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ABSTRACT

Environmental pollution has emerged as a critical global concern, drawing
persistent attention from international organizations due to its severe ecological and
socio-economic consequences. Developing countries such as Iran are particularly
vulnerable, as rapid urbanization, industrialization, and rising energy consumption
have significantly intensified environmental degradation in recent decades.
Education is widely acknowledged as a key determinant in shaping environmental
awareness, responsibility, and sustainable behavior; however, its measurable impact
on pollution has received limited empirical attention. This study investigates the
contribution of different education levels to environmental quality in Iran over the
period 2006-2020. Relying on official national statistics, the analysis applies an
instrumental variables (IV) econometric framework and two-stage least squares
(2SLS) estimation to address potential endogeneity between education and
environmental outcomes. The findings reveal a negative and statistically significant
relationship between education and environmental pollution. In particular, higher
education levels, especially Master’s and PhD degrees, exert the strongest
mitigating effect on CO. emissions, whereas lower levels of education show weaker
but still favorable impacts. The results underscore the pivotal role of education in
fostering environmentally responsible behavior and support policies that integrate
sustainability into educational systems. Enhancing education levels not only
strengthens human capital but also serves as a powerful tool for improving
environmental quality and promoting sustainable development.
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Introduction

Environmental pollution has evolved into one of
the most consequential risks to human welfare and
ecological stability. The intensification of
greenhouse gas emissions, deterioration of air
quality, and escalating waste generation have
created a complex policy problem that transcends
sectoral and national boundaries. International
assessments repeatedly stress the urgency of the
challenge and the need for credible pathways to
reduce emissions while safeguarding economic
opportunity (IPCC, 2023). For developing
economies, the policy dilemma is particularly
acute: rapid urbanization, industrialization, and
energy use are typically associated with
improvements in material well-being yet often
impose substantial environmental costs that erode
population health and future growth potential. Iran
exemplifies this tension. During the past two
decades, structural shifts in production, expansion
of urban centers, and consumption patterns have
elevated the salience of environmental externalities
and made pollution control a priority for planners
and communities alike.

Although the correlation between income
growth and environmental degradation has been
widely discussed—often framed through the
Environmental Kuznets Curve that posits an
inverted-U relationship between income and
pollution (Frankel, 2009)—far less is known about
the channels through which education influences
environmental outcomes. Education can shape
preferences, beliefs, and capabilities that translate
into responsible energy use, improved waste
management, and support for environmental
regulation. It also operates indirectly by affecting
occupational choices, productivity, and
technological adoption, which can alter the
composition and technique of production. Yet the
empirical evidence that isolating the causal effect
of education on environmental quality is limited,
partly because education is endogenous to income,
location, and institutional factors.

This study addresses that gap by examining the
contribution of different education levels to
environmental pollution in Iran over 2006-2020
and by employing an instrumental-variable
strategy to mitigate endogeneity. In doing so, it
provides quantitative evidence on how the
composition of educational attainment—ranging
from high school to doctoral degrees—relates to
measured pollution levels, thereby informing
educational and environmental policy design in a
setting where evidence is urgently required.

Methodology

Data and variables. The analysis relies on official
national statistics compiled from the Statistical
Center of Iran, the Central Bank of Iran, and the
Department of Environment. The dependent
variable is an index of environmental pollution
proxied by CO: emissions. The core explanatory
variables capture the distribution of the population
across five education levels: EDI1 (high school),
ED2 (associate degree), ED3 (bachelor’s), ED4
(master’s), and ED5 (PhD and above). To address
potential endogeneity—arising because
educational attainment correlates with unobserved
determinants of pollution—the empirical strategy
instruments each education level with the
corresponding mean income of individuals in that
category: IN1-INS. The instrument set builds on
prior evidence that educational attainment exhibits
a strong positive association with income, while
the income measures—conditional on education—
do not exert a direct effect on pollution at the
aggregate level used in this study (Frankel, 2009;
Eyuboglu & Uzar, 2020).

Econometric framework. The instrumental-
variable specification is estimated via two-stage
least squares (2SLS). In the first stage, each EDk
(k € {1,...,5}) is regressed on the corresponding
INk and the constant term (INPT). The strength
and validity of the instruments are assessed
through standard diagnostics. The first-stage F-
statistic  exceeds  conventional  thresholds,
indicating strong instruments; the Sargan over-
identification test does not reject the null of valid
instruments; and a Hausman specification test
supports the use of 2SLS over OLS by indicating
endogeneity of the education regressors. Model
adequacy is further corroborated by a high
generalized R-squared in the structural equation.
All-time series were evaluated for stationarity
using unit-root tests prior to estimation, and
optimal lags were selected according to
information criteria where required.

Interpretation and robustness. The estimated
coefficients on ED1-EDS are interpreted as semi-
elasticities of the pollution index with respect to
changes in the share of the population at each
education level, holding the other education shares
constant. Because education shares collectively
sum to unity in the population, the coefficients are
evaluated with awareness of compositional effects;
the empirical specification accommodates this by
including an intercept and by examining shifts
across categories rather than absolute changes in
total educational attainment. Robustness checks
include alternative first-stage specifications and
exclusion of individual instruments to ensure that
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the results are not driven by a single income
measure. All computations were conducted in
Microfit using annual data for 2006-2020.

Result

Descriptive patterns highlight steady progress in
educational attainment in Iran over the sample
period, with persistent growth in the shares of
bachelor’s and postgraduate degrees. The 2SLS
estimates reveal a consistent and statistically
significant negative relationship between higher
education and environmental pollution. In
particular, the coefficients for ED4 (master’s) and
EDS5 (PhD and above) are the largest in magnitude
and negative, indicating that increases in the
population shares holding these degrees are
associated with measurable reductions in CO:
emissions. The coefficients for ED1-ED3 are also
negative, albeit smaller in absolute value,
suggesting  beneficial though comparatively
weaker effects at lower education levels. The
model’s generalized R-squared is approximately
0.86, reflecting strong explanatory power of the

specification. Diagnostic statistics support the
credibility of the identification strategy: the
Hausman test statistic is about 12.47 (p < 0.01),
indicating endogeneity in OLS; the Sargan test
statistic is approximately 2.31 (p = 0.12),
consistent with valid instruments; and the first-
stage F-statistic is roughly 18.6 (p < 0.01),
indicating instrument strength. These diagnostics
reinforce the interpretation of the 2SLS
coefficients as causal effects under standard
assumptions.

The empirical results demonstrate a statistically
significant negative relationship between education
and environmental pollution. Higher education
levels, particularly master’s (ED4, coefficient = -
0.2321) and PhD (EDS5, coefficient = -0.2828),
exert the strongest mitigating effects on CO:
emissions. Lower education levels (high school
and associate degree) also show negative
coefficients, though weaker (-0.0268 and -0.0703,
respectively). The generalized R? of the model was
0.86, indicating strong explanatory power.

Table 1. Estimated Coefficients of Education Levels on Environmental Pollution

Education Level Coefficient Std. Error t-Statistic
ED1 (High school) -0.0268 1.7872 -1.7041
ED2 (Associate) -0.0703 1.5109 -1.8782
ED3 (Bachelor’s) -0.0941 0.9667 -1.8476
ED4 (Master’s) -0.2321 1.9242 -1.1466
ED5 (PhD+) -0.2828 1.8356 -1.9612

To make the magnitudes concrete, the pattern
of estimated semi-elasticities implies that a
reallocation of educational attainment toward
postgraduate  degrees is  associated  with
proportionally larger improvements in
environmental quality. This result is consistent
with mechanisms in which higher education
fosters the adoption of clean technologies,
enhances  compliance  with  environmental
regulation through greater awareness and civic
engagement, and encourages shifts into less
polluting industries and occupations. Additionally,
bachelor’s degree attainment exhibits a meaningful
negative association with pollution, consistent with
lifestyle and workplace practices that reduce
energy intensity. At the lower end of the spectrum,
high school and associate degrees contribute to
improved environmental outcomes but to a smaller
extent, emphasizing diminishing marginal effects
at earlier stages of education. Combined, the

results portray education as a pivotal lever for
environmental quality that operates across the
distribution of attainment, with pronounced effects
at advanced levels.

The findings indicate that higher levels of
education are associated with greater reductions in
environmental pollution. To develop -effective
strategies, it is essential to implement feasible and
participatory infrastructures that not only engage
the public and utilize societal capacities but also
provide a platform for scholars, cultural and
political experts, and intellectual elites to
contribute educational programs that raise
environmental awareness and knowledge across
society. Meanwhile, the government plays a key
role in strengthening and enabling mechanisms for
the expansion of general and specialized
environmental  education  through  various
economic, cultural, and social development
programs.

Table 2. Ranking of Education Levels Based on Estimated Coefficients

Statistical Significance Education Level Estimated Coefficient
Highly significant Ph.D -0.2828
Significant Master’s -0.2321
Notable Bachelor’s -0.0941
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Statistical Significance Education Level Estimated Coefficient
Moderate Associate -0.0703
Weak High school -0.0268

The comparative analysis demonstrates that
individuals with a PhD have the greatest
contribution to reducing environmental pollution
(coefficient: -0.2828), followed by Master’s degree
holders (-0.2321). Bachelor’s degree holders (-
0.0941) reduce pollution more than those with an
Associate degree (-0.0703), and Associate degree
holders reduce pollution more than high school
graduates (-0.0268). In general, the higher the
educational level, the stronger its effect on
improving environmental quality. Advanced
degrees (ED4 and EDS) play the most significant
role in enhancing environmental outcomes.

Three channels may rationalize the gradient of
effects observed across education levels. First, the
technique channel: more educated individuals and
firms employing them are likelier to implement
energy-saving technologies, environmental
management systems, and process innovations that
reduce emissions intensity. Second, the
composition channel: higher education can shift
labor toward services and knowledge-intensive
sectors that are, on average, less pollution-
intensive than heavy industry. Third, the
preference channel: coursework and campus
practices expose students to sustainability norms,
which shape habits (waste sorting, public transit
use, and demand for green products) that persist
into adulthood (UNESCO, 2021). These channels
jointly generate aggregate benefits as the education
mix of the population evolves.

Nonetheless, several caveats warrant attention.
Education and income are intertwined; while the
instrument set exploits systematic links between
degree attainment and income, it is possible that
education induces geographic sorting into urban
areas with different pollution profiles. The
empirical design partly addresses this by focusing
on national time-series variation rather than cross-
sectional differences, yet future research with
regional microdata could sharpen identification.
Another caveat is that universities and schools
themselves consume resources—electricity, paper,
transport—and can add to emissions in the absence
of green campus policies (Marsh, 2024). In such
cases, the net environmental benefit of education
depends on institutional commitments to
sustainability, the carbon intensity of the electricity
grid, and the diffusion of digital alternatives to
resource-intensive practices. Finally, while this
study finds a negative relationship across all
education categories, the magnitude of effects may
be nonlinear, with threshold behavior where
postgraduate training catalyzes disproportionate

changes in knowledge networks, technology
adoption, and civic action. Recognizing these
nuances is important for translating evidence into
policy without overgeneralization.

Conclusions

This study provides causal evidence that increases
in educational attainment are associated with
reductions in environmental pollution in Iran over
the period 2006-2020. The instrumental-variable
2SLS framework, combined with strong and valid
instruments, supports an interpretation in which
education influences pollution through behavioral,
technological, and compositional channels. Policy
implications follow directly. First, integrating
sustainability =~ content  across  curricula—
particularly at undergraduate and postgraduate
levels—can reinforce pro-environmental norms
and skills. Second, fostering partnerships between
universities, industry, and municipalities can
accelerate the diffusion of cleaner technologies and
practices, amplifying the technique effect. Third,
expanding access to higher education, especially
master’s and doctoral programs in fields related to
environmental management, engineering, and
policy, can yield environmental co-benefits
alongside human capital formation. Fourth,
campus-level initiatives—such as energy audits,
green procurement, public transit incentives, and
robust recycling and e-waste programs—can
mitigate the direct footprint of education providers
and align institutional operations with educational
goals. Limitations of the present study include
national aggregation that may mask regional
heterogeneity, the reliance on CO- as the primary
proxy for environmental pollution, and data
constraints  that preclude richer controls;
addressing these in future work using panel data
and broader environmental indicators would
enhance external validity. Overall, the evidence
positions education policy as a potent instrument
in the portfolio of strategies for improving
environmental quality and advancing sustainable
development.
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Table 4. Unit Root Test Criteria for Instrumental Variables
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Table 5. Results from Estimation of the Instrumental Model
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Table 6. Ranking of Education Levels Based on Estimated Coefficients
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