



THE DYNAMICS OF INDIAN EXPORTS: AN ARDL-BASED ANALYSIS AND THE TRANSFORMATIVE POTENTIAL OF ADVANCED TECHNOLOGIES ON EXPORT COMPETITIVENESS AND GDP GROWTH
 

  Abstract: The primary aim of this study is to investigate the long-term relationships among various variables, with economic growth serving as the dependent variable and factors such as exports, export instability, and foreign exchange (forex) serving as independent variables. Specifically, the research aims to explore the potential impact of emerging technologies, such as artificial intelligence (AI), on India's export performance from 2001 to 2021. Employing the Autoregressive Distributed Lag (ARDL) model and Granger causality analysis, the study examines the causal relationships between these variables. Data from reputable sources, such as the Reserve Bank of India's Handbook of Statistics on the Indian Economy and the World Integrated Trade Solution (WITS) database, are utilized. Various statistical tests are conducted, including Autocorrelation, Heteroskedasticity, and Normality tests. The study's key finding reveals a statistically significant effect of the Error Correction Term (ECT) with a p-value of 0.00, indicating a 33 percent adjustment rate. Granger Causality tests indicate bidirectional causality between exports and GDP, as well as a unidirectional relationship from export instability to economic growth, suggesting that export instability has a positive influence on economic growth. However, economic growth does not appear to have a causal effect on export instability. Surprisingly, no significant association is found between foreign currency reserves and GDP, underscoring the complex dynamics of economic variables within the Indian context.
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I. INTRODUCTION
The export sector is a vital component of India's economy. It is a significant source of GDP and employment. However, the fact that exports are vulnerable to fluctuations makes it challenging to maintain economic stability. This paper examines how export uncertainty might affect the economy's growth. Exports are a key part of economic growth, but they can cause the economy to behave differently at different times due to their instability. Understanding how these factors interact is crucial for developing policies that foster economic growth and enhance resilience in the face of global challenges.
Exports are crucial to economic growth, particularly in nations with well-developed industrial bases. The beneficial association between exports and economic growth is well-documented. Studies suggest that export-oriented policies lead to higher growth performance than those favouring import substitution (Balassa, 1978). Exports encourage resource allocation based on comparative advantage, maximise capacity utilisation, leverage economies of scale, drive technical advancements in response to global competition, and support human capital development. Exports have an impact on economic growth that extends beyond the apparent effects of increased output and employment. Export development enables governments to focus investment in specialised industries, resulting in specialisation and greater productivity. 
Exports increase an economy's production potential by allowing for the import of capital goods, thereby enhancing its overall economic growth. Competition in export markets can also lead to economies of scale and faster technological advancements (Taspinar, 2009).
With trillions of dollars exchanged daily, the foreign exchange market is the world's largest and busiest financial market. Because the forex market is so linked, worldwide events may instantly impact exchange rates and currency values. Since a nation's economic strength largely determines a currency's value, events such as political unrest, natural disasters, and war can significantly impact currency markets (Lioudis, N., 2024). Managing the foreign exchange market is another important factor that affects economic security. Foreign exchange funds have a significant impact on economic growth, highlighting the importance of effective management methods. Changes in the exchange rate can significantly impact competitive exports, the balance of payments, and the overall security of the economy. So, if you want to keep growth going for a long time, you need to find ways to keep foreign exchange funds safe and handle changes in exchange rates.
Additionally, the fact that trade and GDP growth are linked suggests that the connection may also work in the opposite direction. Effective trade facilitation, reduced trade barriers, and targeted support for export-oriented businesses can boost economic growth. A growing economy can also facilitate the growth of exports. These connections underscore the importance of policies that work in tandem to harness the benefits of trade and drive GDP growth.
Export volatility is an important issue for developing nations, affecting their domestic income, consumption, savings, investment, tax revenues, balance of payments, and import capacity (Bird, G. (1982). Price volatility in basic goods can induce export instability, resulting in unexpected profits and hindering effective growth planning (1). Export volatility can also negatively impact economic growth, as it affects the imports of capital goods (Voivodas, 1974). Export instability can have a significant impact on the economic performance of developing nations. A stochastic optimal control model was developed to examine the economic impacts of export instability, revealing that it may significantly hinder the economic performance of emerging nations (Brock, P. L., 1991).
Exports play a crucial role in a country's economy, significantly contributing to its gross domestic product (GDP) by generating income, creating employment opportunities, and fostering economic growth. However, export volatility means that export volume and value vary over time due to changes in global demand, exchange rate fluctuations, geopolitical events, and domestic economic policies, which can affect economic stability (Lim, 1976). Foreign exchange is closely linked to exports, as international trade is conducted by converting one currency into another. Exchange rate fluctuations affect export competitiveness (Tan, G. 1983). A strong currency makes exports more expensive and less competitive, while a weak currency makes exports cheaper and more attractive to foreign buyers. The relationships between exports, export volatility, foreign exchange, and GDP are interrelated. Export uncertainty leads to a decline in foreign exchange earnings, which in turn affects the country's ability to maintain a fixed exchange rate and achieve GDP growth. Reducing export earnings at abnormal or harmful rates can reduce GDP growth, increase unemployment, and lead to economic recession. Additionally, stable and competitive exports, supported by a favorable exchange rate environment, contribute positively to GDP growth, promoting economic stability and prosperity.
Fig. 1 GDP, Exports & Forex

Trends in GDP, total exports, and forex reserves from 2001 to 2021. There is a discernible upward trend in terms of GDP, with consistent growth observed throughout most years. Notably, periods of expansion include the years leading up to the global financial crisis of 2008, characterized by substantial increases in GDP. Additionally, the years between 2012 and 2015 stand out as a period of rapid growth, although minor setbacks occurred during the 2009 crisis and the economic disruptions caused by the COVID-19 pandemic in 2020 (McKibbin & Fernando, 2023). Similarly, total exports generally follow an upward trend, reflecting the economy's increasing participation in international trade (Kathuria et al., 2023). However, occasional fluctuations, such as a slight decrease observed in 2015 and a minor decline from 2020 to 2021, are likely influenced by global economic conditions (Azmi & Akhtar, 2023). Meanwhile, forex reserves exhibit a consistent upward trajectory, indicating efforts to maintain stability in the currency markets and safeguard against external shocks (Rao, 2023). Despite occasional minor declines, such as those observed in 2015 and from 2020 to 2021, the trend underscores a prudent approach to managing external financial risks. Overall, the data suggest a resilient economy characterized by sustained growth in GDP, expanding participation in global trade, and prudent management of foreign exchange reserves.
This research is pertinent for several reasons, including its academic and practical implications, as well as its broader economic and policy impact. First, the study contributes to the existing body of knowledge by examining the long-term correlations between key economic variables, specifically economic growth, exports, export instability, and foreign exchange (forex) in India's economy. Understanding these linkages is crucial for economists, policymakers, and stakeholders to develop effective strategies and policies that support long-term economic growth, enhance export competitiveness, and manage currency reserves.
The study's emphasis on investigating the influence of emerging technologies, such as Artificial Intelligence (AI), on increasing India's exports adds a modern component to the research. Understanding how emerging technologies may impact trade patterns, productivity, and competitiveness is crucial in this era of digital transformation and technological innovation. This portion of the study highlights the potential advantages, challenges, and implications of integrating AI and other technologies into India's export-oriented sectors. An analysis published in 2020, titled "AI and Exports: Evidence from Japan," showed that AI increased exports for Japanese companies by an average of 6.6 percent, indicating that AI adoption is poised to enhance exports significantly. The 2019 book chapter "AI and Competitiveness" by economist Akira Maeda examines how AI can enhance innovation, quality, and productivity in Japanese companies. Maeda has highlighted the revolutionary influence of AI on the Japanese industry. Japan can enhance the competitiveness of its manufacturing firms abroad and grow its worldwide market share by capitalising on its capabilities in artificial intelligence. According to Tay (2021), the application of AI technology in manufacturing, healthcare, finance, retail, and transportation is expected to increase output, promote economic growth, and open new export markets.
Review of Literature
Sunde et. al (2023) conducted a study using the ARDL cointegration method to assess the impact of exports, imports, and trade openness on Namibia's economic growth. Their findings reveal a significant negative relationship between imports and economic growth, contrasting with positive associations observed for exports and trade openness. Short-term economic growth in Namibia is driven by exports, imports, and trade openness, highlighting the importance of trade liberalization and export-led strategies for economic development.
Ghimire (2021) empirically examined the impacts of agricultural trade on economic growth and agricultural environmental pollution in Bangladesh from 1972 to 2019, using an Auto Regressive Distributed Lag (ARDL) model with a structural break to examine the long-run and short-run determinants of agricultural environmental pollution in Bangladesh. The ARDL limits analysis approach revealed that it did not support the theory that agricultural trade caused long-term pollution. The findings indicated a favourable long-term association between economic growth, energy, and FDI and agricultural environmental degradation. Furthermore, agricultural commerce exhibited positive drivers for medium-term environmental degradation in agriculture. As a result, it was advised that trade liberalisation rules be improved to ensure cleaner technology and goods that can help reduce pollution.
Vishal et al. (2020) examine the relationship between export diversification, export instability, and economic growth, revisiting past studies and proposing a future research agenda. Through an extensive literature survey encompassing eighty-eight relevant research articles from various scholarly journals, the authors provide a structured and comprehensive analysis of the findings and results. The review highlights a consistent trend indicating a positive impact of export diversification on economic growth, while the evidence regarding the impact of export instability yields mixed results. Furthermore, the paper identifies areas within the existing literature that are either underexplored or merit further examination, particularly in a group of emerging economies designated by UNCTAD and the IMF. Given the paucity of evidence on various aspects of export diversification and economic growth within these emerging economies, the article advocates for future research endeavors to bridge this gap and delve deeper into this relatively unexplored domain.
Basirat et.al. (2014) studied the impact of exchange rate variations on economic growth in Asian countries with varying levels of financial market development. The study found that exchange rate fluctuations had a significant negative impact on economic development in most Asian countries, with the effect being more pronounced in those with less developed financial markets.
Theoretical Underpinning
The study's theoretical underpinning lies in exploring the interrelationships among key economic variables within the Indian context. The analysis employs statistical methods, including the F-statistic and cointegration tests, to assess the long-term relationships among Gross Domestic Product (GDP), exports (X), export volatility, and foreign exchange rates. The findings suggest empirical support for a long-term cointegration connection between these variables, with foreign exchange rates exerting a substantial influence on economic development.
Furthermore, the study reveals a significant positive long-term relationship between exports and GDP, indicating that increases in exports correspond to notable gains in GDP. However, the impact of export volatility on GDP appears to be modest, as indicated by the lack of statistical significance in its coefficient. The analysis also confirms long-term causation, highlighted by the negative coefficient of the cointegration term and its statistical significance.
Moreover, the Granger causality test reveals bidirectional causality between exports and GDP, indicating that changes in one variable may influence changes in the other. A one-way relationship is observed between export instability and economic growth, indicating that export fluctuations may impact economic expansion. Surprisingly, no significant relationship is found between foreign currency reserves and GDP.
Regarding policy implications, the study suggests several measures to promote economic stability and development in India. These include encouraging export diversity to enhance resilience against export volatility, maintaining adequate foreign currency reserves, and minimizing exchange rate fluctuations. Improving the relationship between trade and GDP growth is also crucial, which could be achieved through streamlining trade processes and providing targeted assistance to sectors prone to volatility. Furthermore, promoting innovation and technology adoption across various sectors, such as petroleum, chemicals, gems and jewelry, and engineering goods, is crucial for fostering economic growth, enhancing global competitiveness, and promoting sustainability.
II. METHODOLOGY
A novel approach has been taken to examine the issue of export instability within the framework of a new classical production function, inspired by Feder's 1983 work. The objective is to enhance comprehension of the relationship between export performance, instability, foreign exchange reserves, and economic development. Several studies have replicated Feder's study examining the relationship between exports and economic growth. These studies analyze how the growth rates of various explanatory components, including labor and capital, influence a country's gross domestic product. The study expands upon this production function by adding a further variable—the foreign exchange reserve. A regression analysis assesses the influence of exports on a nation's economic performance, whereby income growth is the dependent variable. The explanatory variables included in this analysis are export growth, export instability, and foreign currency reserves.
                                        RGDPt = βt + βtEXPGt + βt EXPIt + βFXt  + µt
RGDP = real gross domestic product; EXPG real export growth; EXPI index of export instability, and FX foreign exchange reserve. In this context, the symbol β0 represents the intercept term, while β1 and β2 are slope coefficients that serve as parameters to be estimated. Additionally, µt is the disturbance term, which is believed to be entirely random.
A time series data analysis technique has been adopted from 2001 to 2021. The data is based on secondary sources, which were collected from the Handbook of Statistics on the Indian Economy, published by the Reserve Bank of India (RBI), the World Integrated Trade Solution (WITS), and various issues of the Economic Survey. 
Cointegration and causality tests
The purpose of this research is twofold: first, to assess the long- and short-term relationships between the variables; and second, to assess the nature of the underlying causal relationships between them. The study is analysed in three stages: (1) the use of unit root tests; (2) testing for cointegration among the variables; and (3) observing the nature of the underlying causal relationships.
Unit Root Test
The primary purpose of doing the unit root test is to assess the stationarity of the data. Stationarity refers to a property of data in which the mean, variance, and covariance remain constant over time. To assess the stationarity of the variables, the Augmented Dickey-Fuller Test (1979) is employed.
ECM
The Error Correction Model (ECM) examines the long-run relationship between variables and the short-run dynamics of adjustment toward that long-run equilibrium. Gonzalo and Pitarakis suggested the Error Correction Model/ECM) The model must be a valid representation of the co-integrated variables, so it must have a negative coefficient and be statistically significant.
 

ARDL Model
 Based on the stationary test using the Augmented Dickey-Fuller test, as shown in Table 1, some variables are stationary at the level, while others are stationary at the first difference. Due to the different levels of stationarity, the Auto Regressive Distributed Lag (ARDL) model is used in this analysis.
                            Table 1 Augmented Dickey-Fuller Unit Root Test Analysis
	Variables
	Augmented Dickey-Fuller Unit Root Test

	
	
	Level 
	At Level and First Difference

	Economic Growth
	T stat
	2.39
	-3.79 (I1)

	
	Prob value
	0.028
	0.0015

	Export Growth
	T stat
	2.26
	-3.15(IO)

	
	Prob value
	0.036
	0.005

	Foreign Exchange Reserve
	T stat
	3.57
	-3.15(IO)

	
	Prob value
	0.002
	0.005

	Export Instability
	T stat
	4.20
	-2.95(IO)

	
	Prob value
	0.0007
	0.009



The ARDL technique provides flexibility in analysing data, regardless of the integration properties of the underlying regressors, whether they are integrated of order I(1), integrated of order I(0), or fractionally integrated. However, it imposes constraints by excluding series integrated to the order of two (I(2). Hence, we have used the Augmented Dickey-Fuller test to establish the absence of second-order integration in the variables.
The subsequent phases of the Autoregressive Distributed Lag (ARDL) model include the optimum lag test, co-integration test, diagnostic testing, and stability assessment of the model. The fundamental framework for estimating exports may be expressed as follows.
                                        RGDPt = βt + βtEXPGt + βt EXPIt + βFXt  + µt                                 (1)
This study's long-term equation (2) and short-term equation (3) from the estimation equation above can be written as follows.
LnGDPt = β0 + β 1LnGDPt-2 + β2EXPGt-2 + β3EXPIt-2+ β4LnFXt-2 + εt                 (2)

While the short-term effect is written as:
 ΔLnGDPt = β0 +∑ θ 𝜌 𝑖=0 1iΔLnGDPt-2 + ∑ θ 𝜌 𝑖=0 2iΔEXPGt-2 + ∑ θ 𝜌 𝑖=0 3iΔEXPIt-2+∑ θ 𝜌 𝑖=0 4iΔLnFXt-2 +εt                                                                                        (3)
Granger Causality Test
The research used the Granger Causality test to determine the causal link between variables. The Granger Causality test is a statistical technique used to examine the relationship between time series data. When the p-values exceed 0.05, it is impossible to reject the null hypothesis. This indicates that no significant Granger causal link exists between the variables in question, and the converse is also true. If the p-value is less than 0.05, it provides sufficient evidence to reject the null hypothesis. This implies that a Granger causal link exists between the variables in question, and this relationship holds in both directions. The Granger Causality equations are specified as follows:

                                       

Several statistical tests, including Autocorrelation, Heteroskedasticity, and Normality tests, are also addressed.
III RESULTS AND DISCUSSION
Based on the results shown in Table 2, it is evident that the calculated F-statistic (6.401715) exceeds both the upper threshold of 3.67 and the lower threshold of 2.79, at a significance level of 5%. Consequently, the null hypothesis, which posits the absence of long-term partnerships, is refuted. Instead, the alternative hypothesis is posited that a long-term cointegration relationship exists between economic growth (as measured by Gross Domestic Product, or GDP), exports (X), export instability, and foreign exchange rates in the context of India. Hence, it has been shown that cointegration exists among the variables being examined and analysed.
Table 2: Applying the ARDL model to check for a level link between factors.
	Number of Regressors
	K=3

	Computed F-statistics
	6.40

	5% critical value

	Upper bound value
	3.67

	Lower bound value
	2.79



In Table 3, the coefficient of FOREX is positive and significant at the 5% significance level, supporting the idea that FOREX has a noticeable impact on the economy's growth. The positive coefficient of FOREX of 0.511620 indicates that a unit increase in exports will lead to a 51.16 percent increase in economic growth/GDP in the long run, assuming all other factors remain constant. The calculated coefficient of EXPORT is -0.001186, which is negative and insignificant. Moreover, the export instability coefficient is 0.228, which is positive but insignificant. In this case, only forex has a long-term effect on lnGDP.
EC = LOG OG GDP – (0.0012*REAL GROWTH + 0.2280*INSTABILITY + 0.5116*LOG OF FRX + 3.7256)
EC is the error correction term and the residual from the long-run equation.
                                          Table 3: Estimated Long-Run Coefficients
	Dependent Variable: lnGDP

	Variable
	Coefficient
	Prob

	Forex
	0.511
	0.043

	Export Growth
	-0.001
	0.864

	Export Instability
	0.228
	0.381



Error Correction Model:
The table presents the estimated lagged error correction term, ECM (-1)/ECt-1, which is found to be -0.335984. This coefficient is deemed highly significant at a 5% significance level, as indicated by its probability value of 0.0000. The R-squared value of 0.62 indicates that the model explains 62% of the variation in the dependent variable. At the same time, the D-W statistic of 1.87 suggests no significant autocorrelation in the residuals.
CointEq(-1) is negative, and the P value is less than 0.05, which means there is a long-run causality.
Here, the speed of Adjustment is 0.33*100 = 33 percent.

	ECM Regression

	
	Coefficient
	Prob
	R-squared
	D-W stat

	CointEq(-1)*
	-0.33598
	0.00
	0.62
	1.87



Stability and Diagnostic Tests of the ARDL Model:
Table 4 shows that the ARDL model successfully passes many diagnostic tests. The results of these tests indicate that the model has successfully attained the desired econometric features and has the highest level of goodness of fit among the ARDL models, making it suitable for trustworthy interpretation.
The issue of serial correlation was examined in the study conducted by Breusch and Godfrey in 1978. The LM test, employed to assess the existence of Serial Autocorrelation, suggests that the residuals do not exhibit serial correlation. This is evident from the table, where the P-value exceeds the 5% significance level. Consequently, we fail to reject the null hypothesis, which states that there is no serial correlation, and can conclude that the model does not possess serial correlation. 
The Breusch-Pagan test is used to assess the presence of heteroskedasticity in residuals. The test results indicate no evidence of heteroskedasticity, as the p-value exceeds the 5% significance threshold. 
In line with previous research conducted by Brooks (2014), it has been demonstrated that deviations from normality may pose challenges for statistical inference regarding coefficient estimates. This includes issues related to significance tests and confidence intervals, which heavily rely on the assumption of normality. Hence, the Jarque-Bera test may determine the presence or absence of normalcy in the residuals. The table presents the results of the Jarque-Bera normality test. Since the calculated P-value is above the predetermined significance threshold of five percent, we cannot reject the null hypothesis, which suggests that the residuals follow a normal distribution. Based on the results of the conducted tests, it can be inferred that the examined model does not exhibit serial correlation, heteroscedasticity, or that the residuals follow a normal distribution.
	Examination                                                                                p-value

	Normality (Jarque-Bera test)                                                      0.252                                      
Autocorrelation (Breusch-Godfrey LM test)                              0.450                                         
Heteroskedasticity (Breusch Pagan test)                                        0.388                                                  


Table 4 Diagnostic Test Results



Granger Causality Tests
In time series analysis, the Granger causality test is employed to examine the nature of relationships between variables. Table 5 shows mixed findings, indicating that certain variables exhibit bidirectional relationships. Unidirectionally, and some reveal no association.
                                      Table 5: Results of the Granger Causality Test
	Null Hypothesis
	Obs
	F statistic
	P-values

	Exports do cause Economic Growth
	19
	4.48
	0.03

	Economic Growth does cause Exports
	19
	4.62
	0.02

	Export Instability does cause Economic Growth
	19
	6.17
	0.01

	Economic Growth does not cause Export Instability
	19
	0.91
	0.42

	Forex does not cause Economic Growth
	19
	1.62
	0.23

	Economic Growth does not cause Forex
	19
	2.12
	0.15



The data shown above indicates the presence of a bidirectional link between exports and GDP. GDP does cause Granger exports in India, and exports in India do cause GDP. That means that, according to our results, exports do cause GDP, and GDP Granger causes the growth rate of exports in India, and vice versa. Therefore, a connection between GDP and trade exists in both directions.
There is a one-way link between export instability and economic growth. Export instability does cause economic growth, but economic growth does not cause export instability. There is no relationship between foreign exchange reserves and GDP.
To ensure the stability of our results, we estimated CUSUM tests for the level of stability, as first suggested by Brawn et al. (1975). Suppose the displayed points in Figure 1 for the CUSUM statistics stay within the critical limits of a 5 percent significance level. In that case, the null hypotheses for all coefficients in the given regression are not rejected.
Figure 2 shows that CUSUM statistics stay within the critical range of the 5 percent significance level. This means all the ARDL error correction model factors are stable. 
                                                         Figure 2: CUSUM test
                                    [image: ]
Enhancing Export Performance via Technological Synergy to Facilitate Economic Growth
The manufacturing sectors that hold significant importance, namely Petroleum Products, Chemicals, Gems and Jewellery, and Engineering Goods, have the potential to significantly impact export growth and contribute to the elevation of GDP. This transformational potential may be realised via the incorporation of sophisticated technologies. These sectors have been picked based on the highest export earnings. Within the Petroleum Products Sector, a sector characterized by its historical pattern of rapid growth and instability, Industry 5.0 emerges as a promising avenue, placing significant emphasis on environmental consciousness and the pursuit of sustainable practices. This industry aims to investigate sustainable energy sources and biofuels as viable, environmentally friendly options in the long run. It places strategic importance on improving operational efficiency and optimising supply chain management by implementing automation and advanced data analytics. Solanki et al. (2022) emphasise the crucial importance of data analytics in enabling informed decision-making and enhancing different facets of production and distribution in the petroleum industry. The study particularly underscores the significance of effective supply chain management, which encompasses procurement, production, logistics, and risk management.
Similarly, the chemical products exhibit consistent growth and few fluctuations, demonstrating congruence with the principles of Industry 5.0, which emphasizes innovation in both substances and processes. The convergence of digitalization and advanced chemical engineering presents opportunities for synthesizing materials with dual environmental sustainability characteristics and reduced human toxicity. According to Paul et al. (2021), the multidimensional strategy involves utilizing artificial intelligence (AI) across various pharmaceutical sectors, including drug research, development, and clinical trials. This implementation aims to minimise human labour and accelerate the progression of these processes. The primary goal is to utilize technology and creativity to develop chemical processes and products that inherently incorporate safety principles, sustainability, and environmental friendliness.
The gems and jewellery industry, which has a longstanding record of consistent growth, is now presented with intriguing prospects due to the focus on individualization and customization in Industry 5.0. Emerging technological advancements, such as 3D printing and AI-driven design, provide opportunities to cater to a wide range of customer preferences while maintaining high-quality and durability standards. According to Shah's research (2023), using AI-driven customised tools enables jewellery designers to expand their design horizons and foster creativity. This is achieved via the analysis of extensive data, trend prediction, and the customization of designs to cater to individual customer tastes.
The Engineering Goods sector, which exhibits strong growth with moderate volatility, is strategically positioned at the core of the fifth industrial revolution known as Industry 5.0. The industry's future outlook is closely tied to the implementation of smart manufacturing and automation, which utilize advanced technologies such as robots, the Internet of Things (IoT), and data analytics. According to Simplilearn, the Internet of Things (IoT) can change the engineering goods industry. It may enhance operational efficiency, improve product quality, reduce costs, and promote the development of creative business models. The latest article highlights the growing use of AI technologies, including machine learning and deep learning neural networks, in the industrial sector. These technologies are utilized to enhance data processing capabilities and improve decision-making processes.
The aforementioned industrial sectors have the potential to enhance exports and substantially contribute to the trajectory of GDP growth, primarily by strategically integrating new technologies and innovative processes. The amalgamation of Industry 5.0 concepts, data analytics, and AI-driven solutions signifies a transformative shift that positions these sectors at the forefront of technical advancement, economic resilience, and sustainable development.
IV CONCLUSIONS
The study provides valuable insights into the interrelationships among the variables being investigated. The F-statistic, which has been computed, exceeds the predetermined criteria at a 5% significance level. This provides strong evidence to reject the null hypothesis that no long-term relationships exist. The alternative hypothesis, which suggests a long-term cointegration relationship between economic development (as measured by Gross Domestic Product, or GDP), exports (X), export volatility, and foreign exchange rates within the Indian context, receives empirical support. A positive and statistically significant coefficient for FOREX at the 5% level highlights its substantial influence on economic development. According to the FOREX coefficient, there is a significant positive long-term relationship between exports and GDP, with a unit increase in exports corresponding to a notable 51.16 percent increase in GDP. Nevertheless, the coefficients associated with the variables EXPORT and export instability fail to exhibit statistical significance, indicating that their impact on GDP is modest. The confirmation of long-term causation is shown by the negative coefficient of CointEq(-1) and its statistically significant p-value of less than 0.05, which underscores the enduring interrelationships. Moreover, the Granger causality test reveals a complex interplay among variables. Specifically, exports and GDP exhibit bidirectional causality, indicating that changes in one variable can cause changes in the other. On the other hand, there is evidence of a one-way relationship between export instability and economic growth, suggesting that export fluctuations may have an influence on economic expansion. Surprisingly, there is no significant relationship between foreign currency reserves and GDP. This research contributes to understanding the complex interactions between these macroeconomic variables in India.
The research findings may inform policies in India aimed at promoting economic stability and development. The first step is to promote export diversity. The economy may become more resilient to the negative impacts of export volatility if incentives are implemented to encourage the discovery of new markets and goods. Economic resilience can be bolstered by maintaining a suitable level of foreign currency reserves and taking steps to mitigate exchange rate fluctuations. Improving the relationship between trade and GDP growth is also essential. The favourable, bidirectional causality between exports and economic growth may be amplified by easing commerce via simplified processes and removing barriers. Exploring risk-sharing systems and providing targeted assistance to sectors prone to volatility may be one approach to mitigating the potential impact of export instability on growth. For example, policymakers could encourage research into renewable energy and automation for petroleum products (use of technology and machinery to control and optimize the production, processing, and distribution of petroleum-based products), help the creation of eco-friendly substances and the use of AI in pharmaceuticals for Chemicals, promote new ideas and the use of AI in Gems and Jewellery, and put smart manufacturing, technology adoption, and responsible AI use at the top of the list for Engineering Goods. These measures are essential for fostering economic growth, global competitiveness, and sustainability in these sectors.
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