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Abstract: The study explores the relationship between environmental performance and human
development. A canonical correlation analysis was conducted to discover the maximum correlation
between environmental performance and human development with the optimal estimated weights for
indicators as constituting the composite indices. The results show that environmental health—being the
most decisive—and ecosystem vitality are important indicators for representing the environmental
performance. Other important indicators, in declining order, for constituting the human development
index are mean years of schooling, expected years of schooling, and life expectancy at birth, with gross
national income (GNI) being the last with relatively low weight. The canonical environmental
performance index has utmost effect on mean years of schooling, then expected years of schooling,
with explanatory power of more than 70% for both. Effect on life expectancy at birth is more than 60%,
but only less than 30% on GNI. The canonical human development index has the highest explanatory
power with nearly 80% for environmental health, but only 40% for ecosystem vitality. Both canonical
composite indices reach a high correlation of 91% and the mutual explanatory power is 83%, confirming
that environmental performance and human development are indeed positively and highly correlated.

Keywords: human development; environmental performance; environmental health; sustainable
management; canonical correlation and economic growth

1. Introduction

In the past decade or two, the problem of environmental pollution has become more and more
serious, raising concerns about environmental protection. Mankind has also begun to attach importance
to the issues of environmental health and environmental ecology. The performance of environmental
protection lies in the control of environmental pollution, the prevention of pollution deterioration,
the protection of human beings from environmental pollution, and the auxiliary improvement of
healthy environmental quality [1]. Therefore, to understand the extent and effectiveness of global
environmental management, the Yale Center for Environmental Law and Policy established an
environmental performance index (EPI) in 2006 in order to evaluate the effectiveness of environmental
management [2]. In the international standard [3], an environmental performance index was
defined as a “specific expression that provides information about an organization’s environmental
performance” [4]. A framework was further proposed for managing the environmental aspects of an
organization (through the development of formal processes and procedures). EPI is in fact a more
complex, more result-oriented quantitative indicator which plays an important role as designed to
provide a context for evaluating performance of transnational comparison and can easily be used
by policy makers [5]. Environmental performance includes two environmental sub-dimensions,
namely, environmental health and ecosystem vitality [6]. The goal is to reduce environmental stress for
human health, effectively manage natural resources, and improve ecosystem vitality [6]. The biggest
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value of the environmental performance index is not to offer a basis for country ranking but to provide
in-depth data analysis so as to distinguish between advanced countries and the ones that fall behind,
further as a tool to promote environmental progress [7].

With a growing global awareness of environmental protection, researchers have begun to actively
explore the related issues. Previous literature on environmental management can be divided into three
main topics. First, some studies have tried to assess environmental sustainability for certain urban [8],
region [9,10], or industry [11]. The past literature usually adopted the “aggregated” environmental
performance index score as the research variables, ignoring the underlying internal relationship
between the sub-constructs of environmental performance (i.e., environmental health and ecosystem
vitality). Moreover, the previous literature usually considered the “aggregated” index of environmental
performance with predetermined weights in the analysis, which is actually too subjective. This leads to
the second topic category of studies focusing on the discussion of weights for aggregating environmental
performance. Authors had tried to estimate aggregating weights with methodologies such as factor
analysis or principal component methods [12–14]. Third, scholars have also begun to examine the
factors that may be related to the environment [1,15,16], among which economic factors receive
the most attention [17]. Economy is one of the aspects of human development and the degree of
economic development also means the state of human development [18]. Henceforth, in addition to
the relationship between environment and economy, a number of studies have expanded their scope
to explore the correlation between environmental management and human development [7,19,20].
The concept and measurement of human development is established in response to sustainable
economic growth in order to improve the quality and quantity of people’s living standards, to satisfy
people’s needs, and also to understand the situation and process of human development in various
countries [21]. Today, the most widely used on the application aspect is the human development index
(HDI) proposed by the United Nations Development program (UNDP) in 1990 [22]. UNDP consistently
reported ranking and the descriptive statistics of HDI for all countries to reflect the world economic
income and the current situation of social development of all countries. In UNDP’s report, it specifically
pointed out that the HDI is essentially designed for various countries around the world [23].

As aforementioned, in order to understand the relation between environmental management and
human development, many studies in the literature have put in much effort on the subject, however,
contradictory results were presented. Generally, the literature tends to suggest that environmental
management and human development have a positive relation. For example, Panayotou [19] studied
the relationship between environmental degradation and economic development and found that overall
environmental degradation (including the combination of resource depletion and pollution) is most
severe when per capita income is less than US $1000; as income rises, so does the degree of pollution
reduction. Shafik [24] also suggested that for economies with a per capita income of more than $12,240,
a 1% increase in per capita income will cause the concentration of sulfur dioxide to drop by more than 1%.
Kaufmann et al. [25] found that as per capita GDP was between 3000 and 12,500 USD, the concentration
of sulfur dioxide would decrease with the increase of per capita GDP, and the concentration of sulfur
dioxide would also increase with the decrease of per capita GDP; that is, per capita GDP was inversely
proportional to the concentration of sulfur dioxide. Orlitzky et al. [26] also believed that improving
financial and economic performance could turn environmental sustainability into a competitive
advantage, and their study also showed a positive correlation between financial/economic performance
and environmental sustainability. The US Environmental Protection Agency (EPA) pointed out that
environmental pollution can affect the health level of the HDI and cause it to decline [27]. In terms of the
overall HDI, it was found that the countries with the highest HDI scores had relatively small changes in
environmental performance, and their corresponding rankings in the overall HDI were all in the leading
position [18]. In other words, the lower the HDI score is, the worse the environmental performance
becomes. The research of Liu et al. [7] also shows that the better a country’s economic situation is,
the higher the country’s HDI and EPI scores would be. Therefore, the aforementioned literature
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generally suggested that there exists a positive relationship between environmental management and
human development.

On the other hand, certain arguments exist claiming that environment management and human
development are negatively correlated. Studies with negative views believe that economic development
will bring more environmental pollution, such as increased concentration and emission of sulfur
dioxide [28]. Against this background, we post our research questions as follows.

• Is environment performance positively or negatively correlated with human development?
• Are the dimensions of environmental performance (i.e., environmental health and ecosystem

vitality)/human development (i.e., life expectancy at birth, expected years of schooling, mean years
of schooling, gross national income (GNI)) internally correlated?

• What would be the most appropriate weights in aggregating environment performance
index/human development index?

• Are there any cross-correlations between the dimensions of environment performance and the
ones of human development?

• To what extent does the individual dimension of HDI affect each facet of environmental performance?

Thus, this study aims to explore the relevance between environmental performance and human
development. First, the internal correlation for environmental performance and human development
is investigated. Then, we apply the canonical correlation analysis to estimate the optimal composition
weights in aggregating environmental performance and human development indices. This methodology
can guarantee to achieve maximum correlation between the aggregated environmental management
and human development indices with canonical weights. The size of the weights can be used to
determine the importance for each indicator in aggregating environmental performance and human
development indices and would be further adopted to inspect the inter-correlation between individual
measures of environmental management and human development.

Our analysis confirms the essential relevance between environmental performance and human
development. The key factor in representing human development is found to be the mean years of
schooling, followed by the expected years of schooling, while environmental health is the decisive factor
in representing environmental performance. Specifically, through the high correlation between HDI
and EPI, we find the most important and direct linkage between environmental health and education
(expected years of schooling). Nevertheless, the commonly used economic factor, gross national income
(GNI), is relatively weak in explaining environmental management. The result of this study contributes
to clarify the controversy in the literature regarding the relevance between environmental management
and human development which can be used as an important reference for future decision-making in
environmental management and human development.

Our paper proceeds as follows: In Section 2, we provide further background by discussing the
limitation in index aggregation and weighting methodologies for environmental performance and
human development in the past literature. The controversy for the relevance between these two indices
is also discussed. In Section 3, we describe our universal country level data including four variables for
HDI and two for EPI. The analytical methodology of index aggregation is stated. In Section 4, we first
provide descriptive statistics and correlation for six indicators, then turn to empirically assessing
the relationship between the environmental performance and human development using canonical
correlation approach. In Section 5, we begin by reporting the overall results then discuss the degree of
importance for each indicator in representing the aggregated index. In particular, the high and low
cross-correlation between indicators of the environmental performance and human development are
further discussed.
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2. Literature Review

2.1. Environmental Performance

Pearce [29], in his “Blueprint for a Green Economy”, for the first time incorporated environmental
factors into the decision-making of business operation. After years of development, the level of
environmental performance evaluation has expanded from enterprises to organizations and then to
governments and regions, which means that environmental performance evaluation has developed
from the micro level to the macro level. Thoresen [30] proposed that the environmental performance
index actually covers the micro level and also the macro level. Therefore, in this study, the concept,
construction, and measurement of environmental performance will be explored for global countries at
macro level.

In the “Performance Monitoring Indicators Handbook”, Moses and Sontheimer [31] proposed
a logical framework and the general concept for developing environmental performance indicators
(EPIs) including their linkage to the objectives of environmental projects and also their impact on
World Bank’s work. The Second Edition Note further discusses the design and the use of EPIs for
assessing the performance of World Bank projects in relation to environmental issues [31]. Thereafter,
Segnestam and Washington [32] proposed seven criteria as reference for indicator selection of EPIs:
(1) Has a close link to project objective; (2) limitation in indicator number for better effectiveness;
(3) clear indicator definition; (4) realistic consideration for development cost regarding indicator
collection; (5) identification of appropriate measures with clear causal links; (6) adopting indicators
with high credibility; (7) using reliable information to derive indicator; (8) ability to obtain indicator
measures at three time points (beginning, during, and ending) of a project for assessment comparison.

On the basis aforementioned, the environmental sustainability index (ESI) was developed and
published for four consecutive years from 2002 to 2005. However, the environmental sustainability
index covers a wide scope, including economy, environment, and society [33]. Then in 2006 the Yale
Center for Environmental Law and Policy in US, Center for International Earth Science Information
Network of Columbia University, the World Economic Forum, Joint Research Centre of the European
Commission confined the measures involved, mainly within the range of environmental issues
centered on the government [1]. They together proposed the environmental performance index (EPI)
which evaluates every two years with the evaluation scope at the global level [6]. The environmental
performance index can be used as a tool for environmental assessment and improvement with more
specific and profound scope as compared to environmental sustainability index. The specific purposes
of environmental performance evaluation include: (1) To evaluate the current state of environmental
performance; (2) to provide guidance basis for government in policy making. The environmental
performance is evaluated in a cycle of two years for further improvement. The indicator selection
criteria includes refining indicators which comprise new environmental problems of concern, to adopt
the best available proxy which comes from transparent data sources and methods with good quality in
order to assess performance. In computing composite indices, these issues also need to be considered:
indicator and country selection, missing data treatment, standardization, aggregation and weighting
methodologies, and performance testing [1].

This construction of the environmental performance index is basically in line with the suggestion
of [1] for EPI which can serve as four reference standards for indicator selection criteria: (1) Relevant
to various conditions related to the environment of a country; (2) suitable for assessing performance;
(3) transparent data sources and methods which can provide a baseline and be tracked over time;
(4) credible data quality.

EPI consists of two dimensions: health and ecosystem vitality. After the countries around the world
have precisely defined environmental dimensions, the availability of data has been enhanced, and the
evaluating targets for environmental performance have expanded year by year, from 133 countries
in 2006 [1] to 149 countries in 2008 [34], 163 countries in 2010 [6], and only 132 countries in 2012 [35].
In 2014, 178 countries [36] increased to 180 countries in 2016 [18].
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The indicators of environmental performance index were adjusted continuously with the biennial
study. EPI in 2006 had 16 indicators, including child mortality, indoor air pollution, drinking
water, adequate sanitation, urban particulates, regional ozone, nitrogen loading, water consumption,
wilderness protection, ecoregion protection, timber harvest rate, agricultural subsidies, overfishing,
energy efficiency, renewable energy, CO2 per GDP (kg per PPP $ of GDP) [1]. In 2008 EPI increased to
25 indicators with wider and more in-depth measures, including environmental burden of disease,
adequate sanitation, drinking water, indoor air pollution, urban particulates, local ozone, regional
ozone, sulfur dioxide emissions, water quality index, water stress, conservation risk index, effective
conservation, critical habitat protection, marine protected areas, growing stock, marine trophic index,
trawling intensity, irrigation stress, agricultural subsidies, intensive cropland, burnt land area, pesticide
regulation, emissions per capita, emissions per electricity generation, industrial carbon intensity [34].

In 2010 25 EPI indicators remained, but some indicators were replaced by new ones; some indicators
were re-defined and therefore were different from the original ones, including environmental burden of
disease, indoor air pollution, outdoor air pollution, access to water, access to sanitation, sulfur dioxide
emissions per populated land area, nitrogen oxide emissions per populated land area, non-methane
volatile organic compound emissions per populated land area, ecosystem ozone, water quality index,
water stress index, water scarcity index, biome protection, marine protection, critical habitat protection,
growing stock change, forest cover change, marine trophic index, trawling intensity, agricultural water
intensity, agricultural subsidies, pesticide regulation, greenhouse gas emissions per capita (including
land use emissions), CO2 emissions per electricity generation, industrial greenhouse gas emissions
intensity [6]. In 2012 EPI decreased to 22 indicators, namely child mortality, particulate matter, indoor
air pollution, access to sanitation, access to drinking water, sulfur dioxide emissions per capita, sulfur
dioxide emissions per GDP, change in water quantity, critical habitat protection, biome protection,
marine protected areas, agricultural subsidies, pesticide regulation, forest growing stock, change in
forest cover, forest loss, coastal shelf fishing pressure, fishing stocks overexploited, CO2 per capita,
CO2 per GDP, CO2 emissions per electricity generation, renewable electricity [35]. In 2014 EPI had a
further reduction to 20 indicators, namely child mortality, household air quality, air pollution—average
exposure to PM2.5, air pollution—excess PM2.5, access to drinking water, access to sanitation,
wastewater treatment, agricultural subsidies, pesticide regulation, change in forest cover, coastal shelf
fishing pressure, fish stocks, terrestrial protected areas (national biome weights), terrestrial protected
areas (global biome weights), marine protected areas, critical habitat protection, trend in carbon intensity
(weighting varies according to GDP), change of trend in carbon intensity (weighting varies according
to GDP), change in CO2 emissions from electricity and heat production, access to electricity [36].
In 2016 EPI even further reduced to 19 indicators, including seven for the health dimension and 12
for the ecological system dimension. The seven indicators of the health dimension are environmental
risk, indoor air quality, average suspended particle exposure, excess number of suspended particles,
average nitrogen dioxide exposure, quality of drinking water, and unsafe environmental hygiene.
The indicators of the ecological system dimension [8] are wastewater treatment, nitrogen use efficiency
and nitrogen balance, the forest coverage rate change, fish resources, land reserve (biomass proportion),
land reserve (global biomass proportion), species protection (country), species protection (global),
marine protected areas, change in CO2 emissions from electricity and heat production, carbon intensity.

According to past literature, some scholars reasoned that there exists internal correlation between
environmental performance indicators in the same construct. Rapport et al. [37] argued that the
ecological system dynamic target can provide ecosystem services for human society, such as drinking
water and clean air. A healthy ecosystem has stability and sustainability since it contains all kinds
of complementary ecosystem vitality with ability for required adjustment so as to restore damage.
Therefore, the environmental performance indicators are relevant to each other. Jerry et al. [38]
believed that the ecosystem vitality composed of natural environment and artificial environment is a
complete and healthy system. The research pointed out that the conceptual framework of ecosystem
vitality includes complete environmental health. Humans need health and society also needs health,
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hence ecosystem vitality is related to environmental health. Zhang et al. [39] pointed out that ecosystem
and environmental health are able to keep humans healthy, make rational use of resources, and provide
environmental quality suitable for human survival, which indicates that ecosystem and environmental
health are interconnected and therefore interrelated with each other.

However, there are some researchers who believe that there is no internal correlation between
environmental performance indicators in the same construct. Wicklum and Davies [40] claimed
that ecosystem vitality was a false argument, as it did not involve the concept of health, so that
ecosystem vitality and environmental health could not be supported by ecological theory and had no
correlation with each other. Therefore, the specific internal correlation between these two dimensions
of environmental performance and health and ecosystem vitality needs to be further analyzed
and discussed.

2.2. Human Development

The human development index (HDI) was proposed by the report of United Nations Development
Program (UNDP) for the first time in 1990. When HDI was first proposed, it only used partial classes
of variables and the data quantity is quite limited, because too much data may not necessarily achieve
satisfactory results and the focus may also deviate due to too diversified and excessive variables.
In order to find out the key variables, UNDP suggested that the human development index should
cover two dimensions: (1) The formation of human capabilities such as improved health, knowledge,
and skills; (2) the use people make of their acquired capabilities such as engaging in political, cultural,
social, and leisure activities [41]. Human development is about increasing human choices by expanding
human capabilities [42]. Moreover, human development is concerned with the ability of all human
beings to choose, to allow them to live the life they choose, and to provide them with the conditions
and opportunities to realize such choices [43]. It can be seen from the above that human development
embraced a people-oriented concept as its core, with “choice” and “feasible capacity” as its focus.

Nobel economics prize winner Amartya Sen argued that the indicators of HDI are in a constant
state of alteration [44], and the influence to this changing state of the HDI is derived from the purpose to
eradicate the obstacles that refer to the barriers to bodily health, literacy, people’s politics and freedom,
and lack of resources [45]. UNDP scholars proposed in 1990 [21] that there are three basic human
needs, and these three basic needs constitute three dimensions that are the focus of HDI measurement,
which are described as follows:

(1) Health: Health is measured in human life expectancy at birth as a standard. Most of the people
around the world hope they can live long because the longer the life is, the more hope and
opportunities one can have to implement in their living plan to achieve the expected life goals.
Life expectancy also covers the connotation of human health and nutrition intake, which is linked
to the perception of health and longevity.

(2) Education: Education is based on the expected years of education and average years of education
is a common measure. The promotion of human education must rely on the progression for
universal access to education. The quality of education, education scale, and education level
all require establishing goals and plans for the mission of education, which is towards the full
development of human beings.

(3) Living standard: Living standard is measured by GNI, which reflects the living condition of
people in all countries and measures the well-being of residents in a country or region. The goal
is to enable people to live a decent life and improve their quality of life.

Since the introduction of the HDI over 20 years ago, there have been several revisions, but there
have been nearly no changes in the way HDI is measured. UNDP studies and discusses the issues
arising from the HDI every year as part of the annual human development report.

Therefore, HDI in continuous adjustment has an influence on human beings and is generally
recognized and accepted by many countries. Haq [46], in response to the 1990 human development
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index report, proposed that economic development should be shifted from targeting national economic
income to people-oriented policies. After all, the original design of HDI was to overcome the downside
of GNI as a measure, with a belief that HDI should focus on human well-being rather than economic
development [47]. Pineda [48] pointed out that HDI is a tool for assessment and analysis that can
be used in the government, media, and national society to show the development and differences
between various countries. A 2016 human development report pointed out that human development
is people-centered, based on and continuously expanding the scope beyond emphasis on having a
happy life. In terms of the present stage, the purpose of human development is to improve the quality
of life for human beings, to view social values, constraints, and norms, to encourage human beings to
take associativity and mutual assistance as the primary point of view, and with justice and good faith
to eliminate tension, confrontation, and competition in order to gradually eliminate national crisis
and risk. This should promote the capacity of different social groups, since, if a situation is affected
by tension, vulnerable countries or ethnic groups will become the main victims, impacting on the
development of human progress.

HDI can be used to measure and compare human development in different countries and
regions [5,7], promoting the progress of human development and maintaining the well-being of
human development. HDI focuses on three dimensions, namely health level, education level,
and living standard, while UNDP selects four representative indicators in calculating HDI, including
life expectancy at birth, expected years of schooling, mean years of schooling, and GNI [21].

In past literature, scholars have also made different appraisals on the HDI, which are mainly
allocated into two aspects. On one hand, they discuss the suitability of human development indicators.
Kelly [49] believes that the integration of human development index is too subjective. Srinivasan [50]
believed that the HDI adopted too few indicators, which would lead to relatively low efficiency.
As some scholars have doubts about the HDI, some studies have attempted to modify and adjust
it. For example, Lind [51] proposed revision opinions on the design and methods used for HDI.
Ogwang [52] argued that the HDI relied too much on mathematical reasoning and calculation, causing
it to lose its essential meaning and the characteristics of human development. Hicks [53] proposed
to correct the imbalance of HDI so that it could become a standard reflecting the balanced level and
distribution of human development. Sagar and Najam [54] argued that, over the years, the human
development index report seems to stand still, repeating the same words, but not necessarily increasing
the effectiveness of the HDI. They recommended three simple modifications to be implemented in the
index: (1) The components of the HDI must be multiplied rather than averaged; (2) in calculating the
standard-of-living, the logarithm of GDP across all global income ranges should be used; (3) inequality
on component dimensions must be taken into account as constructing the evaluation performance index.

The study of Hopkins [55] found that the three basic elements of human development are actually
a composite index for living standards, however, the HDI could be limited from simply the aspect
of economic policy. For example, following the enclosed economic policy, it involves mainly food,
health, housing, and education, but after 1978, for the open economy policy, the main thing is to reduce
spending on social welfare and to accelerate the economic growth in order to improve living standards.
Since the lack of a detailed analysis of the basic needs in the early stage of humans in the human
development report, it is suggested that the HDI should be further developed with comprehensive
thoughts on human development.

Noorbakhsh [56] further argued that countries at different stages of development have different
development conditions. Hence, for developing countries a human development index suitable
for these countries should be considered or established specifically. Gustav, et al. [57] adopted the
dimensions of human development defined in the past to verify the correlation between several
variables with HDI. The results showed that under the age of five, mortality and HDI have high
correlation, which revealed that the measurement of human development can effectively reflect the
child mortality rate.
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Another aspect of research in previous literature focuses on the suitability of weights in combining
human development index. Numerous studies used various analytical methods to build a more suitable
HDI. For example, Noorbakhsh [13] used the weights from factor analysis to construct HDI. Lai [14]
believed that if principal component analysis was used in forming HDI, it could be more meaningful
in terms of cross-sectional and longitudinal aspects. Muhammad [58] verified by population-weighted
principal component analysis that education in Pakistan had a greater impact on HDI, while GNI had
a smaller impact. Antonio [59] proposed a revised algorithm and developed a new calculation method
for HDI.

For a deeper understanding of human development and its impact, in past research some scholars
further explored internal correlation among human development indicators, or their relationship
with other variables. Booysen [12] stated that the three sub-dimensions of HDI may be highly
inter-correlated, and the idea that the contribution or influence on HDI from these three constructs
may remain the same is too subjective and may mask the discordant phenomenon in HDI. However,
Noorbakhsh’s [13] study argued that there is no internal correlation among the three sub-dimensions
or four indicators of HDI. Therefore, the specific correlation between internal indicators of human
development needs to be further analyzed.

2.3. Environmental Performance and Human Development

At a time when global environmental protection awareness is rising, factors that may be related to
the environment, especially the economy, are of great concern. Panayotou [19] studied the relationship
between environmental degradation and economic development. The research result indicated that
when the per capita income was less than US $1000, the overall environmental degradation (including
the combination of resource exhaustion and pollution) was the most serious. With the increase of
income, the degree of pollution reduction also increased. Shafik [24] conducted an empirical study
on the relationship between economic development and environmental performance with a large
number of long-term national samples. Water and sanitation is one of the earliest environmental
problems that needs to be addressed because the associated costs are relatively low; the problem
of air pollution is solved when a country reaches the middle-income level, because middle-income
economies can easily afford the economic costs of air pollution; environmental improvements in most
countries require environmental policies and investments to reduce environmental degradation. Hence
this research suggests that economic growth can reduce environmental damage. Serghini et al. [60]
used principal component analysis to verify the relationship between the HDI and health level, and
the study showed that the HDI was highly and positively correlated with health level. Orlitzky [26]
also believed that the improvement of financial and economic performance would affect environmental
sustainability. Gallego et al. [20] used 149 samples of countries with different geographical regions and
concluded in the empirical analysis that socio-economic factors, such as economic wealth, education,
and institutional factors, were decisive factors in the analysis of national environmental performance.
Therefore, most results from past literature tend to generally support that economy and environment
are positively correlated.

In addition to economics, many studies have expanded to explore the relationship between human
development and the environment. EPA [61] pointed out that environmental pollution would affect
the health level of HDI and reduce the health level. A 2016 environmental performance index report
has discussed the relationship between the HDI and EPI in terms of the overall index score. The report
mentioned that, for countries with higher HDI scores, their changes in environmental performance
are small and, at the same time, these countries are in a leading position for the overall EPI ranking.
The lower the HDI scores are, the worse their environmental performance will be [1].

Liu et al. [7] presented a comparative study using Pearson correlation analysis and showed that
the index of sustainable development is negatively correlated with HDI, and also negatively correlated
with EPI. Although the study did not examine the direct relationship between human development
and environmental performance, it may be inferred indirectly that human development could be
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positively correlated with environmental performance. To sum up, in the past literature there seems to
be a positive correlation between human development and environmental performance.

However, some studies have also pointed out that there is not necessarily a correlation between
the environment and human development. Kaufmann et al. [25] found that the high per capita GDP in
developed countries means more money is being spent on cutting emissions, so sulfur dioxide emissions
are falling. However, the reduction of sulfur dioxide emissions does not necessarily mean that the
concentration of sulfur dioxide will decrease. Concentrations are reduced by the adoption of policies
and technologies that reduce emissions. Hence, environmental policy and the resultant reduction in
emissions may be attributed to the spatial intensity of economic activity, instead of the differences in
per capita GDP. Ahmad et al. [62] used country data around the world from 2006 to 2010 to examine the
relation between human development and environmental performance. The results pointed out that
the developed countries with higher HDI do significantly improve their environment, but at the same
time developing countries with high HDI fail to do so. Ahmad et al. [62] and Kaufmann et al. [25]
also came up with similar conclusions for this part. To sum up, the relationship between human
development and environmental performance has shown positive or irrelevant results in previous
literature, which also shows that the relationship between human development and environmental
performance needs to be studied and analyzed more carefully.

3. Data and Methods

3.1. Variables and Data

The data in this study contain the human development index and environmental performance index
of 2016. The HDI data are from UNDP website (http://hdr.undp.org/en/composite/HDI), containing a
total of 188 countries and four variables, namely life expectancy at birth, expected years of schooling,
mean years of schooling, GNI. EPI data are from the Environmental Performance Index website
(http://epi2016.yale.edu/downloads) with a total of 180 countries and two variables: environmental
health and ecosystem vitality. For the inspection purpose of correlation relationship between HDI
and EPI in this study, any country with EPI or HDI only would be treated as missing and therefore
excluded from the analysis to ensure the countries considered in this analysis have data values for all
six variables from both categories; four for HDI and two for EPI. Consequently, there were 155 countries
considered in the analysis.

3.2. Canonical Correlation Analysis

Canonical correlation analysis (CCA) was proposed by Hotelling [63] for a purpose of describing
linear relationship between two sets of multidimensional variables. CCA can be seen as the problem of
finding basis vectors for two groups of variables such that the correlation between the projections of
the variables onto these basis vectors are mutually maximized. The linear combination of the first and
second sets of variables are referred to as canonical variate pair. CCA is to find linear combinations
that maximize the correlations between the members of each canonical variate pair. The weights
comprising of the basis vectors will be estimated based on the data and hence CCA can be easily
motivated in information-based tasks. The size of the canonical correlation coefficient represents the
strength of the relationship between each pair of canonical variables, and the larger the correlation
is, the stronger the relationship is. Test of canonical function of canonical correlation coefficient can
conclude that the correlation between the two linear combinations from each group of variables is
statistically significant as p-value of F test is less than a significant level (e.g., 5%). If the canonical
correlation coefficient does not reach statistical significance, it is not worth explaining. An analysis of
the relationship between linear combinations of independent and dependent variables can explain the
relative contribution of canonical variable to the canonical function. The statistical software SPSS23.0
and SAS Enterprise Guide 6.1was used for the data analysis.

http://hdr.undp.org/en/composite/HDI
http://epi2016.yale.edu/downloads
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Application of CCA here can provide the optimal linear combination of indicators with appropriate
weights, in order to objectively evaluate the relationship between two groups of variables; environmental
performance and human development. This approach will be in line with the suggestion by [12–14]
who adopted principal component analysis or factor analysis to obtain a combination of indicators for a
more objective integration technique. CCA applies the similar concept as a general regression approach
which uses explanatory power to interpret a relationship between two variables, which may not actually
represent the causal effect of the independent variable on the dependent variable. However, CCA is
adequate to provide sufficient information to validate the correlation between variables and, therefore,
in the setting of cross-sectional approach, it is usually adopted to comment on the relationship [64].

4. Empirical Results

CCA is carried out on two groups of variables, two for EPI and four for HDI, respectively. Table 1
shows the descriptive statistics for these six variables and Table 2 gives the canonical test. As shown in
Table 2, the canonical correlation coefficient for the first set of estimated canonical variate pair is 0.9114,
and the eigenvalue value is 4.9027. For the second set, the canonical correlation coefficient is 0.2547 and
the eigenvalue value is 0.0694. Only the eigenvalue value for the first canonical correlation is greater
than 1, indicating simply the first pair estimated canonical variate pair has sufficient explanatory power.
Moreover, the correlation of the first set canonical variate pair is significantly higher than that of the
second set, and the p-values of Wilks’ lambda, Pillai’s trace, Hotelling-Lawley trace, Roy’s greatest root,
and probability ratio and approximate F value are all <0.0001, indicating that the canonical variable
EPI of the first set has a significant correlation with the HDI canonical variable. The p-value of the
correlation test for the second set canonical variate pair is 0.0178 (greater than α = 0.01), which is
considered as insignificant. Furthermore, based on the eigenvalues, it shows that one canonical variable
of the first canonical variate pair can explain 98.6% of the variation and information content in another
canonical variable of the same set canonical variate pair. By including the second canonical variate
pair, the variation explained can only improve the remaining 1.4%, which is considered inefficient.
Therefore, this study only selects the first set canonical variate pair for the subsequent analysis and
interpretation of the results. From the above, it is found that there is a significant correlation between
EPI and HDI canonical variables, which shows very high explanatory power mutually.

Table 1. Descriptive statistics.

Variable MEAN STD MED MIN MAX

Environmental health 74.63 16.17 78.39 32.69 98.71

Ecosystem vitality 62.76 16.25 64.03 22.08 90.09

Life expectancy at birth 71.87 8.06 74.18 48.90 83.70

Expected years of schooling 13.24 2.80 13.26 5.00 20.40

Mean years of schooling 8.53 2.95 8.71 2.30 13.40

Gross national income 18,019.56 19,130.30 11,502.19 587.47 129,915.60

NOTE: STD = standard deviation, MED = median, MIN = minimum, MAX = maximum.

The internal correlation among the four indicators of human development canonical variables
(Table 3) shows that the linear correlation between expected years of schooling and mean years of
schooling is the highest, exceeding 0.8. The correlation coefficients between life expectancy at birth and
expected years of schooling, mean years of schooling are all more than 0.7. The correlation coefficients
between GNI and life expectancy at birth, expected years of schooling and mean years of schooling
are between 0.5 and 0.7. Therefore, the internal correlation among the four indicators of human
development in all countries is of medium-to-high positive correlation. Therefore, an increase in any
one indicator of HDI will always lead to an increase in the other three indicators.
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Table 2. Canonical correlation test.

Canonical
Correlation

Squared
Canonical

Correlation

H0: The Canonical Correlations in the Current Row
and All that Follow are Zero

Eigenvalue Proportion Likelihood
Ratio

Approximate
F Value

Num
DF

Den
DF

p
Value

1
2

0.9114 0.8306 4.9027 0.9860 0.1584 56.34 8 298 <0.0001

0.2547 0.0649 0.0694 0.0140 0.9351 3.47 3 150 0.0178

Multivariate Statistics and F Approximations

Statistic Value F Value Num DF Den DF Pr > F

Wilks’ Lambda 0.1584 56.34 8 298.00 <0.0001

Pillai’s Trace 0.8955 30.40 8 300.00 <0.0001

Hotelling-Lawley Trace 4.9721 92.24 8 210.54 <0.0001

Roy’s Greatest Root 4.9027 183.85 4 150.00 <0.0001

Table 3. Internal correlation coefficients among indicators of human development.

Variable Life Expectancy
at Birth

Expected Years
of Schooling

Mean Years of
Schooling

Gross National
Income

Life expectancy at birth 1 0.7847 0.7168 0.6027

Expected years of schooling 0.7847 1 0.8271 0.5873

Mean years of schooling 0.7168 0.8271 1 0.5720

Gross national income 0.6027 0.5873 0.5720 1

In the part of environmental performance (Table 4), the correlation coefficient between
environmental health and ecosystem vitality is about 0.5, which shows the internal correlation
is moderately positive, indicating that the better the environmental health is, the better the ecosystem
vitality will be.

Table 4. Internal correlation coefficients among indicators of environmental performance.

Variable Environmental Health Ecosystem Vitality

Environmental Health 1.0000 0.5130

Ecosystem Vitality 0.5130 1.0000

For the cross-correlation (in Table 5), the coefficients between environmental health and life
expectancy at birth, expected years of schooling, and mean years of schooling of HDI are all more than
0.7, indicating a high positive correlation. However, the correlation with gross national income was
slightly lower than 0.5, indicating a moderate positive correlation. The correlation coefficient between
ecosystem vitality and four HDI indicators are all around 0.5, which show a moderate and positive
correlation. In conclusion, the better human development is, the better environmental performance
will be. Environmental health seems to relate to human development a bit more than ecosystem vitality.

Table 5. Inter-correlation coefficients between indicators of environmental performance and
human development.

Variable Environmental Health Ecosystem Vitality

Life expectancy at birth 0.7737 0.5196

Expected years of schooling 0.8182 0.6237

Mean years of schooling 0.8234 0.6667

Gross national income 0.4857 0.4886
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Table 6 and Figure 1 shows the estimated canonical coefficients in the composition of the canonical
variables. Therefore, the canonical variables for the first canonical variate pair can be expressed
as follows:

Canonical environmental performance = 0.7968 environmental health + 0.3207 ecosystem vitality

Canonical human development = 0.2522 life expectancy at birth + 0.3260 expected years of
schooling + 0.5340 mean years of schooling − 0.0523 gross national income

Table 6. The canonical coefficients in the composition of the canonical variable.

Variable Standardized Canonical Coefficients for
Environmental Performance Indicators

Environmental health 0.7968
Ecosystem vitality 0.3207

Variable Standardized canonical coefficients for
human development indicators

Life expectancy at birth 0.2522
Expected years of schooling 0.3260

Mean years of schooling 0.5340
Gross national income −0.0523
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Figure 1. Canonical correlation analysis of environmental performance and human development.

In the canonical correlation model, all the coefficients are positive except for gross national income.
The coefficient for environmental health is the highest, close to 0.8 which is about 2.5 times the coefficient
for ecosystem vitality, which shows environmental health is the most important indicator and has
the largest contribution to the composition of the canonical variable of environmental performance.
The contribution of ecosystem vitality ranked second, with a coefficient less than 0.5. The mean years
of schooling had the highest contribution to the canonical human development, with the standardized
coefficient exceeding 0.5, which is about twice the magnitude for the expected length of schooling and
life expectancy at birth. The contribution of expected years of schooling was slightly over 0.3, followed
by life expectancy at birth with the coefficient a bit lower than 0.3. However, the coefficient for gross
national income is negative with a very small value, indicating its contribution to human development
is adverse, contrary to other indicators, and also the lowest. Therefore, when gross national income
is high, canonical human development score would be low and further leads to poor environmental
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performance. However, since this coefficient size is relatively low, when discussing the relationship
between human development and environmental performance, the representation of gross national
income for human development is virtually trivial.

According to the above results, environmental health is the main element of EPI, and the mean
years of schooling is the chief component of HDI. Since the correlation between environmental health
and mean years of schooling are the strongest, the higher the mean years of schooling are, the better
the country’s environmental health will be. On the contrary, the economic factor, i.e., gross national
income, cannot be effectively reflected in the overall HDI as compared to the other three indicators of
human development; consequently, its relationship with environmental performance is less evident.

For all countries, the proportion that canonical environmental performance explains the original
indicators of environmental performance, as shown in Table 7, is close to 73%. In addition, canonical
human development can explain 83% of canonical environmental performance, indicating that canonical
human development can explain about 60% (i.e., 0.7282 × 0.8306 = 0.6048) of original environmental
performance indicators. Similarly, the proportion that canonical human development explains their
own original indicators is about 72%, hence, the proportion that canonical environmental performance
explains the original human development indicators is close to 60% (i.e., 0.7199 × 0.8306 = 0.5979).
Therefore, from the perspective of all countries, the explanatory power of human development and
environmental performance to explain mutually is in the medium-to-high level.

Table 7. Standardized variances of canonical variables explaining themselves and paired
canonical variables.

Canonical Environmental Performance Explains the Standardized Variances of the Original Indicators

Canonical
variable

Canonical
environmental performance Canonical

R-Square

Canonical
human development

Proportion Proportion

Environmental
performance 0.7282 0.8306 0.6048

Canonical Human Development Explains the Standardized Variances of the Original Indicators

Canonical
variable

Canonical
human development Canonical

R-Square

Canonical
environmental performance

Proportion Proportion

Human development 0.7199 0.8306 0.5979

As shown in Table 8, both canonical environmental performance and canonical human
development have the highest explanatory power for environmental health, slightly less than 80%,
but only about 40% for ecosystem vitality. The mean years of schooling in both canonical variables
have the highest explanatory power, followed by the expected years of schooling with the explanatory
power slightly over 70%, then the life expectancy at birth with power a bit over 60%, and finally,
the gross national income with the lowest explanatory power about 30%.
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Table 8. Squared multiple correlations between indicators and the canonical variables.

Squared Multiple Correlations between the Environmental Performance Indicators with the
Canonical variables

Indicators Canonical
environmental performance

Canonical
human development

Environmental health 0.7677 0.7726

Ecosystem vitality 0.4420 0.4724

Squared Multiple Correlations between the Human Development Indicators
with the Canonical Variables

Indicators Canonical
human development

Canonical
environmental performance

Life expectancy at birth 0.6133 0.6190

Expected years of schooling 0.7259 0.7259

Mean years of schooling 0.7568 0.7590

Gross national income 0.2956 0.3137

5. Conclusions and Discussion

This study empirically confirms a significant and positive correlation between environmental
performance and human development that contributes to an improvement in the current knowledge
of environmental sustainability management as well as human development.

5.1. Findings and Implications

A number of important findings and implications are further discussed as follows.

• Two indicators of the environmental performance (i.e., environmental health and ecosystem
vitality) are moderately and positively correlated. This finding empirically confirms the views
of Rapport [37], Jerry et al. [38], and Zhang et al. [39] for the existence of internal correlation
between dimensions of environmental performance, signifying that the healthier the environment
is, the better ecosystem vitality will be. A healthy ecosystem with stability and sustainability can
contain all kinds of complementary ecosystem vitality capable of restoring damage and further
providing human society with good ecosystem services [37]. Ecosystem vitality exists in a complete
and healthy environmental system [38]. Both ecosystem and environmental health can keep
humans healthy and provide suitable environmental quality for human survival, which indicates
that ecosystem and environmental health are interconnected and therefore interrelated with each
other [29]. Correspondingly, this result suggests the policy implication that countries should
actively strengthen ecosystem vitality in order to achieve a positive interaction effect on enhancing
environmental health.

• Four dimensions of human development (i.e., life expectancy at birth, expected years of schooling,
mean years of schooling, and gross national income) show a medium-to-high level of positive
association. Henceforth, this study confirms the existence of internal correlation between indicators
of HDI, similar to the view of Booysen [12] in the literature, while differing from the finding of
Noorbakhsh [13] who used similar human development variables. This result indeed suggests
the implication that the improvement of any aspect of human development will lead to the
enhancement of other facets to various degrees. Moreover, the result reveals that mean years of
schooling and expected years of schooling are two core indicators of HDI. As Roger [65] proposed,
the human group itself is a knowledge base and education will enable people to obtain the ability
to survive. By means of education, people attain harmony in body and mind, achieve perfect
self-actualization, and further promote the progress and development of human society [66].
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• Different from the important roles played by mean years of schooling and the expected years
of schooling in HDI, gross national income per capita is much less representative of human
development, which is consistent with the findings of Muhammad [58] based on data from Pakistan.
Actually, the original design of the human development index was to overcome the drawback in
adopting gross national income as the only dimension of human development with the belief that
human development should focus on human well-being rather than economic development [47].
The policy implication is that economic development should aim at people-oriented policy instead
of the national economic income. As Haq [46] pointed out in the human development index
report of 1990, national economic income is merely one aspect of economic development.

• The inter-correlation between individual dimensions of environmental performance and those
of human development is also positive of medium-to-high level. In particular, canonical
environmental performance and canonical human development have explanatory power up
to 83%, showing great and significant influence on each other. The underlying linkage for the
cross-correlation between human development and environmental performance may be proposed
and explained as follows. As our result shows, education is an important aspect for human
development. People who live in countries with higher economic development usually have
better opportunities and resources to receive better education. When people have a high level
of knowledge, they are more likely to attain the concept of environmental health and further
develop an awareness and take actions to protect their own health, such as paying attention to
environmental hygiene, consuming good quality drinking water, avoiding unsafe environmental
hygiene and risk, decreasing suspended particle exposure, etc. All the reasoning above may explain
why environmental health can be improved and further boosts the increase of life expectancy at
birth. As Wending et al. [67] stated, safe sanitation and clean drinking water would reduce health
risks, as well as disease and bacteria. Consequently, the environment affects the health of the
human development [8]. Our empirical conclusion supports the same belief of Serghini et al. [60],
Gallego et al. [20], and EPA [61].

• As mentioned above, the key factor in human development is mean years of schooling, followed
by expected years of schooling. Environmental health is the decisive factor in environmental
management. With the high correlation between HDI and EPI, therefore, it can be extended to the
most important linkage between environmental health and expected years of schooling. This result
implies the essential relation between environmental health and education, which actually confirms
the argument of the following literature. Urie Bronfenbrenner, the author of “Human Development
Ecology” in 1979, explained the underlying mechanism that humans as growing organisms are
living in the process of mutual adaptation between themselves and the changing environment.
Various environmental influences and human development have co-existed with a complementary,
mutually beneficial, and interactive relation, which has been built in the early stage of education
for children [68]. It is also emphasized that the only setting that serves as a comprehensive context
for human development from the early years onward is the children’s institution and the existence
of such a context is important from an ecological perspective [68]. Hence, for policy implications
it is suggested that, instead of concentrating on psychological outcomes for the individual in most
traditional investigations of human development, the structure of the immediate environment,
or of the microsystem in which the individual is embedded, in fact deserves more attention in
understanding the characteristics of institutional setting for activities, roles, and relations [68].

• The positive correlation between environmental health and life expectancy at birth is virtually at
a high level, showing that promotion of environmental health at all phases is substantially
significant to human life expectancy. Nonetheless, ecosystem vitality is only moderately
correlated with life expectancy at birth, mean years of schooling, and expected years of schooling.
In view of Auster et al. [69], life expectancy depends on environmental variables, such as wealth,
education, and security regulations, and infrastructure quality, lifestyle factors, and medical
and pharmaceutical expenses. Access to safe drinking water affects life expectancy [70] and,
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in addition, socioeconomic and environmental factors (e.g., income per capita, ratio of health
expenditure to GDP, urbanization rate, and carbon dioxide emission per worker) are generally
determinants of life expectancy at birth [71]. This finding implies that more effective strategies and
active actions in supporting and maintaining ecosystems in the context of human development
are needed to consider for future planning in sustainability management.

• Gross national income is positively correlated with environmental health and ecosystem vitality,
nonetheless, the relation is relatively weak as compared with the other three human development
indicators. Actually, there are many sources of pollution at higher levels of economic development.
As Panayotou [19] mentioned, the levels of industrial activity, the number of vehicles, and the
consumption of electricity are directly related to the stage of economic development and level of
income, while generally, the consumption of energy and the generation of emissions rises with
the level of development. Each source generates fewer emissions per unit of output. This may
be partly due to introduction of new technology, and partly the result of improved economic
efficiency. Moreover, as pursuing for higher levels of economic development, countries may
move towards export-oriented industrialization. The reduction of protection and realignment
of domestic prices with world prices encourages improved efficiency in input and hence waste
reductions in output. However, the expansionary effect of export-oriented industrialization means
a greater output and possibly greater aggregate level of emissions and wastes than before [19].
All the above means the possible existence of a trade-off relation between economic development
and environmental performance. This may also explain why some studies suggest economic
growth has a positive correlation with the environment [19,20,26], while some pointed out that it
may not effectively improve the environment [20]. A policy implication of this finding suggests
that good governance in environment is crucial by ensuring access to clean and modern energy
and/or industrialized technologies, which may somewhat reduce the underlying trade-off effect
caused by economic development [72,73].

This study contributes to the scant literature on the relevant relationship between environmental
performance and human development. Specifically, the methodology applied in this study can avoid
the subjective problem which occurred in past literature that EPI and HDI are often aggregated with
predetermined weights. In addition, previous studies often discuss the overall relevance between
EPI and HDI, but to the best of our knowledge, none have specifically focused on the direct cross
relationship among individual dimensions of EPI and HDI. Specifically, our result discovers that
education is the key factor for affecting environmental management, shedding light on the importance
of education and its inseparable role from HDI in promoting environmental sustainability. Moreover,
our finding points out the inaptness in adopting gross national income as a measure of living standards
which highlights the imperative necessity of reconsidering other dimensions of human development
in connection with environmental management.

5.2. Limitations and Future Research

To fully understand the actual causal relationship between environmental performance and
human development, a longitudinal approach may be more appropriate to reveal the effect of HDI on
EPI, or vice versa, across time. However, since the dimensions of EPI are adjusted every two years and
vary with time, longitudinal data with consistent measures is impossible. The relationship examined is
actually correlation, which is the limitation of the study in the context of a cross-sectional approach.
As the result shows, gross national income may not be a suitable measure for human development
in relation with environmental performance. Future research may consider other proxies for living
standards or more people-oriented aspects of human development as exploring the relation between
environmental sustainability management and human development.
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