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Abstract:

The rapid expansion of global halal markets has intensified the need for
robust logistics systems to safeguard halal integrity across increasingly
complex, spatially distributed supply chains. Within this context,
Geographical Information Systems (GIS) have emerged as a promising
digital enabler for compliance monitoring, traceability, and governance
by embedding logistics operations within explicit spatial and temporal
frameworks. However, despite growing scholarly interest, the
application of GIS in halal logistics remains fragmented,
technologically focused, and insufficiently integrated with broader halal
governance and regulatory mechanisms. Existing halal logistics
practices continue to rely heavily on periodic audits, document-based
reporting, and siloed information systems, limiting real-time visibility
and proactive risk management. The literature further reveals a lack of
a coherent synthesis of how GIS capabilities, such as spatial traceability,
geofencing, risk mapping, and decision-support, can be systematically
aligned with halal compliance requirements across transportation,
warehousing, and distribution stages. This fragmentation highlights a
clear research gap at the intersection of geospatial technologies, halal
standards, and supply chain governance. Accordingly, this review aims
to critically synthesize and evaluate existing studies on GIS applications
in halal logistics compliance and monitoring, with particular emphasis
on transparency, traceability, and trust as core governance dimensions.
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By integrating insights from logistics management, geospatial science,
and halal studies, the review consolidates dispersed conceptual
discussions into a structured understanding of GIS as a spatial
governance enabler rather than a standalone technical tool. The review
contributes to the literature by clarifying conceptual linkages,
identifying gaps in governance and implementation, and outlining
future research directions for spatially enabled halal logistics systems.
It concludes that GIS holds significant potential to support evidence-
based, continuous, and location-aware compliance monitoring when
embedded within coherent institutional and regulatory frameworks.
This review is timely and important as halal supply chains undergo
digital transformation, offering scholars and policymakers a
consolidated foundation for advancing resilient, transparent, and trusted
halal logistics governance.
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Introduction

Halal logistics plays a critical role in safeguarding the integrity of halal products, particularly
food, pharmaceuticals, and cosmetics, by ensuring compliance with Islamic law (Shariah)
throughout the entire supply chain, from sourcing and processing to storage, transportation,
and final delivery. (Yuan et al., 2009). With the rapid expansion of the global halal market,
valued at trillions of dollars annually, halal supply chains have become increasingly complex,
involving multi-modal transportation networks, cross-border movements, and diverse
regulatory environments. This complexity heightens the risk of non-compliance, cross-
contamination, and loss of traceability, especially when halal and non-halal goods coexist
within shared logistics infrastructures.

In parallel with these challenges, digital transformation has reshaped supply chain governance,
leading to the adoption of data-driven monitoring, transparency, and risk management
practices. (Yuan et al., 2009). Among the emerging digital enablers, Geographic Information
Systems (GIS) have gained prominence as powerful spatial decision-support tools capable of
integrating location-based data with operational, regulatory, and compliance information. GIS
enables the real-time tracking of halal goods, spatial visualization of logistics networks, route
optimization to minimize contamination risks, and geofencing of halal-certified facilities.
Several systematic reviews have examined the applications and implications of GIS in halal
logistics compliance and monitoring, particularly in supporting spatial traceability, regulatory
oversight, and governance across complex halal supply chain networks (Table 1).
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These capabilities offer significant potential to strengthen halal assurance systems, enhance
regulatory enforcement, and support certification bodies in monitoring compliance beyond
static audits. Despite growing interest in GIS-enabled logistics, existing halal logistics practices
remain largely fragmented, paper-based, and reactive, with limited adoption of spatial
intelligence for continuous compliance monitoring (Khairuddin et al., 2024). Current studies
tend to focus on isolated technological applications such as traceability or cold-chain
monitoring without systematically examining how GIS can be embedded within halal
governance frameworks, regulatory standards, and institutional practices.

Moreover, the alignment between GIS applications and established halal logistics standards
(e.g., transportation, warehousing, and retailing requirements) remains underexplored. Against
this backdrop, this review paper aims to synthesize and critically examine the current state of
GIS applications in halal logistics compliance and monitoring. Specifically, it reviews the
existing literature on GIS-enabled tools, regulatory and certification frameworks,
implementation challenges, and emerging trends that are shaping spatially enabled halal
logistics governance.

Table 1. Summary of Previous Studies on GIS Applications in Halal Logistics
Compliance and Monitoring

Study Focus Area Key Contributions Limitations Identified

GIS dashboard . Limited to regional
monitors halal GIS integrates halal scope; lacks end-to-end
Arifa’illah Syaiful certification certification data for logilzti’cs coverage
Huda et al. (Huda . . real-time monitoring, .
et al., 2024a) compliance for Mlcro, hotspot analysis, and advanced trageablllty,
) Small, and Medium olicy support and standardized
Enterprises (MSMEs) POHICY suppott. compliance

frameworks.

Real-time halal Introduced Halaltracer Limited to the
product transportation o real-time tracking transportation stage,

Mohamad et o . . . A
al.(Mohamad et momtorlng 'usn'lg route monitoring, and with no integration into
al., 2016) Global Positioning cross-contamination @ complete GIS-based
System (GPS) and detection. halal supply chain
geofencing. compliance framework.
Integrated GIS and Limited to a regional
Muslih et GIS-enabled digital — multivariate analysis to case study; lacks real-
al.(Muslih, halal supply chain support halal Supply time logistics
Gustian, Somantri, management for Chain Management monitoring and full
et al., 2025) MSMEs. (SCM) digitalization halal compliance
and traceability. integration.
Reviewed blockchain

Narrative review with
inconsistent metrics and
limited long-term
empirical evidence.

Madanchian et Blockchain for supply roles, metrics, and

al.(Madanchian & chain transparency,  sectoral applications in

Taherdoost, 2025) traceability, and trust. data-driven supply
chains.
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Study Focus Area Key Contributions Limitations Identified
) ) Limited to tourism use;
Afnarius N t GIS for halal tourism Enabled'spatl'a I search not applicable to halal
al.(Afnarius et al, mosque information and routing via web and logistics or compliance
2020). q " mobile GIS. g1stes p
monitoring.

By consolidating dispersed knowledge across logistics, geospatial science, and halal studies,
this review seeks to identify research gaps, highlight best practices, and outline future research
directions. Ultimately, the paper positions GIS beyond a technical tool, as a strategic enabler
of robust, transparent, and resilient halal logistics systems in an increasingly globalized and
digital supply chain landscape. (Wan-Chik et al., 2023).

Technological and Conceptual Foundations
GIS Capabilities for Halal Logistics Compliance Monitoring

GIS is a core spatial technology for managing, analyzing, and visualizing location-based data
within complex supply chain environments. In halal logistics, where compliance requirements
are closely tied to physical locations, movement routes, and segregation practices, GIS offers
a structured platform for integrating spatial intelligence into governance and monitoring
processes. Unlike conventional information systems that treat logistics data as purely
transactional, GIS embeds compliance-relevant information within a spatial context, enabling
stakeholders to understand where, when, and under what conditions halal requirements are
fulfilled or violated. (L. Wang & Hsu, 2024).

One of the primary capabilities of GIS in halal logistics lies in its ability to enhance spatial
traceability across logistics nodes. Transportation routes, warehouses, ports, distribution
centers, and retail outlets can be spatially mapped and linked to halal certification status,
operational controls, and risk attributes. This spatial integration enables regulators and logistics
operators to monitor the movement of halal goods in real-time, thereby ensuring adherence to
segregation requirements and minimizing the risk of cross-contamination. For instance,
applications such as geofencing further enable automated compliance controls by defining
halal-certified zones and triggering alerts when logistics activities deviate from approved
spatial boundaries (Mohamad et al., 2016).
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Figure 1: GIS-Based Spatial Governance Framework for Halal Logistics Compliance

Additionally, GIS supports compliance monitoring through spatial risk mapping and decision
support. In particular, potential contamination risks, non-certified facilities, congestion points,
and high-risk transit corridors can be identified and visualized using layered spatial data
analysis. By overlaying halal standards with logistics infrastructure and operational data, GIS
enables proactive risk mitigation rather than reactive enforcement. This capability is
particularly critical in multi-modal and cross-border halal supply chains, where compliance
risks vary across jurisdictions and logistics environments (Imam Arifa’lllah Syaiful Huda et
al., 2024). From a governance perspective, GIS functions as a spatial data integration platform
that facilitates coordination among multiple stakeholders, including halal certification bodies,
regulatory agencies, logistics service providers, and producers. Centralized spatial databases
enable standardized data sharing, enhancing transparency and reducing information asymmetry
throughout the halal logistics ecosystem. Nevertheless, the effectiveness of GIS-based
compliance monitoring depends heavily on data quality, interoperability, and institutional
readiness factors that remain unevenly addressed in current halal logistics implementations
(Haibo, 2010). Figure 1 illustrates how GIS integrates spatial inputs, functional capabilities,
and governance layers to support halal logistics compliance and risk mitigation.

Functional Linkages to Transparency, Traceability, and Trust

Transparency in halal logistics refers to stakeholders' ability to access accurate, timely, and
verifiable information about logistics processes, locations, and compliance status. (Mahadi et
al., 2023). In this regard, GIS enhances transparency by transforming complex logistics data
into intuitive spatial visualizations, enabling regulators and industry stakeholders to monitor
compliance conditions across the supply chain. Spatial dashboards, interactive maps, and real-
time tracking interfaces enable decision-makers to identify non-compliance hotspots, remotely
audit logistics activities, and communicate compliance status more effectively
(Kourouthanassis et al., 2023). Traceability, a foundational requirement of halal logistics
governance, is inherently spatial in nature. (Saad & Sri Nor Haslina 2020). Accordingly, GIS
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enables end-to-end traceability by linking products to their geographic origins, transit routes,
storage locations, and handling points throughout the supply chain. (Rahman & Ali 2024). Note
that each logistics event can be recorded with spatial and temporal attributes, creating a
continuous location-based audit trail.

This spatial traceability is particularly valuable in halal assurance, as it supports the verification
of segregation practices, handling integrity, and compliance continuity across logistics stages
(Mohamad et al., 2016). Consequently, trust emerges as an outcome of sustained transparency
and traceability within halal logistics systems (Hassan & Osman 2025). GIS contributes to
trust-building by reducing reliance on manual reporting and subjective assessments, instead
offering evidence-based, spatially verifiable compliance records (Wibowo et al., 2020).
Regulators gain greater confidence in their oversight mechanisms, logistics providers can
demonstrate their compliance performance objectively, and consumers benefit indirectly from
strengthened assurance of halal integrity (Rashid & Bojei 2020). In this sense, GIS functions
as a technical tool and an enabler of institutional trust within (Raimi, 2025).

Despite these functional advantages, existing literature reveals several limitations. GIS
applications in halal logistics are often implemented in isolation, lacking integration with
certification systems, regulatory databases, and complementary digital technologies (Zrelli &
Rejeb, 2024). Furthermore, empirical evaluations of GIS-enabled compliance outcomes remain
scarce, with many studies focusing on conceptual potential rather than operational
effectiveness (Vashishth et al., 2024). These gaps underscore the need for governance-oriented
research that examines how GIS capabilities can be systematically integrated into halal
logistics compliance frameworks (Saba et al., 2025). Figure 2 depicts how GIS enhances
transparency, end-to-end traceability, and institutional trust in halal logistics through the use of
spatial analytics and integrated compliance records.

GIS: The Key to Transparency, Traceability, and Trust in Halal Logistics

Enhances Transparency Enables End-to-End Traceability Builds Institutional Trust

Traraforms complex data g visual Crostes & continuous locaton based auda Provides evidence-based, verihable
maps, allowing for pasy remote trod for products from origin to destination compliance feconds, roducing rellance
compliance monsonng on manusl poing

Scarcity of Empirical Evidence

Most studes focus on conceptual
patential rather tham proven
operationad effectiveness

s \:» Lack of Integration
=GE = GIS apphcations are often
~ — implemented in solation, lackng

connection to certification systems

Figure 2: Integrating GIS for Evidence-Based Transparency and Traceability in Halal
Logistics Operations
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Theoretical Dimensions of Transparency, Traceability, and Trust

Transparency, traceability, and trust constitute a foundational triad in the governance of modern
supply chains, particularly in systems that are highly regulated, value-sensitive, and
geographically dispersed, such as halal logistics (Ghalih et al., 2025). These dimensions are
not merely operational attributes. However, they represent interconnected governance
principles that shape how compliance is monitored, verified, and legitimized across supply
chain networks (Arshad et al., 2023). In the context of halal logistics, the integrity of logistics
processes, rather than solely product attributes, necessitates governance mechanisms that can
capture spatial, temporal, and procedural compliance in an integrated manner (Mahidin et al.m
2019). While digital technologies have enhanced these dimensions in various supply chain
contexts, GIS offer a distinctive theoretical contribution by embedding transparency,
traceability, and trust within a spatial framework (R. et al., 2013).

Unlike transactional systems that emphasize linear data flows, GIS conceptualizes supply chain
governance as a spatially distributed system, where compliance is contingent upon locations,
movements, and interactions across logistics nodes (Chen et al., 2023). Thus, understanding
how these three dimensions function theoretically within a GIS-enabled halal logistics system
is essential for designing effective compliance monitoring and governance frameworks (Nizar
et al., 2023). Figure 3 illustrates how GIS functions as a unifying spatial framework that
integrates transparency, traceability, and trust to strengthen governance and compliance in
modern halal supply chains.

The Governance Triad: Building Trust in Modern Supply Chains

GIS PROVIDES A
UNIQUE SPATIAL FRAMEWORK

e by vy

-ﬁ!‘: SMPLE TRANSACTIONAL SYSTEMS GIS VIEWS COMPLIANCE
Ty Ty e G wewa congiiance buned on locesons evd
. uTie ey TESOAT A WTULS 1N EICTIt TFEET

Figure 3. GIS as a Spatial Framework for Strengthening Governance and Trust in
Modern Supply Chains

Transparency

Transparency in halal logistics refers to the extent to which stakeholders can access accurate,
timely, and verifiable information regarding logistics activities, locations, and compliance
status (Fernando et al., 2025). From a theoretical perspective, transparency is closely linked to
visibility, the ability to observe logistics processes as they unfold across space and time. GIS
enhances transparency by transforming abstract compliance data into spatial representations,
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allowing stakeholders to visualize logistics flows, certified zones, and compliance conditions
in real-time (Zhen et al., 2010). As a result, spatial transparency enabled by GIS reduces
information asymmetry among regulators, logistics providers, certification bodies, and supply
chain partners. Through spatial dashboards, interactive maps, and location-based monitoring
tools, GIS makes previously opaque logistics operations observable and auditable.

This capability is particularly relevant in halal logistics, where compliance risks such as cross-
contamination, improper routing, or unauthorized storage are often spatially contingent and
invisible within traditional reporting systems (Khan et al., 2023). Nevertheless, transparency is
not without its theoretical tensions. Increased spatial visibility may expose sensitive operational
data, raising concerns related to commercial confidentiality, competitive advantage, and data
ownership. Therefore, organizations may be reluctant to fully participate in transparent
systems, especially when governance arrangements and data protection mechanisms are
unclear or uncertain. These disincentives underscore that transparency is not solely a
technological outcome, but a negotiated governance construct shaped by institutional trust,
regulatory incentives, and organizational readiness (Rizki et al., 2023).

Traceability

Traceability is theoretically defined as the ability to reconstruct the history, application, and
location of a product or process throughout its lifecycle within the supply chain. In halal
logistics, traceability extends beyond product provenance to encompass the spatial integrity of
logistics operations, including transportation routes, handling points, storage locations, and
segregation practices (Jasman & Mohd Ariffin, 2021). This expanded notion of traceability
aligns closely with GIS, which inherently links events and processes to geographic coordinates
and temporal attributes. Consequently, GIS enables spatial traceability by integrating location-
based data across multiple logistics stages, creating a continuous spatial audit trail. For
example, each logistics event, such as loading, transit, storage, or transfer, can be recorded with
spatial and temporal metadata, allowing regulators and auditors to verify compliance continuity
across the supply chain. Notably, this spatially explicit traceability is particularly valuable in
multi-modal and cross-border halal supply chains, where compliance risks vary across
jurisdictions and logistics environments (Sunardi et al., 2024). From a theoretical standpoint,
spatial traceability enhances governance by shifting compliance verification from retrospective
documentation to proactive monitoring and enforcement. GIS-based traceability enables the
early detection of potential non-compliance through spatial anomalies, route deviations, or
unauthorized facility usage (Nazri et al., 2025). Nonetheless, the effectiveness of spatial
traceability depends on data accuracy, system interoperability, and consistent data-capture
practices. Fragmented data sources and inconsistent standards remain critical challenges that
limit the realization of end-to-end halal logistics traceability (Alii et al., 2025).

Trust

Trust represents a higher-order outcome emerging from sustained transparency and traceability
within supply chain systems. In halal logistics governance, trust operates across multiple
dimensions, including trust in data, trust in actors, and trust in regulatory processes (N. Saad et
al., 2016). Specifically, GIS contributes to trust-building by providing spatially verifiable
evidence of compliance, reducing reliance on subjective assessments and manual reporting (W.
et al., 2020). Trust in data is strengthened when compliance information is grounded in
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objective spatial records rather than declarative statements. For instance, GIS-enabled
monitoring systems allow stakeholders to validate claims regarding halal compliance through
location-based evidence, enhancing confidence in the integrity of logistics operations (Sabar et
al.,2025). Trust in actors such as logistics providers and certification bodies is similarly
reinforced when compliance performance can be independently observed and audited within a
shared spatial framework (Chen et al., 2004). However, trust is not purely a technological
construct. Theoretical perspectives emphasize that trust is socially embedded and shaped by
institutional arrangements, cultural contexts, and governance norms. While GIS can enhance
calculative trust through data-driven verification, relational and institutional trust depend on
how spatial systems are governed, who controls access to data, and how accountability
mechanisms are enforced. Without clear governance frameworks, spatial technologies may
inadvertently shift power imbalances or generate new forms of distrust (Jones, 2003).

Integrating Transparency, Traceability, and Trust through Spatial Governance

The theoretical integration of transparency, traceability, and trust underscores the importance
of spatial governance in halal logistics systems. GIS serves as an enabling infrastructure that
connects these dimensions by integrating, visualizing, and analyzing location-based data.
Rather than treating transparency, traceability, and trust as isolated objectives, spatial
governance frameworks conceptualize them as mutually reinforcing pillars of halal logistics
compliance (Huda et al., 2024). In this regard, this perspective underscores the need to shift
from technology-centric implementations to governance-oriented designs that align spatial data
capabilities with regulatory requirements, institutional roles, and stakeholder expectations. By
situating GIS within a broader halal governance framework, spatially enabled systems can
support more robust, accountable, and trusted compliance monitoring mechanisms across halal
logistics networks (Yakubu et al., 2025).

GIS Capabilities in Halal Logistics Compliance and Monitoring

The increasing reliance on spatially distributed logistics networks has elevated the importance
of location-based data operations in ensuring halal compliance. Unlike transactional
technologies that primarily record events, GIS enables the integration, validation, and analysis
of spatial data across halal logistics operations (Sidlauskas et al., 2009). By embedding
compliance-relevant information within geographic and temporal contexts, GIS directly
supports data-driven monitoring, regulatory oversight, and coordinated governance across
halal supply chains. In this context, this section critically examines key GIS capabilities in halal
logistics data operations, focusing on data integrity, access control, automation, system
integration, and stakeholder collaboration (Muslih, Gustian, & Hasman, 2025). Figure 4
illustrates how core GIS capabilities integrate spatial data, enable data-driven monitoring, and
enhance coordinated governance across the halal logistics supply chain.

Spatial Data Integrity and Validation

Data integrity is a fundamental requirement for halal logistics compliance, as regulatory
decisions and certification outcomes depend on the accuracy and reliability of logistics data
(Ahmad et al.,2022). Traditional supply chain systems often suffer from fragmented data
sources, manual data entry, and inconsistent reporting practices, which undermine confidence
in compliance records. Therefore, GIS addresses these challenges by providing structured
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mechanisms for spatial data validation and consistency checking across multiple data layers
(Mr. Ajay Bhimrao Thorat, 2024).

Through spatial referencing and geocoding, GIS ensures that logistics events, such as
transportation movements, storage activities, and handling operations, are accurately linked to
verified locations (Yao, 2020). Spatial validation rules can be applied to detect anomalies, such
as unauthorized route deviations, the use of non-certified facilities, or inconsistencies between
declared and actual logistics locations (Metvaei et al., 2025). This capability is particularly
critical in halal logistics, where compliance is location-sensitive, and violations often arise
from spatial misalignments rather than product attributes alone (Khairuddin et al., 2018).
Moreover, GIS enables cross-validation of data by integrating multiple spatial data sources,
including logistics tracking systems, certification databases, and regulatory records (Wang et
al., 2023). By serving as a spatial “single source of truth,” GIS enhances the credibility of
compliance data while reducing reliance on subjective reporting (Cota-Rivera, 2025).
Nevertheless, the effectiveness of spatial data integrity mechanisms remains contingent upon
data quality standards, institutional coordination, and continuous data updating, areas that are
currently unevenly addressed in halal logistics systems (Shamsudin & Majid 2022).

Location-Based Identity and Access Control

Access to halal logistics data must strike a balance between transparency and confidentiality,
particularly when sensitive commercial or regulatory information is involved. Specifically, GIS
supports location-based identity and access control by regulating who can view, edit, or analyze
spatial data based on user roles, institutional mandates, and geographic jurisdictions. (Bertino
& Kirkpatrick 2011). Through role-based and location-aware access mechanisms, GIS
platforms can restrict sensitive data, such as audit findings, non-compliant locations, or
proprietary logistics routes, to authorized stakeholders (Hansen & Oleshchuk, 2006). For
example, regulators may be granted complete spatial oversight, certification bodies may have
limited access to verification, and logistics may have operational-level visibility for operators
(Hebbar, 2023). This spatial differentiation of access enhances governance by aligning data
availability with accountability responsibilities (Nai et al., 2025). From a conceptual
perspective, location-based access control reinforces institutional trust by ensuring that
compliance data is neither overexposed nor selectively concealed. Nonetheless, the literature
highlights persistent challenges related to interoperability between GIS platforms and existing
halal certification systems, as well as the lack of standardized data governance frameworks that

define ownership, custodianship, and access rights to spatial halal logistics data (Nai et al.,
2025)
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Figure 4: GIS-Centric Architecture for Halal Logistics Monitoring

Automated Spatial Monitoring and Decision Support

Automation in halal logistics compliance monitoring has traditionally focused on
documentation workflows and reporting procedures (Rahman & Awal 2025). Additionally, GIS
extends automation into the spatial domain through real-time monitoring, rule-based alerts, and
decision-support tools (Pranjal & Soni, 2025). Technologies such as geofencing enable the
automated detection of compliance breaches when logistics activities occur outside approved
halal-certified zones or routes (Hussain et al., 2025). GIS-based automation supports proactive
compliance management by enabling regulators and logistics operators to respond to emerging
spatial risks rather than relying on post-hoc audits (Teodoro and Duarte, 2022). For instance,
real-time spatial monitoring can identify prolonged dwell times at unauthorized facilities, route
deviations through high-risk areas, or congestion points that increase the risk of contamination.
These insights support evidence-based decision-making and resource allocation within halal
governance systems (Chico et al., 2025). Despite these advantages, empirical studies evaluating
the effectiveness of automated spatial monitoring in halal logistics remain limited. Most
existing implementations are exploratory or conceptual, highlighting the need for longitudinal
studies that evaluate performance outcomes, compliance improvements, and cost-benefit trade-
offs of GIS-enabled automation (Hamid & Tan, 2022).

Interoperability and System Integration

Notably, interoperability remains a critical barrier to effective monitoring of halal logistics
compliance. Halal supply chains encompass a range of systems, including transportation
management systems, warehouse management systems, certification databases, and regulatory
platforms (Rahman et al., 2022). GIS plays a pivotal role as an integrative layer that unifies
heterogeneous data sources through a shared spatial framework (Teodoro & Duarte 2022). By
integrating logistics, certification, and regulatory data within a shared geospatial environment,
GIS enables holistic analysis and real-time situational awareness (Lorenzin, 2018). This
integration enhances coordination across agencies and supply chain actors, supporting
consistent interpretation of compliance conditions. Spatial interoperability is crucial in cross-
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border halal logistics, where differences in regulatory standards and institutional arrangements
complicate compliance verification (Hamdan et al., 2021). However, challenges persist due to
incompatible data formats, varying spatial data standards, and limited institutional alignment.
Without standardized spatial governance protocols, GIS integration risks reinforcing data silos
rather than breaking them down. Thus, addressing these challenges requires technical solutions,
policy harmonization, and inter-agency collaboration (Zhang et al., 2025).

Governance and Stakeholder Collaboration

Effective halal logistics compliance is inherently collaborative, requiring coordinated action
among regulators, certification bodies, logistics providers, and industry stakeholders. GIS
enhances stakeholder collaboration by providing shared spatial representations of compliance
conditions, risks, and performance indicators, thereby facilitating informed decision-making.
These shared visualizations facilitate communication, joint decision-making, and collective
accountability (Morris-Jones & Carter 2008). From a governance perspective, GIS supports
transparency and trust by enabling stakeholders to engage with the same spatial evidence base.
This shared understanding reduces information asymmetry and supports more inclusive and
participatory governance models. Furthermore, GIS aligns with emerging Environmental,
Social, and Governance (ESG) expectations by enabling the spatial assessment of sustainability
risks, ethical practices, and compliance performance (Wu & 2025). Nevertheless, collaboration
through GIS is contingent upon institutional willingness to share data and align governance
objectives. Power asymmetries, data ownership disputes, and differing regulatory priorities
may constrain the collaborative potential of spatial technologies. These limitations underscore
the need for governance frameworks that clearly define roles, responsibilities, and
accountability mechanisms within GIS-enabled halal logistics systems (Mohamed et al., 2016).

Synthesis of Quantitative Findings

Over the past decade, empirical research in logistics, supply chain management, and spatial
analytics has increasingly employed quantitative metrics to assess transparency, traceability,
and trust. While studies explicitly focusing on halal logistics remain limited, a growing body
of quantitative evidence from logistics, food supply chains, and regulatory monitoring contexts
provides valuable insights into how GIS-enabled systems contribute to compliance-related
outcomes. This section synthesizes quantitative findings relevant to GIS applications, with a
particular focus on measurement approaches, observed performance effects, and
methodological limitations (Grant & Shaw 2021). GIS demonstrates significant potential as a
monitoring and governance tool for halal logistics. Nonetheless, its current applications remain
fragmented and require a more integrated framework for halal compliance (Table 2).

Transparency Metrics in GIS-Enabled Logistics Systems

Quantitative assessments of transparency in GIS-enabled logistics systems often rely on
composite indices or performance indicators that capture information visibility, data
accessibility, and reporting timeliness. Standard measures include transparency scores,
visibility indices, frequency of data updates, and audit disclosure metrics. In spatial logistics
studies, transparency is frequently operationalized through indicators such as real-time tracking
availability, spatial coverage of monitored assets, and the proportion of logistics events that are
captured with geospatial attributes (Kant, 2025). Moreover, empirical findings consistently
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indicate that higher levels of spatial visibility enabled through GIS dashboards and real-time
mapping are associated with improved operational transparency and reduced information
asymmetry.

Studies reported measurable improvements in reporting accuracy, faster access to compliance-
relevant information, and enhanced regulatory responsiveness following the implementation of
GIS-based monitoring systems. In regulated supply chains, such as those in the food and
pharmaceutical industries, increased spatial transparency has been associated with reductions
in reporting errors and improved audit outcomes (Schulz & Schifer 2024). However,
quantitative transparency metrics vary widely across studies, with differences in scale
construction (e.g., binary indicators, Likert-based scores, or normalized indices) limiting cross-
study comparability. Moreover, many studies relied on self-reported perceptions of
transparency rather than objective spatial performance measures, which raises concerns
regarding response bias and construct validity (Lazdauskas & McDevitt 2025).

Traceability Metrics and Spatial Performance Indicators

Traceability outcomes in GIS-enabled systems are commonly quantified using time-based and
coverage-based metrics. Typical indicators include time-to-trace, percentage of supply chain
nodes covered by spatial tracking, trace completeness scores, and reductions in trace delays
following system deployment. In logistics contexts where GIS has been integrated with
tracking technologies, empirical evidence demonstrates substantial improvements in
traceability efficiency, with reported reductions in trace time and an enhanced ability to
reconstruct logistics routes and handling histories (Wang & Hsu, 2024). In food supply chains,
quantitative studies have shown that GIS-supported traceability systems reduce the time
required to identify product origins and affected locations during recall events. Consequently,
reductions in product loss often accompany these improvements, recall scope, and compliance-
related disruptions (Gallo et al., 2021). Spatial traceability metrics also enable finer-grained
analysis of compliance continuity, allowing researchers to quantify the proportion of logistics
movements conducted within approved routes or certified zones (Gallo et al., 2021). Despite
these positive findings, traceability metrics are often narrowly defined and context specific.
Many studies focus on single-sector applications or pilot implementations, which limits their
generalizability. In addition, the lack of standardized spatial traceability indicators hinders
comparative evaluation across different halal logistics contexts, particularly in cross-border
operations where regulatory requirements and spatial data availability differ significantly
(Shamsudin & Majid, 2022).

Trust Metrics and Compliance Confidence

Trust-related outcomes are typically quantified through survey-based trust indices, confidence
scores, or stakeholder perception scales. In logistics and supply chain research, trust is often
measured at the consumer, organizational, or inter-organizational level, reflecting confidence
in data accuracy, compliance assurance, and governance effectiveness (Lee & Ha 2024).
Furthermore, empirical studies suggest that enhanced spatial visibility and traceability,
facilitated by GIS, are positively correlated with higher trust scores among supply chain
stakeholders (Modgil & Sakhuja 2022). In the food and agri-logistics contexts, quantitative
evidence suggests that improved traceability and higher transparency lead to increased
consumer trust and a higher perceived integrity of products (Lam et al., 2022). Organizational-
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level studies also reported improvements in regulator and partner trust following the adoption
of GIS-based monitoring tools, particularly when spatial data is used to support audit processes
and compliance verification (Dong et al., 2025). Nevertheless, trust metrics remained highly
subjective and sensitive to contextual factors. Many studies employed cross-sectional survey
designs, making it difficult to establish causal relationships between GIS adoption and
sustained trust outcomes. Additionally, initial research (Saeed et al., 2025) suggested the need
for longitudinal quantitative research to assess trust dynamics in GIS-enabled halal logistics
systems (Skarlatidou et al., 2013).

Methodological Patterns and Limitations

Across the reviewed quantitative studies, several methodological patterns emerge. Most studies
combine system-generated performance metrics (e.g., trace time, coverage rates) with survey-
based perceptual measures to assess transparency, traceability, and trust. Statistical techniques,
such as regression analysis, structural equation modeling, and pre—post intervention
comparisons, are commonly employed to validate hypothesized relationships (Khan et al.,
2022). Nonetheless, significant limitations persist. Sample sizes are often small or localized,
particularly in studies involving regulated or sensitive supply chains. Many analyses are cross-
sectional, limiting causal inference. At the same time, definitions and measurement scales for
transparency and traceability vary substantially across studies. Importantly, empirical research
explicitly examining GIS in halal logistics compliance remains scarce, with most quantitative
findings extrapolated from adjacent sectors (Chikumba, 2014).

Implications for GIS-Based Halal Logistics Research

The synthesis of quantitative findings suggests that GIS-enabled transparency and traceability
are consistently associated with positive compliance and performance outcomes, including
improved visibility, faster traceability, and higher trust levels (Muhamad Muslih et al., 2025).
However, the lack of standardized metrics, limited halal-specific empirical evidence, and
methodological constraints underscore the need for more rigorous, context-sensitive
quantitative research (Nurhayati et al., 2025). Future studies should prioritize the development
of standardized spatial compliance indicators, longitudinal research designs, and sector-
specific validation within halal logistics environments. Such efforts would strengthen the
empirical foundation for GIS-based halal governance frameworks, supporting evidence-based
policymaking and industry adoption (Rahim, 2023).

Discussion

This critical review demonstrates that the applicability and effectiveness of GIS in halal
logistics compliance and monitoring vary considerably across sectors, governance contexts,
and institutional environments (Mohamad Muslih et al., 2025). While GIS offers substantial
potential to enhance transparency, traceability, and trust through spatial intelligence, its actual
impact remains highly contingent upon organizational readiness, regulatory alignment, inter-
agency coordination, and the maturity of data governance frameworks. In this regard, GIS
implementation outcomes are shaped not only by technological capabilities but also by
institutional capacities and compliance cultures within halal logistics systems. Similar to other
digital governance technologies, GIS should not be regarded as a universally applicable
solution. Rather, it serves as a context-sensitive governance infrastructure whose value emerges
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from its effective embedding, operationalization, and governance within specific halal logistics
ecosystems. In highly regulated and location-sensitive sectors, such as food, pharmaceuticals,
and cold-chain logistics, GIS applications demonstrate a more substantial alignment with
compliance objectives. Spatial traceability, risk mapping, and geofencing directly address halal
integrity concerns related to segregation, contamination risk, and route control (Huda et al.,
2024b). Conversely, sectors characterized by complex stakeholder networks, fragmented
operations, or low digital maturity may face greater challenges in realizing the benefits of GIS-
enabled compliance monitoring. These findings underscore the importance of tailoring GIS
adoption strategies to sector-specific logistics characteristics and governance requirements
(Canada, 2013). Table 3 outlines the sector-specific applicability of GIS in halal logistics
compliance and monitoring.

Technical Challenges

From a technical perspective, several challenges constrain the effective deployment of GIS in
halal logistics compliance. One of the most significant issues relates to system integration and
interoperability. Many existing logistics and certification systems were not designed with
spatial interoperability in mind, resulting in fragmented data architectures and integration
challenges (El Azzouzy et al., 2025).Without seamless data exchange between GIS platforms,
logistics management systems, and halal certification databases, spatial compliance monitoring
remains partial and reactive (Afnarius et al., 2020). Scalability also presents a persistent
challenge. As halal supply chains grow in scale and geographic scope, GIS systems must handle
increasing volumes of spatial and temporal data.

Consequently, inadequate system architecture or insufficient computational capacity may lead
to performance bottlenecks, thereby reducing the reliability of real-time monitoring and
analytics (Luaces et al., 2005). Moreover, ensuring data accuracy and consistency across
multiple data sources, particularly in cross-border operations, remains a critical technical
concern (Saeed et al., 2025). Cybersecurity and data protection are additional technical
considerations. GIS-based compliance systems aggregate sensitive operational and regulatory
data, making them vulnerable to data breaches or misuse. Robust cybersecurity frameworks,
encryption mechanisms, and secure access controls are therefore essential to maintain system
integrity and stakeholder confidence (Gérny, 2025).
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Table 2: Related Review Papers for Studies On GIS-Enabled Halal Logistics Compliance, Traceability, And Monitoring Outcomes

Study GIS / Compliance Metric(s)

Data / Method

Outcome (Change / Impact)

Halal Logistics

Year t
Domain

Muslih et al.(Muslih, GIS for traceability, halal
Gustian, Somantri, et certification, and supply chain
al., 2025) collaboration.

Zulfakar et al. Halal certification, halal standards,

(Talib et al., 2015) traceability, dedicated assets, trust,

Ellahi et al. (Ellahi et Spatial traceability & compliance
al., 2026) visibility

Yakubu et al. Traceability, data integrity & halal
(Yakubu et al., 2025) compliance assurance

Spatial location accuracy &

Yao.(Yao, 2020) traceability

Gallo ef al.(Gallo et Spatial traceability, safety &
al., 2021) sustainability indicators

commitment, and government role.

Case study of halal MSMEs in West
Java using GIS with Analysis of
Variance (ANOVA) and Pearson
correlation

Conceptual paper developing a
framework for halal food supply chain
integrity

Internet of Things (IoT)-Blockchain—
Artificial Intelligence (Al) integrated
monitoring framework

Blockchain (PoA), smart contracts, IoT
sensors & cryptographic verification

Georeferencing & geocoding methods

GIS-based traceability system
integrating heterogeneous supply chain
data

Collaboration, human resources, and halal

certification are key drivers, while GIS
enhances SCM efficiency and halal
compliance

Identifies key drivers of halal integrity in
global supply chains and emphasizes the
shared responsibility among all
stakeholders

Real-time halal compliance, enhanced
transparency, reduced fraud and
contamination risk

Tamper-proof records, real-time halal
compliance, automated certification &
reduced fraud risk

Accurate spatial identification enabling
location-based tracking and analysis

Improved monitoring of food safety, shelf-

life decay, and environmental impact for
decision support

Digital halal supply chain
25 management for MSMEs

Halal food supply chain
2014 integrity and
governance

Halal meat supply

2025 chain

2025 Halal food supply chain

General GIS
2020 applications (logistics
& supply chains)

Food distribution
2021 supply chain (general /
non-halal-specific)
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Table 3. Sector-Specific Applicability of GIS In Halal Logistics Compliance and

Monitoring
Halal Logistics Key Compliance e Current C .
Sector Challenges GIS Applications Limitations / Gaps Indicative References
Route deviation; GPS-GIS tracking; Erllf)lllemen tation
Halal cross= geofencing; rou.te cost; limited [HalalTracer studies],
. contamination deviation alerts; ..
Transportation . i e . enforcement [GIS logistics]
risk; lack of real- real-time spatial . .
: o integration; data
time monitoring  dashboards S
reliability issues
Traceability of Spatial traceability iiiﬁzgzzasl?lllég
. . mapping; GIS- Lo
I;l?lallF(g?ain Z;ir;,nlcnet.egrlty based halal status i\;[ ;gj%l}tg;?;l_ [Food traceability GIS]
ey fra mente’d data visualization; GIS specific GIS
£ + IoT integration P
standards
Zoning
compliance (halal Ind(.)or.GIS ) Limited indoor
Halal vs non-halal); zoning; spatial spatial data; manual
Warehousin storage ’ layout compliance data input; iack of [Warehouse GIS]
& g monitoring; npub
contamination . real-time sensors
risks hotspot analysis
Process GIS-enabled
segregation; facility mapping; . .
Halal compliance spatial audit trails; if;;::?g:;o digital [Halal manufacturing
Manufacturing auditing; GIS-based ol GIS]
. . . sensitivity concerns
monitoring critical compliance
control points dashboards
Visibility of halal -0cation-based |
. certification; c§rt1ﬁcat10n Incqn51st§nt
Hglal. Ret.all & consumer trust; display; GIS certlﬁcatlog . [Retail halal GIS]
Distribution L consumer databases; limited
monitoring last-
mile delivery transparency consumer awareness
platforms
Weak spatial a(l}nlasl hs(i';slfstk_ Fragmented
Halal oversight; reactive base}(li in’s ection institutional data;
Governance & enforcement; spectic lack of integrated =~ [Halal governance GIS]
. . planning; spatial
Enforcement  limited risk compli governance
o pliance
prioritization . . framework
intelligence
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Organizational and Institutional Issues

Beyond technical constraints, organizational and institutional factors play a decisive role in
shaping GIS adoption outcomes. Specifically, resistance to change is a recurring theme in the
literature, particularly among organizations accustomed to manual or document-based
compliance processes. The transition to spatially enabled monitoring systems often requires
significant adjustments to workflows, skill sets, and organizational culture (Abdelrahman et
al., 2025). Moreover, institutional fragmentation further complicates implementation. Halal
logistics governance typically involves multiple authorities with overlapping mandates, leading
to inconsistent requirements and limited coordination. In the absence of a centralized or
harmonized governance framework, GIS platforms may be adopted in isolation, thereby
reducing their effectiveness as tools for shared oversight and collaboration (Aydinoglu &
Yomralioglu 2010). Capacity disparities among stakeholders also pose challenges. While large
logistics providers and regulatory agencies may possess the resources to invest in GIS
infrastructure and training, smaller operators, particularly SMEs, often lack the technical
expertise and financial capacity to participate fully. As a result, these asymmetries risk
excluding certain actors from spatial governance systems, potentially undermining compliance,
inclusivity, and legitimacy (Pick et al., 2008).

Legal and Ethical Considerations

The deployment of GIS in halal logistics compliance raises important legal and ethical
questions. Chief among these is data governance, including issues of data ownership, consent,
accountability, and liability. Spatial data can reveal sensitive information about business
operations, logistics routes, and enforcement activities, raising concerns about commercial
confidentiality and misuse (Groothedde et al., 2008). Regulatory uncertainty also acts as a
deterrent to adoption. In many jurisdictions, the legal frameworks governing the sharing of
spatial data, digital monitoring, and cross-border data flows remain underdeveloped or
ambiguous. Organizations may therefore hesitate to invest in GIS-based compliance systems
due to concerns about legal exposure or regulatory non-compliance (Gryzunov & Gryzunova
2022). Ethically, the balance between transparency and privacy must be carefully managed.
While increased spatial visibility supports compliance and trust, excessive surveillance may
generate resistance or erode stakeholder confidence. These considerations highlight the
necessity for clear legal frameworks and ethical guidelines to govern GIS-based halal logistics
monitoring (Viola & Laidler 2021).

Limitations of the Review

This study adopts a narrative and critical review approach rather than a systematic review.
Consequently, it does not aim to provide exhaustive coverage of all GIS-related literature.
Source selection was guided by thematic relevance, conceptual contribution, and diversity of
contexts rather than formal inclusion and exclusion criteria. As such, the findings should be
interpreted as a conceptual synthesis and gap-identification exercise rather than statistically
generalizable evidence. Additionally, the limited availability of halal-specific empirical studies
necessitated the inclusion of evidence from adjacent domains such as food safety, logistics
management, and regulatory monitoring. While this approach enriches theoretical
understanding, it also highlights the need for more context-specific empirical research.
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Research Gaps and Future Directions

The discussion reinforces several research gaps identified earlier. First, there is a need for
empirical validation of GIS-enabled halal logistics compliance frameworks through case
studies, pilot implementations, and quantitative performance assessments. Future research
should examine not only operational improvements but also governance outcomes, such as
regulatory effectiveness and stakeholder trust (Fernando et al., 2025). Second, longitudinal
research designs are required to assess the sustainability of GIS adoption and its long-term
impact on compliance culture and trust dynamics. Transparency and trust are not static
constructs. Understanding how they evolve is essential for effective governance design
(Alzahrani et al., 2024).

Furthermore, future studies should explore hybrid digital infrastructures that integrate GIS with
complementary technologies, such as certification databases, tracking systems, and decision-
support tools. Such integration may enhance automation, scalability, and analytical depth while
preserving governance oversight (Singh & Patra 2025). Ultimately, comparative cross-border
research is crucial in supporting the international harmonization of halal logistics governance.
GIS-based approaches offer a promising foundation for aligning compliance monitoring across
jurisdictions. However, this potential can only be realized through coordinated policy
development and collaborative research initiatives (Bari et al., 2023).

Concluding Remarks on the Discussion

This narrative review aims to synthesize and critically examine conceptual discussions on the
application of GIS in halal logistics compliance. Overall, this discussion highlights that the
value of GIS in halal logistics compliance lies not solely in its technical capabilities, but in its
capacity to support spatially enabled governance and management. Effective implementation
requires alignment between technology, institutions, and regulatory frameworks. When
embedded within coherent governance structures, GIS can play a transformative role in
enhancing transparency, traceability, and trust across halal logistics supply chains ((Huda et al.,
2024a)Mohammad Muslih et al. 2025; Prathama et al 2023).

Conclusions

This narrative review synthesizes and critically examines conceptual discussions on the
application of Geographic Information Systems (GIS) in halal logistics compliance and
monitoring. The primary aim is to consolidate fragmented literature from logistics
management, geospatial technologies, and halal governance to clarify how GIS has been
conceptualized as a mechanism for enhancing compliance, transparency, traceability, and
institutional trust within halal supply chain systems. Rather than focusing on quantitative
performance outcomes, the review is guided by themes of spatial governance, digital
monitoring, and institutional oversight. The synthesis reveals several key conceptual insights.
First, GIS is consistently framed as a spatial intelligence platform that embeds compliance
information within geographic and temporal contexts, enabling visibility of locations, transport
routes, and segregation practices essential to halal integrity. This spatial capability
distinguishes GIS from conventional transactional systems. Second, transparency, traceability,
and trust are conceptualized as interconnected governance dimensions. Transparency is
understood as spatial visibility, traceability as the continuity of compliance across logistics
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stages and locations, and trust as an institutional outcome supported by verifiable spatial
evidence. Third, the literature reflects a gradual shift from audit-based, document-driven
compliance toward continuous, location-aware monitoring, although this transition remains
largely conceptual and uneven across contexts.

This review contributes to knowledge by integrating dispersed discussions into a coherent
conceptual framework that positions GIS as an enabling infrastructure for halal logistics
governance rather than merely a technical tool. By bridging perspectives from logistics,
geospatial science, and halal studies, the review clarifies conceptual overlaps and resolves
ambiguities surrounding governance-related outcomes. The findings carry important
implications for policy and practice, particularly in promoting spatially enabled risk awareness,
coordinated oversight, and evidence-based decision-making. However, these implications
remain largely conceptual. The review also acknowledges limitations in narrative synthesis and
in the availability of halal-specific empirical studies, highlighting the need for future empirical
validation, standardized spatial indicators, and refined spatial governance models.
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