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Abstract

Financial markets in emerging economies are characterized by pronounced volatility clustering,
fat-tailed return distributions, and heightened sensitivity to macroeconomic shocks. Despite
growing scholarly interest in volatility modelling, a comprehensive examination of the role of
macroeconomic fundamentals—particularly inflation, industrial output, and exchange rate
fluctuations—in driving stock market volatility within the developing-country context remains
insufficiently explored. The present study investigates the macroeconomic determinants of stock
market volatility in a representative emerging economy over a twenty-five-year period, employing
a suite of Generalized Autoregressive Conditional Heteroscedasticity (GARCH)-family models as
the primary analytical framework. Monthly observations spanning January 1985 to December
2009 were analysed using descriptive statistics, Pearson correlation, multiple regression with
GARCH error structures, one-way ANOVA, and chi-square contingency analysis. The findings
reveal that lagged conditional volatility, inflation rate, and exchange rate depreciation are
significant positive predictors of subsequent volatility, whereas industrial output growth exerts a
significant dampening effect. GARCH (1,1) augmented with macroeconomic covariates
substantially outperforms the baseline OLS regression in log-likelihood and information criteria.
The results further indicate that volatility regimes differ significantly across market phases, with
bear markets exhibiting the highest conditional variance. These findings carry important
implications for portfolio risk management, monetary policy formulation, and the design of capital
market regulatory frameworks in developing economies.

Keywords: Stock market volatility, GARCH models, macroeconomic determinants, emerging
markets, conditional heteroscedasticity, exchange rate, inflation
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Introduction

The relationship between
macroeconomic fundamentals and financial
market behaviour has been a cornerstone
inquiry in empirical finance and economic
policy since the seminal contributions of
Fama (1981) and Chen, Roll, and Ross
(1986). Stock markets, as forward-looking
mechanisms that aggregate and discount
future expectations, are inherently sensitive
to shifts in the macroeconomic environment.
In emerging economies, this sensitivity is
amplified by structural vulnerabilities
including thin market liquidity, informational
asymmetries, institutional fragility, and
underdeveloped regulatory frameworks. As a
consequence, understanding what drives
stock market volatility in such economies has
both theoretical and practical significance.

Volatility—broadly defined as the
conditional variance of asset returns—is not
merely a statistical property but carries
substantive economic meaning. High and
unpredictable  volatility deters foreign
investment, raises the cost of capital, and
undermines the allocative efficiency of
financial markets (Engle, 1982; Bollerslev,
1986). In the context of emerging markets,
episodes of extreme volatility have
frequently been linked to currency crises,
inflationary spirals, and disruptions in real
output—yet the direction, magnitude, and
persistence of these linkages remain
empirically contested.

The development of ARCH and
GARCH class models by Engle (1982) and
Bollerslev (1986) provided econometricians
with powerful tools to capture the stylized
facts of financial time series: volatility
clustering, leptokurtosis, and asymmetric
responses to shocks. Subsequent
extensions—including EGARCH (Nelson,
1991), TGARCH (Zakoian, 1994), and
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IGARCH (Engle & Bollerslev, 1986)—
further refined the modelling apparatus.
However, most applications of these models
have focused on developed capital markets,
and the incorporation of macroeconomic
predictors within GARCH specifications for
emerging economies remains relatively
sparse in the literature prior to 2010.

The present study seeks to address
this gap by conducting a systematic empirical
investigation of the macroeconomic
determinants of stock market volatility within
an emerging-economy setting. Specifically,
the study examines whether inflation,
industrial output, and the exchange rate—
three key macroeconomic barometers—
exhibit  statistically  significant  and
economically meaningful relationships with
conditional stock return volatility, after
controlling for the inherent autoregressive
structure of volatility itself. The study
employs a range of econometric techniques
including GARCH(1,1) with exogenous
regressors, multiple OLS regression, Pearson
correlation analysis, one-way ANOVA, and
chi-square tests to provide a multi-
dimensional view of the volatility-
macroeconomy nexus.

2. Review of Literature

The scholarly discourse on the
interaction between macroeconomic
variables and stock market volatility draws
from multiple theoretical traditions and has
evolved considerably over the past four
decades. This section surveys the relevant

literature organized thematically,
encompassing  theoretical ~ foundations,
empirical evidence from  developed

economies, and evidence from emerging
markets.
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2.1 Theoretical Foundations of Stock
Market Volatility

The arbitrage pricing theory (APT),
introduced by Ross (1976), posited that asset
returns are driven by multiple systematic
factors, providing a theoretical basis for
linking macroeconomic variables to equity
returns and their volatility. Building on this,
Chen, Roll, and Ross (1986) empirically
demonstrated that industrial production
growth, inflation surprises, the yield spread
between long- and short-term government
bonds, and the spread between high- and low-
grade corporate bonds are priced risk factors
in the U.S. equity market. This work
established the intellectual scaffold upon
which subsequent macroeconomic-volatility
investigations were constructed.

Fama (1981) proposed that stock
prices are driven by expectations about future
real economic activity, arguing that the
positive correlation between stock returns
and real economic variables—and the
negative correlation with inflation—reflects
the  real-economic-activity =~ component
embedded in equity values. Fama and
Schwert (1977) further documented that
unexpected inflation is negatively correlated
with stock returns, a finding subsequently
interpreted through the Fisher hypothesis and
the monetary transmission mechanism.

The efficient market hypothesis
(EMH) in its semi-strong form (Fama, 1970)
implies that all publicly available
information, including macroeconomic data
releases, is instantaneously reflected in asset
prices. However, considerable empirical
evidence accumulated through the 1980s and
1990s questioned the strictness of this
proposition,  especially in  markets
characterized by information frictions and
institutional underdevelopment.
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2.2 ARCH and GARCH Models:
Foundational Contributions

The seminal contribution of Engle
(1982), which introduced the Autoregressive
Conditional ~ Heteroscedasticity (ARCH)
model, fundamentally transformed the
empirical analysis of financial time series. By
modeling the conditional variance as a
function of past squared residuals, the ARCH
model captured the wvolatility clustering
phenomenon—whereby large changes in
asset prices tend to be followed by large
changes, and small changes by small
changes—that characterizes virtually all
high-frequency financial data.

Bollerslev (1986) extended Engle's
framework to the Generalized ARCH
(GARCH) model, allowing the conditional
variance to depend on both past squared
residuals and past conditional variances. This
parsimonious  parameterization  proved
extraordinarily flexible and became the
workhorse model for volatility estimation in
academic and practitioner settings alike.
Bollerslev, Chou, and Kroner (1992)
provided an extensive survey of ARCH-class
models applied to financial time series,
cataloguing the empirical regularities
captured by these models across diverse asset
classes and markets.

Nelson (1991) introduced the
Exponential GARCH (EGARCH) model,
which addressed the well-documented
asymmetry in stock return volatility: negative
shocks tend to increase volatility by more
than positive shocks of equal magnitude—the
so-called leverage effect. The EGARCH
parameterization allowed the conditional
variance to respond asymmetrically to
positive and negative innovations, an
empirically important feature subsequently
confirmed in numerous studies of both
developed and emerging market equities.
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Zakoian  (1994) proposed the
Threshold GARCH (TGARCH), or GJR-
GARCH, as an alternative asymmetric
specification. Unlike the EGARCH, the
TGARCH augments the standard GARCH
variance equation with an additional term
activated when past innovations are negative,
providing a direct measure of the asymmetric
volatility response. Glosten, Jagannathan,
and Runkle (1993) independently developed
a similar model, which has been widely
applied to examine asymmetries in index and
individual stock return volatility.

2.3 Macroeconomic Variables and Stock
Return Volatility

Schwert (1989) conducted one of the
most comprehensive early investigations of
the macroeconomic sources of stock market
volatility, examining U.S. data over a long
historical period. He documented that stock
market volatility is positively related to
economic uncertainty, financial leverage, and
the volatility of inflation and money growth.
However, Schwert found that observable
macroeconomic variables explained only a
modest fraction of the total variation in stock
return volatility, suggesting the importance of
market-specific factors.

Campbell and Hentschel (1992)
examined the relationship between expected
stock returns and conditional variance,
finding evidence consistent with the risk-
return tradeoff predicted by standard asset
pricing theory. Their work provided an
important empirical counterpart to the
theoretical models linking volatility to risk
premia and expected returns. Pindyck (1984)
offered an early structural model in which
changes in the risk premium associated with
equity markets—driven by uncertainty about
future cash flows—constituted a primary
source of stock price volatility.
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Ferson and  Harvey  (1991)
documented that the predictability of stock
returns across international markets is
primarily attributable to variation in
macroeconomic risk factors rather than
country-specific idiosyncratic factors. Their
cross-country analysis provided early
evidence that macroeconomic fundamentals
drive equity market dynamics in a broadly
consistent ~manner across economies,
although the magnitudes and signs of these
relationships vary with structural
characteristics.

Hamilton and Lin (1996) employed a
regime-switching model to examine the
relationship  between  macroeconomic
fluctuations and stock market volatility,
finding that economic recessions account for
a disproportionate fraction of the observed
variation in equity volatility. Their analysis
highlighted the nonlinear relationship
between macroeconomic conditions and
financial market behaviour, suggesting that
single-regime linear models may understate
the economic significance of the macro-
volatility nexus.

2.4 Exchange Rates, Inflation, and
Output in Emerging Markets

Aggarwal (1981) was among the first
to systematically investigate the exchange
rate-stock price relationship, documenting a
positive association between the U.S. dollar
effective exchange rate and aggregate stock
prices. This relationship has since been
extensively examined in both developed and
developing country contexts, with the
direction and magnitude of the relationship
found to depend critically on the trade
structure and foreign asset exposure of the
economy in question.

Granger, Huang, and Yang (2000)
examined the causal relationships between
stock prices and exchange rates in nine Asian
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economies during and after the 1997-1998
financial crisis, finding bi-directional
causality in several cases and significant
time-variation in these relationships. Their
work underscored the importance of the
institutional and macroeconomic context in
shaping the exchange rate-equity nexus.

Mukherjee and Naka (1995)
employed vector error correction models to
examine the relationship between six
macroeconomic variables—including
inflation, money supply, exchange rate,
industrial ~ production, and long-term
government bond yield—and the Japanese
stock market. They found a cointegrating
relationship between the stock market and the
macroeconomic fundamentals, and
documented that exchange rate depreciation
exerted a negative effect on equity values
through its impact on trade competitiveness
and corporate earnings.

Maysami and Koh (2000) extended
this line of inquiry to the Singapore stock
exchange, finding significant long-run
relationships between stock returns and
changes in inflation, money supply, short-
and long-term interest rates, exchange rates,
and industrial production. Their results
confirmed the existence of a stable long-run
equilibrium  between = macroeconomic
fundamentals and equity market performance
in a small open economy context.

Ratanapakorn and Sharma (2007)
examined the short- and long-run
relationships between the U.S. stock price
index and six macroeconomic variables over
the period 1975-1999, documenting a
positive long-run relationship between stock
prices and inflation, money supply, industrial
production, and exchange rates. They found
that these relationships held even after
controlling for structural breaks and time-
varying dynamics, providing robust evidence
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of the macroeconomic embedding of equity
market behaviour.

2.5 GARCH Models with Macroeconomic
Predictors

Glosten, Jagannathan, and Runkle
(1993) provided influential evidence that the
conditional risk premium on aggregate stock
market returns is negatively related to
conditional variance, a finding that
challenged the simple positive risk-return
tradeoff of the Capital Asset Pricing Model.
Their GARCH-M framework, extended with
asymmetric  effects, demonstrated the
importance of accounting for both the level
and asymmetry of conditional variance in
modelling expected returns.

French, Schwert, and Stambaugh
(1987) documented a positive but unstable
relationship between expected excess stock
returns and expected stock market variance,
employing a methodology based on
decomposing  realized variance into
predictable and unpredictable components.
Their work highlighted the time-varying
nature of the risk-return tradeoff and its
sensitivity to macroeconomic conditions.

Engle, Lilien, and Robins (1987)
introduced the ARCH-in-Mean (ARCH-M)
model, which allowed the mean of a time
series to depend on its conditional variance.
This framework formalized the risk-return
tradeoff in an econometrically tractable
manner and provided a direct test of the
hypothesis that investors require higher
expected returns as compensation for bearing
greater risk—a hypothesis with fundamental
importance for asset pricing in volatile
emerging markets.

Karolyi (1995) employed
multivariate GARCH models to examine the
dynamics of international stock market
returns and volatility spillovers between the
United States and Japan, documenting
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significant bidirectional spillover effects. His
work established a template for cross-market
volatility analysis and highlighted the
importance of accounting for
macroeconomic  interdependencies  in
international asset pricing.

2.6 Emerging Market Evidence

De Santis and Imrohoroglu (1997)
examined stock return volatility in emerging
markets using GARCH models, documenting
that emerging markets are characterized by
significantly higher conditional volatility
than developed markets, and that this excess
volatility reflects greater exposure to
macroeconomic risk. Their findings were
consistent with the theoretical prediction that
informational inefficiencies and thin liquidity
amplify the impact of macroeconomic shocks
in emerging markets.

Bekaert and Harvey (1997) examined
the time-varying integration of emerging
equity markets into the world capital market,
finding that expected returns in emerging
markets are better explained by local market
factors—including macroeconomic
fundamentals—than by global risk factors.
This work provided important evidence that
the macro-volatility nexus in emerging
markets operates through channels distinct
from those prevalent in mature capital
markets.

Errunza and  Hogan  (1998)
documented that macroeconomic volatility—
measured by the variability of output growth,
inflation, and the current account—
significantly predicts excess stock market
volatility in a panel of emerging economies.
Their results suggested that stabilizing
macroeconomic fundamentals would yield
substantial reductions in equity market
volatility, with important implications for
capital market development policy.
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3. Research Gap

The foregoing review reveals several
important lacunae in the existing literature.
First, while GARCH-family models have
been extensively applied to study volatility in
developed markets, their application to
emerging market equity volatility with an
integrated set of macroeconomic predictors
remains comparatively limited. Most existing
emerging market studies employ either pure
GARCH models without macroeconomic
covariates or reduced-form OLS regressions
without accounting for volatility clustering
and heteroscedasticity.

Second, the simultaneous
examination of multiple macroeconomic
determinants—specifically inflation,
industrial output, and the exchange rate—
within a unified GARCH framework for
emerging economies is underrepresented in
the pre-2010 literature. The majority of
studies either focus on a single
macroeconomic variable or examine the
relationship in a bivariate time series context,
potentially omitting important interaction
and omitted-variable effects.

Third, the classification of volatility
behaviour across distinct market regimes
(bull, bear, and sideways markets) and its
association with macroeconomic states has
not been systematically explored using
contingency analysis within the emerging
market context. This regime-dependent
perspective  offers a more nuanced
understanding of the macro-volatility nexus
than aggregate linear relationships can
provide.

Fourth, very few studies have
employed a  comparative  modelling
strategy—contrasting baseline OLS with
GARCH-augmented specifications—to
quantify the incremental explanatory power
conferred by accounting for conditional
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heteroscedasticity when modelling the
macroeconomy-volatility relationship. The
present study directly addresses these gaps,
contributing to the literature on financial
econometrics in developing economies.

4. Research Objectives

The present study is guided by the

following specific research objectives:

* To examine the descriptive statistical
properties and distributional
characteristics of monthly stock
returns and key macroeconomic
variables over the sample period
1985-2009.

* To assess the pairwise linear
associations between stock market
volatility and selected
macroeconomic variables—
specifically inflation rate, industrial
output index, and nominal exchange

rate—using  Pearson  correlation
analysis.

* To estimate the effects of lagged
conditional volatility and
contemporary macroeconomic

determinants on realized log volatility
using both OLS multiple regression
and GARCH(1,1)-augmented
regression specifications.

* To determine whether conditional
stock market volatility differs
significantly across distinct market
regimes (bull, bear, and sideways
markets) using one-way analysis of
variance (ANOVA).

« To investigate the association
between market volatility states and
prevailing market regimes using chi-
square contingency analysis, thereby
assessing regime-dependent volatility

dynamics.
* To derive actionable policy and
portfolio management

recommendations from the empirical
findings, with particular reference to
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the design of macroeconomic
stabilization policies in emerging
economies.

5. Hypotheses

The following null and alternative
hypotheses are formulated to guide the
empirical investigation:

HOI1: There is no statistically significant
correlation between inflation rate and stock
market volatility.

Hal: There is a statistically significant
positive correlation between inflation rate
and stock market volatility.

HO02: There is no statistically significant
correlation between industrial output and
stock market volatility.

Ha2: There is a statistically significant
negative correlation between industrial
output and stock market volatility.

HO3: There is no statistically significant
correlation between the exchange rate and
stock market volatility.

Ha3: There is a statistically significant
positive correlation between exchange rate
depreciation and stock market volatility.

HO04: Lagged conditional volatility does not
significantly predict current period stock
market volatility.

Ha4: Lagged conditional volatility is a
statistically significant positive predictor of
current period volatility.

HO05: Mean stock market volatility does not
differ significantly across bull, bear, and
sideways market regimes.

Ha5: Mean stock market volatility differs
significantly across at least two market
regimes.
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HO6: Volatility classification (low, medium,
high) is independent of market regime
classification.

Ha6: Volatility classification and market
regime classification are not independent.

6. Research Methodology
6.1 Research Design and Nature of Study
The present study adopts a
quantitative, longitudinal research design
grounded in the positivist epistemological
tradition. The study is explanatory in nature,
seeking to identify and quantify causal and
associative relationships between
macroeconomic variables and stock market
volatility. A secondary, archival data
approach is employed, consistent with the
conventions of  empirical  financial
econometrics. The longitudinal dimension of
the research allows for the examination of
temporal dynamics in the macro-volatility
relationship over a twenty-five-year span
encompassing multiple business cycles,
macroeconomic shocks, and market regime
transitions.

6.2 Population and Sample

The population of interest comprises
all monthly observations of the aggregate
stock market index and associated
macroeconomic variables for a representative
emerging economy over the period January
1985 to December 2009. The final sample
consists of 300 monthly observations, a
sample size considered adequate for reliable
estimation of GARCH models as established
in the simulation literature (Engle, 1982;
Bollerslev, 1986). No sampling technique per
se is applied, as the study employs the full
available population of monthly data over the
study period. The adequacy of the sample
size was verified using power analysis, which
confirmed sufficient statistical power (1-f8 >
0.80) for the regression analyses employed.

www.ijiemr.org

6.3 Data Sources

All data employed in the present study are
drawn from secondary sources, specifically
official statistical databases and international
financial institutions' publications available
as of 2009. The monthly stock market index
data are sourced from the national stock
exchange's official historical records.
Inflation data (consumer price index-based)
are obtained from the national central bank's
monthly statistical bulletin. Industrial output
data are drawn from the national industrial
production index compiled by the ministry of
statistics. Exchange rate data (nominal,
bilateral against the U.S. dollar) are sourced
from the International Monetary Fund's
International Financial Statistics. All data
series were verified for internal consistency
and cross-referenced against alternative
available sources prior to analysis.

6.4 Variable Operationalization

The dependent variable in the
regression analyses is the natural logarithm
of realized monthly stock market volatility,
computed as the natural logarithm of the
monthly standard deviation of daily returns
within each month. Monthly stock returns are
calculated as the continuously compounded
percentage change in the aggregate stock
price index. The independent variables are:
(1) the annual consumer price inflation rate,
expressed as a percentage; (ii) the industrial
output index (base year = 2000), measuring
real economic activity; and (ii1) the nominal
bilateral exchange rate (units of domestic
currency per U.S. dollar). A one-period lag of
the dependent variable is also included as a
regressor  to  capture  autoregressive
persistence in volatility.

6.5 Instrument Development, Reliability,
and Validity

Since the study relies exclusively on
secondary, quantitatively measured variables
drawn from official governmental and
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international statistical sources, issues of
instrument development in the psychometric
sense do not arise. The reliability of the data
series was assessed through consistency
checks against alternative sources and
verification of internal statistical coherence.
Construct validity was established through
theoretical grounding, with each variable
operationalized in  accordance  with
established conventions in the financial
econometrics literature. External validity is
supported by the selection of macroeconomic
variables consistent with those employed in
prior cross-country studies (Mukherjee &
Naka, 1995; Maysami & Koh, 2000).

6.6 Statistical Tools

The following statistical procedures
were employed sequentially: (i) descriptive
statistics including mean, standard deviation,
minimum, maximum, and skewness, to
characterize the distributional properties of
each variable; (ii) Pearson correlation
analysis, to assess bivariate linear
associations; (ii1) OLS multiple regression
with robust standard errors, to estimate the
linear effects of macroeconomic predictors
on log volatility; (iv) GARCH(1,1) model
augmented with macroeconomic covariates
in the mean equation, estimated by quasi-
maximum likelthood (QML) to model
conditional heteroscedasticity; (v) one-way
ANOVA with post-hoc Tukey HSD tests, to
compare mean volatility across market
regimes; and (vi) Pearson chi-square test of
independence, to examine the association
between volatility states and market regimes.
All analyses were conducted using
econometric software consistent with the
GARCH estimation frameworks described
by Bollerslev (1986) and Hamilton (1994).

6.7 Ethical Considerations

As the study utilizes exclusively
publicly available secondary data, no primary
data collection from human subjects was
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undertaken, and ethical approval from an
institutional review board was not required.
Data integrity was maintained throughout the
analytical process, with all transformations
and exclusions documented transparently. No
selective reporting of results was undertaken;
all estimated models and their diagnostic
statistics are reported in full, including cases
where results are not statistically significant.

6.8 Limitations

Several limitations of the present
study merit acknowledgment. First, the use of
monthly  data, while common in
macroeconomic studies, implies a loss of
temporal resolution relative to daily or
weekly observations, potentially obscuring
intra-month volatility dynamics. Second, the
study focuses on a single emerging economy,
limiting the generalizability of the findings to
other developing-country contexts without
further cross-country validation. Third, while
the GARCH (1,1) specification has been
shown to be a robust and parsimonious
representation of conditional volatility across
many financial series, more flexible
asymmetric specifications such as EGARCH
or TGARCH may capture additional features
of the data-generating process. Fourth,
omitted variable bias cannot be entirely
excluded, as several macroeconomic
variables—including money supply growth,
interest rates, and government fiscal
balance—are not included in the present
analysis.

7. Data Analysis and Interpretation
7.1 Descriptive Statistics

Table 1 presents the descriptive
statistics for all variables included in the
analysis. Monthly stock returns average
0.42% over the sample period, with a
standard deviation of 2.18% and a range from
-8.73% to 9.61%, consistent with the return
characteristics documented for emerging
market equities in the literature (De Santis &
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Imrohoroglu, 1997). Log volatility exhibits a
mean of 0.77 and a standard deviation of
0.54, with positive skewness (0.64),
indicating a right-skewed distribution
characteristic of realized volatility series.
Inflation averages 5.23% per annum with
substantial variation, while the industrial
output index ranges from 71.2 to 143.8,
capturing the structural growth experienced
over the sample period. The exchange rate
displays a progressive depreciation trend,
reflected in the relatively large range relative
to the standard deviation.

Table 1: Descriptive Statistics of Key
Variables (N = 300, 1985-2009)

Variable N | Mean | Std. Dev. | Minimum | Maximum | Skewness

Stock Return (%) 300| 042 218 -8.73 9.61 -031

Log Volanlity 300| 097 054 -0.84 243 0.64
Inflation Rate (%) 300 523 267 110 12.40 087
Industrial Qutput Index 300 1084 146 712 1438 012
Exchange Rate (INR/USD) | 300 | 48.7 83 351 679 044

7.2 Pearson Correlation Analysis

Table 2 presents the Pearson
correlation matrix for all study variables.
Stock returns exhibit a significant negative
correlation with log volatility (r=-0.412, p <
0.01), consistent with the leverage effect
hypothesis and with evidence from prior
studies of emerging markets. Log volatility is
positively and significantly correlated with
both inflation (r = 0.356, p < 0.01) and
exchange rate (r = 0.278, p < 0.01), and
negatively correlated with industrial output (r
= -0.241, p < 0.01). These bivariate
associations are consistent with the
hypothesized directional relationships.

Notably, the inter-correlations among
the independent variables, while statistically
significant in several cases, are modest in
magnitude (ranging from -0.241 to 0.356),
suggesting that multicollinearity is unlikely
to materially distort the regression estimates.
The highest inter-predictor correlation is
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between inflation and exchange rate (r =
0.224), reflecting the well-documented pass-
through relationship between currency
depreciation and domestic price levels in
emerging economies.

Table 2: Pearson Correlation Matrix

Variable Return Vol Inflation | Qutput | Exch. Rate
Stock Return 1000 | -0412%* | 0289%* | 0317** [ -0203%*=

Log Volatility -0.412** | 1.000 0.336%* | -0241** | (0.278%*
Inflation Rate -0.289%* | 0.356%* 1.000 | -0.187#% | (02244
Industrial Qutput | 0.317%% | -0241%* | 0. 187** | 1.000 -0.133*
Exchange Rate | -0.203%* | 0.278%* | 0.224%* | -(.133* 1.000

Note: ** p < 0.01; * p < 0.05 (two-tailed).
Off-diagonal  values are  Pearson r
coefficients.

7.3 Multiple Regression and GARCH
Analysis

Table 3 presents the results of two
regression models. Model 1 is a standard
OLS multiple regression of log volatility on
lagged log wvolatility and the three
macroeconomic predictors. Model 2 is a
GARCH(1,1) model in which the
macroeconomic variables enter the mean
equation and the conditional variance follows
a GARCH(1,1) process. Both models are
estimated over the full sample of 300
monthly observations.

In Model 1, lagged log volatility
emerges as the dominant predictor (B = 0.534,
t = 7.521, p < 0.001), reflecting the strong
persistence of volatility documented in
financial time series. Inflation rate (3 =0.148,
t=2.792, p < 0.01), industrial output (p = -
0.009,t=-2.250, p <0.05), and exchange rate
(B = 0.021, t = 2.625, p < 0.01) all exert
statistically ~ significant effects in the
hypothesized directions. The OLS model
explains approximately 38.1% of the total
variation in log volatility (R = 0.381).
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Model 2 confirms and extends these
findings. The ARCH effect (au = 0.213, p <
0.001) and GARCH effect (B = 0.741, p <
0.001) are both large and highly significant,
with their sum (0.954) approaching unity,
indicating high persistence in conditional
variance—consistent with the IGARCH
results documented by Engle and Bollerslev
(1986). The macroeconomic predictors retain
their significance and qualitative patterns
from Model 1, with effect sizes modestly
attenuated, reflecting the partial absorption of
macroeconomic effects into the GARCH
dynamics. The log-likelihood of Model 2 (-
412.37) substantially exceeds that implied by
Model 1, confirming the superior fit of the
GARCH specification.

Table 3: OLS and GARCH(1,1)
Regression Results (Dependent Variable:
Log Volatility)

Variable Model 1 S.E. t-value | Model 2 S.E. t-value
B B
Constant 1.247%%* 0312 3.996 1.183%%* 0298 3.969
Log Volatility (t-1) 0.554%%* 0.071 7.521 0.489%%* 0.069 7.087
Inflation Rate 0.148%* 0.053 2.792 0.137** 0.051 2.686
Industrial Output -0.009* 0.004 -2.250 -0.008* 0.004 -2.000
Exchange Rate 0.021** 0.008 2.625 0.019** 0.007 2.714
ARCH Effect (ax) — — — 0.213%%* 0.044 4.841
GARCH Effect (Br) — — — 0.741%%* 0.063 11762
R?/Log-Likelihood 0.381 — — -412.37 — —

Note: ***p < 0.001; **p < 0.01; *p < 0.05.
Model 1: OLS with robust SE; Model 2:
OML-GARCH(1,1). S.E. = standard error.

7.4 One-Way ANOVA: Volatility Across
Market Regimes

To examine whether conditional
stock market volatility differs significantly
across market regimes, observations were
classified into three market phases based on
the direction and persistence of price
movements: bull market (n = 125), bear
market (n = 59), and sideways market (n =
116). One-way ANOVA was conducted with
log volatility as the dependent variable and
market regime as the grouping factor.

Table 4 presents the ANOVA
summary. The between-groups variance is
significantly larger than the within-groups
variance (F = 18.32, p < 0.001), leading to
rejection of the null hypothesis HOS5. Post-hoc
Tukey HSD tests (not tabulated) confirmed
that bear market periods exhibit significantly
higher mean volatility than both bull (mean
difference = 0.61, p < 0.001) and sideways
(mean difference = 0.43, p < 0.01) market
phases, while bull and sideways markets do
not differ significantly from each other.
These findings are consistent with the
asymmetric volatility literature (Nelson,
1991; Glosten et al., 1993) and with the
economic intuition that uncertainty and risk
aversion are amplified during market
downturns.

Table 4: One-Way ANOVA - Log Volatility
by Market Regime

Source Sss df MS F-stat p-value
Between Groups 142.67 3 47.56 18.32%%x 0.000
Within Groups 766.41 296 2.59 — —
Total 909.08 299 — — —

Note: ***p < 0.001. SS = Sum of Squares; df
= degrees of freedom; MS = Mean Square.

7.5 Chi-Square Test of Independence

To investigate the association
between volatility classification and market
regime, monthly observations were cross-
classified by volatility state (low, medium,
high, defined as observations in the bottom
tertile, middle tertile, and top tertile of the log
volatility distribution, respectively) and
market regime (bull, bear, sideways). The
resulting 3x3 contingency table is presented
in Table 5, with expected frequencies shown
in parentheses.

The Pearson chi-square statistic (%> =
11.84, df = 4, p = 0.019) is statistically
significant at the 5% level, leading to
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rejection of HO06. Examination of the
standardized residuals reveals that bear
market periods are over-represented in the
high volatility state relative to expected
frequencies, while bull markets are over-
represented in the low volatility state.
Sideways markets show a relatively balanced
distribution across volatility states. These
findings confirm that volatility classification
is not independent of market regime,
reinforcing the ANOVA results and providing
additional support for the regime-dependent
view of volatility dynamics.

Table 5: Chi-Square Contingency Table —
Volatility State by Market Regime
(Observed; Expected)

Market Regime Low Volatility Med. High Row Total

Volatility Volatility
Bull Market 62(483) 4147 22(29.5) 125
Bear Market 18(22.7) 28(22.2) 13 (14.1) 39
Sideways Market 39(48.0) 52(46.9) 25(29.4) 116
Column Total 119 121 60 300
A=1184 gf=4:p= = — — —
0.019*

Note: Expected frequencies in parentheses. *
p < 0.05.

8. Results and Discussion

The empirical results of the present
study converge on several important
conclusions. First, the strong autoregressive
persistence of conditional stock market
volatility—with ~a  lagged  volatility
coefficient of approximately 0.53 in the OLS
specification and combined ARCH-GARCH
persistence of 0.954 in the GARCH(1,1)
model—confirms that volatility in the
emerging market under study exhibits the
characteristic clustering documented across
global financial markets since Engle (1982)
and Bollerslev (1986). This persistence
implies that shocks to volatility dissipate
slowly, with implications for investors
requiring multi-period risk forecasts.

www.ijiemr.org

Second, the finding that inflation is a
significant positive predictor of stock market
volatility is consistent with the theoretical
argument that inflationary environments
generate uncertainty about real returns and
corporate profitability, thereby increasing the
risk premium embedded in equity valuations
(Fama & Schwert, 1977; Schwert, 1989). The
magnitude of the inflation effect (B = 0.14—
0.15) is economically meaningful: a one-
percentage-point increase in the annual
inflation rate is associated with a roughly 14—
15% increase in log volatility, ceteris paribus.
This aligns with the cross-country evidence
of Errunza and Hogan (1998) that
macroeconomic volatility—including
inflationary uncertainty—is a primary driver
of excess equity volatility in developing
economies.

Third, industrial output growth exerts
a significant dampening effect on volatility,
consistent with the theory that improvements
in real economic activity reduce uncertainty
about future earnings and cash flows,
compressing risk premia and stabilizing
equity valuations (Chen, Roll & Ross, 1986;
Hamilton & Lin, 1996). The relatively
modest magnitude of the output coefficient (-
0.008 to -0.009) reflects the fact that monthly
industrial production data capture only a
component of the information relevant to
equity investors, and that the dampening
effect may operate with longer lags than the
contemporaneous specification captures.

Fourth, exchange rate depreciation is
positively associated with stock market
volatility, a result consistent with the
evidence of Granger, Huang, and Yang
(2000) for Asian emerging markets and with
the mechanism proposed by Aggarwal (1981)
whereby currency fluctuations introduce
additional uncertainty into corporate earnings
through import cost pass-through and export
revenue variability. The significance of this
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relationship reinforces the importance of
exchange rate stability as a prerequisite for
equity market development in open emerging
economies.

Fifth, the ANOVA and chi-square
results jointly establish that volatility
dynamics in the emerging market are regime-
dependent, with bear markets characterized
by significantly elevated conditional variance
relative to both bull and sideways phases.
This asymmetry is consistent with the
leverage effect documented by Nelson (1991)
and with the theoretical prediction of
Campbell and Hentschel (1992) that negative
news generates a larger increase in risk
premia—and thus volatility—than positive
news of equivalent magnitude. The regime-
dependent pattern also reflects the
macroeconomic context: bear market phases
in the sample period were associated with
higher inflation, weaker output growth, and
sharper currency depreciations.

The comparative modelling analysis
reinforces the methodological importance of
GARCH specifications in this context. The
OLS model, while achieving reasonable
explanatory power (R* = 0.381), fails to
account for the conditional heteroscedasticity
evident in the residuals, potentially yielding
inefficient and biased standard errors. The
GARCH(1,1) specification, by explicitly
modelling the time-varying conditional
variance, provides more reliable parameter
estimates and substantially superior model
fit—a finding consistent with the extensive
methodological  literature on ARCH
modelling (Bollerslev, Chou & Kroner,
1992).

10. Conclusion

The present study has conducted a
comprehensive empirical examination of the
macroeconomic determinants of stock
market volatility in an emerging economy

www.ijiemr.org

over the period 1985-2009, employing a
diverse suite of econometric techniques
including GARCH(1,1) augmented with
macroeconomic covariates, OLS regression,
Pearson correlation, one-way ANOVA, and
chi-square analysis. The results establish that
stock market volatility in the emerging
market under study 1is driven by a
combination of inherent autoregressive
dynamics—captured by the GARCH
components—and macroeconomic
fundamentals, specifically inflation,
industrial output, and the exchange rate.

Inflation and  exchange  rate
depreciation are shown to be significant
positive predictors of conditional volatility,
while industrial output growth exerts a
dampening influence. These findings are
consistent with the theoretical frameworks of
the Arbitrage Pricing Theory, the efficient
market hypothesis, and the risk-return
models of the asset pricing literature. The
GARCH specification substantially
outperforms OLS in model fit, underscoring
the importance of accounting for conditional
heteroscedasticity in empirical studies of
emerging market volatility. The regime-
dependent analysis establishes that bear
markets are associated with significantly
higher volatility than bull or sideways market
phases, reflecting the asymmetric impact of
negative information on equity risk premia.

These findings collectively advance
the understanding of financial market
dynamics in developing economies and
provide actionable guidance for portfolio
managers, monetary authorities, and capital
market regulators. They also highlight the
limitations of purely financial models of
volatility that abstract from macroeconomic
conditions, and call for the integration of
macroeconomic intelligence into volatility
modelling and risk management frameworks
applicable to emerging markets.
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