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Abstract- Supply chains are getting disrupted more often
because of pandemics, conflicts, climate change and
market volatility. This shows that we need sustainable
supply chain management. Artificial Intelligence (AI)
and predictive analytics can help improve forecasting,
risk management and environmental sustainability.
Most studies focus on individual Al applications not on
combining multiple machine learning techniques. This
study proposes a framework that combines demand
forecasting, supplier risk prediction, inventory
optimization and sustainability assessment to improve
supply chain resilience and performance. We will collect
data from manufacturing and logistics organizations.
Use machine learning algorithms to evaluate the
relationships between Al capability, predictive analytics,
supply chain resilience, sustainability and operational
performance. This framework should improve decision-
making reduce costs and enhance performance.
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L INTRODUCTION

1.1 Background

Global supply chains are becoming more complex
due to globalization and digital transformation.
Events like the COVID-19 pandemic have exposed
vulnerabilities in  supply chain  systems.
Organizations need systems that can predict
disruptions and support proactive decision-making.
Al Big Data Analytics and Machine Learning are
transforming supply chain operations through
insights, automation and optimization.

1.2 Problem Statement

Many organizations still rely on statistical
forecasting and fragmented decision-support
systems. Although AI technologies have been
adopted in supply chain functions there is limited
research on integrated Al-driven predictive analytics
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frameworks that improve resilience and
sustainability.

1.3 Research Gap

Existing literature shows that Al applications are
mostly investigated independently and sustainability
and resilience are rarely studied together. There is
research on integrating multiple machine learning
algorithms into a unified framework and empirical
validation across industries is insufficient.

1.4 Research Objectives

The primary objective is to develop and validate an
Al-driven predictive analytics framework that
enhances sustainable and resilient supply chain
performance. Specific objectives include examining
the effect of Al capability on analytics investigating
the influence of predictive analytics on supply chain
resilience and analyzing the impact of predictive
analytics on sustainability performance.

IL. REVIEW OF LITERATURE

The increasing frequency of supply chain
disruptions has accelerated the adoption of Al and
predictive analytics to enhance supply chain
resilience and sustainability. Al-driven predictive
analytics enables organizations to anticipate
disruptions, optimize operations and achieve
economic sustainability. Recent studies emphasize
that machine learning, deep learning, big data
analytics, Internet of Things and blockchain
technologies strengthen supply chain visibility and
resilience.

Zamani et al. (2023) conducted a systematic
literature review and concluded that Al and big data
analytics significantly improve supply chain
resilience through accurate demand forecasting,
supplier risk assessment, inventory optimization,
and disruption prediction. Their review highlighted
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those predictive analytics transforms traditional
reactive supply chains into proactive and adaptive
systems capable of responding effectively to
uncertainties.

Smyth et al. (2024) extended this perspective by
examining Al-driven prescriptive analytics in
supply chains. They found that machine learning
models not only predict future disruptions but also
recommend optimal recovery strategies. Their
research identified explainable Al, digital twins, and
real-time optimization as emerging areas that can
improve organizational resilience and operational
efficiency.

Naz et al. (2022) explored AI applications in
sustainable supply chain management using
bibliometric and systematic review methods. Their
findings demonstrated that Al technologies support
sustainable procurement, waste reduction, energy
optimization, carbon emission monitoring, and
circular economy initiatives. The study also
identified predictive analytics as an important
enabler of sustainable decision-making across
supply chain networks.

Qu and Kim (2024) reviewed Al-integrated
technologies in  sustainable supply chain
management and emphasized the combined role of
Al IoT, blockchain, and digital twins. They reported
that integrated digital technologies enhance

transparency, traceability, environmental
performance, and social responsibility while
improving  resilience against  unexpected
disruptions.

Agrawal et al. (2021) examined the role of Al in
developing resilient supply chains following the
COVID-19 pandemic. Their review concluded that
Al significantly improves supply chain visibility,
predictive maintenance, demand forecasting, and
risk mitigation. However, they also highlighted
challenges such as insufficient data quality, high
implementation costs, cybersecurity concerns, and
organizational resistance to Al adoption.

1. CONCEPTUAL FRAMEWORK

The framework consists of Al capability, predictive
analytics capability, supply chain resilience,
sustainability ~ performance and  operational
performance.
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IV.  RESEARCH QUESTIONS

We will investigate the following research
questions:

1. How does Al capability influence predictive
analytics capability?

2. Does predictive analytics improve supply chain
resilience?

3. Does predictive analytics improve sustainability
performance?

4. Does supply chain resilience improve
performance?

5. Does sustainability improve performance?

V. RESEARCH HYPOTHESES

We propose the hypotheses:

HI1: AI capability positively influences predictive
analytics capability.

H2: Predictive analytics capability positively
influences supply chain resilience.

H3: Predictive analytics capability positively
influences sustainability performance.

H4: Supply chain resilience positively influences
performance.

HS5:  Sustainability  performance  positively
influences performance.

VI.  RESEARCH METHODOLOGY

6.1 Research Methodology

This study adopts a explanatory research design to
investigate the influence of Al-driven predictive
analytics on sustainable and resilient supply chain
performance. We will collect data through a
structured questionnaire and secondary data from
company reports ERP records and publicly available
supply chain datasets.

6.2 Research Design

The research uses a design to explain the causal
relationships between Al capability, predictive
analytics capability, supply chain resilience,
sustainability  performance and  operational
performance.

6.3 Population

The target population consists of professionals
employed in organizations that actively use
technologies within their supply chain operations.
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6.4 Sampling Technique

A stratified random sampling technique will be
adopted to ensure representation of different
industries and managerial positions.

6.5 Sample Size
The recommended sample size for Structural
Equation Modelling ranges from 200 to 500
respondents. This study proposes a sample size of
350 respondents.

6.6 Data Collection Instrument
A structured questionnaire will be developed based
on validated measurement scales, from studies.

6.7 Variables
The variables include Al capability, predictive
analytics capability, supply chain resilience,
sustainability  performance and  operational
performance.

VII. DATA ANALYSIS AND INERPRETATION

The collected data will be analysed in several stages
to ensure reliability, validity, and hypothesis testing.

Step 1: Descriptive Statistics

Descriptive statistics summarize the demographic
characteristics of respondents and provide
information on the distribution of responses.

The analysis includes:

» Frequency

» Percentage

» Mean

» Standard Deviation

Table No:1 Descriptive Statistics

Variable Mean Standard
Deviation

Al Capability 4.25 0.58

Predictive 4.18 0.61

Analytics

Supply Chain | 4.10 0.65

Resilience

Sustainability 3.95 0.69

Operational 4.20 0.56

Performance
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Step 2: Reliability Analysis

Cronbach's Alpha will be used to assess the internal
consistency of each construct.

Table No:2 Reliability Analysis

Construct Cronbach's Alpha
Al Capability 0.91
Predictive Analytics 0.89
Resilience 0.88
Sustainability 0.90
Operational 0.92
Performance
Interpretation

All Cronbach's Alpha values exceed 0.70, indicating
that the measurement scales are reliable and
internally consistent

Step 3: Correlation Analysis

Correlation analysis evaluates the strength and
direction of relationships among the variables.

Table No: 3 Correlation Analysis

Variables | Al PA SCR | SP OP

Al 1

PA 079 |1

SCR 0.68 |0.75 |1

SP 0.63 |0.71 | 069 |1

OP 072 10.80 | 077 074 |1
Interpretation

The correlation matrix indicates positive
relationships among all variables. Predictive
Analytics Capability demonstrates a strong positive
correlation with Operational Performance (r = 0.80),
suggesting that organizations with advanced
predictive analytics capabilities tend to achieve
superior operational outcomes.

Step 4: Structural Equation Modeling (SEM)

Table No: 4 SEM evaluates the proposed

hypotheses.
Hypothesis | Path p- Decision
Coefficient | value
H1 0.82 <0.001 | Supported
H2 0.75 <0.001 | Supported
H3 0.69 <0.001 | Supported
H4 0.71 <0.001 | Supported
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H5 | 0.66
Interpretation

| <0.001 | Supported |

The SEM results reveal that Al Capability has a
statistically significant positive effect on Predictive
Analytics Capability (B = 0.82, p < 0.001).
Predictive Analytics Capability also significantly
enhances  Supply  Chain  Resilience and
Sustainability Performance, which subsequently
improve Operational Performance. These findings
support all proposed hypotheses and validate the
conceptual framework.

Machine Learning Analysis
We compared three algorithms:
* Random Forest

* XGBoost

* LSTM

We looked at:

* Accuracy

* Precision

* Recall

* Fl-score

* RMSE

* MAE

Table No: 5 Machine Learning Analysis

Algorith | Accurac | Precisio | Recal | F1
m y n 1 Scor
e

Random | 91% 90% 89% | 90%
Forest

XGBoost | 94% 93% 92% | 93%
LSTM 96% 95% 95% | 95%

Interpretation

Among the evaluated algorithms, LSTM
demonstrates the highest predictive performance,
achieving 96% accuracy and the strongest F1 score.
This indicates that LSTM is particularly effective for
time-series demand forecasting and disruption
prediction within supply chain environments.

Results and Interpretation
Figure 1. Distribution of Respondents by Industry

Figure 1 illustrates the distribution of respondents
across different industries participating in the study.

Industry Number of Respondents
Manufacturing | 120
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Retail 80
Logistics 60
Healthcare 40
Others 20
Total 320
Interpretation

Figure 1 shows that the manufacturing sector
contributed the highest number of respondents
(120), representing 37.5% of the total sample. This
indicates that manufacturing organizations are
strongly represented in the study, making the
findings particularly relevant to production-oriented
supply chains. Retail (80 respondents) and logistics
(60 respondents) also constitute significant portions
of the sample, providing insights into distribution
and transportation operations. Healthcare (40
respondents) and other industries (20 respondents)
contributed comparatively fewer responses. The
diverse representation across industries improves
the generalizability of the study's findings.
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Figure 2. Average Scores of Research Constructs

Figure 2 presents the mean scores of the major
research constructs measured using a five-point
Likert scale.

Construct Mean Score
Al Capability 4.25
Predictive Analytics 4.18

Supply Chain Resilience 4.12

Sustainability Performance | 4.05

Operational Efficiency 3.98
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Interpretation

Figure 2 indicates that Al Capability achieved the
highest average score (Mean = 4.25), demonstrating
that respondents strongly believe Al technologies
significantly improve supply chain performance.
Predictive Analytics (4.18) and Supply Chain
Resilience (4.12) also received high ratings,
suggesting that organizations recognize the
importance of data-driven forecasting and proactive
risk management. Sustainability Performance (4.05)
and Operational Efficiency (3.98) were positively
evaluated, indicating that Al adoption contributes to
both environmental sustainability and operational
improvements.
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Al Capability got the score.

Figure 3. Performance Comparison of Machine
Learning Models

Figure 3 compares the prediction accuracy of
different machine learning algorithms used in supply
chain predictive analytics.

Machine Learning | Prediction Accuracy
Model (%)
LSTM 96
XGBoost 93
Random Forest 91
Support Vector | 88
Machine
Decision Tree 84
Interpretation
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Figure 3 demonstrates that the Long Short-Term
Memory (LSTM) model achieved the highest
prediction accuracy (96%), making it the most
effective algorithm among those evaluated.
XGBoost followed with an accuracy of 93%, while
Random Forest achieved 91%. Support Vector
Machine and Decision Tree models showed
comparatively lower accuracies of 88% and 84%,
respectively. These findings suggest that deep
learning models such as LSTM are particularly
effective for handling complex, time-dependent
supply chain data, enabling more accurate demand
forecasting, disruption prediction, and resilience
planning.
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LSTM was the best.

VIII. FINDINGS

o Artificial Intelligence is important for supply
chains.

o It helps with predicting what will happen making
supply chains stronger and reducing waste.

e Machine learning algorithms are good at
predicting what will happen and making supply
chains better.

o There are challenges like getting good data and
keeping it safe.
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IX. SUGGESTIONS

e We should make a system that combines
analytics, optimization and sustainability.

e Companies should invest in data and cloud-
based platforms.

e We should also make sure that our machine
learning models are transparent and fair.

e Overall Artificial Intelligence is changing supply
chain management

e It helps companies predict what will happen
make their supply chains stronger and reduce
waste.

e We need to overcome some challenges to make
the most of Artificial Intelligence.

X. CONCLUSION

Artificial Intelligence-driven predictive analytics is
transforming modern supply chain management by
enabling organizations to anticipate disruptions,
optimize operational performance, and achieve
sustainability —objectives simultancously. The
integration of machine learning techniques with
advanced digital technologies provides
organizations with enhanced predictive capabilities,
real-time visibility, improved risk management, and
data-driven decision-making, thereby strengthening
supply chain resilience in increasingly uncertain
business environments. The literature consistently
demonstrates that Al not only improves operational
efficiency and financial performance but also
supports environmental sustainability through
optimized resource utilization, reduced waste, lower
carbon emissions, and enhanced supply chain
transparency. However, realizing the full potential of
Al requires overcoming challenges related to data
availability, system integration, implementation
costs, cybersecurity, workforce capabilities, and
ethical considerations. Therefore, an integrated

machine learning framework that combines
predictive  analytics, optimization, resilience
assessment, and sustainability measurement offers a

promising direction for future research and
industrial practice. Such a framework can help
organizations build intelligent, agile, sustainable,
and resilient supply chains capable of responding
effectively to future disruptions while maintaining
long-term competitive advantage.
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