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Abstract
Background of the study: India’s Energy sector heavily depends on fuel imports, making it a vital energy source for industries and a key component of India’s Industrial Production. Fluctuations in foreign fuel prices significantly impact India’s inflation, directly raising production costs for industries and increasing product prices due to increased transportation and delivery charges.
Objectives of the study: Fuel inflation, primarily influenced by fluctuating crude oil prices, has a considerable impact on various sectors of the economy, particularly industrial production. This research delves into the complex interplay between fuel inflation and industrial production growth within India's ever-evolving economic landscape. Furthermore, it seeks to underscore the profound effect of fuel inflation on India's overall inflation rate.
Contribution to Existing Literature: The existing literature has provided inconclusive findings on the impact of crude oil price rise on economic growth, industrial production, employment, inflation, and wage rates. Thus, this paper examines the time series behaviour of crude oil prices and their impacts on industrial production performance and CPI in India over time.
Data and Methodology: The primary objective of the research is to provide a comprehensive understanding of the ramifications of fuel inflation on the growth of industrial production in India. This will be accomplished by conducting a detailed analysis of monthly data spanning from April 2012 to December 2023. The study will centre around three key variables: the inflation rate of Crude Oil Prices (COP), the growth rate of the Index for Industrial Production (IIP), and the inflation rate of the Consumer Price Index. The research methodology will apply advanced econometric modelling techniques, specifically Autoregressive techniques and Granger Causality testing, to elucidate the intricate relationships and causal links between the variables under investigation.
Results: The study's findings reveal compelling insights. Firstly, a positive relationship exists between IIP and COP based on bivariate analysis. Secondly, the Autoregressive Distributed Lag model demonstrates long-run and short-run co-integration among all three variables. Thirdly, ARDL modelling validates a trade-off between COP and IIP. Fourthly, the Autoregressive Distributed Lag Model between COP and CPI indicates that IIP negatively impacts CPI, while COP has an insignificant relation with CPI. Lastly, the Granger Causality test unveils bidirectional causation between COP and IIP, with other relationships showing no causation. In summary, this research illuminates a significant trade-off in India.
Keywords: Fuel Inflation, Industrial Production Growth, Inflation Rate, Trade-offs, Autoregressive Techniques.
Introduction
Indian economy is an import dependent economy, with a high amount of fuel import. This statement is a reality in case of India as India is the 3rd largest importer of Crude Oil in the world after China and United States of America. On the contrary, there is another fact that India is the world’s 2nd largest exporter of refined fuel after United States of America, with 8.4% of World’s total refined fuel exports[footnoteRef:1]. [1: Source: Refined Petroleum Oil Exports 2022, https://www.worldstopexports.com/refined-oil-exports-by-country/.] 

Even after India’s high fuel exports, India still an import dominant country with high fuel imports due to which India’s trade balance always have a deficit. Due to this, India’s economy mostly suffers the change in foreign fuel price fluctuations. Fuel is the major component of India’s energy sector, and it evolves around all the sectors of the economy. India’s industries depend on retail fuel prices which are highly dependent on foreign fuel prices. With increase in the foreign fuel prices, the cost of production increases rapidly in India causing cost push inflation in the economy. In general, the fuel inflation has a direct effect on India’s inflation. 
The interplay of crude oil prices and fluctuations in exchange rates is expected to affect the performance of economies differently. A decline in international crude oil prices and a falling exchange rate play important roles in the balance of trade, economic activities, and growth both in oil exporting and importing countries. A fall in crude oil price and exchange rate force oil-exporting countries to enhance quantum of crude oil export to meet import requirements and maintain growth process; otherwise, they must face a rising deficit in their balance of payments (Bacon, 2005). An opposite movement of crude oil price and exchange rate volatility may, however, counterbalance and show a long-run insignificant effect on domestic inflation, industrial activities, and gross domestic product (GDP) growth (Carlton, 2010); (Hamilton, 1983); (Mork, Olsen, & Mysen, 1994). The impact also varies between developed and developing countries (Burno & Sachs, 1982); (Du, He, & Wei, 2010); (Hooker, 1996); (Hsieh, 2008); (Kumar, 2009); (Malik, 2008). The adverse impact of oil price rises on economic growth is more pronounced in developing countries (Bacon, 2005); (Akram, 2011); (Kisswani, 2017); (Malik, 2008); (Shaari, Pei, & Rahim, 2013); (Varadhan & Verma, 2021). 
If an oil price shock causes cost-push inflation, leading to a reduction in the purchasing power of people with a trivial effect on the profit of the entrepreneurs, the overall economic activity, especially industrial production, would fall (Kumar, 2009). The multiplier effect of such a rise in fuel prices would be reflected in reduced employment opportunities and bring forth a recession in the economy (Abeysinghe, 2001); (Carlton, 2010); (Gisser & Goodwin, 1986); (Hamilton, 1983); (Jiménez-Rodríguez & Sànchez, 2004); (Kilian, 2008); (Zhang, 2008).
Notwithstanding cross-country differences, adverse impacts of rising crude oil prices on inflation (Gisser & Goodwin, 1986); (Kilian, 2008), production activities, and economic growth have been indicated in several studies (Bacon, 2005); (Burno & Sachs, 1982); (Carlton, 2010); (Hamilton, 1983); (Mork, Olsen, & Mysen, 1994); (Zhang, 2008). The impact is more pronounced in the developing countries, which have more energy dependence on crude oil imports with fewer energy substitutes and inefficient uses of fuel (Abeysinghe, 2001); (Al-Risheq, 2016); (Du, He, & Wei, 2010); (Hamilton, 1983); (Hooker, 1996); (Hsieh, 2008); (Jiménez-Rodríguez & Sànchez, 2004); (Kumar, 2009); (Malik, 2008). The developed, oil-exporting countries face insignificant impacts of the crude oil price shock on prices, employment, wages, industrial output, and GDP over time. Nawaz (2012), using a bound testing approach on an autoregressive distributive lag (ARDL) model, found that the depreciation of the exchange rate led to a contraction of output in Pakistan during 1972–2010; though an error correction model (ECM) shows a robust positive short-run impact on the output. Also, the positive and more equitable distributional impacts of falling crude oil prices are observed in the study of Saari et al. (2016), while Al-Hajj et al. (2021) found cointegrated sectoral stock returns and inverse impacts of the oil price shock in Malaysia. Long-term adverse impacts of the oil price shock on agriculture, construction, and manufacturing have also been reported by Harrera et al. (2011) and Shaari et al. (2013). 
The relationship between crude oil price and GDP growth has been found to be nonlinear (Carlton, 2010); (Johnny, Timipere, Ayunku, & Peter, 2018); (Malik, 2008). Though the rise in oil prices has had an adverse impact on economic growth in Japan (Zhang, 2008), the Philippines, Thailand (Abeysinghe, 2001), South Korea (Hsieh, 2008), and several other developing oil-importing countries, a nonlinear positive impact has been found in Pakistan (Malik, 2008) and China (Du, He, & Wei, 2010). In general, higher crude oil prices positively affect an oil exporting economy due to improved oil revenue, but they may also adversely affect the exporting country due to the reduction in import demand by oil-importing economies (Bjørnland, 2009). Positive oil price shocks increase industrial output because of a decrease in the price of imported inputs in the oil-exporting countries, while negative oil price shocks decrease industrial output due to the higher prices of imported inputs in the oil-importing countries (Farzanegan & Markwardt, 2008). Thus, the researchers observe contradicting impacts of oil price change and volatility on economic growth depending on the nature of oil exports and imports and the pattern of the economy. 
The adverse impact of the rise in crude oil prices on the index of industrial production in India has been observed in the analysis of Kumar (2009). Multivariate cointegration and Granger causality tests on industrial production and oil price variations from 1993 to 2015 in Thailand reveal a stable long-term causal relationship running from oil price to industrial production (Jiranyakul, 2017). Estimating bivariate GARCH-in-Mean VAR with a BEKK variance specification, Pinno and Serletis (2013) found nonlinear impact of oil price volatility on real economic activity and industrial production in USA during January 1974 to June 2011. Using a multivariate vector autoregressive analysis with the Wald Granger causality test and estimating the impulse response function, Akram (2011) found that India’s economic growth was significantly affected by the growth of crude oil prices, notwithstanding the fact that the adverse impact on growth was comparatively lower in the second year than that in the first year. The adverse effects of crude oil prices and exchange rates on industrial production have also been found in the studies of Gokmenoglu et al. (2015) and Al-Risheq (2016). The negative effect was much higher in Bangladesh than in Pakistan. Therefore, the sign and impact of the crude oil price were not uniform across the countries. 
Previous studies have failed to establish any specific relationship between inflation, economic growth, and the price of oil. An increase in oil prices can increase inflation directly by raising the energy cost component of inflation and indirectly by increasing the cost of production. Therefore, the inclusion of an oil price dummy in such an analysis is most appropriate. Using the EGARCH-M model, Bhar and Mallik (2010) found that oil prices have a positive and significant effect on inflation. When the oil price (in local currency) increased more than 4% in three consecutive periods, we considered the dummy equal to (+1). Similarly, we have used the dummy as (1) if the oil price decreased more than 4% in three periods consecutively. The dummy is zero otherwise. However, Hamilton (1983) used the dummy corresponding to supply shocks of different periods. They found that this oil price dummy increases inflation significantly but does not increase the output growth. 
It is thus very difficult to draw a definite conclusion from the literature about the impact of oil price changes on industrial production, inflation, and overall economic activity (Ajeigbe & Olomola, 2021). The variation in causality and impacts depends on the socioeconomic characteristics, existing stages of development, activity patterns of the nations, and the models used for examining the impacts of crude oil price surge with exchange rate variation. De and Mallik (2024) found that there is significant relation crude oil price and manufacturing index in the long run.
As mentioned above, the empirical studies conducted so far have provided inconclusive findings on the impact of the rise in crude oil prices on economic growth, industrial production, employment, inflation, and wage rates. This paper thus examines the time series behaviour of crude oil price and its impacts on industrial production performance and CPI in India over time. 
Data and Methodology
The primary objective of the research is to provide a comprehensive understanding of the ramifications of fuel inflation on the growth of industrial production in India. This will be accomplished by conducting a detailed analysis of monthly data spanning from April 2012 to December 2023. The study will centre around three key variables: the inflation rate of Crude Oil Prices (COP), the growth rate of the Index for Industrial Production (IIP), and the inflation rate of the Consumer Price Index. 
Table 1 provides the description and summary statistics of the variables. The result of the table shows that CPI inflation rate has very low volatility during this whole period while the International crude oil price shows very high volatility. The low volatility in the Indian inflation rate shows the effective monetary policy control on the Core inflation rate[footnoteRef:2] by the RBI. Since the data is monthly series starting from 2012, it gives clear image of effects caused by the Inflation Targeting Approach (ITA) in India. [2:  Core Inflation Rate excludes inflation caused by the Food and Energy Sector. CPI Combined includes 48.24 weightage for Food and Beverages and 6.84 weightage for Fuel and Light. While 44.92 weights include items that comes under Core inflation. ] 

	Table 1: Summary Statistics

	Variable Name
	Description of the variable
	No. of Obs.
	Mean
	Standard Deviation

	i
	Growth Rate of Industrial Production =  
	141
	3.9
	13.65

	 i
	Inflation Rate of Consumer Prices Index
.
	141
	5.87
	2.25

	ii
	Inflation Rate of International Crude Oil Price (Indian Basket)
.
	141
	2.78
	43.70

	Source: i. Handbook of Statistics on Indian Economy – Reserve Bank of India.
ii. Crude Oil FOB Price (Indian Basket) – Petroleum Planning & Analysis Cell.


Table 1 results also suggest that volatility of Industrial Production is also high which means that Industrial production growth in India is volatile in nature. The reason for this volatility can be many things, like, Political changes, Foreign trade (in which industrial production is highly impacted through the shocks in foreign fuel prices (Farzanegan & Markwardt, 2008)). To check whether this volatility in variables can be related to each other this paper used correlation matrix in table 2. 
	Table 2: Correlation Matrix

	Variables
	
	
	

	
	1
	
	

	
	-0.061
	1
	

	
	0.578
	-0.078
	1

	


Table 2 shows that CPI inflation and industrial production have negative and low correlation which is same as the correlation between inflation and fuel inflation. This means that industrial production and fuel inflation has very negligible relationship with inflation rate in India. The reason for negative correlation between IIP and CPI can be due to the fact that industrial production increases when inflation rate goes down meaning that when inflation reduces (increases) in the market, the demand for goods increases (reduces) forcing the industries to increase (decrease) the production level. The relation also goes other way too meaning that when Production increase (decrease) the supply in the market increase (decrease) keeping the demand for goods constant, it will lower (higher) the price of the goods in the market.
The correlation between CPI and COP also have negative sign showing that when fuel prices goes high (low) India government may cut (increase) excise duties thereby maintaining a stable CPI inflation rate. Another reason for the relationship goes that as it has been mentioned above CPI Combined has only 6.84 weights for fuel prices which means even though foreign fuel prices increases (decrease) it cannot be clearly stated in the basket of CPI as other items in the basket will minimise its effect. 
The correlation between COP inflation and IIP growth rate has an very different result from the above two aspects. They have highly positive correlation between them showing that with increase in fuel inflation, the industrial production will also increase. The probable reason for this correlation can be that when global price increases it higher the future inflation expectation in the market due to which the consumer demands more at the prevailing prices in the economy causing the increase in the production of the goods in the market and vice versa. 
Since correlation has some disadvantages, it was considered to apply advanced econometric modelling techniques, specifically Autoregressive techniques and Granger Causality testing, to elucidate the intricate relationships and causal links between the variables under investigation.
To investigate the relationship between the variables, here two models were formed with a basic assumption that change in any of the real sector variable cannot impact the global fuel prices. The reason is that the global fuel prices are most influence by the economic volatility of oil-exporting countries and have no impact of economic volatility of oil-importing countries. So, the two econometric models are:
1.	
2.		
Results and Observations
In this section the inferential statistics was applied to find the relation between the variables and provide explanation for that relationship. To know the value of the estimators in the model some steps of analysis was required to be followed:
1. It is required to check whether all the variables are stationary at level or not, to find whether the model estimated will have any spuriousness. For that step, this paper has involved unit root tests. 
2. After analysing the result, it was required to select the appropriate estimation technique for analysing the cointegration in the model.
3. Next if the long run cointegration exists from the prescribed estimation technique, then there is a need to provide Error Correction Model as well as the long run model estimates.
4. Lastly, the diagnostic test was conducted on the model to check whether the estimates calculated from the estimation method are robust.
In table 3 the result of Unit root testing was shown. For unit root testing, there are many tests but the most preferred was the Augmented Dickey and Fuller (1981) test, Phillips and Perron (1988) test and Zivot and Andrews (1992) test were used in this study.
	Table 3: Unit Root Testing

	Variables
	ADF Test
	PP Test
	ZA Test*

	At Level

	
	-6.408***
	-7.372***
	-8.683***

	
	-2.764
	-2.212
	-4.548

	
	-4.186***
	-3.297*
	-5.185**

	First Difference

	
	--
	--
	--

	
	-10.046***
	-9.488***
	-9.984***

	
	--
	-9.62***
	--

	Null Hypothesis:
	Unit root

	Critical Values:
	***1%
	-3.99
	-4.026
	-5.57

	
	**5%
	-3.43
	-3.442
	-5.08

	
	*10%
	-3.13
	-3.146
	-4.82

	*The Zivot and Andrews test also provides the break point for the time series data. The estimated breakpoints of these variables are provided in the Appendix.


The result of all unit root tests suggest that there is a mixed order of integration in the models. So, it is preferred to use Auto Regressive Distributed Lag Estimation technique, formed by Pesaran and Shin (1999), to estimate the model estimators. Now, going to the second step of the procedure, this paper will use ARDL Bound test given by Pesaran et al. (2001). The test estimates the long run cointegration in the model.
The bound test result suggested that there is a long run cointegration in both the model. The next step suggests that the estimation value of the models have to presented. Since, there is a presence of cointegration in both the model, this paper have presented only the long estimates result.	Comment by RN Kenneth: Check grammar 
	Table 4: Bound Cointegration Result

	Dependent Variables
	
	

	F Statistics
	7.579***
	8.527***

	Critical Value I (0)
	*10%
	**5%
	***1%

	
	3.17
	3.79
	5.15

	Critical Value I (1)
	*10%
	**5%
	***1%

	
	4.14
	4.85
	6.36

	Null Hypothesis:
	No Cointegration


The result of long run estimation is presented in table 5. 
	Table 5: Estimates of the Long-Run Coefficients using ARDL Method

	Dependent Variable
	
	

	
	--
	-0.013*
(0.006)

	
	-0.273
(0.355)
	--

	
	0.037***
(0.036)
	0.003**
(0.001)

	Constant
	3.306
(2.222)
	0.288**
(0.116)

	ECM
	-0.458***
(0.095)
	-0.053***
(0.012)

	R Square
	0.68
	0.68

	Adjusted R Square
	0.66
	0.59

	Note: ***, **, * represent 1%, 5% and 10% significance level respectively. The value inside parathesis is standard errors.


The result of long run estimation suggest that fuel inflation has a positive and significant impact on both Industrial production growth rate and CPI inflation rate. This means when global fuel prices rise it significantly increases both inflation rate and industrial production in the long run. Since relationship of fuel inflation and industrial production is same as correlation result it can be said that when fuel price increases it increases industrial production in both short and long run. This means in long run there happens a trade-off in the economy due to increase in the domestic prices, i.e., when global fuel prices increases it increases the inflation rate as can be seen from the model 2. This increase in prices puts pressure on producer to increase the production of the goods to stabilise the profit margin. This effect clearly shown by the positive relationship between fuel inflation and production growth rate. 
However, the result also suggested that inflation rate has no significant impact on industrial production establishing the accuracy of the above trade-off. The industrial production have very negligible impact on inflation rate showing there is very small causal link between these two variables. 
The diagnostic test was conducted on both models and it was seen from their result that both the models are robust in nature.
To find the causal link between the variables, the Granger (1986) Causality test was presented in the table 6.
	Table 6: Pairwise Granger Causality Test

	Null Hypothesis
	Obs.
	F-stats
	Prob.

	 granger cause 
	141
	3.825
	0.052

	 granger cause 
	
	6.414
	0.012

	 granger cause 
	141
	0.000
	0.977

	 granger cause 
	
	0.564
	0.454

	 granger cause 
	141
	0.054
	0.816

	 granger cause 
	
	2.039
	0.156


The result of granger causality shows that there is bivariate causation between fuel inflation and industrial production growth proving all the above results. While all the other sets have shown no causation at all. This is also a significant prove to justify the result of correlation matrix. 
Conclusion
This paper tried to establish link between three very important macroeconomic agents which can hamper the growth of any developed or developing economy. In today’s scenario the fuel has become very important source of energy and changing global dynamics had made its price highly volatile. For a oil-importing country like, India analysing its impact on real sector variables becomes very important. In this study it was found that there is a significant trade-off between fuel inflation and Industrial output in India. It was also found that Indian industrial production has a high correlation with international fuel prices which is supported by the granger causality test and it proved that India’s industrial production can also cause changes in Internation fuel prices. This means Indian policymaker have a very difficult trade-off to tackle as they are not very independent for controlling these prices. However they have one policy move, in terms, of diplomacy to minimise the price volatility in favour of India so that Indian does not have to face high inflation rate which can be bad for the economy.
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Appendix
	Appendix Table: Unit Root Breakpoints from Zivot and Andrews Test*

	Variables
	Break Dates

	
	February 2021

	
	November 2013

	
	January 2021

	*The Break dates was shown for the original data and the break dates from differenced data was not presented.





