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ABSTRACT

There has been a lot of debate regarding the impaatissiens of pollutants on human health
and the environment. Epidemiological studies tend to gshevimpact of increased ambient
concentrations of pollutants on increased hospital atbnis, mortality, morbidity, respiratory
problems, etc. Without controlled experiments that compaople who are exposed to
contaminants to those who are not, it is impossleredict the causes and effects with certainty.
Nevertheless, estimates of human and environmerdalthigenefits from improved air quality
indicate that there are associations between amtmgcentrations of contaminants, human health
and environmental impacts.

The present study examines the linkages between humigm leeaironmental quality, and
emission of pollutants and selected socioeconomichlesidor selected OECD regions. Path or
causal models will be constructed using health, sociasn@mand environmental parameters to
determine the direction of causal relationships, tiignitude and possible implication for public
policy making. This analysis will be performed for thE@D countries, and selected regions of
the OECD (North America, the Pacific Rim, and Euro@®mparative analysis of the
relationships between human health, socioeconomiemvicbonmental variables among the
OECD countries will indicate, among other things, iethter or not environmental quality is an
important determinant of human health, ii) whethenatrspending on health care system is
significantly influenced by indicators of health statust are included by environmental variables,
and iii) which socioeconomic variables are signifttaassociated with indicators of human and
the environment health.

1 INTRODUCTION

The Oxford English Dictionary defines environment esntitions under which any person or

thing lives and develops; the sum total of influenceslwmodify and determine the development
of life or character.” Almost everything that inflees health other than genetic make-up, perhaps
even that fits this definition: the environmenthe imost important determinant of health. The
environment, therefore, includes all living things utthg humans. Needless to say that it is



human endeavor for better life that endangers the tieliedance between the environmental
guality and human health.

Pollution poses a serious threat to human health anehti@nment worldwide. It contributes
significantly to regional and global atmospheric issueh s1s global warming, acidification and
depletion of the ozone layer. It affects all livingnds, including all kinds of vegetation on which
humans depend for survival. Changes to the natural enwnatnpose threats to human health.
These threats may include increased incidences ofiorisand epidemics due to
immunosuppressive impacts, sunburn and premature aging édrilgue to direct
dermatological effects, melanocytic (malignant) and squenand basal cell neoplasias (skin
cancers); ett??

Ninety-five percent of the air by weight that is usgding things, including humans, is
contained in the Troposphere. This atmospheric layaolisted by primary pollutants such as
carbon monoxide, carbon dioxide, nitric oxide, nitroderxide, sulfur dioxide, etc. and by
secondary pollutants such as sulfite, nitric acid, sularid, etc. Therefore, protecting the
biogeophysical environment is crucial to improvememtsuiman health??

Analysis of the likely impacts of implementing particudantivities (arising from policies,

programs, projects, etc.,) on the biogeophysical enviemt and human health and welfare forms
the foundation for improvements in indicators of enwnental and human health. Much effort is
now directed toward the identification, control and mlation of environmental risk factors.
However, these risk factors are created by humantagiviFor example, increased industrial
activity that led to increased emissions of pollutamé&e up a significant portion of the
environmental risk factors>®

Improvements in the health of populations depend onisgaifilclimate, protection from solar
ultraviolet radiation, adequate supplies of food and fregsbrwand maintenance of biodiversity.
Adverse environmental conditions may affect the heaflthe general population. Potential health
effects comprise nutritional problems, physical and alaeh$ease, injuries, poisoning and death.
The type and degree of effects that may occur in a popuildépend not only on the potential for
exposure to certain environmental factors, but alsthemteraction with other variables such as
urbanization, industrialization, sanitation conditiotnansport activities and climate. The
comparison of health status indicators both withinlagteveen countries can highlight differences
and changes in prevailing environmental conditions andatsa be useful in characterizing the
role of specific risk factors??

Human health risks are ubiquitous (home, work, outdoorspmaic.). The cause of human
health risk could be physical and social, although thestgpe combinations can vary markedly
between countries and for individuals within the samentty. Some of the important
environmental diseases and hazards are: (a) infe@rinsg from pathogens in polluted water,
food, milk, etc.; (b) respiratory infections due to cdivg and poverty; (c) vector-borne diseases
associated with diverse ecological factors and congitkz) parasitic infections flourishing under
ecological conditions which favor intermediate hog$;chronic obstructive lung disease through
exposure to dust; (f) cancer and birth defects induceddigti@an and organic chemicals,
including pesticides and petrochemicals; and (g) mental aiotiqdegical disorders arising from
social stress, such as the breakdown of traditioesatyiles, unemployment and mass migration.



The impact of these diseases can be felt in two waygsiced life expectancy and/or death, and
reduced productivity. Regardless of which way the consegsi@medelt, a substantial amount of
spending is required to treat illness or symptoms of#inand improve environmental
quality!?3*

Sustainable development implies that the resources usieel production process and the outputs
produced should be such that the future generation shoulfl istteat least the same bundle of
resource endowment. Unsustainable use of resourcasdlgatontribute to increased waste and
adverse environmental and human health implies thdtithee generation will not enjoy the same
standard of living as the present generation. Thergboley makers of each country have to
identify causal factors of current environmental anddufrealth problems in order to implement
sound preventive strategies. The present study is inteadeerntify some of the driving forces
that may endanger the well being of the environmedithaiman health.

2. The Problem

Rapid development has been marked with increases inllaitiggp and occupational exposure
since the industrial revolution. The industrial revolatims brought substantial increases in
diseases or illnesses associated with environmerntalipn. Several studies have confirmed that
environmental pollution poses serious threats nottonhuman health but also to
ecosystem§?3%87

It was found that although pollution is a significant ciottor to lung cancer mortality, other
factors such as occupational exposures and various smt@is are of at least comparable
importance® Air pollution was also found to be associated with @dutreased mortality from
cardiopulmonary conditions and morbidity such as hospitraissions for related diseases. High
levels of air pollutants (primarily particulates and,p@ay increase mortality in sensitive parts of
the populatiori:**>®The same degrees of associations were observed betiwgoliution levels
and prevalence of respiratory diseases as well as luntionisturbances in adults and children.
Ozone and sulfur dioxide exposures were also significasigciated with increased emergency
visits for asthma. Furthermore, significant increase®mn-surgery outpatient visits were observed
in association with increases in sulphate conceatratt**°Similar studies have confirmed that
mortality was significantly associated with PM, NGQ,, and CQ?34>078910.11

Other studies have attempted to relate human healttsagibeconomic and environmental
variables. For example, it was found that air pollugffacts on health maybe partly determined
by specific mixtures of air pollutants and may be attdrg other environmental, behavioral, and
social patterng®°°

Humans are regarded as the cause and recipient of impachgronmental pollution or
degradatior:*? If progress is to be made with respect to improved eniental quality, the first
course of action ought to be to influence human actanty the driving forces of these activities.
In order to influence behavior, appropriate intervensiyategies should be designed. These
intervention strategies can broadly be divided into tyvotarket-based, and ii) non-market-based.

Markets can be used to influence behavior through intengacosts of damages to resources
and the environment. These internalized costs woutd\saled through prices of good and



services. The problem, however, is that there mapaanarkets for all environmental goods and
services. This is due to the fact that either cosesaronmental pollution are not internalized in
product prices, or environmental goods and services caengantified. Under this situation,
interventions by governments can be used to createtsaHowever, markets may not always
be effective to influence behavior of individuals. Timay be due to market imperfections,
institutional, social, etc. barriers. Therefore,estbptions have to be pursued.

The non-market approach could involve regulations, volymtechanisms, education, etc. An
important driver that may bring a lasting differencenwéspect to behavior of individuals is to
educate the public. One way of educating the public is tenméormation available with respect
to the causes of environmental degradation and theicingmahealth and economic growth. In
order to educate the public, sound analysis of the linkagf@geen socioeconomic, environmental
and human health parameters needs to be conducted. Téet@tesly is intended to examine
these causal linkages for OECD countries, Europe, Nartériéa and the pacific Rim. To date,
there are no studies that have examined the linkagesd&esocioeconomic, environmental and
human health variables at the OECD or sub-contimsed Lising the method proposed in this
study. The findings of this study are expected to provideiLiséfrmation or evidence on the
causal linkages and relationships between socioeconemvitpnmental and human health
variables at regional or continental level.

Development of national environmental and human healibies could be seriously affected if
the causes of environmental pollution and human hdasklare originating from other countries
or continents. Under this situation, it is necessamgxamine causative linkages and relationships
between socioeconomic, environmental and human heslidibles at the continental or
subcontinent level. Evidence from this kind of analysisugh by no means accurate, could
facilitate bilateral and multilateral negotiationsdevelop a strategy that help minimizes the health
risk factors, especially those related to the enviemtnilhe contribution of the present study,
besides methodological, is to add one piece of evidentieeoexistence and magnitude of causes
of environmental pollution and their impact on indicatof human health as well as patterns of
expenditure on health care. In order to examine ttrisate relationship, a schematic diagram
that depicts causal relationships is presented in Figure 1.

3. Methodology

Exposure to elevated concentrations of ambient augaolits can result in adverse human health
effects. Two modes or methods of study are generailhdreh to quantify the relationships
between pollutants and specific effects. These are halinaral experiments and epidemiological
(or community exposure) studies. Each method has liotitgtas a basis for quantifying the level
of adverse effects anticipated in a given human populataresult of exposure. Consequently,
care must be taken in deciding which studies are approforadssessment of health impacts in a
population™? Epidemiological studies, for example, depend on adequate egpieta and the
ability to adjust for potential confounders. Clinicaldies often do not represent the complex mix
of pollutants in the atmosphere. Consequently, consbructi dose/exposure-response functions
is challenging. Another common complication in quanmtdyexpected health impacts of a
pollutant mix is lack of adequate ambient monitoring datgpted with little or no knowledge of

a population's time and activity profil&s.



The first-best method to accurately depict causal linkagdgelationships would have been to
conduct controlled experiments. However, this approacttipossible when dealing with large
population, and the geographic coverage is as large as tycand continent. Therefore,
statistical or epidemiological methods would be the prefeapproach. Epidemiological studies
make use of path analysis in identifying causes of vakimais of illness using health,
environmental and socioeconomic data. The present sga$ycausal analysis, recursive or non-
recursive, to examine the intricate relationship leetwwariables depicted in figure 1.

3.1. TheEmpirical M odel

Structural equation models have been used in severalagréggessocial and behavioral scientgs.
A structural equation model can be used to examine a ple@maonn terms of cause-effect
variables and their indicators. Equations in this moej@lesent a causal link and estimates of
structural parameters may not coincide with the coeffis obtained from ordinary regression
analysis. Structural parameters represent some réldceurate” features of the mechanism
that generates the observed variatfeMoreover, the linear structural relation’s model is
designed to overcome problems associated with measuremers and causal relationships.

The LISREL model chosen in this study is used to exaonaneal relationship between
independent (exogenous) and dependent (endogenous) varialsgleC random vectors=
(N1, --mm) and¢ = (C4,...{n) Of latent dependent and independent variables, respeciive linear
structural equation can be specified as:

n:Bn+FC+é ................................... (D

wheren and( are vectors of latent dependent and independent varifilflesm) andl™ (mxn)

are coefficient matrices add(€,, ...£€y) is a random vector of residuals. The elemenfs of
represent the direct effectsiwpivariables on othetj-variables, and the elementsidbfepresent
direct effects of variables om-variables. Vectorg and¢ are not observed, but instead vectors
Y' (Y1, ....Yp) and X' (%, ... %) are observed, such that

Y=Qm+U s (2)
X=QL+0 3

Where u and are vectors of uncorrelated error terms (errorsedsarement between sets but
may be correlated within sets). These equations regrédse multivariate regressions of yqn
and of x ong, respectively.

The full LISREL model is defined by the following threquations:



Structural Equation Model: n=Ppn+¢+< Ll (4)
Measurement Model for Y: Fn+u (5)
Measurement Model for X: Xxl+o6 (6)

These equations assume thandé,n and u,l andd are uncorrelatedg,u andd are mutually
uncorrelated and th@ithas zeros in the diagonal anfl is non-singular®

Identification and estimation of parameters of strud¢tegaation models depend on formg3of
andI'. Three forms 06 can be distinguished: diagonal matrix, triangular and wictst
elements above and below the diagdiifihe data set examined in this study contains only
observed variables and assumed zero measurement error.

Thus, the LISREL model can be formulated as:
Y=a+Py+Ix+€ (7)

The y's are to be explained by the model. That istrans and covariations among the y-
variables are to be accounted for by the x-varialilas.x-variables may be random variables or a
set of fixed values. The parameter matrices involvatignmodel ar@, I' and® =cov().

Equation (7) involves the following assumptions: ipflis non-singular, ii) E{)= 0 where E is
the expected value operator, andéiis uncorrelated with x. If the covariance or cottieta
matrix is analyzed may be omitted. Solving for y will give the follovgrequation:

Y=Aa+ATX+AE e, (8)

Where A= (I$)™ . Forp=0, equation seven and eight become identical, and eqsatien
becomes a regression equation. Whaessub-diagonal (or when the y-variables can be edler
so that becomes sub-diagonal) add(a covariance matrix) is diagonal, then equation seven
becomes a recursive system.

Specification of all kinds of relationships between xX's and y's, and between y's for all
conceivable variables may result in a lack of conuargesven with increases in the number of
iterations.*****°In the present study, based on correlation and regnessidysis as well as
LISREL convergence criteria, x-variables whose ¢ff@n the y's are relatively low were
excluded from the analysis.

3.2. M easur es of Model Fitness

The measures of fitness that are used in this study nsgkef the minimum discrepancy function.
However, they differ with respect to the magnitude efgkenalty each measure imposes
depending on the level of complexity represented by theemo



CMIN/DF is the minimum discrepancy divided by its degrddse@dom. Several writers have
suggested the use of this ratio as a measure of fitost cases this value (ratio) should be close
to one for correct models. In general, a ratio ofschiare to degrees of freedom of less than five
seems to be an acceptable rang¥:**°

The Akaike information criterion (AIC) is given by tsem of the discrepancy function and twice
the number of distinct parameters. The Browne-Cudeckr@nit (BCC) imposes a slightly
greater penalty for model complexity than does A& The criterion is that the model with
the smallest value of the ratio, AIC and BCC shouldddected to investigate the problem
identified by the study.

4. Sour ces of Data and Variable Definitions

Availability of data is crucial to modelling the inteten between human activities and the
environment. In the absence of sound data, proxiesdmators could be utilized. For example,
emissions of S&and NQ could serve as indicators of air pollution.

Sulfur dioxide interacts in the atmosphere to form seilgrosols, which may be transported long
distances through the air. Most sulfate aerosols atielparthat can be inhaled. Higher levels of
sulfate aerosols are associated with increased mgrsitikness) and mortality from lung
disorders, such as asthma and bronchitis. Decreas#omen oxide emissions are also expected
to have a beneficial impact on health by reducing itnate component of inhalable particulates
and reducing the nitrogen oxides available to reactwaldtile organic compounds and form
ozone. Ozone impacts on human health include a numbeorbidity and mortality risks
associated with lung disorders®

Cumulative effects of pollutants such as,SRO;, VOCs, etc., on humans include emphysema,
respiratory tract irritation from gas and particlesham, heart trouble, lung cancer, irritation, etc.
Expenditure to protect humans from emissions of, N8}, VOCs, CO and C&has been
increasing. For example, in the USA, it is estimated &ir pollution costs $150 billion yearly in
health care: $100 billion from indoor air pollution and $#idb from automobiles?

Time series data on socioeconomic, environmentdlhaman heath are difficult to gather. Even
when available, the units of measurements may ntdtdosame. Fortunately the OECD has
compiled, though deficient, a large amount of healthedldiata that served as the primary
source for this stud?.

The data were divided into four categories: i) North Ac@e¢Canada and USA), ii) the Pacific-
Rim (Japan, Australia, and New Zealand), iii) Europe (W&and, Spain, Portugal, France, ltaly,
Germany, Switzerland, Austria, Denmark, Norway, Belgithm, Netherlands, Finland and
Sweden), and iv) all OECD countries. The criteriagiayuping of countries are geographical
proximity.

Several variables were examined in undertaking this siMdwgy variables were discarded due to
lack of data and statistical problems such as lack ofezgence and collinearity. After repeated
trials, the following variables were selected to stigate causal linkages and interrelationships
between socioeconomic, environmental and human heslidbles.



The variables considered in the present study includegahty from all causes measured in
deaths /100 00 (MOALL); potential year life lost, exceptisig, number per 100 000 (LIFELO);
incidences of cancer per 100 000 population (CANC); natieaihexpenditure in % GDP
(EXPEN); total costs for all ICD categories in roilis of dollars (CICD); total costs due to
respiratory system disorder in millions of dollars (DR); total costs due to circulatory system
disorder in millions of dollars (CICDC); medical ca@verage in % population(COVER);
calories intake (in number/capita/day) (CALO); proietake( in grams /capita/day) (PROT);
fats & oil (in kilo /capita) (FAOIL ); fruits and vegdites (kilo/capita (FRUVEG); fibers
(kilos/capita kilos) (FIBRE ); population in number (RQPtotal employment in % total
population (EMPLO); GDP in million US$(GDP); labour protivity (GDP/labour productivity
gain) (LABPRO); total factor productivity (GDP/ factproductivity gain) (TFP); enrolment in
secondary and above schools in persons (EDUCA); emsssif NQ, SOx, VOCs, CQ and CO
in thousands of tonnes; and energy consumption in tarfregisequivalent ( ENERY). Due to
lack of statistical convergence, indices were derivedoiod intake and emissions were
aggregated into two groups.

Emissions of pollutants such as NSQ, and VOCs (labeled as NOSOVO) were summed to
capture the joint impact on human health as well asdace the number of parameters. Similarly,
emissions of C®and CO were combined, and labeled as (TOCOCO2). TDakifitake indices
was derived as follows:

5
Food INdex ZFi/Firmax e 9
i=1

Where F refers to intake of food, i indicate the fogkt(protein, fats/oil, fiber, calories, fruit and
vegetables); r to country and t refers to years. dhadla indicates that the food intake of a
given region in any year is approximately equal to thie i intake of a particular type of food
to the maximum intake of the same food in any given semmed over five food groups. Thus,
its value is truncated between zero and five. The hitdfeevalues of this index the higher and/or
more “balanced” the food intake of a certain region is.

The variables used in this study could be divided into twaoigs: endogenous and exogenous.
The endogenous variables are health coverage; food massions of NQ SG,, and VOCs;
education; mortality; incidences of cancer; labour pradtygtexpenditure for health; emissions
of CO and CQ life lost; and total factor productivity. The obsedvexogenous variables are
GDP; population; employment and energy consumption.

5. Resultsof LISREL analysis

The Results of LISREL analysis for OECD, Europe, Néwtierica and Pacific-Rim are
presented in Table 1. For some of the causal linkagesied in figure 1, estimates could not be
derived due to statistical problems such as lack of cgenee.



Prior to analysis of causal relationships, Pearsooreelation analysis, using a two-tailed test,
was conducted. The results indicated that mortality igipelg and significantly associated with
emissions, and health expenditure is significantly assstwith all mortality, life lost, incidences
of cancer, and emission of pollutants. Interestinglgwgh in the overall economy is negatively
associated with mortality but positively with incidesad cancer and other forms of iliness.
Emissions of pollutants (NQSQ, VOCs, CO and C§) as well consumption of energy is
positively and significantly associated with most Malga included in the present study. A quick
summary of the results of the Pearson’s correlatiatyais indicated that i) economic growth and
other exogenous factors such as energy consumption and tgopate positively and
significantly correlated with pollution levels, and tihiaemissions of pollutants are positively and
significantly correlated with human health indicatassnell as expenditures on human health.

Increases in health coverage and education contribueglted incidences of cancer. Emissions
of pollutants such as SONG;, VOCS, CO and C@Ocontribute significantly to increased
incidences of cancer. On the other hand employmen¢e@mabmic growth significantly and
positively influence health coverage while they argatieely affected by increases in population.

The level of employment and growth in the economy (BRd3itively and significantly influences
the level of education. As indicated in the paper, coimipghe impacts of pollutants or
environmental degradation on human health costs a stibssEamount of money. The result of
the analysis indicated that incidencesof cancerplfeand mortality from all causes significantly
and positively contributed to increases in expenditurkeatth. On the other hand, improvements
in labour and total factor productivity help reduce spendmbealth.

One of the socioeconomic factors included in this stualy an index for consumption of food.
The result indicates that the level of employment aahemic growth contribute to increases in
“balanced” food consumption. Food consumption in turn dautes to increases in labour
productivity, reduced life lost, and reduced mortality.

Health coverage, education, and productivity of other pramluatputs positively and
significantly influence the productivity of labour. ldences of cancer, mortality, and emissions
of SO, NG, VOCS, CO and CoOpositively influence life lost. However, life losbeld be
minimized by increases in education, labour productivity ‘dalanced” food consumption.

Incidences of cancer and emissions of the pollutantivahginfluence mortality from all causes.
However, increases in health coverage, education,@iarited” food contribute to reduced
mortality. On the other hand, energy consumptionp@cic growth, and population
significantly influenced emissions of the pollutantsohcern. Improvements in productivity were
positively influenced by education and but negatively biggions of pollutants.

The findings for Europe, North America and the PaciRith seem to confirm the results for the
OECD. However, due to lack of statistical convergesoaje of the causal linkages were
eliminated from the analyses for these three ecancegions (see Table 1).

In summary, the findings of the LISREL analysis shbat investments in education, increased
employment, reduced emissions of pollutants and increassith ltoverage will contribute to i)
reduced the incidencesof cancer and mortality, ii) ae®d labour and total factor productivity,
hence economic growth, and iii) reduced life lost. Furtioee, educating the public about the



usefulness of a “balanced” diet may contribute to irsgeédn productivity, reduce life lost and
mortality. In general, it seems that interventioratggies that are intended to i) improve the
education and availability of food, and ii) protect thei@nment from increased pollution will
makeup the principal driving forces for improvements inremmental quality and human health.

6. Conclusions and Recommendations

Human activities are the driving forces for increasaasamption of energy and other resources.
The extraction or use of resources results in a signifiamount of wastes and emissions. These
unwanted products will find their way into the environtnasthe primary sink. Thus the
environment provides goods and services or factors diygtmn, at the same time serves as
storehouse of unwanted products.

Economic growth is often accompanied by acceleratedtinaizmtion. The primary driver of
industrialization has always been consumption of enégyssions and wastes resulting from
energy consumption and extraction of other resources o@kesignificant portion of human and
environmental risk factors. These risk factors posestis by causing iliness, reduced
productivity, mortality, morbidity, etc. Investmentsdéor improvements with respect to
parameters such as education, “balanced” diet and sob@¢psuch as health coverage could
ameliorate the effects of environmental risk factdlsvertheless, the speed with which wastes
and pollution are generated is faster than what thecamaent can assimilate. Therefore,
governments are spending a significant amount of scasargcial resources to protect human
health and the environment. However, strategiesdti@mpt to minimize impacts or effects
cannot be sustained for a long time.

National and international agencies and countries shmplément strategies to influence forces
that accelerated depletion of resources and degradatiba ehvironment. Without a concerted
effort by all countries, the impacts of trade on ameded extraction of resources, and
industrialization on emission of transboundary pollutasts. would increase causing more
threats to humans and the environment at regionaltigoamd continental levels. The findings of
the present study confirmed that i) exogenous factorsasielbonomic growth, population and
energy consumption contribute to increased emissiopsliotants, and ii) that these pollutants,
directly or indirectly, contribute to increased mottalincidences of cancer, life lost, and loss in
productivity, and iii) the combined effects of (i) anfl din environmental degradation is that an
ever increasing amount of money has to be devotedaithloare system. Obviously, this pattern
of progress or performance of countries cannot be sastéor an indefinite future. Policies that
aim to implement strategies that would anticipate andgmtesnvironmental and human health
risk factors should be implemented to ensure progressdmuatainable environment and
development.
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Fig. 1. General Model of Casual Linkages and letatronships Between
Socioeconomic, Environmental and Human health \Bées
0,1
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error < error

GDP / cover
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ACRONYMSusad in the modd

MOALL- Mortality from all causes;

LIFELO- Potential year life lost, except suicide;

CANC- Incidencesof cancer per 100 000 population;
EXPEN-National health expenditure in % GDP;

CICD- Total costs for all ICD categories;

CICDR-Total costs due to respiratory system disorder;
CICDC- Total costs due to circulatory system disorder;
COVER- Medical care coverage in % population;
FOODINDE- Food Index for calorie, fats & oll, fruiteé vegetables, protein, and fibers
POPU- Population in number (POPU);

EMPLO-Total employment in % total population;

GDP- Gross Domestic product;

LABPRO-Labour productivity;

TFP- Total factor productivity;

EDUCA- Enrolment in secondary and above schools;
NOSOVO- Sum of emissions of NO5Ox, and VOCs;
TOCOCO2- Sum of Coand CO; and

ENERY- Energy consumption.
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Table 1. Results of LISREL Analysis by Country Group, Basedata from 1980 to 1997

Category OECD Europe North America Pacific-Rim
Direction of Causality Estimate C.R. Estimagte C.R. | stifBate| C.R. Estimat¢ C.R.
CaNC s----------- covel -1.682( |-5.307( |0.45:% 1.50z -1.83¢  |-6.2%

CaNC s----------- EDUCA -0.900( |-7.396( |0.58¢ 4.2¢ 1.21¢ 21.86f |1.13Z 7.53i
canc s---------- NOSOV( 2.002( 16.986( |2.001 5.502 1.00z 12.93t ]1.00:¢ 9.53¢
canc <--------- TOCOCO. 1.013C  |9.615( 1.0z 2.27¢ 1.04¢ 9.93¢ 0.8: 9.92¢
COVEr <---------- EMPLC 2.246( 19.410( |0.22i 5.88:2 1.03¢ 7.02¢ 1.91¢ 10.15¢
(o0 = B — GDF 1.960C |8.746( ]0.872 8.891 1.9¢ 16.42¢ |2.58: 14.54:
COVer <----------- popt -1.200C |-10.793( |-1.0¢ -18.89¢ |-2.0¢ -23.37¢

EDUCA <---------- EMPLC |7.000( |17.813( |4.03: 9.19¢ 1.8¢ 10.16¢

EDUCA <------------ GDF 2.150(C |26.374( |4.241 13.23¢  |2.41 15.94:

expen «---------- can( 2.002( |6.528( |2.101 9.12¢ 1.05¢ 8.58:2 2.11¢ 16.95:
expen «-------- labprc 1.020C |3.384( |-0.45¢ 4.3t -0.00:  |-5.02 -0.59¢  |-11.46:
expen «-------- lifelo 2.001( |18.087( |-0.002: |-2.017 |1.01¢ 5.391] 3.701 14.3¢
expen «--------- moall 3.019( |22.217( |3.001 16.73:

L R — tfp -0.977( |-8.960(

foodinde <------- EMPLC 3.011( |13.389( |2.10¢ 8.27¢ 1.021 5.56: 1.78: 11.70¢
foodinde <--------- GDF 4.500( [13.897( |2.4% 18.307  |1.02¢ 14.69: ]1.98i 9.40¢
foodinde <-------- popt -2.400( |-12.123( |-1.001  |8.30¢ -0.982  |-13.25¢ |-0.99¢  |-15.58:
labpro <--------- covel 4.600( [11.224( |2.52i 6.68 0.421 6.157

labpro <--------- EDUCA 3.825( |9.233( [1.45: 11.55¢ ]2.00¢ 16.43: |3.0¢ 19.70¢
labpro <------ foodinde 6.200C 19.186( |3.6¢ 4.66: 2.202 5.04: 4.75¢ 9.56¢
labpro <----------- tfp 1.096( [7.230(

lifelo <---------- cant 3.265(  3.456(

lifelo <--------- covel 1.897C ]12.737( |1.42¢ 5.80¢

lifelo <--------- EDUCA -0.801( |-5.929( |1.09:% 12.72:

lifelo <------ foodinde 1.833(  |5.051( ]0.93¢ 4.78]

lifelo <-------- labprc 0.983( |-9.209( |0.001 0.55¢

lifelo <--------- moall 5.905( |47.773(

lifelo <-------- NOSOV( -0.078( |-10.193( |0.02 0.96¢

lifelo <------- TOCOCO. -2.399( |-13.741( |0.85¢ 4.88¢

lifelo <---------- cant 3.26¢ 5.45¢ 3.19¢ 11.02 0.79i 2.34] 1.06¢ 7.607
moall <---------- covel -2.780( |-9.323( |0.87¢ 4.03¢ -0.97%  |-7.43i

moall <---------- EDUCA -1.200(C |-16.080( |0.39¢ 2.86¢ 0.99- 3.88i 0.77¢ 5.53¢
moall <------- foodinde -2.524( |-8.424( |0.32: 2.092 -1.0¢ -2.01¢  |1.05¢ 4.682
moall <--------- NOSOoV( 1.007C ]10.436( |0.501 4.31¢ 0.34¢ 2.52¢ 3.901 13.33¢
moall <-------- TOCOCO. 1.065C ]12.928( |1.03¢ 7.941 1.01: 3.54¢ 0.15¢ 9.54¢
NOSOVO <--------- enen 1.929C ]26.129( |1.1917 17.90%  |1.04: 16.8¢ 0.7: 4.631
NOSOVQ <----------- GDF -2.002( |-8.740( |3.001 11.26: |2.00¢ 6.21¢ 0.30: 5.17¢
NOSOVO <«---------- popt 3.051( |15.165( |2.022 8.13¢ 1.257 12.764 2.00< 11.22¢
NOSOVO <------- TOCOCO. -2.421( |-0.972(

tfp <------------ EDUCA 1.007C  ]11.763(

tfp <----------- labpr¢ 2.004( ]21.348(

tfp <----------- Nnosov( -3.063( |-14.052(

tfp <---------- TOCOCO. -3.751( |-9.738(

TOCOCO2 «------- enen 4.020( [15.500( |2.00¢ 14.34: |3.04: 19.54. 10.221 7.17¢
TOCOCO2 «------ NOSOV( 0.021( |1.018(

TOCOCO?2 <--------- popu 3.9000 | 9.2920] 3.001 7.732 2.003 15.276  2.605 12,
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