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environmental awareness. This paper analyses the determinants of Pollution Abatement and
Control Expenditure (PACE) at plant level in the case of Romania using survey data and a
Multilevel Regression Model (MRM). Our findings suggest that, although Romania has
improved its environmental performance, formal and informal regulation are still only partially
developed due to the difficulties of economic transition, and heterogeneity across regions
remains considerable.
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NON-TECHNICAL SUMMARY

Global environmental issues have acquired crucial importance in recent years. Pollution is
responsible for decreased overall biodiversity, and the alteration of geographical landscapes
and climatic patterns, with a negative impact on the global economy. This represents a
momentous challenge for policy-makers. Romania, like other countries of Central and
Eastern Europe (CEE), has been making several efforts to comply with the environmental
legislation of the European Union (EU). Its heavy mineral and petrochemical industries being
highly polluting, a new environmental law framework was adopted in 1995 in order to achieve
the transition to an environmentally sustainable market economy. The new laws introduced a
number of policy instruments, including environmental permits, charges, subsidies, legal
liabilities and other economic incentives. Compliance has required firms to implement
substantial changes at plant level. In particular, pollution abatement efforts have had an
impact on both capital expenditure and operating costs.

Early in the transition process, Romania and the other CEE countries experienced a
decline in industrial production and a consequent decrease in pollution levels. In subsequent
stages, higher economic growth may lead to higher pollution, unless concerted action is
taken to implement more effective environmental policies. Unfortunately, environmental
efforts in Romania face the twin obstacles of severe budgetary constraints and a legacy of
poor practice in investment and project management. In this context, innovative and effective
financing strategies for environmental protection need to be developed or strengthened, and
steps must be taken to ensure that scarce financial resources are allocated efficiently to
address priority issues.

The aim of the present study is to shed some light on the factors affecting Pollution
Abatement and Control Expenditure (PACE) in Romania. Its contribution is threefold: first, it
analyses the case of a transition economy, in contrast to the existing literature which mostly
focuses on developed economies; second, it uses a database at plant level; third, it adopts a
suitable econometric method, i.e. the Multilevel Regression Model (MRM), to investigate the
determinants of environmental behaviour at plant level.

Our results are generally consistent with the literature suggesting that plant
characteristics, formal pressure through substantial regulatory actions and informal pressure
through market incentives and community aspects may be important drivers of the level of
plant PACE. However, unlike in the case of developed countries, we find that in Romania the
potential for collective action in the environmental area is not significant. Whether the
influence of stakeholders on PACE will strengthen as Romania completes its development
process remains to be seen. Also, there is no evidence that environmental taxes work as
incentives to adopt an environmental behaviour at plant level. As expected, the actions of
regulators (command and control and liability instruments), market pressure and plant
characteristics are the most important determinants of the level of PACE. Thus, the largest,
most competitive and profitable private owned enterprises have made more efforts to reduce
pollution. These findings enable us to gain a better understanding of the factors affecting the
level of plant PACE in the case of transition economies in general and Romania in particular.
Even partially developed formal and informal regulations appear to increase abatement
efforts. An increase in income per capita also increases local pressure on intensive pollution
plants. From a policy perspective, this evidence points to the need to redesign environmental
taxes in order to achieve better outcomes. Further, measures to increase environmental
awareness would also be useful in this respect.



1. Introduction

Global environmental issues have acquired cruai@bortance in recent years.
Pollution is responsible for decreased overall heiity, and the alteration of geographical
landscapes and climatic patterns, with a negatmpact on the global economy. This
represents a momentous challenge for policy-makers.

Romania, like other countries of Central and Easkrrope (CEE), has been making
several efforts to comply with the environmentaiséation of the European Union (EU). Its
heavy mineral and petrochemical industries beimdpliipolluting, a new environmental law
framework was adopted in 1995 in order to achidwe transition to an environmentally
sustainable market economy. The new laws introduasumber of policy instruments,
including environmental permits, charges, subsjdiegal liabilities and other economic
incentives. Compliance has required firms to immatsubstantial changes at plant level. In
particular, pollution abatement efforts have hadirapact on both capital expenditure and
operating costs.

Early in the transition process, Romania and tteroCEE countries experienced a
decline in industrial production and a consequearehse in pollution levels. In subsequent
stages, higher economic growth may lead to higb#uton, unless concerted action is taken
to implement more effective environmental policiefortunately, environmental efforts in
Romania face the twin obstacles of severe budgetargtraints and a legacy of poor practice
in investment and project management. In this canienovative and effective financing
strategies for environmental protection need taléesloped or strengthened, and steps must
be taken to ensure that scarce financial resowaeesllocated efficiently to address priority
issues.

The aim of the present study is to shed some bghthe factors affecting Pollution
Abatement and Control Expenditure (PACE) in Romaltgacontribution is threefold: first, it
analyses the case of a transition economy, in ashto the existing literature which mostly
focuses on developed economies; second, it usesabate at plant level; third, it adopts a
suitable econometric method, i.e. the MultilevegRssion Model (MRM), to investigate the
determinants of environmental behaviour at plavelle

The remainder of the paper is organised as folld&vextion 2 briefly discusses the
relevant literature on environmental performanceacti®n 3 reviews the theory of
environmental regulation focusing on the Pigouvaamd Coasian approaches. Section 4
outlines the econometric framework and presentsetheirical findings. Section 5 offers

some concluding remarks.



2. Literature Review

The basic economic processes are production ansbiogstion: firms transform natural
resources, through the production process, intoncodities supplied to consumers. However,
this conversion is never perfectly efficient: bysgucts (residuals) are produced. When such
residuals have no economic value they can be thoaflas waste, which may lead to
pollution.

Thus, firms impose costs on other agents in th@e@og. This is a typical case of a
negative externality. As prices do not take intccamt the negative effects on the
environment, they do not reflect full productiorstofor the economy; to correct this form of
market failure it is necessary to introduce envinental regulations, as otherwise there is no
incentive for a polluting profit-maximising firm tmternalise the externality (DiMaggio and
Powell 1983). When formal regulation is weak orge@red to be insufficient, communities
may informally regulate firms indirectly or diregtithrough bargaining, petitioning and
lobbying. Clearly, determining the “right” amourftfollution requires evaluating its negative
effects - the willingness to pay to reduce pollatis an obvious measure. Environmental
issues invariably involve a trade-off between usiegources for conventional goods and
services or for environmental protection instea@.-how much is a consumer willing to pay
for a particular level of an environmental good?

Since the Brundtland Report was published in 1984 aesult of the work of the
World Commission on Environment and Developmentemsive research has been done by
economists on how to improve environmental perfaroeathrough pollution abatement, in
some cases using capital expenditure as a proxgnfaronmental performance (Panayotou et
al 1997, Ferraz and Seroa da Motta 2002, OECD 2@dlution abatement and control of
residuals from production processes can be achieitbér using end-of-pipe technology
attached to a given production process, or by ahgnipe process. Investment in the former
does not affect the production process itself, tiedamount of pollution generated; instead, it
aims to treat pollution already generated. By @mstirinvestment in integrated technologies is
synonymous with reducing the amount of potentialluypants at source, reducing the
consumption of resources and energy, and recyoisigues and used products.

Some research has analysed specific external $atttat drive companies to improve
their environmental performance, such as regulategyme or government support (Delmas,
2003; Chan & Wong, 2006; Rivera, 2004; Rivera & @en, 2004; Rivera et al, 2006; Shin,

2005,), pressure from local wealthy stakeholdend) society, and foreign customers in



Europe and Japan (Neumayer & Perkins 2004) andsindpressure (Guler et al. 2002,
Corbett & Kirsch, 2004; Viadiu et al.,, 2006). Othersearch has focused on the role of
internal organisational factors such as “organiseti structure and culture.” Only a few
studies have begun integrating key organisatioharacteristics with institutional theory.
This approach can yield new insights into undeditam differences between firms’
strategies. (Seroa da Motta, 2006; Gunningham,;11968man 2001).

Some other studies have analysed the implicatwinsorruption and political
instability for firm investment in abatement teclogy. Their prediction is that greater
corruptibility increases the level of abatementtesogy investment. The strategic incentive
to under-invest in pollution control technology lilees when policymakers become more
corruptible. Similarly, political instability is pdicted to increase abatement technology
investment (Fredriksson and al., 2008). Fredrikssod al. (2005) analyse the relationship
between environmental lobbies and environmentaktyoh rich and developing countries,
and find that lobbying leads to more stringent emuinental policies.

Chéavez and Stranlund (2009) show that setting foumitax equal to the expected
marginal damage is not generally efficient undecomplete information about firms’
abatement costs and damages from pollution. Theieaft emissions tax rates will vary
across firms if a regulator can use observable -kewel characteristics to gain some
information about how the firms’ marginal abatemewdts vary.

A few more recent studies concerning the relatignsbetween enforcement
mechanism and firm’'s compliance behaviour highlighe fact that an increase in
enforcement efforts may provide better environmergsults (Shimshack and Ward, 2008).
Even in an industry where compliance is generalijhhan increase in enforcement through
fines can cause a significant reduction in discbardg=nforcement not only induces non-
compliant plants to become compliant, it also makesy typically over-compliant plants
reduce discharges even further below the permigiesis.

Almost all these empirical studies focus on the eflgved countries. Additional
challenges are faced by the developing economietiding the CEE countries such as
Romania, which underwent a transition process. Undetral planning, the well-known bias
towards heavy industry combined with a lack of mtoges to economise on inputs created
considerable waste and pollution. Thus, in thesiteon countries production technologies are
substantially less efficient than in the developednomies, and therefore emissions per unit
of output are higher. In addition to the environtaémproblems inherited from the period of

central planning, transition economies have expead various other difficulties, including



financial and economic hardship. The adjustmemh#oket equilibrium is a gradual process,
during which many variables such as provision oblju goods, willingness to pay,
technology and capital markets etc. are in disdaiuin. This creates both constraints and
opportunities that may not be available to morédtisg” economies.

From an econometric viewpoint, the Multilevel Reggien Model (MRM) is the most
appropriate for our sample which contains hierar@hdata structured in three levels (plant,
county and region). We choose this approach bedaa#iews to combine these levels into a
single analytical framewok. This is important agdry suggests that different levels are

interrelated.

3. Environmental regulation: thetheoretical framework

The impact of environmental regulation on the ecopshould be examined both
theoretically and empirically. Economists thought the problem of environmental
degradation as one in which the economic agentssmpxternal costs on society as a whole
in the form of pollution. The obvious solution wasen as the introduction of a tax on the
polluting activity internalising social costs. Thuthe study of the degradation of the
environment introduces the concept of externalitifich is one of the main arguments for
neoclassical interventionism. External effects hla@en analysed in the light of the divergent
views of Pigou and Coase respectively.

Pigou (1920) introduced the concept of externalneony as a form of service or
disservice to others which is not paid or competsafiocusing on the divergence between
private and social marginal products. The presenteexternalities legitimised the
intervention of the state, whose goal was to restbe equality between marginal products,
guaranteeing the maximisation of social income. Ebaition lies in taxing the activity
causing the disservic&ince the pioneering study of Pigou (1920) it hasrbrecognised that
a regulatory authority can internalise externaksossulting from production (emissions) by
introducing an environmental tax based on the maitgilamage resulting from the activity
(Pigouvian tax).

Coase (1960) called into question the assertion tia presence of externalities
legitimates corrective government intervention,onder to restore an optimal situation in
terms of allocation of resources. His criticismbesed on demonstrating the existence of a
spontaneously negotiated solution. This argumerthés heart of his well known “Coase

Theorem”. This shows that decentralised bargairbegiveen sender and receiver of the



harmful effect for the amount of compensatory paytmer the nuisance can produce a
situation corresponding to an optimal final allocat

The Coasian criticism is fundamental to the neerhb offensive against neoclassical
interventionism. Essentially, Coase establishes dkistence of a solution to pollution
problems by spontaneous negotiation between theecoed agents. This direct solution
breaks with the Pigouvian approach in two ways:réegnition of the reciprocal nature of
the harmful effects and the introduction into eaoim analysis of the legal concept of
property rights. However, as the hypothesis of zeamsaction costs is unrealistic, the
Coasian solution has been marginalised in the 6ékhvironmental economics.

In brief, in the Pigouvian approach it is the ptluwhich is responsible for the
externality and the policy prescription consistaipollution tax. By contrast, in the Coasian
approach the externality is assumed to be recipfoeg both polluter and polluted cause it),
and this implies that legal rules and institutishsuld change to internalise it.

Our aim is to establish whether formal (governm@rgavironmental regulation is
more effective than informal ones (negotiation, owmity pressure) in reducing pollution in

the case of Romania.

4. Econometric Analysis

4.1 Econometric method
In the statistics literature MRM is alternativelgferred to as multilevel analysis,

hierarchical models, random coefficients models] &ariance components analysis. The
common element of all these methods is that themtd#gnt variable is analysed as a function
of predictors measured at the lowest level andhokeé measured at higher levels. The
rationale for using the multilevel model is basedtbe assumption that the variation in the
dependent variable is a function of both lower-leaed higher-level factors - not only of
individual-level attributes, but also of extra-mdiual factors. Besides, the relationship
between lower- and higher-level factors and theeddpnt variable is not assumed to be fixed
or constant across space or time. Therefore, tession coefficients in micro-level models
are not fixed, and they can vary across theser&cto

Conceptually, the model is often viewed as a hatnaal system of regression
equations. The simplest multilevel model that carfdsmulated considers only two levels of

analysis. The analysis focuses on level-1 (individuals)jlstHevel-2 (group) provides the

5 For more details concerning MRM, see Greene (R002



context for the level-1 units. For instance, in case, level-1 units are the plants who are
nested in different counties (level-2 units). Thependent variable (note: in;Y i refers to
level-1 units and j refers to level-2 units) is m@a@d for level-1 units, since this is the
primary level of analysis. The explanatory variabéee X for level-1 and Zfor level-2. By
assumption, there are J groups and in each greue #ne Nindividuals.

Thus, there is a separate regression equatioratbr group.

Y, =By + By Xyt with (=12, ....3;i=12,....N) (1)

where :

Bo is the regression intercept;

B1is the regression slope for the explanatory vagiagl
gj Is the residual term.

To model group variation (this time for the levelRits) in regression parameters
additional equations are required, with the levekgression parameters as their dependent
variables. The regression includes at least a anhsbne level-2 explanatory variable and a
disturbance.

Thus, a typical level-2 model consists of the foilog equations:

Bo; = Hoo + HorZ, +Uo; With (j =1,2,....N) )
By = Iho + HZ, +Uy, with (j=1,2,....N) )3

After substituting equations (2) and (3) into equa{l), one obtains:

Yi = Moo t Hoy + tho X + pyy X Zy +u Xy +Ug; + € (4)

where:poo is the interceptjor po are the effect of the level-2 variablgah level-1 . pi1
is the cross-level interactidoetween the level-1 and level-2 variables. Thetlagte terms in
equation [4] are the disturbance terms.

If there are P variables X at level-1 (lowest I¢aid Q variables Z at level-2 (highest

level) the equations &4) become:

P
Y = ﬁo,‘ +z,8pj Xijp T & (1a)
p=1
Q
Bo; :,u00+2uoqzjq * Uy; (2a)
g=1



Q
'Bpj :'up0+z'upqzjq+upj (3a)
g=1

Yi =/,100+i,upoxijp +§:'u0qziq v Zp:rupqziqxijp +Zp:upixiip U e (49)
p=1 g=1 g=1 p=1 p=1
where:
u are the regression coefficients (fixed parts a& thodel — they do not change across
groups);
u are the residuals at the group level,
¢ are the residuals at the individual level. Thedeslsu ande¢ are the random or stochastic
part of the model.

The multilevel model can be extended to more thao kevels of analysis. The
parameters at the highest level are always asstneel fixed. A multilevel model extended
to a greater number of levels produces structuras dre even more complex and implies
more complex disturbance term. Recent advancesompgtational power and software
packages allows the analysis of at least thred-lenlels, and even nine levels, but the
interpretation of complex multi-level models is ydifficult. That is why more than two
levels should not be included unless one has a ciianale for doing so and strong priors
about the nature of the effects.

The standard techniques for combining data of wiffe levels often break down,
while multilevel methods allows to take into cores@tion their relationships and at the same
time avoid the pitfalls associated with the trai@il methods of dummy variable models and
standard interactive approaches (see Jones andb8tgen (2002) for more details

concerning the multilevel methods).

4.2 Modéel specification

The econometric model used here considers four rrdetants of pollution
expenditure: plant characteristics, market inceasivcommunities’ characteristics and
regulation intensity. In our analysis we focus be tegulatory variables in order to explain
pollution abatement through the control expenditatrelant level. The dependent variable is

plant environmental pollution expenditure (PACEjiked as:

PACE = f (PLANT, MARKET,COMMUNITY, REGULATORY) (5)

Plant - Plant characteristics,

10



Market — Market incentives,
Community - Community characteristics,

Regulatory - Regulatory intensity.

Plant characteristics included in the analysis thee competitiveness of the firm,
ownership, size, location, the technology used extérnal financing. Competitiveness and
profitability are important factors as they reprasene willingness and ability of the firm to
abate pollution. Other relevant variables are salyeliquidity and the debt ratio which are
indices of financial stability and can provide mamérmation about the ability of plants to
invest in pollution abatement technology.

Regarding ownership, we consider three categoriagsely enterprises with state
capital (state-owned enterprises), with privateiteqfprivately owned enterprises) and with
mixed capital. We also distinguish between domestut foreign enterprises.

Plant size is proxied by turnover and is a meastithe ability of the firm to invest in
order to abate pollution. The geographical locatan be urban or rural. Eight regions are
considered. The technology used in the productimtgss allows to distinguish between
intensive pollution sectors (dirty sectors) andrbe-pollutant sectors (clean sectors).

It is also important to take into account other remuic factors and market
characteristics of the environment where plantselbgy their activities. Thus, income per
capita at purchasing power parity at national agional level is included as a measure of the
standard of living. People from regions with higitome tend to be better educated, more
informed about environmental issues and more actiabating pollution.

Government’s pressure or formal regulation is idelliin the form of environmental
taxes and penalties, environmental subsidies aglégion on air and water pollution
abatement at regional level. As for community puessr informal regulation, we consider
non-governmental organisations (NGO) at regionadl amounty level which can exert
important pressure on plants to abate pollutionws®cleaner technologies.

Table 1 provides a list of variable definitions aamdgummary of theoretical priors for their

effects on pollution abatement.
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Tablel VariableDefinitionsand Expected Signs

Variables

Definitions

Sign

Plant characteristic variables

Profit; Disposable profit of plant in yeart as a measure of +
competitiveness and profitability;

Produci Plant productivity of plant in yeart as a measure of +
economic performance;

Debt; Debt ratio of plani in yeart — a measure of a company's -
financial leverage;

Turnover, | Turnover of plant in yeart ; plant activity size defined as | +
turnover;

Svhy Solvency of plant in yeart as a measure of financial +
performance

Lqt Liquidity of planti in yeart as a measure of financial +
performance;

CS Ownership of the plantin yeart. The dummy variable takes +/-
value 1 if the plant is a state-owned enterpried @
otherwise;

Ch: Ownership of the plantin yeart. The dummy variable takes
value 1 if the plant is a privately owned entermprisnd 0 +/-
otherwise;

CM;; Ownership of the plantin yeart. The dummy variable takes +/-
value 1 if the plant has mixed capital and O othseyw

Frgn: Foreign plants. The dummy variable takes valuer Idieign | +/-
enterprises and O for domestic enterprises;

Loci Geographical location of the planth yeart according to the
degree of urbanization. The dummy variable takdseva if
the plant is located in an urban area and 0 ifodated in +/-
rural area;

Efni Foreign financing aid of plamtin yeart. +/-

Market incentive variables

Isa ISO 14001 certification, indicating environmental +

management adoption by the plaithe dummy variable
takes value 1 if the plant is certified ISO andi@eowise;

12



Mark;

Listing on Bucharest Stock Exchange (BSE) of pliaim
yeart, proxy for the firm’s visibility. The dummy variéd
takes value 1 if the plant is listed at BSE andh&nwise;

PClt

Per capita income for each regiom the yeat , a proxy for
local informal regulatory pressure, education anizen

activism

CRR

Corruption index of the country in yetar

Community

characteristics variables

UnEmp

Unemployment rate of county in yeart as a proxy fol

population welfare ;

RSHq

Population with university studies of regiknin yeart as a

proxy for population skills.

Regulatory i

ntensity variables

PollSec}

Pollution industry sectors as a proxy for intensit
regulation and environmental policy instrumentsnibuy
variable which takes value 1 if the productiorited plant

in yeart is dirty and O otherwise;

EnvNGG

Number of environmental nhon-governmental orgaiosatof

county j in yeart;

Locpres

The existence of the local pressure on the planyeart.
Dummy variable which takes value 1 if the plaimt year t

was subject to a local pressure and O otherwise;

EnvGuarg:

Environmental penalties in regidn in the yeat, proxy for
the formal regulatory pressure to adopt an enviemal

behaviour- liability environmental policy instrunsn

EnvTX;

Environmental taxes of plant in yeart , proxy for the
economic incentives to adopt an environmental bielav-

economic environmental policy instruments;

EnvSuh

Environmental subsidies of plant in yeart, policy
instruments to promote plant environmental behavi

economic environmental policy instruments;

Acom

Communitary aquis ; Dummy variable which takes galy

if the country adopted the aquis in yéaand O otherwise;

13



Thus, the econometric specification used is thiewonhg:
log(PACE,) = 5, + B, log(Profit; ) + 5, log(Pioduct,) + 5 log(Debt, ) + £, log(Turnovey,) +
+185 IOg(S/ht) +186thit +187CSt +ﬁ8CFi>t +189CMit +1810Frgnt +1811L0C1t +1812Efnt +ﬁ12|SQI +
+ BlogMark,) + B,,10g(PCl,,) + .5 logCRR) + B, logUnEmp,) + 3, Pol Sect, + (6)

+ B,,10gENVNGQ)) + B,,Locpres + B, I0gENVGUard,) + B, 10gENVTY,) + B, logEnvaul) +
+ ﬁZSACOm + uit

where: PACE- pollution abatement expenditure incurred by plaimt yeart and u;; is the
error term.Some details about our sample and the data soaregsovided below.

4.3 Data

The analysis has been carried out for Romaniadrpériod 2002 — 2005. The data are
taken from the yearly survey of plant pollution t@maent effort conducted by the Romanian
National Institute of Statistic which inquires abaapital expenditures and operating cost
associated with pollution abatement efforts. Datthe survey are tabulated by industry.

The data are in the form of a panel providing emvinental and financial information
at establishment level (on pollution abatement emntrol expenditure, environmental taxes
and subsidies) and community characteristics agdlagon intensity data at county level for
the period 2002-2005. The sample contains plantsrowy almost all industrial sectors. We
selected only the plants with continuous activirgiothe sample period (1422 plants).

The establishment characteristics (economic arahéial information) are taken from
plant financial reports. Also, we identified thenfis that were traded on the capital market
and listed on the Bucharest Stock Exchange, argktbertified ISO 14001, using information
from the Romanian Accreditation Association. Thenowunity characteristics were obtained
from the Romanian National Institute of Statistiezcept for the number of environmental
ONG which comes from the Ministry of Environment.sikg the information from
Environmental Guard we constructed a proxy variéeegulation intensity (environmental

penalties levied).

4.4 Empirical resultsand policy implications
First, we run a regression for total environmemtgdenditure, and then we model the
pollution abatement effort separately for air andter. Subsequently, we also analyse
pollution abatement at the regional level, so dsigblight the different determinants for each

region.

14



4.4.1 Abatement pollution effort

The econometric results from the model are repart@dble 2.

Table 2: Econometric results of deter minants of abatement pollution effort

OLS OLS OLS MRM
Variables (1) (2) (3 (4)
PACE;; PACE;; PACE;; PACE;;
Product; 0.087 0.092 0.090 0.075
(5.19)*** (5.51)*** (5.36)*** (4.58)***
Svbit 0.032 -0.040 0.052 0.024
(0.66) (0.82) (1.08) (0.50)
L gt; 0.150 0.122 0.125 0.103
(4.57)*** (3.70)*** (3.63)*** (3.02)***
Turnoveri 0.837 0.843 0.851 0.795
(48.03)*** (48.06)*** (48.19)*** (4.51)***
Profiti 0.042 0.046 0.144 0.138
(3.04)*** (3.34)*** (3.20)*** (2.79)***
Frgni 0.437 0.412 0.387 0.375
(5.15)*** (4.85)*** (4.57)*** (4.03)***
I SO 0.455 0.492 0.510 0.492
(5.23)*** (5.65)*** (5.85)*** (5.52)***
M ar Kit 0.858 0.831 0.826 0.800
(22.87)*** (22.12)*** (22.02)*** (20.52)***
Poll Sect;; 0.199 0.196 0.192 0.182
(6.64)*** (6.54)*** (6.44)*** (5.32)***
EnvSubi; 0.295 0.294 0.294 0.293
(10.45)*** (10.41)*** (10.45)*** (10.58)***
Efny 0.393 0.390 0.382 0.320
(6.91)*** (6.86)*** (6.75)*** (6.12)***
Debtit -0.328 -0.327 -0.325 -0.324
(6.36)*** (6.35)*** (6.33)*** (6.00)***
CSi -0.628 -0.587 -0.617 -0.362
(5.99)*** (5.60)*** (5.90)*** (6.38)***
CMi; 0.347 0.338 0.329 0.210
(4.91)*** (4.77)*** (4.66)*** (2.70)***
CPy 0.324 0.328 0.336 0.377
(4.09)*** (4.14)*** (4.25)*** (4.31)***
EnvT Xi; 0.151 0.158 0.151 0.425
(15.85)*** (16.42)*** (15.58)*** (4.50)***
UnEmp;: - -0.145 -0.076 -0.014
(1.63) (0.73) (1.34)
L ocit - 0.168 -0.064 -0.073
(1.67)* (1.14) (0.13)
EnvNGO;; - 0.066 -0.050 0.072
(1.49) (1.05) (1.29)
L ocPres; - -0.061 0.203 0.126
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(1.39) (0.112) (1.03)
PCl - - 1.481 5.277
(7.71)*** (5.53)***
Acom - - 0.085 0.020
(2.53)** (1.61)*
EnvGUARD - - 0.035 0.255
(2.59)*** (6.51)***
CRP; - - -0.126 -0.069
(2.12)** (1.20)*
Constant -3.044 -3.669 1.518 20.071
(20.29)*** | (20.56)*** (2.01)** (5.39)***
Observations 5688 5688 5688 5688
R-squared 0.30 0.31 0.31 -
Log restricted-likelihood - - - -34871.95
Sd_reg - - - 0.8762831
IC_reg - - - 0.33
Sd_jud - - - 0.7484896
IC_jud - - - 0.26
Sd_residual - - - 1.260319
LR test vs. OLS chi2 - - - 807.22
Prob>chi2 (0.00)
Absolute value of t statistics in parentheses
* significant at 10%; ** significant at 5%; *** sigificant at 1%

Note: the regressions-{13) are performed using the ordinary least squadé&s] and 4 is performed with
multilevel regression (MRM).

Sd_reg = Standard deviation at the region level (3)

Sd_jud = Standard deviation at the county level (2)

Sd_residual = Standard deviation at the plant [E\el

2
IC_reg = Intraclass_ correlation (region — fiscal). <d_reg
Sd_reg® +Sd_residual ®

H 2
IC_jud = Intraclass_ correlation (county — fiscal) = _ jud
S jud®+Sd_residual®

If the interclass correlation (IC) approaches (hthiee grouping by counties (or regions) is not io§ ase (one
might as well run a simple regression). If IC amires 1 then there is no variance to explain aintigidual

level, every unit being the same.

We focus in particular on the results obtained ugtothe multilevel method (column
4). It can be seen that the signs of the statlticignificant variables are in general as
expected. The large and successful firms with ehpitailability are more likely to adopt an
environmental behaviour and invest in environmergabtection. The competitiveness
variables have a positive and significant effe¢tud; if the plants are more competitive (i.e.,
profitable) they abate pollution more aggressivg@sgsumably because they can afford to

invest more to improve their environmental perfong®& Plants with good solvency and
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liquidity and not too indebted can invest more ligaaer technologies. Plant productivity is a
measure of competitiveness. Size also matters Asady mentioned, this is proxied by
turnover. From our results it is clear that thegémt plants are more aggressive in abating
pollution.

Plant ownership also plays an important role. Wd & negative correlation between
state-owned plants and abatement efforts and av@sne in the case of privately owned or
mixed capital enterprises. Most enterprises insample have private or mixed capital, the
state owned plants representing only 5 % of thal.téfter 1989, Romania privatised many
state owned enterprises. This wave of privatisatias increased the competitiveness and
efficiency of plants and thus has improved thewriemmental performance. Our results show
clearly that private enterprises (domestic or fgmgimake more significant abatement efforts.
Concerning the relationship between geographiaation and abatement efforts, our results
show that clean technologies are more common iruthan areas, whilst more pollution is
found in the rural ones. Financial or foreign adalso positively correlated with abatement
effort.

Market pressure from consumers, investors and coingpérms, estimated by the
adoption of ISO 14001 and by the listing on the lBarest Stock Exchange, has a significant
positive impact. Good visibility of a plant and thdoption of environmental management
standards are two important determinants of abatenedéforts and indicate that the
management of these plants are more responsiveri@emental regulations.

There is a positive relationship between regioral @apita income and abatement
effort. Our sample includes eight regions as spegtiin table A in the appendix. Regions
with a higher income are more environmentally awared invest more in pollution
abatement. The corruption index is instead nedsgto@related with abatement effort.

Community groups, proxied by unemployment and tnalver of environmental non-
governmental organisations, have no statisticagjgiBcant impact on PACE. EnvNGOs do
not appear to have an important role either. Ireganin the transition economies the concern
for the environment is not a top priority for thenemunity, which is confronted with
economical and financial problems.

Concerning the government pressure on plants wee tisree proxies for formal
regulatory pressure, namely environmental penalteeses and subsidies. Public authorities
which are concerned with regulatory enforcement amaonitoring are critical factors
influencing plants’ decisions to take an environtakapproach and undertake environmental

investment. Environmental penalties and subsidiesaind to have a statistically significant
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positive impact, whilst environmental taxes areoaatistically significant but have a low
impact. These results show that, although fornegulations are still only partially
developed, they have measurably beneficial effectsabatement efforts in the case of

Romania.

4.4.2. Water and Air Pollution Abatement Effort

Environmental standards are typically drafted bgeeech institutes or ministries. A
system of environmental authorisations has beermteule consisting of environmental
agreements and environmental permits. All enviramadepermits specify that enterprises are
responsible for monitoring emissions. The authlesifenvironmental protection agencies)
have the right to amend, suspend and revoke emagatal authorisations but they prefer to
be more collaborative to obtain compliance. If ategorise is unable to meet the discharge
levels specified in its permits, a plan is devetbpsontaining the steps that must be
undertaken within a specified time. There are gesafor exceeding permitted emission, but
these are not linked to pollution quantities arelraot an effective deterrent.

Water resources in Romania are managed accordiniget@rincipals of integrated
water management. Therefore, policies to promotstagwability try specifically to
incorporate linkages between water quality and waeantity. These are potentially
important, because excessive usage lower underground and surface water levels and
increase concentration of contaminants.

Water charges exist in Romania, both for direct scomption or use and for
discharges. Their aim is to encourage the susti@nae of this resource and to generate
revenues to finance water supply and sewage treatanel disposal. They were introduced at
the beginning of 1991 and rates are indexed qusartEinere are separate national prices for
each category and user of raw water, with the imgusector paying more than agriculture,
and agriculture paying more than households.

Penalties are levied on twenty substances dividedtio general categories. The first
contains substances such as chlorine, sulphatestesi detergents for which allowable levels
are established to meet concentrations standah#ssd@cond group contains substances such
as mercury, pesticides, radioactive residues fachvho discharges are permitted.

Next, we estimate separate regressions for watkraanpollution abatement effort. The
variables are generally the same as in the previegiession, but there are a few additional
ones specific to water and air respectively. Thhg, econometric specifications are the

following:
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» for water pollution abatement
log(PACEW,) = 5, + B, log(Prdfit, ) + 5, log(Product, ) + 5, log(Debt, ) + B, log(Turnovey; ) +
+ﬁ5 log(S/bt)+ﬂ6th|t +ﬁ7CSt +ﬁ8CFi>t +ﬁ9CMit +ﬁlOFrgnt +ﬁ11LOCII +ﬁ12Eant +ﬁ12|$t +
+B;logMark,) +3,,109(PCl,,) + B,s IogCRR) + B logUnEmp, ) + B, Pol Sect, + (7)
+ L5 I0gENVNGQ, ) + B Locpreg + B,, log[EnvGuardg, ) + 3,, logEnvTxw ) + 3,, logEnvSubwy) +
+ By LW+,

where : PACEw = water pollution abatement expenditure incurred knipi in year t;
EnvTxw; = environmental taxes incurred by plant i in yeéor water pollution abatement;
EnvSubw = environmental subsidies received by plant i garyt for water pollution
abatement; Efnw= foreign financing aid received by plant i in yeaafor water pollution
abatement; LWw= number of laws adopted concerning water poltuiio year t and ju—

error term.

o for air pollution abatement
log(PACE,) = 8, + /3, log(Profit, ) + 3, log(Product, ) + 3, logDebt, ) + B, log(Turnover, ) +
+f3; 109, ) + BiLat, + B,CS, + BiCP, + B,CM,, + B, oFran, +B,;Log, + B,Efng, + 3,150, +
+f3,5logMark,) + 3., 10g(PCl,.) + B, I0gCRR) + 3, logUnEmp, ) + B, Pol Sect, + (8)

+ B, logENVNGQ,) + B Locpres + B, l0gENVGUard,) + B,, IogEMNTXG,) + B, 10gEnvaLbg ) +
+ ﬁZBLWq + uit

where : PACE@= air pollution abatement expenditure incurred banpi in yeart for air ;
EnvTxa; = environmental taxes incurred by planin yeart for air pollution abatement;
EnvSubga = environmental subsidies received by pliaint yeart for air pollution abatement;
Efna; = foreign financing aid received by planh yeart for air pollution abatement; LW&
number of laws adopted concerning air pollutiogear t and ¢— error term.

The econometric results are reported in Table 3.
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Table 3: Econometric results for air and waterytmh abatement effort

AIR ABATEMENT EFFORT

WATER ABATEMENT EFFORT

(MRM) (MRM)
Variables Coefficient z Coefficient z
Product;; 0.078 (-4.69)*** 0.081 (-4.85)***
Svbj; 0.016 (-0.32) 0.009 (-0.19)
L qtit 0.108 (-3.13)*** 0.095 (-2.73)***
Turnoverj 0.772 (41.37)*** 0.811 ( 43.04)**+
Profiti 0.037 (2.92)%** 0.041 ( 2.95)***
Frgni 0.331 (-3.51)*** 0.349 (-3.64)***
I SO;t 0.489 (5.42)*** 0.556 (6.12)***
Mar ki 0.858 (19.27)*** 0.936 (20.66)***
Debt;; -0.336 (-6.15)*** -0.335 (-6.06)***
CS; -0.762 (6.29)*** -0.908 (7.37)***
CMj; 0.172 (2.18)** 0.246 (3.07)***
CP; 0.363 (-4.10)*** 0.346 (-3.82)***
EnvT Xwij - - 0.004 (-0.26)
Poll Sectwi - - 0.148 (4.50)***
EnvSubw;; - - 0.292 (7.29)***
Efnwi - - 0.341 (4.56)***
L Ww; - - 0.211 (3.27)***
EnvT Xaj 0.285 (16.26)*** - -
Poll Sectay 0.215 ( 5.46)*** - -
EnvSuba 0.244 (5.70)** - -
Efnaj 0.370 (1 3.92)*** - -
LWa 0.322 (6.72)*** - -
PCl kt 3.542 (-3.46)*** 4.358 (-4.22)***
UnEmp; -0.611 (-1.21) -0.819 (1.61)*
EnvNGO;; 0.007 (-0.61) 0.089 (-1.16)
EnvGUARD 0.301 (6.61)*** 0.345 (7.54)***
Constant 2.687 (-0.61) 5.426 (-1.22)
R-squared 0.67 - 0.78 -
Observations 5688 - 5688 -
Log restricted-likelihood -32175.62 - -30117.35 -
Sd_reg 0.8925334 - 0.9125631 -
IS_reg 0.33 - 0.30 -
Sd_jud 0.6253471 - 0.7285243 -
IS jud 0.16 - 0.21 -
Sd_residual 1.413562 - 1.394265 -
LR test vs. OLS chi2 906.13 - 786.34 -
Prob>chi2 (0.00) - (0.00) -
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Absolute value of t statistics in parentheses

* significant at 10%; ** significant at 5%; *** sigificant at 1%

One can see that the determinants of air and watilution abatement effort are
approximately the same and have the same signefasebEnvironmental taxes seem to be
more important for the former, indicating that famegulation plays a bigger role in the case
of air pollution abatement effort, while for thettt&x environmental taxes becomes

insignificant. For both the effects of informal tdgtion are weak.

4.4.3 Abatement effort at theregional level

Next, we estimate equation (6) at the regionalllestédl carrying out multilevel analysis
(MRM). The variable added is RSH, which is a préoryhuman resource qualityhe results
are displayed in Table 4.
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Table 4. Econometric results of the abatement pollution effort at theregional level (eight regions) by multilevel regression

Variables 1) (2 (©) (4) ©) (6) (1) (8)
PACE; PACE; PACE; PACE; PACE; PACE; PACE; PACE;
Product;q 0.122 0.179 0.140 0.130 0.071 0.096 0.021 0.058
(2.86)"* | (4.54)** | (3.31)** | (2.15)* (1.67)* (2.52)* (0.51) (1.28)
Svbyq -0.098 -0.008 0.036 -0.038 -0.064 -0.037 -0.143 68.1
(0.81) (0.07) (0.34) (0.26) (0.56) (0.32) (1.19) 30
Lqti 0.142 0.034 0.136 0.045 0.025 0.146 0.015 0.188
(1.65)* (0.42) (L.71)* (0.41) (0.30) (1.88)* (0.18) | (2.02)**
Turnover; 0.755 0.672 0.578 0.551 0.390 0.611 0.706 0.578
(16.74)"* | (15.00)** | (14.36)*** | (10.30)** | (9.69)** | (14.62)** | (14.45)** | (11.52)***
Profiti 0.043 0.097 0.074 0.114 0.046 0.074 0.022 0.11p
(1.25) (2.92)" | (2.14)* | (2.37)* (1.31) (2.28)* (0.64) (0.34)
Frgni 0.214 0.443 0.010 0.486 0.111 0.610 0.407 0.121
(0.77) (2.07)* (0.05) (1.75)* (0.49) (3.41)"* (23)* (0.59)
Eol 0.046 0.214 0.185 0.228 0.507 0.434 -0.058 0.208
(0.20) (0.90) (0.99) (1.01) (2.06)** (1.86) (0.24) (1.11)
Markit 0.552 0.345 0.461 0.690 0.643 0.465 0.654 0.384
(6.59)** | (3.70)** | (5.63)** | (6.42)** | (5.50)"** | ( 5.54)** | (6.74)"* | (3.84)***
Poll Sect;q 0.004 0.153 0.029 0.009 0.104 0.150 0.042 4.0
(0.06) (2.16)* (0.42) (0.09) (1.39) (2.34)* (0.59 (0.54)
EnvSuby -0.035 0.217 0.042 0.124 0.026 0.076 0.066 0.081
(0.52) (2.48)* (0.50) (1.51) (0.36) (0.91) (0.96) | (1.54)
Efni 0.041 0.097 0.153 0.210 0.001 0.195 0.125 0.015
(0.43) (0.62) (0.42) (0.97) (0.78.) (1.66)* (0.85) | (0.15)
EnvT X, 0.012 -0.022 0.147 0.015 0.123 0.031 0.026 0.05(7
(0.51) (0.97) (6.24)"* (0.45) (4.45)" | (2.32)* 1.70) (2.13)*
Debt; -0.343 0.050 -0.305 -0.072 -0.253 -0.295 -0.145 48D.
(2.46)* (0.48) (2.93)"* (0.38) (1.84) (2.62)"* (1.05) (3.62)"*
CSi -1.028 -0.272 -0.677 -0.020 0.408 -0.121 -0.367 258.
(3.15)* (1.11) (2.84)* (0.07) (1.48) (0.50) (59) (0.91)
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CMi; 0.316 0.348 0.192 -0.082 -0.383 0.057 0.293 0.416
(1.49) (1.78)* (1.15) (0.32) (2.38)** (0.34) (1.73) (2.59)***
CPy 0.061 0.332 0.063 0.688 0.438 0.561 0.292 570.1
(0.24) (1.84)* (0.34) (2.82)*** (1.97)** (3.63)*** (1.74)* (0.74)
Unempj -2.000 -2.546 -1.378 -0.751 2.900 -0.330 -1.809 722.
(2.68)*** (5.42)*** (3.25)*** (0.70) (4.79)*** (0.98) (3.92)*** (1.57)
L oci¢ -1.388 -2.476 0.764 -5.483 -2.707 -2.896 -6.880 175.
(6.91)*** (9.43)*** (1.41) (4.29)*** | (2.67)*** (3.96)*** (11.04)*** (2.50)**
EnvNGO;; 0.017 0.072 0.067 0.032 0.148 1.096 2.241 6.43[1
(1.30) (0.65) (1.20) (0.44) (2.64)*** (2.13)** (32ZF*** (6.42)***
L ocpres; 0.010 0.0178 0.106 0.154 0.102 0.094 0.131 97.1
(0.09) (0.30) (1.00) (0.94) (1.90)* (2.01)* (2.43)* (2.10)**
PCl 7.673 11.869 10.529 -7.470 17.110 13.651 20.128 9933.
(2.78)*** (1.73)* (1.42) (1.59) (3.02)*** (2.82)*** (4.16)*** (1.76)*
EnvGUARDy; 0.758 0.213 0.683 0.229 0.846 1.010 5.005 0.63B
(1.31) (0.70) (1.43) (0.48) (3.50)*** (3.55)*** (@4)*** (5.46)***
RSH 0.091 0.101 0.113 0.107 0.187 0.162 0.178 0.253
(1.31) (1.87)* (1.43) (1.98)* (2.12)** (1.73)* (128* (2.48)***
Constant -67.230 37.000 22.931 22.278 -73.277 97.973 -324.92 125.385
(2.26)** (1.40) (1.07) (1.08) (3.98)*** (3.71)*** 4.72)*** (12.91)*
Observations 816 632 760 508 568 748 936 720
R-squared 0.50 0.46 0.50 0.48 0.52 0.50 0.46 0.42
Log restricted-likelihood -30245.12 -32175.62 -2941 | -26625.67] -34215.54 -34414.13 -29313.25 -3U842
Sd_reg 0.7932341 0.8721531  0.9125463 0.8874215 2P1%3 | 0.7985691 0.8751243 0.9075812
IS reg 0.24 0.30 0.34 0.30 0.36 0.30 0.28 0.33
Sd_residual 1.413562 1.32564 1.275891 1.346521 92678 1.215642 1.402278 1.278954
LR test vs. OLS chi2 806.18 779.21 675.32 917.45 825.30 715.89 698.74 4.381
Prob>chi2 (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) .0®
Absolute value of t statistics in parentheses
* significant at 10%; ** significant at 5%; *** sigificant at 1%
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Regions: 1 = North - East 4outh - West 7 = Centre
2 = South — East 5 = West 8 = Bacest - lifov
3 = South 6 = North — West

As expected, in the regions with high income (Wé&gntre and Bucharest-llifov)
informal pressure is more important and the popmriatnore reactive. Thus, local pressure and
ONGs have a significant impact on pollution abateimén contrast, in the poorer regions
(North-East, South -West) informal pressure is weh& population being less educated and
having limited access to information.

Besides, formal regulations have a different impacthe eight regions. Specifically,
environmental taxes and penalties are statistigadlignificant for the low-income regions and
become significant for the regions with high incopee capita. Bucharest-lIfov has the highest
income per capita, the North-East region the lowdaticharest-llfov is also characterised by
the availability of qualified human resources, ahd presence of a number of EnvNGOs.
Moreover, almost all plants in this region are olg¢aee table A2). In contrast, the poorest
region is characterised by a high unemployment, i@te®w percentage of skilled population
and a low number of EnvNGOs. Plants polluting meme located in poorer regions (see table
A3 and A4).

Overall, although Romania has improved its envirental performance considerably,
formal and informal regulation are still only patty developed due to the difficulties of

economic transition, and heterogeneity across nsgiemains considerable.

5. Conclusions

This paper has tested some hypotheses formulatix ienvironmental literature about
PACE patterns at plant level. Its original conttiba is to examine them using survey data in
the case of a country such as Romania, which hdergane a process of economic and
political transition and has been a EU member si2@@7; also, we apply an appropriate
econometric method, namely MRM.

Our results are generally consistent with the dii@re suggesting that plant
characteristics, formal pressure through substarggulatory actions and informal pressure
through market incentives and community aspects beaymportant drivers of the level of
plant PACE. However, unlike in the case of devetbpeuntries, we find that in Romania the
potential for collective action in the environmdntaea is not significant. Whether the

influence of stakeholders on PACE will strengthenRomania completes its development
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process remains to be seeXlso, there is no evidence that environmental tawesk as
incentives to adopt an environmental behaviour lahtplevel. As expected, the actions of
regulators (command and control and liability iostents), market pressure and plant
characteristics are the most important determinahtthe level of PACE. Thus, the largest,
most competitive and profitable private owned eises have made more efforts to reduce
pollution.

These findings enable us to gain a better undetstgrof the factors affecting the level
of plant PACE in the case of transition economiegeneral and Romania in particular. Even
partially developed formal and informal regulaticaggpear to increase abatement efforts. An
increase in income per capita also increases fweakure on intensive pollution plants. From a
policy perspective, this evidence points to thedneeredesign environmental taxes in order to
achieve better outcomes. Further, measures toaserenvironmental awareness would also be

useful in this respect.
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Appendix

Table Al: Evolution of per capitaincome

ear
Region y 2002 2003 2004 2005
1 |North - East 4970 5703 6442 697¢
2 |South - East 59671 6755 7465 7949
3 |South 5563 6398 12272 7833
4 |South -West 5553 6671 71771 7615
5 |Vest 752 8903 10132 11128
6 |North -West 6539 7618 8531 9263
7 |Centre 75089 8454 9429 10093
8 |Bucharest - IIfov 144671 1529§ 17091 17902
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Table A2: Distribution of plants by region and owner ship - 2005

Region Total | Dirty | Domestic | Foreign Air Water Air and | Others State | Private | Mix
Plants | Plants| Plants | Plants | Pollution | Pollution | Water | Pollution | capital | capital | capital
Plants Plants | Pollution | Plants | Plants | Plants | Plants
Plants
1 | North - East 618 409 380 29 66 204 84 55 16 372 21
2 | South - East 530 351 327 24 38 181 79 53 15 314 22
3 | South 608 397 344 53 48 204 90 55 28 335 32
4 | South -West 391 259 233 26 32 141 51 35 20 222 17
5 | Vest 476 304 240 64 37 165 61 41 30 243 31
6 | North -West 654 424 365 59 64 203 96 61 24 364 37
7 | Centre 669 444 390 54 63 202 108 71 26 368 50
8 | Bucharest - IIfov 520 275 205 70 33 128 75 39 27 209 40
Total 4466 | 2863 2484 379 381 1428 644 410 186 2427 250
Table A3: Characteristics of theregions - 2005
Regions Per capita | Unemployment | Population | Density of Surface
Income rate Population (Km?
(RON/year) (%) (Hab/km?
1 | North- East 9799.55 7.6 3737246 101 36850
2 | South - East 11176.13 6.4 2841362 79 35762
3 | South 11012.69 6.8 3325576 97 34453
4 | South - West 10706.75 7 2305913 79 29212
5 |Vest 15646.31 5.3 1931759 60 32034
6 | North - West 13023.63 3.9 2728967 80 34159
7 | Centre 14190.47 6.8 2536211 74 34100
8 | Bucharest- IlIfov 25170.21 2.7 2205393 1211 1821
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Table A4: Characteristics of theregions - 2005

Regions ONG ONG Environmental | Population | Students
/ / Penalties with /
million region (MilleRON) | university 1000

Habitant studies habitant
1 North- East 5 17 2628.28 9.4 21
2 South - East 7 21 2781.27 10.4 17
3 South 2 5 1251.55 8.9 12
4 South - West 5 11 1762.81 11.1 19
5 Vest 5 10 2400.67 13.2 37
6 North - West 8 21 3545.71 10.7 33
7 Centre 9 24 1922.86 12.1 27
8 Bucharest- |1fov 16 35 3775.01 30.2 95
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