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Abstract - This study explores how universities in the UK, the US, and Canada can achieve organizational growth alongside
environmental conservation through a cross-national analysis. Primary datasets on management performance and
environmental impacts have been drawn from 91 universities in these three countries, selected from the top 150 institutions in
the QS World University Rankings: Sustainability 2025. Annual data from 2019 to 2023 are analyzed separately, covering the
COVID-19 period. Regression analyses grounded in the Environmental Kuznets Curve (EKC) hypothesis confirm a series of
turning points in operating Revenue Per Area (Rev/Are), ranging from USD 3.252 Billion to 3.922 Billion/Km? At Which Co:
Emissions, Energy Consumption, and water usage per kilometer (CO2/ARE, ENR/ARE, and AQU/ARE) begin to decline. The
results suggest that the EKC pattern in higher education is shaped by three interrelated dimensions: pressures and motivations
to achieve higher rankings and evaluation scores assigned by external organizations; universities’ positioning as both fund
recipients and investors, and a growing emphasis on social engagement and contribution. Reaching these REV/ARE
thresholds provides an empirical benchmark for verifying the EKC hypothesis and demonstrates a feasible trajectory through
which universities can actively achieve organizational growth alongside environmental conservation, thereby advancing

ongoing discussions in environmental economics and higher-education management.

Keywords - Environmental Economics, University Governance and Management, Environmental Disclosure, University
Rankings, and EKC Hypothesis.

1. Introduction

Environmental accountability has emerged as a key
dimension of university governance, reflecting the growing
demand for transparency in resource management and
environmental performance. The increasing emphasis on
accountability in Environmental, Social, and Governance
(ESG) performance has encouraged universities to integrate
conservation-oriented initiatives into their strategic
management.

However, the extent to which these initiatives align with
organizational growth and environmental performance
remains underexplored, particularly in cross-national
comparisons. This study addresses this gap by empirically
analyzing the nonlinear relationships between management
indicators and environmental performance across leading
universities in the UK, the US, and Canada, within the
theoretical framework of the Environmental Kuznets Curve
(EKC) hypothesis. The findings enable comparison across
universities operating under different institutional conditions.
Unlike conventional EKC studies that focus on national or

Loce

regional levels, this study extends the EKC framework—
including the inverted N-shaped specification—to the
institutional dimension of higher education. A review of
existing studies indicates that, although university
performance has often been evaluated using metrics such as
staffing and financial resources, no prior research has applied
the EKC framework to environmental performance based on
primary datasets. Consequently, this study offers a novel
analytical perspective by applying the EKC framework at the
institutional level using original cross-national data and by
introducing operating Revenue Per Area (REV/ARE) as a
benchmark to identify empirically attainable turning points.
Regression analyses grounded in the EKC hypothesis
confirm a series of turning points in REV/ARE, ranging from
USD 3.252 billion to 3.922 billion/km?, where CO:
emissions, energy consumption, and water usage begin to
decline. This study integrates three environmental impacts to
capture a broader scope of environmental performance.
Reaching the identified REV/ARE thresholds provides an
empirical benchmark for verifying the EKC hypothesis and
demonstrates a feasible trajectory through which universities
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can achieve organizational growth alongside environmental
conservation in the UK, the US, and Canada. By adopting an
ESG-informed, REV/ARE-centered analytical framework, the
present analysis advances ongoing discussions in
environmental economics and higher-education management,
drawing on methodological insights developed in the
author’s earlier research. In accordance with the journal’s
editorial policy, these prior studies are not explicitly cited.

This study explores how universities in the UK, the US,
and Canada can achieve organizational growth alongside
environmental conservation through an independent cross-
national analysis. Using primary datasets on management
performance and environmental impacts from 91 universities
in the UK, the US, and Canada, extracted from the top 150
institutions listed in the QS World University Rankings:
Sustainability 2025, the research provides new evidence on
how growth and conservation interact within higher
education institutions. [1] Annual data from 2019 to 2023 are
examined separately, reflecting conditions before, during,
and after the COVID-19 pandemic.

2. Conceptual Framework, Research Gaps, and

Unresolved Issues
2.1. Conceptual Framework

This study first provides conceptual clarifications of key
terms used in the analysis, including organizational growth,
environmental conservation, CO: emissions, university
governance and management, and the EKC hypothesis.

“Organizational Growth” refers to the expansion of key
quantitative indicators—specifically, the number of students
and faculty members, operating revenues, and campus areas.
These indicators represent the essential dimensions of human
and financial resources that underpin a university’s
institutional capacity.

“Environmental Conservation” in this study refers to
actions aimed at preventing or mitigating environmental
degradation resulting from human activity, with particular
emphasis on reducing global warming and energy
consumption, as well as preserving water and natural
resources. It represents a shared responsibility among
governments, local authorities, public and private
organizations, and citizens, emphasizing precautionary
management that aligns institutional operations with
environmental responsibility and organizational growth.

CO: emissions in this study represent the sum of Scope 1
and Scope 2 emissions. Scope 1 covers direct greenhouse gas
emissions from sources owned or controlled by the
institution, while Scope 2 includes indirect emissions arising
from the use of purchased electricity, heat, or steam. As
some universities fail to provide complete disclosure of

Scope 3 data—indirect emissions from external entities
involved in institutional operations—these are excluded from
the analysis. University governance refers to the institutional
and regulatory frameworks that shape universities’
responsibilities, accountability structures, and disclosure

practices, while university management concerns the
strategic and operational decisions through which
universities achieve organizational growth alongside

environmental conservation.

This study adopts the EKC hypothesis as a conceptual
framework to examine the nonlinear relationship between
organizational growth and environmental impacts at the
university level. The EKC hypothesis, derived from the
original theory of Nobel laureate Dr. Simon Kuznets on
income inequality, was extended to environmental
economics in the early 1990s through the pioneering work of
Grossman and Krueger and the World Bank. [2,3] It
postulates that environmental degradation rises with
economic growth in the initial stage but declines beyond a
certain income threshold, forming an inverted U-shaped
pattern. Empirical validation of the EKC requires that the
linear term (p > 0) and the squared term (B < 0) in the
regression model reach statistical significance. In this study,
the hypothesis is applied to university operations to examine
whether organizational growth coexists with reductions in
CO: emissions, energy consumption, and water usage.

Prior research on the EKC hypothesis addresses three
principal issues: (1) The empirical validity of the inverted-U
pattern, (2) The income level at which turning points occur,
and (3) The mechanisms underlying the curve. Despite
extensive confirmation of the hypothesis across sectors,
estimates of turning points differ according to methodology
and the pollutants under examination. For example,
Grossman and Krueger estimated the turning point for Sulfur
Dioxide (SO:) at USD 4,053, whereas Selden et al. reported a
turning point for SO2 at USD 8,916 and for Nitrogen Oxide
(NOx) at USD 11,217. [4,5] These studies indicate that the
EKC does not stem from a single factor but from complex
interactions among governments, firms, and citizens, a
process that promotes environmental improvement in parallel
with economic growth. Recent studies in the early 2020s
have addressed performance related to growth and
conservation in higher education; however, applications of
the EKC framework at the institutional level remain limited.

Figure 1 illustrates three types of EKC non-linear
relationships, with operating Revenue Per Campus Area
(REV/ARE) as the common explanatory variable. The
dependent variables are water usage per campus area
(AQU/ARE) in 2020, and energy consumption per campus
area.

(ENR/ARE) and CO: Emissions Per Campus Area (CO:
/ARE) in 2021. (REV/ARE) is plotted on the x-axis, while
each environmental indicator is plotted on the y-axis.
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Fig. 1 Relationships between environmental indicators per campus area and operating revenue per campus area: (AQU/ARE)—(REV/ARE) in 2020,
(CO/ARE)Y—-(REV/ARE), and (ENR/ARE)—(REV/ARE) in 2021.

The identified turning points, ranging from USD 3.252
billion to USD 3.922 billion per km? serve as empirical
benchmarks for universities seeking to reduce environmental
impacts while achieving growth within the EKC framework.

2.2. Research Gaps

To the best of the author’s knowledge, no prior study has
examined the relationship between organizational growth and
environmental conservation by applying the EKC hypothesis
to a comprehensive dataset of American, British, and
Canadian universities. One of the primary reasons for this
research gap lies in the inherent difficulties associated with
analyzing reliable environmental and management data
across universities.

The disclosure of environmental performance data
requires substantial commitments of time and institutional
resources. It often entails third-party verification by external
auditing organizations and may involve the publication of
sensitive internal information. Furthermore, inadequate
coordination among regulatory authorities, industry
associations, professional bodies, financial institutions, and
media outlets has resulted in inconsistent disclosure
standards, perpetuating systemic information asymmetries. In
many cases, universities release only simplified visual
summaries—such as bar charts—without the numerical
datasets necessary for rigorous empirical evaluation.

Although ESG-oriented research has expanded across a
wide range of sectors—including government, corporate, and
higher-education domains—it continues to suffer from
methodological limitations that constrain analytical accuracy.

A central issue lies in the predominant use of composite ESG
metrics, such as alphabetic ratings (e.g., A+, AAA) or
numeric scores (e.g., 90/100) published by rating agencies.
These indicators often lack methodological transparency and
fail to establish objective, reproducible reference standards.

A further obstacle to the effective use of raw ESG data
lies in the extensive manual work required for data extraction,
normalization, and verification. Financial statements appear
in standardized digital formats such as Excel or CSV,
whereas ESG-related information from universities appears
within lengthy, unstructured reports rather than in machine-
readable datasets.

The 91 universities analyzed in this study encompass
approximately 2.8 million students and staff, cover 380
square kilometers, hold a combined annual budget of USD
36 billion, and account for 6 million tons of CO- emissions
per year, based on the author’s calculations. These
institutions constitute leading and influential universities in
the UK, the US, and Canada, and therefore form an
appropriate subject for academic investigation.

2.3. Ongoing Issues

This section examines concerns, limitations, and
unresolved issues identified in prior studies on global
environmental sustainability scores and ranking systems,
including the QS Sustainability Rankings and the Times
Higher Education (THE) Impact Rankings. [1, 6]

interviews at 28
reported  that

Elizabeth and Zhang conducted
universities across 16 countries and



Masao Tsujimoto / IJEMS, 13(4), 1-22, 2026

participation in sustainability assessments and rankings is
perceived to support institutional self-improvement and
provide external recognition. ! Simultaneously, they
identified concerns regarding evaluation criteria that
overlook financial, geographical, and socio-contextual
constraints. Some criteria require substantial investment or
fail to reflect regional conditions. For example, the item
“Water-conscious planting (e.g., use of drought-tolerant
plants)” does not account for climatic differences,
disadvantaging universities in humid regions where such
measures are unnecessary.

The study further shows that institutional diversity limits
the applicability of standardized global indicators. While
diversity constitutes a salient issue in the United States,
universities in contexts such as Hong Kong do not regard it
as a pressing challenge. Consequently, these institutions
receive no credit under global ranking criteria, revealing a
misalignment between global standards and regional
conditions.

One illustrative contrast can be observed between
universities with a strong regional mission and those with a
highly internationalized student body. Institutions that
prioritize educating local high-achieving students and
contributing to regional development may enroll few
international students and, as a result, receive low scores in
the “International Outlook” category of the Times Higher
Education (THE) Japan University Rankings. [8] By contrast,
universities with a large proportion of international students
may achieve favorable evaluations in this category, even
when facing challenges in areas such as student—faculty
ratios or educational resources. These contrasting cases
indicate that, while university rankings have practical
relevance for fundraising and the recruitment of students and
staff, the direct use of ranking scores or ordinal positions as
quantitative inputs in empirical analysis—without careful
consideration of institutional mission and regional context—
entails substantive limitations.

Simple comparisons based on environmental scores and
rankings do not necessarily capture the diverse institutional
and physical conditions faced by universities. Differences in
campus structure, building age, and regulatory constraints
may limit the extent to which environmental performance
can be directly compared across institutions. From this
perspective, score-based evaluations require careful
interpretation, as they may overlook contextual factors that
shape universities’ capacity to improve environmental
performance.

Dickson conducted interviews with sustainability
administrators at 16 Canadian universities and found that
sustainability priorities are driven by rating rather than
ranking systems. [9] All interviewees identified the
Sustainability Tracking, Assessment and Rating System

(STARS), developed by the Association for the
Advancement of Sustainability in Higher Education
(AASHE), as a key influence on institutional planning.
STARS served as a practical framework that guides
incremental improvements in sustainability performance. [10]
Dickson reported that internal drivers have greater influence
than government drivers and that rating-based governance
mechanisms offer greater utility than broad sustainability
goals or composite rankings. Global university rankings have
notable limitations, yet their utility remains a subject for
consideration. Hence, this study treats university rankings as
a contextual reference rather than as direct inputs for
econometric analysis, and focuses on organizational growth
and environmental conservation as a meaningful contribution
to academic discourse.

3. Verification
3.1. Methods

This study focuses on 91 universities in the UK, the US,
and Canada, extracted from the top 150 institutions listed in
the QS World University Rankings: Sustainability 2025. The
sample consists of 36 universities from the UK, 36 from the
US, and 19 from Canada. [1] The sample selection is based on
the availability of consistent environmental and management
data across institutions.

3.1.1. Data Coverage and Methodology

This study addresses existing gaps by conducting a
cross-sectional EKC analysis of top-ranked universities listed
in the QS World University Rankings 2025, using
environmental data from the Higher Education Statistics
Agency (HESA) in the UK and STARS in North America.
The HESA and STARS datasets are employed for their
consistency, accessibility, and suitability for cross-national
comparison, despite limitations in data completeness. For
UK institutions, the QS rankings rely on HESA data and
apply filters to ensure consistency with their definitions of
faculty and student numbers. [11] Data on management and
financial performance are obtained from HESA for UK
universities and from the official financial reports of
individual universities for US and Canadian institutions. [12-
51]

3.1.2. Variables
Table 1 outlines the dependent and explanatory variables
used in this study.

The basic dependent variables comprise three core
indicators: CO: Emissions (CO:), Energy Consumption
(ENR), and Water Usage (4QU).

The basic explanatory variables similarly include three
core components: the number of students and academic and
Administrative Staff (PRS), Operating Revenue (REV), and
Campus Area (ARE).
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To enhance analytical precision and ensure
comparability, additional dependent and explanatory
variables, referred to as advanced variables, are constructed
by normalizing these core indicators. Basic variables
represent raw values of environmental impact and
institutional capacity, whereas advanced variables are
derived through proportional transformations using
alternative denominators, thereby enabling more nuanced
cross-institutional comparisons.

Dependent variables are normalized by placing
explanatory variables in the denominator, for example,

CO:/PRS, CO:/REV, CO:/ARE, ENR/PRS, ENR/REV,
ENR/ARE, AQU/PRS, AQU/REV, and AQU/ARE.

Explanatory variables are normalized by substituting one
variable for another, such as PRS/REV, PRS/ARE, REV/PRS,
REV/ARE, ARE/PRS, and ARE/REV, capturing relative
institutional scale and resource allocation.

3.2. Regression Model Specifications

This study estimates 405 regression equations,
categorized into two types: 135 in the basic and 270 in the
advanced regression models (Table 1).

Table 1. Combinations of dependent and explanatory variables (abbreviations).

Basic variables

Dependent variables: 3

Explanatory variables: 3

(1) CO: emissions
(CO:, tons)
(2) Energy consumption (ENR, GJ)
(3) Water usage
(AQU, thousand m?)

(1) Number of students and
academic/administrative
staff (PRS, persons)
(2) Operating revenue
(REV, Million USD)
(3) Campus area
(ARE, km?)

Total 135 regressions;
Dependent variables x Explanatory variables
x Model specifications (Linear, Quadratic, Cubic)
x Yearly observations (5 years)
=3x3x3x5=135

Advanced variables

Dependent variables: 9 Explanatory variables: 3
(4) CO-/PRS (4) REV/PRS
CO:/REV ARE/PRS

CO:/ARE
(5) PRS/REV
(5) ENR/PRS ARE/REV
ENR/REV
ENRARE (6) PRS/ARE
REV/ARE
(6) AQU/PRS
AQU/REV
AQU/ARE

Total 270 regressions;
Dependent variables x Explanatory variables
x Model specifications (Linear, Quadratic, Cubic)
x Yearly observations (5 years)
=3x2x3x3x5=270

When constructing combinations of independent and
dependent variables, calculations are performed only
between terms that share the same denominator. For example,
CO:/PRS — REV/PRS 1is allowed, whereas CO./PRS -
PRS/REV, which involves different denominators, is
excluded. The single-year combinations consist of a total of
nine cases: three basic combinations and six extended
combinations.

In the case of CO., the basic combinations are CO.—PRS,
COz—REV, and CO:-—ARE.

The advanced combinations include CO-/PRS—REV/PRS,
CO:/PRS —  ARE/PRS, CO/REV -  PRS/REV,
CO:/REV—ARE/REV, CO:/ARE—PRS/ARE, and
CO:/ARE—REV/ARE.
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To ensure numerical precision, most values are reported
to three decimal places. When the initial three digits are
zeros (e.g., 0.000248636259136151), values are expressed in
exponential notation (e.g., 2.486E—04) to enhance clarity and
avoid misleading rounding.

In the following presentation of the equations, only a
selected subset of variable combinations is reported.

First, the regression framework
specification, as outlined below.

adopts a linear

Y (CO,) = a + B (PRS) + ¢
Y (CO;) = a + B (REV) + ¢
Y (CO,) = a + B (ARE) + ¢

Y (ENR) = « + B (PRS) + ¢

Y (AQU)

a.-i-ﬁ(PRS)+e

(omitted for brevity)
The “:” symbol indicates omissions.

Where Y is the dependent variable, a is the intercept, f is
the coefficient of the explanatory variable, and ¢ is the error
term. The significance of the intercept is not considered in
the analysis.

The above-mentioned formulas for CO., ENR, and AQU
are also expressed in per-person unit formats: CO:/PRS,
ENR/PRS, and AQU/PRS.

Y (CO,;/PRS) = a + B (REV/PRS) + ¢

Y (CO»/RRS) = a + B (ARE/PRS) + &

Y (ENR/PRS) = a + B (REV/PRS) +

Y (AQU/PRS)

a + B (REV/PRS) + ¢
(omitted for brevity)

Second, the objective is to evaluate the EKC hypothesis,
using the dependent indicators CO:, ENR, and AQU, which
are formulated as follows:

Y (CO,) = a + B (PRS) + B (PRS)* + ¢
Y (CO,) = a + B (REV) + B (REV)* + ¢
Y (CO;) = a + B (ARE) + B (ARE)? + ¢

Y(ENR) = a + 8 (P'RS) + B (PRS)* + ¢
Y (AQU) = a + B (PRS) + B (PRS)? + ¢
(omitted f;)r brevity)

This study tests the EKC hypothesis by examining
environmental indicators on a per-unit basis. CO2 emissions,
energy consumption, and water usage are reformulated as
normalized Ratios Per Person (CO:PRS, ENR/PRS, and
AQU/PRS), per unit of operating revenue (CO:/REV,
ENR/REV, and AQU/REYV), and per unit of campus area
(CO2/ARE, ENR/ARE, and AQU/ARE).

Y (CO,/PRS) = a + B (REV/PRS) +
B (REV/PRS)? + ¢

Y (CO»/PRS) = a + B (ARE/PRS) +
B (ARE/PRS)? + ¢

Y (ENR/PRS) = a + B (REV/PRS) +
B (REV/PRS)? + ¢

Y (AQU/PRS) = a + B (REV/PRS) +
B (REV/PRS)? + ¢

(omitted for brevity)

The third analytical objective is to assess whether an
inverted N-shaped relationship emerges. The indicators CO:,
ENR, and AQU are specified as follows:

Y (CO;) = a + B (PRS) + B (PRS)* +

B (PRS)® + ¢

Y (CO,) = a+ f (I.QEV) + B (REV)? +
B (REV)® + ¢

Y (COy) = a + f (ARE) + B (ARE)? +
B (ARE)® + ¢

Y(ENR) = a + f8 (‘PRS) + B (PRS)* +
B (PRS)® + ¢

Y (AQU) = a + B (PRS) + B (PRS)? +

B (PRS)® + ¢
(omitted for brevity)

Alternative normalization units are employed, following
the analytical framework used for the EKC hypothesis, to
examine the presence of an inverted N-shaped curve. The
formulas for CO:, ENR, and AQU are defined per person
(CO:/PRS, ENR/PRS, AQU/PRS), per unit of operating
revenue (CO/REV, ENR/REV, and AQU/REYV), and per unit
of campus area (CO/ARE, ENR/ARE, and AQU/ARE).

Y (CO,/PRS) = a + B (REV/PRS) +
B (REV/PRS)* + B (REV/PRS)® + ¢

Y (CO»/PRS) = a« + B (ARE/PRS) +
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B (ARE/PRS)?+ B (ARE/PRS)? + ¢

Y (ENR/PRS) = a + B (REV/PRS) +
B (REV/PRS)? + B (REV/PRS)® + ¢

Y (AQU/PRS) = a + B (REV/PRS) +
B (REV/PRS)> + B (REV/PRS)® + ¢

(omitted for brevity)

4. Results

Table 2 summarizes the number of significant cases and
percentages (%) identified for each year based on linear,
quadratic, and cubic regression analyses. Significant
monotonicity is observed in five of nine cases (55.6%) in
2019 and 2020, four cases (44.4%) in 2021, six cases
(66.7%) in 2022, and seven cases (77.8%) in 2023.

The regression results reported in Table 2 also identify
cases consistent with the EKC hypothesis. For CO:
emissions, the EKC pattern appears in four cases (44.4%) in
2019 and 2023 and in three cases (33.3%) in 2020 and 2021.
No inverted N-shaped pattern is observed during the study
period.

Table 2. CO: emissions:
Number of significant regression cases and percentages (%).

Table 4. Water usage:

Number of significant regression cases and percentages (%).

1 2 3
FYs linear EKC inv. N-shaped
2019 | 6(66.7%) | 3 (33.3%) 0 (0%)
2020 | 7(77.8%) | 1(11.1%) 0 (%)
2021 | 7(77.8%) | 1(11.1%) 1 (11.1%)
2022 | 5(55.6%) 0 (0%) 0 (0%)
2023 | 7(77.8%) | 3 (33.3%) 1 (11.1%)

In 2020, the COVID-19 pandemic prompted restrictions
on non-essential outings in the US, the UK, and Canada. No
marked increase or decrease in the number of significant
cases is observed in 2020, and the number of cases consistent
with the EKC hypothesis remains stable before and after that
year.

This section examines combinations of dependent and
explanatory variables associated with both institutional
growth and environmental conservation and identifies
attainable turning points. Combinations in which the
hypothesis holds across multiple years are examined,
whereas turning points that lack practical feasibility are
excluded from consideration.

Table 5 reports the number of cases in which linear, the
EKC hypothesis, and the inverted N-shaped patterns are
observed, classified by explanatory variable.

1 2 3
FYs . Table 5. Number of significant cases validating linear,
linear EKC N lll:v' d The EKC hypothesis and the inverted N-shaped patterns.
0 0 > z:)pe Segment M (2) @) 2+Q3)
2019 5 (55.6%) 4 (44.4%) 0 (0%) linear EKC inv.-N
2020 4 (44.4%) 3 (33.3%) 0 (0%) PRS 11 6 1 7
2021 4 (44.4%) 3 (33.3%) 0 (0%) PRS/REV 7 0 0 0
2022 6 (66.7%) 0 (0%) 0 (0%) PRS/ARE 12 3 0 3
2023 7(77.8%) | 4 (44.4%) 0 (0%) REV 15 7 0 7
REV/PRS 13 7 0 7
Table 3 presents the number of significant regression REV/ARE 14 10 2 12
cases and percentages (%) for energy consumption, and ARE 11 2 1 3
Table 4 presents the number of significant cases and ARE/PRS 8 0 0 0
percentages (%) for water usage. For example, in 2023, the ARE/REV 0 0 0 0
EKC hypothesis is supported in four cases for (ENR) and in Total 91 35 4 39

three cases for (4QU).

Table 3. Energy consumption:
Number of significant regression cases and percentages (%).

1 2 3
FYs linear EKC N-slll:;[.)e d
2019 4 (44.4%) 5 (55.6%) 0 (0%)
2020 7 (77.8%) 2 (22.2%) 0 (0%)
2021 8 (88.9%) 2 (22.2%) 0 (0%)
2022 6 (66.7%) 0 (0%) 0 (0%)
2023 8 (88.9%) 4 (44.4%) 2 (22.2%)

The Explanatory Variable (REV/ARE) identifies 12 cases,
representing the highest number of significant cases for both
the EKC hypothesis and the inverted N-shaped pattern.

The explanatory variables PRS, REV, and REV/PRS
identify seven cases for both the EKC hypothesis and
inverted N-shaped pattern; however, the estimated turning
points in these cases are impractically high. For example,
Figure 2 presents the relationship between CO: emissions
(CO:) and the number of students and academic and
Administrative Staff (PRS) in 2023. The estimated turning
point for CO—PRS reaches 83,691 persons, exceeding a level
of practical feasibility.



Masao Tsujimoto / IJEMS, 13(4), 1-22, 2026

160
CO:z
140 .
120 .
100 .
80 ....o-
60 e
40 S
20 setee 2. 0
° ....l.. %° . ¢
0 . . .
0 20 40

Turning point:
83.691

PRS

60 80 100 120

Fig. 2 Relationship between CO: emissions (CO:) and the number of students and academic and administrative staff (PRS) in 2023.

Y(CO2 — PRS) (2023)
= a + B (PRS) + (PRS)®> + e
= —41,152.533 + 3.499 (PRS) — 2.090E — 05 (PRS) 2
(p =0.143) (0.005) (0.044)
+ 50,833.376
Adj.—R?* = 0.193,F = 6.507 (p = 3.344E — 03)
Turning point = 83,690.624.
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Figure 3 presents the relationship between water usage
(AQU) and the number of students and academic and
administrative staff (PRS) in 2021 under an inverted N-
shaped curve. The second turning point is identified at
108.229 thousand persons, marking the level at which
environmental impact begins to decline. This value is not
practically feasible for most institutions; therefore, the
analysis does not pursue this combination further and instead
focuses on attainable turning points.
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2nd Turning points: 108.229",

PRS .

80 120 160

Fig. 3 Relationship between water usage (4QU) and the number of students and academic/administrative staff (PRS) in 2023

Y(AQU — PRS) (2023)
= a + B (PRS) + (PRS)?+ (PRS)* + e
= 895,827.641 — 70.434 (PRS) + 2.111E — 03(PRS)?

(p =0.029) (0.021)

— 1.300E — 08 (PRS)3+375,424.658
(4.249E— 04)

Adj.—R* = 0.466,F = 13.525 (p = 3.083E — 06)

(0.001)
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1st Turning point = 16,685.903,
2nd Turning point = 108,228.881.

The turning points identified using operating Revenue
Per Campus Area (REV/ARE) as the explanatory variable in

combination with AQU/ARE, ENR/ARE, and CO:/ARE fall
within a range that is attainable for top-tier institutions. The
estimated values range from USD 3.252 billion to USD
3.922 billion.

1,200 ENR/ ARE €02/ AR 100
AQU | ARE .
1,000 . v queneeeees ENRVARE 3922 o
CO: | ARE 3.706 IRTTCL AR VI
800 e
...00 .....'.......I‘......... .'o.. 60
600 l . ...o ..'. °® o '...... Oo...
400 e
.:0‘- ° ......-.0- ° LX) ......... o...
. %% .. .....- RS e 2!
200 . oy :. e ot oo s 20
i:.‘."':"o.-?lQU/ARE *!
o WL 3.252 REV | ARE L o
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Fig. 4 Replication of Fig. 1. EKC relationships between environmental indicators per campus area and operating revenue per campus area:
(AQU/ARE)—(REV/ARE) in 2020, (CO2/ARE)~(REV/ARE), and (ENR/ARE)—(REV/ARE) in 2021

Y(AQU/ARE — REV /ARE) (2020)
= a + B (REV/ARE) + (REV/ARE)* + e
= 70,959.836 + 0.001 (REV/ARE)

(p =0.176) (7.867E — 07)
— 1.061E — 13(REV /ARE)? + 139,674.317
(9.472E — 04)

Adj.—R?* = 0.741,F = 46.739 (p = 6.067E — 10)
Turning point = 3,252,953,330.892

Y(CO2/ARE — REV/ARE) (2021)
= a + B (REV/ARE) + (REV/ARE)* + e
= —1,123.742 + 3.506E — 05 (REV /ARE )

(p=0552) (5.990E —11)
— 4.730E — 15(REV /ARE)? + 5,100.405
(2.059E— 06)

Adj.—R?* = 0.887,F = 131.008 (p = 7.573E — 16)
Turning point = 3,706,181,199.927.

Y(ENR/ARE — REV /ARE) (2022)
= a + B (REV/ARE) + (REV/ARE)? + e
= —10,444,341.110 + 0.207 (REV /ARE)

(p = 0.591) (3.342E — 06)
— 2.640E — 11(REV /ARE)? + 60, 260, 054.065
(0.006)

Adj.—R?* = 0.710,F = 49.871 (p = 2.364E — 11)
Turning point = 3,922,963,456.523

The turning points range from USD 3.252 billion to
USD 3.922 billion. Ten universities attain these levels or fall
within a close range, including University College London,

London School of Economics and Political Science, and
Massachusetts Institute of Technology. Table 6  shows
universities that attain the REV/ARE turning points or fall
within a close range around them.

Table 6. Universities that attain the (REV/ARE) turning points or fall
within a close range.

. . Billion
University USD/km? Year
Concordia University 7.939 2023
London Sch.ogl of E.conomlcs and 4973 2023
Political Science
Massachusetts Institute of
Technology (MIT) >-810 2019
New York University 88.251 2022
Northeastern University 7.269 2019
University of California, Los
Angeles (UCLA) 6.595 2022
University College London 3.515 2019
University of Montreal (2021) 3.134 2021
University of Ottawa 6.412 2019
University of Pennsylvania 9.346 2019

It is reasonable to place maximum emphasis on
REV/ARE as the explanatory variable, given both the number
of supported EKC cases and the attainability of the identified
turning points. These findings suggest that REV/ARE
provides a realistic benchmark for achieving institutional
growth and environmental conservation within the EKC
framework.
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5. Discussion

The background factors underlying the EKC hypothesis
consist of three interrelated dimensions. First, universities
face pressures and motivations to achieve higher rankings
and evaluation scores assigned by external organizations.
Second, universities’ positioning as both fund recipients and
investors shapes their behavior through links to rankings,
evaluations, and resource flows. Third, universities place
greater emphasis on social engagement and contribution.
These three dimensions are distinguishable yet mutually
reinforcing, shaping universities’ incentives to pursue
organizational growth alongside environmental conservation
within the EKC framework. The first contributing factor
relates to pressures and motivations to achieve higher
rankings and evaluation scores assigned by external
organizations, including assessments that emphasize ESG-
related performance. Table 7 lists the scores and rankings of
ten universities that have already attained or nearly attained
the turning points of (REV/ARE) in the QS World University
Rankings: Sustainability 2025. The QS Rankings cover more
than 1,500 institutions. [1]

Table 7 lists university names alongside their scores and
ranks. The upper row reports the score and rank for the
category of the Environmental Impact of the QS
Sustainability Rankings, while the lower row presents the
score and rank in the overall QS World University Rankings.
For example, Concordia University records a score of 78.7
and is ranked 124th in the Environmental Impact category,
whereas its overall QS score is 28.7, corresponding to a rank
of 415. 1, 52]

Table 7. Scores and global rankings for the category of the
Environmental Impact in the QS Sustainability Rankings and
corresponding positions in the QS World University Rankings in 2025.

University Score Rank

. . . 78.7 124

Concordia University 3.7 415
London School of 88.3 51
Economics and Political Science 76.0 50
Massachusetts 96.9 8
Institute of Technology (MIT) 100 1
. . 85.0 70

New York University 70.6 3

. . 76.9 140

Northeastern University 297 396

University of California, 75.5 158
Los Angeles (UCLA) 79.8 42

. . NA NA

University College London NA NA
. . . 85.2 68

Université de Montréal 513 159

. . 77.6 136

University of Ottawa 473 139

. . . 91.0 27
University of Pennsylvania 913 1

Source: [1, 52]

Table 8 lists ten universities from the UK, the US, and
Canada included in this study that have not reached the EKC
turning points but are positioned highly in the Times Higher
Education (THE) University Impact Rankings 2025, which
evaluated 2,092 universities worldwide based on their
contributions to the United Nations Sustainable Development
Goals (SDGs). [6]

The upper row reports the score and rank in the THE
Impact Rankings, while the lower row presents the score and
rank in the overall THE World University Rankings. For
example, Arizona State University records a score of 97.1
and is ranked 6th in the THE Impact Rankings, whereas its
overall THE score ranges from 55.8 to 58.6, corresponding
to a rank band of 201-250. [6, 53]

Table 8. Scores and rankings in the THE Impact Rankings
and the THE World University Rankings in 2025.

University Score Rank
Ari State Universi 97.1 6
rizona State University 553586 | 201250
University of Glasgow zgg é?
McMaster University z;g 1114 6
University of Victoria 51 915_'563 6 1 30 llj’; 50
Western University 55 985—.568 6 1 20 lli 50
University of Exeter 232 12 782
Durham University zgg 1374 2
Swansea University 51 912:583 6 30 13 _63 50
L 93.5 38
York University 46.0-49.2 | 401-500
University of Reading 55 982_'548 6 20 15 _(; 50

Source: [6, 53]

A common feature of Tables 7 and 8 is that, with a few
exceptions, such as MIT, most universities score higher and
are ranked more favorably in the Environmental Impact
dimension than in the overall rankings. This pattern indicates
an alignment between stronger performance in environmental
impact measures and lower positions in overall rankings.

Universities that hold higher positions in environmental-
related rankings than in overall rankings tend to implement
institutional reforms aligned with specific environmental
ranking criteria and highlight improvements in their
standings through press releases and institutional
communications. Institutions such as the University of
California, Berkeley (UC Berkeley), and Pennsylvania State
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University have issued statements emphasizing their
placements in the QS Sustainability Rankings, underscoring
the reputational value associated with such recognition.

UC Berkeley expressed appreciation for the recognition
on November 9, 2022, following its first-place position
worldwide in the QS Sustainability Rankings 2022. Kira
Stoll, Chief Sustainability Officer, stated that the ranking
reflects the University’s leadership in addressing
environmental sustainability challenges. [54] The statement
noted Berkeley’s approach to sustainability across research,
education, and campus operations. The release indicated that
external rankings reaffirm the University’s institutional
commitment to environmental sustainability at local and
global levels.

On November 18, 2025, the Pennsylvania State
University released a statement regarding its performance in
the QS World University Rankings: Sustainability 2026. The
University tied for fourth place among institutions in the US
and ranked 21st worldwide. Sabine Klahr, Vice Provost for
Global Programs, stated that the ranking reflects the
University’s activities in sustainability-related research,
education, and operations aligned with the United Nations
SDGs. [55] The release also cited findings from a 2024
international student survey reported by QS, indicating that
sustainability is a factor considered by prospective students.

The second contributing factor concerns universities’
positioning as both fund recipients and investors, which is
closely intertwined with performance in external rankings
and evaluations. Evidence from the QS and THE Rankings
shows that ESG-related performance enhances institutional
visibility and credibility, supporting access to external
funding. As discussed in Section 2.2, ESG- and SDG-related
scores include subjective elements and cannot serve as
standalone analytical indicators. Nevertheless, higher ESG
evaluations strengthen a university’s public standing and are
associated with greater capacity to attract philanthropic
funding, secure competitive research funding, foster industry
collaboration, obtain management-related governmental
grants, and support long-term endowment management.

The United Nations Principles for Responsible
Investment (PRI) constitute a global framework that shapes
investment behavior. [56] Since their inception, the reach and
significance of the PRI have expanded over time. The
number of signatories increased from 63 institutions in 2006
to 5,261 worldwide by March 2025, while the total assets
under management represented by these signatories grew
from USD 6.5 trillion to USD 139.6 trillion. This expansion
reflects the growing role of ESG-oriented investment
principles in global financial markets.

Signatory investors commit to six guiding principles,
including the integration of ESG considerations into

investment decision-making and the promotion of
transparency through ESG disclosure. The PRI serves as an
established normative framework. Principle 6 requires
signatories to report their implementation efforts under a
comply-or-explain approach, including disclosure of ESG
integration and stewardship activities.

Within the top 200 institutions in the QS World
University Rankings: Sustainability 2025, PRI signatories
include 20 universities in Canada, six in the US, and four in
the UK. These institutions include McGill University and the
University of Toronto, tied for first place in Canada, and
Western  University, ranked fourth nationally. This
distribution points to an association between participation in
the PRI and performance in sustainability-focused university
rankings.

However, comparable investment information across
universities remains scarce. Despite formal adherence to the
PRI framework, empirical examination shows that disclosure
practices do not produce standardized, portfolio-level data.
Principle 6 of the PRI emphasizes reporting on activities and
progress but does not require standardized disclosure of
portfolio-level  investment amounts or allocations.
Simultaneously, the disclosure practices of PRI signatory
universities remain uneven, which constrains the availability
of comparable data and complicates systematic academic
comparison. PRI-aligned reporting by universities shows a
tendency toward reliance on qualitative descriptions of ESG
or SDG considerations, a pattern that constrains cross-
institutional comparison.

Among Canadian PRI-signatory universities, McGill
University stands out for providing detailed quantitative
disclosure of PRI-aligned investments. Western University
also reports measurable allocations to sustainable investment
strategies, offering a higher degree of quantitative
transparency than most peer institutions. As of December 31,
2024, the McGill Investment Pool totaled USD 2.3 billion, of
which USD 201.2 million (8.7%) was invested in SDG-
aligned assets, rising to 10.4% when unfunded commitments
are included. [57] Western University reports USD 155
million allocated to sustainable investment strategies. [58]

While the PRI exerts normative influence on investment
behavior, its institutional design limits the availability of
comparable quantitative data. Insufficient disclosure alone
does not constitute evidence of greenwashing. Given that
university resources derive in part from philanthropic
donations and public funding, leading institutions bear a
responsibility to demonstrate transparency and accountability.

The third contributing factor relates to universities’
greater emphasis on social engagement and contribution. It
serves as a normative backdrop that reinforces the effects of
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ranking pressures and financial positioning discussed above.
This section examines this normative dimension through an
analysis of international agreements and governmental
targets, university governance codes, building-level
sustainability certifications, and concrete practices in campus
waste management.

The Paris Agreement under the United Nations
Framework Convention on Climate Change (UNFCCC) was
adopted in 2015 and entered into force in 2016. Universities
are not direct parties to the Paris Agreement; however, they
have established a global normative framework through
which national targets and policy guidelines shape the
behavior of universities, corporations, other organizations,
and citizens, encouraging actions compatible with
environmental conservation.

The Nationally Determined Contributions (NDCs), as
stipulated in Article 4 of the Paris Agreement and recorded in
the NDC Registry, specify greenhouse gas reduction targets
for the US, the UK, and Canada for the year 2035. Although
policy targets remain subject to revision in response to
changes in political leadership and international
commitments, the governments of the three countries have
announced greenhouse gas reduction targets for 2035. These
include a reduction of 61-66% below 2005 levels for the US,
announced on December 19, 2024, prior to its withdrawal
from the UNFCCC framework; at least an 81% reduction
below 1990 levels for the UK (January 30, 2025); and a
reduction of 45-50% below 2005 levels for Canada
(February 12, 2025). [59-61]

The UK Higher Education Code of Governance
identifies six primary elements of higher education
governance. [62] Element 1 (Accountability) requires higher
education institutions to meet all legal and regulatory
requirements and expects governing bodies to conduct their
affairs in an open and transparent manner. Element 2
(Sustainability) states that institutional resources should be
used in a sustainable (financial, social, and environmental),
secure, and effective manner.

Whether publicly funded or privately established,
universities are not isolated entities but integral components
of the broader social system. Societal concern regarding
environmental conservation and social responsibility has
shaped internal discourse within higher education institutions,
contributing to the incorporation of ESG-related perspectives
into academic and administrative activities.

This public-minded orientation is also reflected in
universities’ own narratives. For example, when the
Pennsylvania State University was ranked 38th in the 2022
QS World University Rankings, its press release stated: “As
a land-grant university, we take sustainability seriously at the

local, national, and global levels, and utilize our magnitude
to bring long-lasting advancements to our communities.” [63]

Together, these cases suggest that, despite differences in
legal systems, governance structures, and national contexts,
universities are guided by a shared public-minded logic. This
logic is reinforced through transnational platforms for
knowledge exchange, such as the Academic Network of the
PRI. Through this network, academics and practitioners from
different countries share research and practices on
responsible investment and sustainability, promoting
common norms of environmental responsibility across higher
education. These cross-border exchanges strengthen the
institutional foundations of public-oriented behavior and
support the third factor underlying the EKC in higher
education.

As one indicator of universities’ public-minded
commitment to environmental conservation, Leadership in
Energy and Environmental Design (LEED) provides an
institutionalized framework for translating normative
expectations into building-level practices. LEED certification
represents a benchmark of sustainability achievement and
leadership, with more than 110,000 -certified projects
worldwide as of the end of 2025. [64]

Although LEED certification is referenced in the context
of sustainability-related rankings and evaluations, it does not
assess universities at the institutional level. Rather, LEED
evaluates the environmental performance of campus
buildings, reflecting universities’ public-minded orientation
as major landholders and energy consumers. For this reason,
LEED certification is discussed here under the third factor,
rather than within ranking-based evaluation pressures.

Of the ten universities that have attained or nearly
attained the turning point identified under the (REV/ARE)
specification, the University of Ottawa is one of the
institutions whose campus infrastructure has achieved LEED
Platinum certification. According to the University’s official
press release on October 28, 2025, the new Faculty of Health
Sciences (FHS) building at 200 Lees Avenue was awarded
LEED Platinum—the highest level of certification in the
program—signifying exemplary performance in sustainable
design and construction. “This recognition highlights the
University’s commitment to reducing its environmental
footprint. With its cutting-edge design, FHS stands among
the greenest buildings in Canada.” [65]

Waste management has a low public profile; however,
the systematic implementation of law-mandated and
institution-specific waste policies constitutes an important
background factor in the emergence of the EKC pattern.
Such practices do not produce immediate or visible
reductions in CO: emissions, but their cumulative effects
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support the transition toward conservation-oriented growth
within higher education institutions.

For example, at Imperial College London, Waste
generated on campus is categorized as SK Campus (SK)
Collected Waste and subdivided into approximately 25
streams, including general Waste, anaerobic digestion,
incineration with energy recovery, and waste electrical and
electronic equipment. By visualizing the processing
pathways of different types of Waste in an accessible chart
titled “Waste and Recycling at Imperial,” the University
promotes awareness and encourages more appropriate waste-
sorting behavior. [66] Thus, the results suggest that the EKC
pattern in higher education is shaped by three interrelated
forces: pressures and motivations to achieve higher rankings
and evaluation scores assigned by external organizations;
universities’ positioning as both fund recipients and
investors; and a greater emphasis on social engagement and
contribution.

6. Conclusions and Implications

This study clarifies how universities in the UK, the US,
and Canada can achieve organizational growth alongside
environmental conservation. The regression results provide
empirical evidence supporting the EKC hypothesis in the
period 2019-2023. The analyses identify a series of turning
points in operating Revenue Per Campus Area (REV/ARE),
ranging from USD 3.252 billion to USD 3.922 billion, at
which CO: emissions, energy consumption, and water usage
per campus area (CO/ARE, ENR/ARE, and AQU/ARE) begin
to decline.

Reaching the identified range of REV/ARE turning
points provides an empirical benchmark for verifying the
EKC hypothesis and demonstrates a feasible trajectory
through which universities can pursue organizational growth
alongside environmental conservation. The findings
contribute to ongoing discussions in environmental
economics and higher-education management.

The findings of this study point to several priorities for
future research and policy. Analytical refinement is required
to identify realistic and attainable benchmark values for the
empirical validation of the EKC hypothesis in higher
education. Expanding the set of explanatory and dependent
variables would allow future research to estimate turning
points that better reflect the practical constraints faced by
universities.

Additionally, the background conditions under which the
EKC hypothesis emerges differ across countries, regions,
social contexts, and individual universities. Future research
should therefore examine how legal frameworks, policy
instruments, and institutional arrangements shape university
behavior, and under which conditions the EKC pattern is
likely to emerge.

Universities are encouraged to enhance the disclosure of
environmental datasets in formats that enable cross-national
and cross-regional comparison. Improved transparency
facilitates rigorous empirical analysis and contributes to
more credible evaluations conducted by external
organizations.

Governments and local authorities play an important role
in encouraging universities’ environmental initiatives
through legal requirements and financial incentives. One
possible approach is to link mandatory environmental
disclosure to government funding through legal frameworks;
however, such arrangements must strike a balance between
university autonomy and the public interest in environmental
conservation.

Achieving this balance requires ongoing discussion that
incorporates the perspectives of multiple stakeholders,
including universities, governments, local communities, and

citizens, rather than relying solely on quantitative
performance indicators.
Moreover, university environmental scores and

evaluations involve fundamental limitations, as discussed in
Section 2.3. Prestigious universities with substantial
academic and policy influence often face a trade-off between
environmental performance and the preservation of historical
assets, including historically significant campus buildings.
As such structures carry cultural value and are subject to
preservation requirements, rebuilding or implementing large-
scale retrofits—such as comprehensive insulation upgrades
or major alterations to exterior and structural elements—is
constrained. Thus, opportunities for physical improvements
aimed at enhancing energy efficiency and reducing carbon
emissions remain limited, placing these universities at a
disadvantage in score-based environmental evaluations.

Under these conditions, enhancing environmental
performance while preserving historically valuable buildings
requires decision-making processes that cannot be guided by
numerical indicators alone. Instead, such decisions require
consensus-building that incorporates the views of local
communities and the broader public, underscoring the role of
democratic processes in reconciling environmental objectives
with cultural preservation.

The diffusion of digital technologies enables universities
to disclose institutional performance with greater
transparency. At the same time, the expansion of digital
infrastructure increases electricity demand, thereby imposing
additional constraints on environmental conservation. These
conditions introduce a new dimension to the challenge of
achieving growth and conservation. While the analysis is
subject to limitations related to data availability and the
cross-sectional design, these conditions define the scope
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within which the estimated turning points should be
interpreted.

Despite these academic, institutional, and policy-related
challenges, the emergence of turning points in Figure 4

and higher-education management by refining empirical
benchmarks and demonstrating the feasibility of achieving
institutional growth alongside environmental conservation.
Therefore, researchers are expected to continue advancing
investigations into achieving organizational growth and

(reproduced from Figure 1) provides clear evidence of  environmental conservation.
meaningful progress toward achieving institutional growth
alongside  environmental  conservation.  Establishing
consistency in the relationships between CO:/ARE, ENR/ARE,
AQU/ARE, and REV/ARE within the identified feasible range
of turning points of USD 3.252-3.922 billion offers a refined
empirical benchmark for validating the EKC hypothesis.
This benchmark demonstrates that institutional growth can
be realized while ensuring environmental conservation.
Consequently, initiatives aimed at enhancing REV/ARE
within an ESG-oriented management framework have the
potential to contribute to both domestic and global
environmental conservation.
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Appendix 1: Significant combinations of dependent and explanatory variables

co.
constant ()] X ()] x2 ) x3 ()] st. errors 1?1(2 F ) IStptoui;l::ng tuf;;lng
points

COTIRS 1 1200 | 0008 | 163705 | 0002 2247 | 0196 | 11240 | 0.002

CO:19-REV_| 40629283 | 0.003 | 1469E-05 | 0.003 76296377 | 0154 | 10.090 | 0.003
CO:19-ARE | 43563071 | 0001 | 5133925 | 2350 74099656 | 0239 | 15778 | 240
COTMRE | s2mr704 | 0008 | 0239 | SO 72054891 | 0245 | 13946 | 0004
CONDARE | ar9m | 0522 | 3200805 | 43 43976797 | 0682 | 99703 | >3
CO:19-PRS | 57961435 | 0065 | 5087 | 41571 ioaseos | T 73556264 | 0314 | 10630 | 00 | 130767228
COPRS | 053 | 0292 | 7516805 | $80 | isaer-t0 | 1292 1791 | oaso | 21121 | T ] 205765096
COA9-REV | -15311091 | 0311 | 7543805 | D' | 5371E15 | 308 61404602 | 0452 | 21613 | 207 | 7021E+09
COMPARE | 12241426 | 0158 | 6777805 | 3003 | 4.549E-15 | 0002 39917856 | 0738 | 65813 | 7200 | 7.448E+09
CO:20-REV_| 13406097 | 0001 | 1214E-05 | 0.002 13,907.934 | 0250 | 12018 | 0.002
CO:20-ARE_| 18,180395 | 0.120 | 9,110434 | 0.019 48402898 | 0116 | 6010 | 0.019
COSVARE | 1aa97604 | 2200 | oas0 | 0.029 16867722 | 0.102 | 5184 | 0029
COMTARE | 6954132 | 0002 | 1161E09 | 52 8724587 | 0693 | 73078 | L5
CO20-REV | 2047271 | 0709 | 4701E05 | T4 | LigaE-14 | 0.001 11924060 | 0449 | 14442 | 207 | 1.988E+09
COSARE- | sssoms | osss | 1osa | 250 | 5468806 | 200 13205480 | 0442 | 15644 | 00 | 96424501
COSVARE- | 2016715 | o511 | 31sE05 | 3000 | 3502615 | 0.045 8285365 | 0723 | 42758 | LO% | 4340E+09
CO21-PRS | -1419265 | 0785 | osg7 | 022 11223069 | 0439 | 28355 | S0

CO21-REV | 14053205 | 220 | 1033805 | Y0 12719250 | 0279 | 14548 | 0%
COSIARE | 750180 | 307 | 14205 | 321 7260987 | 0772 | 112581 | 3210

CORIARE | samass | o001 | oss | 5 11552221 | 059 | 60641 | 1

COSPIRS | 0105 | 0464 | 474305 | 327 | 3.439E-10 | 0.001 0333 | 0202 | 8232 | %% | 68953480
CO21-REV | -1212899 | 0787 | 3940E05 | 00 | 8437815 | L1 10282479 | 0529 | 20642 | LoF | 2335E+09
COSIARE | aamaa2 | oss2 | 3s0ee0s | 3200 | amsoe-ts | 209 5100405 | 0887 | 131008 | 1>)7 | 3.706E+09
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Continued on the next page.
Appendix 1: Significant combinations of dependent and explanatory variables (continued)

Adj 1st turnin 2nd
constant ®) X ()] x2 ) x3 ()] st. errors J: F ) . 8 turning
-R: points .
points
CO22-PRS | 32736838 | 0090 | 2367 | 3! 51399233 | 0328 | 20515 | Y
CO-22/PRS- 9.037 9.037
REV/PRS 0.221 0.330 2.380E-05 E-06 0.886 0.393 26.245 E-06
CO:22/PRS- 3.866
ARE/PRS 0.738 E-05 2,961.664 0.044 0.660 0.083 4.368 0.044
1.002 1.002
CO:22-REV 6,500.667 0.371 2.466E-05 E-09 36,412.309 | 0.620 64.684 E-09
CO:22/ARE- 2.249 2.249
PRS/ARE 5538.095 0.004 0.528 E-11 7,716.055 0.718 92.748 E-11
CO:22/ARE- 1.292 1.292
REV/ARE 4475.559 0.011 1.985E-05 E-19 8,479.037 0.898 325.427 E-19
CO-23-PRS 5,594.113 0.735 1.216 0.007 52,711.148 | 0.134 8.129 0.007
CO-23/PRS- 5.578 5.578
REV/PRS 0.330 0.135 2.080E-05 E-08 1.020 0.481 42.659 E-08
5.014 5.014
CO>23-REV 23,184.183 0.007 1.340E-05 E-06 45,392.886 | 0.366 27.011 E-06
CO:23/REV- 8.493
PRS/REV 2.265E-05 E-09 0.214 0.011 1.107E-05 0.120 7.001 0.011
CO:23/PRS- 9.852 9.852
ARE/PRS 0.519 0.018 7,434.198 E-05 0.954 0.315 18.927 E-05
CO:23/ARE- 1.217 1.217
PRS/ARE -5,956.622 0.606 1.050 E-09 63,475.772 | 0.616 63.654 E-09
CO:23/ARE- 2.286 9.138 9.138
REV/ARE 15,175.312 £-09 7.336E-06 E-37 11,789.935 | 0.987 | 2904.456 E-37
CO->23-PRS -41,152.533 | 0.143 3.499 0.005 | -2.090E-05 | 0.044 50,883.376 | 0.193 6.507 0.003 83,690.624
CO-23/PRS- 6.712 7.350 1.657
REV/PRS -0.647 0.030 5.833E-05 E-08 -1.862E-10 E-05 0.857 0.633 39.785 E-10 156,602.975
CO>23-REV | -11,198.185 | 0.146 4.407E-05 9.294 -2.173E-15 1.625 31,559.946 | 0.694 51.951 3.376 1.014E+10
E-12 E-08 E-12
CO:23/ARE- 3.748 8.695 4.479 1.207
REV/ARE 10,866.894 E-06 1.202E-05 E-12 -5.299E-17 E-04 10,049.244 | 0.991 | 2006.363 E-37 1.134E+11
ENR
. . 2nd
constant (p) X ()] x? (p) x3 ()] st. errors Adj. F p) Ist tu.rmng turning
-R: points .
points
ENR19/PRS- 2.683 3.948 3.948
REV/PRS 5,565.389 E-04 0.061 E-04 7,209.363 0.254 14.962 E-04
2.291 4.557 4.557
ENRI9-REV 1.719E+08 E-04 0.057 E-04 2.510E+08 0.212 14.168 E-04
3.462 7.034 7.034
ENRI19-ARE 1.895E+08 E-05 2.038E+07 E-05 2.468E+08 | 0.289 19.263 E-05
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ENRI19/ARE- 9.742 9.742
PRS/ARE 1.431E+08 0.002 1,183.856 E-06 2.595E+08 0.399 26.210 E-06

Continued on the next page.
Appendix 1: Significant combinations of dependent and explanatory variables (continued)

Adj 1st turnin 2nd
constant ()] X ) x? P) x? ()] st. errors J: F ) . e turning
-R: points .
points
4.779 5.608 2.449
ENRI19-PRS -2.153E+08 | 0.043 20,179.965 E-06 -0.077 E-06 2.355E+08 0.390 14.112 E-05 131,114.515
ENRI19/PRS- 6.594 4.700 5.370
REV/PRS -570.715 0.693 0.273 E-09 -6.586E-07 E-07 5,252.211 0.604 32.277 E-09 207,057.500
7.369 4.968 6.542
ENRI9-REV | -2.175E+07 | 0.646 0.272 E-09 -1.898E-11 E-07 1.933E+08 0.532 28.900 E-09 7.170E+09
ENRI19/ARE- 8.693 4.476
PRS/ARE 5.549E+07 0.239 4,783.273 E-05 -0.003 0.002 2.291E+08 0.531 22.551 E-07 738,078.477
ENRI19/ARE- 5.576 3.674 7.175
REV/ARE -4.023E+07 | 0.177 0.277 E-09 -1.816E-11 F-04 1.330E+08 0.822 102.308 E-17 7.639E+09
ENR20-PRS 4.778E+07 0.501 4,507.123 0.024 2.280E+08 0.109 5.513 0.024
ENR20/PRS-
ARE/PRS 2,929.398 0.111 3.752E+07 0.016 7,325.623 0.134 6.430 0.016
ENR20/PRS- 8.610 8.610
REV/PRS -1,231.193 0.130 0.210 E-15 3,342.923 0.811 159.506 E-15
4.197 4.197
ENR20-REV | -2.663E+07 | 0.194 0.194 E-15 1.030E+08 0.818 167.422 E-15
1.770 1.770
ENR20-ARE 1.539E+07 0.749 7.465E+07 E-05 1.908E+08 0.406 24.901 E-05
ENR20/ARE- 6.471 6.471
PRS/ARE 4.377E+07 0.002 2,401.705 E-07 5.467E+07 0.508 37.158 E-07
ENR20/ARE- 3.321 2414 2414
REV/ARE 3.808E+07 E-05 0.092 E-12 3.413E+07 0.793 123.573 E-12
ENR20/PRS- 2.717 2.188 1.894
REV/PRS 5,854.515 E-07 -0.137 0.002 2.204E-06 E-10 1892.446 0.939 287.526 E-22 31,149.344
ENR20/ARE- 7.501 7.707 1.317
REV/ARE 84,624.862 0.993 0.193 E-11 -2.763E-11 E-06 2.473E+07 0.891 132.269 E-15 3.489E+09
ENR21-PRS -1.937E+08 | 0.022 13,224.324 1:?0676 2.134E+08 0.416 33.014 7E_90676
ENR21/PRS- 5.637 5.637
REV/PRS 3,063.932 0.009 0.081 E-04 4,668.259 0.226 13.879 E-04
ENR21/PRS- 4.390 2.291 6.457 6.457
ARE/PRS 3,851.965 E-04 E+07 E-04 4,735.873 0.237 13.701 E-04
ENR2I-REV 1.067E+08 0.033 0.084 0.001 2.334E+08 0.205 12.341 0.001
ENR2I1/REV- 6.066 2.444 2.444
PRS/REV -0.609 E-14 22,525.589 E-47 0.355 0.992 | 5696.479 E-47
3.056 3.056
ENR21-ARE 1.078E+08 0.005 3.060E+07 E-07 1.944E+08 0.472 37.634 E-07
ENR21/ARE- 9.000 9.000
PRS/ARE 2.260E+07 0.072 3,622.984 E-13 5.869E+07 0.727 107.582 E-13
ENR21/ARE- 2.260E+07 0.072 3,622.984 9.000 5.869E+07 0.727 107.582 9.000
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REV/ARE E-13 E-13
4.790 1.335
ENR21-ARE 4.182E+07 0.334 6.298E+07 E-05 -1.183E+06 | 0.017 1.828E+08 0.533 24.410 E-07 26.612
ENR21/ARE- 3.342 2.364
REV/ARE -1.044E+07 | 0.591 0.207 E-06 -2.640E-11 0.006 6.026E+07 0.710 49.871 E-11 3.923E+09
Continued on the next page.
Appendix 1: Significant combinations of dependent and explanatory variables (continued)
Adj 1st turnin 2nd
Constant ®) X ()] x? ) x3 ()] st. errors J- F ) . 8 turning
-R: points .
points
2.291 2.291
ENR22-PRS | -2.077E+08 | 0.005 12,604.844 E-07 1.855E+08 | 0.497 39.543 E-07
ENR22/PRS- 2.091 2.091
REV/PRS 487.109 0.344 0.119 E-13 2027.845 0.765 124.665 E-13
4.733 4.733
ENR22-REV 3.544E+06 | 0.789 0.126 E-23 6.719E+07 0.929 497.449 E-23
ENR22/REV-
PRS/REV 0.101 0.000 1,073.586 0.020 0.043 0.115 5.935 0.020
ENR22-ARE 6.622E+07 0.257 | 4.902E+07 0.017 2.390E+08 0.123 6.210 0.017
ENR22/ARE- 9.976 9.976
REVIARE -4.288E+07 | 0.025 0.080 E-08 9.262E+07 0.538 44.005 E-08
ENR23-PRS | -1.352E+08 | 0.183 12,998.324 | 0.004 1.823E+08 0.220 7.060 0.002
ENR23/PRS- 5.698 5.698
ARE/PRS 2,952.706 0.011 3.369E+07 E-04 5,002.991 0.252 14.146 E-04
ENR23/PRS- 5.201 5.201
REV/PRS 1,938.872 0.037 0.083 E-07 4,163.277 0.450 35.329 E-07
5.972 5.972
ENR23-REV 1.090E+08 0.001 0.050 E-06 1.634E+08 0.382 26.991 E-06
ENR23/REV-
PRS/REV 0.103 0.000 1,153.240 0.002 0.047 0.187 10.670 0.002
6.147 6.147
ENR23-ARE 9.060E+07 0.001 3.858E+07 E-09 1.383E+08 0.583 55.467 E-09
ENR23/ARE- 1.019 1.019
PRS/ARE -1.053E+08 | 0.026 5,436.782 E-12 2.511E+08 0.735 108.983 E-12
ENR23/ARE- 8.175 8.175
REV/ARE 1.756E+07 0.457 0.034 E-22 1.421E+08 0917 421.309 E-22
ENR23-PRS 3.372E+07 0.572 4,653.204 0.004 -0.076 0.045 1.892E+08 0.159 9.153 z::fgf 30,645.666
ENR23/PRS- 4.537 -6.700 2.027
REV/PRS -1,660.929 0.211 0.223 E-06 E-07 0.001 3,693.358 0.567 28.494 E-08 166,629.727
2.770 -8.611 2.291 5.564
ENR23-REV | -2.482E+07 | 0.381 0.178 E-11 E-12 E-08 1.114E+08 0.713 53.074 E-12 1.032E+10
ENR23/ARE- 2.678 -6.552 2.950 2.775
REV/ARE -3.571E+07 | 0.142 0.092 E-07 E-13 E-04 1.198E+08 0.941 304.422 E-23 6.986E+10
1.659 9.404 1.584 1.118
ENR23-ARE 1.967E+08 E-04 -6.437E+07 E-02 E+07 0.010 | -4.646E+05 | 0.011 1.289E+08 0.637 23.860 E-08 2.031 22.733
ENR23/ARE- 2.767 6.907 4.706 1.363
REVIARE 6.233E+07 0.019 -0.092 0.014 E-11 E-06 -2.975E-22 E-06 8.970E+07 0.967 371.729 E-26 1.667E+09 6.200E+10
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Continued on the next page.
Appendix 1: Significant combinations of dependent and explanatory variables (continued)

AQU
. . 2nd
constant (p) X ) x? (p) x? ) st. errors Adj. F p) Ist tu‘rmng turning
-R: points .
points

AQUI9-REV | 277,178.976 | 0.003 2.703E-04 2]531216 515,335.757 | 0.601 74.843 %?1216
AQUI1Y/PRS- 7.793 4.461 4461
REV/PRS 9.433 E-05 2.536E-04 E-13 11.102 0.728 110.546 E-13
AQUI1Y/ARE- 5.234 5.234
REV/ARE 79,944.210 0.018 3.375E-04 E-27 190,404.455 | 0.928 582.349 E-27
1.248 5.858 5.858
AQUI9-ARE | 468,660.122 E-04 60,113.431 E-06 670,901.228 | 0.355 26.370 E-06
AQU19/PRS- 1.225 1.685 1.685
ARE/PRS 15.031 E-04 61,064.009 E-04 18.145 0.296 17.414 E-04
AQUI1Y/ARE- 4.939 3.217 3.217
PRS/ARE 360,322.965 E-04 2.773 E-06 571,429.582 | 0.424 29.719 E-06
AQUIY/ARE- 1.943 8.643 5.824

REV/ARE -120.134 0.997 0.001 E-13 -2.120E-14 E-04 169,038.089 | 0.943 375.849 E-28 1.187E+10

AQUI9-PRS | -5.606E+05 | 0.067 52.727 ;5(?;‘ -2.018E-04 ;:?(?51 700,446.100 | 0.355 12.276 35?553 130,620.266
AQUI1Y/ARE- 3.026 8.508 8.122

PRS/ARE 162,402.442 | 0.108 11.099 E-05 -7.502E-06 E-04 497,261.787 | 0.564 26.213 E-08 739,723.246
AQU20-PRS | -4.211E+05 | 0.002 29.529 41137105) 419,291.097 | 0.645 69.958 ‘}‘3_7{)3
AQU20-REV | 30,891.657 0.796 3.971E-04 2}32092 525,134.863 | 0.443 31.187 2};09?
AQU20/PRS- 3.103 3.103
REV/PRS 4.483 0.017 2.716E-04 E-09 7.647 0.607 59.730 E-09

AQU20/REV-

PRS/REV 2.242E-04 0.018 6.016 0.005 2.365E-04 0.168 8.699 0.005
AQU20/ARE- 1.613 1.613
REV/ARE 74,966.643 0.058 3.017E-04 E-08 165,342.051 | 0.637 57.116 E-08
AQU20-ARE | 163,484.913 | 0.321 | 147,002.567 | 0.007 659,031.581 | 0.165 8.127 0.007
AQU20/ARE- 3.903 3.903
PRS/ARE 55,287.411 0.136 9.588 E-10 153,388.399 | 0.680 75.238 E-10
AQU20/ARE- 7.867 9.472 6.067

REV/ARE -70,959.836 | 0.176 0.001 E-07 -1.061E-13 E-04 139,674.317 | 0.741 46.739 E-10 3.253E+09
AQU21-PRS | -5.530E+05 | 0.034 36.352 lEO(?Sl 640,346.937 | 0.352 24.857 LZE)(?S]
1.333 1.333
AQU2I1-ARE | 223,344.685 | 0.011 86,490.945 E-11 467,296.522 | 0.669 85.749 E-11
AQU21/PRS- 6.434 3.057 3.057
“IRE/PRS 8.957 E-05 62,395.882 E-08 10.558 0.519 46.377 E-08
5.776 5.776
AQU21-REV | 193,666.606 | 0.105 2.645E-04 E-05 566,407.596 | 0.307 20.007 E-05
AQU21/PRS- 7.417 0.014 2.182E-04 4.055 12.201 0.242 14.765 4.055
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REV/PRS E-04 E-04
AQU21/REV- 1.816 4.197 4.197
PRS/REV -0.001 E-13 48.992 E-47 0.001 0.993 | 6099.954 E-47
continued on the next page.
Appendix 1: Significant combinations of dependent and explanatory variables (continued)
Adj. 1st turning | 2nd turning
2 3
constant ) X ) X (p) X ) st. errors R, F ) points points
A%gf/iﬁg];f_ 1,157.523 0.975 6.989E-05 0.030 180,139.416 | 0.092 5.042 0.030
AQU21-ARE 13,006.688 0.891 | 184,847.028 ;5?07;‘ -3,101.076 0.001 412,766.845 | 0.741 61.225 %'71132 29.804
AQU21/ARE- 2.853 1.106 1.346
REV/ARE 126,463.749 0.043 -4.307E-04 0.013 4.013E-13 E-04 -6.959E-23 E-04 149,529.649 | 0.374 8.973 E-04 5.366E+08 3.845E+09
AQU22-PRS -461,547.130 | 0.015 30.476 2?06: 480,680.215 | 0.465 34.000 IE?(;S:
1.568 1.568
AQU22-REV 75,496.468 0.090 2.666E-04 E-16 218,106.806 | 0.848 207.959 E-16
A%g;fl/f;gs_ 7.615 5];32 1.418E-04 3])-3(—)01;) 5.585 0.370 22.772 315(_)(};)
AQU22/ARE- 5418 5418
REV/ARE 67,162.511 0.023 2.785E-04 E-17 140,876.887 | 0.865 231.266 E-17
AQU22/ARE- 8.338 8.338
PRS/ARE 52,112.961 0.060 8.875 E-13 112,847.382 | 0.776 122.295 E-13
AQU23-PRS 92,392.166 0.528 12.436 0.002 462,812.669 | 0.189 11.020 0.002
AQU23-ARE 233,990.396 0.001 94,857.959 1]3?(?5? 343,512.139 | 0.581 53.788 2?02;
2.397 4.795 4.795
AQU23-REV 284,147.421 E-04 1.328E-04 E-07 384,539.648 | 0.452 35.624 E-07
AQU23/PRS- 7.350 7.350
REV/PRS -4.662E+06 0.351 273.463 E-04 2.284E+07 0.227 13.321 E-04
AQU23/REV- 4.242
PRS/REV 2.692E-04 E-06 4363 0.001 1.677E-04 0.207 11.957 0.001
AQU23/ARE- 2.487 3.942 3.942
REV/ARE 196,523.997 E-07 1.099E-04 E-35 186,760.529 | 0.986 | 2588.005 E-35
AQU23/PRS- 3.946 3.946
ARE/PRS -8.339E+06 0.097 1.832E+11 E-05 2.169E+07 0.353 21.766 E-05
AQU23-PRS -408,896.518 | 0.090 37.185 %?gj -2.262E-04 | 0.013 433,917.673 | 0.287 9.658 313?51 82,178.999
AQU23-REV 88,370.152 0.300 3.154E-04 113?(;‘65 -1.260E-14 | 0.001 340,963.465 | 0.569 28.731 113?389 1.251E+10
A%gf/iﬁe?_ 82,874.467 0.009 2.586E-04 %_11826 -1.677E-15 %5?0562 135,598.044 | 0.993 | 2471.346 2E—1??§ 7.710E+10
AQU23-PRS 895,827.641 0.029 -70.434 0.021 0.002 0.001 -1.300E-08 2?349 375,424.658 | 0.466 13.525 23%563 16,685.903 108,228.881

Sources: Author’s calculations based on the environmental reports/ESG data of each University.

As a guide to interpreting the table, CO:19/PRS-REV/PRS denotes a significant combination of CO: per person (CO:19/PRS) and operating revenue per person (REV/PRS) in 2019.
The data is presented to three digits after the decimal point to ensure rigor. If zero continues after the third digit (e.g., 0.0000163695), it is not presented as 0.000, but as an exponent,
1.637—E0S. Due to space constraints, exponential notation is used for some large numerical values.
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