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Abstract

The implementation of Green Economy Instruments (GEI) is crucial for
achieving Sustainable Natural Resource Management (SNRM),
particularly in agrarian regions facing environmental degradation. This
study aims to evaluate the effectiveness of GEI, including carbon tax,
emission trading system, renewable energy subsidies, and fiscal
incentives, in promoting SNRM among farming business actors in
Tomohon, North Sulawesi. A quantitative approach was employed
using Structural Equation Modeling (SEM) with Smart PLS 4.0, based
on survey data from 500 respondents. The results indicate that most
GEI dimensions have a positive influence on SNRM, with an R? value
of 0.847. Fiscal Policy Instruments (FPI) and Environmental
Regulations (ERS) showed the most substantial impact. At the same
time, Carbon Tax (CT) and Sustainable Financing (SF) exhibited
significant but negative relationships, suggesting potential
misalignment between policy design and local perception. This research
presents a new conceptual framework “Policy Effectiveness in Agrarian
Settings” emphasizing that the success of GEI depends on perceived
benefits, accessibility, and visible outcomes. The findings offer
practical implications for regional policymakers, highlighting the
importance of targeted fiscal support, clear regulations, and enhanced
communication to promote the adoption of green policies. Additionally,
this study fills a gap by providing empirical insights into the application
of GEI outside urban or industrial contexts, thereby supporting the
achievement of SDG 12, SDG 13, and SDG 15. Future studies should
explore longitudinal effects and stakeholder perceptions through
qualitative methods to deepen understanding of policy barriers and
opportunities.
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Economic development over the past few decades has yielded numerous benefits, including
increased welfare and global economic growth (Fernandez-Portillo et al., 2020). However, the
development model, oriented towards the intensive exploitation of natural resources, has had a
significant negative impact on the environment (M. K. Khan et al., 2022; Ikhsan et al., 2025; Zubair et
al., 2025). Environmental degradation, depletion of natural resources, and climate change are pressing
issues that require urgent attention. (Shittu, 2021; Wicaksana & Widodo, 2024). Therefore, the
emergence of the green economy concept offers a new, more sustainable paradigm by integrating
economic growth and environmental protection. (Erdogan, 2021; Jarnawi et al., 2025; Kheang et al.,
2025).

Green economy instruments, such as carbon taxes, renewable energy subsidies, emissions
trading, and fiscal incentives for green investment, are designed to facilitate the transition to a more
environmentally friendly economy (Pan, 2023; Jumaera et al., 2024). These instruments aim to
internalize environmental impacts into market mechanisms, encouraging companies and individuals to
adopt more sustainable practices (B. Yuan & Zhang, 2020). By utilizing these instruments, it is hoped
that natural resource management will become more efficient and responsible, thereby reducing
pressure on ecosystems (Chopra, 2022; Jalmasco et al., 2025).

Sustainable natural resource management is key to balancing human needs and environmental
sustainability. (Nathaniel et al., 2021). Natural resources managed sustainably will ensure the
fulfillment of the needs of the present generation without sacrificing the capabilities of future
generations. (Saijo, 2020). However, the application of green economy instruments and their impact on
natural resource management remains a topic that requires further research, particularly in the context of
how these instruments can enhance or accelerate the achievement of sustainable natural resource
management goals (Mastini, 2021; Nou et al., 2025; Obenza et al., 2025).

As global concerns about climate change, resource scarcity, and environmental degradation
grow, the concept of a green economy has emerged as a sustainable solution to address these
challenges. A green economy aims to promote economic growth that is environmentally sustainable,
resource-efficient, and socially inclusive (Cardoso, 2021; Putri et al., 2025). A key component of this
approach is green economy instruments, which serve as policies, programs, and tools that help achieve
sustainable development. These instruments promote energy efficiency, emission reductions, and
improved management of natural resources, while generating new, environmentally friendly economic
opportunities (Mohsin, 2022; Vrusho et al., 2025). A carbon tax is an economic instrument designed to
internalize the negative impacts of carbon dioxide and other greenhouse gas emissions. It is imposed on
companies that produce emissions to provide an economic incentive to reduce their emissions. Pollution
becomes more expensive, so companies are encouraged to adopt cleaner, more environmentally friendly
technologies (Chien, 2021a; Rachmatika & Salighehdar, 2024; Rubio et al., 2025).

An ETS is a market mechanism that allows companies to buy and sell emission permits. (Nong
et al., 2020). The government sets an emission limit that each company must comply with (Z. Liu et al.,
2022; Salim et al., 2025; Siddique et al., 2025). Companies that emit below the limit can sell their
excess permits to other companies that need them. This drives efficient emission reductions across
industries and incentivizes companies to operate below emission limits (Entezaminia et al., 2021). To
encourage the transition from fossil fuels to renewable energy, governments provide financial support
and incentives to green energy producers (Muhamad et al., 2025) Solar, wind, and bioenergy are
subsidized to accelerate their adoption in the market, creating cleaner energy and reducing reliance on
unsustainable fossil fuels (Yin, 2022a; Somantri, 2024).

Sustainable financing instruments include funding schemes such as green bonds, which support
environmentally friendly projects (Bhutta et al., 2022). These projects encompass a diverse range of
areas, including renewable energy, waste management, and infrastructure development that support
environmental objectives (Nastasi et al., 2022). With investor interest in green financing on the rise, the
financial sector plays a crucial role in the transition to a green economy. (Monasterolo et al., 2024).
Governments enforce stringent environmental regulations and standards to ensure cleaner and more
efficient industrial practices (Z. Khan, 2023; Yadewani et al., 2024). These regulations include emission
reductions, the use of more environmentally friendly materials, and energy efficiency. Stringent
regulations encourage companies to innovate and reduce their negative environmental impact (Cai et al.,
2020). Eco-labeling is a scheme that gives special labels to products that meet specific sustainability
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standards. This labeling helps consumers choose environmentally friendly products while encouraging
manufacturers to adopt more environmentally friendly production practices (Wojnarowska et al., 2021).

These instruments include green finance, such as green investment funds and sustainable
mutual funds, which are designed to support projects that focus on environmental sustainability. These
sustainable investments attract many investors who seek to combine financial returns with a positive
environmental impact (Kolbel et al., 2020). Green fiscal policies offer incentives to companies that
invest in green technologies or implement energy efficiency measures (Wang, 2022). This can take the
form of tax breaks or tariff reductions for businesses that commit to environmental projects. In doing so,
these policies stimulate the green economy and promote innovation in clean technologies (Yu et al.,
2022; Yulianti et al., 2024; Syahrul et al., 2025).

Governments encourage the procurement of environmentally friendly goods and services
through green public policies. This includes purchasing recyclable goods, utilizing renewable energy,
and incorporating sustainable materials into construction projects. These policies not only reduce
environmental impact but also create market demand for green products (Razzaq, 2023). The circular
economy emphasizes waste reduction by recycling and reusing existing products. This concept focuses
on extending the useful life of products and redesigning them to optimize the value of each material
used (Jacobs et al., 2022). The circular economy reduces dependence on raw materials and minimizes
environmental impact (Mulvaney et al., 2021). Natural resources are the primary foundation for human
life and the Earth’s entire ecosystem. However, mismanaged utilization, whether through over-
exploitation, pollution, or inefficient management, has caused ecosystem damage, resource scarcity, and
drastic climate change (Huo & Peng, 2023). Therefore, sustainable natural resource management is an
urgent need to ensure that these resources remain available to the current generation without
compromising the ability of future generations to meet their needs (Igbal, 2020).

The concept of sustainable natural resource management encompasses not only wise and
efficient utilization but also involves ecosystem protection, restoration of damaged areas, and
community participation in maintaining and managing natural resources (Suki, 2022). The utilization of
natural resources must take into account nature’s capacity to replenish itself. For example, sustainable
deforestation must be balanced with reforestation programs, while water use must consider long-term
availability, especially in areas prone to drought (H. Liu et al., 2022). Ecosystem-based management
considers the interrelationships between various components of nature, including soil, water, flora,
fauna, and humans. This aims to maintain ecological balance in the long term by considering the impact
of each human activity on the ecosystem as a whole (Balsalobre-Lorente, 2023). Biodiversity is a key
pillar of ecosystem stability. Protecting endangered species and their habitats helps maintain
environmental resilience, increases the capacity to adapt to climate change, and provides a range of
ecosystem services, including plant pollination and the regulation of the water cycle (Moore &
Schindler, 2022).

Local community participation in natural resource management is a key element. This approach
ensures that local needs and knowledge are respected and that communities directly surrounding
managed areas benefit economically and socially from conservation efforts. The transition from fossil
fuels to renewable energy sources such as solar, wind, and hydropower is an integral part of sustainable
natural resource management (Hao, 2023). Renewable energy not only reduces pollution but also
ensures a stable energy supply without harming the environment. Pollution from industrial, agricultural,
and domestic waste is one of the greatest threats to natural resources (Yang et al., 2018). Sustainable
waste management encompasses recycling, reducing waste at its source, and utilizing environmentally
friendly technologies to prevent pollution of land, water, and air (Mihai et al., 2021). Water is the most
vital resource, yet it is also the most vulnerable to overexploitation and pollution. Sustainable water
management involves controlling water use, reducing pollution, and protecting aquatic ecosystems,
such as rivers, lakes, and aquifers, to maintain their quality and ensure their long-term availability
(Makanda et al., 2022).

Human activities, such as illegal logging and mining, frequently cause damage to ecosystems
(Kyere-Boateng & Marek, 2021). Ecosystem restoration aims to restore damaged areas to optimal
functioning while supporting biodiversity and better environmental quality (Strassburg et al., 2020).
Governments play a crucial role in ensuring sustainable natural resource management by implementing
effective policies and regulations (Azam et al., 2023). This includes laws on forest protection, carbon
emission regulations, and land use policies that promote environmental sustainability (Gottardo, 2021;
Tabaku et al., 2025).
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Sustainable agriculture focuses on practices that maintain soil fertility and reduce the use of
hazardous chemicals (Sofo et al., 2022). Systems such as crop rotation and agroforestry can increase
productivity while minimizing damage to ecosystems (Fahad et al., 2022). Oceans and coasts are
vulnerable to overfishing, pollution, and climate change (Pollom et al., 2024). Sustainable management
includes setting fishing quotas, protecting marine areas, and rehabilitating damaged coastal ecosystems
(Tarkowski, 2022). Public awareness of the importance of protecting the environment is a key
component of successful natural resource management (Rousseau & Deschacht, 2020). Environmental
education programs and public awareness campaigns help increase individual and community
participation in environmental conservation efforts (Ardoin et al., 2020).

While workforce development, organizational dynamics, and sustainable practices have been
identified as significant factors for driving innovation and performance across industries, there is
limited exploration of these factors within the specific context of the construction industry, particularly
in North Sulawesi. Few studies have holistically examined how these three factors can synergistically
promote construction project innovation through the mediating and moderating pathways of HR
practices, technology readiness, and regulatory compliance.

Despite the growing emphasis on green economy policies globally, empirical evidence on their
effectiveness in promoting sustainable natural resource management (SNRM) at the local level remains
limited. Many studies focus on theoretical frameworks or macroeconomic impacts. However, few
investigate how specific green economy instruments—such as carbon taxes, renewable energy
subsidies, or eco-labeling—perform in resource-dependent communities like Tomohon, North Sulawesi.
This gap highlights the need for localized, data-driven analysis to inform policy design. Given the
urgent pressures of climate change, biodiversity loss, and unsustainable resource extraction,
understanding which green economy instruments are most effective becomes critical. This study
addresses this challenge by employing a quantitative approach using Structural Equation Modeling
(SEM) based on survey data from 500 farmers in Tomohon. The findings aim to identify key drivers of
SNRM and offer actionable insights for policymakers seeking to align economic development with
environmental sustainability in similar regional contexts.

This study addresses a critical gap in the literature by providing empirical evidence on how
Green Economy Instruments (GEI) influence Sustainable Natural Resource Management (SNRM),
particularly in agrarian communities where implementation challenges are often overlooked. While
previous studies have emphasized the theoretical foundations of green economic policies, there remains
a lack of localized, data-driven analyses that examine their practical effectiveness in resource-dependent
regions, such as Tomohon, North Sulawesi. The urgency of this research stems from the accelerating
pace of environmental degradation and increasing pressure to meet global sustainability targets such as
SDG 12 (Responsible Consumption and Production) and SDG 13 (Climate Action).

To address these challenges, this study employs a structured quantitative approach using
Structural Equation Modeling (SEM) to evaluate the causal relationships between Green Economic
Incentives (GEI)—such as carbon taxation, emission trading systems, green fiscal incentives, and eco-
labeling—and Sustainable Natural Resource Management (SNRM) outcomes, including resource
efficiency, land conservation, and sustainable production practices. By analyzing responses from 500
participants, the research provides actionable insights into which policy tools are most effective and
how they can be tailored for regional contexts.

The primary objective of this study is to identify key drivers of sustainable natural resource
management through the use of green economy instruments and provide targeted recommendations for
policymakers. Specifically, it aims to assess the relative impact of different GEI components on SNRM,
validate the effectiveness of selected green policy mechanisms, and offer region-specific strategies for
integrating environmental considerations into local governance and economic planning.

This study aims to analyze the effect of applying Green Economy Instruments (GEIs) on
sustainable natural resource management (SNRM). Specifically, this study will explore how green
economy instruments, such as carbon tax (CT), emission trading system (ETS), renewable energy
subsidies (RES), sustainable financing (SF), and green public policy (GPP), impact efforts to manage
natural resources more efficiently and in an environmentally friendly (Jahanger et al., 2022). This study
will also evaluate the effectiveness of these instruments in supporting efforts to conserve, use
efficiently, and restore natural resources. The conceptual framework, as shown in Figure 1 below.
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Figure 1. Conceptual Diagram.

Hypothesis Development

H1: Carbon tax (CT) has a positive effect on sustainable natural resource management (SNRM).

H2: The Emission Trading System (ETS) has a significant impact on enhancing the efficiency of
sustainable natural resource management (SNRM).

H3: Renewable energy subsidies (RES) provide a positive contribution to the implementation of
sustainable natural resource management (SNRM) practices.

H4: Sustainable financing (SF) plays a crucial role in supporting sustainable natural resource
management (SNRM) by enhancing the efficiency of resource use.

H5: Environmental regulations and standards (ERS) have a positive influence on sustainable natural
resource management (SNRM).

H6: Environmental labeling schemes (ELS) have a positive impact on sustainable natural resource
management (SNRM) by increasing consumer awareness and choice.

H7: Green finance (GFI) contributes to improving sustainable natural resource management (SNRM).
HS8: Green fiscal instruments (FPIs) have an impact on sustainable natural resource management
(SNRM) by providing economic incentives that support sustainable practices.

H9: Green public policies (GPPs) have a positive influence on sustainable natural resource management
(SNRM).

H10: Circular economy approaches (CEAs) have a positive influence on sustainable natural resource
management (SNRM) by promoting waste reduction and recycling.

This study employs a quantitative research design to analyze the impact of Green Economy
Instruments (GEI) on Sustainable Natural Resource Management (SNRM) among agrarian business
actors in Tomohon City, North Sulawesi Province, Indonesia. The method employed is Structural
Equation Modeling (SEM), utilizing SmartPLS 4.0 software, which facilitates hypothesis testing and
validation of the conceptual model linking GEI dimensions to SNRM outcomes.

The population consists of 5,000 farmers in North Sulawesi who operate businesses with a
minimum monthly turnover of IDR 100 million (Badan Pusat Statistik Indonesia, 2023). A purposive
sampling technique was employed to ensure relevance and accuracy, focusing solely on respondents
directly involved in natural resource management. A total of 500 respondents were selected as the final
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sample. The research procedure followed four key stages: 1) Model Development: A conceptual
framework was developed based on prior literature, where GEI (e.g., carbon tax, emission trading
system, renewable energy subsidies) were modeled as exogenous variables influencing SNRM (e.g.,
biodiversity conservation, land efficiency); 2) Instrument Development: A structured questionnaire was
designed using a 5-point Likert scale ranging from: 1 = Strongly Disagree, 2 = Disagree, 3 = Less
Agree, 4 = Agree, 5 = Strongly Agree.

Each latent construct was operationalized using multiple observable indicators drawn from
established frameworks in prior empirical research on green economy policies and sustainable resource
management (Yuan & Zhang, 2020; Chien, 2021b; Pan, 2023). Data Collection: Questionnaires were
distributed to 500 respondents, who completed them independently. Data collection ensured that
perspectives on the implementation of green economy instruments and their impact on Sustainable
Natural Resource Management (SNRM) were captured. Model Testing: Structural Equation Modeling
(SEM) was conducted using SmartPLS 4.0 to test the causal relationships between GEI and SNRM.

The main instrument used was a structured questionnaire consisting of two parts: Part I —
Demographic Information: Age, gender, education level, and farming experience. Part II —
Measurement Constructs: Statements measuring GEI and SNRM constructs, aligned with indicators
such as carbon taxation, emission trading systems, and eco-labeling schemes. All items were validated

through pilot testing before being distributed on a full scale.

Table 1. Constructs, Indicators, and Questionnaire Items

Variable Indicator Item Questionair
Level of carbon emission CT1: “How much has your company
Carbon Tax (CT) reduced carbon emissions since the

Emission Trading

reduction

Compliance rate with emission

introduction of the carbon tax?”
ETS1: “How well does your company
comply with the established emission

System (ETS) caps limits?”

Renewable Energy Increase in installed renewable RESI: "What is the fnerease m installed

Subsidies (RES) capacity renewable energy capacity in your
company over the past year?”

. . . SF1: “What total investment was allocated
Sustainable Investment in environmentally . . . .
Financing (SF) friendly projects for environmentally friendly projects in the

last 12 months?”
Environmental Industry compliance with ERS1: “How well does your company

Regulations (ERS)

Eco Labeling
Scheme (ELS)

Green Finance &
Investment (GFI)

Fiscal Policy
Instruments (FPI)

regulations

Number of eco-labeled
products

Year-on-year growth of green
investments

The level of green investment
increases after incentives

comply with environmental regulations?”
ELS1: “How many products in your
company have received eco-friendly
labels?”

GFI1: “What is the year-on-year growth
percentage of green investments in your
company?”’

FPI1: “Since receiving fiscal incentives,
how much has green investment increased
in your company?”’

GPP1: “What percentage of government

Green Public Government procurement of vol . 11

Policy (GPP) areen goods procurement involves environmentally
friendly goods and services?”

Circular Economy Waste recveline rate CEA1: “What is the waste recycling rate in

Approach (CEA) yelng your company?”’

Sustainable « .

Natural Resource  Belief in sustainable resource SNRMI: "Do you believe that the use of

Management usage natural resources in your company is done

(SNRM) sustainably?”
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Table 1 illustrates a subset of key constructs, indicators, and questionnaire items used to
measure Green Economy Instruments (GEI) and Sustainable Natural Resource Management (SNRM).
Full details of all measurement items are available in the survey instrument included in the Appendix.
Data were analyzed using Partial Least Squares Structural Equation Modeling (PLS-SEM) via
SmartPLS 4.0. This method is suitable for exploratory research with moderate sample sizes and does
not require assumptions of normality.

Key Analyses Conducted: Measurement Model (Outer Model): Convergent Validity: Factor
loading > 0.7, Discriminant Validity: HTMT < 0.85, Reliability: Cronbach’s Alpha > 0.7; Composite
Reliability > 0.7. Structural Model (Inner Model): R-squared (R?): Explained variance of SNRM,
Variance Inflation Factor (VIF): Tested multicollinearity (< 5 considered acceptable), Path Coefficients:
Estimated direct effects of GEI on SNRM, T-statistic & P-value: Determined significance of each path
coefficient at o = 0.05. Bootstrap Analysis: Resampling with 500 iterations was performed to calculate
T-values and P-values for hypothesis testing, Confidence intervals were derived to validate the stability
of estimates

With a sample size of n = 500, the study achieves high statistical power (>95%) for detecting
medium effect sizes (f2 > 0.15), assuming an a level of 0.05. This ensures robustness and
generalizability of findings, particularly in structural equation modeling, where larger samples improve
estimation accuracy.

RESULTS AND DISCUSSION

Partial Least Squares Structural Equation Modeling (PLS-SEM) is a statistical analysis
approach often used to model causal relationships between latent variables, especially in exploratory
research or when the sample size is relatively small. This approach does not require the assumption of a
normal distribution in the data, making it more flexible than covariance-based structural equation
modeling (CB-SEM). The PLS-SEM algorithm is designed to maximize the variance explained by the
independent variables in relation to the dependent variable, with a focus on path modeling and testing
the relationships between variable constructs. Through an iterative process, PLS-SEM simultaneously
evaluates the measurement model and the structural model, producing optimal estimates for research
aimed at solid prediction and a better understanding of endogenous variables.

ERS1 ERS2 ERS3 GFI1 GFI2
0.879 g s|93 0.352 ELS1 ELS3 0906 0391
0.911 0.905
et /
A8
0.832 Ers
cT2
0.840 GFI
0.035 WKL
cta Els
0829
cT

SF1 \
“Dseg_
GEH
SNRM1
pLL-0) 0731 - oase™™
sF3 SE _
0.794——p L 0 g56-»  SNRMZ
' —
REST g OED ; 0874,
0839
/ = SNRM SNRM3
0.888
RES3 RES
ETS1
0918
ETS2 0.870f N / \
cpp
i 0829 pgr3 0880
ETS3 ETs / i \
0.834 GPP1 GPP2 GPP3
/N /" cha
0883 gg7; 0843 0853 gggy 0855
FPI1 FPI2 FPI3 CEA1 cEA2 CEA3

Figure 2. PLS-SEM Algorithm Results
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Convergent Validity

Based on the PLS-SEM diagram, the convergent validity analysis reviews the factor loading
value of each indicator to measure a particular construct. Convergent validity can be ensured if each
indicator has a significant and adequate loading value, usually more than 0.70. This indicates that the
indicator has a strong correlation with the construct being measured and can explain most of the
variance of the construct.

Table 2. Measurement Model Assessment

Outer Cronbach’s

Variable/Indicators Loadings alpha CR (rtho_a) CR (rho _¢) AVE VIF
CEA 0.835 0.835 0.901 0.751

CEALl 0.853 1.859
CEA2 0.882 2.168
CEA3 0.865 1.882
CT 0.854 0.855 0.901 0.696

CT1 0.832 1.943
CT2 0.84 1.949
CT3 0.835 1.97
CT4 0.829 1.922
ELS 0.787 0.788 0.904 0.824

ELSI 0911 1.727
ELS3 0.905 1.727
ERS 0.852 0.852 0.91 0.771

ERSI 0.879 2.127
ERS2 0.893 2.268
ERS3 0.862 1.939
ETS 0.858 0.861 0.914 0.779

ETSI 0.918 2.728
ETS2 0.87 2.11
ETS3 0.858 2.029
FPI 0.834 0.835 0.9 0.751

FPI1 0.883 2.145
FPI2 0.873 1.982
FPI3 0.88 2.144
FPI3 0.843 1.773
GEI 0.856 0.857 0.903 0.699

GEIl 0.847 2.227
GEI2 0.837 2.231
GEI3 0.871 2.681
GEl4 0.786 1.768
GF1 0.762 0.764 0.893 0.807

GFI1 0.906 1.608
GF12 0.891 1.608
GPP 0.825 0.825 0.896 0.741

GPP1 0.829 1.62
GPP2 0.873 2.084
RES 0.734 0.734 0.882 0.79

RES1 0.889 1.505
RES3 0.888 1.505
SF 0.72 0.721 0.877 0.781

SF1 0.889 1.463
SF3 0.879 1.463
SRNM 0.839 0.841 0.903 0.756

SNRM1 0.869 2.044
SNRM2 0.866 1.844
SNRM3 0.874 2.074

Note: CEA = Circular Economy Approach; CT = Carbon Tax; ELS = Eco Labeling Scheme; ERS = Environmental
Regulations and Standards; ETS = Emission Trading System; FPI = Fiscal Policy Instruments;, GEI = Green Economy
Instruments; GFI = Green Finance and Investment; GPP = Green Public Policy; RES = Renewable Energy Subsidies; SF =
Sustainable Financing; SNRM = Sustainable Natural Resource Management.
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Based on the Outer Loadings of Table 2, it can be concluded that most of the indicators used to
measure the construct have valid factor loading values, which are above the threshold of 0.70. This
indicates that these indicators strongly correlate with the constructs they measure and also make a
significant contribution to explaining the variance of the latent construct.

Cronbach's alpha reliability and PIF

The internal consistency of the measurement items was assessed using Cronbach's Alpha, with
values above 0.70 indicating acceptable reliability (Nunnally, 1978). The results show that all constructs
have Cronbach's Alpha values above this threshold, ranging from 0.720 to 0.903, confirming strong
internal consistency and reliability of the instruments used in this study.

To assess multicollinearity among independent variables, Variance Inflation Factors (VIF) were
calculated. As presented in Table 2, all VIF values are below 5, with a maximum value of 2.728 for
ETS1 and most values falling between 1 and 3. This indicates that multicollinearity is not a concern in
the model, supporting the robustness of the regression estimates.

Discriminant Validity

Discriminant validity is a critical aspect in measuring the validity of a research model, primarily
to ensure that each construct in the model can distinguish itself from other constructs. This is tested by
evaluating the extent to which the indicators used to measure a construct are highly correlated with the
construct and have lower correlations with other constructs in the model. In this study, discriminant
validity was assessed using a correlation matrix between constructs. The test results showed that each
construct had a higher correlation with its indicators compared to the correlations with other constructs,
as shown in the following table.

Table 3. Discriminant Validity-Heterotrait-monotrait ratio (HTMT)

Constructs CEA  CT ELS ERS ETS FPI GEI GFI GPP RES SF  SNRM

CEA

CT 0.770

ELS 0.792  0.475

ERS 0.524 0.319 0.048

ETS 0.885 0.769 0.652 0.575

FPI 0.822 0.565 0.669 0.307 0.546

GEI 0.430 0.665 0.754 0.561 0.895 0.649

GFI 0.630 0.418 0.831 0365 0475 0.875 0.530

GPP 0.541 0.693 0.790 0.486 0.846 0.977 0.305 0.770

RES 0.829 0.569 0.709 0.557 0.341 0.576 0.829 0.609 0.775

SF 0.778 0.542 0.689 0.404 0.713 0.596 0.810 0.562 0.847 0.675
SNRM 0.612 0.748 0.683 0.416 0.858 0.731 0.872 0.606 0.872 0.765 0.734

Table 4. Discriminant Validity-Fornell-Larcker Criterion
Constructs CEA CT ELS ERS ETS FPI GEI GFI GPP RES SF SNRM

CEA 0.867

CT 0.823 0.834

ELS 0.807 0.862 0.908

ERS 0.834 0.834 0.808 0.878

ETS 0.791 0.801 0.794 0.855 0.883

FPI 0.795 0.817 0.797 0.801 0.807 0.866

GEI 0.823 0.788 0.804 0.852 0.835 0.859 0.836

GFI 0.818 0.836 0.807 0.820 0.793 0.825 0.827 0.898

GPP 0.780 0.809 0.814 0.795 0.793 0.887 0.839 0.810 0.861
RES 0.783 0.801 0.758 0.799 0.815 0.781 0.814 0.820 0.889
SF 0.759 0.859 0.807 0.792 0.765 0.781 0.731 0.802 0.758 0.699 0.884

SNRM 0.810 0.860 0.815 0.792 0.765 0.794 0.827 0.798 0.815 0.752 0.870 0.884

Discriminant validity was evaluated using both the Fornell-Larcker criterion and the
Heterotrait-Monotrait Ratio (HTMT). Table 3 presents the HTMT values, where most construct pairs
show values below the threshold of 0.85, indicating adequate discriminant validity (Henseler et al.,
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2015). However, some constructs—such as ETS and CEA (HTMT = 0.885), GPP and FPI (HTMT =
0.977), and SNRM and ETS (HTMT = 0.858)—exceed this threshold, suggesting potential conceptual
overlap. Despite this, these values are interpreted as acceptable in the context of related constructs,
particularly when supported by strong theoretical distinctions and composite reliability results presented
in Table 4.

R-Square

R-squared is a statistical measure used to evaluate how well the regression model can explain
the variability of the dependent variable. R-squared indicates the proportion of variance of the
dependent variable that the independent variables in the model can explain. The R-squared value ranges
between 0 and 1. R-Square = 1 means the model can explain all variations or variability in the data that
occur in the dependent variable. This shows that the model is perfect for predicting the dependent
variable based on the existing independent variables.

R-Square = 0 indicates that the model cannot explain variations in the dependent variable, so
that no relationship can be found between the independent and dependent variables in the model.

Table 5. R-Square

R-square R-square adjusted
Green Economy Instruments 0,847 0,844
Sustainable Natural Resource
Management 0,631 0,630

From Table 5, it can be concluded that Green Economy Instruments (GEI) have an R-Square
value of 0.847, which means that around 84.7% of the variation in this construction can be explained by
the independent variables that influence it (such as ETS, RES, CT, etc.). This shows that this model has
strong predictive power in explaining variables related to green economic instruments. Sustainable
Natural Resource Management has an R-squared value of 0.632, which means that approximately
63.2% of the variation in this construct can be explained by the Green Economy Instruments. In other
words, the application of green economic instruments plays a significant role in influencing sustainable
natural resource management. However, other factors that influence this variable still need to be
included in the model.

Bootstrapping

In SEM-PLS, bootstrapping is a resampling method used to test the statistical significance of
relationships between variables in the model without assuming a normal distribution of the data. This
method provides T-statistics and P-values to determine the significance of paths and assess the
reliability and validity of constructs. Additionally, bootstrapping helps evaluate the stability of model
estimates by calculating confidence intervals, making the model results more accurate and reliable,
especially in studies with small samples or non-normally distributed data.

Bootstrapping measurements, as illustrated in Figure 3, are conducted by randomly resampling
the original data with replacement and recalculating model parameters, such as path coefficients, for
each sample. This process is repeated hundreds or even thousands of times to produce a distribution of
parameter values, from which T-statistics and P-values are derived. Figure 3 shows that P-values are
less than 0.05 for all relationships between variables. This result indicates that the relationships in the
model have a strong and reliable influence on the study.
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Figure 3. Bootstrapping
Hypothesis Testing

Table 6. Path Coefficient

Path Original Sample mean Standard deviation T statistics P values
sample (O) M) (STDEV) (|O/STDEV))
CEA -> GEI 0.126 0.127 0.038 3.292 0.001
CEA -> SNRM 0.1 0.101 0.031 3.269 0.001
CT -> GEI -0.118 -0.117 0.047 2.492 0.013
CT -> SNRM -0.094 -0.093 0.037 2.502 0.012
ELS > GEI 0.116 0.114 0.043 2.695 0.007
ELS -> SNRM 0.092 0.091 0.034 2.686 0.007
ERS -> GEI 0.253 0.251 0.048 5.316 0.000
ERS -> SNRM 0.201 0.199 0.038 5.356 0.000
ETS > GEI 0.135 0.135 0.042 3.196 0.001
ETS -> SNRM 0.107 0.108 0.034 3.187 0.001
FPI -> GEI 0.301 0.301 0.049 6.16 0.000
FPI -> SNRM 0.239 0.239 0.038 6.218 0.000
GEI -> SNRM 0.794 0.795 0.016 48.996 0.000
GFI > GEI 0.123 0.124 0.043 2.844 0.004
GFI -> SNRM 0.098 0.098 0.035 2.833 0.005
GPP -> GEI 0.092 0.092 0.045 2.05 0.040
GPP -> SNRM 0.073 0.073 0.036 2.046 0.041
RES -> GEI 0.091 0.091 0.04 2.269 0.023
RES -> SNRM 0.072 0.072 0.032 2.266 0.023
SF -> GEI -0.131 -0.13 0.039 3.386 0.001
SF -> SNRM -0.104 -0.103 0.031 3.397 0.001
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Based on Table 6, this study tested ten hypotheses to evaluate the influence of Green Economy
Instruments (GEI) on Sustainable Natural Resource Management (SNRM). The results, derived from
PLS-SEM using SmartPLS 4.0, are summarized as follows:

Table 7. Hypothesis Testing Results Using PLS-SEM

B (Path T- P-

No Hypothesis Relationship Coefficient) Statistic  Value Decision
Carbon Tax (CT) has a . .
H1  positive effect on (S:IER_I\)/I 20.094 2502 0.012 fe‘fﬁi"gﬁ‘:h?\lfgatwe
SNRM P
The Emission Trading
System (ETS) has a ETS —
H2 significant impact on SNRM 0.107 3.187 0.001  Supported
SNRM
Renewable Energy
Subsidies (RES) provide RES —
H3 a positive contribution SNRM 0.072 2.266 0.023  Supported
to SNRM
Sustainable Financing . .
H4  (SF) plays a crucial role ;liII?M 20.104 3397 0.001 feﬂffgﬁ‘slh(iN)egatwe
in supporting SNRM p
Environmental
Regulations and ERS —
H5  Standards (ERS) have a 0.201 5.356 0 Strongly Supported
e SNRM
positive influence on
SNRM
Eco Labeling Scheme ELS —
H6  (ELS) has a positive 0.092 2.686 0.007  Supported
) SNRM
impact on SNRM
Green Finance and
Investment (GFI) GFI —
H7 contributes to improving SNRM 0.098 2.833 0.005  Supported
SNRM
Green Fiscal
Instruments (FPIs) have FPI —
H8  an impact on SNRM by SNRM 0.239 6.218 0 Strongly Supported
providing economic
incentives
Green Public Policies GPP —
H9  (GPPs) have a positive SNRM 0.073 2.046 0.041  Supported
influence on SNRM
The Circular Economy
Approach (CEA) has a CEA —
H10 positive influence on SNRM 0.1 3.269 0.001  Supported
SNRM

Table 7 shows the results of the hypothesis testing, which are summarized in Table X. A path
coefficient was calculated for each Green Economy Instrument (GEI) to assess its impact on
Sustainable Natural Resource Management (SNRM), with significance determined using T-statistics (>
1.96) and P-values (< 0.05). As shown, eight out of ten hypotheses were supported, indicating a strong
influence of GEI dimensions such as environmental regulations, fiscal policy instruments, and emission
trading systems on SNRM.

This study provides empirical evidence on the influence of Green Economy Instruments (GEI)
on Sustainable Natural Resource Management (SNRM), particularly in an agrarian context such as
Tomohon City, North Sulawesi Province. The findings provide both theoretical and practical insights
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into how GEI dimensions such as carbon taxes, emission trading systems, renewable energy subsidies,

and green fiscal policies impact SNRM practices among local farming business actors.

The results indicate that most Green Economy Instruments have a statistically significant effect
on SNRM, with an R-squared value of 0.847, suggesting that 84.7% of the variation in SNRM can be
explained by GEI, highlighting the strong predictive power of the model. Among the GEI dimensions,
Fiscal Policy Instruments (FPI) and Environmental Regulations and Standards (ERS) showed the
strongest positive relationships with SNRM, followed by the Circular Economy Approach (CEA) and
the Emission Trading System (ETS). These findings align with previous studies that emphasize the
importance of economic incentives and regulatory frameworks in driving sustainable behavior. For
instance, Yuan & Zhang (2020) found that fiscal instruments significantly encourage green innovation
in Chinese firms, while Pan (2023) highlighted the role of policy enforcement in improving
environmental outcomes at the regional level.

Interestingly, Carbon Tax (CT) and Sustainable Financing (SF) demonstrated statistically
significant but negative relationships with SNRM. This suggests that despite their potential
effectiveness in macro-level contexts, these instruments may not be perceived positively or
implemented efficiently in rural agrarian settings. One possible explanation is the lack of visible
reinvestment of CT revenues into sustainability projects, leading to perceptions of burden rather than
benefit among small-scale farmers.(Hartono et al., 2023) Similarly, the negative coefficient for SF
implies that green financing mechanisms, such as green bonds or eco-investment funds, may not yet be
well understood or accessible to agrarian entrepreneurs in Tomohon. These results underscore the
importance of policy perception and implementation quality, which often determine whether a tool
achieves its intended impact.

When compared with earlier research, several consistencies and discrepancies emerge:

e FPI (B =0.239, p <0.001): This finding supports Cheng et al. (2024) and Yuan & Zhang (2020),
who emphasized the effectiveness of fiscal tools in promoting green transformation. In this case,
FPI appears to be more effective than market-based instruments, such as ETS or CT, especially in
regions where economic capacity is limited.(Cheng et al., 2024; Yuan & Zhang, 2020)

e ERS (B=0.201, p <0.001): The strong relationship between environmental regulations and SNRM
is consistent with Makanda et al. (2022), who reported similar impacts of regulatory compliance on
water resource management in Indonesia.(Makanda et al., 2022)

e ETS (B =0.107, p = 0.001): While ETS had a positive effect, its magnitude was relatively lower
compared to national-level studies (e.g., Entezaminia et al., 2021). This may reflect lower
awareness or participation in cap-and-trade systems among agrarian communities.(Entezaminia et
al., 2021)

e RES (B=0.072, p =0.023): Although RES had a positive and significant effect, it was weaker than
expected. This contrasts with Meirun (2021), who argued that energy subsidies are key to
accelerating the adoption of clean energy.(Meirun, 2021) The relatively low impact here may stem
from limited access to technology or poor dissemination of information in rural areas.

e GPP (B =0.073, p = 0.041): The result confirms the relevance of government-led sustainability
initiatives, consistent with Wojnarowska et al. (2021), who noted that public procurement of eco-
friendly goods can stimulate broader market demand.(Wojnarowska et al., 2021)

e CEA (B=0.100, p=0.001): This supports Jacobs et al. (2022), who emphasized the role of circular
economy principles in reducing waste and enhancing resource efficiency.(Jacobs et al., 2022)

e CT (p=-0.094,p =0.012) and SF (B =-0.104, p = 0.001): These negative relationships contradict
many prior studies (e.g., Yin, 2022), which generally report positive effects. However, they align
with Hartono et al. (2023), who found mixed responses to carbon taxation in Indonesian industries,
particularly when benefits are not clearly communicated or reinvested locally.

This study revealed statistically significant but negative associations between two Green
Economy Instruments—Carbon Tax (CT) and Sustainable Financing (SF) —with Sustainable Natural
Resource Management (SNRM). While prior studies suggest these instruments promote sustainability
(Kar, 2022; Pan, 2023), the results indicate a different trend in this agrarian context.

Carbon Tax (CT — SNRM): = -0.094, p = 0.012, The negative coefficient suggests that the
carbon tax is perceived as a cost burden rather than an incentive for green transformation. This
contradicts findings from national-level analyses (Yin, 2022b), which have shown that CT can
effectively reduce emissions. However, it aligns with Hartono et al. (2023), who observed resistance
among small-scale businesses due to limited financial capacity and a lack of visible reinvestment into
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environmental initiatives. Sustainable Financing (SF — SNRM): B = -0.104, p = 0.001, Despite its
intended role in supporting eco-friendly projects, SF showed a statistically significant adverse effect,
possibly due to low accessibility or complex funding procedures. This finding contrasts with Chien et
al. (2021), who found SF to be effective in urban contexts, but supports Wojnarowska et al. (2021), who
highlighted challenges in implementing green financing in rural and agrarian economies. These findings
emphasize the importance of context-specific policy design, especially in local agrarian settings where
economic capacity and awareness are limited.

The findings suggest that Green Economy Instruments can be effective drivers of Sustainable
Natural Resource Management (SNRM), particularly when tailored to the local socio-economic context.
Given the high R? value and robust statistical significance of most constructs, the model can serve as a
template for other agrarian regions facing similar environmental pressures. However, generalizability
should be approached with caution, as the sample is limited to one region in Indonesia. Future
comparative studies across different provinces or developing countries could validate whether these
patterns hold beyond the specific context of Tomohon.

From a theoretical perspective, this study contributes to the literature by: Validating the
application of PLS-SEM in analyzing latent constructs related to sustainability in non-industrial sectors.
Highlighting the need to differentiate the effectiveness of GEI based on sector and scale, especially in
agrarian economies. Emphasizing the importance of stakeholder perception and policy design, not just
policy existence. Practically, the findings suggest that policymakers should: Prioritize fiscal incentives
over punitive measures to encourage voluntary adoption of sustainable practices. Enhance transparency
and communication regarding the utilization of revenue generated through environmental taxes and
green financing schemes. Support capacity-building programs to enhance understanding and trust in
GEI among local agrarian actors.

This research offers several contributions, It focuses on regional agrarian governance, a context
rarely studied in global green economy literature. It uses primary survey data from 500 respondents,
providing empirical depth that complements existing macro-level analyses. It reveals unexpected
negative impacts of certain GElIs, offering new perspectives on implementation challenges in non-
industrial settings. It integrates multidimensional GEI indicators within a single model, contributing to a
holistic framework for future research. Despite its contributions, this study has several limitations:
Cross-sectional design: This limits causal inference and does not capture long-term changes. Self-
reported data: May introduce bias due to social desirability or misinterpretation of questions. Single-
region focus: Reduces external validity and applicability outside Tomohon. Limited moderating
variables: Factors such as education, digital literacy, and cultural norms were not included in the current
analysis.

Based on the findings, we recommend the following policy actions: Strengthen Fiscal
Incentives: Increase the accessibility and visibility of green investment programs, especially for small-
scale agrarian businesses. Enhance Regulatory Clarity: Ensure that environmental laws are clear,
consistently enforced, and accompanied by effective support mechanisms. Enhance Communication
Around Carbon Tax: Educate stakeholders on the purpose and benefits of carbon pricing to reduce
resistance and increase buy-in. Promote Circular Economy Practices: Encourage composting, the reuse
of agricultural waste, and the integration of circular economy principles into daily farming operations.
Expand Green Public Procurement Policies: Governments should prioritize local, sustainable products
in contracts, creating a market pull for environmentally friendly outputs. Support Renewable Energy
Adoption: Provide targeted training and technical assistance to help farmers adopt solar panels, biogas,
and other environmentally friendly technologies.

This study highlights the significant influence of Green Economy Instruments (GEI) on
Sustainable Natural Resource Management (SNRM) among agrarian business actors in Tomohon City,
North Sulawesi Province, identifying Fiscal Policy Instruments (FPI) and Environmental Regulations
and Standards (ERS) as the most impactful drivers. The findings reveal that the effectiveness of GEI is
shaped not only by their formal existence but also by local perceptions, accessibility, and the visibility
of environmental and economic benefits. To capture this dynamic, the study proposes the “Policy
Effectiveness in Agrarian Settings Framework,” which emphasizes that policies yield more sustainable
outcomes when perceived as beneficial rather than burdensome, are accessible and clearly
communicated, and are linked to tangible improvements. Theoretically, this work advances

Page | 1130



Jurnal Ilmiah IImu Terapan Universitas Jambi

sustainability research by showing how PLS-SEM can be effectively applied in non-industrial, agrarian
contexts, challenging the notion that GEIs function uniformly across regions and underscoring the
importance of socio-economic adaptation. Practically, the results suggest that governments should
prioritize fiscal incentives and clear regulatory frameworks over complex market-based tools in rural
areas, improve transparency and communication in green financing and taxation, and support initiatives
such as eco-labeling awareness, circular economy programs, and green procurement policies to create
market demand for sustainable products. The broader implication is that tailoring green policies to local
realities not only enhances their adoption and impact but also provides a replicable model for
integrating economic growth with environmental stewardship in similar agrarian regions worldwide.
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