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Abstract  

The global stock market operates as a complex network influenced by diverse international forces and time zone 

dynamics. This study investigates the interdependence and interactions among 15 major stock market indices 

spanning various time zones, with a focus on NIFTY50's impact and influence. Utilizing daily log returns data 

from January 2018 to December 2023, including Close-Close (CC), Open-Close (OC), and Close-Open (CO) data, 

we employ time series analysis techniques. Cointegration analysis reveals a long-term relationship between 

NIFTY50 and the other 14 indices. Granger Causality analysis is employed to discern directional causality effects 

among markets. Notably, significant impacts from key indices such as the S&P 500 and Nifty 50 on global 

economic sentiment are identified. Moreover, market disparities attributable to regional time differences are 

observed. Through the Ljung-Box test for autocorrelation and the GARCH model for univariate forecasting, 

insights into market trends and volatility patterns are gained, facilitating informed decision-making and risk 

management strategies. This study contributes to the understanding of global market dynamics and informs 

strategies for navigating interconnected financial ecosystems. 

Keywords: Nifty 50, GARCH, Ljung-Box Test, Granger Causality. 

JEL Codes: G1, G2, F6. 

 

1. INTRODUCTION  

The international stock market is driven by a wide range of international forces and functions 

as a dynamic, networked ecosystem. The fact that financial hubs are spread over a wide range 

of time zones greatly adds to the complexity of stock market dynamics. Time zones have a 

profound effect on the stock market, influencing the ebbs and flows of financial activity. Global 

markets are predictors of each other's performance across the zones. Post-fast-paced 

globalization, the impact of an event in one corner of the world is visible across the other. There 

is a wide array of factors affecting the international stock market as it is a very dynamic and 

liquid ecosystem. One particular factor that adds a great deal of complexity is the impact of 

time zones. This is due to many pieces of information traveling across borders, influencing 

financial activity in the stock markets. Every trader can slightly predict the opening hours and 

volatility of the next trading day based on what happened in the market that closed before their 

time or opened before theirs did.  

For example, in the financial world, if on a Friday night US markets open positively then it is 

likely that on Monday mornings the Indian market will open positively. This can be explained 

by the fact that macro factors affect markets similarly. Although, when long-term returns are 

considered these effects seem to fade out across different markets. This paper aims to study 

how over five years across 15 markets, daily returns vary and which markets can be considered 

leading and which markets can be considered lagging. 
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The mechanism for the transmission of price and volatility spillovers among the stock 

exchanges is now regarded as one of the most actively studied fields in economics and finance. 

The financial community largely believes that the American stock market provides the early 

signals to anticipate global spillovers. Numerous studies have documented price and volatility 

spillovers from the United States to the rest of the world. The complex network of relationships 

between global stock exchanges has become a focus of intensive investigation in the fields of 

economics and finance. The spread of price and volatility spillovers across several markets 

demonstrates not only the global financial system's interconnection but also the possibility of 

contagion and systemic danger. While various research has been conducted on these 

phenomena, gaps remain, particularly in understanding the function of emerging markets like 

the Indian Stock Exchange and their impact on global spillovers. 

This study aims to add to the ahead corpus of research by conducting an in-depth Granger 

Causality analysis on price and volatility spillovers between the Indian Stock Exchange and 14 

other major stock exchanges around the world. This is done to see whether the opening and 

closing of markets at different times affect each other and if so, how significantly. Moreover, 

gaps in current literature are identified and an attempt to fill these gaps is made specifically to 

include the influence of global indices on NIFTY50, India’s leading index.  

Cointegration analysis of each of the 14 indices along with NIFTY50 is done to determine the 

long-term relationship between them. The existence of cointegration comes from the Efficient 

Market Hypothesis, according to which any new information is reflected in the prices, this may 

not be consistent across markets. Therefore cointegration is necessary to investigate the 

variations in prices in one market over the other.  Furthermore, the Ljung box test and GARCH 

models are used to analyze time series patterns, and volatility and improve your understanding 

of market trends for informed decision-making and risk management. 

Table 1: Operating Hours of different stock exchanges as per IST 
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Table 2: List of Bellwether indexes from major stock exchanges in the world 

 

Table 3:  Market Capitalization of Stock Exchanges as of December 2023 in Dollars and 

Rupees 
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1.1 Research Objectives  

● To analyze the opening and closing prices of the selected stock indices to understand their 

movements and potential interdependencies. 

● To investigate whether markets across time zones influence each other's movements, 

employing diverse econometric models. 

● To analyze the overall adequacy and reliability of the time series models applied to all 

indices. 

● To find appropriate indices for investment via ETFs. 

1.2 Research Problem 

The authors seek to investigate the individual behavior and dependence of indices. Analyzing 

these indicators can provide insight into how different markets and regions interact and 

influence each other. Determining the dependency of these indicators is important for investors 

and policymakers to manage risk, diversify resources, and make good decisions.  

Additionally, understanding the behavior of individual indices can help uncover specific 

business, economic, and geographic conditions affecting a region or sector. This research helps 

us improve our understanding of the interaction between global financial markets and develop 

strategies for managing financial risk and global investment. 

 

2. LITERATURE REVIEW 

This literature review aims to provide an overview of the existing literature on stock market 

returns across time zones, focusing on the effects of global indices on each other and the co-

movements of returns and volatilities among stocks in different regions. 

Several studies have examined the correlation between stock markets across time zones. Olbryś 

(2013) in this decade-old study did a similar study to what the authors intend to do. The paper 

investigated the interdependence of price volatility across the U.S. stock market and two 

emerging markets namely Poland and Hungary. The paper addressed the problem of 

nonsynchronous trading effects using open-to-close logarithmic returns of major stock markets. 

Using a sample from 2004 to 2011, they noticed obvious evidence that the US prices spill over 

to other markets. Many papers have pointed out that the U.S market indices which include the 

DJIA, and NASDAQ influence all other markets to a certain extent.  

One of the important things to first consider while studying the effects of the closing of one 

market over the opening of another is how the authors present and use the data. One such study 

by Sandoval (2014) in his paper titled “To lag or not to lag? How to compare indices of stock 

markets that operate at different times”, tries to get to the bottom of this very issue. The article 

concludes that using both lagged and original indices, the authors then obtain a better 

understanding of how indices that operate on different hours relate to each other. In 1990, 

Becker, Finnerty, and Gupta concluded that the correlation between the Japanese and US stock 

markets increases when one considers US data lagged by one day. 

Baumöhl and Výrost (2010) performed Granger causality analysis on stock market indices 

from several Asian, European, and U.S. markets using daily data to point out the problems 

caused by nonsynchronous trading effects and proposed a data-matching process to address 

these issues1. The paper also suggested modifications to the regressions used in the Granger 

causality testing to account for nonsynchronous trading effects. The results showed that the 

proposed modifications led to substantially different conclusions, emphasizing the importance 

https://journal.fsv.cuni.cz/storage/1194_str_414_425-baumohl.pdf
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of choosing the right methodology when dealing with nonsynchronous trading effects.  

A study (2021) published by Indian authors focused on the causality and cointegration of the 

developed markets with Sensex. It analyzed the interdependence of Sensex with 22 global 

indices and studied by taking the daily closing prices of stock indices from 2005 to 2018. This 

paper studies the normality, stationarity, and causality of such time series using various 

statistical tools. It also looks into the degree of association of these indices. It concludes that 

there is significant interdependence among stock markets as well as bi-directional and 

unidirectional causality among the indices. It finds that interdependence leads to short and 

long-term gains due to international portfolio diversification. A deeper study of volatility 

spillover between India, Asian, and US, UK markets is studied by Mishra et al. (2022). 

This study uses the multivariate GARCH-BEKK model across pre and post-2008 crisis periods. 

The findings of the study show the tendency of Indian markets to move along with the US and 

Hong Kong market indices. It also points out that during the recession there’s a decrease in the 

cointegration coefficient due to reduced investor confidence in developing countries. Volatility 

transmission from India to Asian markets is higher compared to the US and UK. 

A study by Kahya (1997) which was two decades old studied the effects of non-overlapping 

trading hours on the correlations and cross-serial correlations of returns in non-

contemporaneous stock markets. It uses the returns data of the US, UK, and Japan. The results 

of the study indicate that the daily correlations of returns are biased downward while daily 

cross-serial correlations are biased upward.  

In another recent study concerning spillovers, He and Hamori (2021) seek to examine how 

returns and volatility spillover throughout the financial markets can explain certain hedging 

strategies, portfolio diversification, and risk management to investors. It is known that returns 

measure the market level and volatilities measure the risk, whereas skewness and kurtosis can 

have a decent amount of impact on risk management, asset pricing, and allocation of portfolios. 

The paper studies the high moment spillover effects throughout global markets using empirical 

methods where the change in the Log of daily prices is taken as daily returns along with 

descriptive statistics of returns of the stocks. It is found that developed markets except Japan 

have relatively high skewness and volatility spillovers to global financial markets as compared 

to emerging markets, especially the US.  Previously published papers talk about the volatility 

spillovers caused by the US whereas this paper also shows the significant effect of skewness 

spillovers. Japan remains a minor producer as well as the receiver of spillover effects. 

Understanding the spillover mechanism across global markets could also help investors grasp 

the transmission of risk throughout markets. (Shigeyuki Hamori and Xie He 2021, #) 

Nasser & Hajilee's (2016) study took the monthly data from 2001 to 2014 to determine the 

short-run and long-run relationship between emerging markets (Brazil, China, Mexico, Russia, 

and Turkey) and developed markets (US, UK, and Germany). The testing approach of 

cointegration and error-correction modeling is used. The results show evidence of the existence 

of short-run integration among stock markets in emerging countries and developed markets. 

However, the long-run coefficients for stock market returns in all emerging countries show a 

significant relationship only with Germany's stock market return. The empirical findings in this 

study have important implications for academicians, international investors, and policymakers 

in emerging markets. Geert Bekaert and Arnaud Mehl (2019) took a different approach to 

analyzing market integration. They tried to identify a temporal pattern of integration while 

trying to differentiate between regional and global patterns of integration for 17 countries. The 

authors test whether the pattern of integration formed over a long term is shaped in a U 

structure, is flat, a J shape, or rather a swoosh shape. Beta exposure of market returns is used 



 
 

  16 

Accountancy Business and the Public Interest 
ISSN: 1745-7718 

Volume: 41  
Issue Number: 05 

 

www.abpi.uk  

as the measure of actual global equity and regional integration, which in turn depends on formal 

market integration and global uncertainty. From 1885 to 2014 the authors can find a swoosh 

pattern in the actual global market integration and thus the presence of other patterns is rejected 

whereas there is no significant pattern found for regional integration. Findings reveal that 

segmented markets are not impacted significantly by changes in global interest rates whereas 

local interest rates in the integrated markets suffer due to changes in global interest rates. Thus 

in conclusion the trilemma concept holds which means countries cannot have fixed exchange 

rates, full market integration, and isolated local interest rates. (Geert Bekaert and Arnaud Mehl 

2019, #) 

Maslov (2001) analyzes the cross-correlation matrix of daily returns of stock market indices in 

a diverse set of 37 countries worldwide. The observed correlation structure is robust with 

respect to changes in the time horizon of returns ranging from 1 to 10 trading days and to 

replacing individual returns with just their signs. This last observation confirms that it is 

correlations between signs and not absolute values of fluctuations, which are mostly 

responsible for the observed effect. Negative changes in the index are somewhat more 

correlated than positive ones. In the data set, the reaction of Asian stock indices to changes in 

European and American ones persists for about 3 days. 

Linton, Tang, and Wu (2023) proposed a framework for modeling daily stock returns correlated 

across sectors and periods to reduce bias in empirical research.  MSCI indices of 42 developed 

and emerging markets covering the period between May 5, 2014, and June 23, 2023, are used 

in the study. The market is divided into Asia Pacific, Europe, and America in terms of closed 

time. The findings show that the economy increased during the Asian sub-period, with the VIX 

index rising due to the rise in international stocks. The United States has the highest level of 

global integration but the lowest level of regional integration. This study challenges the 

ineffectiveness of the global economy and shows that it takes more than 1/3 of a day for global 

news to disappear completely. This article presents a best practice model that includes 

international and national factors to measure market performance and the level of international 

and regional integration, concluding that the United States is the most integrated market and 

has a higher volatility index of international integration. level. This study shows the impact of 

the timing of international news on returns and illustrates the complexity of the market over 

different periods. (Linton†, Tang‡, and Wu§ 2023, #) 

Moreover, Barigozzi (2018) provides a 2-stage dynamic factor model to examine any co-

movements of returns and volatilities among stocks in the US, Europe, and Japan. The paper 

tries to investigate whether the global financial crisis and the European sovereign debt crisis 

were characterized by either a financial contagion or interdependence. One of the findings 

reveals the renowned home bias phenomenon which shows that domestic assets are largely 

over-weighted in portfolios. Other findings reveal how the volatilities are interconnected and 

are driven by a global shock explaining a certain amount of variances in volatilities in all the 

markets. It confirms the global belief that co-movements are increased during a period of crisis 

but no larger effect of international shocks on a given market which shows limited evidence of 

financial contagion. This is one of the first papers to shine some light on aspects like the origin 

of volatility shocks, interdependence, and contagion. In the financial events of the past decade, 

there is no evidence in the sense of financial contagion, during this turmoil period there has 

been an efficient spread of information throughout the markets rather than an irrational 

response.  (Matteo Barigozzi 1, 2018)  

This literature review provides an overview of the existing literature on stock market returns 

across time zones, focusing on the effects of global indices on each other and the co-movements 
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of returns and volatilities among stocks in different regions. The studies discussed in this 

review demonstrate the importance of understanding the interdependence between stock 

markets across time zones and the impact of global indices on stock market returns. 

 

3. RESEARCH METHODOLOGY 

Data Collection & Data Sampling: For the study, the authors have collected quantitative 

secondary data of the following 15 major indices: 

• KS11: KOSPI Index - South Korea, Korea Exchange 

• N225: Nikkei 225 - Japan, Tokyo Stock Exchange 

• TAIEX: Taiwan Weighted Index - Taiwan, Taiwan Stock Exchange 

• HANGSENG: Hang Seng Index - Hong Kong, Hong Kong Stock Exchange 

• SSE: Shanghai Composite - China, Shanghai Stock Exchange 

• NIFTY50: Nifty 50 - India, National Stock Exchange of India 

• SNP500: S&P 500 - United States, New York Stock Exchange 

• NASDAQ: United States 

• TSX: S&P/TSX Composite Index - Canada, Toronto Stock Exchange 

• IBOVESPA: Ibovespa - Brazil, B3 (B3 S.A. - Brasil, Bolsa, Balcão) 

• NASDAQ: NASDAQ Composite - United States, NASDAQ 

• IBEX35: IBEX 35 - Spain, Bolsa de Madrid 

• SWISS: Swiss Market Index - Switzerland, SIX Swiss Exchange 

• CAC40: CAC 40 - France, Euronext Paris 

• DAX: DAX - Germany, Frankfurt Stock Exchange 

• EURO STOXX 50: EURO STOXX 50 - Eurozone, Euronext 

Source: Yahoo Finance 

The study has six-year daily opening and closing price data from 2nd January 2018 to 31st 

December 2023. There are a total of 1564 data points for each index. Post data collection the 

following steps were performed to clean the data and make it ready for further analysis. 

1. As every country has different holidays to match opening and closing dates. For each 

country, the missing values have been assumed using averages. To make the data uniform 

across all the stock indexes, the average of the previous day and the following day 

whenever there is a gap of one day. In case there is a gap of two days, then it has been 

taken as a weighted average of the previous two days and the next two days, the extremes 

are given weights of 0.33, and the previous & following days are given the weight of 0.67, 

giving them higher weights as they are the closer dates. For gaps for more than two days, 

the authors have taken the simple moving average for the same number of days, if there is 

a gap of three days, hence moving average of three days will be taken, and so on. 
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2. After the data was arranged in a manner where all dates were filled for each index, the log 

daily returns were calculated to convert the non-stationary data to stationary data in three 

different ways.  

3. To analyze the time zone effect, calculate the Close-Close (CC), Close-Open (CO) and 

Open-Close (OC) log returns for each index. All our models have been run on all three 

data sets separately.  

3.1 Methodology and Data Analysis Tools: 

Ljung box test helps in identifying significant auto-correlation which in turn helps to determine 

the adequacy of the models to be used for analyzing data. The null hypothesis is that there is 

no auto-correlation in the residuals and the p-value determines significance. 

This study uses a GARCH model to measure the volatility of daily closing prices of the indices 

using logarithmic percentage change. Model parameters include regression mean, standard 

deviation, variance, and ARCH/GARCH coefficient for each parameter. This study aims to 

reveal patterns of change in different sectors and shed light on the diversity of risk management 

strategies and business practices. 

 

An Augmented Dickey-Fuller test or the unit root test is first run to check the stationarity of 

the data sets. As the non-stationary time series data sets have been converted to daily log returns 

the data has now become stationary which is proved using the ADF test, the interpretation of 

which will be explained ahead. 

The Engle-Granger test was used to compare log-returns of the Nifty 50 to major worldwide 

stock market indices. Significant cointegration findings demonstrate long-term linkages 

between the Nifty 50 and specific global markets, implying possible prospects for portfolio 

diversification and risk management techniques.  

Post cointegration, the autoregressive model choice includes Vector Autoregression (VAR), 

suitable for capturing interdependencies among time series data, and Vector Error Correction 

(VEC), requiring non-stationary but cointegrated or long-term relationship data. 

The primary data analysis entails employing Granger Causality to examine the interdependence 

among indices. Granger Causality assesses whether one time series variable predicts another. 

Used across disciplines like economics and neuroscience, it reveals temporal relationships and 

directional influences.  

 

4. DATA ANALYSIS 

4.1. Ljung Box Test 

The Ljung-Box test will help evaluate whether there is a significant effect on the return of these 

indicators at different times. If the p-value associated with the LJung box test is less than the 

alpha (0.05) it means there is no proof of auto-correlation. Euro Indices such as CAC 50, 

SWISS, DAX and EURO STOXX 50 have extremely high p-values and thus depict no 
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autocorrelation which indicates that their price movements follow a different pattern than those 

which depict autocorrelation. Trading hour difference and the amount of liquidity levels impact 

autocorrelation, the Euro Indices may have similar trading hours and potential to other indices 

in regions with different economic structures, resulting in more flexible price movements and 

lower autocorrelation. This shows how different factors such as market trends, market 

sentiments, and other underlying economic factors influence the returns of the indices. This 

information is useful for understanding the time series properties of the data and can guide the 

selection of appropriate models, such as autoregressive models or ARCH/GARCH models, to 

include autocorrelation in the examination. 

4.2. GARCH model 

Understanding market volatility is crucial for making investment decisions, risk management, 

and business prospects. Modern financial models are often assumed to be unregulated and fail 

to reflect the dynamic nature of the economy. The GARCH model, proposed by Robert F. Engle 

in the 1980s, addresses this limitation by modeling volatility as a function of past and future 

changes. After prioritizing the data, including taking the natural logarithm of the percentage 

change in a constant rate, by fitting a GARCH model to each data. The GARCH model provides 

insight into the underlying volatility dynamics of each market, allowing us to estimate 

parameters such as average volatility, volatility persistence, and long-term volatility. The 

results display long-run volatility around an average of 1% for all countries with the lowest in 

the SWISS index and the highest in the S&P 500 index. This indicates that the S&P 500 might 

be a leading indicator for market movement or a lagging indicator that reacts strongly to past 

events. This conveys significant fluctuations in the index value over a large period. High log-

likelihood values indicate how well the GARCH model fits the data, the values for the dataset 

range about and around 5000 which suggests that the GARCH model adequately captures the 

current volatility dynamics in each country's index data set. The ARCH and GARCH 

coefficients range between 0.75 and 0.90 which shows that the volatility is persistent and the 

shocks that affect the markets affect volatility levels for a significant period. The findings show 

that discrepancies in the daily percentage changes in each country's closing price index 

introduce risk and appear to be linked to an average length of around 1%.” 

4.3 Cointegration Test 

The Engle-Granger test was used to compare log-returns of the Nifty 50 to major worldwide 

stock market indices. Overall, these results suggest a strong and statistically significant 

cointegration relationship between Nifty 50 and other Indices log CC returns, with the model 

capturing the long-term equilibrium and directional movement patterns between these stock 

market indices. 

4.4 Vector Error Correction  

The data gathered is a time series. To study all the indices together, an autoregressive model 

must be run. 

Before running an autoregressive model, it is crucial to run an ADF/ unit root test to test 

stationarity in the gathered data. Initial test results on close prices confirm that the data is 

nonstationary. Therefore, by using a log of returns of prices of Close-Close, Close-Open, and 

Open-Close. All variables are now stationary.  

The choice of autoregressive model is between Vector Autoregression (VAR), which is a 

straightforward model to capture interdependencies among time series data, and Vector Error 

Correction (VEC), which requires the data to be non-stationary but cointegrated or share a 
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long-term relationship. After running a cointegration test, it is confirmed that all indices are 

cointegrated, taking NIFTY50 as a common base index for the test. For the endogenous 

variables, 10 lags have been used, representative of 2 weeks of trading days, to find patterns in 

5 years of daily price data. For exogenous variables, none as such have been selected. The 

model has been run for CC, CO, and OC separately. 

4.4.1 VEC on CC: 

Table 4: Vector Error Correction on Close-Close Data (Refer table 1 in appendix) 

Determinant resid covariance (dof adj) 3.56 × 10^(−66) 

Determinant resid covariance 6.60 × 10^(−62) 

Log likelihood 85274.24 

Akaike information criterion -106.3609 

Schwarz criterion -97.1148 

Number of coefficients 2685 

Indices- The R2 ranges from 0.59-0.71, which is high considering that the model was run on 

time series data. Despite taking 10 lags, (which is high), not see a huge drop in degrees of 

freedom, and standard error is low. This is reflected by adjusted R2, which penalizes 

overfitting, ranging from 0.54-0.67. The F statistic of the model measures the reliability of the 

model, and is an indicator of the quality of the model, ranging from 13-20, suggesting each 

variable explains a significant portion in an autoregressive manner. AIC and SC are also quality 

indicators, which evaluate the quality of the model fit, if the goal is to have a better forecast 

and if the goal is to have a better goodness of fit, respectively. Lower values indicate a better 

model for both AIC and SC. The values for both variables are negative, indicating good 

forecasting ability and a good goodness of fit. The log-likelihood for the variables is very high, 

indicating a better fit. 

Model  

• Log-likelihood – 85274, which is very high, and favorable for the model 

• AIC, SC – Extremely low and negative values, making the model a great fitting model (-

106, -97) 

4.4.2 VEC ON CO: 

Table 5: Vector Error Correction on Close-Open Data (Refer table 2 in appendix) 

Determinant resid covariance (dof adj) 5436.74 

Determinant resid covariance 1.01 × 10^(−72) 

Log likelihood 99185.64 

Akaike information criterion -124.3565 

Schwarz criterion -115.1055 

Number of coefficients 2685 

Indices- The R2 ranges from 0.44-0.72, which is high considering that the model was run on 

time series data. Despite taking 10 lags, (which is high), it has not seen a huge drop in degrees 

of freedom, and standard error is low. This is reflected by adjusted R2, which penalizes 

overfitting, ranging from 0.37-0.68. The F statistic of the model measures the reliability of the 

model, and is an indicator of the quality of the model, ranging from 6-22, suggesting each 

variable explains a significant portion in an autoregressive manner. AIC and SC are also quality 

indicators, which evaluate the quality of the model fit, if the goal is to have a better forecast 

and if the goal is to have a better goodness of fit, respectively. Lower values indicate a better 

model for both AIC and SC. The values for both variables are negative, indicating good 
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forecasting ability and a good goodness of fit. The log-likelihood for the variables is very high, 

indicating a better fit. 

Model –  

• Log-likelihood – 99185, which is very high, and favorable for the model 

• AIC, SC – Extremely low and negative values, making the model a great fitting model (-

124, -115) 

4.4.3 VEC on OC: 

Table 6: Vector Error Correction on Open-Close Data (Refer table 3 in appendix) 

Determinant resid covariance (dof adj) 2.08 × 10^(−66) 

Determinant resid covariance 3.86 × 10^(−67) 

Log likelihood 85689.18 

Akaike information criterion -106 8953 

Schwarz criterion -97.64915 

Number of coefficients 2685 

Indices- The R2 ranges from 0.55-0.65, which is high considering that the model was run on 

time series data. Despite taking 10 lags, (which is high), it has not seen a huge drop in degrees 

of freedom, and standard error is low. This is reflected by adjusted R2, which penalizes 

overfitting, ranging from 0.5-0.61. The F statistic of the model measures the reliability of the 

model, and is an indicator of the quality of the model, ranging from 10-16, suggesting each 

variable explains a significant portion in an autoregressive manner. AIC and SC are also quality 

indicators, which evaluate the quality of the model fit, if the goal is to have a better forecast 

and if the goal is to have a better goodness of fit, respectively. Lower values indicate a better 

model for both AIC and SC. The values for both variables are negative, indicating good 

forecasting ability and a good goodness of fit. The log-likelihood for the variables is very high, 

indicating a better fit. 

Model –  

• Log-likelihood – 85689, which is very high, and favorable for the model 

• AIC, SC – Extremely low and negative values, making the model a great fitting model (-

106, -97) 

4.5 Granger Causality 

Examines if values of one variable can be used to predict other variables in the autoregressive 

model. The null hypothesis is that X does not Granger cause Y, and the alternative hypothesis 

is that X Granger causes Y. Significance level is at 5%.  

If p-value <0.05, then X Granger causes Y. 

If p-value>0.05, then X does not Granger cause Y. 

4.5.1 Superiority of some indices 

a)  ON CC RETURNS 

1) IBOVESPA ON CC RETURNS – Out of the 15 indices, SNP500, NIFTY 50, NASDAQ, 

and SWISS MARKET INDEX, are significant(<0.05), influencing other markets and their 

major indices. 
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2) NIKKEI 225 ON CC DATA – Establishes NASDAQ, SNP500, SWISS MARKET INDEX. 

Significant as p-value (<0.05). 

 

S&P 500: Encompasses 500 companies across various industries. It is the best single gauge of 

large-cap U.S. equities. A change in the S&P 500 is often considered indicative of the health of 

the U.S. economy and also directs global stock price movement. 

NASDAQ: It is another U.S. index heavily weighted towards technology and biotech. The 

performance of the NASDAQ is often seen as a proxy for the performance of the tech and 

growth sectors.  

Swiss Market Index (SMI): This index is a blue-chip stock market index, diversified across 

various sectors, with a strong presence in financials, pharmaceuticals, and consumer goods.  
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Global Investors use these indices as a benchmark for their investment decisions and portfolio 

returns. Market movements in these indices affect the sentiment of the home market and the 

global market. Movements in these indices influence other major indices of the world, therefore 

Granger causes other indices in the world 

b) ON CO RETURNS – NIFTY50, SNP500, NASDAQ heavily influence CAC40, DAX, 

EURO STOXX 50, IBEX35, KS11. This means the U.S. and Indian indices have a heavy 

influence on European markets and the Korean index. Apart from reasons such as the U.S. 

market being a superpower that directs global market movement, and market sentiment, the 

reason for NIFTY50’s influence on other indices is that India is showing a favorable 

macroeconomic environment. Higher GDP, higher Capital expenditure, PLI schemes to 

promote the manufacturing sector, robust services sector, increasing FDI, and favorable 

young demographic are some of the various reasons for NIFTY50’s increasing influence 

over the global market. 
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4.5.2 Time Zone Differences – Through the course of a trading day in the global market, 

countries in the East start and end their trading days first compared to countries in the West. 

There can be overlaps in the trading hours among the various countries. 

a) ON CC RETURNS 

1) NIFTY50- NIFTY50 is influenced by countries in the east such as Japan (NIKKEI225) since 

their trading hours began before the market opening in India. This has an impact on the 24-

hour close-close return. On the other hand, the countries in the West influence Indian 

markets as well. Even though NIFTY50 is not a leading indicator for TSX, IBOVESPA, 

SNP500, and NASDAQ (p value>0.05) over the week, from Monday to Friday; 

IBOVESPA, SNP500, NASDAQ, and TSX become leading indicators for NIFTY50 over 

the weekend. This means that the close of SNP500, NASDAQ, AND TSX influenced the 

close-close return of NIFTY50 on Monday. 
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4.5.3 Volatility (in comparison with the GARCH model) 

a) CC – 24 Hour returns – 24hour volatility. 

1)  SNP500 – By the GARCH model, SNP500 has the highest volatility of 2.58%, among 

all indices. By Granger causality, it is significant for 8 indices out of 15. This indicates 

that the SNP500 is the world’s most influential index, as changes in SNP500 direct 

market movements across the globe, making it a leading indicator. 

2)  IBOVESPA – By Garch model, IBOVESPA has a volatility of 1.41%. This is due to more 

than 5 indices being significant for this index. A higher number of variables causes an 

index to increase volatility. 

3) SWISS MARKET INDEX – Has the lowest volatility of 0.93%. This is because SWISS 

MARKET INDEX is a small index of 20 large instruments and it is very stable. This is 

confirmed by Granger causality, as only 2 other indices of Granger cause the SWISS 

MARKET INDEX. 

b) CO – OVERNIGHT RETURN – OVERNIGHT VOLATILITY 

1)  SWISS MARKET INDEX – Has a very low volatility of 0.47%. Only one index granger 

causes the SWISS MARKET INDEX, showing the stability of the SWISS MARKET 

INDEX. 

2)  NIFTY50 – Has a median volatility of 0.76%. This occurs due to the Indian market being 

influenced by indices in the East and the West. Granger causality confirms this as 6 

indices Granger cause NIFTY50. 

c) OC – INTRADAY RETURN – INTRADAY VOLATILITY 

1)  SWISS MARKET INDEX – Has a very low volatility of 0.72%. Only one index granger 

causes the SWISS MARKET INDEX, showing the stability of the SWISS MARKET 

INDEX. 

2)  NIFTY50 – Has a median volatility of 0.94%. This occurs due to the Indian market being 

influenced by indices in the East and the West. Granger causality confirms this as 8 

indices Granger cause NIFTY50.  

4.5.4 Monday and Friday Anomalies  

Using the T-test, we have tried to find if Mondays & Fridays have some effect on the stock 

indices. Looking at the P values for CC, OC, and CO returns for the indexes, we have not found 

any significant impact in any of the indices, other than CC returns for Monday of KS 11, Nikkie 

225, NIFTY 50, IBOVESPA, IBEX 35, DAX and Euro Stoxx 50. 

 

5. CONCLUSION 

A comprehensive analysis of various market indices using advanced econometric methods 

provides valuable information about the dynamics of financial markets. This study first ensures 

the stability of the data by developing the Dickey-Fuller test and the Engel-Granger test to 

establish a basis for further analysis. The integrated relationship between the Nifty 50 Index 

and other major global indices reflects the interaction between the market and provides 

opportunities for diversification of products and strategies, and risk management. The Vector 

Error Correction (VEC) model is used to analyze relationships between indices, show 

meaningful relationships, and show the impact of some indices on others. High R-squared 

values, F-statistics, and log-likelihood show the robustness of the model in how it captures the 
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autoregressive dynamics of the data. In addition, Granger causality analysis gives an idea about 

the direction of the effect of indices, as some indices become indicators of market movements. 

Furthermore, this study investigates the impact of time zone differences on business dynamics 

and highlights the role of trading hours and overlapping periods in influencing reward. This 

shows the importance of considering the period when analyzing the global market. Examining 

volatility using the GARCH model shows that the indices have different volatility and this has 

implications for risk management and decision making. sorry investment. Essentially, the S&P 

500 has become a major driver of global economic volatility, disrupting its status as a gauge of 

market movements.  Additionally, the fact that no significant results were obtained in searches 

made on Mondays and Fridays shows that these measurement days do not have a significant 

effect on stock returns. Overall, the research contributes to a deeper understanding of the 

interrelationships and dynamics in the financial world. These findings provide useful 

information to help investors, policymakers, and researchers make informed decisions and 

improve risk management in the worldwide financial transition. 

 

6. LIMITATIONS 

Our study comprises time series data only, and they come with several limitations, which affect 

the analysis in terms of accuracy and reliability. Some of the limitations are -  

1. Data Quality & Preprocessing: Since the data is based on stock indexes of different 

countries, data has been assumed, using averages, in places where the indexes were closed 

on the weekdays only. Time series data has to be preprocessed to make it usable. So the 

missing values had to be assumed, which can distort the analysis and lead to incorrect 

conclusions, but since the number of days assumed is much less than the actual data, it 

should not have a major impact on the overall data.  

2. Stationarity Assumption: Times series data often exhibits nonstationarity, and hence to make 

it stationary, different approaches have been used such as taking the logarithmic returns. 

3. Seasonality and Trends: Time series data often contain seasonal patterns and long-term 

trends, these make analysis complicated, and doing a vast international study, it is difficult 

to incorporate such trends for all of them. It can lead to inaccurate forecasting.  

4. Data Volume: Using daily returns for the analysis, has added a lot of variables, with the 

broad number of countries, which has led to the accumulation of a lot of data points.  

5. External Factors & Regime Shifts: Times series data is impacted by multiple external 

factors, both micro and macro-economic, which have not explicitly accounted for in the 

analysis, and could create an impact. Market dynamics can change over time due to shifts 

in economic conditions, policy changes, or other external factors, one major such condition 

is the pandemic.  In such a large international study, considering all such points is not 

feasible. 

6. Market Noise: Stock Index data is impacted by several market-related factors such as market 

sentiment, certain events, investor behavior, and news. This impacts the overall trend and 

pattern comparison.  

7. Volatility Clustering: Usually trends tend to follow or cluster, hence high volatility periods 

are followed by more such periods, and vice versa.  

8. Index Composition: The composition of the index may have changed, and some might be 

impacted by survivorship bias.  
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7. RECOMMENDATIONS 

• Invest in ETFs of SWISS MARKET INDEX due to their strong influence and stability  

• Invest in ETFs of NIFTY 50 due to its strong influence and favorable macroeconomic 

environment in Indian markets 
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Abbreviations Full Form 

VEC Vector Error Correction 

ADF Augmented Dickey-Fuller Test 

GARCH Generalized autoregressive conditional heteroskedasticity 

CC Close - Close 

OC Open - Close 

CO Close - Open 

All Stock Indexes Have been mentioned in the paper 
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APPENDIX 

Table 1 

VEC CC – 

 

 

Table 2 

VEC CO – 
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Table 3 

VEC - OC 

 

 

 

 


