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 This study investigates the dynamic causal relationship between India’s GDP and key 
macroeconomic variables (exports, imports, inflation, exchange rate, BSE and NSE) over a 
period from January 2000 to December 2024 by using monthly data. Cointegration test has 
confirmed the presence of one cointegrating equation that means long-run equilibrium 
relationship exists along with short-run dynamics as provided by VECM estimates through 
HAC standard errors provided by Newey-West. The CUSUM test has confirmed overall model 
stability and while heteroskedasticity has been taken care of by applying HAC standard errors. 
The study has also shown both uni-directional as well as bi-directional casualties. 
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1. Introduction 

In this contemporary global economy, the dynamic interrelationship between macroeconomic variables and economic 
growth remains a central theme of economic research and policy formulation (Ranis et al., 2000; Bhattacharya & Mukherjee, 
2003).The gross domestic product (GDP), which includes the total market value of all finished products and services 
produced in a nation over a specific time period, is a key indicator of that country's economic growth (Muhammad & 
Rasheed, 2002; Stavarek, 2005). The fluctuations and trends in GDP reflect the overall health and dynamism of an economy, 
offering insights into growth patterns, developmental trajectories, and policy effectiveness. However, GDP is not a 
standalone figure; it is intricately linked to several key macroeconomic variables (Sampath et al., 2016; Roy, 2024). Given 
its pivotal role, economists and policymakers continuously seek to understand the factors that causally influence GDP (Roy, 
2020; Nieh & Lee, 2001; Elbeydi, 2014). Among these, a range of macroeconomic variables notably export, import, 
inflation, exchange rates and financial market indices like BSE and NSE are of significant interest. These variables interact 
in complex ways, creating a dynamic economic environment where changes in one factor can have cascading effects on 
others (Gjerde & Saettem, 1999; Phylaktis & Ravazzolo, 2005; Roy, 2023). The complexity of modern economies 
necessitates a deeper investigation into how these variables interact with GDP, not merely through correlation but through 
causal relationships (Roll & Ross, 1986; Ranis, 2004; Estrada et al., 2018). Causality in economics offers stronger 
implications than correlation, implying not just association but directional influence (Roy, S., 2020; Pradhan et al., 2021). 
If certain macroeconomic variables are found to cause changes in GDP, policymakers can craft more effective, targeted 
interventions aimed at sustaining economic growth (Gjerde & Saettem, 1999; Elbeydi, 2014). 

In the context of emerging economies like India, where structural shifts and external shocks continuously reshape the 
economic environment, understanding these causal linkages becomes imperative (Roy, 2023). In order to investigate the 
dynamics of the macro-economic variables, co-integration analysis have significantly altered the nature and direction of 
macro-economic system (Ranis et al., 2004). It provides an alternative way to assess how well the considered variables are 
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integrated. Generally, the co-integration association is typically employed as a method to investigate the presence of long-
run economic association among the variables and, if so, in what way (Granger, 1987; Johanson, 1990). Given the complex 
interplay among the variables, econometric techniques such as cointegration and Granger causality tests are essential for 
uncovering the long-run equilibrium relationships and direction of causalities (Johanson, 1988, 1991, 1994). Cointegration 
helps to determine whether a stable long-term relationship exists among non-stationary variables, while causality tests 
identify whether one variable can predict another. Therefore, co-integration analysis and the VAR approach can be used to 
evaluate all of these scenarios and with this notion the present study has been developed. 

2. Literature Review 

The relationship between macroeconomic variables and economic development has always been highly significant in the 
past and its significance has not slowed down in present. Numerous established studies (Bahmani & Rhee, 1997; Lonska & 
Boronenko, 2015) examined the probable cause and associated factors for such relationship. By applying appropriate 
econometric modelling many studies (Gjerde & Saettem, 1999; Phylaktis & Ravazzolo, 2005; Roy, 2023; Kotha & Sahu, 
2016) established both short-run dynamics and long-run equilibrium relationships. Generally, there are two lines of research 
accessible to investigate this association: (i) long-run association based on co-integration technique and (ii) short-run 
causality dynamics. Granger’s work (1981) is considered as pioneer in the field of co-integration, which is further extended 
by Engle and Granger (1987), Engle and Yoo (1987, 1991), Stock and Watson (1988), Phillips and Ouliaris (1987), Phillips 
and Perron (1988), Johansen and Juselious (1990), and Johansen (1988, 1991, 1994), Alam (2017) and thereafter many 
empirical studies have been conducted by the researchers around the globe. 

The causal relationship between stock prices and macroeconomic factors in the United States between 1953 and 1983 has 
been examined by Roll and Ross (1980) and concluded that macroeconomic factors have a major impact on the stock market 
(Kim, 2003). Based on final prediction error and F-statistic, Bahmani and Rhee (1991) reported the existence of both 
unidirectional and bidirectional causalities from stock price to foreign exchange rate (Roll & Ross, 1980). Similarly, Abdlla 
and Murinde (1997) has adopted the same method of Bahmani and Rhee (1991) to examine the same problem in a few 
Asian nations between 1985 and 1994 and observed unidirectional causality that in line with the outcome of Bahmani and 
Rhee (1991). However, there is no proof that foreign exchange and the Philippine stock market are causally related. 
Similarly, Granger et al. (2000) addressed the same issue that was investigated in Asian markets in 1986 and 1997 by Abdlla 
and Murinde (1997) and Bahmani and Rhee (1991). Here, the study period has been divided into three sub-periods, and the 
findings of the three sub-periods in the markets (Hong Kong, South Korea, Taiwan, Philippines, and Malayasia) have 
supported the outcomes of Abdlla and Murinde (1997) and Bahmani and Rhee (1991). Additionally, the analysis has shown 
that there is a bidirectional causal relationship running between stock prices and foreign exchange rates in Malaysia, 
Philippines, South Korea, and Indonesia, which supports the findings of Bahmani and Rhee (1991).  

Using the ordinary least squares (OLS) method, Ranis et al. (2000) has investigated the relationship between economic 
growth and human development and vice versa and observes substantial results regarding existence of a bidirectional 
relationship between the two. Fang et al. (2002) examined the issue brought up by Roll and Ross (1980) once more and 
found important connections that support the findings of Roll and Ross (1980) (Bhattacharya & Mukherjee, 2003; 
Muhammad & Rasheed, 2002; Stavarek, 2005). Likewise, Ranis et al. (2000) has focused extensively on the same issue and 
believes that a degree of freedom and capabilities may enhance economic growth, in which human development is crucial 
(Ranis, 2004) and also observed a bi-directional relationship, which is in line with the prior findings of Ranis et al. (2000). 
Akbar (2011) has tried to investigate the relationship between economic growth and the different human resource indicators 
from 1998 to 2010. According to this study, India's per capita GDP is increasing, but other factors like the Human 
Development Index (HDI) have an unsatisfactory effect on economic development and suggest that the HDI's growth is 
trending downward. 

Abdlla and Murinde (1997) examined the causal association between the exchange rate and stock prices in emerging 
economies and founds that, with the exception of the Philippines, where the exchange rate is caused by the Granger stock 
prices, there is unidirectional causality between the variables they have chosen. Similarly, Gjerde and Saettem (1999) used 
the MVAR technique to evaluate the fundamental relationship between the stock market and the chosen macro-economic 
variables and observed that the capital market responds negatively to real interest rates but favourably to industrial 
production with emphasis on that the stock price responds to fluctuations in oil prices (Nieh, 2001). Phylaktis and Ravazzolo 
(2005) has examined the short and long-term relationships between the exchange rate and stock prices in Pacific Basin 
nations and founds that, with the exception of Hong Kong, there is no long-term association, but there exists a long-term 
association when the US stock market is taken into account. Similarly, Abdelaziz et al., (2008) has employed the co-
integration technique to investigate the relationship between the exchange rate and stock prices in four Middle Eastern oil 
exporting nations and found no co-integration, but they also observe a long-run association when oil prices are taken into 
consideration (Tripathi & Seth, 2014). 

Saaed and Hussain (2015) examined the effect of international trade on Tunisia's economic growth across a broad time 
frame (1977–2012) by employing the Granger causality test and found a unidirectional association between exports and 
economic development as well as between imports and exports (Ramos, 2001; Elbeydi, 2014; Mukherjee & Naka, 1995). 
Herzer et al. (2015) used a panel co-integration technique to investigate how income inequality affects life expectancy in 
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industrialized and developing nations. The study notes that, in contrast to their counterparts, income inequality does not 
impact health in developed nations, but it raises life expectancy in these nations. Additionally, Sampath et al., (2016) 
attempted to demonstrate a causal link between exports and India's economic growth by using the same methodology as 
used by Saaed and Hussain (2015) in Tunisia and observed that economic expansion leads to an increase in exports, and 
impulse response functions show that exports react more strongly to changes in GDP (Mehrara et al., 2011; Kundu, 2013). 
Raju (2018) has investigated the same problem in an Indian context from 2005 to 2017 by using the Johansen-Juselius 
(1991) cointegration technique (Ali et al., 2018) and observed both short-term causality and long-term co-integration 
relationships among the variables (Ali et al., 2018; Saaed & Hussain, 2015; Sampath et al., 2016; Naik & Pahdi, 2012) with 
a suggestion that both exports and economic growth are crucial for long-term sustainable economic development.  

Estrada et al. (2018) has considered the Terrorist Attack Vulnerability Evaluation (TAVE) model to investigate the short- 
and long-term economic impact of terrorist actions in Turkey between 1990 and 2016 and opines that because the country 
has suffered drastically from terrorist attacks, the TAVE Model is said to be highly relevant in light of the recent wave of 
terrorist attacks that have seriously impeded the nation's economic growth. Pradhan et al., (2021) has conducted a study to 
examine how the financial industry and information technology affected economic development in 20 Indian states between 
1991 and 2018 by employing Granger causality test and observes sufficient temporal causality between the variables both 
in the short and long-run. 

On the other hand, Fhima et al. (2023) used the threshold model developed by Seo and Shin (2016) to analyse the panel 
data covering the years 1996–2019 in an attempt to investigate the relationship between corruption and sustainable 
economic growth. The study has report that the impact of corruption on long-term sustainable economic growth in 
developing nations varies with respect to the level of governance and by regime shift. Another study by Raj et al. (2024) 
who has examined the relationship between economic growth and a few non-income components of the Human 
Development Index (HDI) across a span of 26 Indian states from 1990 to 2019 using the ARDL model and Dumitrescu-
Hurlin panel causality methodologies and observed a bi-directional association between the non-income components of 
HDI and economic development with a focus on to examine the impact of education on different sectors operations (Teker 
et al., 2016; Lonska & Boronenko, 2015). Despite extensive research on macroeconomic variables and economic growth, 
several gaps remain unexplored in the literature. Most of the studies have focused on short-term relationships (Bhattacharya 
& Mukherjee, 2003; Muhammad & Rasheed, 2002; Stavarek, 2005), lacking long-term structural analyses, especially in 
emerging markets. Several studies (Ali et al., 2018; Saaed & Hussain, 2015; Sampath et al., 2016; Dasgupta, 2012) have 
observed a long-term cointegrating relationship between exports, imports and GDP, while others (Roy, S. 2020, 2023) have 
found either unidirectional or bidirectional causality from inflation or exchange rate to GDP. However, existing literature 
often presents mixed results due to differences in country contexts, data frequencies, time periods, and methodologies. In 
case of India’s structural changes, economic reforms, and global shocks may have altered these relationships over time and 
thus require a renewed and rigorous empirical investigation for identifying the true nature of the macroeconomic variables. 
At this juncture, the present study tries to fill the gap by examining the long-run and short-run equilibrium relationship 
among the macro-economic variables in Indian context under VAR framework with a longer time period and data set. 
Additionally, it also analyses how a positive innovation or shock (impulse) can alter the dynamics of the macroeconomic 
variables within the VAR approach and here this study being considered and hope to add value to the existing literature. 

3. Data & Study Period 

To answer the above questions, the study has considered monthly time series of real GDP at factor price (represents 
economic growth), exchange rate, inflation, export, import, BSE and NSE. Here, the selection of control variables has been 
guided by economic intuition and previous studies. The data have been obtained from the official website of Reserve Bank 
of India, Bombay Stock Exchange and National Stock Exchange respectively and cross checked with various reliable 
sources where the study period ranges between January 2000 and December 2024. 

4. Research Methodology 

Theoretical Interpretation and Hypothesis Formulation 

The study has tried to examine the cointegration and causal association among the selected macroeconomic variables in 
India during a period between January, 2000 and December, 2024 and with this intuition the following graphical model has 
been developed to understand this very nature of relationship before the econometrical derivation: 

Export: As part of aggregate demand, export has a direct impact on GDP. An increase in export frequently indicates higher 
foreign demand for domestically produced goods and services, which can boost production, employment and income levels 
(Muhammad & Rasheed, 2002; Stavarek, 2005; Fisher, 1948; Pal & Mittal, 2011). With this notion, the following hypothesis 
has been developed: 

H1: Export has no significant effect on GDP. 

Import: It represents domestic consumption and production capability, but it may exert a downward pressure on GDP (as 
they are subtracted in the GDP calculation). Import may contain capital goods that ultimately enhance productive efficiency 
in the long run (Roy, 2020, 2023). With this economic insight, the following hypothesis has been formulated: 
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H2: Import has no significant effect on GDP. 

Inflation: It can erode purchasing power and have a significant impact on both investment and consumption. It is commonly 
assessed by the Consumer Price Index (CPI) or Wholesale Price Index (WPI). While low inflation could be a sign of strong 
demand whereas excessive inflation may result in economic instability (Ramos, 2001; Elbeydi, 2014) and thus, the 
following hypothesis has been developed: 

H3: Inflation has no significant effect on GDP. 

Exchange Rate: The value of the domestic currency relative to foreign currencies affects the competitiveness of exports 
and the cost of imports. Volatility in exchange rates can influence inflation, investment, and trade balance, thereby impacting 
GDP (Pradhan et al., 2021). With this economic insight, the following hypothesis has been formulated: 

H4: Exchange rate has no significant effect on GDP. 

BSE and NSE Indices: These reflect the performance of India's major stock markets. Rising stock indices typically reflect 
investor confidence and can lead to increased investment and consumption through the wealth effect, whereas falling indices 
may reflect pessimism and a slowdown in the economy (Ravazzolo et al., 2005; Roy, S., 2023) which leads to formulate 
the following hypothesis: 

H5: BSE has no significant effect on GDP. 

H6: NSE has no significant effect on GDP. 

 

Fig. 1.  Relationship between GDP and Macroeconomic Variables 

Econometric Derivation 

The study has been started with the testing of normality of the time series data by applying the popularly used Jarque-Bera 
test as below: 
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The descriptive statistic of the time series data has been presented in table 1. It has been observed that the standard deviation 
ranges between 0.9276 and 0.2308 that means BSE is more volatile as compared to the others. It has also been found that 
the J-B test statistics of the variables are found to be statistically significant at 5% level that means rejection of null 
hypothesis regarding normality except LnInf. 

Table 1 
Descriptive Statistics 

Variable Observation Mean Std. Dev. Skewness Kurtosis Jarque-Bera P-value 
LnGDP 300 16.5293 0.7283 -0.1531 1.6474 24.0393** 0.0000 
LnExp 300 9.6695 0.7525 -0.8170 2.3536 38.6014** 0.0000 
LnImp 300 10.0370 0.8415 -0.8965 2.5061 43.2398** 0.0000 
LnInf 300 1.7146 0.4286 0.0153 2.7073 1.0825 0.5820 
LnEx 300 4.0328 0.2308 0.2626 1.6159 27.3952** 0.0000 
LnBSE 300 9.7746 0.9276 -0.3921 2.1865 15.9598** 0.0003 
LnNSE 300 8.5832 0.9088 -0.3508 2.1513 15.1556** 0.0005 

** Significant at 5% level  
Note: Authors’ own calculation 
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Another problem when deals with time series data is the problem of unit root that has been tested by applying the Augmented 
Dickey Fuller test (1979) and cross checked with Phillip Perron test (1988) as under:  

∆𝑌𝑌𝑡𝑡 = 𝛼𝛼 + 𝛿𝛿𝑌𝑌𝑡𝑡−1 + �𝛽𝛽1∆𝑌𝑌𝑡𝑡−𝑖𝑖

𝑘𝑘

𝑖𝑖=1

+ 𝑒𝑒𝑡𝑡 
 

(2) 

Similarly, the PP test is the modification of the ADF test that considers AR (1) process as follows: 

∆𝑌𝑌𝑡𝑡 = 𝛼𝛼 + 𝛿𝛿𝑌𝑌𝑡𝑡−1 + 𝑒𝑒𝑡𝑡 (3) 

The outcome has been presented in table 2 and found that the variables are non-stationary at level but become stationary at 
the same order when first difference operator has been applied except lninf in PP test. 

Table 2 
Unit Root Test 

 
Var. 

ADF PP Order of 
Integration Level 1st Difference Level 1st Difference 

t-stat. Prob. t-stat. Prob. t-stat. Prob. t-stat Prob. 
lnGDP -0.8094 0.8146 -12.7752** 0.000 -0.6057 0.8659 -19.9091** 0.0000 I(1) 
lnExp -1.7395 0.4103 -18.7787** 0.000 -2.1140 0.2394 -33.8764** 0.0000 I(1) 
lnImp -106819 0.4394 -25.3605** 0.000 -1.8404 0.3605 -25.9541** 0.0000 I(1) 
lnInf -1.9249 0.3206 -8.3778** 0.000 -3.2064** 0.0206 - - I(1) 
lnEx -0.0170 0.9554 -15.8563** 0.000 -0.0628 0.9509 -15.8563** 0.0000 I(1) 
lnBSE -0.2120 0.9339 -16.3840** 0.000 -0.2842 0.9241 -16.4038** 0.0000 I(1) 
lnNSE -0.2656 0.9267 -16.7621** 0.000 -0.2771 0.9251 -16.7608** 0.0000 I(1) 

**Significant at 5% level 
Note: Author’s own calculation 
 
The VECM model also requires appropriate lag length for the estimation of coefficient and thus the study has used three 
information criterions among many such as the Akaike Information Criterion (AIC), Schwarz Bayesian Information 
Criterion (SBIC) and Hannan-Quinn Information Criterion (HQIC). The lag length is said to be optimal which minimizes 
loss function and yields the residuals which are closet to white noise residuals. So, for a multivariate VAR with ‘K’ variables, 
‘T’ observations, a constant term, and a lag length ‘P’, the information are given below: 

𝐴𝐴𝐴𝐴𝐴𝐴(𝑃𝑃) = 𝑙𝑙𝑙𝑙|𝛴𝛴�(𝑝𝑝)| +
2
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𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆(𝑃𝑃) = 𝑙𝑙𝑙𝑙|𝛴𝛴�(𝑃𝑃)| + 𝑙𝑙𝑙𝑙(𝑇𝑇)
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(𝐾𝐾2𝑝𝑝)  (5) 

𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻(𝑃𝑃) = 𝑙𝑙𝑙𝑙|𝛴𝛴�(𝑃𝑃)| +
2𝑙𝑙𝑙𝑙 𝑙𝑙𝑙𝑙 𝑇𝑇

𝑇𝑇
(𝐾𝐾2𝑝𝑝) 

(6) 

The outcome of optimum lag length order based on the three criterions has been presented in table 3. Here, the optimum 
lag length has been provided by the information criteria are 2 because AIC and HQIC have shown the same lag length 
among the three and thus we follow the majority: 

Table 3 
Optimum Lags Order Selection 

Lag Order AIC SBIC HQIC 
0 -6.6452 -6.5570 -6.6099 
1 -22.7597 -22.0546* -22.4773 
2 -23.0465* -21.7244 -22.5169* 
3 -22.9935 -21.0544 -22.2168 

Note:*Indicates lag order selection, AIC: Akaike Information Criterion; SBIC: Schwarz Bayesian Information Criterion & HQIC: Hannan Quinn 
Information Criterion 
Source: Author’s own calculation 
 
Now, the study moves toward checking cointegration association among the selected macroeconomic variables to examine 
the presence of long-run equilibrium relationship that indicates whether the variables share a common long-term trend. 
According to Engle and Granger (1987), cointegration is the situation where two or more non-stationary time series exhibit 
a long-run relationship meaning they move together in a way that avoids their deviations from each other from diverging 
indefinitely. Hence, cointegration becomes an important prerequisite for any economic model using non-stationary time 
series data, and if the variables do not cointegrate with each other the regression will be spurious regression and as a result, 
the parameters estimation becomes worthless. The maximum-likelihood cointegration technique given by Johansen and 
Juselius (1990) has been applied and expressed through VAR framework given as under: 

𝑍𝑍𝑡𝑡 = 𝑛𝑛 + 𝑘𝑘1∆𝑧𝑧𝑡𝑡−1 + 𝑘𝑘2∆𝑧𝑧𝑡𝑡−2+. . . … … … + 𝑘𝑘𝑝𝑝∆𝑧𝑧𝑡𝑡−𝑝𝑝 + ∏𝑧𝑧𝑡𝑡−𝑝𝑝 + 𝑒𝑒𝑡𝑡 (7) 
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Here, the variablescan be presented under matrix notation as follows: 

Zt = (lnGDP, lnExp, lnImp, lnEx, lnInf, lnBSE, lnNSE) (8) 

where, 𝑍𝑍𝑡𝑡 is a 7×1 vector of non-stationary series (lnGDP, lnExp, lnImp, lnEx, lnInf, lnBSE and lnNSE) integrated of order 
I(1). ‘n’ is a 7×1 vector of parameters and ‘e’ is a 7×1 vector of normally and independently distributed error term. 

The study has applied two different likelihood (LR) test ratios for determining the number of cointegrating vectors. Here, 
both the test statistics (Trace statistics and Max-Eigen value) have been showing the same results which shown one 
cointegrating equation based on its robustness and economic justification. 

Table 4 
Johansen-Juselius Cointegration Test 

 
Hypothesized No. 
of CEs 

 
Eigen Value 

Rank Test (Trace) Rank Test (Max- Eigen Value) 

 
Trace Stat. 

Critical 
Value (0.05) 

 
p-value** 

Max-Eigen 
Stat. 

Critical Value 
(0.05) 

 
p-Value** 

None* 0.2445 173.1230 125.6154 0.0000 83.2719 46.2314 0.0000 
At most 1 0.0985 89.8510 95.7536 0.1189 30.8301 40.0775 0.3710 
At most 2 0.0752 59.0208 69.8188 0.2667 23.2253 33.8768 0.5133 

Note: Trace test & Max-Eigenvalue test indicates 1 cointegrating eqn(s) at the 0.05 level; 
*denotes rejection of the hypothesis at the 0.05 level; 
**MacKinnon-Haug-Michelis (1999) p-values;      
Source: Author’s own Calculation 
 
Once cointegration is confirmed, the Vector Error Correction Model (VECM) is specified with the help of equation 7 as 
follows: 

𝛥𝛥𝑌𝑌𝑡𝑡 = 𝛼𝛼 + ∑ 𝛾𝛾𝛾𝛾𝑌𝑌𝑡𝑡−𝑖𝑖 + 𝛽𝛽𝛽𝛽𝛽𝛽𝑇𝑇𝑡𝑡−1 + 𝜀𝜀𝑡𝑡
𝑝𝑝−1
𝑖𝑖=1   (9) 

where, 𝛥𝛥𝑌𝑌𝑡𝑡 is the vector of first differences of the endogenous variables (lnGDP, lnExp, lnImp, lnEx, lnInf, lnBSE and 
lnNSE). 

𝛼𝛼 is the constant vector. 

𝛾𝛾i represents the coefficients of the lagged differenced variables. 

ECTt-1 is the error correction term from the long-run cointegration equation which reflects the short-run deviations from the 
long-run equilibrium. 

𝜀𝜀𝑡𝑡 is the vector of error terms with 0 mean and constant standard deviation. 

The VECM is a restricted VAR model and in our case, it may be expressed as under: 

𝑙𝑙𝑙𝑙∆𝐺𝐺𝐺𝐺𝐺𝐺𝑡𝑡 =  𝛼𝛼0 + �𝛽𝛽1

2
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2

𝑖𝑖=1
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2

𝑖𝑖=1
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2
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(10) 

𝑙𝑙𝑙𝑙∆𝐸𝐸𝐸𝐸𝐸𝐸01𝑡𝑡 =  𝛼𝛼0 + ∑ 𝛽𝛽12
𝑖𝑖=1 𝑙𝑙𝑙𝑙∆𝐺𝐺𝐺𝐺𝐺𝐺𝑡𝑡−𝑖𝑖 + ∑ 𝛽𝛽22

𝑖𝑖=1 𝑙𝑙𝑙𝑙∆𝐸𝐸𝐸𝐸𝐸𝐸01𝑡𝑡−𝑖𝑖 + ∑ 𝛽𝛽32
𝑖𝑖=1 𝑙𝑙𝑙𝑙∆𝐼𝐼𝐼𝐼𝐼𝐼𝑡𝑡−𝑖𝑖 + ∑ 𝛽𝛽42

𝑖𝑖=1 𝑙𝑙𝑙𝑙∆𝐼𝐼𝐼𝐼𝐼𝐼𝑡𝑡−𝑖𝑖 +
∑ 𝛽𝛽52
𝑖𝑖=1 𝑙𝑙𝑙𝑙∆𝐸𝐸𝐸𝐸𝑡𝑡−𝑖𝑖 + ∑ 𝛽𝛽62

𝑖𝑖=1 𝑙𝑙𝑙𝑙∆𝐵𝐵𝐵𝐵𝐵𝐵𝑡𝑡−𝑖𝑖 + ∑ 𝛽𝛽72
𝑖𝑖=1 𝑙𝑙𝑙𝑙∆𝑁𝑁𝑁𝑁𝑁𝑁𝑡𝑡−𝑖𝑖 + 𝛿𝛿𝐸𝐸𝐸𝐸𝐸𝐸𝑡𝑡−1 +  𝑒𝑒𝑖𝑖𝑖𝑖  

(11) 

𝑙𝑙𝑙𝑙∆𝐼𝐼𝐼𝐼𝐼𝐼𝑡𝑡 =  𝛼𝛼0 +  ∑ 𝛽𝛽12
𝑖𝑖=1 𝑙𝑙𝑙𝑙∆𝐺𝐺𝐺𝐺𝐺𝐺𝑡𝑡−𝑖𝑖 + ∑ 𝛽𝛽22

𝑖𝑖=1 𝑙𝑙𝑙𝑙∆𝐸𝐸𝐸𝐸𝐸𝐸01𝑡𝑡−𝑖𝑖 + ∑ 𝛽𝛽32
𝑖𝑖=1 𝑙𝑙𝑙𝑙∆𝐼𝐼𝐼𝐼𝐼𝐼𝑡𝑡−𝑖𝑖 + ∑ 𝛽𝛽42

𝑖𝑖=1 𝑙𝑙𝑙𝑙∆𝐼𝐼𝐼𝐼𝐼𝐼𝑡𝑡−𝑖𝑖 +
∑ 𝛽𝛽52
𝑖𝑖=1 𝑙𝑙𝑙𝑙∆𝐸𝐸𝐸𝐸𝑡𝑡−𝑖𝑖 + ∑ 𝛽𝛽62

𝑖𝑖=1 𝑙𝑙𝑙𝑙∆𝐵𝐵𝐵𝐵𝐵𝐵𝑡𝑡−𝑖𝑖 + ∑ 𝛽𝛽72
𝑖𝑖=1 𝑙𝑙𝑙𝑙∆𝑁𝑁𝑁𝑁𝑁𝑁𝑡𝑡−𝑖𝑖 + 𝛿𝛿𝐸𝐸𝐸𝐸𝐸𝐸𝑡𝑡−1 +  𝑒𝑒𝑖𝑖𝑖𝑖  

(12) 

𝑙𝑙𝑙𝑙∆𝐼𝐼𝐼𝐼𝐼𝐼𝑡𝑡 =  𝛼𝛼0 +  ∑ 𝛽𝛽12
𝑖𝑖=1 𝑙𝑙𝑙𝑙∆𝐺𝐺𝐺𝐺𝐺𝐺𝑡𝑡−𝑖𝑖 + ∑ 𝛽𝛽22
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𝑖𝑖=1 𝑙𝑙𝑙𝑙∆𝐼𝐼𝐼𝐼𝐼𝐼𝑡𝑡−𝑖𝑖 +
∑ 𝛽𝛽52
𝑖𝑖=1 𝑙𝑙𝑙𝑙∆𝐸𝐸𝐸𝐸𝑡𝑡−𝑖𝑖 + ∑ 𝛽𝛽62

𝑖𝑖=1 𝑙𝑙𝑙𝑙∆𝐵𝐵𝐵𝐵𝐵𝐵𝑡𝑡−𝑖𝑖 + ∑ 𝛽𝛽72
𝑖𝑖=1 𝑙𝑙𝑙𝑙∆𝑁𝑁𝑁𝑁𝑁𝑁𝑡𝑡−𝑖𝑖 + 𝛿𝛿𝐸𝐸𝐸𝐸𝐸𝐸𝑡𝑡−1 +  𝑒𝑒𝑖𝑖𝑖𝑖  

(13) 

𝑙𝑙𝑙𝑙∆𝐸𝐸𝐸𝐸𝑡𝑡 =  𝛼𝛼0 +  ∑ 𝛽𝛽12
𝑖𝑖=1 𝑙𝑙𝑙𝑙∆𝐺𝐺𝐺𝐺𝐺𝐺𝑡𝑡−𝑖𝑖 + ∑ 𝛽𝛽22

𝑖𝑖=1 𝑙𝑙𝑙𝑙∆𝐸𝐸𝐸𝐸𝐸𝐸01𝑡𝑡−𝑖𝑖 + ∑ 𝛽𝛽32
𝑖𝑖=1 𝑙𝑙𝑙𝑙∆𝐼𝐼𝐼𝐼𝐼𝐼𝑡𝑡−𝑖𝑖 + ∑ 𝛽𝛽42

𝑖𝑖=1 𝑙𝑙𝑙𝑙∆𝐼𝐼𝐼𝐼𝐼𝐼𝑡𝑡−𝑖𝑖 +
∑ 𝛽𝛽52
𝑖𝑖=1 𝑙𝑙𝑙𝑙∆𝐸𝐸𝐸𝐸𝑡𝑡−𝑖𝑖 + ∑ 𝛽𝛽62

𝑖𝑖=1 𝑙𝑙𝑙𝑙∆𝐵𝐵𝐵𝐵𝐵𝐵𝑡𝑡−𝑖𝑖 + ∑ 𝛽𝛽72
𝑖𝑖=1 𝑙𝑙𝑙𝑙∆𝑁𝑁𝑁𝑁𝑁𝑁𝑡𝑡−𝑖𝑖 + 𝛿𝛿𝐸𝐸𝐸𝐸𝐸𝐸𝑡𝑡−1 +  𝑒𝑒𝑖𝑖𝑖𝑖   

(14) 

𝑙𝑙𝑙𝑙∆𝐵𝐵𝐵𝐵𝐵𝐵𝑡𝑡 =  𝛼𝛼0 +  ∑ 𝛽𝛽12
𝑖𝑖=1 𝑙𝑙𝑙𝑙∆𝐺𝐺𝐺𝐺𝐺𝐺𝑡𝑡−𝑖𝑖 + ∑ 𝛽𝛽22

𝑖𝑖=1 𝑙𝑙𝑙𝑙∆𝐸𝐸𝐸𝐸𝐸𝐸01𝑡𝑡−𝑖𝑖 + ∑ 𝛽𝛽32
𝑖𝑖=1 𝑙𝑙𝑙𝑙∆𝐼𝐼𝐼𝐼𝐼𝐼𝑡𝑡−𝑖𝑖 + ∑ 𝛽𝛽42
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(15) 
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𝑙𝑙𝑙𝑙∆𝑁𝑁𝑁𝑁𝑁𝑁𝑡𝑡 =  𝛼𝛼0 + ∑ 𝛽𝛽12
𝑖𝑖=1 𝑙𝑙𝑙𝑙∆𝐺𝐺𝐺𝐺𝐺𝐺𝑡𝑡−𝑖𝑖 + ∑ 𝛽𝛽22

𝑖𝑖=1 𝑙𝑙𝑙𝑙∆𝐸𝐸𝐸𝐸𝐸𝐸01𝑡𝑡−𝑖𝑖 + ∑ 𝛽𝛽32
𝑖𝑖=1 𝑙𝑙𝑙𝑙∆𝐼𝐼𝐼𝐼𝐼𝐼𝑡𝑡−𝑖𝑖 + ∑ 𝛽𝛽42

𝑖𝑖=1 𝑙𝑙𝑙𝑙∆𝐼𝐼𝐼𝐼𝐼𝐼𝑡𝑡−𝑖𝑖 +
∑ 𝛽𝛽52
𝑖𝑖=1 𝑙𝑙𝑙𝑙∆𝐸𝐸𝐸𝐸𝑡𝑡−𝑖𝑖 + ∑ 𝛽𝛽62

𝑖𝑖=1 𝑙𝑙𝑙𝑙∆𝐵𝐵𝐵𝐵𝐵𝐵𝑡𝑡−𝑖𝑖 + ∑ 𝛽𝛽72
𝑖𝑖=1 𝑙𝑙𝑙𝑙∆𝑁𝑁𝑁𝑁𝑁𝑁𝑡𝑡−𝑖𝑖 + 𝛿𝛿𝐸𝐸𝐸𝐸𝐸𝐸𝑡𝑡−1 +  𝑒𝑒𝑖𝑖𝑖𝑖  

(16) 

where: 

𝛿𝛿 is the coefficient of ECT that represents speed of adjustment to its long-run equilibrium. 

𝛽𝛽’s are the coefficients of the lagged differenced variables (short-run dynamics) to be estimated. 

In the context of VECM, IRF (Impulse Response Functions) has been applied to examine the dynamic behaviour of the 
system in response to external shocks/innovation. The VECM captures both the short-run dynamics and long-run 
equilibrium associations among the integrated variables. The IRFs trace the effect of a one-time, unit standard deviation 
shock to one of the endogenous variables on the current and future values of all variables in the system and these functions 
provide insight into the magnitude, direction and duration of the response of each variable to shocks in other variables and 
helps to identify the transmission mechanisms and interdependencies within the system. After estimating the VECM, the 
diagnostic checks (autocorrelation, heteroskedasticity and normality) have been performed by considering the residuals to 
assess the model’s adequacy and thereafter to ensure valid statistical inferences the VECM model has been re-estimated by 
using HAC standard errors as proposed by Newey-West (1987). The stability of the VECM has been checked by ensuring 
that all roots of the characteristic equation lie inside the unit circle, indicating the model is stable under CUSUM test. 

Ultimately, the direction of causality between the variables has been checked through Granger Causality (1969) test and 
therefore, Granger Causality test is applied considering the following VAR model with two lag: 

∆𝑙𝑙𝑙𝑙𝐺𝐺𝐺𝐺𝐺𝐺𝑡𝑡 =  𝛼𝛼1 + 𝛼𝛼2∆𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑡𝑡−2 +  𝛼𝛼3∆𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑡𝑡−2 + 𝛼𝛼4∆𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑡𝑡−2 + 𝛼𝛼5∆𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑡𝑡−2 + 𝛼𝛼6∆𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑡𝑡−2
+ 𝛼𝛼7∆𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑡𝑡−2 + 𝛼𝛼8∆𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑡𝑡−2 + 𝜀𝜀1𝑡𝑡 

(17) 
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∆𝑙𝑙𝑙𝑙𝐸𝐸𝐸𝐸𝑡𝑡 =  𝜃𝜃1 +  𝜃𝜃2∆𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑡𝑡−2 + 𝜃𝜃3∆𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑡𝑡−2 + 𝜃𝜃4∆𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑡𝑡−2 + 𝜃𝜃5∆𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑡𝑡−2 + 𝜃𝜃6∆𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑡𝑡−2 + 𝜃𝜃7∆𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑡𝑡−2
+ 𝜃𝜃8∆𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑡𝑡−2 + 𝜀𝜀1𝑡𝑡 

(21) 

∆𝑙𝑙𝑙𝑙𝐵𝐵𝐵𝐵𝐵𝐵𝑡𝑡 =  𝜙𝜙1 +  𝜙𝜙2∆𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑡𝑡−2 +  𝜙𝜙3∆𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑡𝑡−2 + 𝜙𝜙4∆𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑡𝑡−2 + 𝜙𝜙5∆𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑡𝑡−2 + 𝜙𝜙6∆𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑡𝑡−2
+ 𝜙𝜙7∆𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑡𝑡−2 + 𝜙𝜙8∆𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑡𝑡−2 + 𝜀𝜀1𝑡𝑡 

(22) 

∆𝑙𝑙𝑙𝑙𝑁𝑁𝑁𝑁𝑁𝑁𝑡𝑡 =  𝛹𝛹1 +  𝛹𝛹2∆𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑡𝑡−2 +  𝛹𝛹3∆𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑡𝑡−2 + 𝛹𝛹4∆𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑡𝑡−2 + 𝛹𝛹5∆𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑡𝑡−2 + 𝛹𝛹6∆𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑡𝑡−2
+ 𝛹𝛹7∆𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑡𝑡−2 + 𝛹𝛹8∆𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑡𝑡−2 + 𝜀𝜀1𝑡𝑡 

(23) 

where, the values of the above variables at ‘t-2’ is represented two periods lag value which has been explained above. The 
Granger causality test is based on testing the joint significance of the lags of each variable in the system apart from its own 
lags by testing the following hypothesis: 

H0: α3 = 0 (no Granger causality) 

Ha: At least one of the restrictions fails 

5. Result and Analysis 

The error correction term (ECT) has been derived from the cointegration relationship and used to identify the speed at which 
the variables return to equilibrium after a shock or may be said a long-run adjustment dynamics. The outcome has been 
presented in Table 5 by re-estimating the VECM model by using Heteroskedasticity and Autocorrelation Consistent (HAC) 
standard errors proposed by Newey-West (1987) where the coefficient estimates remained unchanged but the standard errors 
are adjusted to produce robust t-statistics and probability values and this corrected values have been used to assess the 
statistical significance of the explanatory variables where use of HAC standard errors ensure both efficiency and reliability 
of the estimates in the presence of heteroskedasticity and potential autocorrelation. Now, it has been observed that long-run 
equilibrium relationship exists when lnΔImp and lnΔInf have been treated as the endogenous variables that means if lnΔImp 
and lnΔInf deviate from equilibrium by 1 unit, it adjusts 5.71% and 2.39% per period respectively to restore equilibrium in 
that order (Roy, 2020, 2023; Fhima et al., 2023; Sampath et al., 2016). 
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Table 5 
Long-Run Equilibrium Relationship (VECM-ECT) 

Dep. Var. ECT Std. Error t-statistic Probability Std. Error (HAC) t-statistic Probability 
lnΔGDP 0.0014 0.0048 0.2994 0.7648 0.0037 0.3855 0.7001 
lnΔExp -0.0131 0.0082 -1.5993 0.1109 0.0071 -1.8522 0.0650 
lnΔImp -0.0571 0.0071 -7.9818** 0.0000 0.0058 -9.7161** 0.0000 
lnΔInf 0.0239 0.0112 2.1343** 0.0337 0.0106 2.2531** 0.0250 
lnΔEx -0.0003 0.0015 -0.2182 0.8274 0.0012 -0.2750 0.7835 
lnΔBSE 0.0088 0.0050 1.7337 0.0841 0.0063 1.3936 0.1645 
lnΔNSE 0.0088 0.0051 1.7193 0.0867 0.0063 1.3978 0.1632 

**Significant at 5% level;        
Source: Author’s own calculation 
 

Thereafter, the re-estimated VECM model by using HAC standard errors has produced estimates for the short-term 
dynamics (through the lagged differences) that shown how past short-term changes in lnΔGDP or lnΔExp or lnΔImp 
or lnΔEx or lnΔInf or lnΔBSE or lnΔNSE, independent of the long-run relationship. Here, 1% increase in lnΔGDP(-2) in 
the last two periods increases GDP by 0.2198% when lnΔExp has been treated as the regressor. Similarly, both the previous 
lag coefficients of lnΔExp have been found significant, which means 1% increase in lnΔExp in the last one and two periods 
decrease the lnΔExp by -0.5383% and -0.3172% respectively and vice versa. Similarly, 1% increase in lnΔImp in the last 
period decreases import by -0.1617%. Additionally, the outcome of joint significance of lagged short-run coefficients has 
been provided by Wald-test in the table and found that the lags of lnΔExp has significantly and jointly affected own self and 
BSE when lnΔExp is the predictor (Sampath et al., 2016; Ali et al., 2018). Similarly, when lnΔImp has been treated as the 
regressor both the previous lag coefficient of lnΔExp have been found significant that means 1% increase in export in the 
last one and two periods decrease the export by -0.3621% and -0.1659% respectively and vice versa. Similarly, 1% increase 
in lnΔGDP (-2) in the last two periods increases GDP by 0.1969% and 1% increase in lnΔImp in the last period decreases 
import by -0.1728%. Additionally, when the lnΔInf has been treated as the regressor both the previous lag coefficients of 
lnΔInf have been found significant that means 1% increase in inflation in the last one and two periods inflation changes 
0.2273% and -0.2694% respectively. Moreover, it has been also found that the 1% increase in lnΔEx, lnΔBSE and lnΔNSE 
in the last period changes by 1.1923%, -2.5397% and 2.7342% respectively and the same result has been provided by Wald 
test also (Estrada et al., 2018; Ramos, 2001). Similarly, opposite has been found when 1% increases in lnΔGDP (2) in the 
last two periods decreases GDP by -0.0472% and 1% increase in lnΔExp in the last period decreases export by -0.0374% 
when the lnΔEx has been treated as the regressor. However, no short-run association has been observed between the 
variables when lnΔGDP, lnΔBSE and lnΔNSE have been treated as predictor variables. 

Table 6 
Short-Run Dynamics (VECM) 

Regressor: lnΔGDP  
Wald-Test 

Variables with 
lags 

Coefficient t-statistics Probability Std. Error 
(HAC) 

t-statistics Probability 

Constant 0.0068 1.7829 0.0757 0.0037 1.8177 0.0702  
H0:C(2)=C(3)=0 
χ2=1.5552; Prob.=0.4595 
H0:C(4)=C(5)=0 
χ2=2.7476; Prob.=0.2531 
H0:C(6)=C(7)=0 
χ2=0.9841; Prob.=0.6113 
H0:C(8)=C(9)=0 
χ2=0.5586; Prob.=0.7563 
H0:C(10)=C(11)=0 
χ2=1.2175; Prob.=0.5440 
H0:C(12)=C(13)=0 
χ2=0.9401; Prob.=0.6250 
H0:C(14)=C(15)=0 
χ2=0.2868; Prob.=0.8664 

lnΔGDP(-1) -0.0325 -0.5271 0.5985 0.0193 -1.6799 0.0941 
lnΔGDP(-2) -0.0105 -0.1731 0.8626 0.0168 -0.6247 0.5326 
lnΔExp(-1) 0.0640 1.2112 0.2268 0.0435 1.4722 0.1421 
lnΔExp(-2) 0.0418 0.9196 0.3585 0.0412 1.0147 0.3111 
lnΔImp(-1) -0.0492 -1.0180 0.3095 0.0411 -1.1971 0.2323 
lnΔImp(-2) -0.0460 -1.0264 0.3055 0.0371 -1.2391 0.2163 
lnΔInf(-1) -0.0361 -1.4321 0.1532 0.0234 -1.5422 0.1241 
lnΔInf(-2) -0.0198 -0.7824 0.4346 0.0237 -0.8358 0.4039 
lnΔEx(-1) -0.1140 -0.5105 0.6101 0.2071 -0.5503 0.5825 
lnΔEx(-2) 0.1182 0.5311 0.5958 0.1747 0.6764 0.4993 
lnΔBSE(-1) 0.4215 0.8561 0.3926 0.3584 1.1732 0.2417 
lnΔBSE(-2) 0.0515 0.1093 0.9130 0.3763 0.1369 0.8912 
lnΔNSE(-1) -0.3546 -0.7287 0.4667 0.3479 -1.0192 0.3090 
lnΔNSE(-2) -0.0151 -0.0323 0.9742 0.3723 -0.0407 0.9675 
Regressor: lnΔExp Wald-Test 
Constant 0.0123 1.9059 0.0577 0.0077 1.5972 0.1113  

H0:C(18)=C(19)=0 
χ2=43.6752; Prob.=0.0000 
H0:C(20)=C(21)=0 
χ2=6.7950; Prob.=0.0335 
H0:C(22)=C(23)=0 
χ2=0.4372; Prob.=0.8036 
H0:C(24)=C(25)=0 
χ2=4.6579; Prob.=0.0974 
H0:C(26)=C(27)=0 
χ2=25.6543; Prob.=0.0000 
H0:C(28)=C(29)=0 
χ2=4.1196; Prob.=0.1275 
H0:C(30)=C(31)=0 
χ2=2.6842; Prob.=0.2613 

lnΔGDP(-1) -0.1518 -1.4573 0.1461 0.0820 -1.8510 0.0652 
lnΔGDP(-2) 0.2198 2.1481** 0.0326 0.0977 2.2492** 0.0253 
lnΔExp(-1) -0.5383 -6.0389** 0.0000 0.1012 -5.3181** 0.0000 
lnΔExp(-2) -0.3172 -4.1326** 0.0000 0.0808 -3.9255** 0.0001 
lnΔImp(-1) -0.1617 -1.9828** 0.0484 0.0778 -2.0765** 0.0388 
lnΔImp(-2) -0.0025 -0.0341 0.9728 0.0758 -0.0340 0.9728 
lnΔInf(-1) 0.0600 1.4128 0.1588 0.0399 1.5036 0.1338 
lnΔInf(-2) 0.0544 1.2713 0.2064 0.0392 1.3864 0.1667 
lnΔEx(-1) -0.1251 -0.3324 0.7398 0.3485 -0.3591 0.7198 
lnΔEx(-2) -0.5681 -1.5139 0.1312 0.3248 -1.7490 0.0814 
lnΔBSE(-1) 0.4762 0.5752 0.5656 0.7246 0.6572 0.5116 
lnΔBSE(-2) 0.5392 0.6786 0.4979 0.8102 0.6655 0.5062 
lnΔNSE(-1) -0.1535 -0.1871 0.8517 0.7884 -0.1946 0.8458 
lnΔNSE(-2) -0.3601 -0.4558 0.6488 0.8167 -0.4409 0.6596 
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Table 6 
Short-Run Dynamics (VECM) (Continued) 

Regressor: lnΔGDP  
Wald-Test Variables with lags Coefficient t-statistics Probability Std. Error (HAC) t-statistics Probability 

Regressor: lnΔImp Wald-Test 
Constant 0.0079 1.4067 0.1606 0.0069 1.1367 0.2566  

H0:C(34)=C(35)=0 
χ2=22.8363; Prob.=0.0000 
H0:C(36)=C(37)=0 
χ2=8.7975; Prob.=0.0131 
H0:C(38)=C(39)=0 
χ2=5.1655; Prob.=0.0756 
H0:C(40)=C(41)=0 
χ2=7.0068; Prob.=0.0301 
H0:C(42)=C(43)=0 
χ2=6.6556; Prob.=0.0359 
H0:C(44)=C(45)=0 
χ2=2.7682; Prob.=0.2505 
H0:C(46)=C(47)=0 
χ2=2.7252; Prob.=0.2560 

lnΔGDP(-1) -0.0062 -0.0690 0.9450 0.0833 -0.0750 0.9402 
lnΔGDP(-2) 0.1969 2.2142** 0.0276 0.0856 2.3013** 0.0221 
lnΔExp(-1) -0.3621 -4.6733** 0.0000 0.0875 -4.1376** 0.0000 
lnΔExp(-2) -0.1659 -2.4867** 0.0135 0.0799 -2.0758** 0.0388 
lnΔImp(-1) -0.1728 -2.4372** 0.0154 0.0694 -2.4883** 0.0134 
lnΔImp(-2) 0.0566 0.8611 0.3899 0.0740 0.7647 0.4451 
lnΔInf(-1) 0.0499 1.3505 0.1779 0.0400 1.2460 0.2138 
lnΔInf(-2) 0.0290 0.7792 0.4365 0.0278 1.0402 0.2991 
lnΔEx(-1) -0.4511 -1.3787 0.1691 0.3265 -1.3815 0.1682 
lnΔEx(-2) 0.4920 1.5085 0.1325 0.2451 2.0070** 0.0457 
lnΔBSE(-1) 1.3113 1.8218 0.0695 0.7884 1.6630 0.0974 
lnΔBSE(-2) 0.4843 0.7012 0.4837 0.6147 0.7879 0.4314 
lnΔNSE(-1) -1.0185 -1.4283 0.1543 0.7799 -1.3060 0.1926 
lnΔNSE(-2) -0.3280 -0.4777 0.6332 0.6149 -0.5335 0.5941 
Regressor: lnΔInf Wald-Test 
Constant -0.0041 -0.4738 0.6360 0.0081 -0.5154 0.6067  

H0:C(50)=C(51)=0 
χ2=1.6277; Prob.=0.4431 
H0:C(52)=C(53)=0 
χ2=15.3851; Prob.=0.0005 
H0:C(54)=C(55)=0 
χ2=10.3489; Prob.=0.0057 
H0:C(56)=C(57)=0 
χ2=5.9799; Prob.=0.0503 
H0:C(58)=C(59)=0 
χ2=2.2980; Prob.=0.3169 
H0:C(60)=C(61)=0 
χ2=21.6997; Prob.=0.0000 
H0:C(62)=C(63)=0 
χ2=0.6487; Prob.=0.7230 

lnΔGDP(-1) -0.0614 -0.4323 0.6658 0.1451 -0.4232 0.6724 
lnΔGDP(-2) 0.0084 0.0605 0.9517 0.1029 0.0820 0.9346 
lnΔExp(-1) 0.1532 1.2615 0.2082 0.1144 1.3390 0.1816 
lnΔExp(-2) 0.1312 1.2543 0.2108 0.0989 1.3272 0.1855 
lnΔImp(-1) 0.0492 0.4431 0.6580 0.0859 0.5733 0.5669 
lnΔImp(-2) -0.0021 -0.0203 0.9838 0.0954 -0.0220 0.9824 
lnΔInf(-1) 0.2273 3.9215** 0.0001 0.0531 4.2787** 0.0000 
lnΔInf(-2) -0.2694 -4.6140** 0.0000 0.0493 -5.4560** 0.0000 
lnΔEx(-1) 1.1923 2.3236** 0.0209 0.5769 2.0665** 0.0397 
lnΔEx(-2) -0.4500 -0.8798 0.3797 0.4667 -0.9641 0.3358 
lnΔBSE(-1) -2.5397 -2.2502** 0.0252 1.1666 -2.1769** 0.0303 
lnΔBSE(-2) -0.6297 -0.5813 0.5615 1.1791 -0.5340 0.5938 
lnΔNSE(-1) 2.7342 2.4451** 0.0151 1.1573 2.3624** 0.0188 
lnΔNSE(-2) 0.5326 0.4946 0.6212 1.2195 0.4367 0.6626 
Regressor: lnΔEx Wald-Test 
Constant 0.0022 1.8530 0.0649 0.0010 2.1096** 0.0358  

H0:C(66)=C(67)=0 
χ2=5.0797; Prob.=0.0789 
H0:C(68)=C(69)=0 
χ2=2.3331; Prob.=0.3114 
H0:C(70)=C(71)=0 
χ2=1.8573; Prob.=0.3951 
H0:C(72)=C(73)=0 
χ2=6.1115; Prob.=0.0471 
H0:C(74)=C(75)=0 
χ2=0.5416; Prob.=0.7627 
H0:C(76)=C(77)=0 
χ2=0.3123; Prob.=0.8554 
H0:C(78)=C(79)=0 
χ2=3.0563; Prob.=0.2169 

lnΔGDP(-1) 0.0047 0.2433 0.8079 0.0194 0.2445 0.8070 
lnΔGDP(-2) -0.0472 -2.4656** 0.0143 0.0194 -2.4321** 0.0156 
lnΔExp(-1) -0.0374 -2.2451** 0.0255 0.0165 -2.2685** 0.0241 
lnΔExp(-2) 0.0093 0.6490 0.5169 0.0140 0.6657 0.5061 
lnΔImp(-1) 0.0200 1.3151 0.1895 0.0172 1.1618 0.2463 
lnΔImp(-2) -0.0092 -0.6561 0.5122 0.0144 -0.6436 0.5203 
lnΔInf(-1) 0.0075 0.9452 0.3454 0.0076 0.9771 0.3293 
lnΔInf(-2) 0.0042 0.5284 0.5976 0.0068 0.6227 0.5339 
lnΔEx(-1) 0.0943 1.3398 0.1814 0.0830 1.1367 0.2566 
lnΔEx(-2) -0.0108 -0.1541 0.8776 0.0683 -0.1583 0.8743 
lnΔBSE(-1) 0.0363 0.2346 0.8146 0.1313 0.2768 0.7821 
lnΔBSE(-2) -0.2107 -1.4173 0.1575 0.1271 -1.6567 0.0987 
lnΔNSE(-1) -0.0313 -0.2040 0.8384 0.1271 -0.2463 0.8056 
lnΔNSE(-2) 0.2291 1.5504 0.1222 0.1292 1.7722 0.0774 
Regressor: lnΔBSE Wald-Test 
Constant 0.0086 2.1610** 0.0315 0.0031 2.7319** 0.0067  

H0:C(82)=C(83)=0 
χ2=1.8231; Prob.=0.4019 
H0:C(84)=C(85)=0 
χ2=0.1862; Prob.=0.9111 
H0:C(86)=C(87)=0 
χ2=0.7736; Prob.=0.6792 
H0:C(88)=C(89)=0 
χ2=1.4570; Prob.=0.4826 
H0:C(90)=C(91)=0 
χ2=1.2391; Prob.=0.5382 
H0:C(92)=C(93)=0 
χ2=0.9285; Prob.=0.6286 
H0:C(94)=C(95)=0 
χ2=1.8072; Prob.=0.4051 

lnΔGDP(-1) -0.0043 -0.0681 0.9457 0.0584 -0.0748 0.9404 
lnΔGDP(-2) 0.0754 1.1964 0.2325 0.0498 1.5130 0.1314 
lnΔExp(-1) 0.0734 1.3359 0.1826 0.0569 1.2889 0.1985 
lnΔExp(-2) 0.0355 0.7509 0.4533 0.0489 0.7264 0.4682 
lnΔImp(-1) 0.0156 0.3113 0.7558 0.0479 0.3262 0.7445 
lnΔImp(-2) -0.0514 -1.1036 0.2707 0.0591 -0.8703 0.3849 
lnΔInf(-1) -0.0066 -0.2547 0.7991 0.0266 -0.2507 0.8022 
lnΔInf(-2) -0.0254 -0.9623 0.3367 0.0235 -1.0807 0.2807 
lnΔEx(-1) -0.2025 -0.8725 0.3837 0.2828 -0.7159 0.4746 
lnΔEx(-2) -0.0000475 -0.0002 0.9998 0.2333 -0.0002 0.9998 
lnΔBSE(-1) -0.0517 -0.1012 0.9194 0.6042 -0.0855 0.9319 
lnΔBSE(-2) 0.6354 1.2970 0.1957 0.6649 0.9556 0.3401 
lnΔNSE(-1) 0.0870 0.1721 0.8634 0.5670 0.1536 0.8780 
lnΔNSE(-2) -0.6499 -1.3345 0.1831 0.6809 -0.9544 0.3407 
Regressor: lnΔNSE Wald-Test 
Constant 0.0092 2.2795** 0.0234 0.0031 2.8846 0.0042  

H0:C(98)=C(99)=0 
χ2=1.6392; Prob.=0.4406 
H0:C(100)=C(101)=0 
χ2=0.0954; Prob.=0.9534 
H0:C(102)=C(103)=0 
χ2=1.3249; Prob.=0.5156 
H0:C(104)=C(105)=0 
χ2=1.8726; Prob.=0.3921 
H0:C(106)=C(107)=0 
χ2=1.6920; Prob.=0.4291 
H0:C(108)=C(109)=0 
χ2=1.1800; Prob.=0.5543 
H0:C(110)=C(111)=0 
χ2=2.3374; Prob.=0.3108 

lnΔGDP(-1) -0.0094 -0.1447 0.8850 0.0608 -0.1552 0.8768 
lnΔGDP(-2) 0.0837 1.3076 0.1921 0.0532 1.5729 0.1169 
lnΔExp(-1) 0.0712 1.2759 0.2030 0.0579 1.2295 0.2199 
lnΔExp(-2) 0.0413 0.8594 0.3909 0.0486 0.8494 0.3964 
lnΔImp(-1) 0.0115 0.2253 0.8218 0.0473 0.2429 0.8082 
lnΔImp(-2) -0.0612 -1.2926 0.1972 0.0584 -1.0464 0.2963 
lnΔInf(-1) -0.0047 -0.1795 0.8577 0.0265 -0.1802 0.8571 
lnΔInf(-2) -0.0290 -1.0845 0.2790 0.0238 -1.2213 0.2230 
lnΔEx(-1) -0.2545 -0.0803 0.2809 0.2929 -0.8689 0.3856 
lnΔEx(-2) -0.0274 -0.1168 0.9071 0.2358 -0.1164 0.9074 
lnΔBSE(-1) 0.2120 0.4090 0.6828 0.6244 0.3395 0.7345 
lnΔBSE(-2) 0.6944 1.3960 0.1638 0.6233 1.1141 0.2662 
lnΔNSE(-1) -0.2004 -0.3902 0.6966 0.5908 -0.3392 0.7347 
lnΔNSE(-2) -0.7276 -1.4714 0.1423 0.639879 -1.1372 0.2564 

**Significant at 5% level;            
Source: Author’s own calculation 
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The outcome of Impulse response Function (IRF) has been highlighted in figure 2 after determining the long-run and short-
run equilibrium relationship. The IRF has been derived for examining the degree of exogeneity and direction of the 
association among the variables beyond the sample observations.  It shows the dynamics response path for a time horizon 
of 10 periods to a one positive standard deviation shock (impulse or innovation) on lnΔGDP, lnΔExp, lnΔImp, lnΔInf, 
lnΔEx, lnΔBSE and lnΔNSE respectively.  It has been observed from the figure that a positive shock to lnΔGDP leads to 
short-term positive responses in most of the variables, especially BSE and NSE, indicating a growth-driven confidence in 
financial markets where GDP reacts mildly but positively to shocks in exports, exchange rate, and stock indices, suggesting 
real-financial market interdependence. Further, a shock in lnΔExp initially decreases GDP, indicating adjustment costs or 
export volatility, but stabilizes over time where exports respond positively to GDP and stock market shocks, especially 
NSE, revealing that domestic growth and market sentiment influence trade dynamics. Similarly, a positive response of 
lnΔImp leads to a positive response in GDP. import rises in response to GDP and BSE shocks, aligning with increased 
demand and investment activities and it is also sensitive to exchange rate fluctuations, highlighting vulnerability to external 
sector dynamics. Moreover, inflation reacts sharply and negatively to its own shocks, suggesting strong self-correcting 
tendencies and it is positively affected by shocks in exchange rate, NSE, and BSE, implying imported inflation and asset 
price channels. Although, the exchange rate responds positively to GDP and export shocks, which reflects macroeconomic 
fundamentals and trade competitiveness and it has a noticeable effect on inflation and imports, confirming traditional 
transmission mechanisms. The last two row of the same figure has displayed the responses of stock indices (BSE & NSE) 
after giving a positive standard deviation shock and found that both indices shown strong positive responses to GDP shocks 
which confirm their role as economic barometers and they also react to export and inflation shocks that reinforce their 
sensitivity to both real and price-level factors. 
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Fig. 2. Outcome of IRF 
Table 7 has presented the outcome of various residual tests and found that VECM models are valid and robust based on B-
G LM test and B-P-G Heteroskedasticity test and it has been possible to use HAC standard errors (Newey-West) to re-
estimate the model where coefficients estimate remained unchanged but the standard errors have been adjusted to provide 
robust estimates that ensures efficiency and reliability of the estimates. The Jarque-Bera test has shown an unfavourable 
situation about normality which is a concern but absence of normality doesn’t always justify the model’s invalidity. 
Sometimes, it indicates the existence of some overlooked factors that may significantly describe the pattern of relationship. 
Although normality is not essential for OLS consistency, it is critical for reliable inference and hypothesis testing thus, 
considering the theoretical proposition and regularity; it seems to be ignored. 

Table 7 
Robustness Check of VECM 

Dependent Variable B-G LM Test B-P-G Het. Test Normality Test 
Obs* R2 Prob. Obs* R2 Prob. J-B Stat. Prob. 

Residuals of lnΔGDP 2.1285 0.3450 6.4585 0.7434 11299.65** 0.0000 
Residuals of lnΔExp 1.2936 0.4430 4.0782 0.2455 1731.535** 0.0000 
Residuals of lnΔImp 3.3014 0.1919 3.1006 0.1212 307.0619** 0.0000 
Residuals of lnΔInf 1.9082 0.3852 3.7822 0.2379 21.3157** 0.0000 
Residuals of lnΔEx 1.0449 0.5930 2.7608 0.1400 71.5828** 0.0000 
Residuals of lnΔBSE 3.3146 0.1906 3.8113 0.1103 89.5955** 0.0000 
Residuals of lnΔNSE 3.1000 0.2122 3.6885 0.1140 123.8743** 0.0000 

Source: Authors’ own calculation 
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Further, the study has estimated cumulative sum of recursive residuals (CUSUM) to testify the stability of the estimated 
coefficient of the VECM models. The outcomes of the CUSUM test have been plotted from Fig. 3 to Fig. 9 and found that 
at 5% significance level, the model’s parameters are stable during the study period that ensures models acceptability. 
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Fig. 3. CUSUM graph of Residuals of lnΔGDP Fig. 4. CUSUM Graph of Residuals of lnΔExp 
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Fig. 5. CUSUM Graph of Residuals of lnΔImp Fig. 6. CUSUM Graph of Residuals of lnΔInf 
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Fig. 7. CUSUM Graph of Residuals of lnΔEx Fig. 8. CUSUM Graph of Residuals of lnΔBSE 
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Fig. 9. CUSUM Graph of Residuals of lnΔNSE 

 

The outcome of the direction of Granger Causality has been presented in table 8. It has been found that uni-directional 
causality runs from export to GDP, exchange rate to export, export to BSE, export to NSE, import to exchange rate, import 
to BSE and import to NSE (Roy, 2020; 2023). Moreover, bi-directional causality has also been observed between BSE and 
GDP; NSE and GDP and also import and export (Roy, 2024). 
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Table 8 
Granger Causality 

Null Hypothesis (H0) F-Statistic Prob. Decision 
Exp does not Granger Cause GDP 
GDP does not Granger Cause Exp 

2.0472 
4.3989** 

0.1309 
0.0131 

Don’t Reject H0 
Reject H0 

Imp does not Granger Cause GDP 
GDP does not Granger Cause Imp 

1.2787 
1.1137 

0.2799 
0.3297 

Don’t Reject H0 
Don’t Reject H0 

Inf does not Granger Cause GDP 
GDP does not Granger Cause Inf 

1.1409 
0.0963 

0.3209 
0.9082 

Don’t Reject H0 
Don’t Reject H0 

Ex does not Granger Cause GDP 
GDP does not Granger Cause Ex 

2.0881 
1.3278 

0.1258 
0.2666 

Don’t Reject H0 
Don’t Reject H0 

BSE does not Granger Cause GDP 
GDP does not Granger Cause BSE 

4.1821** 
3.1229** 

0.0162 
0.0455 

Reject H0 
Reject H0 

NSE does not Granger Cause GDP 
GDP does not Granger Cause NSE 

4.3060** 
3.4304** 

0.0144 
0.0337 

Reject H0 
Reject H0 

Imp does not Granger Cause Exp 
Exp does not Granger Cause Imp 

5.4277** 
11.3138** 

0.0048 
0.0000 

Reject H0 
Reject H0 

Inf does not Granger Cause Exp 
Exp does not Granger Cause Inf 

2.1054 
0.3602 

0.1236 
0.6978 

Don’t Reject H0 
Don’t Reject H0 

Ex does not Granger Cause Exp 
Exp does not Granger Cause Ex 

0.5126 
5.2377** 

0.5994 
0.0058 

Don’t Reject H0 
Reject H0 

BSE does not Granger Cause Exp 
Exp does not Granger Cause BSE 

10.5716** 
1.3387 

0.0000 
0.2638 

Reject H0 
Don’t Reject H0 

NSE does not Granger Cause Exp 
Exp does not Granger Cause NSE 

10.4567** 
0.9495 

0.0000 
0.3881 

Reject H0 
Don’t Reject H0 

Inf does not Granger Cause Imp 
Imp does not Granger Cause Inf 

1.2328 
0.7998 

0.2930 
0.4504 

Don’t Reject H0 
Don’t Reject H0 

Ex does not Granger Cause Imp 
Imp does not Granger Cause Ex 

8.4111** 
2.7653 

0.0003 
0.0646 

Reject H0 
Don’t Reject H0 

BSE does not Granger Cause Imp 
Imp does not Granger Cause BSE 

15.2856** 
2.1490 

0.0000 
0.1184 

Reject H0 
Don’t Reject H0 

NSE does not Granger Cause Imp 
Imp does not Granger Cause NSE 

14.6795** 
1.7182 

0.0000 
0.1812 

Reject H0 
Don’t Reject H0 

Ex does not Granger Cause Inf 
Inf does not Granger Cause Ex 

1.9703 
0.7930 

0.1413 
0.4535 

Don’t Reject H0 
Don’t Reject H0 

BSE does not Granger Cause Inf 
Inf does not Granger Cause BSE 

0.1699 
0.4187 

0.8438 
0.6583 

Don’t Reject H0 
Don’t Reject H0 

NSE does not Granger Cause Inf 
Inf does not Granger Cause NSE 

0.2346 
0.3040 

0.7910 
0.7381 

Don’t Reject H0 
Don’t Reject H0 

BSE does not Granger Cause Ex 
Ex does not Granger Cause BSE 

2.0895 
1.6148 

0.1256 
0.2007 

Don’t Reject H0 
Don’t Reject H0 

NSE does not Granger Cause Ex 
Ex does not Granger Cause NSE 

2.2646 
1.9537 

0.1057 
0.1436 

Don’t Reject H0 
Don’t Reject H0 

NSE does not Granger Cause BSE 
BSE does not Granger Cause NSE 

0.4058 
0.7795 

0.6668 
0.4596 

Don’t Reject H0 
Don’t Reject H0 

**Significant at 5% level;        
Source: Author’s own calculation 
 
6. Conclusion and Recommendation 

It may be opined from the above discussion that India's GDP maintains a significant long-run equilibrium relationship with 
exports, imports, inflation, exchange rate and stock market indices. The cointegration analysis has already been confirmed 
about the together movement of macroeconomic variables over time, implying structural inter dependence where the VECM 
framework has also revealed that imports and inflation significantly correct disequilibrium in the long-run, highlighting 
their crucial role in macroeconomic adjustments. Short-run dynamics have been found to be more volatile, with past lags 
of GDP, exports, and imports influencing current values. Notably, IRF has shown that shocks in stock indices and exchange 
rate have a substantial impact on GDP and other variables. Granger causality has suggested bi-directional causality between 
some variables, indicating a feedback loop between economic growth and market performance. Moreover, exports are 
influenced by GDP, BSE, NSE, and exchange rate, while imports are causally impacted by exchange rate, BSE, and NSE. 
These interactions reflect the growing integration of India’s real and financial sectors. 

Despite some model limitations, such as residual heteroskedasticity and autocorrelation, have been taken care of by applying 
HAC standard errors. The structural stability verified by CUSUM tests that validates the model’s robustness. Overall, the 
study offers a comprehensive understanding of macroeconomic linkages, providing a foundation for evidence-based 
economic policymaking. 

The findings of the study suggest that Indian policymakers should adopt an integrated approach when formulating economic 
policies. Given the strong link between GDP, inflation, imports, and stock indices, coordinated fiscal, trade, and monetary 
strategies are essential. Strengthening financial markets can reinforce economic growth, while managing inflation and trade 
imbalances is key to maintaining long-run stability. The responsiveness of exports to GDP and stock indices indicates that 
boosting domestic growth and investor confidence can indirectly improve trade performance. Additionally, resilience 
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measures should be in place to address shocks, given the presence of heteroskedasticity and structural changes in the 
economic environment. Therefore, more research is needed to better understand the true nature of the macroeconomic 
variables and also needed more sophisticated tools and techniques to explore these relationships are the scope of future 
research. 
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