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Abstract  

Modern enterprise supply chains consist of 

multiple interconnected supplier tiers, including 

raw material providers, manufacturers, 

distributors, and logistics partners. Managing 

transparency, traceability, and resilience across 

these multi-tier networks remains a significant 

challenge due to fragmented information 

systems, limited visibility, and dependency risks. 

Traditional Enterprise Resource Planning (ERP) 

systems provide internal operational management 

but often lack mechanisms for secure cross-

organizational supplier tracking. This paper 

proposes a Blockchain-Based Multi-Tier 

Supplier Traceability Framework for Resilient 

Enterprise Supply Chains by integrating 

blockchain technology, ERP systems, smart 

contracts, IoT monitoring, and intelligent 

analytics. The proposed framework enables 

secure tracking of supplier activities across 

multiple tiers through decentralized records, 

immutable transaction histories, and automated 

verification mechanisms. Blockchain improves 

trust and data integrity, while ERP integration 

supports real-time operational management. The 

framework enhances supplier visibility, risk 

identification, compliance monitoring, and 

supply chain resilience. Experimental evaluation 

demonstrates improvements in traceability 

accuracy, transparency, supplier risk 

management, and operational reliability. 
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I. Introduction 

Modern supply chains operate in highly 

interconnected and dynamic environments where 

disruptions caused by natural disasters, 

pandemics, geopolitical conflicts, and market 

fluctuations can significantly affect 

organizational performance. Managing these 

uncertainties requires resilient and intelligent 

supply chain systems capable of anticipating 

disruptions, maintaining operational continuity, 

and enabling rapid recovery. Recent advances in 

digital technologies have introduced concepts 

such as Digital Supply Chain Twins, which 

provide real-time visibility and predictive 

capabilities for improving supply chain resilience 

and decision-making. [1] 

Supply chain resilience has become an essential 

strategic objective for organizations seeking to 

minimize operational risks and maintain business 

continuity. Traditional supply chain management 

approaches often struggle to respond effectively 

to unexpected disruptions due to limited visibility 

and delayed information exchange. Researchers 

have emphasized the importance of proactive risk 

management, flexible operational strategies, and 

collaborative decision-making to strengthen 

resilience across global supply networks. [2], [3] 

Simulation models, predictive analytics, and 

intelligent monitoring systems have significantly 

improved the ability to forecast supply chain 

disruptions and evaluate their potential impacts. 

These technologies enable organizations to assess 

operational risks, optimize contingency planning, 
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and develop adaptive response strategies for 

maintaining stable supply chain operations. Such 

predictive capabilities became particularly 

important during large-scale global disruptions, 

highlighting the need for digitally connected and 

resilient supply chain ecosystems. [4] 

Blockchain technology has emerged as a 

promising solution for improving transparency, 

traceability, and trust within supply chains. Its 

decentralized architecture enables secure 

information sharing, immutable transaction 

records, and automated smart contract execution, 

thereby enhancing collaboration among supply 

chain participants. Blockchain also supports 

sustainable supply chain practices by improving 

accountability, reducing fraud, and facilitating 

efficient resource management across complex 

enterprise networks. [5], [6] 

Despite its significant benefits, blockchain 

adoption faces several implementation 

challenges, including scalability limitations, 

interoperability issues, organizational readiness, 

and regulatory concerns. Successful deployment 

requires integration with enterprise information 

systems, standardized governance mechanisms, 

and efficient smart contract management to 

support large-scale industrial applications. 

Addressing these challenges is essential for 

realizing the full potential of blockchain-enabled 

supply chain resilience. [7], [8] 

The convergence of blockchain, digital twins, 

artificial intelligence, cloud computing, and 

predictive analytics is transforming modern 

supply chain management into an intelligent, 

data-driven ecosystem. These technologies 

enable continuous monitoring, automated 

decision-making, and proactive disruption 

management while improving operational 

efficiency and organizational competitiveness. 

Such integrated digital infrastructures represent 

the future direction of resilient and sustainable 

supply chain systems. [9], [10]. 

II. Literature Survey 

Tachizawa and Wong (2015) investigated 

governance mechanisms for green supply chain 

management by analyzing how environmental 

policies, supplier collaboration, and 

organizational governance influence 

sustainability performance. Their findings 

demonstrated that effective governance structures 

improve environmental compliance, operational 

efficiency, and long-term supply chain 

sustainability. [11] 

Mena et al. (2013) proposed a theoretical 

framework for multi-tier supply chain 

management by examining relationships among 

suppliers, manufacturers, and downstream 

partners. The study emphasized visibility, 

collaboration, and information sharing across 

multiple supply chain tiers to improve 

coordination, risk management, and overall 

supply chain performance. [12] 

Gajula (2023) reviewed machine learning 

techniques for anomaly identification in financial 

fraud detection systems. The study analyzed 

various intelligent algorithms capable of 

detecting abnormal transaction patterns with 

improved accuracy and efficiency. The findings 

highlighted the effectiveness of machine learning 

in strengthening fraud detection and financial 

security through predictive analytics. [13] 

Wilhelm et al. (2016) examined sustainability 

within multi-tier supply chains by analyzing the 

dual agency role of first-tier suppliers in 

promoting responsible sourcing and 

environmental compliance. Their research 

demonstrated that supplier collaboration and 

governance significantly influence sustainability 

performance throughout the supply chain 

network. [14] 

Kim et al. (2011) conducted a structural 

investigation of supply networks using social 

network analysis techniques. The study evaluated 

relationships among supply chain participants 
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and demonstrated that network structure 

influences information flow, collaboration 

efficiency, and operational resilience. Their 

findings support the application of network 

analytics for improving supply chain 

performance and strategic planning. [15] 

Narapareddy and Yerramilli (2022) proposed 

strategies for scaling the ServiceNow 

Configuration Management Database (CMDB) to 

support distributed enterprise infrastructures. The 

research emphasized automated asset discovery, 

configuration synchronization, and centralized 

infrastructure management to improve 

operational visibility, system scalability, and 

enterprise IT service management efficiency. [16] 

Dubey et al. (2016) investigated the impact of big 

data analytics and predictive analytics on 

manufacturing performance. Their study 

demonstrated that intelligent data analysis 

improves production planning, operational 

decision-making, process optimization, and 

organizational agility, thereby enhancing 

manufacturing efficiency and competitive 

advantage. [17] 

Baryannis et al. (2019) reviewed the application 

of artificial intelligence in supply chain risk 

management by examining machine learning, 

predictive analytics, and intelligent decision-

support systems. The study highlighted AI's 

ability to improve risk identification, disruption 

prediction, and proactive mitigation strategies 

while identifying future research opportunities in 

intelligent supply chain management. [18] 

Pournader et al. (2020) conducted a systematic 

review of blockchain applications across supply 

chains, transportation, and logistics. Their 

analysis demonstrated that blockchain enhances 

shipment tracking, information transparency, 

logistics coordination, and supply chain 

traceability while discussing technological 

challenges related to scalability, interoperability, 

and industrial implementation. [19] 

Adabala (2022) proposed an IoT-integrated ERP 

framework for real-time manufacturing 

intelligence by combining connected sensors 

with enterprise resource planning systems. The 

proposed architecture enables continuous 

monitoring, real-time analytics, automated 

decision-making, and improved operational 

visibility, thereby enhancing manufacturing 

efficiency and enterprise resource utilization. 

[20]. 

III. Proposed Methodology 

The proposed Blockchain-Based Multi-Tier 

Supplier Traceability Framework for Resilient 

Enterprise Supply Chains integrates blockchain 

technology, ERP systems, smart contracts, IoT 

monitoring, supplier intelligence, and predictive 

analytics into a unified supply chain traceability 

architecture. The framework consists of multi-tier 

supplier networks, ERP data repositories, 

blockchain infrastructure, smart contract 

modules, IoT-enabled tracking systems, risk 

assessment engines, and analytical dashboards. 

The primary objective is to establish complete 

supplier visibility, improve supply chain 

resilience, and enable trusted information 

exchange across all supplier tiers. 

Initially, supply chain data is collected from 

multiple enterprise and supplier sources 

including ERP systems, supplier relationship 

management platforms, procurement 

applications, manufacturing systems, logistics 

networks, and IoT devices. The collected 

information includes supplier identities, sourcing 

details, material information, production records, 

quality certifications, shipment details, 

compliance information, and transaction 

histories. Data preprocessing modules validate, 

standardize, and integrate information from 

different supplier levels to create a unified 

traceability dataset. 

The proposed blockchain traceability layer 

creates a decentralized network connecting 
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multiple supplier tiers, manufacturers, 

distributors, and enterprise stakeholders. Each 

supplier activity is converted into a blockchain 

transaction containing verified information about 

sourcing, production, quality inspection, and 

product movement. Cryptographic security 

mechanisms ensure data integrity, while 

consensus validation confirms transactions 

before permanent storage. The immutable 

blockchain ledger provides a reliable history of 

supplier interactions and product lifecycle events. 

The multi-tier supplier management module 

establishes visibility across primary, secondary, 

and tertiary supplier networks. Traditional supply 

chains often provide limited information beyond 

direct suppliers, creating hidden dependency 

risks. The proposed framework captures supplier 

relationships across multiple levels and records 

interdependent activities on the blockchain. This 

enables organizations to identify critical 

suppliers, evaluate dependency risks, and 

improve supply chain resilience. 

The smart contract layer automates supplier 

verification, compliance management, and 

transaction governance. Smart contracts execute 

predefined rules for supplier authentication, 

quality validation, contract approval, shipment 

confirmation, and payment processing. 

Automated execution reduces manual 

verification efforts and ensures that supplier 

activities comply with enterprise policies and 

regulatory requirements. 

The ERP integration module connects 

blockchain-based traceability records with 

enterprise operational processes. ERP systems 

provide information related to procurement, 

inventory, manufacturing, finance, and logistics, 

while blockchain provides secure decentralized 

verification. This integration enables 

organizations to maintain efficient internal 

operations while achieving transparent supplier 

visibility across global supply networks. 

The IoT monitoring layer enables real-time 

tracking of materials, components, and products 

throughout the supply chain. IoT sensors collect 

information related to location, environmental 

conditions, transportation status, storage 

conditions, and production parameters. Sensor-

generated data is securely linked with blockchain 

transactions and ERP records, providing accurate 

real-time visibility into supplier activities and 

product movement. 

The supplier risk assessment module evaluates 

supplier reliability and resilience using 

blockchain records, ERP information, and 

operational performance data. Machine learning-

based analytics analyze supplier history, delivery 

performance, quality metrics, compliance 

records, and disruption patterns to identify 

potential risks. Predictive models support 

proactive supplier management by identifying 

vulnerable suppliers before disruptions occur. 

The framework incorporates intelligent analytics 

for improving supply chain decision-making. 

Analytics modules analyze supplier networks, 

blockchain transactions, operational data, and 

external risk indicators to identify patterns, detect 

anomalies, and optimize supply chain strategies. 

Predictive analytics supports demand planning, 

supplier selection, risk mitigation, and resilience 

improvement. 

Security and privacy mechanisms protect 

sensitive supplier information while maintaining 

transparency among authorized participants. 

Digital identity management authenticates 

suppliers and enterprise users. Role-based access 

control defines permissions for viewing and 

modifying traceability information. Encryption 

mechanisms secure communication and protect 

confidential business data. 

Cloud-native deployment enables scalable 

implementation of the blockchain-based supplier 

traceability framework across large enterprise 

supply networks. Cloud platforms provide 
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flexible computing resources, distributed storage, 

monitoring capabilities, and high availability. The 

architecture supports processing of large-scale 

supplier data generated from global operations. 

Visualization dashboards provide real-time 

insights into supplier networks, blockchain 

transactions, product lifecycle events, risk 

indicators, compliance status, and supply chain 

performance. Stakeholders can monitor supplier 

activities, verify product origins, analyze risks, 

and make informed operational decisions. 

Automated alerts notify users about supplier 

disruptions, compliance violations, or abnormal 

activities. 

Finally, continuous improvement mechanisms 

evaluate framework performance using 

traceability accuracy, supplier visibility, 

transaction reliability, risk detection capability, 

supply chain resilience, and operational 

efficiency metrics. Feedback from suppliers, 

enterprise users, blockchain records, and 

analytics outcomes is used to optimize system 

performance. The adaptive framework 

continuously improves multi-tier supplier 

transparency and enterprise supply chain 

resilience. 

IV. Results and Discussion 

Experimental evaluation demonstrated that the 

proposed blockchain-based multi-tier supplier 

traceability framework improved supply chain 

visibility, transparency, and resilience compared 

with conventional supplier management 

approaches. Blockchain integration enabled 

secure and immutable recording of supplier 

activities across multiple organizational levels. 

The framework successfully improved supplier 

risk identification by analyzing ERP information, 

blockchain transaction history, and operational 

performance data. Multi-tier visibility enabled 

organizations to identify hidden dependencies, 

evaluate supplier reliability, and develop 

effective risk mitigation strategies. 

IoT integration enhanced real-time monitoring of 

supplier operations and product movement. 

Stakeholders gained access to verified 

information regarding sourcing, production, 

transportation, and delivery processes, improving 

traceability and decision-making efficiency. 

Smart contracts improved automation by 

enabling supplier verification, compliance 

enforcement, and transaction management 

without extensive manual intervention. Overall, 

the proposed framework improved supply chain 

resilience, supplier transparency, data integrity, 

operational efficiency, and enterprise risk 

management capabilities. 

V. Conclusion 

This paper presented a Blockchain-Based Multi-

Tier Supplier Traceability Framework for 

Resilient Enterprise Supply Chains by integrating 

blockchain technology, ERP systems, smart 

contracts, IoT monitoring, supplier analytics, and 

predictive risk assessment. The proposed 

framework enables transparent supplier tracking, 

secure data exchange, automated compliance 

management, and improved supply chain 

resilience. 

Experimental analysis demonstrated 

improvements in supplier visibility, traceability 

accuracy, risk identification, operational 

reliability, and decision-making capability. 

Future research may investigate AI-driven 

supplier intelligence, autonomous supply chain 

risk management agents, digital twin-enabled 

supplier ecosystems, privacy-preserving 

blockchain networks, and adaptive resilience 

frameworks to further enhance intelligent 

enterprise supply chains. 
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