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ABSTRACT 

The proliferation of Artificial Intelligence (AI) promises transformative potentials for supply chain management 

(SCM), yet empirical evidence on realized supply chain performance gains remains fragmented and context-

dependent. This article presents a comprehensive conceptual investigation into how AI-driven innovations interact 

with traditional supply chain management practices to influence supply chain performance, resilience, and long-term 

value creation. Drawing exclusively on a curated selection of literature — spanning empirical studies on SCM 

practices and performance, machine‑learning applications in demand forecasting, and critical analyses of AI adoption 

barriers — this research identifies recurring patterns, tensions, and open questions. The analysis reveals that while 

AI-enabled capabilities (e.g., demand forecasting, supplier scouting, logistics optimization) can significantly 

augment supply chain responsiveness and resilience under dynamism (Belhadi et al., 2021; Bottani et al., 2019; Gao 

& Feng, 2023), their effectiveness is highly mediated by data quality, organizational readiness, integration scope, and 

governance (SupplyChainBrain, 2019). Traditional supply chain practices remain foundational: empirical studies 

continue to show that SCM practices contribute significantly to performance, whereas strategy alone often proves a 

weak predictor (Sukati et al., 2012). The paper concludes by proposing a conceptual integrative framework that maps 

prerequisites for effective AI‑SCM synergy, outlines potential trade‑offs, and suggests directions for future empirical 

research to validate and refine the framework. 
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INTRODUCTION  

In recent decades, supply chain management (SCM) has 

evolved from a narrow focus on logistics and inventory 

control toward a more holistic, networked, and strategic 

discipline — one that emphasizes integration across 

procurement, production, distribution, and information 

flows. This evolution has been accelerated by advances 

in digital technologies, networking, and data analytics. 

However, despite the theoretical allure of an end-to-end 

“digital supply chain,” many organizations continue to 

struggle in translating digital and AI-driven investments 

into tangible performance improvements. This persistent 

performance gap invites a deeper examination of when 

and how AI delivers value, and how it interacts with 

existing supply chain practices. 

On one hand, traditional empirical SCM research has 

demonstrated that supply chain management practices — 

information sharing, coordination, process integration, 

supplier management — significantly relate to improved 

supply chain performance (Sukati et al., 2012). On the 

other hand, the arrival of AI, machine learning (ML), and 
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related technologies introduces novel capabilities: 

predictive forecasting, real-time decision support, 

supplier scouting, real-time optimization of logistics 

operations (Carbonneau, Laframboise & Vahidov, 2008; 

Bottani et al., 2019; Guida et al., 2023a, 2023b). Yet, 

these capabilities often fail to deliver full potential due to 

data fragmentation, poor data quality, siloed operations, 

lack of integration, high costs, organizational inertia, and 

governance challenges (SupplyChainBrain, 2019; Fosso 

Wamba et al., 2023; Grover, Kar & Dwivedi, 2022). 

This research seeks to synthesize the extant literature — 

combining empirical SCM‑performance studies with 

recent work on AI-driven SCM adoption — to 

understand the structural conditions under which AI and 

traditional SCM practices together improve supply chain 

outcomes. Specifically, the article asks: Under what 

organizational, data, and strategic conditions does AI 

adoption enhance supply chain performance? What are 

the major barriers inhibiting realization of benefits? And 

how should future empirical research be structured to 

measure and validate the hypothesized relationships? 

By systematically integrating findings across seminal 

SCM studies and contemporary AI‑SCM research, this 

article fills a critical gap: while many works examine 

SCM practices or AI adoption individually, few have 

theorized their joint effects or the boundary conditions 

influencing success. The output is a conceptual, 

publication-ready framework that scholars and 

practitioners can use to guide implementation and 

empirical investigation. 

METHODOLOGY 

 Given the nature of the research question and the 

constraints of using only the provided references, this 

investigation takes the form of a conceptual synthesis and 

critical review. No new primary data was collected; 

instead, the approach involves: 

1.Literature mapping – categorizing the provided 

references into three broad streams: 

○Empirical SCM practices and performance outcomes 

(e.g., Sukati et al., 2012). 

○AI- and ML-based supply chain applications (e.g., 

Carbonneau et al., 2008; Bottani et al., 2019; Belhadi et 

al., 2021; Guida et al., 2023). 

○Critical reflections on AI adoption barriers and 

organizational readiness (e.g., SupplyChainBrain, 2019; 

Fosso Wamba et al., 2023; Grover, Kar & Dwivedi, 

2022). 

 

2. Cross‑comparative thematic analysis – 

identifying recurring themes, synergies, contradictions, 

and gaps across the studies (e.g., the mediating role of 

data quality; the variable strength of SCM strategy vs. 

practices; tension between AI potential and 

organizational constraints). 

3.Conceptual framework development – synthesizing 

insights into an integrative model that outlines 

preconditions, mediating factors, and expected supply 

chain performance outcomes when AI and SCM practices 

are properly aligned 

4.Critical discussion – analyzing theoretical implications, 

potential counterarguments, limitations inherent to the 

existing literature, and directions for future empirical 

testing. 

By grounding all arguments strictly in the provided 

literature — and avoiding external sources — this 

methodology ensures compliance with the user’s 

constraint while facilitating a rich, rigorous conceptual 

contribution. 

RESULTS 

 The synthesis yields several core findings organized 

around three interlinked domains: (1) the baseline value 

of traditional SCM practices; (2) the incremental value of 

AI-driven innovations under enabling conditions; (3) 

major barriers and structural vulnerabilities that constrain 

value realization. 

1. Enduring Value of Traditional SCM Practices 

 Evidence from empirical studies underscores that supply 

chain management practices remain a strong and 

significant predictor of supply chain performance across 

manufacturing contexts. In the seminal study by Sukati et 

al. (2012), a questionnaire-based survey of 200 managers 

in Malaysia’s manufacturing industry revealed a 

statistically significant relationship between SCM 

practices and supply chain performance measures 

(utilizing mean, standard deviation, correlation, and 

multiple regression analyses). Importantly, while SCM 

practices correlated strongly with performance, supply 

chain strategy per se was found to be a weak predictor. 

This suggests that strategy without concrete execution 

and discipline in practices yields limited returns. 

The broader literature on SCM reinforces this insight, 

conceptualizing SCM as relying on operational discipline 

— information sharing, inventory management, 

coordination, logistics — rather than high-level strategic 

posturing alone (see systematic reviews mapping SCMP-

SCP linkages). Thus, even in a pre-digital or early-digital 

context, the organization of processes, partnerships, and 

information flows remains critical. 

This enduring value of SCM practices establishes a 
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necessary baseline: any AI adoption is unlikely to create 

performance uplift unless traditional practices are already 

mature and functioning effectively. 

2. Potential of AI-Driven Innovations to Augment SCM 

 When viewed through the lens of recent AI‑SCM 

research, various AI and ML capabilities provide 

promising enhancements to core supply chain functions. 

Key areas include: 

●Demand Forecasting and Inventory Optimization: The 

early work by Carbonneau, Laframboise & Vahidov 

(2008) demonstrated that machine learning techniques 

can outperform traditional statistical models in demand 

forecasting, leading to more accurate predictions and 

potentially reducing stockouts or excess inventory. This 

capability, when integrated with established inventory 

management practices, can substantially improve supply 

chain responsiveness and cost-efficiency. 

●Wholesale Distribution Operations and Logistics 

Optimization: In the framework proposed by Bottani et 

al. (2019), AI-based models were used to simulate and 

optimize wholesale distribution operations — improving 

route planning, order assignment, and distribution 

scheduling. This goes beyond demand forecasting to real-

time operational optimization, addressing one of the most 

complex and dynamic segments of supply chains. 

●Supply Chain Resilience under Dynamism: The 

empirical investigation by Belhadi et al. (2021) found 

that AI-driven innovation positively influenced supply 

chain resilience and performance in environments 

characterized by supply chain dynamism. This suggests 

AI may confer advantages under uncertainty, volatility, 

and rapidly changing demand or supply conditions — 

scenarios where traditional SCM may struggle. 

●Supplier Scouting and Procurement Process 

Enhancement: The recent contributions by Guida et al. 

(2023a, 2023b) highlight how AI can be leveraged for 

supplier identification, evaluation, and procurement 

decisions — tasks traditionally fraught with manual 

effort, information asymmetries, and delays. By 

automating and analytically supporting supplier scouting 

and procurement, AI can expedite supplier onboarding, 

improve supplier quality, and enhance procurement 

efficiency. 

Moreover, at the firm-wide level, AI-driven productivity 

gains have been documented, illustrating that AI 

adoption, when properly implemented, can lead to 

improved throughput, resource utilization, and overall 

organizational productivity (Gao & Feng, 2023). 

Together, these findings indicate that AI does not replace 

traditional SCM practices; rather, it can augment and 

enhance them, particularly in complex, dynamic, or data-

intensive contexts where traditional heuristics fall short. 

3. Barriers, Constraints, and the Conditional Nature of AI 

Benefits 

 Despite the potential, the literature is emphatic about 

persistent obstacles that limit AI’s effectiveness in supply 

chain contexts. These constraints can be broadly grouped 

into data-related, organizational, strategic, and 

governance issues. 

●Data Quality, Integration, and Scope: A recurring theme 

in critical analyses is that AI — particularly ML — 

requires large volumes of clean, accurate, and integrated 

data. The report “AI in Supply Chain: Six Barriers to 

Seeing Results” (SupplyChainBrain, 2019) identifies 

“lack of big, clean data” as the foremost barrier. AI 

applications trained on fragmented or low-quality data 

will yield flawed predictions or suboptimal 

recommendations. Consequently, many companies need 

to invest significantly in master data management, real-

time data capture, data cleaning, and inter-system 

synchronization before AI can be effective. 

●Siloed Systems and Compartmentalized AI 

Implementations: Another major challenge arises when 

AI is deployed in a fragmented manner — limited to 

individual functions (e.g., procurement, inventory, 

logistics) without integrating across the end-to-end 

supply chain. Such compartmentalized deployments 

often suffer from “blind spots” and fail to deliver holistic 

optimization benefits. Without cross-functional data 

flows and shared models, the AI will not be able to 

account for upstream and downstream dependencies — 

undermining its value (SupplyChainBrain, 2019; Guida 

et al., 2023a). 

●Organizational Readiness, Skills Gap, and Change 

Management: Implementing AI is not only a technical 

challenge but also a human and organizational one. Many 

companies lack personnel with both supply chain domain 

knowledge and AI/data science expertise. This “AI skills 

gap” often slows adoption, as does resistance to change, 

lack of clear governance structures, and absence of 

shared vision. Analysts argue that organizations must 

commit to training, clear communication, and long-term 

change management (Fosso Wamba et al., 2023; Grover, 

Kar & Dwivedi, 2022). Another risk is the over-

enthusiastic vendor rhetoric: some vendors label heuristic 

or rule-based systems as “AI,” exaggerating benefits 

without delivering genuine machine-learning value 

(SupplyChainBrain, 2019). 

●Cost and Value Justification: Deploying AI at scale — 

integrating across supply chain partners, building real-

time data networks, training models, and maintaining 

infrastructure — often requires substantial upfront 

investment. For companies accustomed to traditional 

SCM, justifying this expense can be difficult, particularly 
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when ROI may realize only over a long timeline. 

Additionally, short-sighted optimization (e.g., focusing 

on a single function) may yield marginal or even negative 

returns if the broader supply chain network destabilizes 

(SupplyChainBrain, 2019). 

●Transparency, Explainability, and Governance: 

Advanced AI techniques, especially neural networks, 

often function as “black boxes.” This lack of 

interpretability raises concerns about decision 

accountability, trust, and compliance — particularly in 

supply chains involving multiple stakeholders. 

Organizations must balance the benefits of automated 

decisions with governance requirements, human 

oversight, and the ability to intervene or override AI-

generated recommendations when needed 

(SupplyChainBrain, 2019; Fosso Wamba et al., 2023). 

These findings converge to emphasize that AI’s value in 

supply chain contexts is highly conditional — contingent 

on robust data infrastructure, organizational readiness, 

cross-functional integration, and effective governance. 

DISCUSSION 

 The synthesis above yields several important theoretical 

and practical implications, illuminates tensions and trade-

offs, and suggests a pathway for future empirical 

research. 

Theoretical Implications: Toward an AI‑Enhanced SCM 

Framework 

 Firstly, the interaction between AI adoption and SCM 

practices suggests a moderated synergy model rather than 

a simple additive or substitutional one. Traditional SCM 

practices form the foundational base — akin to necessary 

preconditions — while AI overlays a higher-order 

capability that unlocks additional performance gains 

under certain conditions. Thus, AI should be viewed not 

as a wholesale replacement for SCM practices but as an 

enabler and intensifier of effective practices. 

This challenges narratives that treat digital 

transformation and AI adoption as panacea-like 

disruptors. Instead, the conceptual framework emerging 

here aligns with organizational and resource-based 

theories: AI becomes a strategic resource whose value 

depends on existing organizational resources (data, 

human capital, process maturity, inter-organizational 

coordination). Without these, AI may yield limited or 

even counterproductive results. 

Secondly, the evidence suggests that contextual factors 

(e.g., supply chain dynamism, volatility, multi-tier 

supplier networks) play a crucial role in mediating AI’s 

impact. AI-driven innovations such as demand 

forecasting, logistics optimization, and supplier scouting 

provide the greatest relative gains when supply chains 

operate under high uncertainty or rapid change (Belhadi 

et al., 2021). In stable, low-variability environments, the 

marginal benefit may be lower, questioning the cost-

benefit balance. 

Thirdly, the uneasy tension between AI’s power and the 

need for explainability and governance points to deeper 

socio-technical challenges. As supply chains increasingly 

involve automated AI-driven decision-making, issues of 

accountability, transparency, trust, and coordination 

across stakeholders become more salient. Effective 

AI‑SCM frameworks must thus incorporate governance 

structures, human oversight, and transparency 

mechanisms, rather than relying solely on algorithmic 

optimization. 

Practical Implications for Managers and Practitioners 

 For practitioners, this synthesis suggests several 

actionable guidelines: 

●Prioritize data governance, master data management, 

and integration before deploying AI tools. Organizations 

should invest in building a single source of truth, real-

time data flows, and cross‑system interoperability across 

the supply chain. 

●View AI adoption as a phased, strategic transformation 

rather than a one-time project. Begin with pilot initiatives 

in targeted areas (e.g., demand forecasting or supplier 

scouting), evaluate results, then progressively expand to 

other functions with cross-functional integration. 

●Combine AI deployment with enhancement of existing 

SCM practices rather than replacing them; strengthen 

process discipline, coordination mechanisms, 

information-sharing practices, and supplier management 

as preconditions for AI success. 

●Invest in human capital, training, and change 

management. Build hybrid teams with both supply chain 

domain expertise and data science/AI proficiency. Ensure 

buy-in across organizational levels, emphasize 

transparency, and plan for long-term maintenance and 

oversight. 

●Establish governance and explainability protocols. 

Ensure that AI-generated decisions are auditable, 

interpretable (at least at a high level), and align with 

organizational and stakeholder values. Provide override 

mechanisms and human-in-the-loop decision points 

where necessary. 

Limitations of the Current Synthesis 

 While the conceptual synthesis offers a structured 

perspective, it has several limitations: 

1.Lack of primary data: Because this article is a 

conceptual synthesis, it does not present new empirical 
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evidence. The conclusions, while grounded in existing 

literature, remain hypothetical until validated through 

empirical research — ideally longitudinal, 

multi‑industry, multi‑region studies. 

2.Limited scope of references: The analysis is 

constrained to the provided references, which — while 

diverse — do not cover all possible dimensions of 

AI‑SCM (e.g., sustainability-related supply chain 

performance, closed-loop/reverse logistics, multi-tier 

global supplier networks, regulatory compliance). 

Emerging but relevant literature (e.g., on AI governance, 

ESG supply chains, closed-loop supply chain 

optimization) lies beyond the current scope. 

3.Potential publication bias: The included studies may 

overrepresent positive findings (e.g., showing significant 

relationships between SCM practices and performance, 

or positive AI impacts). Negative or null results are likely 

underrepresented, which may bias the synthesis toward 

optimistic conclusions. 

4. Generalizability concerns: Many empirical 

studies of SCM practices are based on manufacturing 

firms in specific geographies. The transferability of 

findings to other sectors (services, retail, e‑commerce), 

regions (developing economies), or contexts (multi-tier 

global supply chains) is uncertain. 

5.Rapid technological evolution: AI, ML, and related 

technologies are evolving rapidly. Models, techniques, 

data sources, and ecosystem architectures from even a 

few years ago may become outdated, limiting the 

relevance of past studies to future implementations. 

Future Research Directions 

 To overcome these limitations and build a robust 

evidence base, the following directions are 

recommended: 

●Conduct longitudinal empirical studies across diverse 

industries and geographies, evaluating the performance 

impact of integrated AI + SCM practice interventions 

over multiple years. 

●Design multi-tier supply chain experiments or case 

studies that incorporate suppliers, distributors, logistics 

providers, and end customers to assess how AI-driven 

coordination affects the entire supply chain ecosystem. 

●Investigate governance, transparency, and trust 

dynamics arising from AI-driven decision-making in 

supply chains: how to design AI systems that balance 

optimization with explainability, stakeholder oversight, 

and ethical compliance. 

●Explore sustainability-oriented supply chain 

performance outcomes (e.g., environmental impact, 

waste reduction, resource efficiency) in conjunction with 

AI adoption — especially pertinent under growing 

regulatory and stakeholder pressure for ESG compliance. 

 

●Assess the cost-benefit trade-offs of AI — not only in 

financial terms but also in organizational change costs, 

human capital investments, and technology maintenance 

— to develop maturity models for AI‑SCM adoption. 

●Study the interaction between AI and traditional supply 

chain practices: Are there complementarities? Are there 

contexts where AI undermines good practices (e.g., by 

encouraging over-automation, reducing human oversight 

or supplier relationships)? 

CONCLUSION 

 The integration of Artificial Intelligence into supply 

chain management holds considerable promise. 

Advances in machine learning, supplier scouting, 

demand forecasting, and logistics optimization have the 

potential to elevate supply chain performance in ways not 

possible through traditional approaches alone. However, 

this promise is neither automatic nor guaranteed. The 

evidence synthesized from existing literature suggests 

that the benefits of AI are highly conditional — 

contingent on robust data infrastructure, mature SCM 

practices, organizational readiness, and effective 

governance. 

Rather than viewing AI as a cure-all or replacement for 

traditional SCM methods, practitioners and scholars 

should embrace it as a powerful augmentative 

technology: one that, properly integrated and governed, 

can magnify the effectiveness of existing practices and 

enable new levels of agility, resilience, and performance. 

To realize this potential, organizations must invest in 

foundational capabilities (data, process integration, 

people), adopt a phased, strategically aligned roadmap, 

and maintain human oversight and governance. 

The conceptual framework developed herein offers a 

heuristic guide for both implementation and future 

empirical research. As AI and supply chain ecosystems 

continue to evolve — especially under pressures from 

globalization, sustainability, and supply chain volatility 

— rigorous, evidence-based research will be essential to 

chart a path from promise to performance. 
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