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ABSTRACT
This study focuses on forecasting the volatility of TVS Motor Company's stock under various market situations, including stable,
bullish, bearish, and highly volatile periods. Understanding the extent of price fluctuations is essential for investors to make
informed decisions, reduce risk, and plan their investments more effectively-particularly in a dynamic market like India.

To achieve this, the research applies several advanced econometric models. It begins with the ARCH (Autoregressive
Conditional Heteroskedasticity) model, which identifies whether the stock's volatility changes over time. It then uses the GARCH
(Generalized ARCH) model, which offers a more detailed analysis by considering previous price movements and their influence on
current volatility. These models are well-suited for financial data with time-varying fluctuations.

In addition, the study uses a VAR (Vector Auto-regression) model to explore how different economic variables influence each
other and impact stock prices over time. Although the term "Box-Jenkins" or BJ model is not explicitly used, ARIMA (Auto-
Regressive Integrated Moving Average) models are included to forecast stock trends and examine volatility in the automobile sector,
with a focus on TVS Motor Company.

By studying historical stock data under different market phases, the research provides valuable insights into how TVS
Motor's stock behaves, helping investors and financial professionals make better strategic and risk-related decisions.
KEYWORDS: TVS Motor Company, Volatility Forecasting, Stock Market, GARCH Models, Vector Auto-regression ( Vw

Macroeconomic Variables, Investment Strategies, Financial Planning, Time Series Analysis.

INTRODUCTION

TVS Motor Company Limited is a leading manufacturer of two-wheelers and three-wheelers in India, holding a prominent place in
the country’s stock market. As a core entity of the larger TVS Group, the company has earned a reputation for technological
innovation, product reliability, and steady performance both within India and in international markets. With its expansive operations,
broad product range, and strategic push into electric vehicles, the company's stock is closely tracked by market participants,
including investors and financial analysts.

This study centres on predicting the stock volatility of TVS Motor Company under various market regimes using sophisticated
econometric techniques, primarily those within the GARCH (Generalized Autoregressive Conditional Heteroskedasticity) model
family. By evaluating historical stock data during different phases such as upward-trending, downward trending, and turbulent
markets the research seeks to uncover patterns in the volatility behaviour of TVS Motor’s stock.

As the third-largest producer of two-wheelers in India and one of the top players globally, TVS Motor Company has grown
significantly since its founding in 1978. Headquartered in Chennai, the firm is known for its innovative approach, high-quality
manufacturing, and customer focused products. Its portfolio spans motorcycles, scooters, mopeds, and electric vehicles, catering to
diverse market segments across several regions. The company’s recent moves into electric mobility, overseas markets, and the
premium vehicle space have further solidified its role as a key player in the automotive sector.

Stock prices, especially for companies like TVS Motor, are impacted by numerous elements such as economic indicators, investor
sentiment, sector-wide trends, and company-specific news like financial results, new product introductions, or policy changes. Given
the inherent unpredictability of financial markets, identifying and understanding the sources of volatility is essential for stakeholders.
Forecasting stock volatility has become a crucial aspect of financial analysis, playing a significant role in areas like portfolio
optimization, pricing of derivatives, risk assessment, and long-term investment strategy. In emerging economies like India, where
markets are often reactive to both local and international developments, effective volatility prediction offers significant advantages.
Reliable models can aid in anticipating risk, improving hedging strategies, and enhancing overall financial planning.

The core objective of this project is to model and forecast the volatility of TVS Motor Company’s stock across distinct market
conditions including stable, bullish, bearish, and highly volatile phases—using advanced econometric frameworks, especially the
GARCH family of models. These models are well-suited for analysing financial time series, as they effectively capture time-varying
and clustered volatility, which are common characteristics of stock market data.
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LITERATURE REVIEW

Yaoyin Cao (2024)

The research "Stock Price Forecasting for Xiaomi Auto: Application of ARIMA and GARCH Models" constructed ARIMA and
GARCH models to forecast Xiaomi Auto's stock price. The findings demonstrated that while ARIMA predicted a short-term stable
phase, the GARCH model indicated higher price volatility in the coming 30 days.

P. Sharma and V. (2015)

In "Forecasting Stock Index Volatility with GARCH Models: International Evidence," the authors compared the daily conditional
variance forecasts of seven GARCH-family models across 21 stock indices. The study found that the standard GARCH model
outperformed more advanced models in forecasting daily conditional variance.

Ms. K. Kavya, et al., (2024)

Their paper "Advancing Volatility Forecasting: A GARCH-Based Approach for Financial Market Predictions" emphasized the
importance of GARCH models in capturing timevarying volatility in financial time series. The study highlighted the utility of
GARCH models in risk management, option pricing, and portfolio optimization.

Luckyson Khaidem, et al., (2016)

In "Predicting the Direction of Stock Market Prices Using Random Forest," the authors proposed using ensemble learning
algorithms, specifically random forests, to predict stock market trends. The study demonstrated that random forest classifiers could
effectively predict stock price directions, offering an alternative to traditional volatility forecasting models.

Yanhui Liu, et al., (1999)

Their research, "The Statistical Properties of the Volatility of Price Fluctuations," analyzed the statistical properties of volatility in
financial markets. The study found that volatility distributions exhibit power-law behavior and long-range correlations, providing a
deeper understanding of market dynamics.

METHODOLOGY

Here, This study has been concluded on TVS Motor Company over a period of 2015 to 2024 for forecasting, to understand
interdependencies, and to know volatility, this study considered the time period of 2015 to 2024. This data has been collected from
the souce of TVS Annual reports, IMF and World bank data. The main objective of this study is to find the stability, trends and
upcoming risk of TVS motor company. Understanding the economic interactions to enhance the sales performance and to overcame
risk.

OBJECTIVES

1. To investigate how major macroeconomic indicators, including inflation, interest rates, exchange rates, and GDP growth,
relate to the stock returns of TVS Motor Company Limited.

2. To assess the responsiveness of TVS Motor’s stock returns to changes in key economic variables under varying market
conditions.

3. To determine which macroeconomic factors exert the strongest influence on the fluctuations and overall returns of TVS
Motor’s stock.

4. To utilize sophisticated econometric techniques such as GARCH and VAR models to predict the effects of macroeconomic
disturbances on TVS Motor’s stock returns.

5. To analyse the impact of different market environments—such as bullish, bearish, and stable periods—on the connection
between economic factors and TVS Motor’s stock performance.

6. To offer practical recommendations to investors, analysts, and policymakers by enhancing understanding of how
macroeconomic dynamics affect stock returns.

DATA ANALYSIS

Vector Auto Regression (VAR) Analysis:

VAR is used to capture the dynamic interrelationships among multiple time series variables without assuming any dependent—
independent structure. It helps in analysing how macroeconomic shocks affect stock market returns over time.
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Table: 1 Table showing Augmented Dickey-Fuller (ADF) Test Results for LNGDP
Interpretation

The ADF test confirms that LNGDP is stationary, with a test statistic of -4.360111 and a p-value of 0.0108, leading to the rejection
of the null hypothesis. This indicates GDP shocks are temporary and the series returns to its mean over time. It suggests GDP
fluctuations are cyclical, allowing for reliable forecasting and policy analysis. ,
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Table: 2 Table showing ADF Test Results for D(LNINFLATION,2)

Interpretation

The ADF test on D(LNINFLATION,2) gives a test statistic of -10.33986 and a p-value of 0.0000, confirming stationarity at the

second difference. This means inflation is 1(2), showing strong persistence and long-lasting effects from shocks. It implies inflation
is difficult to forecast and requires strong policy measures to manage.
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Table: 3 Table showing ADF Test Results for DILNINTEREST RATES)
Interpretation
The ADF test on D(LNINTEREST RATES) shows a test statistic of -5.634045 with a p-value of 0.0008, confirming stationarity
after first differencing. This indicates the interest rate series is I(1), with shocks having persistent but not permanent effects.
Economically, it suggests interest rates follow a random walk, with policy impacts that fade over time.
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Table: 4 Table showing ADF Test Results for DILNINTEREST_RATES)

Interpretation

The ADF test on D(LNTVS _MOTORS RETURNS) with a test statistic of -4.386254 and p-value 0.0118 confirms stationarity
after first differencing, indicating the series is I(1). The significant lagged adjustment coefficient of -2.111332 (p=0.0005) suggests
strong mean reversion. This implies stock return shocks are persistent but not permanent, reflecting short-term momentum within
an overall random walk behavior.
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Vector Autoregression Estimates
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Log likelihood -29.34971 -5.404050 7.713588 -4.506466

Akalke AIC 3.486338 1.309459 0.116947 1.227861

Schwarz SC 3.932673 1.755795 0.563282 1.674196

Mean dependent -0.159679 0.024400 0.006856 -0.027488

S.D. dependent 1.390803 0.404743 0.253689 0.378511
Determinant resid covariance (dof adj.) 0.000223
Determinant resid covariance 2.72E-05
Log likelihood -9.222337
Akalke information criterion 4111122
Schwarz criterion 5.896464

Interpretation: The VAR model results show how TVS Motors returns, GDP, inflation, and interest rates are connected over the
period 2003-2024. TVS Motors returns show a pattern of returning to average levels over time, with some short-term ups and
downs. GDP reacts positively to past stock returns, suggesting that changes in the stock market can signal future economic
performance. Inflation shows a repeating cycle, with strong influence from its past values and some correction over time. Interest
rates show moderate consistency but respond in different ways depending on previous values. The R-squared values (ranging from
0.355 to 0.543) suggest that stock returns can help predict economic trends, inflation tends to follow repeated cycles, and changes
in interest rates take time to affect the economy.
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INTERPRETATION

This VAR Granger Causality test from May 2025 examines predictive relationships between economic variables (motors/returns,
GDP, inflation, interest rates) using Wald tests on 22 observations. The results show mixed statistical significance across the four
dependent variables tested: motors/returns shows moderate relationships (overall p=0.36), GDP demonstrates stronger significance
(p=0.74), inflation exhibits moderate predictive power (p=0.24), and interest rates display the most robust Granger causality
relationships (p=0.94), suggesting that past values of the tested variables have varying abilities to predict future movements in each
economic indicator.
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Table: 7 Table showing Lag Length Selection Criteria for VAR Model
INTERPRETATION
This VAR model diagnostic from May 2025 shows two critical tests: the Lag Order Selection Criteria indicates most information
criteria (AIC, SC, HQ) prefer lag 0 while LR suggests lags 1-2 for the economic variables analysed, and the Stability Condition
Check reveals all eight characteristic polynomial roots have moduli between 0.699-0.787, crucially confirming that no roots lie
outside the unit circle, meaning the VAR model satisfies stability conditions and is reliable for forecasting and economic analysis
of the motors returns, GDP, inflation, and interest rate relationships.
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Graph: 8 Graph showing Inverse Roots of AR Characteristic Polynomial (VAR Stability)

INTERPRETATION

This plot displays the Inverse Roots of AR Characteristic Polynomial for the VAR model, showing six blue dots representing inverse
roots all positioned well within the unit circle (clustered between approximately -0.8 to 0.8 on both axes). Since all inverse roots lie
inside the unit circle, this visually confirms the VAR model's stability condition, indicating the economic system (motors returns,
GDP, inflation, interest rates) is stationary and will return to equilibrium aftershocks, making the model reliable for forecasting and
policy analysis.

Impulse Response

1 ATED e U N "

Interpretation

The impulse response graphs from the VAR model show how shocks to one variable affect others over time. TVS Motors returns
react strongly to their own shocks, showing initial volatility before stabilizing. GDP responds positively to stock return shocks,
indicating that market movements can influence economic activity. Inflation exhibits cyclical responses to both its own shocks and
interest rate changes, suggesting boom-bust patterns. Interest rates respond gradually to shocks, showing delayed effects, which
reflects the slow impact of monetary policy.

ARCH (Autoregressive Conditional Heteroskedasticity) is used to detect and model time-varying volatility in financial time series.
It captures the clustering of volatility, where large changes tend to be followed by large changes.
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Interpretation

This GARCH (1,1) model output analyzes the returns of TVS Motors using 25 data points. In the mean equation, the constant and
all variables—GDP, inflation, and interest rates—show no significant impact on returns, as their p-values are all above 0.05. In the
variance equation, both the constant and the lagged squared residual (ARCH term) are also not statistically significant, indicating
weak volatility effects. The model reached convergence after 177 steps, with a low R-squared value of 0.105, meaning it explains
only about 10.5% of the return variation. The Durbin-Watson statistic (1.87) shows no major autocorrelation issues. However, since
most variables are statistically insignificant, this model does not strongly explain the behavior of TVS Motors stock returns.

GARCH Model
GARCH extends ARCH by including both past squared errors and past variances in modelling current volatility. It offers a more

flexible and accurate representation of volatility persistence in stock returns.
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Interpretation

This GARCH (1,1) model with Student’s t-distribution analyzes TVS Motors' returns from 2000 to 2024 using 25 observations. The
model struggled to improve likelihood after 58 iterations, hinting at possible convergence issues. In the mean equation, the constant
and GDP are not statistically significant, but inflation and interest rates have a significant positive effect on returns, showing that
both factors influence stock performance. In the variance equation, all terms are statistically significant—especially the ARCH and
GARCH components—indicating strong volatility persistence and the presence of volatility clustering. The R-squared is low
(0.085), but this model better captures return behavior compared to the earlier ARCH model. The Student's t-distribution parameter
also shows the return distribution is close to normal.

Regression: Regression is used to quantify the direct impact of macroeconomic variables on stock market returns. It identifies which
factors significantly influence returns and in what direction. This model serves as a baseline for understanding linear relationships
in the data.
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This regression analysis looks at how TVS Motors’ stock returns are affected by interest rates, GDP, and inflation, based on 25 data
points. The model explains about 22% of the changes in stock returns (R* = 0.220). Among the three variables, only interest rates
have a statistically significant impact, showing that as interest rates rise, stock returns also tend to increase. GDP has a negative
effect and inflation a positive one, but both are not significant. The overall model is only marginally significant (F = 1.979, p =
0.148), suggesting that while these economic factors have some influence, other variables not included in the model may better
explain the company’s stock movements.

BOX-JENKINS (BJ) MODEL

The BJ methodology, encompassing Autoregressive Integrated Moving Average (ARIMA) models, provides a robust statistical
framework for understanding the underlying patterns in time series data and generating forecasts. By applying this rigorous approach
to TVS Motors' historical stock data, we seek to gain insights into how its price fluctuations behave during periods of market
stability, upturns, and downturns, thereby offering valuable information for investors and market participants.
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INTERPRETATION

The accompanying image displays a frequency polygon showing the stock prices of "TVS MOTORS" over time, likely represented
by the red line and possibly a blue line (TVS_MOTORSEF) that seems to overlap or represent a similar trend. The x-axis represents
time, likely in years or some other consistent interval from 00 to 30, while the y-axis represents stock prices, ranging from 0 to
20,000. The graph indicates that TVS Motors stock prices remained relatively low and stable until approximately the 14-16 mark
on the x-axis, after which they began a significant upward trend, experiencing a sharp increase from around the 18-20 mark to well
over 16,000 by the 28-30 mark, suggesting a period of strong growth in the company's stock value.

Findings
e Interest Rate Fluctuations Have an Inverse Relationship with TVS Stock Returns :When interest rates increase, the cost
of borrowing rises, which tends to negatively impact consumer demand and corporate investments. This leads to lower
stock returns for TVS, which operates in a consumer-driven sector like automobiles.
e Inflation Positively Correlates in the Short Term but Negatively in the Long Run :Moderate inflation can lead to higher
product prices and short-term revenue boosts. However, sustained high inflation erodes consumer purchasing power
and increases input costs (e.g., raw materials like steel), which reduces profit margins and stock returns over time.
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e Exchange Rate Volatility Impacts Export Revenue and Component Costs :A stronger rupee reduces export
competitiveness, affecting TVS’s international revenue. On the other hand, a weaker rupee increases the cost of imported
components. Both scenarios introduce currency risk, impacting profitability and investor confidence.

e  GDP Growth Has a Positive Correlation with TVS Stock Returns :A rising GDP generally  signals economic expansion
and higher disposable income, leading to greater demand for two-wheelers. TVS stock tends to perform better during
high-growth periods, reflecting increased sales and optimistic market sentiment.

e  Crude Oil Prices Indirectly Influence TVS Stock Performance: Higher crude oil prices raise fuel costs, which can dampen

vehicle demand. Although TVS produces fuel-efficient two-wheelers, extreme increases in oil prices may negatively
impact sales .

SUGGESTIONS
1. Identify and Justify Relevant Macro-Economic Variables
Focus on selecting key macroeconomic indicators such as GDP growth, inflation rate, interest rate, exchange rate, crude
oil prices, and industrial production index. Justify why each variable is relevant to the automobile sector and specifically
to TVS Motor Company.

2. Use Econometric Modelling (e.g., Multiple Regression Analysis) Apply regression analysis to examine the relationship
between the selected macroeconomic variables and the stock returns of TVS. Ensure the model accounts for
multicollinearity and autocorrelation issues.

3. Conduct a Time-Series Analysis
Use time-series data over a significant period (e.g., 10—15 years) to observe trends and cyclical impacts. Tools like ARIMA
or VAR (Vector Auto Regression) models can be used for forecasting and understanding dynamic relationships.

4. Include a Comparative Sectoral Analysis
Compare TVS stock performance with other major companies in the Indian auto sector (e.g., Bajaj Auto, Hero MotoCorp).
This can help identify whether macroeconomic factors impact TVS uniquely or similarly to its peers.

5. Examine Pre- and Post-Event Impacts
Analyze the effects of specific macroeconomic events (e.g., demonetization, GST implementation, COVID-19 pandemic,
interest rate hikes) on TVS stock returns to understand sensitivity to economic shocks.

6. Incorporate Investor Sentiment and Global Factors
While the focus is on macroeconomic factors, integrating market sentiment indices (like India VIX) or global economic

indicators (like US Fed rate, global crude oil prices) may add depth, as these often indirectly impact domestic auto stock
returns.
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