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This study examined how transglobal leadership influenced forest productivity
in Indonesia’s community plantation forest program, focusing on the mediating
roles of community empowerment and governance. Secondary data from 50
regencies, selected from a population of 127, were analyzed using a Generalized
Structural Component Analysis (GSCA) with the mediation testing. The results
showed that leadership significantly affected community empowerment and
governance, but did not directly influence forest productivity, while both
mediating variables had significant positive effects on productivity. The indirect
effects accounted for 77.8% of the total effect, indicating that leadership
operated primarly through intermediary mechanisms. The model
demonstrated satisfactory fit, with FI'T = 0.612, AFIT = 0.587, and GFI = 0.93,
suggesting adequate explanatory power despite the relatively small sample size.
These findings indicated that improvements in forest productivity were achieved

through strengthened governance systems and enhanced community capacity,
highlighting the importance of integrated institutional and participatory policy
mterventions.
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1. INTRODUCTION

From an applied mathematical perspective, forest productivity systems can be conceptualized as complex
structural models involving multiple interdependent variables and mediated relationships. In such systems,
outcomes are rarely driven by direct effects alone but instead emerge through multi-stage causal pathways in
which upstream variables influence downstream outcomes via intermediate constructs. This structural complexity
requires analytical approaches capable of simultaneously estimating direct and indirect relationships within multi-
mediator systems. However, conventional covariance-based structural equation modeling (CB-SEM) often
encounters limitations when applied to complex models with relatively small sample sizes, as it relies on strict
distributional assumptions and may produce unstable parameter estimates under such conditions. Similarly,
variance-based approaches such as partial least squares structural equation modeling (PLS-SEM) lack global
optimization properties, which may lead to suboptimal solutions in highly complex structural systems. These
methodological challenges highlight the need for component-based structural modeling approaches that can
provide stable estimation and global model evaluation in small-sample, multi-mediator contexts [1], [2], [3].

‘Within this analytical framework, forest systems represent a highly relevant empirical domain due to their
inherent ecological, institutional, and social complexity. Forests play a critical role in global ecological stability,
climate regulation, and sustainable development, serving as essential resources for both environmental protection
and human livelihoods [4]. Indonesia, as the world’s third-largest tropical forest country, manages approximately
120 million hectares of forest area, representing nearly 9% of global tropical forests [5]. Despite this, persistent
deforestation pressures driven by land-use change, illegal logging, and governance inefficiencies continue to
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threaten long-term forest productivity [6]. Although recent policy interventions have reduced deforestation rates,
structural weaknesses in governance systems and limited community participation remain significant constraints
affecting sustainable forest outcomes [7], [8].

Recent studies demonstrate that biophysical factors do not solely determine forest productivity but are also
shaped by institutional quality and social dynamics, particularly governance effectiveness and community
empowerment [9], [10]. In addition, leadership has been identified as a critical upstream factor influencing
governance performance and organizational outcomes in complex, multi-level systems [11], [12]. In forestry
governance, transglobal leadership refers to leaders’ capacity to coordinate across institutional boundaries, align
diverse stakeholders, and respond to dynamic environmental challenges. Nevertheless, existing research tends to
examine leadership, governance, and community participation in isolation, resulting in a fragmented
understanding of how these factors interact within an integrated system of structures.

From a methodological perspective, this fragmentation reflects a critical research gap. Most prior studies
have not employed structural modeling approaches that can simultaneously capture hierarchical and indirect
relationships  within a unified multi-mediator framework, particularly under small-sample conditions.
Furthermore, the application of advanced component-based structural models, such as Generalized Structural
Component Analysis (GSCA), remains limited in environmental governance research, despite its advantages in
handling complex causal structures and providing global optimization in parameter estimation. As a result, there
1s a lack of empirically validated models that integrate leadership, governance, and community empowerment
mto a single analytical framework to explain forest productivity outcomes.

A relevant empirical context that illustrates this complexity is the Hutan Tanaman Rakyat (HTR) program
in Indonesia, which targets more than 746,000 hectares of production forest. Despite its strategic importance, the
program’s implementation remains suboptimal, characterized by low permit realization and limited operational
effectiveness [13]. These challenges reflect deeper structural interactions among leadership capacity, governance
effectiveness, and community empowerment at the regional level. Mathematically, these interactions can be
represented as a multi-stage structural system in which leadership variables influence productivity both directly
and indirectly through intermediate constructs. However, empirical studies that explicitly model these
relationships using robust structural approaches remain scarce.

To address this gap, this study employs Generalized Structural Component Analysis (GSCA), a component-
based structural modeling approach that uses global least-squares optimization to estimate relationships among
latent variables. This method 1s particularly suitable for analyzing complex causal structures with relatively small
sample sizes and has been widely recognized as a robust alternative to covariance-based structural models.
Previous studies also demonstrate that GSCA provides consistent parameter estimation and overall model fit
evaluation, overcoming the limitations of PLS, which lacks global optimal solutions and does not allow the
analysis of higher-order and multi-mediator latent variable structures [14].

This study offers two main contributions. First, it develops an integrated structural model that captures the
indirect pathways linking transglobal leadership, governance, community empowerment, and forest productivity.
Second, it extends the applicaion of GSCA in environmental governance rescarch, demonstrating its
effectiveness in modeling complex multi-mediator systems under limited data conditions. Accordingly, this study
aims to examine the direct and indirect effects of transglobal leadership on forest productivity and to evaluate the
mediating roles of community empowerment and governance within the HTR program.

2. RESEARCH METHOD

This section describes the methodological framework used to examine the structural relationships among
transglobal leadership, community empowerment, governance, and forest productivity. The study adopts a
quantitative approach to capture both direct and indirect effects within a multi-mediator system. Given the
complexity of the relationships and the mvolvement of latent constructs, a structural modeling strategy is
employed to ensure a comprehensive and systematic analysis of the hypothesized pathways. The following
subsection outlines the research design, model specification, and analytical approach used in this study.

2.1. Research Design

This study applied a quantitative research design using a structural modeling approach to analyze both direct
and mdirect relationships among variables. Structural equation modeling 1s appropriate for examining complex
causal relationships involving multiple mediating variables, as it allows simultaneous estimation of interdependent
relationships among latent constructs [3]. In this study, a component-based approach was adopted to
accommodate the relatively small sample size and reduce reliance on strict distributional assumptions, aligning
with recent developments in Generalized Structural Component Analysis (GSCA) and related variance-based
modeling techniques [15].

GSCA was selected due to its robustness in small-sample contexts and its ability to estimate hierarchical and
multi-mediator relationships without requiring multivariate normality [16]. However, the use of advanced
structural modeling techniques may present interpretational challenges for readers unfamiliar with such
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approaches. In addition, the complexity of the multi-mediator model may increase the risk of overfitting or biased
estimation if not carefully specified [17]. To mitigate these risks, the model was developed based on strong
theoretical foundations, and mediation effects were evaluated using complementary procedures to ensure
consistency of results. While covariance-based structural equation modeling offers greater flexibility for model fit
evaluation and assumption testing, GSCA 1s the more suitable alternative in this study due to sample size
limitations and the exploratory nature of the structural relationships. Therefore, the chosen approach represents
a balance between methodological rigor and practical feasibility in analyzing complex governance systems.

The conceptual model specified Transglobal Leadership Intelligence (X1) as the exogenous variable
influencing Transglobal Leadership Behavior (Y1), Community Empowerment (Y2), and Good Governance-
based Forest Management (Y3), which in turn affected Forest Productivity (Y4), the final endogenous variable.
This model reflects a multi-stage causal system in which leadership variables influence productivity through
mstitutional and social transformation mechanisms. Such multi-layered structures are commonly observed in
governance and sustainability systems where outcomes depend on intermediary processes rather than direct
effects [8]. The conceptual model of this study is presented in Figure 1.

Community
Empowerment (Y2)

Transglobal
Leadership
Intelligence (X1)

Forest Productivity

(Y4)

Transglobal Good Governance-
Leadership Behavior

Y1

based Forest
Management (Y3)

Figure 1. Conceptual Model of the Study
Source: Adapted from Fischer et al. 6], Henriksen et al. (8, and Igbal et al. [11].

2.2. Data Source and Variables

The data used in this study were secondary data obtained from Indonesian regencies implementing the
HTR program. The population comprised 127 regencies, from which the analytical sample was drawn based on
data availability and completeness across key indicators. The use of secondary data enabled broader
administrative coverage and ensured consistency with official policy-related datasets. However, this approach may
limit the comprehensiveness and timeliness of the data, as publicly available records may not capture all relevant
variables, particularly those related to informal governance practices, leadership dynamics, and community-level
interactions. Before analysis, the data were screened for missing values and outliers; missing values were handled
with mean imputation, and all indicators were standardized for comparability.

The study varables included Transglobal Leadership Intelligence (X1) as the exogenous construct,
Transglobal Leadership Behavior (Y1), Community Empowerment (Y2), and Good Governance-based Forest
Management (Y3) as intervening endogenous constructs, and Forest Productivity (Y4) as the final endogenous
construct. These constructs were operationalized based on established theoretical and empirical studies in
leadership, governance, and forest management [5], [8], [10], [18]. Prior research has consistently demonstrated
that governance quality and community participation are critical determinants of forest sustainability and
productivity outcomes. Each latent variable was constructed from multiple indicators derived from secondary
data and relevant literature.

In this study, transglobal leadership was conceptualized as a two-stage construct comprising leadership
intelligence and leadership behavior, reflecting a sequential rather than a reflective relationship. This specification
1s grounded in leadership theory, which suggests that cognitive and strategic capacities (intelligence) precede and
shape observable leadership actions (behavior), particularly in complex, multi-level governance environments.
Such a structure is consistent with process-based perspectives of leadership, where internal capabilities influence
external implementation outcomes [19], [20]. Nevertheless, this modeling choice implies a directional causal
assumption, and alternative specifications are also plausible, such as treating leadership dimensions as either
reflective or formative indicators of a single latent construct.

2.3. Data Collection Procedure

Data were collected from publicly available sources on the implementation of the HTR program in
Indonesia, including official reports and administrative records from relevant government institutions. The
dataset represented cross-sectional observations at the regency level. The sampling process was conducted using
a pragmatic sample-sizing approach based on the Slovin formula with a 109 margin of error, resulting in a final
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sample of 50 regencies. Rather than serving as a strict probabilistic sampling method, this approach was used to
approximate a feasible sample size under data availability constraints. Both methodological considerations and
the completeness of secondary data across regions, therefore, determined the final sample. While this approach
ensures analytical feasibility, it may limit the sample’s representativeness and should be interpreted with caution
when generalizing the findings.

2.4. Analytical Methods

The data were analyzed using GSCA to estimate relationships among latent variables within complex causal
systems. GSCA 1s particularly suitable for this study because it does not require strict assumptions of multivariate
normality and performs well with relatively small sample sizes, making it an appropriate alternative to covariance-
based SEM approaches [16]. In GSCA, latent variables are estimated as weighted composites of observed
indicators, and model parameters are obtained by minimizing a global least squares criterion that captures the
discrepancy between observed and model-implied relationships [17]. Before model estimation, data screening
procedures were conducted, including completeness checks, outlier detection, and assessment of indicator
distributions.

Before evaluating the structural model, a measurement model assessment was conducted to examine the
validity and reliability of the measurement indicators. Validity was assessed using Corrected Item-Total
Correlation (CITC), while reliability was evaluated using Cronbach’s alpha. Indicators were considered valid
when the CI'TC value was > 0.30, and constructs were considered reliable when Cronbach’s alpha exceeded 0.60
[20]. While a threshold of 0.70 is generally recommended for confirmatory research, lower thresholds (0.60-
0.70) are considered acceptable in exploratory studies, particularly when using secondary data with heterogeneous
indicators [21]. Nevertheless, this relatively lenient threshold may indicate measurement limitations; therefore,
the reliability results should be interpreted with caution. The assessment results indicated that all indicators and
constructs met the required validity and reliability criteria, confirming that the measurement model was
appropriate for further structural analysis.

In this study, the variables were defined as follows:

X1 = Transglobal Leadership Intelligence

Y1 = Transglobal Leadership Behavior

Y2 = Community Empowerment

Y3 = Good Governance-based Forest Management

Y4 = Forest Productivity
The structural relationships were formulated as a system of equations linking exogenous and endogenous
variables, as presented in equations (1) - (4).

Y1 = fuXit& (1)

Y, = Ba1 Xy + BV + & (2)

Y3 = B31X; + Ba2Yi + &3 (3)

Yo = BaXi+ BazVi + BasYo + BasYs + &4 4)

where f;; represents the path coefficients and &; denotes the error terms. These equations illustrate that Forest
Productivity (Y4) is influenced both directly and indirectly by leadership variables through intermediate
constructs.

The estimation procedure in GSCA employs an iterative algorithm that alternates between estimating latent
variable scores and updating path coefficients until convergence. The significance of each structural relationship
was evaluated using the Critical Ratio (CR), with values greater than 1.96 indicating statistical significance at the
5% level [21]. This threshold is commonly applied in structural modeling to assess parameter significance under
large-sample approximation.

In addition to evaluating individual path coefficients, global model fit was assessed using fit indices specific
to Generalized Structural Component Analysis (GSCA). The overall model fit was evaluated using the FIT and
Adjusted FIT (AFIT) indices, which represent the proportion of total variance explained by the model, and the
Goodness-of-Fit Index (GFI), which assesses how well the model reproduces the observed data structure. These
indices provide a comprehensive evaluation of model adequacy at the global level, complementing the assessment
of individual structural relationships. A higher FIT and AFIT value indicate better explanatory power, while a
GFI value greater than 0.90 suggests an acceptable model fit [1].

To further examine indirect effects within the model, mediation analysis was conducted using the Sobel
test. The Sobel test assesses whether the indirect effect of an independent variable on a dependent variable,
mediated by a third variable, is statistically significant [22]. However, given the relatively small sample size (N=50),
the mterpretation of the mediation results should be approached with caution, as the Sobel test relies on the
assumption of asymptotic normality [23]. In small samples, this assumption may not be fully satisfied, potentially
affecting the accuracy of the estimated indirect effects. Therefore, although the Sobel test provides an nitial
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assessment of the significance of mediation, bootstrap-based resampling techniques are generally recommended
to obtain more robust confidence intervals for indirect effects, especially in complex mediation models [24], [25].
The indirect effect is computed as the product of the relevant path coefficients, as in equation (5).

Indirect Effect = a X b )

where a represents the coefficient from the independent variable to the mediator, and b represents the coefficient
from the mediator to the dependent variable. To test the statistical significance of the mediation effect, the Sobel
test was used as equation (6).

axb
I =—— (6)

242 252
Vb2aZ + a’oy

where 0, and g}, are the standard errors of the respective coefficients. A Z-value greater than 1.96 indicates that
the mediation effect is statistically significant at the 5% level.

To provide a more comprehensive analytical interpretation, the total effect of Transglobal Leadership
Intelligence (X1) on Forest Productivity (Y4) was decomposed into direct and indirect components. The total
effect can be expressed as shown in equation (7).

Total Effect = 41 + (B21 X Baz) + (B31 X Baa) )

This formulation allows the 1dentification of how leadership influences productivity through multiple mediating
pathways. In addition, the relative contribution of indirect effects was evaluated using the Variance Accounted
For (VAF), defined in equation (8).

VAF = Indirect Effect ®)
" Total Effect

The VAF metric provides a quantitative measure of the extent of mediation in the model, with higher values
indicating stronger mediation [26].

The combination of GSCA and the Sobel test enables a comprehensive decomposition of total effects into
direct and indirect components, providing a more detailed understanding of the causal mechanisms within the
model. This approach is particularly relevant for studies mvolving governance and social systems, where
relationships are often mediated by institutional and participatory variables rather than occurring directly. By
applying this analytical framework, the study captures the hierarchical and multi-stage nature of the relationships
among leadership, governance, community empowerment, and forest productivity.

2.5. Software and Tools

The data analysis was conducted using structural modeling software based on component-based estimation
techniques. In addition, supporting statistical procedures were implemented using the R programming
environment to perform data preprocessing, validation checks, and mediation testing. Data processing and
preparation were performed using standard statistical tools to ensure accuracy and consistency before model
estimation.

3. RESULT AND ANALYSIS
3.1. Structural Model Results

The structural model results are presented in Table 1, while the structural model is illustrated in Figure 2.
In GSCA, the significance of path coefficients is evaluated using the Critical Ratio (CR), which follows a standard
normal distribution. To enhance statistical interpretation, p-values were also computed based on the CR values.
A relationship is considered statistically significant when CR exceeds 1.96, and the corresponding p-value is less
than 0.05.

Table 1. Structural Model Results of GSCA

No Relationships Coefficient CR p-value Result
1 X1 - Y1 0.446 2.64  0.008 Significant
2 X1 - Y2 0.495 3.08  0.002 Significant
3 X1l —>Y3 0.381 2.38  0.017 Significant
4 X1 — Y4 0.106 0.67  0.503  Not significant
5 Yl - Y2 0.390 2.52  0.012 Significant
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No Relationships Coefficient CR p-value Result

6 Y1l - Y3 0.359 2.36 0.018 Significant
7 Y1l — Y4 0.099 0.64 0.522  Not significant
8 Y2 - Y4 0.373 2.26  0.024 Significant
9 Y3 — Y4 0.490 3.00  0.003 Significant

Community
Empowerment (Y2)

Transglobal Leadership
Intelligence (X1)

Good Governance-based
Forest Management (Y3)

Transglobal Leadership
Behavior (Y1)

Figure 2. Structural Model Results of GSCA

The structural model illustrated in Figure 2 presents the estimated relationships among variables. Solid lines
represent significant direct effects, indicating that the hypotheses are supported within the model. In contrast,
dashed lines indicate non-significant paths, suggesting that the corresponding direct relationships are not
statistically supported. These findings indicated that most structural relationships are statistically significant, as
reflected by CR values greater than 1.96 and p-values below 0.05. Specifically, Transglobal Leadership
Intelligence (X1) had a significant effect on Transglobal Leadership Behavior (Y1), Community Empowerment
(Y2), and Good Governance-based Forest Management (Y3). However, it did not have a significant direct effect
on Forest Productivity (Y4). Similarly, Transglobal Leadership Behavior (Y1) had a significant effect on
Community Empowerment (Y2) and Good Governance-based Forest Management (Y3), but had no direct effect
on Forest Productivity (Y4). In contrast, both Community Empowerment (Y2) and Good Governance-based
Forest Management (Y3) had significant positive effects on Forest Productivity (Y4), suggesting that these variables
played a central role in improving forest outcomes.

In addition to evaluating individual path coefficients, the overall model fit was assessed using global fit
indices commonly used in Generalized Structural Component Analysis (GSCA). The model produced a FIT
value of 0.612 and an Adjusted FI'T (AFIT) value of 0.587, indicating that approximately 61.2% of the total
variance 1n the data could be explained by the proposed model after accounting for model complexity. These
values suggest a satisfactory level of global model fit in component-based structural modeling. Furthermore, the
Goodness-of-Fit Index (GFI) was 0.93, exceeding the commonly accepted threshold of 0.90, which indicates that
the model adequately reproduces the observed covariance structure. Overall, these fit indices confirm that the
structural model is acceptable for further interpretation and inference.

3.2. Mediation Effect Analysis

The mediation effects were examined using the Sobel test, which evaluates the statistical significance of the
indirect effect by comparing it to its standard error, yielding a Z-statistic. To ensure clarity, it is important to
distinguish between the Critical Ratio (CR) used in GSCA for structural paths and the Z-values produced by the
Sobel test for mediation analysis. Therefore, the significance of mediation in this study is evaluated using Z-values
and corresponding p-values, as presented in Table 2.

Table 2. Mediation Effect Results (GSCA Sobel Test)
No Relationships Mediator Coefficient Std. Error Z-value p-value Result

1 X1 — Y4 Y2 0.185 0.086 2.143  0.032  Significant
2 X1 — Y4 Y3 0.187 0.085 2.196  0.028  Significant
3 Y1l — Y4 Y2 0.145 0.073 1.978  0.048  Significant
4 Y1l — Y4 Y3 0.176 0.081 2.185 0.029  Significant

The results showed that both Community Empowerment (Y2) and Good Governance-based Forest
Management (Y3) significantly mediated the relationship between transglobal leadership variables (X1 & Y1) and
Forest Productivity (Y4). The relatively small standard error values indicate that the mediation estimates are
statistically stable and not driven by excessive variability in parameter estimation. The Z~values, computed as the
ratio between indirect effects and their standard errors, consistently exceeded the critical threshold of 1.96, with
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corresponding p-values below 0.05. This confirms that all mediation pathways are statistically significant at the
5% level. The relatively small standard errors further indicate that the estimated indirect effects are stable and
not driven by excessive estimation variability.

3.3. Quantitative Model Evaluation and Interpretation

To provide a deeper interpretation of the structural results, the total effect of Transglobal Leadership
Intelligence (X1) on Forest Productivity (Y4) was decomposed into direct and indirect components. Based on
the estimated path coefficients, the total effect was calculated by substituting the estimated coefficients obtained
from Table 1, as:

Total Ef fect = 0.106 + (0.495 x 0.373) + (0.381 x 0.490) = 0.477

This result indicates that although the direct effect of leadership mtelligence on forest productvity is
statistically insignificant, the total effect becomes substantial when indirect pathways are considered. This finding
confirms that the relationship is structurally mediated, where the influence of leadership is transmitted through
community empowerment and governance mechanisms.

Further analysis of the mediation strength shows that the indirect effect accounts for a large proportion of
the total effect. The Varance Accounted For (VAF) was calculated as:

VAF = 0.184635 + 0.18669
B 0.477325

=0.778

The VAF of approximately 77.8% indicates strong partial mediation, approaching full mediation, implying
that the majority of the leadership effect on forest productivity operates through intermediary variables. From a
mathematical standpoint, this suggests that the system behaves as a multi-stage transformation model, where
intermediate variables act as amplifiers of the initial input. These findings reinforce the structural results
presented earlier, demonstrating that leadership variables do not directly drive productivity outcomes but instead
influence them through institutional and participatory pathways.

3.4. Discussion

The findings indicate that the influence of transglobal leadership on forest productivity operates primarily
through mediated pathways rather than direct effects. Rather than being an immediate driver of performance,
leadership serves as a contextual enabler whose effectiveness depends on institutional capacity and social
readiness. This interpretation aligns with sustainability and leadership literature, emphasizing that outcomes in
complex systems are shaped by indirect, systemic interactions rather than by isolated individual influence [11].
Similar arguments are found in recent reviews of sustainability transitions, which highlight the role of leadership
in enabling structural change rather than producing direct outcomes [12].

From a theoretical perspective, this study extends dynamic governance and leadership frameworks by
demonstrating that leadership effects are not only mediated but also conditional upon institutional and
participatory contexts. In particular, the effectiveness of leadership 1s bound by governance quality and the degree
of community empowerment. In settings where governance systems are weak, leadership interventions alone are
unlikely to produce measurable productivity gains. This 1s consistent with empirical findings showing that
governance structures play a critical role in translating leadership into environmental outcomes [6]. Collaborative
governance mechanisms further reinforce the importance of institutional coordination in achieving sustainable
forest management [27]. Evidence from multilevel governance studies also supports the argument that
mstitutional context determines the effectiveness of leadership-driven interventions [28].

The results further clarify the distinct but complementary roles of mediating variables within the system.
Community empowerment functions as a capacity-enhancing mechanism that strengthens local participation and
resource management. This finding 1s supported by recent studies on social forestry programs in Indonesia,
which highlight the importance of community engagement in sustainability outcomes [9]. Participation has also
been identified as a key determinant in community-based forest management systems globally. Governance, on
the other hand, operates as a coordination mechanism that ensures accountability and alignment among
stakeholders. The interaction between governance and participation is critical in producing balanced ecological
and socloeconomic outcomes [10].

From a policy perspective, the findings reveal important trade-offs in intervention design. Policies that focus
exclusively on leadership development may yield imited impact if not accompanied by governance reform and
community empowerment. Conversely, strengthening governance without sufficient leadership capacity may lead
to meffective coordination. These trade-offs suggest that policy interventions should adopt an integrated approach
that addresses leadership, institutional quality, and community engagement simultaneously. Similar conclusions
have been drawn in governance studies emphasizing the need for institutional alignment in sustainability policies
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[29]. Data-driven environmental governance research also highlights the importance of integrating multiple
system components in policy design [7].

This study also contributes methodologically by demonstrating how structural modeling combined with
systematic effect decomposition can reveal the layered causal architecture of sustainability systems. The identified
multi-stage mediation structure, in which leadership exerts influence sequentially through governance and
community empowerment before reaching forest productivity, reflects a feedback-sensitive pathway in which
intermediate states accumulate and transmit effects across the system. This finding highlights the importance of
explicitly modeling indirect pathways, which are often overlooked in conventional regression-based approaches.
By applying a component-based structural modeling approach, this study provides a more robust framework for
analyzing complex multi-mediator systems, particularly under conditions of limited sample size [1].

Despite these contributions, several limitations should be acknowledged. The use of secondary data may
limit the comprehensiveness of the variables included, particularly those capturing informal institutional dynamics
and localized community interactions. The relatively small sample size and focus on a single policy context may
also constrain the generalizability of the findings across different regions or governance systems. In addition, the
cross-sectional nature of the data restricts causal inference, while the use of aggregated regency-level data
mtroduces the potential risk of ecological fallacy [30].

Furthermore, the model does not explicitly control for potential endogeneity or omitted variable bias that
may affect the estimated relationships, particularly in the pathways from Community Empowerment (Y2) and
Good Governance (Y3) to Forest Productivity (Y4). External factors such as ecological conditions, resource
endowment, market access, and regional economic disparities may simultaneously influence both the mediating
variables and productivity outcomes, leading to potential omitted variable bias and endogeneity in the estimated
relationships [31]]. As a result, the observed relationships should be interpreted as conditional associations rather
than strictly causal effects.

4. CONCLUSION

This study demonstrates that transglobal leadership influences forest productivity in Indonesia’s HTR
regencies primarily through mediated pathways, with community empowerment and governance serving as the
main transmission mechanisms rather than direct effects. The findings indicate that leadership effectiveness
depends on institutional quality and participatory capacity, implying that leadership development alone 1s unlikely
to 1mprove productivity without simultaneous strengthening of governance and community engagement.
Accordingly, sustainable forest policy should adopt integrated interventions that combine leadership capacity,
mstitutional reform, and local empowerment. Methodologically, this study highlights Generalized Structured
Component Analysis (GSCA) as a practical and robust approach for applied mathematics and statistics
researchers analyzing complex governance systems with limited administrative data and relatively small samples.
Future research may extend this framework using longitudinal data and dynamic, multi-level, or nonlinear
structural models to capture broader contextual and temporal interactions.
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