equally responsible in generating the environmental out-

comes we see because these depend on the combination of resources that are available in a sys-

tem and by the institutions that shape priorities and ways of using these resources.  
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Appendix 1 - Descriptive statistics 

Appendix 2 - Robustness check to Regression Table 1 with alternative proxy for FDI 

Based on a very short (available from 2011 onwards (until 2016) at the powiat level) and recent 
panel published in the Local Databank are we able to break down the estimate of gross fixed 
capital formation in Poland by ownership. Hence the previous variables of number of firms by 
ownership are replaced by two new variables: gross fixed capital formation with locally owned 
firms Local capital and gross fixed capital formation with foreign owned firms Foreign capital. 
Both variables are also measured and weighted as the investment variable e.g. in mio zloty per 
area. There is no possibility to distinguish between state owned and private capital within the 
local capital variable. We use Employment and Public investment expenditure as control variables 
in these estimations and estimate the model as a between effect model due to the shortness of the 
panel available. The results are shown with Regression Table A1. 

According to Column 1 in Appendix Regression Table A1 we can now observe the net 
contribution of foreign capital to air pollution. Per mio zloty foreign capital invested per area, 
emissions of particulate matter are reduced on average with 0.125 tonnes of particulate matter 
per year. While local capital on average has a net positive effect on emission of particulate 
matter. When accounting for powiats with and without the zones policy the difference in the 
relative impact of foreign capital is much higher outside the areas with the zones policy. This 
could owe to heterogeneity or that the impact is lost due to the differences in specialisation 
patterns in and out of zones plus the fact that relatively more state owned enterprises are located 
and therefore also privatised (some of them with foreign capital) within the zones. 



 

Using the same data we can calculate the average capital intensity of powiats with and without 
the zones policy (but again only for a short time period bordering on the end period in our main 
period of study in the paper). Also note that absent data on employment by ownership we cannot 
make these calculations by ownership. These simple calculations of approximations to the 
capital-labour ratio suggest that in terms of industrial capital, powiats with the zones policy are 
generally more capital intensity, but less so when measured on total capital intensity (where the 
latter includes capital in primary sectors and agriculture). 



Appendix 3 - Summary output from balancing statistics 

Table A2 summarises the percent balance improvement for the two matches. The additional 
output from R demonstrates that these aggregates hide over a significant amount of year-to-year 
variation in the same statistics. The differential performance over time owes to the dynamic 
character of the policy intervention and its reach. In the beginning (in 1999) there are very few 
treated areas while at the end of the period of study (in 2014) there are more treated areas than 
control areas left. Neither match performs particularly well according to these statistics and also 
the statistics are quite sensitive to the setting of seed in R towards starting the matching routine.  

Table A2: Percent balance improvement from using Mahalanobis distance matching. 

Match 1 Match 2

Domestic owned firms -14.56 -64.98

State owned firms -436.53 -33.86

Foreign owned firms 9.58 39.52

Share of agriculture -33.39 -66.16

Population -24.10 -22.85

Public investment expenditure 77.99 -6686.07

Treated/Control Varies by year (unbalanced panel) 99/99 (balanced panel)
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Figure 1: PM emissions by industrial plants.

Source: Statistics Poland (2018): Local Databank, https://bdl.stat.gov.pl.



Figure 2: Industrial PM Emissions, 2014
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Figure 3: Firm populations and emissions, 1999.

Source: Statistics Poland (2018): Local Databank, https://bdl.stat.gov.pl.
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Figure 4: Firm populations and emissions, change 1999−2014.

Source: Statistics Poland (2018): Local Databank, https://bdl.stat.gov.pl.
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Figure 5: Foreign firm populations in and out of the zones.

Source: Statistics Poland (2018): Local Databank, https://bdl.stat.gov.pl and Zone Management Companies.
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