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This research tends to convey the relationship between crude oil price volatility and key macroeconomics indicators, i.e., gross domestic product (GDP), inflation rate (IR), interest rate, and exchange rate. The study collected the time-series data (2000–2020) from the South Asian countries (Afghanistan, Bangladesh, Bhutan, India, Maldives, Nepal, Pakistan, and Sri Lanka), and employed macroeconomic policy modeling tools (impulse response function and the prediction error variance decomposition technique) in the vector autorepression (VAR) setup. The outcome of the impulse response function explained considerable variance among macroeconomic indicators in response to crude oil price shocks. The macroeconomic indicators are extremely susceptible to minor fluctuations in oil prices causing a significant impact on the region's socioeconomic situation. The result of variance decomposition indicates that each country in the region reacts differently to crude oil price volatility which reflects their macroeconomics fundamentals, independent policy, sector structure, and country differences. The findings support change in public policies in a way to reduce their dependency on oil energy and encourage them toward renewal and green energy sources for better environmental results and sustainable development.
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Introduction

Since the mid-1950's, crude oil has been regarded as the world's most significant source of energy, serving as the lifeblood and engine of the industrialized world and becoming a vital source of economic growth for many countries (Mehmood et al., 2021). It is also considered a crucial strategic source in world politics (Shao and Hua, 2022). Its products are vital to human civilizations because they are required for a number of activities in daily life ranging from industry to routine household activities. Volatility in the price of oil could have a significant macroeconomic impact on both exporting and importing countries. It also affects transportation, production costs, and heating bills which generate uncertainty in the world economy (Abdelsalam, 2020). Oil price volatility is a key component and important commodity of the global economic system and is regarded as one of the most important factors of the national and international economic progress. Therefore, the crude oil market's supply and demand have a substantial influence on the global currency (Nyangarika et al., 2018). Because of such immense significance, the price of oil products is more volatile and unpredictable than that of any other commodity. The prices of crude oil directly affect industrial output, investment, international commerce, and other production forms and even decrease in family purchasing power due to inelasticity of demand. Furthermore, the high price of crude oil directly influences consumer products and services, creating future uncertainty. It also has a detrimental impact on economic performance as it diverts spending away from capital goods and big-ticket purchases. Volatility in oil prices has a varying effect on importing and exporting countries. The economy of exporting countries heavily depends on oil revenue. An increase in oil prices led to more resources for developmental projects. Therefore, changes in oil prices have a significant impact on how well monetary and fiscal policies function (Saddiqui et al., 2018). Crude oil is a necessary input for industrial goods. Its volatility also affects the exchange rate and substantially influences unemployment and investment (Rafiq et al., 2009). Moreover, the rise in the crude oil prices affects the interest rate and consumer expenditure resulting in inflation. Increased consumer spending reduces savings, which in turn, affects capital creation. Consequently, manufacturing cost increases and firm production decreases resulting in a huge drop in overall output and retarding economic progression (Choi et al., 2018). Hence, fluctuations in oil prices influence all business activities, both, local and as well as international (Nazariyan and Amiri, 2014; Adam, 2016). The valuable and positive influence of the oil price instability is more substantial than the negative impact. Zakaria et al. (2021) reported that the oil prices and inflation rate are co-integrated and that the price of oil Granger affects inflation. Similarly, the impulse response function indicated that a rise in oil prices has a considerable and long-term influence on the inflation rate. Therefore, according to the results of variance decomposition, a rise in oil prices explains a change in the inflation rate in the long term. The instability in crude oil prices is affected by various factors such as a change in industrial production, economic growth, exchange rate variation, political aspects, financial speculation, financial crises, and reduction in oil prices due to low demand or high supply. Accordingly, this study aims to examine the impact of oil prices on macro-economic factors such as GDP, inflation, interest, and exchange rate. By focusing on the South-Asian region, the study will help the policymakers to realize the role of oil prices in the macro-economic indicators of these countries that are largely dependent on the import of crude oil. This study contributes to the body of literature in two ways. First, it examines the impact of oil price volatility on the economy of the South-Asian countries. To our knowledge, no prior study considered this point and selected this region before. Second, it examines what extent the effect of oil prices is asymmetrical. In this study, attempts have been made to investigate whether and how much oil prices and its volatility should be considered when calculating and forecasting economic growth. The rest of the article is as structured as: The literature review is given in part 2, data and the model are described in Section 3, the empirical findings are presented in Section 4, and the conclusion of the study is in Section 5.



Literature review

As per the widely accepted theory of economic growth developed by Samuelson and Nordhouse (1985) production is reliant on energy. The theory assumes that production is made possible by fundamental factors such as land, labor, and capital and also by the intermediate factors such as coal, fuel, oil, and gas. Second, the symmetric/linear relationship growth theory developed by Hamilton (1983) and Hooker (1986) assumes the significant inverse relationship between GDP growth and oil price hikes. Other studies (Bruno and Sachs, 1982; Darby, 1982) also found a negative relationship between hike in oil prices and economic growth. The sudden hike in prices in 1970 and subsequent economic recessions due to low oil supply gained considerable attention. Oil is the main source of energy for economic progression and its crises may jeopardize world political and economic sustainability. According to Mo et al. (2019) increase in oil prices stimulates economic growth in the long run while the negative effect is only observed in the short run. According to the study by Cheng et al. (2019), an escalation in oil prices reduces real GDP and investment while the reduction in oil prices boosts the macroeconomy. Uncertainty in oil prices has a significantly negative impact on real GDP and investment (Nguyen et al., 2020). According to Umar et al. (2020), energy is the driving force behind economic growth. Oil, which accounts for one-third of global energy consumption, is regarded as the primary energy source. Miamo and Achuo (2021) found a two-way causal relationship between GDP and crude oil prices. They recommended that to stimulate economic growth, the government should spend more on human capital, promote economic diversification, expand the oil sector, manage oil revenues effectively, and step-up efforts to combat corruption. Iyke (2019) studied the uncertainty of crude oil prices and production output in Nigeria and reported that an increase in oil prices leads to decrease in the actual level of production. Zulfigarov and Neuenkirch (2020) studied the relationship between fluctuations in oil prices and economic activities in Azerbaijan by utilizing the vector autoregressive statistical model for the period 2002–2018. They revealed that innovation in oil prices leads to higher inflation, and other macroeconomic variables responded differently to price volatility. Yildirim and Arifli (2021) studied the effects of oil price shocks on the economy of Azerbaijan by employing the VAR model during 2006–2018. They found that a negative oil price shock declines trade balance, depreciates the currency, increases inflation, and decreases overall economic activities.

Phan et al. (2020) investigated and reported a conflicting relationship between uncertainty in crude oil prices and the performance of firms at the sectoral and aggregate levels. Azad and Serletis (2020) examined the impact of oil price volatility on economic activity by using the statistical models. They revealed that uncertainty in oil prices has a significant impact on the GDP of the seven-emerging market (EM7) economies. They also found that uncertainty in oil prices negatively affects the world crude oil production. Jiang and Liu (2021) utilized the NRDL model and revealed that uncertainty in crude oil prices has an asymmetric impact on shock prices. Khan et al. (2020) studied the relationship between industrial production with crude oil and natural gas prices by using the wavelet-based quantile regression model. They revealed that crude oil has a positive, and natural gas has a negative relationship with industrial production in the short term. Aloui et al. (2018) revealed a positive and non-homogeneous relationship between oil prices and production growth in Saudi Arabia by utilizing a Novel Wavelet approach. Balashova and Serletis (2020) reported a positive and statistically significant relationship between the industrial production index and oil prices in Russian Federation reported a regime-switching relationship between gas and crude oil prices (Atil et al., 2014; Brigida, 2014).

Besso et al. (2017) used a panel VAR model and concluded that oil price has a negative and significant long run effect on GDP growth. Although, the result of the study is consistent with a previous study (Omolade et al., 2019) and consistent with the finding of Omojolaibi and Egwaikhide (2013). A study conducted by Nusair (2016) revealed a positive and significant relationship between gross domestic product and oil prices. Zhang and Tu (2016) found a significant and symmetric impact of oil prices on China's Metal market production. According to Zamani (2016), natural gas prices and crude oil prices move in the same direction. The irregular characteristics were reported in the relationship of both oil and gas price movement (Serletis and Rangel-Ruiz, 2004; Ramberg and Parsons, 2012). Omojolaibi and Egwaikhide (2013) studied the impact of crude oil fluctuations on GDP growth and inflation rate by selecting United State (US), China, and Japan and claims that an increase in oil prices inversely affects the GDP growth in China and is positive on the GDP growth of US and Japan. They concluded that the impact of oil price fluctuation on the GDP growth rate is slower for developed net oil importing economies such as the US and Japan than on an emerging economy such as China. The study by Hamilton (2008) reported a conflicting relationship between economic growth and oil prices. The influence of oil price shocks on economic development depends on the intensity and source of oil shock (Kilian, 2009). These and other similar studies provide inconsistent findings making it too hard for the research community to draw a conclusive inference. Besides, most of these previous studies have been conducted in a limited context (i.e., specifying one or two countries), thereby limiting their generalizability. Therefore, this study aims to investigate the asymmetric behavior of the South Asian countries with respect to change in crude oil prices in different economic cycles. The research question that this study aims to answer is:

1. Is the South Asian economy behaving differently toward the price shock of crude oil over the economic cycle?

While the method used to answer the research, this study employed the statistical methods of the VAR modeling to examine the relationship between crude oil price volatility and macroeconomic indicators of the South Asian countries in different time horizons.



Methodology and materials

This section of the research article provides a detailed description of the research methodology. It offers data collection, data instruments, and research variables.


Data source and variables

The study aims to investigate the association between crude oil prices and macroeconomic indicators that is GDP, inflation rate, interest rate, and exchange rate. To analyze this relation, last 21 years (2000–2020) of the selected variables are extracted from the World Bank.



The econometrics framework

This study utilizes E-views 12 to incorporate vector autoregressive (VAR) model, to analyze the crude oil price shocks on the GDP, inflation rate, interest rate, and exchange rate in South Asian countries (Afghanistan, Bangladesh, Bhutan, India, Maldives, Nepal, Pakistan, and Sri Lanka). The study variables are given in Table 1. Vector autoregression (VAR), as an increasingly popular statistical model, was used to forecast the relationship between multiple quantities as they change over time as well as for economic analysis. Different tools have been proposed by experts such as impulse response analysis, forecast error decompositions, historical decomposition, and the analysis of forecast scenarios for separating the relationship between the variables in the VAR model.


TABLE 1 Study variables.

[image: Table 1]

The standard VAR is a reduced form of model which is linked to an economic model, where economic interpretation of the result is often impossible. If the economic theory is used to provide a relationship between forecast errors and fundamental shocks, the resulting model will be SVAR. We assume that the economy is described by a structural form equation:

[image: image]

Where Yt = (Y1t,Y2t, …………Ynt) is n × 2 vector of endogenous variables, while Yt−1, is the corresponding lag terms of order i, ∅i is the n × n matrix of autoregressive coefficients of vector Yt−1, for i = 1, 2, …... p.c = (c1,c2, …………cn) is the n × 1 intercept vector of the VAR model. εt = (ε1t, ε2t, ………εnt) is the n × 1 vector of White Noise Process.

The variables considered in this study are crude oil prices, GDP, inflation rate, interest rate, and exchange rate.




Empirical result

The statistical findings of the VAR model, as explained in the preceding part, are the Granger causality test, the impulse-response function and variance decomposition analysis.


Unit root test

The present study applied the Augmented Dickey–Fuller (ADF) Test to deduct the unit root in the data. Table 2 shows the ADF results, specifying that all the variables are stationary at 1st difference.


TABLE 2 Unit root test.

[image: Table 2]

H0. The series of variables has a unit root.



Granger causality test

To examine the causal relationship of the variables, the present study performed the Pairwise Dumitrescu Hurlin Panel Causality Test. The focus was on the causal relationship between the crude oil price and GDP, inflation rate, interest rate, and exchange rate of the South Asian countries that have experienced a series of reforms in crude oil pricing mechanism resulting in the significant changes. Thus, the correlation between the world oil prices and South Asian countries' domestic prices may have also changed considerably before and after the reforms. The result of the Table 3 shows that as an oil-importing country's dependence on outside oil has increased dramatically during the last decades, such as a 50% increase in 2007, and at the same time, the reforms of the oil-pricing mechanism have made the domestic oil price be more and correlated with the world oil price. Therefore, the crude oil price has been significantly affecting the South Asian economies which is consistent with the previous findings (Sharma et al., 2018; Zakaria et al., 2021).


TABLE 3 Pairwise Granger causality test.
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Impulse-response functions

The impulse response function test was used to investigate the dynamic impact of crude oil price shocks on the VAR system. Figure 1 plots the responses of GDP, inflation rate, interest rate, and exchange rate to one unit innovation of the world crude oil price with two standard error bands. The impulse response function shows that exchange-rate negatively responds to crude oil prices in the 1st year and it takes almost 5 years to observe the oil price shocks. Similarly, GDP per capita is also severely affected by crude oil price shock and it responds in a monotonic fashion and it took 8 years to completely stabilize after oil shocks. Moreover, the interest rate, exchange rate, and inflation of the selected economies are also largely influenced by oil price movement in the initial phase, however; comparatively, it takes less time to absorb the shocks. It can be concluded from the impulse response function that all four macroeconomic variables of the South Asian counties are closely linked with oil price movements and their economies hugely rely on crude oil consumption. Hence, our findings confirm the previous research findings that crude oil prices significantly influence the macro-economic factors such as interest rate, price level, and industrial production (Ratti and Vespignani, 2016).


[image: Figure 1]
FIGURE 1
 Impulse response function.




Variance decomposition

Variance decomposition separates the variation in an endogenous variable into the component shocks to the model and provides information about the relative importance of each random innovation in affecting the variables in the VAR model.

The findings of variance decomposition for real GDP, inflation, interest rate, and real exchange rate over ten-year horizons are presented in Table 4. Following the purpose of this study to examine oil price shocks and their impact on GDP, inflation, interest rate, and exchange rate, the discussion is limited to the forecast error variance when crude oil price changes. In the case of South Asian economies, the estimated impacts demonstrate that oil price shocks explain unlike variations in the variables under consideration. The shock of crude oil price accounts for GDP, 3.98–2.52%, inflation rate 10.98–20.24%, interest rate 0.66–0.88%, and exchange rate 3.22–16.34% variation over the period of the ten-time horizon in the case of Afghanistan. Similarly, in Bangladesh, variations in GDP, inflation rate, interest rate, and exchange rate because of crude oil price shocks are 1.02–1.96, 4.22–10.82, 2.98–1.11, 0.31–40.71%, respectively, during the period of the ten-time horizon. These results are in line with previous research that oil prices have a significant impact on the interest and exchange rate of Bangladesh (Das and Dutta, 2020). Hence, it indicates that variation in crude oil price significantly influences the macroeconomic variables over the long period.


TABLE 4 Variance decomposition of crude oil price.
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However, oil price shock during the whole period of 10 horizons in Bhutan explains about 0.95–3.12, 0.53–0.97, 2.56–16.59, and 8.54–25.74% of forecast error variation in GDP, inflation rate, interest rate, and exchange rate, respectively. Similarly, 20.97–18.08% variance in the GDP, 30.44–36.73% in the inflation rate, 0.23–36.73% in the interest rate and 2.11–8.49% in the exchange rate in India are due to crude oil price shock over a ten-year period. While, the crude oil price shock induces around 0.52–3.67% of the variation in the GDP of Maldives and it also explains about 1.56–4.48% of fluctuation in the inflation rate, 1.89–2.94% variation in the interest rate and 0.91–21.70% variation in the exchange rate during the entire ten-year horizon. Similarly, 2.45–1.96% variation in the GDP, 1.43–10.82% variation in the inflation rate, 0.65–1.11% variation in the interest rate and 5.24–40.71% variation in the exchange rate were explained throughout the 10 years horizon in Nepal.

The crude oil price shock during the ten-year horizon in Pakistan explains about 8.63–8.67% in the GDP, 6.56–19.10% in the inflation rate, 2.46–1.34% in the interest rate, 3.43–20.07% in the exchange rate, and are largely consistent with that of Jawad (2013). At last, crude oil price shocks induce around 12.37–27.16% of the variation in GDP in Sri Lanka and it explains about 11.25–15.01% of fluctuations in the inflation rate during the ten-year time horizon. The crude oil price shock also accounts for 5.18–4.80%, 1.31–29.46% variance in the interest rate and exchange rate, respectively, throughout the entire horizon. Overall, these findings confirm the previous findings that oil price shock significantly influence the macro-economic indicators of the SAARC countries specifically real GDP, interest rate, inflation, and exchange rate (Ahmed et al., 2019).

Moreover, the impulse response and especially variance decomposition effects ratify that crude oil shocks have a significant impact on GDP, inflation rate, interest rate, and exchange rate almost in the South Asian countries. The possible reason for that may be these countries are unable and incompetent in their exports. However, any negative impact of crude oil price on GDP, inflation rate, interest rate, and exchange rate may cause effect their export demand to decrease. Moreover, these countries may also be unable to attract foreign direct investment (FDI), which leads to minimized investment and ultimately a fall in aggregate output. Therefore, this research study suggests that oil price shocks have both short- and long-term impacts on macroeconomic variables of the South Asian countries.




Conclusion

The South Asian countries are high-oil–consuming economies, had a greater reliance on oil imports and mainly rely on the market-oriented oil price mechanisms. Therefore, the influence of crude oil prices on these economies remains significant. Using the method of VAR analysis, this study assessed the effect of crude oil prices on the South Asian economies based on annual data from 2000 to 2020. The VAR approach is one of the most widely used techniques in the existing literature. The Granger causality test, impulse-response functions, and variance decomposition tools are used to explore the relationship between oil price volatility and macroeconomics indicators.

The Granger causality tests revealed that the South Asian economies have little impact on global oil prices. However, their high oil consumption makes them an important player in the global oil market, but they have not yet obtained influencing power in the global oil market. While on contrary, the global oil prices successfully affect the South Asian economy for the period under study.

The results of the impulse-response functions of the linear impact model demonstrate that the GDP of the South Asian countries is favorably correlated with world crude oil prices. An increase in crude oil prices should have increased production costs and consequently slowed GDP growth in oil-importing countries. Moreover, the result of the variance decomposition shows that crude oil shocks have a significant impact on GDP, inflation rate, interest rate, and exchange rate almost in all the South Asian countries because of incompetency in export, and a low level of foreign direct investment (Umar et al., 2020).

On the basis of the findings, it is suggested that change in public policies of South Asian countries in a way to reduce their dependency on oil energy and encourage them toward renewal and green energy sources by offering incentives and basic knowledge to relevant industries. This will not only reduce their oil dependency, but it will help to improve their environmental quality along with an increased profitability. Second, priority should be given to new/advanced technology for industrial production and higher taxes should be imposed on old technology to encourage industries for updated technology. This will ultimately improve production efficiency, reduce energy consumption, and enhanced aggregate economy with enlarged GDP.

This study focused only on single dimension that is the economic impact of crude oil, however, further study can investigate its impact on public health, life expectancy, and environmental degradation. It would be intriguing to explain the abnormal phenomenon both theoretically and empirically in future research.
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