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DRIVERS OF CARBON EMISSION REDUCTION
IN ECONOMIC DEVELOPMENT: AN EXPERT-BASED ANALYTIC

HIERARCHY PROCESS STUDY
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Abstract – Carbon emission reduction poses
a growing challenge for subnational governments
that must reconcile economic growth with cli-
mate commitments under conditions of limited
data and constrained resources. Provincial pol-
icymakers, therefore, require transparent tools
to prioritize emission reduction drivers that re-
flect local institutional, technological, and so-
cial contexts. This study applies an expert-based
analytic hierarchy process to identify and rank
the key drivers of carbon emission reduction
in Thai Nguyen Province, Vietnam, within the
context of provincial economic development. An
analytic hierarchy process comprising the overall
goal, five main criteria, and twenty subcriteria
was constructed. Pairwise comparison judgments
were collected from 15 experts representing gov-
ernment, enterprises, and academia during July
and August 2025. The results indicate that insti-
tutions and public governance (weight = 0.292),
community and society (0.250), and science, tech-
nology, and human resources (0.202) are the
most influential dimensions. At the subcriterion
level, policy implementation and enforcement,
research and development infrastructure, commu-
nity environmental awareness, and clean technol-
ogy adoption emerge as the highest priorities.
The priority structure is highly concentrated, with
the top-ranked drivers accounting for more than
70% of total importance. This study presents
a replicable decision-support framework for de-
signing provincial low-carbon policies and pro-
vides transferable insights for other subnational
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I. INTRODUCTION

Reducing carbon emissions while sustaining
economic development has become a central
policy challenge for subnational governments
worldwide. In Vietnam, national climate com-
mitments under COP26 have placed increasing
responsibility on provincial governments to trans-
late mitigation targets into concrete development
policies [1]. As industrialization, urbanization,
and energy demand intensify at the local level,
provinces are increasingly responsible for trans-
lating national climate commitments into con-
crete actions. In this context, carbon emission
reduction is no longer viewed solely as an en-
vironmental objective but as an integral compo-
nent of development quality, competitiveness, and
long-term resilience. The establishment of a na-
tional carbon market further reinforces the need
for provinces to strengthen governance capac-
ity, monitoring systems, and institutional readi-
ness for market-based mitigation instruments [2].
However, achieving emission reductions without
undermining economic performance remains par-
ticularly challenging for industrializing regions
where growth pressures are strong, and policy ca-
pacity is uneven. Recent policy developments fur-
ther highlight the growing importance of provin-
cial implementation capacity in carbon emission
reduction. In Vietnam, Decision No. 232/QD-
TTg, which approves the Scheme on the estab-
lishment and development of a carbon market,
has introduced new requirements for emissions
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monitoring, reporting, verification, and market-
based mitigation instruments [2].

A key difficulty faced by provincial policy-
makers lies in prioritization, as carbon mitiga-
tion involves multiple interacting institutional,
technological, economic, enterprise-related, and
social drivers [3–6]. Under conditions of lim-
ited budgets and incomplete local data, decision-
makers must determine which drivers should be
addressed first to achieve the greatest policy im-
pact. While national and sectoral studies provide
important evidence on the relationship between
economic growth, industrial structure, energy
consumption per capita, and carbon emissions [7,
8], such analyses often provide limited guidance
for subnational policy design, where local insti-
tutional capacity, governance quality, and social
dynamics play a decisive role. Recent studies and
policy assessments, including IPCC [9], OECD
[10], and Zhang et al. [11], have increasingly
emphasized the importance of governance qual-
ity, policy implementation capacity, and social
participation in determining the effectiveness of
mitigation efforts. However, many macro-level
and policy-instrument studies rely primarily on
quantitative indicators and may not fully cap-
ture context-specific factors such as enforcement
credibility, technological diffusion capacity, or
community pressure [7, 8, 12–15]. As a result,
there remains a methodological gap in providing
provincial governments with transparent and op-
erational tools to systematically prioritize drivers
of emission reduction when conventional data
sources are insufficient or fragmented.

This study addresses this gap by applying an
expert-based analytic hierarchy process (AHP)
to prioritize the drivers of carbon emission re-
duction in the context of economic development
at the provincial level. The analysis uses Thai
Nguyen Province, Vietnam, as a case study.
Thai Nguyen was selected for three main rea-
sons. First, rapid industrialization and export-
oriented manufacturing have made the tension
between economic growth and emission reduc-
tion particularly visible. Second, the province
has an important innovation and human-resource

base, supported by Thai Nguyen University and
its network of member universities, affiliated
schools, institutions, and research/service units.
Third, Thai Nguyen represents a subnational con-
text in which provincial authorities must trans-
late national climate commitments and emerging
carbon-market requirements into concrete local
policy priorities under data and resource con-
straints. These characteristics make the province
a relevant setting for examining how governance,
technology, enterprise behavior, economic struc-
ture, and social dynamics interact in shaping
subnational mitigation priorities.

By eliciting and aggregating judgments from
experts drawn from government, industry, and
academia, this study constructs a multi-level pri-
ority structure that reflects local development
conditions and implementation realities. The ob-
jective is not only to rank emission reduction
drivers, but also to provide a decision-support
framework that can inform policy sequencing
and resource allocation. The study contributes
to the literature by operationalizing a gover-
nance–technology–society perspective on carbon
mitigation at the provincial level and by demon-
strating the applicability of expert-based AHP as
a practical tool for subnational low-carbon policy
design in emerging economies.

Although previous multi-criteria decision-
making (MCDM) and AHP studies have been
widely applied to environmental management,
energy planning, and sustainability assessment
[3–6, 16], their applications have mainly focused
on national, sectoral, project-level, or technology-
selection problems. This study extends the use of
AHP to the provincial policy context, where mit-
igation priorities are shaped not only by technical
feasibility but also by governance capacity, social
pressure, enterprise behavior, and local economic
structure. By integrating these dimensions into a
single prioritization framework and validating the
ranking through expert judgment and sensitivity
analysis, the study provides a practical decision-
support approach for subnational low-carbon pol-
icy design in data-constrained settings.
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II. LITERATURE REVIEW

A substantial body of literature has examined
the relationship between carbon emission reduc-
tion and economic development, highlighting the
tension between growth-driven increases in en-
ergy consumption and environmental sustainabil-
ity. Early studies focused on emission intensity
and the environmental Kuznets curve, suggesting
a nonlinear relationship between income growth
and environmental degradation [17, 18]. More
recent research emphasized structural change,
energy transition, and technological upgrading as
key mechanisms for decoupling economic growth
from carbon emissions [19, 20]. At the macro
level, national and sectoral studies provided im-
portant insights into how GDP growth, industrial
structure, and energy mix influence emissions [7,
8]. However, these studies are largely explanatory
and data-driven, focusing on identifying statisti-
cal relationships rather than supporting concrete
policy prioritization. As a result, their applica-
bility to subnational decision-making is limited,
particularly in contexts where local institutional
capacity, governance quality, and social dynamics
differ substantially across regions.

Another important strand of research focuses
on governance quality and policy instruments
as key determinants of carbon mitigation out-
comes. Research on environmental regulation
consistently shows that regulatory stringency and
enforcement credibility significantly influence
firms’ emission behavior and technology adop-
tion [21, 22]. International assessments further
emphasized that effective mitigation requires co-
ordinated policy mixes combining regulatory,
market-based, and enabling instruments, espe-
cially at subnational levels where implementa-
tion occurs [9, 23]. Empirical studies on car-
bon pricing and emissions trading schemes in-
dicated that market-based instruments can re-
duce emissions by altering cost structures and
incentivizing cleaner production, although their
effectiveness depends heavily on institutional de-
sign and enforcement capacity [12, 13]. Evi-
dence from pilot emissions trading programs in
emerging economies showed heterogeneous im-

pacts across regions, suggesting that governance
capacity and local implementation conditions
play a decisive role [14, 15, 24]. Nevertheless,
most existing studies assess governance effects
indirectly through econometric models, offering
limited guidance on how policymakers should
prioritize governance-related drivers relative to
other mitigation factors.

Beyond formal regulation, technological ca-
pability, social drivers, and firm behavior have
been increasingly recognized as important factors
shaping emission-reduction outcomes. Studies on
innovation-based mitigation emphasized the role
of research and development (R&D), human
capital, and university–industry linkages in en-
abling firms to adopt low-carbon technologies
[25, 26]. In parallel, research on sustainability
transitions highlighted the influence of social
pressure, community awareness, and demand-
side preferences in shaping corporate environ-
mental behavior [27, 28]. Firm-level analyses
often identify internal capabilities and compli-
ance behavior as determinants of emission out-
comes [29]. These studies frequently treat gov-
ernance, technology, and social factors as ex-
ternal or control variables rather than integrat-
ing them into a unified analytical framework.
Consequently, the relative importance of these
drivers and their interaction at the provincial
level remains insufficiently explored, particularly
in developing and emerging economies. Given
the multidimensional and context-specific nature
of carbon emission reduction, MCDM methods
have gained increasing attention in environmental
and energy policy research. Reviews of MCDM
applications showed their usefulness in synthe-
sizing economic, environmental, technological,
and social criteria into coherent decision-support
frameworks [3, 4]. Among MCDM methods, the
AHP is widely used due to its ability to combine
qualitative and quantitative judgments, incorpo-
rate expert knowledge, and assess consistency in
decision-making [5, 6]. AHP has been applied
in energy planning, environmental management,
and sustainability assessment [16]. However, its
application to prioritizing carbon emission reduc-
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tion drivers at the provincial level, particularly
through an integrated framework that explicitly
includes governance, technological capacity, eco-
nomic structure, enterprise behavior, and social
dynamics, remains limited.

Recent developments in carbon governance,
ESG transition, and subnational climate policy
provide additional support for an integrated an-
alytical framework. OECD [10] argued that cli-
mate targets should be operationalized through
mission-oriented and multi-level governance ar-
rangements that strengthen coordination, exe-
cution, resources, and accountability. Similarly,
Zhang et al. [11] emphasized that climate policy
implementation for carbon neutrality goals must
be examined not only at the national level but also
across subnational levels and non-state actors.
Recent evidence from carbon emissions trading
also showed that market-based instruments can
improve regional green total factor productivity,
but their effectiveness depends on market matu-
rity, policy stabilization, regional conditions, and
implementation capacity [30]. At the firm level,
recent ESG studies indicated that ESG perfor-
mance can influence corporate carbon emissions
through mechanisms such as green technologi-
cal innovation and external oversight [31], while
green innovation and digital transformation are
increasingly recognized as strategic channels for
improving ESG performance and supporting cor-
porate low-carbon transition [32]. Taken together,
these studies suggest that carbon emission reduc-
tion should be analyzed as an integrated gover-
nance–technology–society process rather than as
a purely technological or firm-level issue.

The existing literature reveals two key gaps.
First, while national and sectoral studies identify
broad emission determinants, they offer limited
operational guidance for subnational policymak-
ers who must prioritize mitigation drivers under
data and resource constraints. Second, although
governance, technological, enterprise, and social
factors are widely acknowledged as important,
they are rarely integrated into a single, trans-
parent prioritization framework that reflects lo-
cal development conditions. This study addresses

these gaps by applying an expert-based AHP
framework to prioritize carbon emission reduc-
tion drivers in the context of economic develop-
ment at the provincial level. Using Thai Nguyen
Province in Vietnam as a case study, the research
integrates institutional, technological, economic,
firm-level, and social dimensions into a coherent
decision support structure. This contributes both
methodologically and empirically to the literature
on subnational carbon mitigation and provides
policy-relevant insights for emerging economies
by conceptualizing provincial carbon mitigation
as a system-level process, in which governance
credibility, social pressure, and innovation capac-
ity jointly shape firm behavior, rather than treat-
ing firms or industrial structure as autonomous
drivers.

Figure 1 presents the conceptual framework
of the study, illustrating how carbon emission
reduction in provincial economic development is
shaped by the interaction of governance, tech-
nology, economic structure, enterprise behavior,
and social factors. Institutions and public gov-
ernance create the regulatory and enforcement
environment, while science, technology, and hu-
man resources provide the capacity for firms to
adopt low-emission solutions. Community aware-
ness and social pressure further encourage en-
vironmental compliance, whereas the economic
structure determines the extent to which emission
reduction depends on industrial transformation
and reduced fossil energy dependence. Over-
all, the framework positions enterprise behavior
and mitigation actions as the central mechanism
through which these drivers contribute to carbon
emission reduction at the provincial level.

III. RESEARCH METHODS

A. Research design

This study employs an expert-based AHP to
prioritize the drivers of carbon emission reduc-
tion in the context of economic development
at the provincial level. AHP is used because it
supports multi-criteria prioritization where some
determinants are qualitative, context-specific, and
difficult to quantify consistently using secondary
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Fig. 1: Conceptual framework of carbon emission reduction in provincial economic development

data alone. AHP is particularly appropriate in
this context because several key drivers of carbon
emission reduction, such as governance effective-
ness, enforcement credibility, and social pressure,
are difficult to measure quantitatively and are
best captured through structured expert judgment
rather than secondary data.

The AHP model is defined in three levels: goal
(Level 0), main criteria (Level 1), and subcriteria
(Level 2). The goal is to determine the relative
priority of factor groups affecting emissions dur-
ing provincial economic development. Level 1
consists of five main criteria (C1–C5) capturing
the major mechanisms that drive carbon emis-
sion reduction within economic development.
Level 2 consists of twenty subcriteria (four under
each main criterion), representing specific policy
levers and implementation factors (C1.1–C5.4).
Figure 2 presents the AHP hierarchy developed
for this study. The hierarchy links the overall
research goal with five main criteria and twenty
subcriteria, thereby providing a structured basis
for expert pairwise comparisons and subsequent
priority-weight calculation.

The criteria were developed through a re-
view of relevant literature on emission reduction

drivers and local economic development, and
contextual adaptation to provincial conditions.
To ensure content validity, each subcriterion was
defined with a short description to guide expert
judgments and reduce ambiguity during pairwise
comparisons.

B. Questionnaire design, data collection, and
evaluation method

Data were collected during July and August
2025 through offline consultation using a struc-
tured AHP questionnaire. A total of 15 ex-
perts participated in the survey. The selection
of experts was considered appropriate for this
expert-based AHP study because AHP prioritizes
informed judgments, respondent expertise, and
matrix consistency rather than statistical repre-
sentativeness based on large sample size [5, 6].
The use of expert consultation was appropriate
because several drivers of carbon emission reduc-
tion are context-dependent and cannot be fully
captured by secondary data alone. Experts were
selected based on three criteria: demonstrated
expertise in economic development, energy, en-
vironment, or climate-related policy; practical
experience in policy design, implementation, en-

5



Pham Thi Thanh Mai ECONOMICS – SOCIAL SCIENCES

Fig. 2: AHP hierarchy for prioritizing drivers of carbon emission reduction

terprise management, or applied research; and fa-
miliarity with provincial development conditions.
All participants had at least five years of relevant
professional experience, and most had more than
ten years. To reduce single-group bias, the panel
was diversified across stakeholder categories,
including public administration, enterprises or
industry-related organizations, and academic or
research institutions.

Table 1: Profile and composition of the expert
consultation panel

Source: Author’s compilation from expert
survey data, 2025

The expert panel size is appropriate for the
expert-based AHP design of this study. The AHP

questionnaire was structured into six pairwise
comparison tasks, including one 5×5 matrix for
comparisons among the main criteria (C1–C5)
and five 4×4 matrices for comparisons among
subcriteria within each main criterion. The 100%
consistency pass rate across all matrices indicates
that the selected panel provides reliable and co-
herent evaluations.

Experts provided pairwise judgments using the
Saaty scale 1–3–5–7–9 and reciprocals, where
1 indicates equal importance, and 9 indicates
extreme importance of one element over another.
Respondents completed the survey independently.
Before answering, experts received brief instruc-
tions and an example to ensure consistent un-
derstanding of the scale and the meaning of
pairwise comparisons. Because the study aims to
obtain a collective priority structure, individual
pairwise judgments were aggregated into a group
comparison matrix using the geometric mean for
each element, as in Equation (1).
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The geometric mean is used because it pre-
serves the reciprocal property of AHP pairwise
comparison matrices and is the standard aggrega-
tion method for combining individual judgments
on a ratio scale. Where m = 15 is the number
of experts, and a(k)i j is the judgment of expert k.
This approach preserves the reciprocal property
of AHP matrices and reflects the central tendency
of expert opinions on a ratio scale.

For each aggregated matrix, the priority vector
w was derived using the standard AHP approxi-
mation procedure: normalize each column by its
column sum, and compute the average of each
row to obtain relative weights. Weights were then
normalized to sum to one. Local weights for sub-
criteria were computed within each 4×4 matrix.
Global weights for subcriteria were obtained by
multiplying each subcriterion’s local weight by
the corresponding main criterion weight, which
can be determined by Equation (2).

The global weights were used to rank drivers of
carbon emission reduction across all subcriteria.
To ensure reliability of pairwise judgments, con-
sistency was evaluated for each matrix using the
maximum eigenvalue λmax, the consistency index
(CI), and the consistency ratio (CR), which were
presented as Equation (3) and Equation (4).

Where n is the matrix size, and RI is the
random index. Consistency was considered ac-
ceptable when CR ≤ 0.10 for the 5×5 matrix
and CR ≤ 0.09 for each 4×4 matrix. If any
matrix had failed to meet the consistency thresh-
old, the corresponding judgments would have
been reviewed for potential inconsistencies. In the
final dataset, all matrices satisfied the required
consistency thresholds. To describe the extent of
consensus, the dispersion of expert judgments
was summarized for pairwise comparison el-
ements using descriptive statistics (e.g., mini-
mum, maximum, and standard deviation) and/or

geometric dispersion indicators based on log-
transformed ratios. This step complements CR
by indicating whether experts converge strongly
or show polarized views on specific comparisons.
Sensitivity analysis was conducted by varying the
weight of the leading Level-1 criterion, C1, by
±10%. When C1 was increased or decreased, the
remaining Level-1 weights were proportionally
rescaled so that the total weight remained equal
to one. Additional scenarios beyond ±10% were
not examined because the purpose was to test
ranking stability under reasonable perturbations
rather than extreme weighting assumptions.

C. Ethical considerations

Participation in the expert consultation was
voluntary and anonymous. Before completing the
questionnaire, all experts were informed about
the purpose of the study, the academic use of
the collected data, and the aggregated reporting
of the results. Completing and returning the
questionnaire was considered informed consent to
participate in the study. No personally identifiable
information was collected or disclosed in the
manuscript. The collected responses were used
solely for academic research purposes and were
analyzed only at the group level. Responses were
collected anonymously and analyzed in aggregate
to reduce social desirability and dominance ef-
fects. The resulting local and global weights are
interpreted as relative priorities, indicating the
comparative importance of each driver in guiding
provincial policy sequencing and resource allo-
cation rather than as precise quantitative effect
sizes. As with all expert-based methods, the
results depend on the composition of the expert
panel and reflect perceived priorities rather than
observed emission outcomes. However, the use
of a diversified expert group, strict consistency
checks, and sensitivity analysis enhances the ro-
bustness and credibility of the findings.

IV. RESULTS AND DISCUSSION

A. Results

The results indicate that institutions and pub-
lic governance have the highest Level-1 weight,
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followed by community and society and science,
technology, and human resources. This suggests
that experts assign greater priority to system-
level drivers than to firm-internal or structural
factors. In such a context, improvements in im-
plementation capacity are perceived as yielding
greater marginal emission reduction impacts than
the introduction of additional regulations.

Table 2 confirms the reliability of expert judg-
ments. All pairwise comparison matrices satisfy
the consistency requirement (CR below the cor-
responding thresholds), with mean CR values
around 0.025 for the Level-1 matrix and approx-
imately 0.030–0.034 for the Level-2 matrices,
yielding a 100% pass rate. The analysis included
15 individual expert matrices; the aggregated
group matrix was computed separately using the
geometric mean and was not counted as an addi-
tional respondent.

Table 2: Consistency summary by matrix
(mean CR, max CR, pass rate)

Source: Author’s compilation from expert
survey data, 2025

For the Level-1 (C1–C5) matrix, the mean
CR = 0.0252 and max CR = 0.0727, both com-
fortably below the 0.10 threshold. This suggests
that experts were particularly consistent when
prioritizing the five main criteria, strengthening
confidence in the Level-1 ranking and the down-
stream global weights.

Across the five Level-2 matrices (C1–C5), the
mean CR ranges from 0.0299 to 0.0338, and
the maximum CR ranges from 0.0688 to 0.0806,
all below the 0.09 threshold. These values indi-
cate that experts maintained stable and consistent
judgments even when making finer comparisons
among subcriteria.

Among Level-2 matrices, C2 has the highest
max CR (0.0806) and a mean CR of 0.0330. Al-

though still well within the acceptance threshold,
this pattern may reflect that enterprise-related
subcriteria are relatively harder to compare (e.g.,
experts may hold more diverse views due to
differences in operational experience or sector ex-
posure). Importantly, the values remain far from
the threshold, so this does not threaten reliability.

Table 3: Level-1 criteria weights and ranking
(C1–C5)

Source: Author’s compilation from expert
survey data, 2025

Building on this validated foundation, Table
3 shows that institutions and public governance
(C1) has the highest Level-1 priority weight
(0.2919), followed by community and society
(C5: 0.2502), and science, technology, and hu-
man resources (C4: 0.2018). Together, these three
highest-ranked Level-1 criteria account for 74.4%
of total importance, indicating that system-level
governance, societal engagement, and technolog-
ical capability are perceived as the dominant
dimensions of provincial carbon emission reduc-
tion.

This pattern is further clarified in Table 4,
which reports the ten highest-ranked Level-2 sub-
criteria based on global weights. Policy imple-
mentation and enforcement (C1.3) is the most
important subcriterion, indicating the central role
of implementation credibility and compliance en-
forcement. Other highly ranked subcriteria are
concentrated in technology-related factors under
science, technology, and human resources, in-
cluding R&D infrastructure (C4.2) and access
to low-emission technologies (C4.1), as well
as community-related factors under community
and society, including community environmental
awareness (C5.1), social pressure on polluting
firms (C5.3), and low-carbon consumption be-
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havior (C5.4). This confirms the coherence of
the AHP hierarchy across levels, as governance
capacity, technological readiness, and societal
pressure jointly support carbon emission reduc-
tion at the provincial level.

The high ranking of community-related drivers
can be explained by the growing role of social
awareness and informal pressure in Vietnam,
where public opinion, community monitoring,
and reputational concerns increasingly influence
firm behavior. In Thai Nguyen, this effect is
reinforced by dense residential–industrial prox-
imity and the presence of universities and civil
society actors, which amplify social scrutiny of
environmental performance.

The strong position of science, technology,
and human resources is closely linked to Thai
Nguyen’s role as a regional education and re-
search hub. The concentration of universities
and research institutions enhances firms’ access
to technical knowledge and applied research,
thereby increasing the feasibility of adopting low-
emission technologies once regulatory and social
pressures are in place.

Table 4: The ten highest-ranked subcriteria by
global weights

Source: Author’s compilation from expert
survey data, 2025

The cumulative contribution indicates a highly
concentrated priority structure: the three leading
subcriteria, namely policy implementation and
enforcement (C1.3), R&D infrastructure (C4.2),
and community environmental awareness (C5.1),
collectively account for 29.84% of total impor-

tance. The six leading subcriteria account for
50.57%, while the ten leading subcriteria ac-
count for 72.37%, supporting a focused policy
intervention strategy rather than dispersed ef-
forts. Table 4 identifies the ten highest-ranked
subcriteria by global weight (Level-1 × local
weight), revealing the most influential drivers in
the AHP model. The strongest factor is C1.3
(implementation and enforcement) with a global
weight of 0.1439, indicating that experts consider
execution capacity and compliance enforcement
the key leverage point. The remaining top-ranked
items cluster mainly under C1 (governance tools
and standards), C5 (community awareness, social
pressure, green consumption), and C4 (research
capacity and clean technology adoption), with
smaller contributions from C3 (energy depen-
dence and industrial structure). Overall, the ten
highest-ranked subcriteria account for 72.37% of
total priority, implying that policy efforts can
focus on a compact set of high-impact levers.

Table 5: Comparison of Level-1 weights by
expert group (n = 5 per group)

Source: Author’s compilation from expert
survey data, 2025

Table 5 reveals clear but coherent differences
in priority perceptions across stakeholder groups.
Government experts place the highest emphasis
on community and society (0.2609) and institu-
tions and public governance (0.2584), reflecting
a policy perspective that combines regulatory
capacity with social acceptance. Enterprise re-
spondents prioritize institutions and public gov-
ernance (0.2863) most strongly, indicating their
reliance on clear, predictable rules to guide in-
vestment and operational decisions. In contrast,
academic experts assign the greatest weight to
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institutions and public governance (0.3184), un-
derscoring the central role of governance quality
in shaping system-wide outcomes.

Despite these differences, all three groups
consistently rank institutions and public gover-
nance among the top priorities, while economic
structure (C3) receives the lowest weight across
groups.

Table 6: Sensitivity of five highest-ranked
subcriteria to changes in Level-1 weights

Source: Author’s compilation from expert
survey data, 2025

Table 6 shows that the five highest-ranked
subcriteria remain unchanged when the Level-
1 weight of the leading criterion is varied by
±10%. In all tested scenarios, policy implemen-
tation and enforcement retain the first position,
followed by the same set of high-priority subcri-
teria. This stability indicates that the ranking is
robust to reasonable changes in criteria weights
and is not driven by a single weighting assump-
tion. Consequently, the identified top drivers can
be regarded as reliable priorities for interpretation
and policy discussion.

Taken together, the dominance of governance,
social, and technological drivers suggests that
carbon emission reduction at the provincial level
is primarily a system-level process, in which firm
behavior is shaped by institutional credibility,
societal expectations, and enabling innovation ca-
pacity rather than by firm internal factors alone.

B. Discussion

The findings first suggest that institutions and
public governance constitute the primary en-
abling condition for carbon emission reduction
at the provincial level. This does not imply that
regulation alone is sufficient; rather, the results
emphasize the importance of implementation

credibility, monitoring capacity, and enforcement
effectiveness. This finding is consistent with pre-
vious studies showing that environmental policy
outcomes depend not only on the existence of for-
mal regulations but also on the capacity of public
institutions to implement and enforce them effec-
tively [21, 22]. In the context of Thai Nguyen,
this result is particularly relevant because the
province is experiencing rapid industrial develop-
ment, where the effectiveness of environmental
governance can directly influence firms’ incen-
tives to comply with regulations and invest in
cleaner production. Compared with national- and
sectoral-level econometric studies that examine
emission drivers through indicators such as GDP
growth, industrial structure, energy mix, environ-
mental regulation, and carbon-market instruments
[7, 8, 12, 13], as well as studies of emissions
trading schemes in emerging economies [14, 15,
24], this study highlights governance as a locally
perceived and operational policy priority within
a provincial decision-making framework.

In addition to governance, science, technology,
and human resources play a critical role in con-
verting regulatory pressure and social expecta-
tions into practical mitigation actions. Regulatory
requirements and social expectations can encour-
age firms to reduce emissions, but actual im-
plementation depends on access to low-emission
technologies, research and development infras-
tructure, skilled human resources, and univer-
sity–industry–government linkages. This finding
is consistent with the literature on innovation-
driven mitigation, which emphasizes that firms’
environmental responses depend on technologi-
cal capability, knowledge diffusion, and human
capital [25, 26]. In Thai Nguyen, the presence
of universities and research institutions strength-
ens the local innovation ecosystem and creates
favorable conditions for technology transfer, ap-
plied research, and green workforce development.
Therefore, technological and human resource fac-
tors should be understood not as isolated drivers,
but as enabling capacities that allow firms and
local authorities to translate low-carbon policy
objectives into concrete actions.
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Community and society factors also serve as
an important complementary mechanism that re-
inforces formal governance and influences enter-
prise behavior. Environmental awareness, public
participation, social pressure on polluting firms,
and low-carbon consumption behavior can in-
fluence enterprise behavior through reputational
effects, stakeholder scrutiny, and demand-side
expectations. This finding aligns with sustainabil-
ity transition studies that emphasize the role of
social pressure and public awareness in shaping
corporate environmental behavior [27, 28]. In
emerging economies, where formal enforcement
capacity may vary across sectors and localities,
community-based monitoring and social expec-
tations can reinforce compliance and encourage
firms to adopt cleaner practices. Thus, the role of
community and society should not be interpreted
merely as a behavioral dimension, but as a com-
plementary mechanism that strengthens the effec-
tiveness of formal environmental governance.

The comparatively lower priority assigned
to enterprise capacity and economic structure
should not be interpreted as evidence that these
factors are unimportant. Firms are the direct
actors that consume energy, adopt technologies,
and generate emissions, while economic struc-
ture determines the long-term emission profile
of the province. However, the AHP results sug-
gest that experts perceive these factors as be-
ing strongly conditioned by broader system-level
drivers. Enterprise-level change is more likely to
occur when firms face credible regulation, have
access to suitable technologies, and respond to
social and market pressure. Similarly, structural
transformation toward greener and less carbon-
intensive development requires institutional coor-
dination, innovation capacity, and long-term pol-
icy commitment. This interpretation is consistent
with firm-level evidence showing that internal
capabilities alone may be insufficient to produce
substantial emission reductions without external
incentives and enabling conditions [29]. Overall,
the discussion indicates that provincial carbon
emission reduction should be viewed as a system-
level process in which governance credibility,

technological capacity, community pressure, en-
terprise behavior, and structural change interact
rather than operate independently.

V. CONCLUSION AND IMPLICATIONS

This study applied an expert-based analytic hi-
erarchy process to identify and prioritize the key
drivers of carbon emission reduction in the con-
text of economic development at the provincial
level, using Thai Nguyen Province in Vietnam
as an empirical case. By integrating governance,
technological, economic, enterprise-related, and
social dimensions into a unified prioritization
framework, the analysis provides a structured
understanding of how different drivers contribute
to emission reduction under local development
constraints.

The results highlight a clear dominance of
system-level drivers. Institutions and public gov-
ernance, particularly policy implementation and
enforcement, emerge as the most influential di-
mension, followed by community and society
factors, and science, technology, and human re-
sources. At the subcriterion level, implementation
capacity, research and development infrastruc-
ture, community environmental awareness, and
clean technology adoption account for a large
share of total priority weight. The highly con-
centrated priority structure suggests that focused
interventions targeting a limited set of high-
impact drivers are likely to be more effective
than dispersed, firm-centered measures. From a
theoretical perspective, the study contributes to
the literature on carbon mitigation by extending
governance and institution-centered explanations
to the provincial level and by explicitly integrat-
ing social and technological drivers into a single
decision-support framework. Rather than treating
these factors as auxiliary or contextual vari-
ables, the AHP results reveal their relative impor-
tance and interaction as core mechanisms shap-
ing subnational mitigation outcomes in emerging
economies.

Although the empirical analysis is grounded in
the specific context of Thai Nguyen, the proposed
framework and methodological approach are not
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province-specific. The criteria system, expert-
based prioritization logic, and interpretation of
global weights can be adapted to other provinces
in Vietnam and to comparable subnational con-
texts in emerging and developing economies,
with appropriate contextual calibration. In set-
tings where detailed emission data are limited
but expert knowledge is available, the approach
offers a practical and transparent tool for policy
sequencing and resource allocation.

From a policy perspective, the findings sug-
gest that provincial carbon mitigation strategies
should prioritize system-level interventions rather
than isolated firm-level measures. Strengthen-
ing implementation and enforcement capacity is
likely to yield the greatest immediate impact,
particularly when complemented by investments
in research infrastructure and mechanisms that
enhance community awareness and social pres-
sure. Rather than expanding the number of reg-
ulatory instruments, policymakers may achieve
greater effectiveness by improving coordination,
credibility, and sequencing among governance,
technological, and social drivers.

Certain limitations should be acknowledged.
First, the study relies on a purposively selected
expert panel of 15 respondents. Although this
sample size is appropriate for an expert-based
AHP design that emphasizes informed judg-
ment and consistency of pairwise comparisons,
the findings should be interpreted as expert-
perceived priorities rather than statistically rep-
resentative estimates. Second, the AHP approach
identifies the relative importance of mitigation
drivers but does not estimate their causal effects
on actual emission outcomes. Third, the single-
case design limits direct generalization to all
Vietnamese provinces. Future research should ex-
pand the expert sample, apply the proposed AHP
framework to multiple industrial provinces, and
integrate expert-based priorities with quantitative
emission inventories, longitudinal data, or firm-
level carbon information.
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