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Abstract

Against the backdrop of global sustainable development, university campuses are typ-
ical high-energy-consuming entities and important carriers for practicing green and
low-carbon concepts. However, China’s unified assessment standard for green campus
(GB/T 51356-2019) lacks hot-humid specific indicators, limiting scientific guidance for
South China. Adopting a multilevel framework and comparative analysis approach, this
study analyzes four standards issued by China, Singapore, and India regarding their
frameworks, categories, weights, and scoring methods, focusing on adaptability to hot
and humid environments. Results reveal significant disparities: Singapore emphasizes
energy efficiency (47% weight) with streamlined certification; Taiwan of China focuses
on operational performance and practical feasibility of indicators; India attaches greater
importance to process verification and quantitative evaluation rationality; the assessment
standard for green campus shows cumbersome procedures and low-energy weight (11.2%)
and lacks hot-humid indicators. The study recommends streamlining certification, estab-
lishing incentives, increasing energy efficiency weight, and supplementing hot-humid
adaptive indicators such as sponge campus construction, building orientation design, and
natural ventilation optimization. The research results can provide theoretical support
for the revision of the assessment standard for green campus and the formulation of re-
gional evaluation frameworks and offer a reference for sustainable campus development in
hot-humid areas worldwide.

Keywords: green campus; evaluation systems; comparative study; hot-humid areas

1. Introduction

With the rapid development of society and economy, environmental and energy
issues have become increasingly severe. It has been proposed that ecologically sustainable
development can achieve a balance between human needs and constraints. The goal of
developing a sustainable society has gradually become an essential and urgent challenge
facing our world [1-3].

China ranks first in total energy consumption and first in total greenhouse gas
emissions worldwide [4,5]. To improve ecological environmental quality, the Opinions
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on Promoting High-Quality Urban Development issued by the Chinese government in
2025 elevates green and low-carbon development to a core principle, mandating that the
concepts of green, sustainable, and low-carbon development be integrated throughout the
entire process of urban planning, construction, and governance [6].

Over the past two decades, the scale of higher education has expanded rapidly. Ac-
cording to 2025 statistics, China had 2919 regular higher education institutions (HEIs), with
38,912,600 enrolled students (data do not cover Taiwan, China) [7]. Against the background
of socioeconomic structural adjustment and the transformation of industrial production
structures, the proportion of energy consumption by Chinese universities to the country’s
total energy consumption is continuously increasing, which has attracted widespread
attention from society [8]. Meanwhile, HEIs are micro-autonomous cities with their own
governance systems, economic systems, and sociocultural systems [9]. These institutions
serve as real-time laboratories for cultivating future citizens [10]. They occupy a unique
position in society and possess the potential to promote and encourage societal responses
to sustainability challenges faced by communities worldwide through the interaction of
thousands of people on campus and contact with millions of people [11]. Therefore, gov-
ernments and society are increasingly recognizing the critical role of HEIs in promoting
sustainable development [12].

In 1972, the concept of “green campus” was first proposed at the United Nations
Conference on the Human Environment in Stockholm, pointing out that “environmental
education is needed from primary school through adult stages” [13]. After nearly 50 years
of development, developed countries have continuously deepened and explored their
green campus evaluation systems [14]. As a necessary approach to addressing sustain-
able development issues in the higher education sector, green campus construction has
become an essential topic in the field of green buildings [15], and how to quantitatively
evaluate related procedures in the higher education sector is a crucial issue in the process of
green campus construction [16,17]. Many scholars have attempted to conduct quantitative
assessments of various campus levels in terms of green campus buildings, sustainable
transportation, energy consumption, resource utilization, waste disposal, and sustainable
education [18,19]. For example, Amir Hajrasouliha proposed an indicator—the “Campus
Score”—incorporating three potential variables: urbanization, greenness, and campus life—
to explore the relationship between scores and university student satisfaction, safety, and
campus sustainability, thereby enabling campus planners to select better campus design
methods to create an improved physical environment [20]. Chen Shugin reviewed the ad-
vantages and disadvantages of domestic and foreign universities” sustainable development
evaluation tools and, based on the characteristics of China’s green campus development, es-
tablished a sustainable campus development evaluation system encompassing five aspects:
organizational management, energy-saving resources, environmental friendliness, campus
culture, and social outreach, selecting a pilot university campus for evaluation to verify
the feasibility of the tool [21]. Meanwhile, governments or nongovernmental organizations
(NGOs) in many countries have formulated one or more sets of assessment standards for
green campuses in colleges and universities suited to their national characteristics, such as
the LEED for Schools and STARS evaluation systems in the United States, BREEAM Educa-
tion in the United Kingdom, the Greenmetric World University Rankings in Indonesia, and
Singapore’s Green Mark for Existing Schools V2.0 [22,23]. Some developed countries have
gradually shifted from early qualitative evaluation to quantitative evaluation, generally
evolving from single indices to refined and classified multifaceted comprehensive index
evaluations. In contrast, most developing countries’ evaluation standards remain at the
stage of gradual improvement, resulting in relatively more exploration and research on
evaluation systems.
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Scholars are attempting to optimize green campus assessment standards to achieve
greater accuracy and pertinence [24-26]. Foo (2013) reviewed the implementation of green
campus and sustainable development projects in Malaysia, providing frameworks and
guidelines for constructing green universities that other universities can learn from, along
with the results of their application [27]. NikhatParvez evaluated the sustainability-related
performance of India’s HEIs based on indicators and indicators listed under the United
States’ Sustainability Tracking, Assessment & Rating System (STARS) and Indonesia’s Uni-
versity of Indonesia GreenMetric World University Ranking (Ul GreenMetric WUR). It was
found that Indian HEIs demonstrated greater compliance with Ul green indicators, and five
recommendations were provided for achieving sustainable development in Indian higher
education, which would facilitate India’s targeted development of a more contextualized
evaluation system [28,29].

Regarding China, given its vast territory covering several different climate types,
existing evaluation standards lack precise indicators targeting specific regional climatic
characteristics [30]. Existing research on green campus evaluation has evolved along
two well-documented strands. The first strand focuses on the development and global
diffusion of assessment frameworks. Since the concept of green campus was formally intro-
duced at the 1972 Stockholm Conference, evaluation systems have gradually shifted from
early qualitative compliance assessments to refined quantitative multi-index frameworks.
Representative systems, such as LEED for Schools and BREEAM Education, developed
primarily in temperate climate zones, have formed a globally recognized basic evaluation
logic. However, their indicator weights and technical thresholds are calibrated for tem-
perate climatic conditions, and their direct applicability to hot-humid regions with high
cooling demand remains insufficiently discussed.

The second strand comprises comparative studies of evaluation systems. Most existing
comparative studies adopt a cross-climatic-zone paradigm, benchmarking China’s national
standard against mature European and American systems to identify gaps in framework
design and management mechanisms. While these studies provide valuable general guid-
ance for overall framework optimization, they lack targeted analysis of climate-adaptive
indicators tailored to hot-humid conditions, where cooling energy consumption, outdoor
thermal comfort, and stormwater management present distinct challenges. Furthermore,
existing regional studies mostly focus on single-indicator dimensions such as building en-
ergy efficiency, with few systematic multilevel comparative analyses of mature certification
systems within the same climatic zone. This gap results in optimization recommendations
that lack quantitative weight evidence and operable indicator schemes.

To address this research gap, this study selects four representative evaluation systems
with distinct governance models from tropical and subtropical hot-humid zones and con-
ducts a four-level comparative analysis spanning general framework, category structure,
core dimensions, and specific indicators. Unlike existing cross-climatic-zone comparative
studies, this work exclusively focuses on hot-humid climatic zones for four-dimensional
benchmarking. Theoretically, it constructs a climate-adaptive comparative analytical frame-
work for green campus evaluation systems; practically, it provides targeted quantitative
evidence for the revision of regional adaptive green campus standards in South China and
offers transferable insights for sustainable campus development in similar climate regions
worldwide (Figure 1).
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Figure 1. Schematic diagram of the range of hot-humid areas [31].

2. Method
2.1. Study Scope and Sample Selection

Variations in climate characteristics, political systems, and economic conditions lead
to differences in the orientation and implementation degree of evaluation criteria. Deter-
mining how to improve and assess the implementation level of “green campus” initiatives
in higher education institutions represents a critical issue in the construction of sustainable
universities. In green building assessment methodologies, researchers frequently employ
comparative analysis approaches to systematically examine the commonalities, divergences,
strengths, and weaknesses of different evaluation methods, thereby facilitating the revision
and enhancement of existing assessment systems [32].

This study defines its research scope as hot-humid climatic zones in accordance with the
Koppen climate classification system, covering tropical rainforest (Af), tropical savanna (Aw),
tropical monsoon (Am), and humid subtropical (Cfa) climate zones. These zones share core
climatic characteristics critical to green campus planning and design: high annual temperature,
high humidity, strong solar radiation, and abundant rainfall. These commonalities drive
similar campus energy consumption structures (dominated by space cooling) and comparable
demands for outdoor thermal comfort and rainwater management, forming the climatic
basis for cross-system comparison of climate-adaptive indicators. It should be noted that
internal heterogeneity exists within this broad category: for example, Singapore (Af) exhibits
smaller annual temperature fluctuations and higher humidity, while southern China (Cfa)
features more distinct seasonal temperature variations. This study focuses on the shared
climate-adaptive demands across these zones, while acknowledging that region-specific
calibration is required when applying the findings to specific subclimates.

Four representative evaluation systems were selected based on three predefined crite-
ria: (1) officially released by authoritative agencies with wide certification coverage and
practical application; (2) widely implemented in typical hot-humid climate zones; and
(3) equipped with a complete indicator framework and standardized scoring mechanism.
The selected systems include Mainland China’s Assessment Standard for Green Campus
(the Standard), Singapore’s BCA Green Mark for Existing Schools (Green Mark ES), In-
dia’s GRIHA for Existing Day Schools (GRIHA-EDS), and the latest edition of Taiwan,
China’s Green Building Evaluation Manual for ECO-Community (EEWH-EC). Other as-
sessment systems for hot-humid climatic zones were excluded for the following reasons.
First, Malaysia’s GBI for Schools has limited certified campus cases and outdated public
scoring details, insufficient for systematic weight decomposition. Second, Indonesia’s Ul
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GreenMetric is a global university ranking system rather than a third-party certification
standard, relying primarily on self-reported data without on-site verification, which differs
fundamentally from the certification attribute of China’s national standard. The four se-
lected systems, covering East Asia, Southeast Asia, and South Asia, represent four typical
modes (unified national standard, community-compatible mode, resource-constrained
efficiency mode, and developing process mode), offering sufficient representativeness for
comparative analysis.

2.2. Multilevel Comparative Framework and Indicator Mapping Rules

The comparative analysis is conducted across four hierarchical levels: general compar-
ison, category comparison, essential category comparison, and index comparison (Figure 2).
The general comparison encompasses the organizational structure, developmental history,
certification procedures, and certification levels of the evaluation systems. The organiza-
tional structure refers to the institutions responsible for developing, operating, and updat-
ing these assessment methodologies; the developmental history delineates the publication
years and evolution of existing methods; the certification procedures describe the complete
procedure for obtaining evaluation and recognition levels; the certification levels indicate
the hierarchical classification or assessment results based on the total score achieved.

l Step 1: Identification of hot-humid areas
i

l Step 2: Review of regional green campus systems
i

l Step 3: Selection of representative systems ‘

Assessment Standard for Green Mark ES GRIHAfor EDS EEWH-EC
Green Campus

[ I I J
i

Step 4: Multi-level comparative analysis ‘

Comparison Level 1- General Level 2- Category Level 3- Essential Level 4- Index
topics comparison comparison category comparison
comparison
- Organization - Categories - Planning - Qualitative or
Sub-topics - History +Weightings - Energy-saving Quantitative
- Certification - Outdoor environment + Measures or
Certification process - Indoor environment Performance
Certification level +Weightings

+

‘ Step 5:Identification of optimization opportunities ‘

Figure 2. Research methodology.

Category comparison is based on the categories assigned according to the evaluation
standards and the relative weights of each category. The scope of green campus evaluation
systems is further subdivided into planning, ecology, energy, water resources, environmen-
tal quality, health, and operational management. The comparison of categories is based on
the categories assigned according to the evaluation standards and each category’s relative
weight [33].

Regarding essential category comparison, since the categories of different evaluation
systems cannot be mapped one-to-one, this study focuses on planning and construction
of green campus evaluation systems, energy conservation, outdoor environment, and
indoor environment indicators—categories closely related to hot-humid climatic conditions
across the four evaluation systems—to identify corresponding standards for each essential
category. The weights of all standards listed under these key categories are compared to
determine their relative importance. (The index calculation logic of Taiwan of China’s
EEWH-EC system involves multidimensional complex formulas and independent axis
scoring, and the single index weight cannot be directly decomposed and quantified; only
the other three evaluation systems are compared here; furthermore, the weight calculation
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excludes prerequisite items and bonus items, calculating only the proportion of the score
corresponding to the standard relative to the total score of the scoring items.)

At the index comparison level, all disaggregated indicators are coded and statistically
analyzed from two independent dimensions to reveal the scientific rigor and evaluation
orientation of each system. Clear classification rules are established uniformly across all sys-
tems: quantitative indicators are evaluated based on measurable numerical thresholds with
standardized calculation formulas (e.g., energy use intensity and green space ratio). Quali-
tative indicators are judged based on compliance descriptions without uniform numerical
scoring standards. Mixed indicators containing both requirements are counted as 0.5 in
each category; measure-oriented indicators evaluate whether specific technical measures
or procedural requirements are adopted, focusing on process compliance. Performance-
oriented indicators evaluate actual operational effects and final outcomes, focusing on
output performance. All indicators were independently coded by two researchers with
expertise in green building assessment. Inter-coder reliability was tested with a Cohen’s
kappa coefficient of 0.89, meeting academic research reliability standards. Discrepancies
were resolved through group consensus. The final proportion is calculated based on the
count of the lowest-level operational indicators.

The research data are derived from the official full text of each evaluation standard,
official implementation guidelines, and existing academic research literature. This study
adopts text content analysis and index statistical sorting to carry out quantitative weight cal-
culation and qualitative comparative interpretation of each system’s framework, category,
and index connotation.

3. Result

3.1. General Comparison
3.1.1. Organization Comparison

Compared with typical green campus evaluation systems worldwide—which gener-
ally involve three types of governing institutions, namely scientific research organizations,
nongovernmental organizations, and government agencies [34]—the systems examined
in this study (those of China, Singapore, and India) are all government-initiated and im-
plemented, albeit with distinct operational mechanisms. In China, the standard is led by
the Ministry of Housing and Urban-Rural Development (MOHURD). The Chinese Society
for Urban Studies (CSUS) serves as the entrusted research and development institution,
while actual evaluations are conducted by an expert evaluation committee. The EEWH
system operates under the leadership of the Ministry of the Interior. Although research and
development are conducted by the Architecture and Building Research Institute (ABRI)—a
government-affiliated research body—all evaluation work is entirely delegated to Taiwan
of China’s Architecture and Building Center (TABC). Singapore’s Green Mark system is
developed and administered by the Building and Construction Authority (BCA). The BCA
Academy, functioning as the training arm of the Authority, is responsible for certifying
“Green Mark Professional Assessors” and “Green Mark Project Managers,” who become
qualified to conduct evaluations upon passing the required examinations. In India, the
GRIHA system is developed and operated by the GRIHA Council. It operates with the
endorsement and support of the Ministry of New and Renewable Energy (MNRE) and sus-
tainable building experts, having been established by The Energy and Resources Institute
(TERI) as an independent platform.

Based on the above analysis, the green campus evaluation systems in China, Singapore,
and India are all government-led, exhibiting distinct top-down management and promotion
mechanisms, albeit with varying degrees of governmental intervention. In the case of
the Chinese mainland, government agencies function primarily as administrators rather
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than active promoters. The absence of comprehensive implementation and promotion
strategies during the Standard rollout phase has limited the practical adoption of the
evaluation system. Conversely, Taiwan of China, Singapore, and India have established
direct government oversight through dedicated research institutes, accompanied by robust
promotional initiatives. Examples include Singapore’s “Back to School” program, Taiwan
of China’s “Sustainable Campus Reconstruction Project,” and the Sarva Shiksha Abhiyan
sustainable school initiative in Gujarat, India (Govt. of Gujarat). Furthermore, to stimulate
green building and campus development, the governments of Singapore and India provide
economic incentives—such as public research grants and financial awards—to balance the
investment burden on developers and campus management teams, specifically targeting
certified projects. In contrast, both the mainland and Taiwan of China rely predominantly
on voluntary participation principles, lacking sufficient incentive and reward mechanisms.
Consequently, formal participation in green campus evaluations remains limited in China.

3.1.2. Certification Process Comparison

The certification process under the Standard is broadly bifurcated into design and
operational phases. Each phase comprises five sequential stages: application, preliminary
review, expert evaluation, result announcement, and certification issuance, with distinct
Green Design Labels and Green Operation Labels awarded, respectively. Projects that
remain uncompleted or have been operational for less than one year must undergo the
design-phase evaluation prior to operational-phase assessment. The overall procedure is
notably cumbersome and time-consuming.

Singapore’s Green Mark certification follows a streamlined four-step workflow: ap-
plication, pre-assessment, formal evaluation, and certification. Upon obtaining the desig-
nation, campuses undergo triennial reviews to ensure continued compliance with Green
Mark requirements.

India’s GRIHA-EDS rating process encompasses six stages: online registration, ori-
entation workshops, documentation submission, site visits, final review by the GRIHA
Council, and rating conferral. The alternating sequence of documentation review and
on-site inspections enhances evaluation authenticity.

Taiwan of China’s EEWH-EC employs a two-tiered certification system: the “Candi-
date Green Building Certificate” for projects from the design phase through construction
permit application and the “Green Building Label” for projects that have secured permits
or reached completion. Educational institutions must submit requisite documentation
to school authorities; upon document review and fee payment, the evaluation proceeds
through preliminary assessment, committee review, on-site inspection, and final approval
by the Ministry of the Interior, which issues certificates to approved projects.

Comparative analysis reveals that while all four systems generally follow an
application-evaluation-certification workflow, significant procedural divergences exist.
Both the mainland and Taiwan of China require governmental agency review following
evaluation by certification bodies before certificate issuance. Conversely, Singapore’s Green
Mark operates more efficiently because evaluators are directly affiliated with the Build-
ing and Construction Authority, thereby eliminating separate governmental validation.
This streamlined verification facilitates broader evaluation participation. Meanwhile, In-
dia’s GRIHA system enhances scientific rigor and data authenticity through its iterative
approach, alternating between documentation submission and on-site inspections.

3.1.3. Comparison of Evaluation Methods

The Standard establishes three components: prerequisite (control) items, scoring items,
and bonus points. Serving as mandatory prerequisites for certification, control items
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must be fully satisfied before projects can proceed to subsequent grading phases. Scores
for both scoring and bonus items are determined based on the specific content of each
evaluation indicator and its corresponding requirements, with the total score calculation
methodology detailed in Table 1. Both Green Mark and GRIHA-EDS incorporate explicit
weight settings for different evaluation categories when assigning scores; consequently,
total scores are obtained through simple accumulation of individual scores, streamlining the
evaluation process considerably. In contrast, the EEWH-EC scoring process is comparatively
cumbersome. Each evaluation item involves complex calculation formulas, with distinct
weight coefficients applied to each axis (dimension), ensuring that scores for each axis
remain within the 0-100 range. Upon obtaining results, evaluated entities can visualize
performance across each axis through radar charts, which is relatively intuitive. However,
as the weight of individual indicators cannot be directly determined, direct comparison of
index weights with the other three systems is not feasible (Table 2).

Table 1. “Assessment standard for green campus” score conversion.

Indicators Categories Raw Score Scoring Rate System Score Weights
Planning and Ecology Q Q R; = 100/Fitness value 1 Q1 =Ry x Q¢ W,
Energy and Resources Q, Q' R, = 100/Fitness value 2 Q =Ry x Q) W,

Environment and Health Q3 Qs’ R3 = 100/Fitness value 3 Q3 =Rz x Q5 W3

Operation and Management Qq Q4 R4 = 100/Fitness value 4 Qs =Ry x Q4 Wy

Education and Promotion Qs Q5 Rs = 100/Fitness value 5 Q5 =Rs5 x Q5 W5
Bonus Qg Qs’ - Qs = Qs -

Total score: ZQ = W1Q1 + WzQz + W3Q3 + W4Q4 + W5Q5 + Q6

The four-step score conversion is designed to balance the score deviation caused by different numbers
of indicators across categories, ensuring that the weight of each category strictly matches the preset
proportion. The weight calculation in this study is based on the final weighted proportion, not the
raw score proportion.

Table 2. EEWH-EC campus evaluation system score conversion.

Index Categories Raw Score Weight System Score
Ecology E F' =E1+E2+E3 - E=F,E <100
Energy saving and waste EW’ = EW1 + EW2 +- - - + EW8 + EW9 w2 EW = W2 EW/, EW < 100
reduction EW
Health and comfort H H' =H1+H2 + H3 W3 H=W3H/,H < 100

Total Score TEC=E + EW + H

A comparison of certification levels across the four systems—the Standard, Green
Mark ES, GRIHA-EDS, and EEWH-EC—reveals classifications into 3, 3, 5, and 5 tiers,
respectively (Figure 3). All four systems require approximately half of the total possible
score as the minimum certification threshold. The EEWH-EC system features a more gran-
ular classification scheme with relatively uniform intervals between levels; its calculation
method is scientifically rigorous yet comparatively complex. The Green Mark ES evaluation
method is the most intuitive and concise, setting progressively higher requirements for
advanced certification levels. In comparison with these international benchmarks regarding
requirements and thresholds, the Standard requires further refinement and enhancement
(Figure 3).

https://doi.org/10.3390 /buildings16173461


https://doi.org/10.3390/buildings16173461

Buildings 2026, 16, 3461

90f23

Evaluation Standard |

Green Mark ES | Platinum grade

GRIHA for EDS |

EEWH-EC |

| | | ] | | ] | | | J

0 Full score

Qualified

Figure 3. Comparison of the classification of green campus evaluation systems.

3.2. Category Comparison

By comparing index weights across the four systems—the Standard, Green Mark
ES, GRIHA-EDS, and EEWH-EC—distinct thematic priorities emerge in green campus
assessment. The latest iteration of the Standard reorganizes the seven categories from
its 2013 version into five evaluation dimensions: planning and ecology, energy and re-
sources, environment and health, operation and management, and education and promo-
tion (Figure 4). Analysis of the weight distribution reveals a predominant emphasis on
energy and resources, followed closely by planning and ecology.

Evaluation content of the 2013 Evaluation Standard for Green Campus

I 2 Energy Water Material saving < !
! P‘a"”',”g and conservation and conservation and and material ) Indoor Operation Education :
| sustainable environment and managem 3
1 s resource water resource resource , promotion | |
development sites i Cerigie = pollution control ent
I utilization utilization utilization |
[ B e I_____ _______________ 1. __________________ T
[ e . L B v o . S|
l Education :
I Planning and Energy and Environment | | Operation and l:;:j'o i
ecolo resources and health L
1| ay management promotion :
|

Evaluation content of 2019 Evaluation Standard for Green Campus

igure 4. Indicator change chart in two versions of “assessment standard for green campus.
F 4. Indicator ch hart in t f t standard f ”

Green Mark ES employs four evaluation categories: energy efficiency, water resource
efficiency, sustainable development awareness and management, and indoor environmental
quality. Owing to Singapore’s limited land area and severe resource constraints, Green
Mark ES imposes the most stringent requirements on energy consumption, with energy
efficiency indicators commanding 47% of the total weight—the highest proportion among
all systems examined.

GRIHA-EDS utilizes six evaluation categories: energy management, occupant health
and comfort, air quality, water resource management, solid waste management, and wel-
fare and society. These categories demonstrate relatively balanced weights, with energy
management comprising the largest share at 24%. It should be clarified that the 24% weight
corresponds to the broad “Energy and Resources” category, which covers building energy
efficiency, renewable energy application, waste recycling, and water resource conservation.
After disaggregating this composite category, pure building energy efficiency-related indi-
cators account for 11.2% of the total effective score, which is significantly lower than the
47% energy efficiency weight in Green Mark ES.
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In contrast, EEWH-EC maintains a roughly equitable distribution across its indicator
categories, with the health-related component occupying a comparatively modest propor-
tion (Figure 5).

Evaluation Standard for
Green Campus Green Mark ES

4

Figure 5. Distribution of index weights of the green campus evaluation systems.

EEWH-EC
GRIHA-EDS

environmental
uality 6%

Education

promotion 15%
Well-being and

social aspects 18%

water resource
efficiency 14%

Health 25%

Operation and
management 15%

Solid waste
management 14%

Sustainable awareness Waste reduction

management 33%

3.3. Comparison of Key Categories

Owing to marked heterogeneity in the categorical frameworks of the four indicator
systems, precluding direct one-to-one comparison, this study reaggregates the indicators
into five cross-cutting themes—planning, energy conservation, outdoor environment, in-
door environment, and regional climate adaptation—which are subsequently mapped
against the most closely correlated evaluation categories for analysis.

3.3.1. Planning Indicators

Planning indicators are categorized into four thematic domains: land use, water conser-
vation measures, planning layout, and transportation facilities. Among the four standards,
only the Standard includes provisions for underground space utilization, whereas the
remaining systems lack specific land-use criteria. Regarding water conservation strategies,
the Standard emphasizes the implementation of measures such as rainwater infiltration,
reuse, bioretention, and flood storage facilities, employing performance metrics including
total annual rainwater runoff control. GRIHA-EDS primarily focuses on rainwater recycling
to reduce annual campus water demand. EEWH-EC details various water conservation
strategies in its evaluation manual, but ultimately employs water conservation and flood
storage indices as operational performance indicators.

In terms of planning and layout, the Green Mark ES system specifies strict require-
ments for building orientation and shading, mandating that building fagades must not face
east-west and that windows on east-west facades must incorporate shading devices. Con-
versely, the Standard omits these requirements but encompasses indicators such as campus
wind environment, site utilization, and campus safety. All four systems establish specific
criteria for transportation facilities. Both the Standard and EEWH-EC establish quantitative
thresholds for distances from the site to public transit stations and nearby transit lines. For
internal campus circulation, EEWH-EC provides detailed requirements for bicycle usage,
parking facilities, and transit accessibility. Green Mark ES merely requires convenient access
to public transportation stations but specifies circulation route requirements, including
covered walkways to accommodate its hot and rainy climate (Table 3).

Within the Standard, planning indicators comprise 10 subindicators distributed across
the planning and ecology categories, offering comprehensive coverage with a combined
weight of 25.5%. Individual indicators are relatively balanced, though specific metrics
such as green space irrigation methods carry lower weights (1.25%). Green Mark ES
maintains relatively limited coverage of planning indicators, focusing primarily on water
resources, building orientation, and public transportation, with a combined weight of 7.32%.
Although GRIHA-EDS addresses only water conservation within the planning category,
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this dimension accounts for 16% of the total weight—an allocation reflecting India’s relative

water scarcity. EEWH-EC primarily emphasizes water conservation and transportation

indicators, with particularly detailed specifications for transportation metrics (Figure 6).

Table 3. Comparison of planning index contents of the green campus evaluation systems.

Index Assessment Standard for o Mark ES EEWH-EC GRIHA-EDS
Classification Green Campus
Land use e  Utilization of _ _ _
underground space
e  Green rainwater e  Alternative .
. e  Rainwater
infrastructure water sources collection
Water retention e  Rainwater collection e  Water-efficient o  Water e  Optimize
measures and reuse irrigation conservation P
o annual water
e  Irrigation method of system for .
. consumption
greening water landscape areas
e  Comprehensive safety
planning . e Environmental
e Campus wind .
Planning layout environment protection - -
§1ay . e e Building
e  Site utilization and . 3
. orientation
ecological
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Figure 6. Comparison of planning index weights of the green campus evaluation systems.

3.3.2. Energy Indicators

Energy indicators encompass five dimensions: energy performance, energy efficiency

optimization, equipment energy conservation, energy-saving measures, and energy man-
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agement. Regarding energy performance, the Standard employs two metrics: annual
energy consumption per student and building design energy consumption. However,
the per-student metric presents implementation challenges due to multiple confounding
factors in practical applications. Green Mark ES utilizes the energy utilization index (EUI,
kW/m?/year) and energy index (EI, kW /person/year), established through extensive
primary data collection and analysis, with specific quantitative thresholds calibrated to
different campus typologies and consumption levels. GRIHA-EDS emphasizes carbon
emission control, whereas EEWH-EC evaluates aggregate energy performance through
green building prevalence and electricity consumption benchmarks.

For energy efficiency optimization and equipment conservation, Green Mark ES
establishes rigorous standards targeting Singapore’s principal campus energy loads—air-
conditioning and lighting—regulating air-conditioning system efficiency (kW /ton) and
lighting power density, while scoring based on renewable energy’s proportion of total
building consumption. In contrast, the Standard merely mandates optimization of major
energy-consuming systems (air-conditioning, hot water, and lighting) without prescribing
specific measures or evaluation criteria. EEWH-EC focuses on lighting efficiency require-
ments for outdoor illumination, emphasizing appropriate lighting levels for roads, parking
facilities, and landscapes to address excessive street lighting standards and mitigate eco-
logical habitat disruption. Regarding energy-saving measures, Green Mark ES specifies
requirements for public areas, parking garage ventilation, and non-air-conditioned spaces,
promoting natural ventilation in parking structures and common areas to enhance thermal
comfort while reducing mechanical cooling demands (Table 4).

While the four systems demonstrate conceptual similarities in energy performance,
efficiency optimization, and equipment conservation, their emphases diverge significantly.
Green Mark ES assigns substantial weight to energy indicators (43.3%), adopting a com-
prehensive, results-oriented framework that incorporates both performance outcomes and
implementation measures. The Standard maintains a results-oriented approach focusing
on consumption performance across building systems, but lacks specificity in prescriptive
measures. GRIHA-EDS allocates 24% to energy metrics, concentrating primarily on outdoor
lighting and renewable energy utilization, albeit with fewer detailed subcriteria (Figure 7).
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Figure 7. Comparison of energy-saving index weights of the green campus evaluation systems.
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Table 4. Comparison of energy-saving indicators of the green campus evaluation systems.

Index Assessment Standard for Green Mark ES EEWH-EC GRIHA-EDS

Classification Green Campus
¢ Annual enersy e Electricity
consumption per consumption
E -
nergy student Energy efficiency CO, emissions
performance per capita
e  Building design e Number of green
energy consumption buildings
Ener e Energy efficienc Lighting system
T8y ey e’ Yo e  Community lighting Efficient outdoor
efficiency optimization of main . e ; T

R . Air-conditioning energy saving lighting

optimization energy-using systems
system
Renewable
Equipment Utilize waste heat energy/energy-
. Renewable energy saving equipment e  Renewable energy Renewable energy

energy saving utilization Elevator

Office equipment

Measures
energy saving

Proportion of area
without
air-conditioning

Parking lot -
ventilation

Ventilation in
public areas

Energy saving
management

Energy
° Energy and resource monitoring Operation and
monitoring platform Energy ) maintenance
commitment

3.3.3. Outdoor Environmental Indicators

The outdoor environment evaluation encompasses five primary dimensions: campus
greening, biodiversity conservation, pollution control, outdoor thermal comfort, and re-
lated aspects. Regarding campus greening, the four systems employ distinct quantitative
methodologies. Green Mark ES promotes the expansion of green areas through diverse
strategies such as rooftop gardens and vertical greening, with particular emphasis on native
plant species. In contrast, the Standard primarily measures greening coverage through the
green space ratio and per capita public green space area. GRIHA-EDS utilizes tree count as
its primary indicator, offering limited assessment granularity. All four standards address
waste management and pollution control; notably, EEWH-EC additionally incorporates
light pollution control requirements. The systems diverge significantly in their treatment
of outdoor thermal comfort. The Standard regulates shading device coverage areas and
the solar reflectance indices of road pavements and building roofs. Green Mark ES targets
the solar reflectance of ground surfaces, roofs, and exterior walls. EEWH-EC provides
the most comprehensive framework, encompassing shading provisions, heat-reflective
measures, outdoor ventilation design, and evaporative cooling through ground surfaces,
with detailed evaluation protocols established for each parameter. GRIHA-EDS notably
lacks specific assessment criteria for the outdoor thermal environment (Table 5).

Among the four systems, the Standard, EEWH-EC, and Green Mark ES demonstrate
substantial emphasis on outdoor environmental quality. The Standard and Green Mark
ES exhibit considerable similarity in both indicator typologies and weight distributions.
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EEWH-EC particularly emphasizes the educational significance of ecological principles
in its greening and biodiversity criteria. Conversely, GRIHA-EDS allocates relatively
limited attention to biodiversity and thermal comfort, concentrating primarily on vegetation
coverage and pollution control, with outdoor environment indicators comprising merely
16% of the total evaluation weight (Figure 8).

Table 5. Comparison of outdoor environment indicators of the green campus evaluation systems.

Index Assessment Standard for

Classification Green Campus Green Mark ES EEWH-EC GRIHA-EDS
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Figure 8. Comparison of outdoor environment index weights of the green campus evaluation systems.

3.3.4. Indoor Environment Indicators

The indoor environment is divided into indoor air quality, indoor light environment,
indoor acoustic environment, indoor thermal environment, etc. Green Mark ES and GRIHA-
EDS focus on controlling pollutant sources to reduce air pollution sources. The Standard
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advocates real-time monitoring through an indoor air quality monitoring system and
linkage with the ventilation system. The Standard uses daylighting measured by the
coefficient; Green Mark ES uses the illuminance value to ensure adequate light environment
comfort through natural lighting. GRIHA-EDS evaluates the indoor visual comfort through
the total lighting area and the illuminance value of the living area, and its proportion is
the highest of the three evaluation systems, up to 6%. The Standard and GRIHA-EDS put
forward indoor noise control requirements, with a proportion of about 2%. The Standard
also requires the reverberation time of teaching rooms to ensure an excellent indoor acoustic
environment; Green Mark ES specifies the thermal comfort through temperature and
humidity of air-conditioned rooms under comfortable conditions. The Standard is based on
the “Evaluation standard for indoor thermal environment in civil buildings” to understand
personnel’s satisfaction with the environment. GRIHA-EDS adopts “Post-Use Evaluation
(POE)” to survey users’ satisfaction, which meanwhile uses multiple passive/active design
strategies to evaluate indoor thermal comfort (Table 6).

In these four evaluation systems, except for the EEWH-EC system, which focuses on
the overall environmental performance of the campus or community when it is established,
it does not require indoor indicators. The rest are comprehensive evaluations of the indoor
environment of campus buildings. The total weight of the Standard is close to GRIHA-EDS,
at 11% and 13%, respectively; meanwhile, the corresponding proportion of Green Mark ES
is relatively low, at 4.8% (Figure 9).
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Figure 9. Comparison of indoor environment index weights of the green campus evaluation systems.

Table 6. Comparison of indoor environment indicators of the green campus evaluation systems.

Index Assessment Standard for Green Mark ES EEWH-EC GRIHA-EDS
Classification Green Campus
e Indoor air quality
. Indoor air quality performance e Indoor air
Indoor air monitorin tem ) ualit
onttoring sys Indoor air q y
pollutants
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Table 6. Cont.

Index Assessment Standard for

Classification Green Campus Green Mark ES EEWH-EC GRIHA-EDS
Indoor light e Functional room o . .
environment daylighting factor *  Lighting quality ) *  Visual comfort

e Indoor noise control

Indoor acoustic e Indoor decibel

environment e  Teaching room ) ) level control
reverberation time

Indoor thermal e Indoor hot and e  Thermal comfort ) e Thermal

environment humid environment comfort

3.4. Comparison of Indicators

The Standard encompasses significantly more indicators than the other three sys-
tems, with broader thematic coverage. While its qualitative and quantitative indicators
are roughly balanced in number, approximately 70.7% focus on technical measures and
procedural compliance, with relatively limited emphasis on actual performance outcomes.
This lack of streamlining and integration increases evaluation complexity and hinders
practical implementation.

Green Mark ES adopts a more balanced approach: 13.3% of its indicators incorporate
both qualitative and quantitative dimensions, while 10% evaluate both implementation
measures and performance outcomes. Compared to the alternatives, its framework is more
streamlined yet remains comprehensive in scope.

GRIHA-EDS predominantly employs qualitative, process-oriented indicators with
limited quantitative metrics, indicating a need for enhanced precision and measurability.
EEWH-EC differs fundamentally as it targets both campuses and ecological communi-
ties, emphasizing outdoor thermal environments and urban heat island mitigation while
excluding indoor environmental assessment. Its indicator composition comprises 35.6%
qualitative and 64.4% quantitative metrics, with performance-based evaluation accounting
for 31.1% of the total, rendering it more operationally robust and scientifically rigorous
than the other systems (Figure 10).
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Figure 10. Comparison of indicator attribute proportions across the four evaluation systems. Note: Pro-
portions are calculated based on the count of disaggregated indicators, not on indicator weight shares.

4. Discussion
4.1. Interpretation of Core Findings

The multilevel comparison reveals three core differences between the four systems.
These findings both align with the general consensus of existing comparative research and
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provide targeted, climate-specific supplementary evidence for green campus evaluation in
hot-humid climatic zones.

First, the operational mechanism divergence reflects different policy logics. Previous
cross-national studies on green building assessment systems have widely documented
that governance models—ranging from government-led incentive schemes to voluntary
participation mechanisms—are a core factor shaping the promotion effectiveness and
adoption rate of certification systems [32]. This pattern has also been observed in campus-
level sustainability assessment frameworks [24]. This study further verifies this general
pattern at the campus-specific scale within a unified hot-humid climatic context. Specifically,
Singapore and India adopt government-led incentive models, where financial subsidies
and public grants directly drive campus participation, while mainland China and Taiwan,
China follow voluntary participation mechanisms relying on institutional awareness. This
explains why the Standard has lower adoption rates despite its more comprehensive
indicator system. Different from prior cross-climatic-zone studies that focus on general
framework differences, this within-zone comparison further reveals that in regions with
high cooling energy pressure, the absence of targeted economic incentives poses a more
prominent barrier to advancing green campus transition.

Second, the significant gap in energy indicator weight reflects different priorities in
green campus evaluation. Existing comparative studies have noted that the weight alloca-
tion of energy-related indicators varies greatly across national evaluation systems, which
is closely associated with regional climatic conditions and national energy development
strategies [33]. For China’s unified national assessment standard, its applicability across
different climatic zones has also been widely discussed in existing research [30]. This study
further clarifies the discrepancy in scope and disaggregation granularity between broad
energy-resource composite categories and pure building energy efficiency indicators and
quantifies the specific weight gap in hot-humid scenarios. The Standard balances multiple
goals, including planning, ecology, education, and management, which aligns with China’s
comprehensive green campus development concept. However, the low proportion of
pure energy efficiency indicators (11.2%) is not conducive to guiding campuses in hot-
humid climatic zones to address their largest energy consumption source: space cooling.
In contrast, Singapore’s Green Mark ES, with 47% weight on energy efficiency, forms a
strong performance-oriented guidance, which is particularly suitable for tropical regions
with year-round cooling demand. Unlike previous cross-climatic-zone benchmarking that
provides only general reference, this quantitative weight comparison within the same
climatic zone offers more targeted evidence for the regional adjustment of China’s unified
national standard.

Third, the shift from measure-oriented to performance-oriented evaluation repre-
sents the development trend of green certification systems. The academic community
has reached a basic consensus that performance-based evaluation can better guarantee
actual environmental benefits and avoid the “form over substance” problem of purely
compliance-based assessment [25,26]. This evolutionary trend has been fully verified in
the field of commercial and residential green building evaluation, but relevant empiri-
cal evidence targeting campus-specific evaluation systems remains limited. This study
provides empirical evidence for this evolutionary trend in the campus evaluation field,
based on indicator statistics from four representative systems in hot-humid zones. The
Standard’s 70.7% measure-oriented indicators ensure evaluation convenience and compli-
ance clarity, but may lead to the risk of “form over substance” where campuses complete
required measures without achieving actual environmental performance. The higher pro-
portion of performance-oriented indicators in EEWH-EC and Green Mark ES reflects a
more mature evaluation philosophy that focuses on actual outcomes rather than procedural
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compliance. In particular, for hot-humid regions where cooling energy consumption and
indoor-outdoor thermal comfort are highly dependent on actual operational effects, the
shift to performance-oriented evaluation has more prominent practical value for improving
the real benefits of green campus construction—a point that has not been fully discussed in
previous regional studies.

4.2. Research Contributions and Novelty

This study makes two main contributions to the field of green campus evaluation,
directly addressing the research gaps identified in the introduction.

Theoretically, it breaks through the traditional cross-climatic-zone comparison
paradigm that dominates existing research and constructs a four-level comparative frame-
work specifically tailored to hot-humid climatic zones. By focusing on climate-adaptive
indicators and establishing a standardized indicator mapping protocol, this framework
improves the pertinence of evaluation standard comparative research and provides a
replicable methodological reference for regional standard benchmarking studies.

Practically, this study quantifies the weight differences of climate-adaptive indicators
across four mature systems and clarifies the specific gaps of China’s unified national stan-
dard in terms of energy indicator proportion, planning climate adaptability, and evaluation
orientation. The proposed optimization path, covering procedural streamlining, weight
structure adjustment, and climate-adaptive indicator supplementation, provides operable
quantitative evidence and technical support for the revision of regional green campus
evaluation standards in South China.

4.3. Methodological Limitations and Robustness

Several methodological limitations should be acknowledged when interpreting the
findings. First, the sample size is limited to four systems. Although they represent the most
mature systems in hot-humid zones, excluding systems from Malaysia, Thailand, and other
Southeast Asian countries may limit the comprehensiveness of the comparison. However,
the core conclusion regarding the insufficient climate adaptability of the Standard remains
robust, as it is supported by comparison with three benchmark systems with different
institutional backgrounds.

Second, the weight comparison has certain constraints. The exclusion of prerequi-
site items may slightly underestimate the importance of basic mandatory indicators in
actual certification practice. In addition, the inability to decompose individual indicator
weights for EEWH-EC limits the depth of fine-grained subindicator comparison. Never-
theless, this does not affect the core conclusion that the Standard has insufficient energy
weight and lacks targeted hot-humid adaptive indicators, as this finding is consistently
supported by quantitative comparison with Green Mark ES and GRIHA-EDS. It should
be further clarified that EEWH-EC was not originally developed for higher education
campuses, and its indicator system lacks campus-specific dimensions such as education
promotion and scientific research facility management. Therefore, this study only con-
ducts comparative analysis on three general built environment dimensions—planning,
energy conservation, and outdoor environment—and does not extend the comparison to
campus-specific functional dimensions.

Third, this study is primarily based on textual comparative analysis of official standard
documents and has not conducted empirical validation of the proposed optimization
framework through actual campus case studies or expert consultation. The current findings
focus on structural differences in indicator systems and weight allocation logic, while the
practical applicability, scoring rationality, and implementation effects of the optimized
framework in real campus scenarios remain to be further verified.
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This limitation is bounded by the research scope and objectives of the present work.
The core purpose of this study is to identify climate adaptability gaps in China’s current
standard through systematic cross-system benchmarking and to propose a directional
optimization framework and indicator adjustment scheme. The theoretical comparative
analysis provides a necessary methodological basis and reference system for subsequent
empirical research. Future work will carry out multi-case empirical validation and expert
Delphi consultation to calibrate indicator weights and thresholds and further improve the
operability and scientific validity of the regional evaluation system.

4.4. International Relevance

Although this study takes China’s national standard as the primary optimization object,
its findings have broader reference value for sustainable campus development in global
hot-humid climatic zones. First, the proposed multilevel comparative framework can be
extended to Southeast Asia, Central Africa, and South America, providing a methodological
template for regional green campus standard formulation.

Second, the climate-adaptive indicator optimization directions—including sponge
campus construction, natural ventilation performance evaluation, building orientation
assessment, and outdoor heat island mitigation—are common demands for all hot-humid
zones. These indicator schemes can be adapted and adopted by countries at different
development stages to improve the regional adaptability of their evaluation systems.

Third, the comparative analysis of different governance models (incentive-driven vs.
voluntary) provides policy insights for governments in different regions. For developing
countries with limited institutional awareness, establishing appropriate economic incen-
tives may be more effective than purely voluntary certification mechanisms in promoting
green campus construction.

5. Recommendations

Targeting three core gaps identified through the multilevel comparative analysis—
insufficient incentive-driven governance mechanisms, mismatched energy indicator
weights, and a measure-dominated evaluation orientation with weak climate adaptability—
this section proposes targeted optimization suggestions for regional green campus evalua-
tion standards in hot-humid climatic zones of China.

5.1. Streamline the Certification Process

In response to the cumbersome administrative review links and low operational
efficiency of the current certification system, careful calibration is essential: excessive
complexity may deter stakeholder participation, whereas oversimplified processes risk
compromising the credibility of outcomes. For green campus evaluation systems in hot-
humid areas, it is advisable to establish professional certification bodies to oversee the
entire evaluation workflow, thereby circumventing protracted administrative coordina-
tion between certifying agencies and governmental authorities. To enhance operational
efficiency, a streamlined approach integrating online application submission, designated
expert review, and governmental record filing is recommended. Specifically, permanent
indicators such as site planning and spatial layout can be directly inherited from the design
phase in the operation phase evaluation, reducing repeated verification work.

5.2. Strengthen Application Promotion

Consistent with the finding that voluntary participation models are associated with
lower adoption rates, the current evaluation system in mainland China currently lacks
operational mechanisms with broad stakeholder engagement, and green building assess-
ments on most campuses remain confined to individual buildings, with limited institutional
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adoption of the holistic campus-level standard. Consequently, when establishing green
campus evaluation frameworks for hot-humid areas, stakeholders should collaborate with
educational institutions and governmental bodies to develop regional promotional cam-
paigns and incentive structures. Fiscal subsidies, award recognition, and policy preference
can be adopted to actively engage faculty, students, and campus managers in green campus
development and certification processes, drawing on the successful incentive models of
Singapore and India.

5.3. Optimizing Indicator Weights

In view of the significant gap in pure building energy efficiency indicator weight
between the Standard and benchmark systems in hot-humid zones, the weight structure
should be adjusted to match the actual energy consumption characteristics of campuses
in hot-humid regions. Within the Standard, the broad “Energy and Resources” category
accounts for 25% of the total weight, but pure building energy efficiency indicators only
account for 11.2% after disaggregation, which is far lower than the 47% energy efficiency
weight of Singapore’s Green Mark ES. Given that cooling energy consumption accounts
for the largest proportion of campus energy use in hot-humid areas, it is recommended to
appropriately increase the weight of energy-saving indicators, particularly those related
to passive cooling design and air-conditioning system efficiency. It is suggested to raise
the proportion of pure energy efficiency indicators to 20-25% to strengthen performance-
oriented guidance.

5.4. Improve Indicator Content

Given China’s vast territory spanning diverse climatic zones, the unified evalua-
tion standard exhibits limited regional adaptability. When establishing green campus
evaluation systems for hot-humid areas, it is imperative to integrate local climatic fac-
tors with proven evaluation methodologies from comparable climatic contexts to refine
indicator specifications.

First, the abundant precipitation in hot-humid areas provides favorable conditions for
sponge campus implementation. It is recommended that sponge campus development—
encompassing rainwater infrastructure, stormwater recycling, and flood mitigation—be
incorporated as a scored element to comprehensively assess campus water management.
Regarding site planning, the framework should adopt methodologies assessing building
orientation and spacing, while covered pedestrian corridors should be added to circulation
indicators to address intense solar radiation and high temperatures.

Second, for energy-related indicators, both content scope and weights should be
expanded. Given that energy consumption in these regions concentrates primarily in
summer air-conditioning, the system should emphasize natural ventilation strategies, assess
the proportion of non-air-conditioned spaces, and prioritize the integration of passive and
active technologies.

Third, within outdoor environmental indicators, the assessment of green space systems
warrants optimization. The favorable growing conditions should be leveraged by placing
greater emphasis on vertical greening, rooftop gardens, and other vegetated interfaces to
enhance outdoor thermal comfort.

Finally, given extensive reliance on air-conditioning, indoor air quality and thermal
comfort are significantly impacted by mechanical systems. Therefore, evaluation criteria
should incorporate physical environment monitoring and post-occupancy evaluation, with
particular focus on occupant health and thermal satisfaction, to shift from measure-based
compliance to actual performance verification.
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6. Conclusions

Against the background of insufficient climate adaptability of China’s unified green
campus evaluation standard in hot-humid regions, this study selects four representative
evaluation systems with distinct governance models from tropical and subtropical hot-
humid climatic zones and conducts a systematic four-level comparative analysis covering
general framework, category structure, core dimensions, and indicator attributes.

Three core findings are identified. First, operational mechanisms differ substantially
across systems: government-led incentive models demonstrate stronger promotion effec-
tiveness, while voluntary participation models are associated with relatively lower adoption
motivation. Second, the weight allocation of energy efficiency indicators in the Standard
is significantly imbalanced, and the system lacks targeted hot-humid adaptive indicators
in dimensions such as building orientation assessment, natural ventilation performance,
and sponge campus construction. Third, the evaluation philosophy of the Standard is
still dominated by measure-oriented qualitative assessment, while benchmark systems
represented by EEWH-EC have shifted more toward performance-oriented quantitative
evaluation, exhibiting stronger scientific rigor and result guidance.

On the whole, this study provides quantitative evidence and a systematic analytical
framework for the climate-adaptive optimization of regional green campus evaluation
standards. Future research will expand the sample of regional evaluation systems, introduce
multi-case empirical calibration and expert Delphi consultation to verify the operability of
the optimized framework, and further improve the indicator system and weight setting
suitable for hot-humid areas in China.
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