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This study investigates the critical development paradox in Gorontalo, where a
6.07% extractive-driven economic growth inversely correlates with extreme
mercury contamination (Igeo) and severe environmental degradation in river
basins. This systemic issue stems from acute regulatory discord caused by
centralized licensing under the Minerba and Job Creation Laws, creating a
supervisory authority vacuum that effectively paralyzes regional oversight
mechanisms. Adopting a constructive socio-legal approach triangulated with
hybrid spatial data (NDVI/SAR), this article proposes the Smart Eco
Supervision model to bridge the critical gap between technical surveillance and
legal enforcement. This model integrates high-precision geospatial detection to
provide indisputable objective evidence for State Administrative Officers
(TUN). Furthermore, it legally reconstructs sanctions into Restorative
Administrative Sanctions, mandating scientifically quantifiable restoration
methods like phytoremediation instead of mere financial fines. Grounded in
Salus Populi Suprema Lex Esto, this framework redefines regional authority by
prioritizing citizens' ecological safety as the supreme law, ensuring substantive
environmental justice for impacted communities.
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Mendefinisikan Ulang Kewenangan Pengawasan Daerah: Smart Eco
Supervision sebagai Instrumen Sanksi Administratif Preventif. Penelitian ini
mengkaji paradoks pembangunan kritis di Gorontalo, di mana pertumbuhan
ekonomi 6,07% berbasis ekstraktif berbanding terbalik dengan kontaminasi
merkuri ekstrem (Igeo) dan degradasi lingkungan parah di daerah aliran
sungai. Masalah sistemik ini berakar pada disharmoni regulasi akut akibat
sentralisasi perizinan di bawah UU Minerba dan UU Cipta Kerja, yang
menciptakan kekosongan kewenangan pengawasan yang secara efektif
melumpuhkan mekanisme kontrol daerah. Mengadopsi pendekatan socio-legal
konstruktif yang ditriangulasi dengan data spasial hibrida (NDVI/SAR), artikel
ini mengusulkan model Smart Eco Supervision untuk menjembatani
kesenjangan kritis antara pengawasan teknis dan penegakan hukum. Model ini
mengintegrasikan deteksi geospasial presisi tinggi untuk menyediakan bukti
objektif tak terbantahkan bagi Pejabat Tata Usaha Negara (TUN). Selanjutnya,
model ini merekonstruksi sanksi secara yuridis menjadi Sanksi Administratif
Restoratif, yang mewajibkan metode pemulihan terukur secara ilmiah seperti
fitoremediasi, bukan sekadar denda finansial. Berlandaskan Salus Populi
Suprema Lex Esto, kerangka kerja ini mendefinisikan ulang kewenangan
daerah dengan memprioritaskan keselamatan ekologis warga sebagai hukum
tertinggi, menjamin keadilan lingkungan substantif bagi masyarakat
terdampatk.

Copyright © 2025 (Abdul Madjid Podungge, dkk). All Right Reserved

How to Cite : Podungge, A. M., Badu, R. R. ., Podungge, A. W., & Hunawa, R. (2025). Redefining Regional
Supervisory Authority: Smart Eco Supervision as a Preventive Administrative Sanction

Instrument. Nomos :
https://doi.org/10.56393/nomos.v5i4.3827

This work is licensed under a Creative Commons Attribution-ShareAlike 4.0 International License. Allows
readers to read, download, copy, distribute, print, search, or link to the full texts of its articles and allow

Jurnal Penelitian Ilmu Hukum, 5(4), 944-956.

readers to use them for any other lawful purpose. The journal hold the copyright.



https://creativecommons.org/licenses/by-sa/4.0/

Nomos : Jurnal Penelitian Ilmu Hukum, 5 (4) 2025 Hal 944 — 956
Redefining Regional Supervisory Authority: Smart Eco Supervision as a Preventive Administrative Sanction Instrument
Abdul Madjid Podungge !, Risti Ristianingsih Badu 2, Abdul Wahab Podungge 3, Robby Hunawa *

Introduction

The governance of natural resources in Gorontalo Province is currently confronting a critical
juridical paradox. Ideally, economic growth should align with public welfare, yet empirical evidence
reveals a diametrical opposition: the extractive sector’s notable economic growth of 6.07% (Badan
Pusat Statistik [BPS], 2025) correlates directly with severe ecological degradation. Strictly from a State
Administrative Law (Hukum Administrasi Negara) perspective, this phenomenon indicates a failure in
the state's function to guarantee the "Right to a Healthy Environment." Uncontrolled amalgamation
activities have caused massive mercury (Hg) contamination in river sediments (Basir et al., 2022),
proving that the increase in regional income is essentially pseudo-growth. This empirical reality falsifies
the Environmental Kuznets Curve hypothesis in the context of Gorontalo (Mencho, 2022; Pradana et
al., 2024; Werner et al., 2023; Y. Zou et al., 2025), as the damage has systematically infiltrated
agricultural sectors (Halid, 2023a, 2023b) and violated the core conservation zones of the Bumi Panua
Nature Reserve (Demak et al., 2023; Nawu, 2025).

The fundamental cause of this ecological failure is not merely technical, but stems from a
systemic regulatory conflict resulting in the breakdown of law enforcement at the regional level
(Cakranegara et al., 2023; Swari & Cahyani, 2022). The centralization of licensing authority via Law
No. 3 of 2020 (Minerba Law) and Law No. 11 of 2020 (Job Creation Law) has resulted in "regulatory
disarray," legally diminishing the preventive authority previously possessed by the regional
government. Consequently, Gorontalo endures a "supervisory vacuum" where the central government
holds authority but lacks reach, while the regional government holds the territory but lacks power. This
vulnerability is intensified by the risk-based licensing framework (OSS-RBA) which prioritizes
business facilitation over ecological sustainability (Zildjianda et al., 2023). Furthermore, the existing
enforcement approach, which relies on the intermittent application of criminal law (u/timum remedium)
against field-level perpetrators (dader), has proven ineffective in preventing systemic harm (Pakaya &
Wijaya, 2022).

In academic discussions, resolutions to this supervisory deadlock remain disjointed. The first
pole focuses on litigation, often criticized as "Environmental Justice Light" due to its reactive nature
and inability to achieve significant repair (Bertram, 2022). The second pole offers partial solutions, such
as Enforcement Undertakings or the technical use of Earth Observation Data (satellite evidence) (Al
Farisi, 2021; Smentek et al., 2025). However, a thorough examination of the literature uncovers a
notable disjunction: technological research on remote sensing and legal analyses on administrative
sanctions frequently function independently. No research has effectively integrated satellite-based early
detection technology with administrative recovery sanctions into a unified, preventive supervision
framework suitable for local governments. The illustration of this research gap is depicted in Figure 1
below:
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Figure 1. Research Gap Map and Novelty Position of the Smart Eco Supervision Model.
Source: Synthetic Literature Review VOSviewer was processed by the researcher using data from
Scopus, Semantic Scholar, and Crossref.
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As analytically shown in Figure 1, there is a scarcity of studies linking digital surveillance directly
with administrative law enforcement. Addressing this theoretical and practical gap, this research
introduces an innovative, multidisciplinary supervision model called "Smart Eco Supervision." This
hybrid strategy employs high-precision geospatial data-driven early detection techniques, notably
satellite indices like NDVI/SAR and Artificial Intelligence (Al), to furnish incontrovertible legal proof.
Furthermore, it transforms the sanctions paradigm from punitive fines to Restorative Administrative
Sanctions, mandating scientific recovery actions like phytoremediation. This framework is
fundamentally based on the philosophical premise of Salus Populi Suprema Lex Esto (the primacy of
ecological rights) and the tenets of Magashid Syariah (the preservation of life and the environment)
(Sanawiah et al., 2023).

Consequently, the specific objectives of this study are structured to address the formulated legal
problems: 1) To analyze the implications of centralized regulatory disharmony on the failure of
environmental law enforcement in Gorontalo; 2) To construct the legal-administrative framework of
the Smart Eco Supervision model as an instrument for the Regional Government to exercise preventive
control; and 3) To operationalize the principle of Salus Populi Suprema Lex Esto as the ethical and
philosophical foundation for enforcing restorative administrative sanctions. By answering these
objectives, this article seeks to offer a holistic solution to the paradox of mining governance in
archipelagic regions.

Method

This study employs a constructive socio-legal research method that integrates doctrinal legal
analysis with empirical socio-environmental inquiry, viewing law not as an autonomous system but as
a social phenomenon interacting with ecological variables. The methodological structure begins with a
statutory approach to examine primary legal materials, specifically Law Number 3 of 2020 regarding
Mineral and Coal Mining and Law Number 11 of 2020 regarding Job Creation, to identify vertical
disharmony regarding licensing authority and supervisory norms. To verify the effectiveness of these
regulations, this study utilizes non-legal empirical evidence through a Hybrid Data Triangulation
protocol, aggregating economic growth statistics (BPS) and ecological degradation data derived from
Earth Observation Data. Specifically, satellite imagery indices Normalized Difference Vegetation Index
(NDVI) and Normalized Difference Turbidity Index (NDTTI) derived from Sentinel-2 and Landsat-8 are
used to provide objective evidence of supervisory failure. All collected materials are analyzed
qualitatively using Regulatory Impact Analysis (RIA) to dissect the disconnect between normative
commands and empirical realities. Furthermore, the proposed Smart Eco Supervision solution is
constructed based on the Bestuursdwang (government coercion) theory and justified ethically using the
Salus Populi Suprema Lex Esto maxim to formulate the concept of Restorative Administrative
Sanctions.

Result and Discussion

Before delving into the specific legal analysis, it is imperative to examine the anomalous
development data in Gorontalo Province, which establishes a critical "development paradox." The
region's economic performance exhibits a pronounced acceleration trend following 2024, primarily
driven by the mining and manufacturing sectors. To illustrate this increase, here is a graph of GRDP
growth derived from data provided by the Gorontalo Provincial Statistics Agency (Badan Pusat Statistik
[BPS], 2025). According to Figure 2, Gorontalo's economic growth rate attained 6.07% (year-on-year)
in the first quarter of 2025.

However, from a State Administrative Law perspective, this statistical success presents a
diametrical opposition to the qualitative mandate of the Welfare State principle. The legitimacy of these
welfare assertions disintegrated immediately upon the juxtaposition of economic data with
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environmental quality data. According to a study by (Basir et al., 2022), the Geoaccumulation Index
(Igeo) in river sediments from gold mining areas shows that heavy metals like mercury (Hg) and arsenic
(As) are present in very high amounts. This elevated Igeo value indicates severe conditions for the
aquatic ecosystem. These metals infiltrate the environment via chemical transport, leading to the
formation of the highly toxic compound methylmercury.

Synthesis of Gorontalo Economic Growth Statistical Data (2024-2025)

General
Economic
49irowth Rate (%)

TW Il - 2025 TW 2025

Figure 2. Economic Growth Chart of Gorontalo Province Based on BPS Data (TW I - 2025).
Source: Processed by the researcher from Gorontalo Province BPS Data (2025)

The correlation between these two datasets substantiates a legal paradox: the increase in
Gorontalo's GDP is a misleading statistic (pseudo-growth) that conceals the truth of ecological injustice.
This study demonstrates that in Gorontalo, economic growth is inversely related to environmental
quality, empirically validating the Environmental Kuznets Curve hypothesis which is not universally
applicable (Adry et al., 2023). Unsustainable mining results in land degradation and water
contamination (Mencho, 2022; Tang & Werner, 2023), which legally necessitates a thorough analysis
of the governance frameworks that influence these socio-economic outcomes (Hassan et al., 2025;
Prasetya & Tsai, 2025; Zaehringer et al., 2024; C. Zou et al., 2025).

The ramifications of this paradox directly impact the fundamental rights of society. The turbid
river water in Marisa, Pohuwato Regency, has a severe impact on the agricultural community because
mining effluents have contaminated the irrigation system, which has led farmers to lament their inability
to grow rice (Halid, 2023a). From a human rights perspective, the harm endured by the community
cannot be justified by regional revenue, as the damage to the mercury-contaminated water ecosystem
jeopardizes livelihoods. Consequently, the gold mining issue in Gorontalo should not be perceived
merely as a statistical or administrative matter but as a systemic "supervisory maladministration"
necessitating technological intervention and quantifiable environmental risks. This phenomenon
underpins the assertion that the local government's oversight function has inadequately failed to prevent
such damage.

However, this failure to manage environmental impacts does not occur in a vacuum; it stems
from a disordered legal framework resulting from the centralization of authority due to alterations in
national regulations. Following the implementation of Law Number 3 of 2020 regarding Mineral and
Coal Mining and the Job Creation Law, a significant paradigm shift has occurred from decentralization
to complete centralization. The significant retraction of licensing authority has caused severe normative
discord between central sector regulations and the requirements of regional autonomy. A comparison
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of local government authority before and after the implementation of the new Mineral and Coal Law is
illustrated in Table 1 below to elucidate the specific nature of this disharmony.

Table 1. Comparison of Regional Government Authority in the Mining Sector Post-Law 3/2020 on
Mineral and Coal.

Before Minerba Law

I T T R
¥ Law No. 23/2014) g
(Pemda)
Authori divided i
Y 9rlt,y Wa,s vice Absolutely withdrawn to .LOSS of the main
Issuance of (District/City and investment control
Permits (IUP) Provincial the Central Government i
(Article 8 of Law 3/2020). instrument.
Governments).
Weakening of
Full Supervision Significantly reduced, compelling force
Field Authority (State becoming merely a (Bestuursdwang) and
Supervision Administrative Law / coordination/reporting preventive enforcement
HAN). function. authority.
Regional Government G o Regional
was authorized to Authority for orontalo Reglona
. . . . Government becomes a
Administrative suspend/revoke suspension/revocation only . . "
Sanctions permits for held by the Central specta.tor. over-t ¢
. damage in its territory.
environmental Government.
violations.
UU PPLH i
. Full Autonomy (UU rlotms are LO§S of strict
Environmental PPLH and UU contested by the pro- environmental
Management Pemda) investment norms of the Job  protection standards.

Creation Law.
Source: Processed by the researcher from Law 23/2014, Law 3/2020 and Cakranegara (2023)

According to Table 1, the effective delegation of IUP authority to the Central Government has
"amputated" the role of regional government responsibilities previously guaranteed by Law Number 23
of 2014. This unfairness leads to a major jurisdictional problem, the Gorontalo Regional Government
has to deal with environmental damage and social unrest, but lacks the Bestuursdwang (government
coercion) authority to suspend or revoke the operating permits of violators. Consequently, the role of
local supervision was diminished to a purely passive administrative reporting function lacking sufficient
coercive authority. This vulnerability is systemic, as centralization policies frequently overlook local
contexts and regional oversight capabilities, resulting in critical deficiencies in regulatory execution
(Oh et al., 2023).

A legislative framework that does not adequately address the complexities of contemporary
mining operations exacerbates this conflict (Adu-Baffour et al., 2021). This leads to a disjointed strategy
for environmental protection, wherein local authorities are deprived of the autonomy to oversee
environmental standards, especially concerning the extraction of critical minerals essential for the
global energy transition (Wang & Azam, 2024). This gap between national policies and practical
implementation in affected areas (Kinyondo & Huggins, 2021) renders artisanal mining governance
(PESK) less effective, highlighting the urgency for localized adaptive management strategies (Kazapoe
et al., 2023; Seccatore et al., 2025). This scenario fosters an environment where mining operations are
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associated with significant ecological destruction and health risks, including mercury exposure (Finn et
al., 2024; Mensah, 2021; Teku, 2025). To tackle these complex challenges, a shift towards intelligent
eco-supervision is essential, utilizing advanced technologies like remote sensing and geospatial
analytics not just as technical tools, but as instruments of legal evidence to alleviate environmental risks
(Pavloudakis et al., 2024; Pouresmaieli et al., 2023).

The urgency of this transition is underscored by the fact that currently, the consequences of
regulatory disharmony are evident in the empirical failure of law enforcement at the grassroots level.
Evaluations show that conventional supervision relying on physical inspections is no longer effective.
Socio-legal study (Pakaya & Wijaya, 2022) proves that law enforcement against Illegal Gold Mining
(PETI) in Pohuwato has experienced structural failure (Meutia et al., 2022). The expansion of mining
into the core conservation zone of the Bumi Panua Nature Reserve has worsened illegal activities
(Demak et al., 2023). This failure is due to a weak regulatory framework and a lack of interagency
coordination (Adu-Baffour et al., 2021), while high global demand for gold further incentivizes this
unregulated activity (Fritz & Schmidt, 2025; Nursamsi et al., 2024).

The absence of surveillance technology in the current system leads to empirical evidence of real
losses directly experienced by the public. The complaints of farmers in Marisa whose rice fields "cannot
grow rice" due to mining waste (Halid, 2023b) are clear evidence of the violation of economic rights
and the right to a healthy environment (Rusydi et al., 2023). Because the apparatus's response, which is
predominately repressive (Nawu, 2025), only targeted field-level offenders without ending the systemic
damage, it proved ineffective. Therefore, this empirical failure serves as the primary justification for
reconstructing the supervision model, demanding a total paradigm shift from passive-repressive
supervision to active-preventive supervision based on geospatial technology.

The application of multispectral and radar imaging datasets has proven instrumental in
characterizing and monitoring environmental changes (Basir et al., 2022; Kimijima et al., 2021; Ngom
et al.,, 2022; Obodai et al.,, 2023). This advanced geospatial technique enables comprehensive
monitoring, providing critical data for evidence-based regulatory interventions. Studies in Ghana show
how satellite imagery (Landsat, Sentinel-2) is effective in monitoring land use changes (Obodai et al.,
2023). Additionally, machine learning methods used on Sentinel-2 images were able to spot changes
related to mining, which is crucial because artisanal mining is highly informal (Alessi et al., 2023;
Camalan et al., 2022; Fonseca et al., 2024). Furthermore, the use of Synthetic Aperture Radar (SAR)
data enhances detection capabilities in cloud-covered tropical regions (van Rensburg & Kemp, 2022),
offering a scientific, timely, and cost-effective method for evaluating mining operations (Narciso &
Principe, 2024).

This technological integration facilitates the creation of a Smart Eco Supervision framework that
employs real-time data for adaptive management. Unlike traditional bureaucratic oversight, this model
utilizes U-Net convolutional neural networks and deep learning models to precisely identify mining
disturbances (Malik et al., 2021). In the context of Administrative Law, this method promotes the
creation of predictive models that allow State Administrative Officials to take proactive measures
shifting the legal paradigm from "repressive-responsive" to "preventive-anticipatory" (MacDonald et
al., 2023). Furthermore, the integration of remote sensing data with ecological literacy initiatives
transcends mere technical utility, enabling local stakeholders to engage in participatory monitoring
(Pouresmaieli et al., 2023). The operational framework of this system is illustrated in Figure 3 below,
depicting the logic flow of the Smart Eco Supervision model.

As visualized in the workflow above, the monitoring mechanism initiates with Geospatial
Monitoring. Upon the detection of a land change anomaly (e.g., deforestation outside the permit area),
the algorithm initiates the issuance of an "Administrative Preliminary Alert." Legally, this instrument
functions as a preventive administrative act (beschikking), enabling the administrative officer to
mandate a temporary cessation (suspension) of activities based on the Precautionary Principle, without
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awaiting a lengthy physical inspection. If this alert is disregarded, the mechanism advances to the
imposition of restorative administrative sanctions, with criminal penalties serving only as an ultimum
remedium. This approach renders supervision more quantifiable, expedient, and concentrated on
averting irreversible harm.

Satellite-Based Detection of Issuance of Restorative Ultimum
Geospatial Anomalies and Administrative Administrative Remedium
Monitoring Land Changes Early Warnings Sanctions (Criminal

. . - Sanctions)

The satellite system The system detects TUN officials issue S_ancnons are - g

monitors minina unusual chanaes in warninas to imposed for

Criminal sanctions
are used as a last
resort

conc environmental

Figure 3. Smart Eco Supervision Model Workflow Mechanism.

Source: Researcher's Construction Results (2025)

Nevertheless, the implementation of such a sophisticated technical model is not a standalone
solution, it necessitates a simultaneous reconfiguration of legal instruments. A primary critique of the
existing administrative sanctions framework is its inefficacy in recouping actual losses. Fines frequently
contribute to Non-Tax State Revenue (PNBP), resulting in a "zero-sum scenario" where the state gains
financially, yet the impacted community continues to endure an impaired ecosystem. Addressing this
injustice, this research introduces innovation by transforming the sanctions paradigm into Restorative
Administrative Sanctions, emphasizing "restoring the victim and the environment" rather than merely
"punishing the perpetrator” (Rusydi et al., 2023). The essential legal distinction between the
conventional approach and this proposed model is comparatively illustrated in Table 2 below :

According to the legal comparison in Table 2, the Restorative model's comparative advantage
lies in its assured recovery, consistent with a functional interpretation of the "polluter pays" principle
(Obodai et al., 2023). This model promotes a shift from monetary sanctions to mandatory technical
rehabilitation measures. For instance, upon the detection of heavy metal contamination, the
administrative order must specifically mandate remediation measures, such as a stabilization program
for settling ponds or phytoremediation. The law must explicitly require the use of hyperaccumulator
plants like Vetiveria zizanioides and Amaranthus hypochondriacus, which are proficient in absorbing
mercury and arsenic (Amri & Adifa, 2025; Putri Oktariani et al., 2024; Surya Husada, 2022).
Emphasizing these remedial sanctions is essential, as it guarantees the systematic resolution of the
damage (Pouresmaieli et al., 2023; Zhu et al., 2023). The efficacy of the recovery is then assessed not
by the payment of fines, but by the attainment of environmental quality parameters that comply with
Environmental Quality Standards (BML).

This restorative measure necessitates the establishment of a comprehensive data-driven
framework to assess ecological recovery. Consistent oversight of the restoration process is crucial for
maintaining the traceability of mine land rehabilitation efforts and attaining genuine ecological recovery
(Kourouma et al., 2023; Manero et al., 2021). This implies using advanced monitoring tools, like remote
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sensing data (Gastauer et al., 2021; MacDonald et al., 2023) and cutting-edge tools like drones,
genomics, and eDNA bacterial community analysis (Gwenzi, 2021; Liddicoat et al., 2022). This study
makes a unique scientific contribution by formulating sanctions that are both legally binding and
technically measurable. Consequently, administrative sanctions are converted into a mechanism of
ecological justice that responsibly, quantifiably, and scientifically reinstates environmental carrying
capacity.

Table 2. Comparative Analysis of Effectiveness of Conventional Sanctions vs. Restorative Administrative

Sanctions.

Indicator of
Effectiveness

Conventional Sanctions (Status Quo
/ Ineffective)

Restorative Administrative
Sanctions (Proposed Novelty)

Sanction Fund
Flow
Mechanism

Fines deposited into the Central State
Treasury (PNBP). No guarantee of
funds returning to the region.

Funds must be allocated directly for
restoration costs at the incident site
(Direct Investment).

Impact on the

Often minimal/none. Perpetrator pays
the fine, but the damage (mining

Measurable. Perpetrator is obliged to
conduct soil/water remediation until
environmental quality standards

Environment . L
v pits/pollution) is left abandoned. (BML) are met.
Concrete. Perpetrator is obliged to
Impact on Community continues to suffer due to provide Community Benefits (e.g.,
Affected murky water/skin issues. Social building clean water facilities or
Community conflict persists. village health facilities).
Basis of Legality (Mere procedural Social License to Op erfzte (Sogal
.. . acceptance and substantive justice).
Legitimacy compliance).
Active (Executor of Government
Role of Regional Passive (Only a Compulsion / Bestuursdwang) to

Government reporter/administrative supervisor).

ensure restoration is carried out.

Source: Researcher's synthesis based on HAN Perspective (Rusydi, 2023)

Ultimately, however, the successful implementation of this ecological justice mechanism
depends on the ethical foundation of the bureaucracy. All the technical structures (Smart Eco
Supervision) and legal instruments (Restorative Sanctions) proposed above are merely "tools" that
function effectively only when underpinned by a strong ethical imperative. Therefore, this study asserts
that the principle of Salus Populi Suprema Lex Esto (the safety of the people is the supreme law) must
be re-actualized as the highest norm in mining governance in Gorontalo. This principle should be
interpreted progressively to encompass the Safety of Ecological Rights, prioritizing environmental
integrity over immediate economic benefits. This value aligns closely with the principles of Magashid
Syariah, which prioritize the preservation of life (hifz an-nafs) and the safeguarding of the environment
(hifz al-bi'ah) (Sanawiah et al., 2023). The regulatory framework must actively endorse restorative
justice, in accordance with the "Nature Positive" paradigm (Victurine et al., 2024), ensuring that mining
operations foster biodiversity (Ballesteros et al., 2025) and utilize adaptive management strategies
(Manero et al., 2021).

Putting this ethical framework into action requires using high-tech monitoring tools, like Light
Detection and Ranging (LiDAR) drones and satellite imagery (Bayat et al., 2023), to verify that mining
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companies fulfill their reclamation obligations (Listiyani et al., 2023; Victurine et al., 2024). The legal
framework must establish explicit criteria for mine rehabilitation, integrating ecological, social, and
economic considerations (Listiyani et al., 2023; Manero et al., 2021). It is essential that the notion of
ecological literacy is integrated into this framework, allowing all stakeholders to comprehend the
intricate connection between mining and ecosystem health (Pouresmaieli et al., 2023), thereby securing
a social license to operate (Leung et al., 2023). Clear communication and collaborative engagement are
essential for fostering trust and ensuring socially equitable protection (Pouresmaieli et al., 2023;
Sendergaard & Mosbech, 2021).

Notwithstanding the comprehensive potential of this proposed framework, this research
candidly recognizes the methodological limitations, especially concerning model construction,
which remains at Technology Readiness Level (TRL) 1 to 3. The Smart Eco Supervision model
is still in the conceptual policy framework stage. It has not yet been rigorously field-tested to
validate the accuracy of the satellite index algorithm (NDVI/SAR) under specific Gorontalo
weather conditions, nor has the efficacy of specific phytoremediation plants been tested on the
soil in Marisa. However, this research significantly contributes to science through Extend,
which recontextualizes Earth Observation Data from a tool for litigation evidence to an
instrument for preventive administrative oversight, and Challenges the centralistic and passive
doctrine of administrative law by illustrating that centralization without technological
instruments leads to ecological failure. The immediate future research agenda necessitates
interdisciplinary collaboration among law, IT, and environmental engineering to create an
application prototype and perform a fiscal feasibility analysis (cost-benefit analysis) to
facilitate the adoption of this system as a permanent policy.

Conclusion

This study concludes that the "development paradox" in Gorontalo where economic growth
correlates with ecological degradation is a direct legal consequence of supervisory maladministration.
The vertical regulatory disharmony caused by the centralization of authority under the Minerba Law
and Job Creation Law has created a "supervisory vacuum," stripping the Regional Government of its
preventive power while the Central Government remains empirically absent. The Hybrid Data
Triangulation proves that this vacuum has led to unchecked deforestation and mercury contamination,
violating the Welfare State mandate. To resolve this, the current manual and passive supervision model
must be reconstructed into the Smart Eco Supervision model. This model utilizes Earth Observation
Data (Satellite Imagery/NDVI) not merely as technical information, but as legally binding objective
evidence for State Administrative Officials to exercise Bestuursdwang (government coercion).
Furthermore, administrative sanctions must be transformed from punitive-financial fines into
Restorative Administrative Sanctions. This implies that violators are legally obligated to perform
scientific ecological recovery (such as phytoremediation) as a primary requirement. Ultimately, this
reconstruction reaffirms that in mining governance, the safety of the people and ecological integrity
(Salus Populi Suprema Lex Esto) must serve as the supreme law, overriding investment flexibility.
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