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Abstract

In the process of economic development and growth, as well as issues such as economic growth and human
development, undesirable outcomes such as environmental pollution will also be important. Considering the
application of the DEA method, it will be important to present a model based on this that, on the one hand,
calculates and evaluates sustainable development and compares different countries in this regard, and on the other
hand, considers undesirable outcomes. Therefore, in this study, by presenting a DEA-based model, considering
undesirable outcomes, various countries were evaluated and compared in terms of sustainable development. In this
study, efficiency results were presented for 42 developing and developed countries, and information analysis was
also performed in GAMS software. The results showed that the countries of Great Britain, Germany, Finland,
Japan, Denmark, the United States, and Canada were efficient in the period under consideration and have
maintained this efficiency in this period. The countries mentioned were stable in terms of efficiency during the
period under consideration and hence these countries are introduced as countries with sustainable development.
The results of the study of Iran's efficiency compared to developing and developed countries showed that Iran was
not on the efficiency frontier in any of the years under study, but over time, except for 2021, it has moved closer
to the efficiency frontier.
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The concept of sustainable development has
emerged since the 1970s as an interdisciplinary
approach  to  economic, social, and
environmental development. The renowned
definition by the Brundtland Commission in
1987 described sustainable development as
“development that meets the needs of the
present without compromising the ability of
future generations to meet their own needs.” In
recent decades, due to the increasing demand
for natural resources and the environmental
pollution resulting from economic activities, the
necessity of addressing undesirable outputs—
such as pollutant emissions and excessive
energy consumption—has become more
prominent.

In this context, assessing and measuring the
level of sustainability in countries faces
numerous challenges, especially when it is
necessary to compare the multifaceted
performance of countries across different
dimensions and time periods. Analytical
approaches such as Data Envelopment Analysis
(DEA) have therefore been utilized as
appropriate tools for measuring the relative
efficiency of countries in achieving sustainable
development. The main objective of this study
is to assess the level of sustainable development
in Iran compared to other countries using the
DEA approach. This study focuses on
sustainable development across three primary
dimensions—economic, social, and
environmental—while also accounting for
undesirable outputs such as greenhouse gas
emissions. The proposed model enables the
simultaneous measurement of efficiency in
generating desirable outputs and reducing
undesirable ones.

The theoretical section of the article presents
sustainable development as a multidimensional
and multilayered concept that seeks a balance
between the use of natural resources, social
justice, and economic growth. The authors
emphasize that focusing solely on the economic
aspects of development, while ignoring
environmental and social consequences, may
lead to misleading policies. Hence, in modern
sustainable development assessments,
indicators are selected that accurately reflect the
three pillars of development.
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This study employs the DEA model with
undesirable outputs, introduced by Korhonen
and Luptacik (2004). These models incorporate
negative weights for undesirable outputs—such
as carbon dioxide emissions—allowing for a
more comprehensive analysis of sustainability.
The inputs and outputs of the model are as
follows:

Inputs:

- Labor force (population aged 15 and above)
- Energy consumption (including oil, gas, coal,
and electricity)

- Natural resource consumption (such as metals
and timber)

Desirable Outputs:

- Gross Domestic Product (GDP)

- Human Development Index (HDI)
Undesirable Outputs:

- Carbon dioxide and other greenhouse gas
emissions

Data for 42 developed and developing countries
were collected for the period 2012 to 2022 and
analyzed using GAMS software.

The countries under study include a mix of
developed nations (Germany, Japan, the United
States, the United Kingdom, etc.) and
developing countries (lran, China, Turkey,
Malaysia, etc.). This diversity allows for a
comparative evaluation of sustainability levels
across different economic and social contexts.
The results of the DEA model over the study
period show that countries such as the United
Kingdom, Germany, Finland, Japan, Denmark,
the United States, and Canada have consistently
operated on the efficiency frontier, thereby
qualifying as sustainably developed countries.
These nations have successfully maintained
economic growth, achieved high levels of
human development, and kept greenhouse gas
emissions at acceptable levels. In contrast,
countries like France, Saudi Arabia, and
Norway reached the efficiency frontier in some
years but failed to maintain this status over time.
Other  countries—including  Iran—never
reached the efficiency frontier during the study
period, although Iran came relatively closer to it
in certain years, such as 2022. The charts and
tables presented in the article show that Iran’s
performance, especially in terms of energy
efficiency and emissions management, has been
weaker than the selected countries. High energy
consumption and excessive greenhouse gas
emissions relative to GDP and HDI have been
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key factors contributing to Iran’s inefficiency in
achieving sustainable development.

The article's analysis reveals that the
sustainability of development depends not only
on achieving economic growth and improving
human welfare but also on proper resource
management and reducing environmental
impacts. Efficient countries have managed to
strike a balance among these three dimensions,
improving desirable indicators while preventing
negative environmental consequences. In Iran’s
case, the analysis indicates that despite some
progress in human and economic development,
the lack of effective policies for optimizing
energy use and reducing emissions has led to
poor performance in the path toward sustainable
development.

The study concludes that Iran faces serious
structural and managerial challenges in
achieving sustainable development. The most
significant of these include overreliance on

fossil fuel resources, low energy efficiency, and
weak pollution control mechanisms.
Accordingly, the following policy
recommendations are made:

1. Optimize energy consumption across various
economic sectors, including industry and
transportation;

2. Improve efficiency in the use of natural
resources and promote renewable energy
sources;

3. Implement stricter environmental policies to
reduce greenhouse gas emissions;

4. Increase investment in education, healthcare,
and social indicators as foundations of human
development.

These strategies, coupled with the development
of innovative and sustainable technological
infrastructures, can pave the way for Iran’s
transition toward sustainable development.
Achieving this goal requires a holistic vision,
long-term  policy planning, and active
participation from all governing, economic, and
social institutions.
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