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Abstract

This study aims to analyze forest oversight governance in North Sumatra by
examining patterns of tree-cover loss, institutional constraints, and the
requirements for developing an adaptive forest protection framework. A
qualitative policy analysis was conducted using documentary evidence derived
from forestry regulations, institutional reports, environmental datasets,
remote-sensing information, and relevant scientific literature. The data were
analyzed through thematic coding informed by control process theory, policy
implementation perspectives, and responsive regulation. The findings indicate
that North Sumatra experienced substantial tree-cover decline between 2000
and 2025, with approximately 1.70 million hectares of indicative tree-cover
reduction recorded in Global Forest Watch data. The analysis further identifies
fragmented information management, limited interoperability among
monitoring systems, weak institutional coordination, predominantly reactive
monitoring practices, and insufficient integration between regulatory
enforcement and ecological restoration as major governance constraints. In
response, this study proposes the PASTI-HUTAN framework, an adaptive forest
oversight model integrating spatial information governance, risk-based
monitoring, interinstitutional coordination, proportionate regulatory
responses, and continuous policy evaluation. These findings extend
environmental governance scholarship by conceptualizing forest protection as
an adaptive control system rather than solely as a conventional law-
enforcement function. Practically, the framework highlights the need for
integrated forest information systems, stronger cross-institutional
collaboration, preventive risk-based monitoring, and adaptive regulatory
mechanisms. Because the study relies primarily on documentary and
secondary data, future research should empirically test the PASTI-HUTAN
framework across different forest governance contexts and evaluate its
effectiveness in improving enforcement, restoration, and long-term forest
sustainability.
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Forests constitute a foundational component of contemporary environmental governance because
they simultaneously operate as ecological systems, economic assets, carbon reservoirs, livelihood
spaces, and territories in which competing public and private interests are negotiated. Their
protection therefore cannot be reduced to the preservation of vegetation cover or the prosecution of
illegal logging; rather, it requires governance arrangements capable of reconciling ecological
integrity, economic development, regulatory compliance, spatial planning, and community interests.

Globally, forest ecosystems remain under pressure from agricultural expansion, commodity
production, infrastructure development, mining, fire, and both legal and illegal timber extraction,
while the transboundary nature of commodity-driven deforestation increasingly links local forest
change to wider political-economic processes (Basu & Basu, 2023; Blattert et al., 2022; Hoang &
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Kanemoto, 2021; Sorge et al., 2022). In Indonesia, these pressures are amplified by the scale and
heterogeneity of tropical forest landscapes and by the institutional complexity through which
forestry, plantation development, spatial planning, environmental protection, and regional
development are governed. Recent Indonesian studies consequently demonstrate that forest
degradation cannot be explained exclusively through ecological drivers: institutional design, policy
coherence, state capacity, stakeholder power relations, and coordination across administrative levels
substantially condition environmental outcomes (Sahide et al., 2020; Sayer et al,, 2021; Hermawan
etal.,, 2023).

A critical methodological issue in this field concerns the distinction among legally designated
forest areas, biophysical forest cover, and satellite-derived tree cover. These concepts are related but
not interchangeable. Forest designation represents a juridical and administrative classification;
forest cover describes ecological and biophysical characteristics; and remotely sensed tree cover is
generally constructed through particular canopy, spatial-resolution, and temporal thresholds.
Conflating these categories can produce misleading estimates of forest degradation and,
consequently, inappropriate policy responses (Ahrends et al., 2021; Curtis et al., 2018; Samsuri et al.,
2025). Contemporary remote-sensing scholarship further emphasizes that satellite products have
become indispensable for operational forest monitoring, yet their effective use depends on
validation, spatial resolution, temporal frequency, data quality, and correspondence with the
information requirements of decision makers (Fassnacht et al., 2024; Zhang et al., 2020; Zhang et al.,
2021). Recent advances in near-real-time forest alerts and machine-learning-based attribution of
deforestation drivers demonstrate the capacity of spatial technologies to move forest monitoring
beyond retrospective reporting toward earlier detection and risk identification (Mullissa et al., 2024;
Ramachandran et al.,, 2024). Nevertheless, technological capacity alone is insufficient: remotely
sensed evidence becomes administratively consequential only when institutions can integrate it into
licensing, inspection, enforcement, and corrective decision-making.

This problem is especially relevant to Indonesia, where forest protection is formally
supported by an extensive regulatory architecture but implemented through a complex institutional
environment. Forestry law, regulations concerning the prevention and eradication of forest
destruction, environmental governance instruments, licensing provisions, spatial planning rules, and
sectoral administrative requirements establish multiple layers of control. However, regulatory
density does not necessarily translate into regulatory effectiveness. Fragmented authority,
overlapping jurisdictions, competing databases, inconsistent maps, and weak interoperability
between licensing and monitoring systems may create implementation gaps even where formal rules
are comprehensive (Muhyidin, 2019; Ramadhan et al., 2023; Resosudarmo et al., 2019). Empirical
work in Indonesia confirms that policy incoherence can generate contradictory requirements and
ineffective implementation, particularly in multi-sectoral landscapes such as peatlands and state
forests (Sari et al., 2021). Similarly, the visualization of previously obscured illegal land uses through
the One Map Policy demonstrates that producing better spatial information does not automatically
resolve governance problems; instead, new information may expose legal inconsistencies and create
difficult choices regarding enforcement, legalization, restoration, and competing socioeconomic
interests (Astuti et al., 2022). More recent analysis of risk-based licensing likewise indicates that
environmental protection depends not merely on licensing efficiency but on auditability, traceability,
institutional responsibility, and credible corrective mechanisms (Hastri et al., 2025).
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Within this institutional configuration, Forest Police (Polisi Kehutanan, or Polhut) occupy a
strategically important position because they translate regulatory authority into preventive
surveillance, field monitoring, disturbance detection, evidence collection, and enforcement-related
action. Nevertheless, enforcement capacity is not determined solely by the legal mandate or presence
of enforcement personnel. It depends on the interaction of human resources, geographical
accessibility, operational infrastructure, technological capability, financing, information availability,
interorganizational communication, and relationships with Forest Management Units (KPH), Civil
Servant Investigators, police institutions, prosecutors, local governments, and communities.
International evidence indicates that institutional quality, accountability, and rule-of-law conditions
are significantly associated with the capacity to constrain illegal logging (Bésch, 2021). Indonesian
research similarly demonstrates that forestry institutions frequently operate within fragmented
governance environments in which formal mandates are not always matched by adequate resources
or coordination mechanisms (Maryudi et al., 2022; Myers et al.,, 2022; Sayer et al.,, 2021). The
effectiveness of Polhut should therefore be conceptualized not as an isolated law-enforcement
variable but as part of a broader oversight system in which intelligence, monitoring, coordination,
enforcement, and ecological recovery must function as an integrated cycle.

Existing scholarship has substantially advanced understanding of the structural and
proximate drivers of forest loss. Studies have examined agricultural and plantation expansion,
infrastructure, extractive industries, forest fires, illegal logging, tenure reform, community forestry,
and conservation interventions (Austin et al., 2020; Rantala et al., 2022; Ullah & Bavorova, 2024).
More recent studies have added important insights concerning the institutional dimensions of forest
governance. Sahide et al. (2020), for example, demonstrate that ambitious social-forestry policies
may produce exclusion during implementation when actors have unequal access to information and
decision-making resources. Hermawan et al. (2023) show that institutional layering in Indonesian
REDD+ governance can create complex coordination challenges, while Muttaqin et al. (2023) reveal
that even formally inclusive multistakeholder institutions may be characterized by asymmetrical
power relations. Research on landscape restoration similarly shows that governance constraints and
excessive state-centered control can weaken restoration effectiveness unless learning and
partnerships operate across institutional scales (Sayer et al., 2021). Taken together, these studies
shift the analytical emphasis from whether environmental rules exist toward whether governance
systems possess the coordination, information, accountability, and adaptive capacity required to
translate rules into ecological outcomes.

Despite these advances, a significant gap remains between research on forest degradation and
research on the institutional architecture of forest oversight. Much of the literature identifies what
drives forest loss or evaluates specific conservation policies, but comparatively less attention has
been paid to the complete oversight cycle through which government institutions establish
standards, obtain evidence, detect deviations, prioritize risks, coordinate responses, apply sanctions,
verify restoration, and subsequently adjust policy. This gap is particularly consequential when spatial
data and licensing information are stored across different institutions. A technically sophisticated
monitoring platform may identify tree-cover disturbance, but it does not necessarily establish
whether the detected change violates a permit, occurs outside an authorized boundary, reflects legal
harvesting, results from fire, or requires administrative, civil, criminal, or restorative intervention.
Forest oversight effectiveness therefore depends upon the capacity to transform environmental data
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into regulatory intelligence. The increasing use of deep learning and multisource satellite data makes
this institutional challenge more—not less—important because technologies can now identify forest
disturbances and their likely drivers with increasing spatial and temporal precision (Fassnacht et al.,
2024; Mullissa et al., 2024; Ramachandran et al., 2024). Indonesia's One Map experience further
illustrates that visibility must be accompanied by institutional mechanisms capable of determining
responsibility and acting upon the information produced (Astuti et al., 2022).

To address this analytical limitation, the present study conceptualizes forest oversight
through control process theory. From this perspective, effective oversight consists of an iterative
sequence involving the establishment of standards, measurement of actual conditions or
performance, comparison between observed conditions and regulatory expectations, identification
of deviations, and implementation of corrective measures (Agrawal et al., 2018; Butler et al., 2019;
Jackson et al,, 2025). Applied to forestry, standards encompass legal forest boundaries, concession
conditions, harvesting quotas, timber-legality requirements, ecological protection rules, fire-
prevention obligations, and rehabilitation or restoration commitments. Measurement involves not
only conventional patrols and inspection but also satellite observation, licensing records, field
reports, community information, and enforcement databases. Comparison requires interoperable
evidence capable of determining whether detected environmental change constitutes permissible
use or regulatory deviation. Corrective action may then involve warnings, administrative sanctions,
permit modification, criminal investigation, restoration requirements, or enhanced monitoring.
Cross-sector research on systematic supervision similarly demonstrates the value of evidence-based
monitoring cycles in which observation, assessment, evaluation, and follow-up are institutionally
connected rather than performed as disconnected administrative activities (Rokhman et al., 2024).
Although developed in an educational supervision context, this principle is relevant to forest
oversight as a general organizational-control proposition: monitoring generates governance value
only when evidence is systematically converted into corrective action.

Control process theory, however, does not fully explain why formally established oversight
mechanisms perform differently across institutional environments. For this reason, the study also
draws on policy implementation theory, particularly the Van Meter and Van Horn perspective, which
directs attention to policy standards, resources, interorganizational communication, characteristics
of implementing organizations, socioeconomic and political conditions, and implementer
dispositions. These variables are particularly salient in forest governance because implementation
requires coordination across organizations with distinct legal mandates and operational priorities
(Butler et al.,, 2019; Myers et al., 2022; Roengtam & Agustiyara, 2022). Comparative research on
forest-tenure reform shows that coordination must address not only communication among
implementing agencies but also alignment of policy objectives and allocation of resources (Myers et
al,, 2022). Indonesian evidence likewise indicates that contested bureaucratic mandates can impede
forest-policy realization even when the overarching policy formally supports conservation or
community access (Maryudi et al., 2022). Consequently, failure in forest protection may arise not
simply from inadequate enforcement but from the inability of institutions to align standards,
information, resources, jurisdiction, and operational responsibilities.

A third theoretical pillar is responsive regulation, which provides a basis for understanding
how regulatory intervention should vary according to the characteristics and seriousness of non-
compliance. Rather than assuming that stronger punishment is universally more effective,
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responsive regulation emphasizes graduated and proportionate intervention. Minor or remediable
non-compliance may initially require information, guidance, technical assistance, or administrative
correction, whereas deliberate, repeated, organized, or ecologically severe violations may justify
escalating sanctions and criminal enforcement. Such an approach is especially pertinent to forest
governance because disturbances vary substantially in cause, intentionality, scale, ecological impact,
and reversibility. Contemporary research on illegal logging indicates that enforcement effectiveness
is closely associated with broader institutional quality rather than sanction severity alone (Bdsch,
2021), while analysis of Indonesian risk-based licensing stresses the importance of correction
capacity and restoration verification in preserving environmental control (Hastri et al., 2025). A
related Indonesian legal analysis demonstrates that environmental governance becomes vulnerable
when fragmentation disconnects preventive regulation, spatial planning, enforcement, and
ecological-risk reduction (Fardiansyah & Fikri, 2025). Together, these perspectives justify a
regulatory model in which enforcement intensity is linked to evidence and environmental risk rather
than applied uniformly.

The fourth analytical dimension concerns information governance. Contemporary forest
oversight increasingly depends on the ability to integrate licensing information, spatial boundaries,
remote-sensing alerts, field observations, community reports, timber-administration records,
enforcement histories, and restoration outcomes into a traceable information architecture.
Fragmented databases can generate several governance failures: authorized and unauthorized land
uses may be difficult to distinguish; different agencies may act upon inconsistent spatial references;
field verification may not be linked to licensing records; and enforcement outcomes may remain
disconnected from subsequent ecological monitoring. Sari et al. (2021) demonstrate the
consequences of incoherent maps and regulations in Indonesian peatland governance, while Astuti
et al. (2022) show how integrated spatial visualization can reveal previously obscured illegal land
uses. Advances in forest remote sensing further demonstrate that the central challenge is
increasingly shifting from data scarcity toward operational adoption, interoperability, validation, and
the capacity of agencies to incorporate data products into established decision processes (Fassnacht
et al,, 2024). This argument is also supported by cross-sector digital-governance evidence involving
Muhammad Sufian: Edi Rustanto et al. (2025) identify organizational governance and information
quality as central mechanisms connecting information systems with user outcomes, while Waluyo et
al. (2025) demonstrate how integrated digital monitoring and real-time analytics can convert
assessment data into more systematic evidence-based decision making. These studies are not
forestry studies and are therefore used here only for their transferable information-governance
insight, namely that digitalization is effective when data quality, organizational arrangements, and
decision workflows are integrated.

Related evidence from Digital Learning, Social Science, and Life-course Studies likewise
suggests that the integration of digital systems is conditioned by institutional practices and
contextual capacity rather than by technology availability alone (Hariandini et al., 2025). Although
this evidence originates in an educational setting, its organizational implication is relevant to
environmental information governance: digital platforms produce limited transformative value
when technological systems are not aligned with operational routines, user capability, and
institutional objectives. This cross-sector insight reinforces forestry-specific evidence showing that
the operational uptake of remotely sensed information depends on administrative incentives, user
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requirements, technical capacity, and institutional workflows (Fassnacht et al., 2024). Accordingly,
an integrated forest information system should not be conceived merely as a technological database.
It should function as a governance infrastructure through which spatial alerts can be connected to
permit conditions, institutional responsibilities, field verification, enforcement decisions, and
restoration monitoring.

Forest oversight must also incorporate institutional and societal dimensions beyond digital
surveillance. Environmental governance is increasingly understood as a multi-actor process in which
state agencies retain formal regulatory authority while communities, civil society, educational
institutions, and other stakeholders can contribute to environmental awareness, reporting, and
legitimacy. In Indonesia, however, participation must be evaluated critically because formal inclusion
does not automatically eliminate asymmetries in resources and decision-making power (Muttaqin et
al,, 2023). Recent Indonesian studies published in JPI similarly underscore the importance of aligning
environmental mandates with institutional capacity. Mustafa et al. (2025) identify a strategic gap
between formal ecological mandates and organizational capacity in green institutional
transformation, whereas Suwarno et al. (2025) demonstrate the potential of locally grounded
environmental education to strengthen ecological awareness and responsibility. These findings are
complemented by recent sustainability research emphasizing that environmental governance and
education should be interconnected within broader SDG implementation rather than treated as
institutionally isolated agendas (Febriani et al., 2025). Such participation should not substitute for
formal oversight; rather, it can strengthen early detection, environmental citizenship, social
legitimacy, and preventive governance when embedded within clear institutional reporting and
response mechanisms.

These theoretical and empirical developments point toward adaptive governance as a
necessary extension of conventional forest control. Environmental disturbances are dynamic,
spatially heterogeneous, and affected by changing economic incentives, climate conditions,
technology, and institutional behavior. A static oversight system that operates primarily through
periodic patrols and post-violation enforcement is therefore poorly suited to rapidly changing forest-
risk environments. Adaptive governance instead emphasizes organizational learning, feedback,
revision, and institutional responsiveness to changing information. Recent forest-monitoring
technologies make more continuous forms of oversight technically possible, but adaptive governance
requires corresponding administrative capacity to update risk priorities, redirect field resources,
modify regulatory responses, and evaluate whether enforcement produces ecological improvement.
Restoration research in Indonesia further illustrates that governance outcomes improve when
institutional learning and partnerships operate across scales (Sayer et al., 2021), while REDD+
research demonstrates that fragmented institutional layering can undermine otherwise ambitious
climate and forest objectives (Hermawan et al.,, 2023). Forest protection should therefore be
understood as a feedback system in which detection, intervention, evaluation, and institutional
learning continuously inform subsequent rounds of governance.

North Sumatra offers a particularly important setting for examining these issues because
forest oversight operates across conservation landscapes, production forests, highland ecosystems,
plantation frontiers, infrastructure corridors, and coastal environments. Such ecological and
socioeconomic heterogeneity increases the informational demands placed upon enforcement
institutions and makes uniform monitoring approaches potentially inefficient. Risk-based oversight
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requires institutions to distinguish high-risk locations and activities from lower-risk ones, identify
recurring disturbance patterns, and allocate limited personnel and operational resources
accordingly. At the same time, forest-change information must be interpreted carefully because tree-
cover loss does not automatically constitute illegal deforestation. Remote-sensing research
repeatedly stresses the importance of contextual interpretation and validation, particularly when
satellite-derived alerts are converted into operational management decisions (Fassnachtetal., 2024;
Zhang et al,, 2020; Zhang et al., 2021). This distinction is especially important for the present study
because the analysis of tree-cover dynamics is intended to diagnose pressure and monitoring
requirements, rather than to equate every remotely detected loss pixel with a violation of forestry
law.

Despite the rapidly expanding literature, three specific research gaps remain. First, studies of
Indonesian forest governance commonly investigate deforestation drivers, social forestry, tenure,
conservation, restoration, or enforcement as separate domains, whereas limited research integrates
them within a complete oversight-control cycle connecting standards, information, risk detection,
institutional coordination, enforcement, and ecological correction (Sahide et al., 2020; Sayer et al,,
2021; Hermawan et al, 2023). Second, advanced spatial-monitoring studies demonstrate
increasingly sophisticated capabilities for detecting disturbances and attributing forest-loss drivers,
but technological monitoring and public-administration scholarship remain insufficiently connected;
consequently, comparatively little attention is given to how spatial intelligence should be embedded
within institutional decision processes (Fassnacht et al., 2024; Mullissa et al., 2024; Ramachandran
et al.,, 2024). Third, existing research has not adequately integrated control process theory, policy
implementation, responsive regulation, and information governance into a unified model specifically
designed for forest oversight in an Indonesian regional context. This fragmentation constrains the
development of governance frameworks that can simultaneously diagnose ecological pressure,
identify institutional weaknesses, prioritize risks, differentiate regulatory responses, and
institutionalize continuous learning.

Accordingly, the novelty of this study lies in reconceptualizing forest protection as an adaptive
oversight and control system rather than as a predominantly reactive law-enforcement function. It
integrates four analytical components—control process theory, policy implementation, responsive
regulation, and information governance—and operationalizes them through the proposed PASTI-
HUTAN framework. The model links spatial information governance, risk-based monitoring,
interinstitutional coordination, proportionate regulatory responses, corrective ecological action, and
continuous policy evaluation within a single oversight architecture. In doing so, the study moves
beyond approaches that examine remote sensing, institutional capacity, licensing, enforcement, or
restoration independently. It addresses four research questions: (1) What are the trends and major
drivers of tree-cover loss in North Sumatra during 2000-2025? (2) How do policy and information-
governance gaps influence forest oversight and licensing control? (3) What challenges affect the role
and capacity of Forest Police in preventing and responding to illegal logging? and (4) What adaptive
oversight model can strengthen forest protection and governance effectiveness? The study therefore
aims to diagnose the ecological and institutional conditions shaping forest oversight in North
Sumatra and to develop an integrated adaptive governance framework capable of connecting reliable
spatial information, organizational capacity, risk-sensitive monitoring, responsive enforcement,
restoration, and policy learning. In theoretical terms, it contributes to environmental governance by

124



connecting control and implementation theories with adaptive and information-centered
governance; in practical terms, it provides a structured basis for strengthening preventive forest
monitoring and transforming fragmented environmental information into coordinated regulatory
action.

Method

Research Design and Analytical Approach

This study employed a qualitative policy analysis approach using a document-based research design
to examine forest oversight governance in North Sumatra. This methodological approach was
selected because the study aimed to understand how regulatory frameworks, institutional
arrangements, information governance mechanisms, and enforcement strategies influence the
effectiveness of forest monitoring and logging control. Rather than measuring causal relationships
statistically, the study focused on interpreting policy processes, institutional capacities, and
governance mechanisms that shape forest protection practices. The research was positioned as a
qualitative policy study because forest oversight represents a complex governance issue involving
interactions among regulations, public institutions, information systems, and environmental risks.
The analysis considered forest protection as an adaptive control system in which policy standards,
monitoring mechanisms, deviation identification, and corrective actions are interconnected. This
perspective allowed the study to examine forest governance beyond conventional law enforcement
approaches by emphasizing the relationship between information quality, institutional
implementation capacity, and regulatory responsiveness (Bowen, 2009; Chaffin et al., 2014; Dalglish
etal, 2021).

The research was conducted within the governance context of North Sumatra Province,
Indonesia. This region was selected because it represents a complex forest management
environment characterized by diverse ecological landscapes, multiple forest functions, overlapping
institutional responsibilities, licensing challenges, and continuing pressures from land-use change
and illegal logging. The unit of analysis was the forest logging oversight system, while the observed
units included forestry regulations, licensing instruments, institutional reports, forest-cover
datasets, monitoring mechanisms, and policy implementation documents.

Data Sources and Data Collection

The study relied primarily on secondary data obtained from official government documents,
environmental databases, institutional reports, and peer-reviewed scientific publications. The
selection of data sources was based on their relevance to forest governance issues, institutional
credibility, and their ability to provide information regarding forest monitoring, licensing systems,
enforcement mechanisms, and policy implementation challenges. The collected documents included
national forestry regulations, government policies related to forest management and licensing,
forestry statistics, Forest Management Unit (KPH) planning documents, law enforcement reports,
official spatial information, and environmental monitoring datasets. Remote-sensing information
was obtained from Global Forest Watch (GFW) and Hansen-based tree-cover datasets to analyze
patterns of tree-cover change in North Sumatra during the observed period. However, satellite-based
indicators were interpreted only as evidence of vegetation change and were not considered direct
evidence of illegal logging activities or legal violations because remote-sensing data cannot
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independently determine legality, actors, or institutional responsibility (Gao et al., 2018; Shen et al,,
2019; Vadlamannati et al., 2018).

The document collection process involved systematic identification, classification, and
analysis of materials related to forest oversight governance. Relevant information was extracted
according to four analytical dimensions derived from the theoretical framework, namely policy
standards, monitoring and measurement mechanisms, institutional implementation capacity, and
corrective regulatory responses. Scientific publications were additionally examined to provide
theoretical support and comparative perspectives regarding environmental governance, policy
implementation, information governance, and responsive regulation. The relationship between data
sources and analytical functions is presented in Table 1.

Table 1. Data Sources and Analytical Functions

Data Source

Type of Data

Analytical Function

Forestry regulations and
government policies

Forestry statistics and
institutional reports

Global Forest Watch and
remote-sensing datasets
Licensing and forest

management documents

Law enforcement
documents
Scientific publications

Laws, ministerial regulations,
technical guidelines, and policy
documents

Forest condition data, institutional
performance reports, and
management documents
Tree-cover loss and spatial change
indicators

Permit systems, spatial
boundaries, management plans,
and compliance information
Enforcement records, violations,
sanctions, and corrective actions
Peer-reviewed studies related to
forest governance and

To analyze regulatory standards,
institutional responsibilities, and
enforcement mechanisms

To examine forest governance
conditions and institutional challenges

To identify patterns of vegetation
change and monitoring priorities

To analyze information governance and
licensing oversight mechanisms

To examine implementation capacity
and regulatory responses

To strengthen theoretical
interpretation and contextual analysis

environmental policy

Data Analysis

The data analysis process followed an iterative qualitative analytical procedure consisting of
data condensation, data display, and conclusion verification. The analysis combined deductive and
inductive thematic coding to identify patterns related to forest oversight governance. The deductive
coding process was guided by the theoretical framework developed in this study, including control
process theory, policy implementation theory, and responsive regulation. The analysis examined
how forest oversight operates through the establishment of regulatory standards, measurement of
implementation performance, identification of deviations between expected and actual conditions,
and implementation of corrective actions. These analytical categories were used to examine issues
related to licensing standards, spatial monitoring, institutional coordination, enforcement practices,
and ecological restoration.

In addition to theory-driven coding, inductive analysis was conducted to identify emerging
themes from the collected documents. This process enabled the identification of governance
challenges that were not fully captured by the initial framework, including fragmented information
systems, limited interoperability among institutional databases, weak risk-based monitoring
practices, coordination barriers among enforcement agencies, and limitations in transforming
regulatory standards into effective field supervision. The coded information was subsequently

organized into analytical matrices that connected governance dimensions, institutional actors,
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monitoring mechanisms, and policy responses. Through this process, the study identified recurring
patterns and developed an integrated understanding of how information governance, institutional
capacity, and adaptive regulatory mechanisms influence forest oversight effectiveness.

Analytical Framework and Research Validity

The analytical framework of this study integrates three complementary theoretical
perspectives: control process theory, policy implementation theory, and responsive regulation.
Control process theory was applied to understand forest oversight as a continuous cycle involving
standard formulation, performance measurement, comparison between expected and observed
conditions, and corrective intervention. Within forest governance, standards include licensing
boundaries, spatial restrictions, production limits, harvesting requirements, conservation
obligations, and rehabilitation responsibilities. Policy implementation theory was incorporated to
explain why formal regulations may produce different outcomes depending on implementation
conditions. The framework emphasizes that policy effectiveness is influenced by the availability of
resources, communication among implementing institutions, organizational characteristics, external
socio-political conditions, and the disposition of policy implementers. This perspective was
particularly relevant for analyzing the capacity of forestry institutions, including Forest Management
Units and Forest Police, in translating regulatory requirements into effective monitoring practices
(Baylis et al., 2016; Indirwan et al., 2025; Van der Wal et al., 2021).

Responsive regulation theory complemented these perspectives by explaining how
enforcement strategies should be adjusted according to the severity, frequency, and characteristics
of violations. The framework highlights that forest governance requires proportional responses
ranging from compliance assistance and administrative correction to stronger enforcement
measures for serious and repeated violations.The validity of the analysis was strengthened through
triangulation of multiple data sources, including government regulations, institutional documents,
environmental datasets, and scientific publications. The comparison of different sources allowed the
study to identify consistencies, contradictions, and governance gaps across policy documents and
implementation practices. An audit-trail approach was also applied by maintaining systematic
documentation of data sources, analytical categories, and interpretation procedures to improve
transparency and reliability.

Research Limitations and Scope

This study acknowledges several methodological limitations. Since the research relies
primarily on secondary data and documentary evidence, the findings represent a governance and
policy diagnosis rather than direct measurement of operational practices at the field level. The
analysis provides insights into institutional arrangements, information governance challenges, and
regulatory mechanisms, but it does not claim to replace empirical investigation involving direct
interaction with forest officials, communities, or other stakeholders. Furthermore, remote-sensing
data used in this study indicate changes in tree-cover conditions but cannot independently determine
the legality of activities, specific actors involved, or underlying socio-economic drivers. Therefore,
interpretation of forest loss requires integration with licensing information, institutional reports, and
governance analysis. Future research should complement this document-based approach with field-
based studies involving interviews, participant observation, and comparative analysis across
different forest management units. Such approaches would provide deeper understanding of how
adaptive forest oversight mechanisms operate within specific institutional and socio-economic
contexts (Laraswati et al., 2020; Maryudi & Fisher, 2020; Ramachandran et al., 2024).
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Result and Discussion

Tree Cover Loss Dynamics and Forest Pressure in North Sumatra

The analysis of tree-cover dynamics based on Global Forest Watch (GFW) data indicates a continuous
decline in vegetation cover conditions across North Sumatra during the period of 2000-2025. The
data show that the province had an indicative tree-cover area of approximately 5,784,860 hectares
in 2000. By 2025, the remaining indicative tree cover decreased to approximately 4,084,860
hectares, representing an estimated reduction of around 1.70 million hectares during the observed
period. The temporal trend presented in Table 1 demonstrates that tree-cover decline occurred
consistently throughout the observation period, although the estimated annual reduction varied
across different periods. The highest estimated annual decline occurred during 2006-2010, with
approximately 79,844-79,845 hectares of indicative tree-cover loss per year. A similarly substantial
decline was observed during 2011-2015, with an estimated annual reduction of approximately
76,335-76,336 hectares. These periods represent phases with relatively higher vegetation pressure
compared with other observation periods.

The values presented in Table 1 are derived from satellite-based tree-cover indicators and
should be interpreted as indicative trends of vegetation change rather than official measurements of
forest-area reduction. Tree-cover data represent biophysical vegetation conditions detected through
remote sensing, while legally designated forest areas are determined through administrative and
regulatory classifications. Therefore, tree-cover loss indicators cannot independently determine the
legality of activities, identify specific actors involved, or confirm illegal logging events.

Table 1. Indicative Tree Cover Dynamics in North Sumatra Based on Global Forest Watch Data (2000-2025)
Indicative Remaining Estimated Annual Loss

Year Tree Cover (ha) (ha) Data Interpretation
2000 5,784,860 - Initial tree-cover baseline based on
GFW data; not equivalent to official
forest area
2001-2005 Declining trend 55,691-55,692 (E) Indicative gross tree-cover reduction
without accounting for gain
2006-2010 Declining trend 79,844-79,845 (E) Higher estimated vegetation loss
period
2011-2015 Declining trend 76,335-76,336 (E) Continued substantial vegetation
pressure
2016-2020 Declining trend 64,430-64,431 (E) Persistent decline with lower
estimated annual loss
2021-2025 Declining trend 63,697-63,698 (E) Continued reduction in indicative
tree cover
2025 Not available Not available Current year; excluded from

empirical calculation

The results indicate that tree-cover decline in North Sumatra represents a persistent
environmental pressure occurring across multiple periods rather than a single isolated event. The
observed pattern provides an empirical basis for examining the effectiveness of existing forest
oversight mechanisms, particularly regarding the capacity of institutions to monitor, interpret, and
respond to changes occurring within forest landscapes.
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Forest Oversight Governance and Information Management Conditions

The analysis of forestry regulations, institutional documents, and governance records identified
several challenges affecting forest oversight effectiveness in North Sumatra. The findings show that
forest monitoring involves multiple sources of information, including licensing records, spatial forest
maps, management documents, monitoring reports, and enforcement records. However, these
information sources remain distributed among different institutions and have not been fully
integrated into a coordinated oversight system.

The results indicate that fragmented information management creates challenges in aligning
administrative information with field conditions. Differences between licensing documents, spatial
boundaries, monitoring results, and actual environmental conditions may limit the ability of
institutions to identify potential violations at an early stage. The findings show that existing oversight
mechanisms continue to rely heavily on periodic monitoring and administrative reporting rather
than continuous risk-based surveillance.

Table 2. Governance Gaps in Forest Oversight

Governance Dimension Existing Condition Identified Findings

Information governance Forest-related data are Data integration and interoperability remain
available from multiple limited
institutions

Licensing oversight Permit systems and Alignment between administrative records and
spatial information are field conditions requires improvement
available

Monitoring mechanism Patrols and inspections Monitoring remains largely reactive rather than
are conducted preventive

Institutional coordination Multiple agencies are Coordination and information exchange require
involved in forest strengthening
protection

Enforcement and Legal responses and Connection between enforcement outcomes and

restoration sanctions are available ecological recovery remains limited

The findings demonstrate that forest oversight effectiveness is influenced not only by the
availability of regulatory instruments but also by the capacity to transform information into timely
monitoring decisions. The results highlight that information management represents a fundamental
component of effective forest governance because fragmented data may reduce institutional
responsiveness in detecting and addressing forest-related risks.

Institutional Capacity of Forest Police in Forest Protection

The analysis identifies Forest Police (Polisi Kehutanan/Polhut) as key operational actors responsible
for implementing forest protection activities. Their functions include preventive measures, patrol
activities, identification of forest disturbances, evidence collection, and support for law enforcement
processes. The findings indicate that the effectiveness of these functions is influenced by institutional
capacity, operational resources, technological support, and coordination mechanisms.

The results show that forest protection challenges are not solely related to the availability of
enforcement personnel but also involve supporting conditions that determine the effectiveness of
their operations. Limited geographical accessibility, extensive forest management areas, uneven
technological utilization, and coordination challenges affect the ability of forest protection
institutions to conduct timely monitoring and intervention.
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Table 3. Dimensions of Forest Police Capacity and Oversight Requirements

Capacity Dimension Existing Condition Required Strengthening

Human resources Large forest-management areas Improvement of personnel capacity
create operational challenges and specialization

Monitoring technology Digital monitoring tools are Stronger integration of spatial
increasingly available monitoring systems

Operational infrastructure Field accessibility remains Improvement of mobility and
challenging communication support

Institutional coordination Forest governance involves Strengthening coordination
multiple institutions mechanisms

Enforcement support Legal procedures are available Stronger linkage between

enforcement and restoration

The findings suggest that improving forest protection requires strengthening the broader
oversight system surrounding Forest Police operations. Patrol activities, enforcement procedures,
and monitoring practices require support from integrated information systems and coordinated
institutional mechanisms to improve effectiveness.

Adaptive Forest Oversight Framework Based on Research Findings

The synthesis of findings resulted in the development of the PASTI-HUTAN framework as an adaptive
forest oversight approach. The framework was formulated based on identified challenges related to
tree-cover pressure, information fragmentation, institutional capacity limitations, and regulatory
response mechanisms. The proposed framework emphasizes the integration of information
governance, spatial monitoring, early detection mechanisms, field verification, proportional
enforcement, ecological restoration, and continuous evaluation. The results indicate that
strengthening forest oversight requires a transition from reactive approaches focused on responding
to violations toward adaptive mechanisms that emphasize prevention, risk identification, and
coordinated decision-making. The findings demonstrate that effective forest governance requires
alignment between three main components: reliable information systems, institutional
implementation capacity, and adaptive regulatory responses. The PASTI-HUTAN framework
therefore represents a synthesis of empirical findings regarding the conditions required to improve
forest oversight effectiveness in North Sumatra.

Disscusion

The findings of this study demonstrate that forest oversight challenges in North Sumatra cannot be
understood solely as a problem of illegal logging or insufficient law enforcement capacity. Instead,
the results indicate that forest degradation is closely associated with broader governance challenges
involving information fragmentation, institutional coordination, monitoring capacity, and the ability
of regulatory systems to respond adaptively to environmental risks. This finding extends previous
studies on forest governance, which have emphasized that deforestation is often driven by complex
interactions between economic pressures, land-use change, weak institutional arrangements, and
limited enforcement effectiveness. Previous research has largely examined the direct drivers of
forest loss, including agricultural expansion, commodity production, and illegal exploitation, while
this study highlights the importance of governance infrastructure that determines whether
institutions are capable of detecting, preventing, and responding to forest disturbances effectively.
Studies on Indonesian deforestation governance have similarly shown that overlapping policies,
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unclear land-use arrangements, and limited enforcement resources remain persistent challenges in
achieving effective forest protection (Affandi et al.,, 2021; Fischer et al., 2020; Yuza et al., 2023).

The finding regarding fragmented information governance contributes to the growing
literature on environmental information systems and forest governance. Previous studies have
demonstrated that forest protection increasingly depends on the availability of accurate spatial
information, transparent monitoring mechanisms, and integrated data systems. Research on
Indonesia’s timber legality assurance system, for example, shows that although legality verification
mechanisms have improved transparency in forest management, challenges remain regarding access
to information, institutional coordination, and the capacity of monitoring actors to utilize available
data effectively. The present study extends this argument by demonstrating that information
fragmentation does not merely create technical inefficiencies but also weakens the entire policy
control process. When licensing information, spatial boundaries, monitoring results, and
enforcement records are managed separately, institutions experience difficulties in identifying
deviations, prioritizing risks, and implementing timely corrective actions (Hasyim et al., 2020; Nesha
etal,, 2021; Rantala et al,, 2020).

The results also support and extend policy implementation perspectives, particularly the
argument that successful policy outcomes depend not only on the existence of formal regulations but
also on implementation capacity, communication, resources, and coordination among implementing
institutions. In the context of forest governance, the existence of comprehensive forestry regulations
does not automatically guarantee effective protection when institutions face operational constraints.
Previous research on forest governance in Indonesia has shown that regulatory frameworks are
often weakened by fragmented authority, limited institutional capacity, and insufficient coordination
between agencies. The findings of this study confirm these challenges but provide a further
contribution by showing that implementation problems are closely connected with information
governance failures. Thus, policy implementation effectiveness should be understood as a
combination of regulatory clarity, institutional capacity, and the ability to transform information into
operational decisions (Budi et al., 2021; Hermawan et al., 2023; Sari et al., 2021).

The findings concerning the role of Forest Police (Polisi Kehutanan/Polhut) also provide
important insights into the debate on enforcement capacity in environmental governance. Previous
studies have commonly emphasized the importance of strengthening law enforcement institutions
to address illegal logging and forest destruction. However, this study demonstrates that increasing
enforcement personnel or patrol activities alone is insufficient when operational decisions are not
supported by integrated information systems and effective coordination mechanisms. Forest
protection actors require not only authority but also reliable information, technological support, and
institutional networks that enable rapid and targeted responses. This finding is consistent with
broader environmental governance research emphasizing that effective conservation enforcement
depends on the interaction between institutional capacity, monitoring technologies, and
collaborative governance arrangements (Fritz et al., 2019; Roengtam et al., 2023).

The study further contributes to discussions on responsive regulation by showing that forest
governance requires differentiated enforcement approaches rather than uniform punitive measures.
Previous studies on timber legality verification in Indonesia indicate that policy instruments aimed
at controlling illegal logging must consider the complexity of governance arrangements and the
limitations of purely regulatory approaches. The findings of this study extend this perspective by
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suggesting that forest oversight should move beyond a reactive enforcement model toward a risk-
based adaptive system. Through the proposed PASTI-HUTAN framework, this study argues that
monitoring, enforcement, and restoration should be connected within a continuous governance
cycle. Minor compliance issues, administrative problems, and serious environmental violations
require different responses, and regulatory strategies should be adjusted according to the level of
ecological risk and actor behavior (Engelman et al., 2018; Goodrich et al., 2020).

Another important contribution of this study relates to the relationship between digital
information governance and adaptive forest management. Previous studies on sustainable forest
management have emphasized the importance of transparency, accountability, participation, and
accurate databases in supporting effective environmental governance. Research on adaptive
governance in forest management has shown that weak transparency and inadequate information
systems may constrain the ability of institutions to develop appropriate responses to ecological
challenges. The present study advances this discussion by integrating information governance into a
broader forest oversight framework, demonstrating that data availability alone is insufficient. The
critical issue is whether information can be transformed into coordinated institutional action
through appropriate governance mechanisms (Goldstein & Faxon, 2022; Rantala et al, 2020;
Wurtzebach et al., 2019).

The main novelty of this study lies in reconceptualizing forest oversight as an adaptive
governance system rather than merely an enforcement mechanism. Previous studies have often
examined forest degradation, illegal logging, conservation strategies, or law enforcement as separate
analytical domains. This study integrates these dimensions by proposing that effective forest
protection emerges from the interaction between information governance, policy implementation
capacity, institutional coordination, and responsive regulation. The PASTI-HUTAN framework
contributes a governance-oriented perspective by demonstrating that forest oversight effectiveness
depends on the ability of institutions to establish clear standards, monitor environmental changes,
diagnose deviations, and apply proportional corrective actions. Therefore, this study expands
existing forest governance literature by positioning information integration and adaptive regulation
as central components of sustainable forest protection.

The findings have several theoretical implications. First, they strengthen the application of
control process theory in environmental governance by demonstrating that forest protection
requires continuous cycles of standard setting, measurement, comparison, and correction. Second,
they extend policy implementation theory by showing that information governance should be
considered an important implementation resource alongside financial, human, and organizational
capacities. Third, they demonstrate the relevance of responsive regulation in forest governance by
highlighting the need for flexible and proportional responses to different forms of environmental
risk. Through this integrated perspective, the study provides a more comprehensive explanation of
why some forest protection policies fail despite the existence of formal regulations.

From a practical perspective, the findings suggest that improving forest governance in North
Sumatra requires institutional reforms beyond strengthening legal enforcement alone. Government
agencies need to develop integrated information systems that connect licensing databases, spatial
monitoring, field reports, and enforcement records. Forest Police capacity should be strengthened
through improved access to digital monitoring tools, operational resources, and coordination
mechanisms with other institutions. In addition, enforcement strategies should be linked with
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ecological restoration objectives to ensure that legal responses contribute to long-term
environmental recovery rather than only addressing violations after damage occurs. Community
participation and environmental education initiatives may also support long-term forest governance
by increasing public awareness and strengthening social monitoring capacity.

Despite these contributions, this study has several limitations. First, the research relies
primarily on secondary data, policy documents, institutional reports, and remote-sensing
information; therefore, the findings provide a governance-level analysis rather than direct
observation of operational practices among forest protection actors. Second, satellite-based tree-
cover data are useful for identifying vegetation change trends but cannot independently determine
the legality of activities, responsible actors, or specific causes of forest loss. Third, the PASTI-HUTAN
framework developed in this study remains a conceptual governance model that requires empirical
validation through field-based research. Future studies should incorporate interviews with forestry
officials, communities, and other stakeholders, as well as comparative analysis across different forest
management regions, to evaluate how adaptive forest oversight mechanisms operate under diverse
institutional and socio-economic conditions.

Conclusion

This study demonstrates that strengthening forest protection in North Sumatra requires a shift from
conventional enforcement-oriented approaches toward an adaptive forest oversight governance
system. The findings reveal that persistent tree-cover decline is not only associated with direct
pressures such as land-use change, illegal logging, and forest disturbance, but also with governance
challenges related to fragmented information systems, limited institutional coordination, and uneven
monitoring capacity. The analysis shows that Forest Police and other forestry institutions require
more than regulatory authority; they require integrated information infrastructures, coordinated
implementation mechanisms, and adaptive regulatory strategies to improve oversight effectiveness.
By integrating control process theory, policy implementation perspectives, and responsive
regulation, this study contributes to a more comprehensive understanding of forest governance as a
continuous cycle of standard setting, monitoring, diagnosis, corrective action, and ecological
recovery. The proposed PASTI-HUTAN framework highlights that effective forest protection depends
on the alignment between reliable spatial information, institutional capacity, risk-based monitoring,
proportional enforcement, and restoration-oriented responses. Nevertheless, this study is limited by
its reliance on secondary data, policy documents, and remote-sensing indicators, which provide a
governance-level analysis rather than direct observation of field implementation practices. Future
research should empirically validate the proposed framework through field-based investigations,
stakeholder interviews, and comparative studies across different forest management contexts. The
findings imply that improving forest governance in Indonesia requires not only stronger regulations
but also institutional transformation toward integrated, adaptive, and information-driven oversight
systems that can respond effectively to evolving environmental challenges.
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