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Abstract

In this study, we try to provide answers for the following four questions: (1) whether economic development (as proxied by GDP per capita) is a significant determinant of environmental sustainability, (2) whether this interaction shows different characteristics at different stages of the economic development, (3) whether the performance of IDB-member countries is better than other developing countries and developed countries, and (4) whether trade liberalization lead to higher environmental sustainability. We demonstrate that an increase in GDP per capita will have the highest impact on the environmental sustainability index (ESI) in the IDB-member countries as compared to both other developing countries and developed countries. This finding indicates that for IDB-member countries there is a higher potential to improve their environmental conditions as their respective economies grow. Regarding the impact of trade liberalization policies on environmental sustainability, our data does not provide statistically significant results; the impact of higher openness on the environmental sustainability index (ESI) is mixed (for some countries positive and for some negative), but not significant. In brief, the results of our analysis may be seen positively by the policy makers in developing countries as they do not need to give up policies toward higher economic growth to protect their environment; development and sustainability can be complementary if suitable policies on development and environment are implemented jointly. 

1. Introduction

The Stockholm Conference on Environment and Development in 1972 had been an important international meeting where concerns about global environment were outspoken and the importance of formulating policies to overcome environmental problems started to be recognized.  In 1980’s and 1990's, with rapidly emerging concerns about global threats such as ozone-layer depletion and global warming, environmental issues made their way into public policy agenda in many developed countries.

In particular, two areas of research have attracted the attention of economists and policy makers. Firstly, the relationship between environmental quality and economic growth has been empirically modeled through emissions-income relationship by many authors. Grossman and Krueger (1991, 1993, 1995) have shown an inverted U-type relationship between per capita income and emissions of SO2 and suspended particulates. This inverted-U type relationship between income and emissions is commonly known as Environmental Kuznets Curve Hypothesis (EKC) in the literature. EKC hypothesis has been tested by many others: Shafik and Bandyopadhyay (1992), Selden and Song (1994), Cropper and Griffith (1994), Kaufmann, Davidsdottir, Garnham, and Pauly (1998), and Agras and Chapman (1999) can be seen among others. Shafik and Bandyopadhyay (1992) have analyzed total and annual deforestation, where Cropper and Griffith (1994) have studied “rate” of deforestation. Selden and Song (1994) have looked at various air pollutants (suspended particulate matter (SPM), SO2, NOx and CO) and found similar results; however, the turning points, i.e. threshold levels, were substantially different across these studies. Holtz-Eakin and Selden (1995) have found that CO2 emissions did not show the same EKC pattern. Instead, CO2 emissions monotonically increases with income. Hettige et al. (1999) have explored the income-environmental quality relation for industrial water pollution. They have shown that water pollution stabilizes with economic development, but have not detected an eventual decline. 

Secondly, several methodological approaches have been employed to examine trade and environment linkage. These approaches have been summarized by the literature surveys by Dean (1992), Ulph (1994), van Beers and van den Bergh (1996) and Alpay (2001). Among the interactions between trade and environment, the impact of trade liberalization on environmental quality has usually been studied together with the interactions between economic growth and environment mentioned above (one can see Grosmann and Krueger 1991, 1993, Kaufmann et al. 1998, and Agras and Chapman 1999).  

All these studies try to establish a direct linkage between income and pollution and/or between trade and pollution. They seem to overlook the more basic and fundamental interaction among these variables: the impact of income growth and trade liberalization on environmental awareness and policy making. Theoretically, if one considers environmental quality as a normal good, one would expect that demand for better environment, and therefore public pressure for stricter environmental regulations will rise with increases in per capita income.  In this paper, we will use a recently developed measure for environmental sustainability known as Environmental Sustainability Index (ESI), and examine the interactions between ESI and income empirically (ESI includes dimensions related to environmental awareness and policy making). In particular we focus on four questions: (1) whether economic development (as proxied by GDP per capita) is a significant determinant of environmental sustainability, (2) whether this interaction shows different characteristics at different stages of the economic development, (3) the performance of IDB-member countries with respect to other developing countries and developed countries, and (4) whether trade liberalization lead to higher environmental sustainability. 

Given this very important data set on the sustainability of the environment, we will first identify the conditions of IDB-member countries as reported in the data set with respect to overall environmental sustainability index as well as the five core components of the ESI. As the data is provided in a disaggregated format we will be able to provide interesting and important details not only regarding the current level of core components such as the state of environmental systems, stresses on this system, social and institutional capacity but also regarding their subcomponents such as air and water quality, pesticide use, soil degradation, deforestation, basic human sustenance, science and technology capacity, civil and political liberties, international commitment etc. 

In section 2, we briefly present an introduction to the Environmental Sustainability Index (ESI). In section 3, we present comparative analysis of ESI index across the group of countries mentioned above. Section 4 introduces our model and data sources, and the section 5 summarizes main findings.

2. Environmental Sustainability Index

Environmental Sustainability Index (ESI) (2001) is the result of collaboration among the World Economic Forum’s Global Leaders for Tomorrow (GLT) Environment Task Force, the Yale Center for Environmental Law and Policy (YCELP), and the Columbia University Center for International Earth Science Information Network (CIESIN).

Environmental sustainability index is constructed by focusing on the following five  dimensions: (1) the state of the environmental systems, such as air, soil, ecosystems and water; (2) the stresses on those systems, in the form of pollution and exploitation levels; (3) the human vulnerability to environmental change in the form of loss of food resources or exposure to environmental diseases; (4) the social and institutional capacity to cope with environmental challenges; and (5) the ability to respond to the demands of global stewardship by cooperating in collective efforts to conserve international environmental resources such as the atmosphere. Then, environmental sustainability can be defined as the ability to produce high levels of performance on each of these dimensions in a lasting manner. These five items are referred to as the core components of environmental sustainability.

There is no scientific knowledge that will specify precisely what levels of performance are high enough to be truly sustainable, especially at a worldwide scale. Nor it is possible to identify in advance whether any given level of performance is capable of being carried out in a lasting manner. Therefore the index has been built in a way that is primarily comparative. The difficult task of establishing the thresholds of sustainability remains to be tackled; this is not easy as it is complicated by the dynamic nature of such economic factors as changes in technology over time. 

The reasoning behind the choice of these five core components as building blocks of environmental sustainability as explained in the ESI Report (2001) is as follows:

Regarding Environmental Systems: “A country is environmentally sustainable to the extent that its vital environmental systems are maintained at healthy levels, and to the extent to which levels are improving rather than deteriorating.” 

Regarding Reducing Environmental Stresses: “A country is environmentally sustainable if the levels of anthropogenic stress are low enough to engender no demonstrable harm to its environmental systems.”

Regarding Reducing Human Vulnerability: “A country is environmentally sustainable to the extent that people and social systems are not vulnerable (in the way of basic needs such as health and nutrition) to environmental disturbances; becoming less vulnerable is a sign that a society is on a track to greater sustainability.”

Regarding Social and Institutional Capacity: “A country is environmentally sustainable to the extent that it has in place institutions and underlying social patterns of skills, attitudes and networks that foster effective responses to environmental challenges.”

Regarding Global Stewardship: “A country is environmentally sustainable if it cooperates with other countries to manage common environmental problems, and if it reduces negative extra-territorial environmental impacts on other countries to levels that cause no serious harm.”

These core components have been derived from a set of 22 environmental sustainability indicators, which were identified on the basis of a careful review of the environmental literature and substantiated by statistical analysis. Similarly, each of the indicators has been associated with a number of variables that are empirically measured. A total of 67 variables have been used in the derivation of the indicators. The variables are chosen by considering the theoretical logic and relevance of the indicator in question, data quality, and country coverage. In general variables with extensive country coverage are included, but in some cases, variables with narrow coverage are also incorporated if they measure critical aspects of environmental sustainability that would otherwise be lost. For example, air quality and water quality data were missing in many poor countries, but they were included anyway because of their central role in environmental sustainability. The list of the indicators and associated variables are as follows(first core components, then indicators, and under indicators, variables are listed):

Environmental Systems

· Air Quality

Urban SO2 concentration 

Urban NO2 concentration 

Urban TSP concentration

· Water Quantity

Internal renewable water per capita 

Water inflow from other countries per capita 

· Water Quality

Dissolved oxygen concentration 

Phosphorus concentration 

Suspended solids 

Electrical conductivity 

· Biodiversity 

Percentage of mammals threatened 

Percentage of breeding birds threatened 

· Terrestrial Systems 

Severity of human induced soil degradation 

Land area affected by human activities as a % of total land area 

Reducing  Stresses

· Reducing Air Pollution

NOx emissions per populated land area 

SO2 emissions per populated land area 

VOCs emissions per populated land area 

Coal consumption per populated land area 

Vehicles per populated land area 

· Reducing Water Stress

Fertilizer consumption per hectare of arable land 

Pesticide use per hectare of crop land 

Industrial organic pollutants per available fresh water 

Percentage of country’s territory under severe water stress 

· Reducing Ecosystem Stress

Percentage change in forest cover 

Percentage of country’s territory in acidification exceedence 

· Reducing Waste & Consumption Pressures

Consumption pressure per capita 

Radioactive waste 

· Reducing Population Pressure

Total fertility rate 

% change in projected population between 2000 & 2050 

Reducing Human Vulnerability

· Basic Human Sustenance

Daily per capita calorie supply as a % of total requirements

% of population with access to improved drinking-water supply 

· Environmental Health

Child death rate from respiratory diseases 

Death rate from intestinal infectious diseases 

Under-5 mortality rate 

Social and Institutional Capacity

· Science/Technology

R & D scientists and engineers per million population 

Expenditure for R & D as a percentage of GNP 

Scientific and technical articles per million population 

· Capacity for Debate

IUCN member organizations per million population 

Civil and political liberties

· Regulation and Management

Stringency and consistency of environmental regulations

Degree to which environmental regulations promote innovation 

Percentage of land area under protected status

Number of sectoral EIA guidelines

· Private Sector Responsiveness

No. of ISO14001 certified companies per million dollars GDP

Dow Jones Sustainability Group Index membership 

Average Innovest EcoValue’21 rating of firms 

World Business Council for Sustainable Development members 

Levels of environmental competitiveness 

· Environmental Information

Availability of sustainable development info. at the national level 

Environmental strategies and action plans 

Number of ESI variables missing from selected data sets 

· Eco-Efficiency

Energy efficiency (total energy consumption per unit GDP)

Renewable energy prod. as a % of total energy consumption

· Reducing Public Choice Distortions

Price of premium gasoline

Subsidies for energy or materials usage 

Reducing corruption

Global Stewardship 

· International Commitment

No. of memberships in environmental intergovernmental orgs. 

Percentage of CITES reporting requirements met 

Levels of participation in the Vienna Convention/Montreal Prot.

Compliance with environmental agreements 

· Global-Scale Funding/Participation

Montreal Protocol Multilateral Fund participation 

Global Environmental Facility participation 

· Protecting International Commons

FSC accredited forest area as a % of total forest area 

Ecological footprint “deficit” 

CO2 emissions (total times per capita)

Historic cumulative CO2 emissions 

CFC consumption (total times per capita) 

SO2 exports

The Environmental Sustainability Index (ESI) is calculated by taking the average values of the 22 indicators, which are computed from the variables. 

3. Comparative Analysis

The Environmental Sustainability Index (ESI) has been developed for 122 countries, and it measures overall progress towards environmental sustainability The three highest ranking countries in the 2001 ESI are Finland, Norway, and Canada. In general, IDB member countries rank in the middle. A high ESI rank means that a country has achieved a higher level of environmental sustainability than most other countries; on the other hand, a low ESI score indicates that a country is facing substantial problems in achieving environmental sustainability. The ESI scores are based upon a set of 22 core indicators, each of which is derived from two to six variables for a total of 67 background variables. The ESI permits cross-national comparisons of environmental progress in a systematic and quantitative fashion. Among the many use of ESI, we can mention (i) identification of issues where national environmental results are above or below expectations; (ii) policy tracking to identify areas of success or failure; (iii)  benchmarking of environmental performance; (iv) identification of best practices; and (v) investigation into interactions between environmental and economic performance.

As seen in Tables 1 to 3 in the appendix, the average ESI score for the IDB-member countries (41.5) is less than those of the other  developing countries (47.5) and the developed countries (64.2). This pattern is also mostly observed in the five core dimensions of the ESI. The member countries outperform developed countries with respect to Reducing Stresses dimension of the ESI. Other developing countries’ performances are always superior to the those of the member countries of the IDB. The worst performance of IDB-member countries is on the social and institutional capacity, and the best performance is associated with reducing stresses. 

4. Model and Estimation

Our main goal in this paper is to identify the interactions between environmental sustainability, economic development and openness to international markets. Our data set comes from the original report on The Environmental Sustainability Index (ESI) (2001), which is described above briefly.

Our simple model is as follows:

(1)               ESI ==  F (ED, OT)

where ESI refers to Environmental Sustainability Index, ED represents economic development and it is proxied by GDP per capita; OT is openness to international markets, and it is proxied by trade intensity variable (which is measured by the ratio of sum of exports and imports to GDP). 

On the estimation side, we have used non-parametric kernel estimation method (Pagan and Ullah 1999) instead of classical linear regression method. We can mention two advantages of using the nonparametric kernel method. Firstly, the non-parametric method does not impose any a priori functional relationship between variables. It identifies the best possible model from the data itself. This is very useful in our case as a theoretical model explaining the dependence of Y on ED and OP is not very well established. Secondly, the nonparametric kernel estimation technique enables us to compute the impact of independent variables on the dependent variable for each observation point in the data set. As our goal is to compare the impact of economic development and openness to trade on the environmental sustainability across three group of countries, namely IDB-member countries, developing countries and developed countries, these advantages of nonparametric kernel estimation will be very useful. A brief introduction for the non-parametric kernel estimation method we have used is presented in the appendix 2. 

Our estimation results for the model in equation (1) indicate that the estimated coefficients are not statistically significant for most of the observations. Thus, we decided to drop openness to trade variable from the model and performed a new non-parametric regression between environmental sustainability index and GDP per capita. The estimated gradients for the IDB-member countries are given in Table 5 below:

Table 4

Non-parametric Kernel Estimations

	Country
	Gradient
	Std Error
	T-statistic

	Albania
	0.00122
	3.27E-05
	37.3685

	Algeria
	0.00118
	4.12E-05
	28.5962

	Azerbaijan
	0.00124
	2.84E-05
	43.5858

	Bangladesh
	0.00126
	2.12E-05
	59.2561

	Burkina Faso
	0.00127
	1.45E-05
	87.5776

	Cameroon
	0.00125
	2.24E-05
	56.0773

	Egypt
	0.00121
	3.42E-05
	35.5603

	Gabon
	0.00115
	4.63E-05
	24.7610

	Indonesia
	0.00122
	3.19E-05
	38.3855

	Iran
	0.00117
	4.31E-05
	27.1089

	Jordan
	0.00120
	3.70E-05
	32.4967

	Kazakhstan
	0.00118
	4.04E-05
	29.3202

	Kuwait
	0.00090
	8.48E-05
	10.6550

	Kyrgyz Rep.
	0.00123
	2.97E-05
	41.4711

	Lebanon
	0.00119
	3.91E-05
	30.4386

	Libya
	0.00114
	4.70E-05
	24.2603

	Malaysia
	0.00112
	4.99E-05
	22.4829

	Mali
	0.00127
	1.04E-05
	122.0661

	Mauritius
	0.00125
	2.28E-05
	54.9350

	Morocco
	0.00121
	3.53E-05
	34.2853

	Mozambique
	0.00127
	1.15E-05
	110.2010

	Niger
	0.00127
	1.16E-05
	109.9849

	Pakistan
	0.00125
	2.46E-05
	50.7275

	Saudi Arabia
	0.00107
	5.83E-05
	18.2989

	Senegal
	0.00126
	2.06E-05
	60.8900

	Sudan
	0.00126
	2.09E-05
	60.0880

	Syria
	0.00121
	3.48E-05
	34.7842

	Togo
	0.00126
	2.09E-05
	60.1863

	Tunisia
	0.00116
	4.37E-05
	26.6482

	Turkey
	0.00114
	4.69E-05
	24.3812

	Uganda
	0.00126
	1.73E-05
	73.2002

	Average
	0.001205
	
	


In the above table, the gradients represent the impact of a change in GDP per capita on the environmental sustainability index; they are similar to the coefficient terms in a classical linear regression model. It is clearly observed that the impact of economic development on the sustainability is positive. 

We also obtained the gradients for other developing countries and the developed countries. It turns out that the average gradient for other developing countries is 0.001184, and for the developed countries it is equal to 0.000928.  The plot of gradients across GDP per capita is given in appendix 1 (Figure 1). It is very clear that the gradients decline as income increases. We leave the discussion of our results to the next section.
5. Conclusions

Understanding the impact of economic development and trade liberalization policies on the environmental quality is becoming increasingly important as general environmental concerns are making their way into main public policy agenda. This is especially important nowadays as the environmental consequences of human activities exceeded certain limits and can not be considered as negligible. On the other hand, economic development and trade liberalization are among the top priority policies in the IDB-member countries as in most of the developing countries. Thus, it is worth studying environmental consequences of economic development and more openness to trade. 

In this paper we made a first attempt towards understanding the implications of a newly developed extensive environmental sustainability index (ESI 2001) for the IDB-member countries.  The index has been based on 5 core dimensions, which are derived from 22 indicators; indicators are constructed by using 67 relative variables, overall. ESI (2001) presents the outcome of the index generation process both at the aggregated and disaggregated level for 122 countries. The disaggregated data set help us see the current conditions of each country with respect to environmental sustainability. For example, for IDB-member countries in the Africa continent, there is a strong need for improvement in the human vulnerability dimension. The social and institutional capacity is a problem almost for all member countries.

Our results show that per capita income has a very strong and positive relation with environmental sustainability index (ESI). Additionally, the income-ESI relationship show different characteristics across developing and developed countries. Marginal impact of income on the environmental sustainability index is shown to be higher in developing countries as compared to developed countries. Noting that the level of ESI is higher in high-income countries than in middle and low-income ones, this may be used as an evidence for Environmental Kuznets Curve (EKC) hypothesis as well. The decline in marginal contribution of income to ESI with rising income indicates the possibility that higher income countries have already taken enough precautions for a better environment so that there is relatively limited room for additional improvement that may be generated with even higher income. This changing nature of the relationship between income and environmental sustainability may imply a changing interaction between emissions and income at different income levels. The stabilization of ESI levels in high income group can be seen as a support for the inverted U-type relationship between income and emissions, indicated in the EKC studies. 

We also demonstrate that an increase in GDP per capita will have the highest impact on the environmental sustainability index (ESI) in the IDB-member countries as compared to both other developing countries and developed countries. This finding  indicates that for IDB-member countries there is a higher potential to improve their environmental conditions as their respective economies grow. Regarding the impact of trade liberalization policies on environmental sustainability, our data does not provide statistically significant results; the impact of higher openness on the environmental sustainability index (ESI) is mixed (for some countries positive and for some negative), but not significant.

In brief, the results of our analysis may be seen positively by the policy makers in the developing countries as they do not need to give up policies toward higher economic growth to protect their environment; development and sustainability can be complementary if suitable policies on development and environment are implemented jointly. 
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Appendix 1.

Table 1

IDB-Member Countries

	COUNTRY
	ESI
	ENVIR. SYSTEM
	REDUC. STRESS
	HUMAN VULNER.
	SOC.INST CAPACITY
	GLOBAL STEW.

	Albania
	44.2
	44.6
	65.4
	48.3
	39.6
	19.3

	Algeria
	38.9
	40.7
	53.6
	46.2
	25.5
	41.3

	Azerbaijan
	46.4
	38.9
	65.2
	58.7
	27.8
	64.7

	Bangladesh
	39.5
	40.1
	56.3
	13.8
	33.2
	47.4

	Burkina Faso
	38.6
	37.4
	52.6
	4.3
	38.7
	54.2

	Cameroon
	44.9
	56.5
	58.9
	13.0
	31.4
	61.5

	Egypt
	46.5
	45.6
	48.4
	51.1
	41.7
	52.9

	Gabon
	50.5
	78.0
	55.2
	24.5
	34.1
	50.1

	Indonesia
	42.6
	33.5
	57.8
	52.7
	34.3
	46.4

	Iran
	38.4
	35.0
	56.4
	67.9
	27.2
	24.9

	Jordan
	40.1
	37.1
	31.9
	61.8
	40.4
	44.9

	Kazakhstan
	41.6
	48.8
	76.8
	68.5
	21.5
	11.4

	Kuwait
	31.9
	39.8
	20.0
	79.5
	29.4
	18.4

	Kyrgyz Republic
	39.6
	42.8
	67.8
	53.0
	26.8
	15.7

	Lebanon
	37.5
	38.8
	21.3
	72.2
	37.6
	42.6

	Libya
	31.3
	47.7
	41.6
	56.2
	18.1
	13.7

	Malaysia
	49.7
	52.9
	31.9
	70.7
	47.1
	66.3

	Mali
	46.2
	64.6
	54.1
	6.4
	37.5
	60.1

	Mauritius
	51.2
	38.3
	41.3
	80.5
	48.0
	73.8

	Morocco
	41.9
	29.5
	59.9
	49.1
	37.9
	39.0

	Mozambique
	44.2
	50.4
	71.2
	3.0
	34.1
	57.9

	Niger
	36.5
	45.1
	57.5
	3.1
	25.2
	56.1

	Pakistan
	43.6
	43.4
	47.9
	26.3
	42.1
	52.5

	Saudi Arabia
	29.8
	39.1
	35.0
	70.4
	18.1
	15.8

	Senegal
	42.5
	47.1
	51.5
	16.8
	34.4
	59.9

	Sudan
	37.7
	48.0
	56.4
	13.5
	25.4
	42.2

	Syria
	37.9
	43.9
	44.3
	56.5
	24.9
	38.1

	Togo
	39.1
	50.6
	51.9
	10.6
	32.1
	41.5

	Tunisia
	43.7
	39.9
	52.1
	59.5
	31.6
	55.5

	Turkey
	46.3
	38.1
	58.1
	62.4
	42.4
	39.2

	Uganda
	44.0
	42.7
	51.8
	6.4
	46.2
	64.2

	Average
	41.5
	44.5
	51.4
	42.2
	33.4
	44.2


Table 2

Developing Countries

	COUNTRY
	ESI
	ENVIR. SYSTEM
	REDUC. STRESS
	HUMAN VULNER.
	SOC.INST CAPACITY
	GLOBAL STEW.

	Tanzania
	40.3
	44.2
	51.9
	7.7
	41.1
	43.7

	Malawi
	41.3
	50.2
	54.9
	4.1
	39.9
	47.4

	Burundi
	30.1
	31.5
	44.3
	4.1
	32.7
	27.9

	Ethiopia
	31.2
	31.5
	55.5
	1.7
	29.6
	36.4

	Zambia
	39.8
	53.7
	48.5
	5.8
	37.8
	41.4

	Madagascar
	35.4
	23.4
	58.4
	7.5
	34.2
	50.5

	Nigeria
	31.8
	41.6
	49.3
	6.9
	28.2
	22.7

	Rwanda
	33.5
	34.8
	60.5
	2.3
	35.4
	23.5

	Benin
	38.6
	55.0
	42.4
	7.7
	30.6
	54.9

	Kenya
	43.9
	49.9
	60.9
	8.1
	37.8
	53.0

	Central African Republic
	48.0
	67.7
	65.6
	4.0
	36.2
	57.6

	Nepal
	46.7
	46.0
	50.3
	23.5
	49.7
	51.6

	Bhutan
	45.1
	55.8
	62.9
	16.2
	38.3
	36.7

	Haiti
	24.7
	12.2
	49.3
	5.6
	28.5
	25.8

	Mongolia
	50.3
	61.3
	73.8
	15.5
	34.3
	55.4

	Vietnam
	34.2
	33.2
	45.8
	36.0
	23.9
	42.4

	Ghana
	47.0
	58.2
	53.5
	16.4
	39.8
	58.3

	Moldova
	47.4
	49.4
	68.7
	73.4
	36.0
	20.1

	India
	40.9
	24.0
	57.0
	32.7
	43.7
	44.3

	Nicaragua
	52.0
	66.2
	54.0
	37.9
	40.4
	60.6

	Uzbekistan
	41.6
	46.9
	64.8
	55.8
	20.5
	40.9

	Armenia
	50.6
	50.3
	74.2
	62.4
	39.3
	28.6

	Papua New Guinea
	47.3
	64.4
	52.2
	18.0
	33.1
	66.1

	Bolivia
	56.9
	70.1
	64.0
	13.1
	51.7
	67.3

	Honduras
	46.9
	54.5
	49.5
	43.0
	43.1
	41.6

	Zimbabwe
	52.0
	58.1
	68.8
	33.8
	40.8
	51.3

	Sri Lanka
	49.8
	29.6
	57.0
	49.4
	53.9
	63.9

	Ecuador
	51.8
	62.6
	54.2
	43.1
	45.8
	49.5

	China
	37.6
	20.8
	52.6
	49.1
	40.4
	31.0

	Ukraine
	36.8
	32.8
	45.7
	68.0
	28.2
	30.2

	Jamaica
	42.3
	33.8
	44.5
	53.7
	38.4
	55.4

	Guatemala
	47.3
	50.7
	42.8
	45.0
	45.1
	55.9

	Philippines
	35.7
	22.0
	36.8
	49.5
	37.8
	45.6

	Cuba
	54.9
	45.8
	68.9
	76.4
	46.2
	50.1

	El Salvador
	43.7
	51.0
	43.3
	33.6
	44.5
	37.4

	Paraguay
	48.9
	65.6
	40.1
	61.8
	43.8
	38.6

	Macedonia
	39.2
	38.7
	37.8
	65.9
	38.5
	27.5

	Peru
	54.3
	66.1
	64.6
	32.3
	43.7
	56.3

	Bulgaria
	47.4
	25.7
	59.2
	80.0
	33.5
	74.3

	Dominican Republic
	45.4
	32.3
	57.8
	43.9
	45.6
	48.2

	Panama
	55.9
	50.8
	60.1
	50.0
	53.7
	66.0

	Thailand
	45.2
	36.3
	50.8
	48.5
	47.6
	43.3

	Venezuela
	50.8
	72.7
	58.9
	45.9
	32.8
	45.2

	Colombia
	54.8
	70.5
	60.4
	63.3
	41.0
	44.1

	Latvia
	56.3
	58.3
	55.2
	72.4
	50.7
	56.5


contd…

	COUNTRY
	ESI
	ENVIR. SYSTEM
	REDUC. STRESS
	HUMAN VULNER.
	SOC.INST CAPACITY
	GLOBAL STEW.

	Romania
	44.1
	36.8
	62.1
	50.6
	38.4
	36.0

	Botswana
	53.6
	66.3
	59.1
	40.5
	49.5
	41.0

	Belarus
	48.0
	53.6
	66.0
	75.4
	28.6
	36.4

	Lithuania
	60.3
	57.9
	64.4
	77.2
	49.1
	69.8

	Russian Federation
	56.2
	65.4
	69.8
	76.0
	42.6
	33.8

	Brazil
	57.4
	58.0
	62.6
	61.1
	53.1
	55.2

	Croatia
	54.1
	57.0
	59.1
	78.4
	49.3
	34.4

	Trinidad and Tobago
	46.4
	56.6
	44.8
	69.1
	34.0
	46.6

	Costa Rica
	58.8
	51.2
	34.5
	77.2
	68.8
	72.7

	Poland
	47.6
	34.3
	45.5
	79.0
	45.8
	55.3

	Mexico
	45.3
	25.0
	57.2
	62.7
	44.6
	52.2

	Estonia
	57.7
	59.1
	66.5
	77.5
	54.1
	33.8

	Chile
	56.6
	53.3
	58.6
	65.2
	60.6
	43.2

	South Africa
	51.3
	43.4
	57.7
	56.1
	49.7
	54.6

	Uruguay
	64.6
	69.7
	62.0
	65.6
	59.9
	69.8

	Slovak Republic
	63.2
	60.9
	49.5
	81.5
	60.0
	80.0

	Hungary
	61.0
	50.4
	64.1
	81.6
	56.6
	67.3

	Argentina
	62.5
	71.2
	67.5
	66.3
	56.2
	50.1

	Czech Republic
	57.2
	53.3
	31.0
	80.3
	60.0
	80.6

	Average
	47.5
	48.8
	55.5
	45.3
	42.5
	48.1


Table 3

Developed Countries

	COUNTRY
	ESI
	ENVIR. SYSTEM
	REDUC. STRESS
	HUMAN VULNER.
	SOC.INST CAPACITY
	GLOBAL STEW.

	South Korea
	40.3
	35.1
	14.2
	78.4
	60.2
	30.7

	Greece
	53.1
	44.2
	55.3
	81.5
	46.6
	57.6

	Slovenia
	59.9
	63.8
	43.4
	82.6
	66.2
	47.3

	Portugal
	61.4
	58.8
	52.2
	81.0
	66.5
	52.9

	Spain
	59.5
	46.8
	52.6
	82.3
	66.9
	55.9

	New Zealand
	71.3
	57.6
	56.3
	82.3
	83.3
	74.9

	Israel
	49.5
	46.1
	17.8
	81.7
	72.9
	34.1

	United Kingdom
	64.1
	58.1
	23.7
	82.4
	86.6
	61.8

	Sweden
	77.1
	79.3
	53.9
	77.6
	86.3
	80.6

	Italy
	54.3
	36.8
	40.7
	82.6
	66.7
	54.8

	Finland
	80.5
	85.3
	58.0
	78.6
	91.2
	69.9

	France
	65.8
	58.8
	40.9
	82.8
	80.7
	63.7

	Ireland
	64.0
	69.7
	44.2
	82.4
	72.5
	49.8

	Germany
	64.2
	51.6
	35.2
	82.8
	82.5
	66.0

	Netherlands
	66.0
	58.0
	23.7
	79.4
	87.1
	75.6

	Australia
	70.7
	65.7
	50.4
	81.4
	82.8
	69.5

	Austria
	67.9
	65.8
	37.1
	80.5
	83.2
	67.6

	Japan
	60.6
	50.3
	25.4
	83.0
	82.8
	58.3

	Belgium
	44.1
	25.5
	10.0
	81.2
	68.2
	67.4

	Canada
	78.1
	91.3
	51.2
	82.6
	82.5
	72.1

	Denmark
	67.0
	57.0
	30.6
	82.9
	87.4
	68.4

	Switzerland
	74.6
	60.3
	44.8
	82.9
	92.3
	75.3

	Iceland
	67.3
	79.1
	27.9
	82.7
	84.1
	48.3

	Norway
	78.2
	87.4
	52.3
	82.4
	85.3
	73.9

	United States
	66.1
	63.1
	37.0
	82.3
	83.4
	56.4

	Average
	64.2
	59.8
	39.1
	81.6
	77.9
	61.3


Source for Tables 1,2, and 3: ESI Report (2001).

Figure 1

Gradients versus GDP per Capita
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Appendix 2.

Non-parametric Kernel Estimation

Consider the stochastic process 
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If m(xt) is a correctly specified family of parametric regression, then one can construct the ordinary least squares (OLS) estimator of m(xt).  For example, if m(xt)=
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However, it is well known that if the specified regression 
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An alternative approach is to use the consistent nonparametric regression estimation of the unknown 
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with respect to 
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where K(x) is a diagonal matrix of the kernel (weight) 
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.  These LLLS estimators are consistent; for further details on properties, see Fan and Gijbels (1996) and Pagan and Ullah (1999). 
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[image: image42.wmf]t

x

 from the point x, and the window width h determines how rapidly the weights decrease as the distance of 
[image: image43.wmf]t

x

 from x increases.  In our empirical analysis we have considered an optimal parabolic kernel and the cross validated window width; for further details, one can see Pagan and Ullah (1999, ch.3) and Racine (1999).
� EMBED Excel.Sheet.8  ���








( Department of Economics, Bilkent University, Bilkent, 06533 Ankara, Turkey





contd…

1
765

[image: image45.wmf]0

.

00000

0

.

00020

0

.

00040

0

.

00060

0

.

00080

0

.

00100

0

.

00120

0

.

00140

0

5000

10000

15000

20000

25000

30000

35000

GDP per Capita

Gradients 

(

dESI

/

dGDP

)

_1056486823.unknown

_1056486831.unknown

_1056486835.unknown

_1056486837.unknown

_1056486838.unknown

_1107853569.xls
Chart4

		2947

		4889

		2254

		1420

		920

		1531

		3227

		6445

		2808

		5421

		3822

		4658

		25314

		2452

		4333

		6697

		7701

		723

		1576

		3454

		770

		771

		1771

		10886

		1370

		1394

		3362

		1391

		5603

		6635

		1099

		484

		538

		584

		598

		757

		780

		835

		841

		897

		1016

		1130

		1215

		1276

		1438

		1637

		1772

		1815

		2106

		2120

		2137

		2156

		2227

		2299

		2349

		2438

		2883

		3125

		3188

		3360

		3370

		3545

		3577

		3702

		3967

		4189

		4465

		4489

		4555

		4967

		5107

		5652

		5847

		6009

		6024

		6027

		6176

		6493

		6503

		6840

		6943

		6973

		7175

		7564

		7653

		8006

		8052

		8247

		8797

		8834

		9100

		10173

		10803

		12616

		12891

		14171

		14651

		15065

		15406

		17130

		18125

		18270

		21270

		21483

		21644

		22008

		22042

		22849

		23041

		23134

		23322

		24013

		24441

		24533

		24986

		25341

		26484

		26626

		27864

		30597



GDP per Capita

Gradients (dESI/dGDP)

0.00122122

0.00117846

0.00123699

0.0012562

0.0012678

0.00125363

0.00121491

0.00114629

0.00122437

0.00116723

0.00120165

0.00118341

0.000903884

0.00123246

0.00119045

0.00114129

0.00112199

0.00127238

0.00125259

0.00120983

0.00127129

0.00127126

0.00124809

0.00106764

0.00125736

0.0012568

0.00121189

0.00125687

0.00116344

0.00114252

0.00126364

0.00127794

0.00127668

0.00127561

0.00127529

0.00127159

0.00127105

0.00126978

0.00126964

0.00126833

0.00126557

0.00126292

0.00126095

0.00125954

0.00125578

0.00125118

0.00124807

0.00124708

0.00124038

0.00124006

0.00123967

0.00123924

0.00123761

0.00123596

0.00123482

0.00123278

0.00122267

0.0012172

0.00121579

0.00121193

0.00121171

0.0012078

0.00120709

0.00120431

0.00119846

0.00119359

0.00118758

0.00118706

0.00118563

0.0011768

0.00117383

0.00116242

0.0011584

0.00115509

0.00115479

0.00115472

0.0011517

0.00114534

0.00114514

0.00113848

0.00113647

0.00113589

0.00113198

0.00112456

0.00112289

0.00111633

0.00111548

0.00111192

0.00110209

0.00110144

0.00109681

0.00107889

0.00106892

0.00104239

0.00103862

0.00102193

0.00101599

0.00101099

0.00100696

0.000987581

0.000977009

0.000975498

0.000945204

0.000943084

0.000941481

0.000937853

0.000937514

0.000929425

0.000927488

0.000926547

0.00092464

0.000917566

0.000913123

0.000912161

0.000907386

0.000903594

0.000891046

0.000889447

0.00087509

0.000840405



Chart1

		2947

		4889

		2254

		1420

		920

		1531

		3227

		6445

		2808

		5421

		3822

		4658

		25314

		2452

		4333

		6697

		7701

		723

		1576

		3454

		770

		771

		1771

		10886

		1370

		1394

		3362

		1391

		5603

		6635

		1099

		484

		538

		584

		598

		757

		780

		835

		841

		897

		1016

		1130

		1215

		1276

		1438

		1637

		1772

		1815

		2106

		2120

		2137

		2156

		2227

		2299

		2349

		2438

		2883

		3125

		3188

		3360

		3370

		3545

		3577

		3702

		3967

		4189

		4465

		4489

		4555

		4967

		5107

		5652

		5847

		6009

		6024

		6027

		6176

		6493

		6503

		6840

		6943

		6973

		7175

		7564

		7653

		8006

		8052

		8247

		8797

		8834

		9100

		10173

		10803

		12616

		12891

		14171

		14651

		15065

		15406

		17130

		18125

		18270

		21270

		21483

		21644

		22008

		22042

		22849

		23041

		23134

		23322

		24013

		24441

		24533

		24986

		25341

		26484

		26626

		27864

		30597



GDP per Capita

Gradients (dESI/dGDP)

0.00122122

0.00117846

0.00123699

0.0012562

0.0012678

0.00125363

0.00121491

0.00114629

0.00122437

0.00116723

0.00120165

0.00118341

0.000903884

0.00123246

0.00119045

0.00114129

0.00112199

0.00127238

0.00125259

0.00120983

0.00127129

0.00127126

0.00124809

0.00106764

0.00125736

0.0012568

0.00121189

0.00125687

0.00116344

0.00114252

0.00126364

0.00127794

0.00127668

0.00127561

0.00127529

0.00127159

0.00127105

0.00126978

0.00126964

0.00126833

0.00126557

0.00126292

0.00126095

0.00125954

0.00125578

0.00125118

0.00124807

0.00124708

0.00124038

0.00124006

0.00123967

0.00123924

0.00123761

0.00123596

0.00123482

0.00123278

0.00122267

0.0012172

0.00121579

0.00121193

0.00121171

0.0012078

0.00120709

0.00120431

0.00119846

0.00119359

0.00118758

0.00118706

0.00118563

0.0011768

0.00117383

0.00116242

0.0011584

0.00115509

0.00115479

0.00115472

0.0011517

0.00114534

0.00114514

0.00113848

0.00113647

0.00113589

0.00113198

0.00112456

0.00112289

0.00111633

0.00111548

0.00111192

0.00110209

0.00110144

0.00109681

0.00107889

0.00106892

0.00104239

0.00103862

0.00102193

0.00101599

0.00101099

0.00100696

0.000987581

0.000977009

0.000975498

0.000945204

0.000943084

0.000941481

0.000937853

0.000937514

0.000929425

0.000927488

0.000926547

0.00092464

0.000917566

0.000913123

0.000912161

0.000907386

0.000903594

0.000891046

0.000889447

0.00087509

0.000840405
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				Country		Gradient		Std Error		T-statistic

		2947		Albania		0.00122		3.27E-05		37.3685		0.0012051804

		4889		Algeria		0.00118		4.12E-05		28.5962		0.0011843081

		2254		Azerbaijan		0.00124		2.84E-05		43.5858		0.0009277319

		1420		Bangladesh		0.00126		2.12E-05		59.2561

		920		Burkina Faso		0.00127		1.45E-05		87.5776

		1531		Cameroon		0.00125		2.24E-05		56.0773

		3227		Egypt		0.00121		3.42E-05		35.5603

		6445		Gabon		0.00115		4.63E-05		24.7610

		2808		Indonesia		0.00122		3.19E-05		38.3855

		5421		Iran		0.00117		4.31E-05		27.1089

		3822		Jordan		0.00120		3.70E-05		32.4967

		4658		Kazakhstan		0.00118		4.04E-05		29.3202

		25314		Kuwait		0.00090		8.48E-05		10.6550

		2452		Kyrgyz Republic		0.00123		2.97E-05		41.4711

		4333		Lebanon		0.00119		3.91E-05		30.4386

		6697		Libya		0.00114		4.70E-05		24.2603

		7701		Malaysia		0.00112		4.99E-05		22.4829

		723		Mali		0.00127		1.04E-05		122.0661

		1576		Mauritius		0.00125		2.28E-05		54.9350

		3454		Morocco		0.00121		3.53E-05		34.2853

		770		Mozambique		0.00127		1.15E-05		110.2010

		771		Niger		0.00127		1.16E-05		109.9849

		1771		Pakistan		0.00125		2.46E-05		50.7275

		10886		Saudi Arabia		0.00107		5.83E-05		18.2989

		1370		Senegal		0.00126		2.06E-05		60.8900

		1394		Sudan		0.00126		2.09E-05		60.0880

		3362		Syria		0.00121		3.48E-05		34.7842

		1391		Togo		0.00126		2.09E-05		60.1863

		5603		Tunisia		0.00116		4.37E-05		26.6482

		6635		Turkey		0.00114		4.69E-05		24.3812

		1099		Uganda		0.00126		1.73E-05		73.2002

		484		Tanzania		0.00128		5.60E-05		22.8255

		538		Malawi		0.00128		3.20E-06		398.4047

		584		Burundi		0.00128		5.92E-06		215.3979

		598		Ethiopia		0.00128		6.52E-06		195.4485

		757		Zambia		0.00127		1.12E-05		113.1268

		780		Madagascar		0.00127		1.18E-05		108.1009

		835		Nigeria		0.00127		1.29E-05		98.4066

		841		Rwanda		0.00127		1.30E-05		97.5034

		897		Benin		0.00127		1.41E-05		90.1411

		1016		Kenya		0.00127		1.60E-05		78.8876

		1130		Central African Republic		0.00126		1.77E-05		71.3821

		1215		Nepal		0.00126		1.88E-05		67.0422

		1276		Bhutan		0.00126		1.96E-05		64.3937

		1438		Haiti		0.00126		2.14E-05		58.7013

		1637		Mongolia		0.00125		2.34E-05		53.4996

		1772		Vietnam		0.00125		2.46E-05		50.7086

		1815		Ghana		0.00125		2.50E-05		49.9135

		2106		Moldova		0.00124		2.73E-05		45.4202

		2120		India		0.00124		2.74E-05		45.2357

		2137		Nicaragua		0.00124		2.75E-05		45.0151

		2156		Uzbekistan		0.00124		2.77E-05		44.7727

		2227		Armenia		0.00124		2.82E-05		43.9026

		2299		Papua New Guinea		0.00124		2.87E-05		43.0743

		2349		Bolivia		0.00123		2.90E-05		42.5284

		2438		Honduras		0.00123		2.96E-05		41.6097

		2883		Zimbabwe		0.00122		3.23E-05		37.8257

		3125		Sri Lanka		0.00122		3.36E-05		36.1855

		3188		Ecuador		0.00122		3.40E-05		35.7954

		3360		China		0.00121		3.48E-05		34.7952

		3370		Ukraine		0.00121		3.49E-05		34.7399

		3545		Jamaica		0.00121		3.57E-05		33.8138

		3577		Guatemala		0.00121		3.59E-05		33.6530

		3702		Philippines		0.00120		3.64E-05		33.0470

		3967		Cuba		0.00120		3.76E-05		31.8691

		4189		El Salvador		0.00119		3.85E-05		30.9773

		4465		Paraguay		0.00119		3.96E-05		29.9690

		4489		Macedonia		0.00119		3.97E-05		29.8859

		4555		Peru		0.00119		4.00E-05		29.6611

		4967		Bulgaria		0.00118		4.15E-05		28.3635

		5107		Dominican Republic		0.00117		4.20E-05		27.9591

		5652		Panama		0.00116		4.38E-05		26.5276

		5847		Thailand		0.00116		4.44E-05		26.0627

		6009		Venezuela		0.00116		4.50E-05		25.6927

		6024		Colombia		0.00115		4.50E-05		25.6593

		6027		Latvia		0.00115		4.50E-05		25.6523

		6176		Romania		0.00115		4.55E-05		25.3253

		6493		Botswana		0.00115		4.64E-05		24.6638

		6503		Belarus		0.00115		4.65E-05		24.6436

		6840		Lithuania		0.00114		4.75E-05		23.9870

		6943		Russian Federation		0.00114		4.78E-05		23.7947

		6973		Brazil		0.00114		4.78E-05		23.7395

		7175		Croatia		0.00113		4.84E-05		23.3748

		7564		Trinidad and Tobago		0.00112		4.95E-05		22.7076

		7653		Costa Rica		0.00112		4.98E-05		22.5611

		8006		Poland		0.00112		5.07E-05		21.9996

		8052		Mexico		0.00112		5.09E-05		21.9286

		8247		Estonia		0.00111		5.14E-05		21.6332

		8797		Chile		0.00110		5.29E-05		20.8432

		8834		South Africa		0.00110		5.30E-05		20.7921

		9100		Uruguay		0.00110		5.37E-05		20.4325

		10173		Slovak Republic		0.00108		5.65E-05		19.0977

		10803		Hungary		0.00107		5.81E-05		18.3886

		12616		Argentina		0.00104		6.28E-05		16.5975

		12891		Czech Republic		0.00104		6.35E-05		16.3540

		14171		South Korea		0.00102		6.68E-05		15.3069

		14651		Greece		0.00102		6.80E-05		14.9484

		15065		Slovenia		0.00101		6.90E-05		14.6532

		15406		Portugal		0.00101		6.98E-05		14.4195

		17130		Spain		0.00099		7.39E-05		13.3619

		18125		New Zealand		0.00098		7.61E-05		12.8395

		18270		Israel		0.00098		7.64E-05		12.7684

		21270		United Kingdom		0.00095		8.17E-05		11.5652

		21483		Sweden		0.00094		8.20E-05		11.4980

		21644		Italy		0.00094		8.22E-05		11.4487

		22008		Finland		0.00094		8.27E-05		11.3418

		22042		France		0.00094		8.27E-05		11.3322

		22849		Ireland		0.00093		8.36E-05		11.1195

		23041		Germany		0.00093		8.38E-05		11.0734

		23134		Netherlands		0.00093		8.38E-05		11.0517

		23322		Australia		0.00092		8.40E-05		11.0090

		24013		Austria		0.00092		8.44E-05		10.8660

		24441		Japan		0.00091		8.46E-05		10.7882

		24533		Belgium		0.00091		8.47E-05		10.7725

		24986		Canada		0.00091		8.48E-05		10.7010

		25341		Denmark		0.00090		8.48E-05		10.6514

		26484		Switzerland		0.00089		8.46E-05		10.5307

		26626		Iceland		0.00089		8.45E-05		10.5200

		27864		Norway		0.00088		8.36E-05		10.4702

		30597		United States		0.00084		7.83E-05		10.7305
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