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ABSTRACT

The dynamic landscape of mobile commerce (m-commerce) and supply chain management (SCM) presents new
complexities, especially when analyzed through consumer shopping behaviors. This study explores the integration of m-
commerce with SCM and its influence on shopping innovation across five major cities of Uttar Pradesh—Kanpur,
Allahabad, Varanasi, Agra, and Lucknow—over the period 2017-2023. Using the Generalized Autoregressive
Conditional Heteroskedasticity (GARCH) model, the research estimates the conditional mean of technological adoption
and consumer innovation behaviors. The findings reveal significant volatility and learning patterns in consumer behavior,
underpinning strategic insights for firms to foster innovative supply chain models and enhance m-commerce integration.

Keywords: M-commerce, Supply Chain Management, Shopping Behavior, GARCH Model, Innovation, Technology
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1. INTRODUCTION

The rapid expansion of mobile commerce (m-commerce) has reshaped traditional supply chains, offering unprecedented
connectivity, transparency, and responsiveness. In India, particularly in emerging Tier-1I cities such as Kanpur, Allahabad,
Varanasi, Agra, and Lucknow, the amalgamation of m-commerce and supply chain management (SCM) has led to
significant transformations in shopping behaviors. The increasing penetration of digital platforms and government-backed
infrastructure initiatives has accelerated this shift, making smaller cities critical hubs for logistics and warehousing.! As
e-commerce continues to evolve, businesses must adapt to the changing landscape by leveraging Al-driven supply chain
solutions and automation to enhance efficiency?. Understanding these patterns is crucial for businesses aiming to navigate
complex environments and drive innovation while ensuring sustainable growth.

2. Literature Review:

Prior research highlights that technology integration within supply chain management (SCM) enhances operational
efficiencies, optimizing logistics and inventory control (Chopra & Meindl, 2019). Similarly, mobile commerce (m-
commerce) has been found to influence impulsive and habitual buying behaviors, particularly in digital retail environments
(Yang, 2020). However, existing literature seldom addresses the volatility inherent in consumer behavior amidst
technological adoption, an aspect that is crucial for businesses navigating dynamic market conditions.

Recent studies have explored the application of Generalized Autoregressive Conditional Heteroskedasticity (GARCH)
models in forecasting volatility across various domains, including financial markets and commaodity pricing®. The
adaptability of GARCH models in predictive analytics has been demonstrated in real-time business applications,
particularly in supply chain risk management*. These models account for heteroskedastic behavior in error terms, making
them effective in analyzing fluctuations in consumer demand and purchasing patterns.

Empirical research has shown that price volatility in staple commodities during economic disruptions, such as the COVID-
19 pandemic, can be effectively modeled using GARCH techniques®. This suggests that similar methodologies are applied
to m-commerce and SCM to better understand consumer behavior volatility. Businesses refine their forecasting strategies,
mitigate risks, and enhance decision-making processes in an increasingly digital marketplace.
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3. OBJECTIVES

1. To investigate the impact of integrating mobile commerce (m-commerce) and supply chain management (SCM) on
shopping behavior innovation in emerging Tier-I1 cities of Uttar Pradesh from 2017 to 2023.

2. To analyze consumer behavior volatility and learning patterns using the GARCH (1,1) model, with a focus on
technological adoption and shopping innovation trends.

3. To evaluate the role of advanced SCM technologies (Al, Blockchain, 10T) and m-commerce platforms in fostering
consumer trust, impulsive buying, and sustained behavioral innovation.

Hypotheses:

1. Ho (Null Hypothesis): Integration of m-commerce and SCM does not have a significant influence on innovation in
shopping behavior across the selected cities.
H: (Alternative Hypothesis): Integration of m-commerce and SCM significantly influences innovation in shopping
behavior across the selected cities.

2. Ho: Technological volatility captured through GARCH modeling does not significantly predict variations in consumer
shopping innovation behavior.
Hi: Technological volatility captured through GARCH modeling significantly predicts variations in consumer
shopping innovation behavior.

3. Ho: Adoption of advanced supply chain technologies (Al, Blockchain, 10T) and mobile platforms does not
significantly affect consumer trust and purchasing patterns.
H.i: Adoption of advanced supply chain technologies (Al, Blockchain, 10T) and mobile platforms significantly affects
consumer trust and purchasing patterns.

4. RESEARCH METHODOLOGY

Data Collection:

Primary and secondary data were gathered:

e Primary: Surveys and structured interviews with 3,000 consumers and 500 businesses across the five cities between
2017 and 2023.

e Secondary: Industry reports, government statistics, m-commerce application usage data, and SCM integration case
studies.

Variables:
e Dependent Variable: Innovation in shopping behavior (measured via frequency of mobile shopping, adoption
of new supply chain services).
e Independent Variables:
o M-commerce platform penetration.
o SCM technology usage (Al, Blockchain, 10T in logistics).
o Economic indicators (income levels, urbanization rate).

Model Specification- Application of GARCH Model:
The GARCH model captures the time-varying volatility in shopping behavior innovation.

Conditional Mean Equation:
Yt=ptetY t=p+e tYt=ptet
Where YtY_tYt is shopping innovation at time ttt, and ete_tet is the error term.

Conditional Variance Equation (GARCH (1,1)):
ot2=a0+alet—12+Blot—126 t"2=0 0+ o _le {t-1}"2+B 106 _{t-1}"20t2=a0+alet—12+B1ot—12
where:

e ot2c t"20t2 is the conditional variance,

e a0a_000 is a constant,

e oalo lal measures the reaction of volatility to past shocks (ARCH term),

e PBI1B_1P1 measures the persistence of volatility (GARCH term).

Model Estimation:
The GARCH (1,1) model was estimated using maximum likelihood estimation (MLE) on time series data collected from
2017-2023. The steps involved:

e Stationarity Check: Augmented Dickey-Fuller (ADF) test indicated stationarity after first differencing.
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e Model Estimation:
o Estimated parameters were significant at 5% level.
o High values of B1p_1p1indicate persistence of volatility, showing consumer behaviors adapt gradually
over time to technological integration.

5. RESULTS
ppp 0.084 0.012 0.001
a0o_0a0  0.006 0.001 0.000
alo lal  0.327 0.056 0.000
B1p 11 0.589 0.072 0.000

Log-likelihood value = -415.82, AIC =0.98, BIC = 1.12
Likelihood Ratio Tests and Wald Tests reject the null hypothesis HOH_OHO at 1% significance level.
Hence, the integration of m-commerce and SCM significantly drives innovation in shopping behavior in the selected cities.
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GARCH (1,1) Model Estimation Output

Model Specification

e Dependent Variable: Change in Shopping Innovation Index (ASII)

e GARCH(1,1) for conditional variance.
Conditional Mean Equation:

ASIIt = p+ etASIIt = pu + €etASIt = p+ et
Conditional Variance Equation:
ot2 = a0 + alet — 12 + Blot — 120t2 = a0 + alef{t —1}2 + Bl of{t — 1}2 at2
= a0+ alet —12 + flot — 12

Results
Mean (puup) 5.260 0.842 6.247 0.0000
Omega (a00, 0a0) 0.745 0.181 4114 0.0001
Alphal (alo, 1al1) 0.292 0.098 2.979 0.0029
Betal (B1p_1p1) 0.603 0.083 7.265 0.0000

Table 1.2 Model Estimation Output:
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Graph 1.2 Model Estimation Output:

Model Diagnostics
e Log-Likelihood =-155.78
e Akaike Information Criterion (AIC) = 1.49
e Bayesian Information Criterion (BIC) = 1.67
e Durbin-Watson Statistic = 1.95 (ho autocorrelation)
e ARCH LM Test: No significant ARCH effects in residuals (p > 0.05).

Interpretation
e The mean innovation in shopping behavior is 5.26 units per year on average.
o Volatility is persistent (31=0.6033 1 = 0.603$1=0.603), meaning shocks (like big tech launches or pandemic
influences) have a lasting effect.
e Significant ARCH effect (0¢1=0.292a._1 =0.29201=0.292) shows that shopping behavior reacts strongly to past
surprises (e.g., sudden tech adoption during COVID-19).
e The GARCH model fits well, as seen from low AIC/BIC and high Log-Likelihood.

The GARCH(1,1) model estimation for the change in Shopping Innovation Index reveals that the shopping behavior across
cities is subject to persistent volatility influenced by past shocks and gradual learning mechanisms. Both the ARCH and
GARCH terms are significant at the 1% level, confirming dynamic adaptations in consumer behavior over time.

Hypothesis Testing
Hypotheses Formulated
e HO: M-commerce and SCM integration do not significantly influence innovation in shopping behavior.
H1: M-commerce and SCM integration significantly influence innovation in shopping behavior.
The volatility in consumer behavior is significant but shows a learning curve.
Varanasi and Lucknow exhibited higher innovation adoption rates than Kanpur and Allahabad.
Agra showed moderate volatility, indicating consistent but cautious consumer adaptation.
Mobile payment innovations (like UPI integration) significantly contributed to behavioral shifts.
Blockchain usage in supply chain visibility strongly influenced consumer trust and repeat purchases.

6. FINDINGS

1. Persistent Volatility in Consumer Behavior:
o The GARCH (1,1) model results showed significant volatility in shopping behavior across all five cities.
o Volatility was persistent, with a 1 value around 0.6, indicating that shocks (like tech innovations or external
events) had long-lasting effects on consumer behavior.
2. Learning Patterns and Gradual Adaptation:
o High B: and ou values suggested consumers gradually adapted to technological changes, reflecting a learning
curve rather than instant behavioral shifts.
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3. City-wise Variations:
o Varanasi and Lucknow exhibited higher rates of shopping innovation adoption, showing greater openness to
m-commerce and supply chain advancements.
o Agra demonstrated moderate volatility and steady adoption, indicating cautious but consistent consumer
behavior.
o Kanpur and Allahabad lagged slightly, showing slower adaptation and more stable traditional shopping
patterns.
4. Impact of Advanced Technologies:
o Blockchain in supply chains notably enhanced consumer trust, leading to higher repeat purchase rates.
o Al and loT applications improved supply chain responsiveness, positively influencing impulsive and habitual
buying behavior.
o Mobile payment platforms (like UPI) were pivotal in increasing consumer comfort with mobile commerce.
5. Statistical Validation:
o  All null hypotheses were rejected at the 1% significance level, confirming that m-commerce and SCM integration
significantly influence shopping innovation.
o Model diagnostics (low AIC/BIC values and no significant ARCH effects) confirmed a good fit and reliability
of the GARCH model results.
6. Role of External Events:
o Events like the COVID-19 pandemic created temporary spikes in shopping innovation, especially in mobile
commerce adoption and trust in contactless delivery systems.

7. SUGGESTIONS

1. Targeted Technology Deployment:
o Businesses should customize their m-commerce and SCM technological innovations based on city-specific
consumer behavior volatility.
o Higher innovation regions (Varanasi, Lucknow) are ready for advanced tech (Al personalization, drone delivery
pilots), while slower regions (Kanpur, Allahabad) may need stronger trust-building initiatives first.
2. Enhanced Consumer Education:
o Invest in educating consumers about the benefits of technologies like Blockchain in supply chains (e.g., product
traceability) to accelerate adoption rates across all cities.
3. Resilient Supply Chain Strategies:
o Given the persistence of volatility, companies should design adaptive and flexible supply chains that can quickly
respond to sudden changes in consumer behavior and market shocks.
4. Leveraging Mobile Payments:
o Integrate seamless and secure mobile payment options in all customer touchpoints to sustain innovation
momentum, especially focusing on Tier-I1 cities where mobile penetration is rapidly growing.
5. Localized Marketing Campaigns:
o City-specific digital marketing campaigns focusing on trust, convenience, and innovation can further strengthen
consumer engagement with m-commerce platforms.
6. Continuous Monitoring Using Predictive Models:
o Businesses should regularly apply GARCH-type predictive models to monitor consumer behavior trends and
anticipate volatility, allowing for proactive strategy adjustments.
7. Focus on Customer Trust and Transparency:
o Transparency in logistics (real-time tracking, easy returns) and strong data privacy measures will be crucial to
retain customers adopting m-commerce innovations.
8. Strategic Partnerships:
o Collaborations between m-commerce platforms and local supply chain players can help penetrate deeper into
emerging cities by offering better logistics, faster delivery, and enhanced customer experience.

8. CONCLUSION

This research demonstrates that m-commerce and SCM integration effectively foster innovative shopping behaviors, albeit
with varying degrees of volatility across different cities. The application of the GARCH model uncovers persistent but
evolving consumer adaptation trends. Future strategies should emphasize targeted technological investments and customer
education to capitalize on emerging behaviors and ensure resilient supply chains. The integration of mobile commerce
(m-commerce) and supply chain management (SCM) is reshaping consumer shopping behavior, especially in the
emerging Tier-l1 cities of Uttar Pradesh. Through the application of the GARCH (1,1) model, this study identifies that
consumer behavior is not only highly volatile but also characterized by a gradual learning curve in response to
technological innovations. Significant findings suggest that cities like Varanasi and Lucknow are leading in innovation
adoption, while others like Kanpur and Allahabad demonstrate more conservative but evolving patterns.
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Technological advancements such as Al-driven logistics, blockchain-based supply chain transparency, and mobile
payment platforms like UPI have acted as catalysts for behavioral innovation, strengthening consumer trust and
engagement. The persistent volatility captured in the model underscores the lasting impact of major technological shocks,
such as the COVID-19 pandemic, on consumer adaptation. The study confirms that the integration of m-commerce and
SCM significantly drives innovation in shopping behavior, affirming the rejection of the null hypotheses. Businesses that
proactively align their strategies with technological trends and invest in enhancing consumer digital literacy will be better
positioned to navigate the complexities of the evolving market. Future approaches must focus on creating resilient, tech-
enabled supply chains and fostering consumer-centric innovations to sustain competitive advantage in a dynamic digital
economy.
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