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1. INTRODUCTION

A range of environmental problems now affect ouolghworld. As global-
ization continues and the earth's natural proceslsasge local problems into
international issues. Pressure on environment i raod more. It comes from
different sectors, depending on the resource #hiaaving an influence on.

Governments are under greater than ever presameifiternational bodies
and non-governmental organizations to reduce #mitting activities and de-
fine an environmentally friendly economic growtlampé. These increasing inter-
national concerns require an index that allowsweatalg the environmental per-
formance of countries over time. Empirical researshmay be also interested
in such an environmental performance measuresdidows cross-country anal-
yses.

The main aim of this paper is calculating an atyuaddex of environmen-
tal pressure and providing a ranking for 33 Europaauntries from 2009. Other
specific goals of our research are: appraisal afiapdiversity the environmen-
tal pressure across the Europe. Cause-effect amallyshe environmental de-
terminants in European countries, using MIMIC model

The most of the surveys, which explain the relatiom between air pollu-
tion and economic, political and social impact®g based on individual indica-
tors. Those approach only allow to explain thea#f®f the variables of interest
on one indicator of environmental pressure.

In our studies, the specific measure of environalgmessure, using Multi-
ple Indicators Multiple Causes (MIMIC) model, wile createli The MIMIC
model, a particular form of structural equation mgdcan analyze relationships
between latent variables and their indicators.

Y M.A., Department of Spatial Econometrics, Univirsif Lodz.

1 This problem has also been discussed by AndreabrBffom Utrecht School of Economics
(2009) in an application of the MIMIC model to cdkte Environmental Pressure Index for 122
countries all over the World.
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2. THEORETICAL ASSUMPTIONS AND METHODS

The theoretical and analytical background for thel of environmental
pressure in the literature is the theory of the iEenvnental Kuznets Curve
(EKC)’. The Environmental Kuznets Curve hypothesis sttttesrelationship
between various indicators of environmental degradaand income per capita.
It may be graphically represented by an invertedddve. The shape of this
curve implies that high income leads to greateratdmtion, up to a turn point
at which incremental increases in income causecthge to begin to slope
downwards, implying upgrading in the quality of #r@vironment.

In the early phase of economic growth, degradadiueh pollution increase,
but beyond some level of the income per capitaciwbian be vary for different
indicators, the trend reverses, so that at higlonm levels economic growth
leads to environmental improvement. Typically, tbgarithm of the indicator
is modeled as a quadratic function of the logaritbinincome (Stern 2004,
p. 1419). To construct Environmental pressure indexas used a particular
form of Structural Equation Modeling that's callBtliltiple Indicators Multiple
Causes Model. Generally SEM allows to estimate exdvasfect relationship
between a lot of observed variable as well as fatemiable, which can’t
be measured directly. SEM is a combination of twethuds: path analysis and
confirmatory factor analysis. The first one is anfocof graphical representation
of a model. One of the easiest ways to explain $&td a draw a diagram of it,
referred to as path diagram. Such a diagram isvalguit to a set of equations
defining a model and is typically used as an adttve way of presenting
a model scheme. Observed and latent variablesepresented in path diagrams
by two distinct graphical symbols. Squares or megles are used for observed
variables, and circles or ellipses are employedldtent variables. The main
focus of this approach is relationships betweeentaind observed variables.
They are represented graphically in a path diagognone-way and two-way
arrows. The first one signal that the variablehaténd of the arrow is explained
in the model by the variable at the beginning &f &éhrow. Two-way arrows are
used to represent covariation between two varigiitagkov, Marcoulides 2006,
pp. 8-12).

Confirmatory factor analysis determines whetherhyygothesized structure
provides a good fit to the data, or in other wottat a relationship between the
observed variables and their underlying latentstoiets exist.

Some of the paths shown in the diagram are labgitdthe number “1".
This means that those paths’ coefficients havedfixalues set to 1.00. These
fixed values are included by obligation: they &et $cale of measurement for the
latent factors and residuals. Alternatively, it danset the variances of the fac-
tors to 1.00 to obtain totally standardized sohasioln this study it has been

2 The EKC is named for Kuznets (1955) who hypottessihat income inequality first rises and

then falls as economic development proceeds.
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investigated a particular alternative of a SEM wdtte latent endogenous varia-
ble which is environmental pressure. This so-caNd¥IC model (Joreskog,
Goldberger, 1975) allows us to analyze the relatign between environmental
pressure and its determinants. The key benefti@MIMIC approach is that it
allows taking into account more than one measurenvironmental pressure
at atime. Generally a MIMIC model consists of twarts (Jéreskog, Gold-
berger, 1975):
— The structural equation submodel:

n=Tx+ ¢, ()

where: - latent variable, index of environmental presswes (X, X...,%)
IS aq vector and each is a potential cause @f I~ vector of coefficients in the
structural model describing the “causal” relatlips between environmental
degradation and its causes;

— Measurement submodel:

y=A7+ &, (2

where: y= (y1, ¥»..Yp), vector of indicators of environmental pressure,
&= (e1£2...8p), vector of disturbanced, - vector of regression coefficients.
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Figurel. Path diagram of simple MIMIC Model

Source: developed by the author base@arzanegan, Buehn, 2009).
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3. DATA SET

The Data have obtained for 33 European countraga #009. There are the
most actual data that it was available for all alalkes. The data derived from
World Databank Eurostdt and some political indicators from United Nation
site’. All of variables are expressed as rates of inigns

Causes of environmental pressure have been divdedhree groups: eco-
nomic, demographic, governance factors. Potentiah@mic variables are: log
of GDP per capita,squared log of GDP per capitausiry value added
(% of GDP), electricity production from coal sowsqgb of total electricity pro-
duction), energy efficiency (log of GDP per unitefergy). Demographic caus-
es can be: rural population and working populatimd governance factor: in-
stability index and corruption index (Table 1). Apotential indicators, accord-
ing to EKC, there are taking into consideratiom@i¢ators of air pollution. The
first one carbon dioxide emissions per capita glbbal air pollution, sulfur ox-
ides emissions per capita and nitrogen oxides ggitacas a local air pollution
(Table 1).

Table 1. Specification of the model

Name Variable Expecta_tlon
correlation
Causes
GDP_log Log of GDP per capita in US$ +
GDP2_log Squared log of GDP per capita in US$ -
IND Industry, value added (% of GDP) +
ENERGY_log Energy efficiency (Log of GDP per unitamergy) —
Electricity production from coal sources (% of takectricity
COAL_EL production) *
RURAL Rural population (% of total population) —
WORK Population ages 15-64 (% of total population) +
INSABIL Political Instability index, hig]]-hf(r))values highestability (values +
CORRUP Corruption index, higher index values indicate lessuption _
(values 1-10)
Indicators
CQO,_log Log of carbon dioxide emissions per capitadgmes) +
SO log Log of sulfur oxides emissions per capitek() +
NO log Log of Nitrogen oxides emissions per cafiii&kg) +

Source: developed by the author.

To depict a relation resulting from EKC approadiere are shown two
main variables on Fig. 2and Fig. 3. Presented rahp® value of two observed
variables used in the model: GDP per capita asatoli variable and carbon
dioxide per capita as causal variable. When we epenthese two maps, we can

3 databank.worldbank.org.

ec.europa.eu/Eurostat.

5  mdgs.un.org
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see that countries with higher values of GDP haghér values of emission
CO,. But for example Sweden is opposite to this. it ba explicated that Swe-
den has crossed a turning point on the EKC curweoAdingly higher values
of GDP cause less emissions of CO

e

GDP per capitain US §

[ | 991,10-5179,58

l:l 5179,59 - 11590,61

l:l 11590,62 - 24174,14
- 24174,15 - 27813,89
- 27813,90 - 51880,61

Figure 2. GDP per capita in European countriesSnfU

Source: developed by the author using ArcMap.

CO2 emission per capita
| lara-665
[ le66-804
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I 12072368

Figure 3. CO2 emissions in European countries indsrper capita

Source: developed by the author using ArcMap.
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4. RESULTS OF THE SURVEY

The most common method of an estimation in SEM axikbium Likeli-
hood method. The goal of the estimation procedsreifind values for the
parameters and covariances that produce and estimaimodel’s covariance
matrix that is as close as possible to the sanplar@ance matri)s for the ob-
served causes and indicators. The estimation puoeeatkriving the parameters
minimizes the following fitting function (Bollen B89, p. 135):

F, =Iog‘zl +tr(SZl)—Iog|$—( P q. (3)
Table 2. Regression coefficients of the estimate g model
Estimates S.E. C.R. p Label
EPI — GDP2_log —0.095 0.015 —6.380 Fkk par_1
EPI «— | ENERGY_log -0.591| 0.097 -6.101 ok par_2
EPI — COAL_EL 0.002 0.001 2.363 0.018 par_3
EPI — CORRUP —0.037 0.017 -2.175 0.030 par_4
EPI — GDP_log 1.500
EPI — INSTABIL -0.011 0.017 -0.622 0.534 par_5
CO, log | « EPI 1.000
NO_log — EPI 1.002 0.183 5.471 ok par_6

*** n-value< 0.001.
Source: developed by the author using SPSS AMOG 19.

Table 2 reports result of a MIMIC model estimatidihis is the best speci-
fication for a proposed model. With the exceptidrvariable called instability,
all other parameters are statistically significanth significance level equal
0.05. It can’t be seen results for GDP parameteatlse of the constrain that is
used to confirm EKC assumption. Besides,@@rameter had to be normalized
to a value 1, what it is caused by a confirmatatdr analysis. To calculate EPI
index they are needed standardized coefficient$;igare 4 shows a path dia-
gram of estimated model with standardized coeffitsie

Only one variable isn't statistically significarltogether, five variables
turned out to be significant causes, among themvaribles describing eco-
nomic and political conditions. We can find a sfgraint positive correlation for
the GDP per capita and a significant negative tarom for its squared term
confirming the EKC hypothesis. Energy efficiency riggatively correlated
to environmental pressure, while the correlationtred electricity production
from a coal is as expected positive. In additioteriesting is a fact that political
situation influences on environmental pressure.
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Figure 4. Path diagram of MIMIC model with standaeti coefficients
Source: developed by the author using SPSS AMOG 19.

Summing up, we might conclude that all significaatises have the ex-
pected sign.

Table 3. Theoretic goodness-of-fit measures of MIMiodels

Measure Good fit Description
Chi- The chi-squared tegt indicates_the differe_n_ce t@ﬁvmbserveq and expected
square p>0.05 covariance matrices. Sensitive on sample size
(Bollen 1989, pp. 263—-266).
X?/df <5 Chi-square ratio to degrees of freedom (sttwe 1977).
Root Mean Square Residual, the square root ofiteeephancy between the
RMR <0.08 sample covariance matrix and the model covariarateim

(Joreskog, Sorbom 1981, p. 41, 1989 p. 44).

Goodness of Fit Index, a measure of fit betweerhjfpothesized model and

GFl >0.95 the observed covariance matrix (McDonald 19994). 8

Adjusted Goodness of Fit Index, corrects the GRiictvis affected by the
AGFI >0.95 number of indicators of each latent variable
(McDonald 1999, p. 84).

Smaller values

AIC - Information-theoretic measures are intended forehodmparisons and not
better fit . )
Smaller values for the evaluation of an isolated model
BIC (Akaike, 1987, pp. 317-332, Schwarz, 1978).

better fit

Source: developed by the author.

Various goodness-of-fit measures are availablexéanine the validity and
reliability of the estimated MIMIC models. The m@stpular is chi-square ratio.
The chi-square statistic tests the specificatiothefmodel against the alternative
that the covariance matrix of the observed varmlb$e unconstrained. Here,
smaller values indicate a better fit. But it's séme on a sample size. Others
alternative measures can be: GFl and AGFI, whidwshow closely the repro-
duced covariance matrix is to the covariance mafithe observed causes and



138 Renata Jaworska

indicators taking the model's complexity into acobuBesides there is a Root
Mean Square Residual and Information-theoretic meas

According to obtained goodness-of-fit measures @aimed that the MIM-
IC model of environmental pressure fits the datiy weell. It is caused by low
value of RMR and high value of GFI. Chi-squareistat it wasn't taken into
consideration because of too small sample. Thetiequaform after estimation
is as fallow below:

EPI = 4,94*GDP_log — 2,46*GDP2_log — 1L“NERGY _log

+0,33*COAL_EL — 0,57*CORRUP. @

From theoretical point of view, economic factor (BDhas the strongest
impact on environment status. It confirms EKC hyjasis, which tells about
relationship between economic development and enwiental status in coun-
tries. The next fairly strong determinant of enmiment status is energy effi-
ciency. Higher energy efficiency means less pressanm environment. The
scores shows how important is saving energy farckdr. Other two factors of
environmental pressure are electricity from coalrees and political index of
corruption. Outside of GDP per capita, energy #&ficy is the second reason
differential the environmental pressure acrossin®pean countries.

Should be added that environmental status is meduair pollution (CQ@
emission and NO emission). There are the most émttyuused environmental
indicators.

s

EPI index

B 37.32) - (-28,48)
B (-2847) - (-22,61)
[ (22,60) - (-16,09)
[ | (1608)-(-197)
[ ] (¢196)-1387

Figure 5. Values of EPI index across European cmmt

Source: developed by the author using ArcMap.
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The Figure 5 (above) presents a drawn map withegabf environmental
pressure index across European countries. Highee waf the index indicate
higher the environmental pressure in a country.

According to this index, the country with the lowésvel of environmental
degradation is Luxemburg fallowed by Norway, Switaed, Iceland and Aus-
tria. The highest level of environmental pressureeh Poland, Estonia and Ser-
bia. The ranking of the countries is not amazingn&ally, highly developed
countries of Western and North Europe have the $owavironmental pressure,
except for Denmark and Deutschland. These countfiesacterized by high
GDP per capita present medium, not small, envirortaig@ressure.

5. CONCLUSION

As a consequence, results have been obtained Hud ihpossible to put
forward the following conclusions. The most impottaauses of environmental
pressure in European countries have turned out: @&Pcapita, energy effi-
ciency, electricity production from coal sourcestraption. It confirmed EKC
hypothesis, which assumes an impact of economieldpment on the environ-
ment.

The ranking of the countries is a little surprisibgcause not all highly de-
veloped countries of Western and North Europe hbagdowest environmental
pressure. It is caused by some differential deteanis like energy efficiency
or energy from coal sources. Therefore, Denmarkeutschland have includ-
ed only in third position group of countries acdogdto the environmental pres-
sure. On the other hand, France for example hahedaa very good position
in the ranking, because of small percentage of ymtah energy from coal
sources (most of the energy in this country is poed by nuclear power plants).

We found that the MIMIC model is a good alternatiay of many solu-
tions for presentation of a synthetic measure wiscBPI index. But the main
advantage of this tool is possibility of analyzirggationships between environ-
mental causes and indicators simultaneously aime.tResults of the survey
should be treated cautiously because the studgsedon a few chosen varia-
bles, that data were available for.
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Renata Jaworska

APPLICATION OF MIMIC MODEL TO CONSTRUCTION
OF ENVIRONMENTAL PRESSURE INDEX

The article aims at estimating the environmentaspure index and provide a ranking for se-
lected European countries with the use of a Mudtipldicators Multiple Causes (MIMIC) model.
The MIMIC model is a special form of Structural Etjaa Modeling able to estimate models with
latent variables. This type of model is used tawdeinformation about the relationship between
cause and indicator variables and a latent varidiglee the index of environmental pressure, from
covariance structures. This research analyzes faremte of some causes like GDP per capita,
energy efficiency, industrial production, urbaniaatand working age population as well as the
produced electricity from coal sources on the emuirent. The main indicators of the environ-
mental pressure are CO2 and SO2 emissions per .capita

The index of environmental pressure is finally\ard at with the use of statistically signifi-
cant causes affecting the quality of the environtm&he results of this paper will allow to create
aranking of European countries according to therenmental level. It can be a source of im-
portant information for UE environmental policy afod all governments, which closely monitor
the environmental performance of individual MemBtates.

ZASTOSOWANIE MODELU MIMIC DO BUDOWY INDEKSU
ODDZIALYWANIA NA SRODOWISKO

Celem artykutu jest oszacowanie indeksu oddziatysvarsisrodowisko w wybranych kra-
jach Unii Europejskiej z wykorzystaniem modelu Mi®(Multiple Indicators Multiple Causes).
Modele MIMIC naleace do klasy modeli rowmastrukturalnych (SEM), pozwakaha estymagj
modeli ze zmieng ukryta. Ten typ modeli pozwala na badanie zatici pomidzy wskanikami
petniacymi role przyczyn i skutkdw oraz zmieamieobserwowals, tutaj indeksem oddziatywania
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na srodowisko. W niniejszym badaniu analizie poddangtanie wptyw takich czynnikéw jak
PKB pre capita, efektywr§é energetyczna, produkcja przemystu, stopiebanizacji czy produk-
cja energii z konwencjonalnycirédet energii na stagrodowiska. Gtéwnymi wskanikami mie-
rzacymi stanérodowiska g emisja dwutlenku egla i emisja dwutlenku siarki.

W rezultacie indeks oddziatywania §eodowisko utworz istotne statystycznie wskaiki
wplywajace na jaké¢ srodowiska. Wyniki badania pozwpltworzy¢ ranking krajéow Unii Euro-
pejskiej ze wzgidu na jakéc¢ srodowiska. Poza tym magstanowé cenne wskazowki w prowa-
dzeniu politykisrodowiskowej w UE oraz poszczegoélnych krajach dzémvskich.



