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ABSTRACT  

Since the middle of the twentieth century, crude oil has emerged as one of the world's leading 

indicators of economic activity due to its outstanding importance in meeting the world's energy 

requirements. Today, the importance of crude oil as the main source of energy has declined 

somewhat due to the emergence of alternative forms of energy (such as wind, water, solar and 

nuclear energy). But how and to what extent oil prices can affect the economic performance is 

not clear. Various aspects and features including the impact of oil price changes on business 

cycles, the asymmetric effect of oil price changes on economic performance (since economic 

activities respond differently to an increase in oil prices than to a decrease in oil prices), as well 

as the impact of oil price changes on economic performance, emphasizing the distinction 

between net exporter and net importers could be addressed. The G7 countries are the world's 

seven largest industrialized nations with a significant share in industrial production as well as 

energy consumption, so examining the impact of oil price changes on industrial production in 

these countries could contribute to the literature. For this reason, G7 time series data were used 

for oil price variables and industrial production. 

In the first chapter, a general introduction is given. In the second chapter the literature is 

reviewed and discussed in the framework of theoretical and experimental principles.  

I examine the effect of rising oil prices on the growth in industrial production during periods 

of boom and recession plus the impact of oil price changes on business cycles using the Markov 

Switching econometric approach in the third chapter. First, the findings show that oil price 

changes do not influence business cycles. One of the reasons for the increase in oil prices during 

periods of industrial production boom could be the rise in demand for oil. However, rising oil 

prices during periods of industrial production stagnation could be due to declining oil supply, 

which could exacerbate the negative effects of rising oil prices on industrial production. Of 

course, the dependence of the structure of production and export of countries on oil is another 

effective factor. The countries balance of trade can also be another effective factor in analyzing 

this relationship. Second, although rising oil prices has a positive impact on the growth in 

industrial production (with the exception of Italy and the United States), the negative effects of 

rising oil prices during recession are greater than during boom periods. 

Some statistical evidence and empirical studies have shown that while an increase in oil prices 

leads to a decrease in economic growth, a decline in oil prices does not lead to an increase in 

economic growth (Mork, 1989; Hamilton, 2003). Therefore, in chapter four, the threshold 
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effect of oil price changes on industrial production growth is investigated using the smooth 

transition regression approach. The findings show that, first, industrial production growth is 

very sensitive to changes in oil prices. Second, the impact of oil price changes on industrial 

production growth around the threshold limit has an asymmetric behavior. Third, although 

asymmetric behavior was observed for all countries, given the distinct economic structure of 

each country, a clear result about the asymmetric (positive and negative) effects and the 

estimated threshold is not generated for all countries.  

 Given the differences in the economic structure of countries, impact of oil price changes on 

the economic performance across countries is somewhat different. One of these features, which 

can play an important role in analyzing the impact of oil price changes on industrial production 

growth and has been considered in the literature is the oil-exporting or oil-importing feature of 

an economy. Accordingly, in the fifth chapter, the effect of oil price changes on industrial 

production growth with the threshold role of net ratio of oil exports to GDP as a transition 

variable within the framework of panel smooth transmission regression model. The findings 

show that the degree of dependence of the production structure of countries on oil imports is a 

determinant factor in the degree of oil prices impact on industrial production growth. Therefore, 

higher dependency of industrial production to oil imports, corresponds to a larger negative 

impact of an increase in oil prices on economic performance. 
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An Overview of the Thesis 
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1-1- Background to the study 

Oil is an indispensable input for production, economic growth and social development. Two-

thirds of the global energy requirements are met with oil and gas supplies. Crude oil is among 

the main sources of energy, and one of the most important and widely traded commodities that 

impacts on the global economy and international trade (Milonas and Henker, 2001). It is 

arguably the most influential physical commodity in the world, because of the significant role 

it plays in the world economy (Kuncoro, 2011). Globally, oil price shocks have been considered 

as the major source of economic fluctuations. Hamilton (1983) indicates that all except one of 

the US macroeconomic downturns since World War II were preceded by higher oil prices. 

However, since the 1970s, the impact of oil price shocks on macroeconomic variables has been 

under scholarly investigation (Gisser and Goodwin, 1976; Mckillop, 2004; Blanchard and Gali, 

2007; Aliyu, 2009; Iwayemi and Fowowe, 2011). Over the decades, oil prices have had 

significant effects on a wide range of macroeconomic indicators and these effects were 

considered as both real and inflationary (Gisser and Goodwin, 1976). Therefore, since the 

1970s, the macroeconomic impact of oil price changes on oil-exporting and oil-importing 

economies has received a great deal of academic attention (Kilian, 2009). For example, the oil 

price shock of the 1970s has been adjudged as responsible for the US recessions, for higher 

inflation, slowdown in the US productivity and for its stagflation respectively (Kilian, 2009). 

The effects of oil price shocks have been analyzed from their demand and supply channels of 

transmission to the macro economy (Gisser and Goodwin, 1976; Kilian, 2009). 

Historically, oil price changes have been considered as the dominant source of macroeconomic 

fluctuations (Kilian, 2009). The first oil price shock of the early 1970s occurred from 1973 to 

1974 following the OPEC embargo. During that time, Syria and Egypt launched a military 

attack on Israel and consequently, the Arab members of the Organization of Petroleum 

Exporting Countries imposed an embargo on oil exports to some countries that were allies of 

the Israel and consequently, oil production declined thereby putting an upward pressure on oil 

prices (Hamilton, 2011). The second oil shock occurred as a result of the Iranian revolution of 

1978 to 1979 followed by a cut in oil production by Iran. The third oil shock was the outcome 

of Iran-Iraq War from 1980-1981. At that time (1978 and 1981) the real price of oil had doubled 

(Kilian 2009, Hamilton, 2011). The fourth oil shock can still be attributed to the Iran Iraq War 
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which led to a precipitous decline in oil prices from 1981 to 1986. Because, in 1986, Saudi 

Arabia had increased oil production thereby causing a collapse of oil prices from USD 27 per 

barrel to USD 12 per barrel (Hamilton, 2011). The fifth oil price shock occurred due to the 

Gulf War in 1990-91 which engendered temporary spikes in oil prices internationally which 

vanished thereafter.  

Table 1.1. The history of oil price shocks-causes and consequences   

Date Type of shock Cause Consequence  

1973 to 1974 Supply side OPEC embargo 

Decline in oil production and 

an upward pressure on oil 

prices 

1978 to 1979 Supply side Iranian Revolution 
Decline in oil production by 

Iran  

1980 to 1981 Supply side Iran-Iraq War Doubling of oil prices 

1981 to 1986 Supply side 
Iran-Iraq War & higher oil 

production by Saudi Arabia 
Steep oil price decline 

1990 to 1991 Supply side Gulf War 
Short-lived increase in oil 

prices 

Source: Hamilton (2011), research findings  

From 1997 to 2000 oil prices had fallen due to the Asian financial crisis which gripped the East 

Asian countries. The crisis had caused the price of oil to fall below USD 12 which was the 

lowest price since 1972. Another episode of oil shock occurred between the second half of 

2002 and first half of 2003. It was as result of the Venezuelan unrest and the second Persian 

Gulf War. This oil shock was characterized by an ephemeral spike in oil prices internationally 

which vanished in the second half of 2003 (Hamilton, 2011). Nonetheless, increased demand 

and stagnant supply was the factor responsible for the positive oil shock witnessed from 2007 

to 2008. In 2008, the world had been hit hard by sudden liquidity drain in the global financial 

system following the global economic and financial crisis which caused a dramatic fall in oil 

prices internationally (Kilian, 2009; Hamilton, 2010; 2011).The recent oil shock between June 

2014 and March 2015 was the outcome of rapid increase in oil supply especially in the US and 

a corresponding sharp fall in the demand for oil in the emerging markets, namely China and 

Brazil (Hou et al., 2015).  

Oil price volatilities often tend to have effects on macroeconomic variables such as exchange 

rates, inflation, industrial production and gross domestic product (Gronwald, 2012). However, 
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the macroeconomic effects of oil price shocks differ across countries on the globe, depending 

on whether a country is an oil importer or exporter (Krugman, 1983). For example, a positive 

oil price shock causes transfer of wealth from the oil-importing to the oil-exporting countries. 

It also causes real appreciation of the exchange rates of oil exporters (Krugman, 1983). 

Moreover, oil price shocks pose serious challenges for policy makers in oil-exporting countries 

(Kilian, 2009). Moreover, Industrial production is one of the most important components of 

economic activity and therefore it can have a profound impact on business cycles. Changes in 

the price of oil as one of the most important factors of production has an impact on the state of 

industrial production (Bayar and Kilic, 2014). A rise in oil prices causes production costs to 

increase, which in turn curtails demand for goods due to rising prices and lower industrial 

output (Hamilton and Herrera, 2004). While the manufacturing part of most Western 

economies is considered to be the backbone of industrialized countries, there are very few 

studies concentrating on the aspect of how industrial sectors react to oil price changes in 

particular. 

1-2- Motivation  

According to the International Monetary Fund (IMF), the World Trade Organization (WTO) 

and the US Energy Information Institute (EIA), more than 30 percent of world production, 

trade, and energy consumption belongs to G7 countries. Also, according to an UNCTAD 

report, G7 countries represent about 44 percent of industrial production in 2015. Therefore, it 

is clear that changes in the price of oil can have implications for other macroeconomic variables 

such as the price level or inflation and the gross domestic product (GDP) or the overall growth 

of G7 economies, which in turn affects the economic state of other countries in the international 

community. Therefore, the study of the role of oil price changes on the growth of industrial 

output in the G7 countries can prove to be useful. Given this problem the study sets out to 

achieve the following objectives.   

1-3- Objectives and Aims  

The main objective of this study is to investigate the effect of fluctuations in the oil price on 

industrial production in the G7 countries. Based on review of literature, there seems to be three 

major challenges in examining the impact of oil price changes on industrial production growth, 

which is studied within four distinct objectives in Chapters 4, 5 and 6. 
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Firstly, following Mork (1989) and Hamilton (2000) who confirmed the asymmetric effect of 

oil price changes on production growth, the validity of hypothesis of asymmetry in oil shocks-

economic activity relationship was further strengthened by adopting non-linear approaches to 

investigate oil shock-GDP relationship. Therefore, one of the purposes of this study is to 

examine the impact of oil price changes on industrial production in G7 countries using the 

proper econometric approaches in chapters 4, 5 and 6.  

Secondly: given that an increase in the price of oil as a factor of production may curtail oil 

demand and thereby reduce production and cause recession, so examining what changes oil 

prices have during periods of boom and recession is another purpose of this study which is 

discussed in Chapter 4.  

Thirdly, based on review of literature oil price increases have a larger impact on economic 

activity than oil price decreases. In other words, there is an asymmetry in oil price-industrial 

production nexus. This issue is thoroughly dealt with in chapter 5.  

Fourthly, and last, literature review confirms that oil price changes have a differential impact 

in oil-importing and oil-exporting countries. Thus, the possible distinction between impact of 

oil prices on industrial production of net oil exporting and importing countries is another goal 

of the present study, which is discussed in Chapter 6. 

Therefore, this study seeks to answer the following four questions: 

I. Does the effect of oil prices changes on the industrial production growth follow a 

nonlinear and asymmetric pattern? 

II. Is the impact of oil prices changes different during periods of recession than in periods 

of boom? 

III. Does the magnitude of the impact of rising oil prices on industrial production growth 

differ from the magnitude of the impact of declining oil prices? 

IV. Do oil price changes have a differential impact in oil-importing and oil-exporting 

countries? 

 

1-4- Significance of the Study 

In spite of efforts to diversify energy supplies the price of crude oil continues to play a key role 

in the performance of the global economy and in particular the fluctuations of the 
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manufacturing sector. Also, Hamilton (1983) showed that oil price shocks had a dominant 

impact on most economic downturns of the United States after World War II and a large body 

of research suggests that oil price volatilities have considerable consequences on economic 

activity (Hamilton, 2008; Kilian, 2008; Donayre and Wilmot, 2016; Lorusso and Pieroni, 

2018). In addition, while most studies have focused their attention on the macroeconomic 

impact of oil price shocks, only a few studies have addressed oil price effects on industrial 

production. Therefore, this study seeks to contribute to the literature on the relationship 

between oil prices and industrial production by examining this relationship specifically in G7 

economies.  

From the econometric methodology perspective, although various studies have approached the 

oil price-economic activity relationship using different statistical and econometric techniques, 

yet, there seems to be less attention on the use and application of smooth transition approaches 

in examining the impact of oil prices on industrial production.  

Moreover, the study will use the panel smooth transition model to address the impact of oil 

price changes on industrial production of G7 countries. To the best of the researcher’s 

knowledge, this study is the first to apply this econometric technique in addressing this issue 

in G7 countries. 

The importance and superiority of the econometric approaches used in this study are due to the 

fact that a nonlinear relationship between oil price changes and economic growth is very likely. 

Under such circumstances, estimating the impact of oil price changes on economic growth 

within the framework of linear regression models can not reflect all the existing facts and the 

results may not be reliable. In particular, the Markov switching approach reports the 

coefficients of impact of oil price changes on periods of recession and boom separately, the 

STR approach estimates the extent and effect of rising oil prices on economic growth 

differently from that of lower oil prices. The PSTR approach also examines the impact of oil 

price changes on economic growth, taking into account the specificity of each country in terms 

of the degree of dependence on oil imports, which solves the problem of heterogeneity in panel 

data. Obviously, these features and advantages provided by non-linear models are not 

achievable in the framework of linear regression models. 
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1-5- Scope of the Study 

The study focuses on G7 countries, namely Canada, France, Germany, Italy, Japan, the United 

Kingdom, and the United States. The period covered by the study in chapters 4 and 5 is 1970 

Q1 to 2017 Q4 and the period covered in Chapter 5 is 1980 to 2017 which is divide into 3 sub 

periods namely, 1980-1999, 2000-2017, 1980-2017. 

1-6- Organization of Study 

The study comprises of six chapters. The first chapter contains the introduction. The second 

chapter presents the literature review, which is split into the historical and conceptual review 

of oil price shocks, the transmission channels of oil price shocks, effects of oil price shocks on 

oil-exporting countries, effects of oil price shocks on oil-importing countries, effects of oil 

price shocks on Industrial production, effects of oil price shocks on economic growth as well 

as theoretical and empirical studies on the impact of oil prices. Chapter three examines the 

impact of oil price changes on industrial production of G7 economies within a Markov-

switching framework. Chapter four investigates the impact of oil price changes on industrial 

production of G7 economies using a smooth transition approach. Chapter five looks into the 

oil price-industrial production within a panel smooth transition model and finally, Chapter Six 

provides a conclusion. 
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Introduction 

This chapter focuses on reviewing the previous research on oil price shocks and its impact on 

economic activity. To this end, the chapter begins with a survey of oil industry and major events 

associated with significant changes in the price of oil. Moreover, research conducted on the 

economies of oil-exporting and oil-importing countries will be reviewed taking into account 

the direct and indirect effects of oil price shocks on economic growth of both country groups. 

Also, to address the main objective of the thesis, the studies and papers related to the nexus 

between oil prices and industrial production will be explored.  

2-1- Historical and conceptual review of oil price changes 

Since the first successful oil extraction by Edwin Drake in Pennsylvania in 1859, oil has 

become a dominant source of energy the price of which has experienced large fluctuations in 

response to changes in global demand. The first large fluctuation in oil prices took place 

following the 1862-1864 US Civil War where prices declined along with demand for oil. At 

the turn of the 20th century, oil became more versatile and started to be used in industrial and 

commercial sector as well as transportation.  

The main global oil price shocks over the last half century were closely related to the conflicts 

which took place in the Middle East D. Hamilton (2012). According to Hamilton 2011, Key 

post-World-War-II oil shocks include the Suez Crisis of 1956-57, the OPEC oil embargo of 

1973-1974, the Iranian revolution of 1978-1979, the Iran-Iraq War initiated in 1980, the first 

Persian Gulf War in 1990-91, the oil price spike of 2007-2008 as well as the revolution in Libya 

in February 2011. 

According to Amuzegar (2009), following the revolution that happened in Iran in 1979 the 

price of oil rose to 40 US dollars per barrel and created a serious disorder in oil market. 

Furthermore, the war started between Iran and Iraq in September 1980 drove the oil prices up 

and this price volatility lasted until October 1981 when OPEC officially set a benchmark price 

of 34 US dollars per barrel.  

According to Hamilton (2011), another oil price shock happened in August 1990 when Iraq 

invaded Kuwait in August 1990. The two countries accounted for nearly 9% of world 
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production. This led to doubling of the price of crude oil within the space of a few months. The 

price spike proved to be of short duration, however, as the Saudis used the substantial excess 

capacity that they had been maintaining throughout the decade to restore world production by 

November to the levels seen prior to the conflict. The ninth postwar U.S. recession is dated as 

beginning in July of 1990.  

While Kilian (2008) argued that Venezuelan unrest and US attack on Iraq in 2003 should be 

included in the list of postwar oil shocks, Hamilton (2011) believes that the affected supply 

was a much smaller share of the global market than many of the other events discussed here.  

 

Table 2.1. The main four military conflicts in the Middle East that have affected the global oil 

supplies. 

Date Event 
World Supply 

Disruption 
Recession Date 

Months from 

Disruption to Cycle 

Peak 

November1956 Suez Crisis 10.1% August 1957 8 

November1973 
Yom Kippur 

War 
7.8% November 1973 0 

November1978 
Iranian 

Revolution 
8.9% January 1980 13 

October 1990 Iran-Iraq War 7.2% July 1981 8 

Source: Baghirov (2014) 

 

2-2 Transmission channels of oil price shocks 

According to the study by Tang, Wu and Zhang (2009) there are six transmission channels 

through which oil prices affect an economy and macroeconomic variables, namely: 

1. Supply-side shock  

2. Wealth transfer  

3. Inflation  

4. Real balance  

5. Sector adjustment  

6. The unexpected (uncertainty).  

The above-mentioned effects are broadly as follows:  

Supply-side shock channel – From this perspective oil is described as an input of production 

process. When oil price increases it automatically affects the output through the rising 
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production costs. Consequently, a lower productivity decreases the total output and increases 

the unemployment. In addition, dampened purchasing power forces workers to demand higher 

wages which leads to unemployment growth and low economic growth. This in fact is the 

secondary impact of inflation caused by an oil price increase (Barlet and Crusson, 2009).  

This transmission process scenario is typical for an oil-importing country. For an oil-exporting 

economy higher revenues as a result of the oil price shocks can contribute the increases in 

investment opportunities, which will boost the output and decrease the unemployment.  

Wealth transfer effect – This transmission channel explains how the income is transferred from 

an oil-importing economy to an oil-exporting economy after the oil price shock occurred. As a 

result, the consumer demand is decreased in oil-importing economy and increased in oil-

exporting economy.  

This shift of wealth is a result of the current account adjustment to the exchange rate, 

production costs and consumption. Oil-importing countries become net borrowers where gross 

domestic savings decline. For oil-exporting countries, the decline of the oil price determines 

the deterioration in the trade balance, the contraction in investments and the growth of the 

budget deficit (Dohner, 1981; Hutchison, 1991; Aleksandrova, 2016). 

Inflation effect – Oil price shocks also trigger the inflation in economy. As it was mentioned, 

oil price shocks increase the costs of production, which is considered as a price shock as a 

consequence.  

Also, an increase in oil prices can affect economic activity by changing real money balances. 

A shock to aggregate price level caused by a jump in oil prices reduces real money balances 

and thereby forces interest rates to increase. Higher interest rates reduce investment due to an 

increase in the cost of borrowing. Lower investment reduces aggregate demand and dampens 

economic growth (Pierce and Enzler, 1974; Greene, 2000; Hooker, 2000; Brown and Yücel, 

2002; Balke et al, 2002).  

Real balance effect – Through this transmission channel, an oil price shock impacts money 

demand. As an example, consumers tend to borrow and not to save, it increases the interest 

rates and decreases the demand for cash. 

Sector adjustment effect – When an oil price shock happens, the cost of adjusting to these 

changes in each sector of an economy can be a reason for a slowdown. As a result, energy-

intensive sectors should be diminished and energy-efficient sectors should be expanded.  
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According to Loungani (1986) and Davis and Haltiwanger (2001), Following an oil price hike, 

profit begins to erode away especially in oil-dependent industries. This encourages 

manufacturing industries to upgrade their technology base, which results in reallocation of 

labor and capital. With capital substituting labor force, employment declines and the economy 

slows down. 

The unexpected (uncertainty) effect – The investment demand of both consumers and producers 

is affected through the uncertainty channel of an oil price shock. The future investment plans 

can be postponed if people do not know if the oil prices will go up or down. Apparently, the 

uncertainty causes the investment demand to decrease.  

According to Bernanke (1983) and Hooker (1996), in the presence of uncertainty caused by oil 

price shocks, investment and consumption of durable assets experience a large and protracted 

decline. Obviously, an increase in oil prices curtails household purchasing power and results 

in lower demand for durable goods. In addition, oil price volatility has been credited with 

generating uncertainty leading to less capital formation and investment. Lower durable goods 

consumption and dampened investment brings in lower aggregate demand culminating in 

economic recession. 

2-3- Effects of oil price shocks on oil-exporting countries  

The research reported in 2.2 focuses on the effect of oil price volatilities on economies in 

general.  In this section I review research on oil price shocks on oil-exporting countries.  

Similarly, I review in the next section the impact of oil price volatilities on oil-importing 

countries.  The previous research carried out on the effects of oil prices suggests that oil price 

variability has significant consequences on economic activity. While asymmetric effect of oil 

price shocks in oil-importing countries has been thoroughly discussed in previous studies, the 

concept of an asymmetric effect of oil price shock in oil-exporting countries can be quite 

different. Regarding the difference in the economic structure of the countries, it can be stated 

that an increase in the price of oil is a good news for an oil-exporting country while it's 

perceived as a bad news for oil-importing countries (Rodríguez and Sánchez, 2004). Further, 

some empirical studies have shown that oil-exporting countries respond differently to oil price 

shocks, depending on the magnitude of revenue growth and the rate of reduction in oil exports. 

(Kumar, 2009; Rodríguez and Sanchez, 2012 and Wang and Zhang, 2014). At first glance, 

rising oil prices can be perceived as good news for oil-exporting countries, as their export 

earnings increases resulting in higher investment and demand, which in turn accelerates the 
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process of economic growth. In this regard, the results of studies by Rautava (2004), Mehrara 

and Sarem (2009), Korhonen and Ledyaeva (2010), Sadeghi (2017) provided evidence of a 

positive impact of oil price increases on the economic performance of oil-exporting countries.  

Moreover, management of volatile oil revenues, which usually brings in economic instability 

and Dutch disease in the long run is a major challenge faced by oil-exporting countries. Moshiri 

and Banihashem (2012) suggest that in most oil-exporting countries the revenues from the oil 

industry are closely connected to the government, making it the most important influential 

power in economic activities. On the other hand, the government‘s size and its role in economy 

should be taken into consideration. So an increase in oil prices results in higher oil revenues 

and leads to implementation of new projects and investments in an oil-exporting country. 

Nevertheless, while an unexpected oil price decrease occurs, those government-based projects 

and investments stay unfinished. Consequently, in this situation a government has no choice 

but to borrow to meet the budget deficit. Moreover, given the rising inflationary pressure in 

oil-exporting countries, monetary policy has been constrained tackling inflation especially as 

a result of exchange rate regimes adopted in these countries (fixed pegs and managed float). 

This has put extra burden on fiscal policy to carry out stabilization policies. Expansionary fiscal 

policies, which is the case in oil exporting countries in recent decades aggravates budget deficit, 

particularly in times of oil price decrease.  

Discussed fully in the paper by Corden and Neary (1982), Dutch disease theory states that 

higher oil prices, generally, change the industrial structure of the oil-exporting country making 

it more concentrated on oil industry and non-tradable sectors. Moreover, it is mentioned that 

the higher oil revenues lead to the appreciation of local currency, which consequently causes 

the increase of imports of consumer goods. So, because of the high concentration on imports 

the competitiveness of the local producers will decrease automatically. Hence, according to the 

Dutch disease theory an increase in oil prices is not a beneficial situation for the economy of 

an oil-exporting country. 

Findings from studies carried out on Russia as one of the largest oil exporters reveal that a 10% 

percent increase in oil prices would lead to a 2.2% increase in the level of GDP and a 0.3 rise 

in rouble/USD exchange rate. Also, economic recovery of Russia in 2000 is directly connected 

to the high oil prices. During the period prior to the financial crisis of 2008, Russia had a 7% 

increase in GDP level since 2001 (Rautava (2002); Benedictow, Fjærtoft and Løfsnæs (2010); 

Ito (2012)).  
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In their study on the effects of oil price shocks on economic growth of Venezuela as a major 

oil-exporting country, Mendoza and Vera (2010) found that the oil price shocks of the 1984-

2008 period had a positive effect on the Venezuelan economy. Moreover, oil price increases 

were more significant than the oil price decreases which justifies the asymmetric effect of oil 

price shocks on economic growth of an oil-exporting country.  

Further, Oyeyemi (2013) has shown that oil revenues accounts for a significant portion of 

Nigerian economy making the economy very susceptible to changes in oil prices. The study 

confirms the positive relationship between oil price increases and economic situation and that 

periods of oil price decreases are followed by disruptions in balance of payments and 

government finances.  

Research conducted by El Anshasy (2009) on the effects of oil price shocks 15 oil-exporting 

countries suggests that unanticipated oil price increases does not disrupt long-term growth and 

that fiscal policy has a great contribution to the transmission process of oil price shock into 

economy. The study proposes four main policy implications for improving the growth as a 

result of high revenues from an oil price shock: 1) government should diversify its policies and 

expand the non-oil tax base; 2) government should pay more attention to the social spending 

rather than cutting the capital expenditure; 3) government should increase the expenditures to 

improve the infrastructure and public services; 4) lastly, an autonomous wealth fund can be 

established to transfer the oil revenues. 

2-4- Effects of oil price shocks on oil-importing countries 

Following the seminal work by Hamilton (1983), which showed that there is a strong 

relationship between oil price changes and economic growth of the US economy and 

determined a negative correlation between the oil price increases and the economic activity in 

the US, many studies examined the relationship between these variables for oil-importing 

developed economies whose findings have generally emphasized on a negative effect of oil 

price on economic growth.  (see, e.g., Burbidge and Harrison, 1984; Mork et al., 1994; Lee et 

al., 1995; Hooker, 1996, Cunado and Gracia, 2003). However, Mork (1989) stated that there is 

no such a negative correlation in the case of oil price decreases and correlation is different or 

even zero. This led to the discussion of asymmetric effects and the application of nonlinear 

models (Hamilton, 2003; Kilian and Vigfusson, 2011).   
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Lutz Kilian (2008a) reviews the literature on the effects of energy prices on the US economy 

and refers to the paper by Hamilton (2005) which gave a broad view of the relation between 

oil and the macroeconomy of the US. Kilian (2008a) explains why the high gasoline and oil 

prices that occurred in the beginning of 2000s in the US did not cause an essential recession. 

He suggests that the main reason for the high prices was the large global demand for industrial 

commodities and the effects of high prices are positive in the short-term period.  

The other research realized by Rodríguez and Sánchez (2004) discusses the effects of oil price 

shocks on the OECD countries being G-7 countries, Norway and the Euro area. The authors 

implemented a multivariate VAR analysis and used both linear and non-linear models. The 

main findings of the analysis showed that there is a nonlinear impact of oil price shocks on 

GDP growth of both oil-importing and oil-exporting countries. The results for the oil-importing 

countries included in the analysis indicated that there is a negative impact of oil price increases 

on the growth of all oil-importing countries except Japan. As a sum, the responses of GDP 

growth in oil-importing economies were almost similar in both linear and non-linear models. 

This pattern was explained by the special circumstances implemented by the Japanese economy 

during the period of study. The largest negative influence of oil price increases was felt in the 

fourth quarter after the shock, except France and Italy, for which it was felt in the third quarter. 

The effects of oil price shocks faded out after three years in all countries. Moreover, the other 

similar research by Mork, Olsen and Mysen (1994) investigated the macroeconomic responses 

to oil price increases and decreases in seven OECD countries (the United States, Germany 

(West), Japan, Canada, France, Norway and the United Kingdom). The results of the 

multivariate model indicated a stronger correlation between GDP growth and oil price shocks, 

rather than the results from the bivariate model that the authors have used. Except the case of 

Norway all countries included in the model had a negative correlation between their GDP 

growth and oil price increases. As in the previous research results for Japan were again different 

from other countries that have experienced the negative effects from the oil price increases. 

The comparison of the effects of exogenous oil supply shocks on output in the G7 countries 

was presented in other paper by Killian (2008b), which showed that the oil-importing countries 

like the United States, Italy and France have experienced a significant decrease in GDP growth 

after the oil price shock.  

Ciscar, Russ, Parausos and Stroblos (2004) discuss the sensibility factor of EU economy to oil 

price shocks. As it’s known the EU economy is significantly sensitive to the oil price increases, 

despite the fact that oil imports is equal approximately to 1% of GDP in the EU account. The 
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fact that EU imports 75% of its oil consumption from abroad explains why this area is so 

sensitive in case of oil price shocks.  

The research by Anoruo and Elike (2009) on the effects of oil price shock on the economic 

growth of oil-importing African countries; the research by Keikha, Keikha and Mehrara (2012) 

on the effects of oil price shocks on selected oil-dependent countries; the research by 

Jayaraman and Lau (2011) on the effects of oil price increases on economic growth of Pacific 

Island countries, represented almost the similar results that the oil price shocks affected the 

economic growth of the selected countries negatively.  

The research on another oil-importing country which is Czech Republic, was conducted by 

Dybczak, Voňka and Windt (2008). Despite the fact that, Czech Republic is a net-exporter of 

hard coal, it is also dependent on its oil and natural gas imports. However, in this study the 

authors by using different approaches represented the fact that the impact of the oil price shock 

is not so dramatic for Czech economy. This view was based on such factors as; Czech Republic 

has rich coal deposits which lowers the overall energy dependence and that the shock is 

weakened by technological improvement.  

As it was mentioned earlier, there were also some researches that have supported the view that 

oil price changes or oil price shocks have lost their ability to affect the economic activity and 

other macroeconomic variables. This statement was analyzed through the example of the 

downtrend in productivity growth of US economy during the period of 1965-1978 by Darby 

(1984). The results of this analysis presented that the oil price increases did not play any 

essential role in affecting the productivity growth and the productivity problem was just a 

statistical myopia. The results of another analysis by Tobin (1980) insisted on the fact that the 

recession during 1974-1975 in the USA and the weak recovery during the period of 1975-78 

cannot be related to the oil price shock of 1973. Moreover, as it was highlighted later by 

Blanchard and Gali (2007), the oil price shocks were not as influential in the 1970s in US as it 

is described by many researchers and there were some other shocks which were not taken into 

consideration. Additionally, it was stated that the oil price effects has changed over time. The 

following reasons were provided to prove why the recent oil price shocks have had fewer 

effects: 1) the other adverse shocks were very few; 2) oil had smaller share in production; 3) 

the labour markets were more malleable; 4) the monetary policy has been improved. On the 

other hand, it also was affirmed by Segal (2007) that oil price shocks have never been such a 
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significant factor in affecting economic activity and the oil prices have not affected the 

economic growth during the recent years as they no longer can influence the inflation.  

2-5- Effects of oil price shocks on Industrial production  

While the manufacturing sector is considered to be the backbone of industrialized countries. 

Nonetheless, there are very few studies concentrating on the aspect of how industrial sectors 

react to oil price changes in particular. 

Lee & Ni (2002) examine in their study how oil shocks affect various industries within the U.S. 

In a VAR framework they differentiate between the supply side input-cost effect, which leads 

to a decline in productivity, and the demand side income effect, which allows disposable 

income decline as costs of imported oil rises. Data of industry output measure the demand side, 

whereas the producer price of the respective industry covers the supply side. Lee & Ni counter 

the often cited argument that the actual cost share of oil may be comparatively small by arguing 

that combined effects in various industries might have recessionary power. 

They observe that the petroleum refining, industrial chemicals and automobile industry face 

the most severe impact. The automobile industry is confronted with demand side effects as 

consumers avoid to buy new cars due to various possible reasons. The U.S. automobile industry 

produces predominantly full size cars, which seem unpopular in times of relatively high oil 

prices. As can be expected, the industrial chemical and petroleum refining industries suffer 

foremost from supply side shocks. Both industries accounted for 55% of the energy used in the 

manufacturing sector in 1994. 

Herrera (2008) approaches the topic from the specific angle of looking for explanations of the 

obvious time lag between oil price shocks and real GDP growth, which has been estimated to 

be four quarters. The study comprises 21 U.S. manufacturing industries from 1958:1 to 2000:3 

on a quarterly basis and employs both a VAR with NOPI1 as oil variable, sales and the 

inventory-sales ratio as well as a structural model, which however yields roughly the same 

results. Herrera finds the most distinctive results for motor vehicles, which has a strong 

correlation with oil prices. Oil price shocks do have an immediate effect on new motor vehicle 

sales and inventory-sales, whereas motor vehicles output shows a more muted effect as the 

inventory-sales ratio rises. More generally, Herrera deducts five conclusions from her analysis. 

 

1 Net Oil Price Increase 
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First, oil prices increases lead to a decrease in industry level sales with the following industries 

being hurt the most: motor vehicles manufacturing, other durables, and oil intensive industries 

such as petroleum products or rubber and plastics. As response to a 10% NOPI increase, these 

industries face declines in sales of 2.91%, 1.5%, 1.33% and 1.58% respectively. Second, 

industry- level output drops due to oil price shocks with some possible time lag of up to three 

quarters. Third, sales retreat at a faster pace than inventories. Fourth, motor vehicles sales and 

output are hit worst with a 9.04% slump in manufacturing as the economy slows in the second 

year reaching  the trough. Fifth, energy intensive industries and industries which depend on 

demand for  motor vehicles also face significant downfalls in sales and production. 

These empirical results by Lee & Ni (2002) and Herrera (2008) rather point to the demand side 

argument as transmission channel and not so much on the input-cost side. Of course, energy 

intensive industries are hurt by oil price increases, but it is reasonable to assume that input-

costs might have a lower elasticity than consumer demand as demand is not bound by contracts.  

2-6- Effects of oil price shocks on economic growth 

Given the importance of oil shock impact on economic activity, this section reviews previous 

papers within two separate subsections where the former analyzes theoretical studies on the 

impact and the latter reviews the empirical studies on the impact of oil prices and economic 

activity. 

2-6-1- Theoretical studies on the impact of oil prices 

According to economic theory, oil price changes influence economic activity through both 

supply and demand channels. Supply side effects could be explained based on the fact that oil 

is an important input in production. Therefore, an increase in global oil prices reduces the 

demand for oil, decreasing productivity of other input factors which induce firms to lower 

output. Furthermore, oil price changes have demand side effects through consumption and 

investment. Consumption is affected indirectly by its positive relation with disposal income. 

When the oil price increases, an income transfer occurs from oil-importing countries to oil-

exporting countries. Therefore, consumption in oil-importing countries decrease and the 

magnitude of this effect is greater the more the shocks are perceived to be long-lasting. Oil 

price increases also have an adverse effect on investment by increasing firm's cost. In addition 

to these supply and demand effects oil price changes could influence the economy through 

foreign exchange markets and inflation. Hamilton (1988) investigates a general equilibrium 
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model of unemployment and business cycle model where it is costly to shift labor and capital 

inputs between sectors. In such a model he shows that energy price shocks can reduce aggregate 

employment by inducing workers in adversely affected sectors to remain unemployed while 

they wait for labor conditions to improve in their sector, rather than move to a sector not 

adversely affected. 

Rotemberg and Woodford (1996) study the impact of oil price shocks on output and real wages 

with a simple aggregative model by assuming imperfect competition in the product market. 

According to them, an imperfect competition model can explain the effects of oil price shocks 

on the US economy to a greater extent than a stochastic growth model (which assumes a 

perfectly competitive product market). Finn (2000) shows that perfectly competitive model can 

also explain the effect of oil price shocks. He uses the concept of utilization rates for productive 

capital. The main idea of his model comes from the relationship between energy usage and 

capital services. Specifically, energy is essential to obtain the service flow from capital. Capital 

utilization rates are determined by energy use. An increase in the price of oil followed by a 

decline in consumption of oil as a major production input results in lower output and thus 

dampens demand for labor causing wages to decline. According to him, an oil price shock is 

like an adverse technology shock in inducing a contraction in economic activity. Manzano and 

Moreno (2003) investigate the macroeconomic impact of oil price shocks with a dynamic 

general equilibrium model of a small open economy for Spain. In their model, oil is included 

as an imported productive input and oil prices as well as interest rates are assumed to be set by 

the international market. With respect to the exogenous oil price shocks, their model reproduces 

Spanish GDP closely from 1970 to the mid 1980's, while it replicates less for the period 1985 

- 1998. In addition, they show that oil price increases have a negative and significant effect on 

welfare.  

2-6-2- Empirical studies on the impact of oil prices on economic activity 

 It is noteworthy that in order to comprehensively understand and analyze the literature in this 

section, a large volume of empirical studies are examined, which include empirical studies with 

linear and nonlinear econometric approaches, Granger causality approaches, different variables 

and different countries. Of course, it is worth mentioning that the present study tests the 

nonlinear effect of oil price changes on industrial production growth and therefore other 

econometric approaches such as Granger causality test that question the nature of the causal 
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relationship between oil price changes and economic growth are not relevant and their being 

mentioned in the literature is only for review of previous empirical studies. 

2-6-2-1- US and big economies 

Hamilton (1983) studies the impact of oil price shocks on the US economy by using a seven-

variable VAR system. He finds that all but one economic recession are preceded by dramatic 

oil price increases after World War II. This does not mean that an oil price increase causes 

recessions, but there exists a statistically significant correlation between oil price shocks and 

economic recessions. Burbidge and Harrison (1984) also run a seven-variable VAR with the 

monthly data of May 1962 - June 1982 for the US, Japan, Germany, Canada and the UK. 

According to the impulse response analysis, the impact of oil price shocks on industrial Two 

output variables (real GDP, unemployment), three price variables (implicit price deflator for 

nonfarm business income, hourly compensation per worker, import price), M1 and oil price 

production in the US and UK is sizable while in Japan, Germany and Canada it is relatively 

small. Price level impacts on the US and Canadian economies are substantial, while they are 

smaller but still significant in Japan, Germany and the UK. Gisser and Goodwin (1986) study 

the impact of oil price shocks on the US economy with data from 1961Q1 - 1982Q4 by testing 

for a regime shift in 1973. They find that the overall relationship between crude oil price and 

the US macroeconomy has been stable over the sample period. Furthermore, they find that oil 

price shocks shift aggregate supply curve causing large real effects but weak direct price 

effects, while monetary policy primarily shifts the aggregate demand curve causing strong price 

effects but long-run neutrality with respect to real GDP. Hooker (1996) finds somewhat 

different results that in data up to 1973, Granger causality from oil price shocks to US 

macroeconomic variable exists, but if the data is extended to the mid 1990's the relationship is 

not robust. He investigates a few potential explanations about this phenomenon such as sample 

period issues, misspecification of linear VAR equations for the oil price and macroeconomic 

variables, but none are supported by the data. His analysis concludes that the oil price-

macroeconomy relationship has changed in a way which can't be well represented by simple 

oil price increases and decreases. Keane and Prasad (1996) use micro panel data to examine 

the effect of oil price changes on employment and real wages at the aggregate and industry 

levels. The data set is from the National Longitudinal Survey of Young Men (NLS). It consists 

of a nationally representative sample of 5,225 males between 14 and 24 years of age in 1996 

and interviewed in 12 times during 16 years from 1966 to 1981. The data 

contains11employment status, wage rates and sociodemographic characteristics. Workers are 



 

21 

 

classified into 11 broadly defined industries on the basis of the 3-digit census industrial 

classification (CIC) codes. They differentiate skilled and unskilled workers and analyze how 

various human capital variables interact with real shocks to affect wages and employment 

variability. Oil price increases cause real wages to decline at the aggregate level and all sectors 

as well as all skilled workers. But, the relative wage of skilled workers increases. This is the 

difference between panel data econometric techniques, which control for unobserved 

heterogeneity, and OLS estimation methods. In the case of employment, oil price increase do 

not reduce aggregate employment in the long run since oil and labor are net substitutes instead 

of gross substitutes in production. When the oil price increases, labor supply can increase due 

to the income effect. Employment probabilities for skilled labor rise even more strongly 

following an oil price increase because skilled labor may be a good substitute for energy in the 

production function for most industries. Lee et al. (1995) and Hamilton (1996) propose non-

linear transformations of oil prices to re-establish the negative relationship between increases 

in oil prices and economic downturns. The transformations are scaled specification (Lee et al., 

1995) and net specification (Hamilton, 1996). The objective of scaled specification (SOP) is to 

account for volatility of oil prices by using GARCH, while the objective of net specification 

(NOPI) comes from consumption decisions. Specifically, it is more responsible to measure an 

oil price increase by comparing the current price of oil with where it has been over previous 

periods rather than compare the oil price to a previous period alone. So oil price increase is 

recognized only when current oil price is greater12than its maximum value over the previous 

periods. According to Lee et al. (1995), oil price changes are likely to have a greater impact on 

GDP in an environment where the oil price has been stable than where the oil price changes 

frequently. Hamilton (1996, 2003) finds that by using the net oil price increase (NOPI), the 

historical correlation between oil prices and GDP still exist in early 1990's and a nonlinear 

function of oil price changes is better to forecast GDP.  

2-6-2-2- Other countries (European and Asian economies)  

Recently, these studies are extended to other countries. Cunado and Gracia (2003, 2005) 

analyze the relationship between oil prices and macroeconomic variables such as inflation and 

economic activity for many European countries as well as some Asian countries. They mainly 

use the Granger causality test to check whether oil price changes affect macroeconomic 

variables. The world oil price is calculated as the ratio between the producer price index for 

crude oil divided by the producer price index for all commodities, while the national oil prices 

are measured using the exchange rate of each of the countries. Inflation rates are calculated 
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from the CPI, and economic activity is estimated with industrial production data. All data are 

quarterly from 1960 to 1999 for European countries, and from 1975Q1 to 2002Q2 for Asian 

countries. For oil price changes, three specifications are used: real oil price changes, net oil 

price increases (NOPI), and scaled oil prices increases (SOPI). Before testing Granger 

causality, they conduct a unit root test and cointegration test. According to the tests, all 

variables contain a unit root (integrated of order one, I(1)), so they take the first difference of 

them. In the cointegration test, result indicates no cointegration between two variables or 

among three variables. This means that in general, no long-run relationship between the oil 

price and economic variables exists.  

Cunado and Gracia (2003) carry out Granger causality test. For European countries, when the 

world oil price is used oil price changes cause the industrial production growth for 7 out of 14 

countries. However, if the national oil price changes or positive oil price changes in the world 

oil price or NOPI in the world oil price is used it causes industrial production growth in more 

countries. In the case of SOPI calculated by the world oil price, its impact is lower than that of 

world oil price changes. This means that they do not find evidence that the impact of oil price 

shocks on macroeconomic variables depends on the volatility of oil market. With the analysis 

of the trivariate relationship among inflation, industrial production growth rates and oil prices, 

they find that oil price Granger causes economic activity not only through an inflation channel 

but also another mechanism. With regard to the asymmetric effect of oil price changes on the 

economy, oil price increases have a negative and significant effect on industrial production in 

8 or 9 out of 14 countries, while oil price decreases have an insignificant effect. For Asian 

countries they use a similar approach. When they test the Granger causality from oil price to 

economic growth rates, only Japan with NOPI specification and Korea with SOPI specification 

show significance at the 10% level in the world oil price model, while a few more countries 

show significance when the national oil price is used. With regard to inflation, oil price changes 

have a greater impact than industrial production. In general, the national oil price has a bigger 

influence on economic activity than the world oil price. Regarding the asymmetric effects, only 

South Korea has significance for industrial production when the national oil price is used. For 

the inflation, asymmetric effects are significant in 2 or 3 out of 6 countries. 

Jimenez and Sanchez (2005) assess empirically the effect of oil price shocks on real economic 

activity for some OECD countries. They carry out an unrestricted multivariate VAR with real 

GDP, real effective exchange rate, real oil price, real wage, inflation, short term interest rates 

and long term interest rates. Data is quarterly from1972Q3 to 2001Q4. For the world oil price 
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they use the price of UK Brent crude oil in US dollars, and real world oil price is obtained by 

dividing it by the US Producer Price Index. They use three non-linear specifications for oil 

price changes: (1) asymmetric specification such as positive and negative of oil price changes; 

(2) scaled specification, increase of SOP (SOPI) and decrease of SOP (SOPD), which are 

calculated following AR (4)-GARCH (1, 1); (3) net specification, NOPI which is measured by 

max {0, lnpt − max {lnpt-1 lnpt-2, lnp t-3, lnp t-4} } in addition to oil price changes. Before running 

a VAR they conduct a unit root test of all variables with DFGLS and PT, tests of Elliott, 

DFGLSU and QT tests and tests of Elliott as well as the Augmented Dickey-Fuller (ADF) test. 

All variables are stationary using the first difference, thus they run a VAR using the first 

difference.  

Granger causality is investigated from oil price shocks to economic variables. With the null 

hypothesis that all of the oil price coefficients in the equation of GDP are jointly zero, 

coefficients of all oil prices are not significant at the 5% level in most countries. But, with the 

null hypothesis that all of the oil price coefficients are jointly zero in all equations of the system 

except its own equation, coefficients of all oil prices are significant at the 5% level in all 

countries except for the US. Finally, they perform a block exogeneity test to see whether oil 

price changes Granger-cause the other variables and oil price changes are Granger-caused by 

the remaining variables. In most cases, the null hypothesis that the oil price variable is Granger-

caused by the other variables of the system is rejected, while the null hypothesis that the oil 

price variable Granger-causes the remaining variables of the system is generally not rejected 

at the 5% significance level. They conclude that oil price change does not affect GDP directly 

but indirectly through the other economic variables in all countries, while oil price is not caused 

by the economic variables in most countries.  

Next they analyze impulse response of real GDP to oil price shocks. Four different 

specifications are used and in most countries a non-linear specification model yields a more 

accurate representation except the UK, in which a linear specification model is more effective. 

They also compare net oil-importing countries with net oil-exporting countries such as the UK 

and Norway. An oil price hike has a significantly negative impact on GDP in all net oil-

importing countries except Japan. In particular, the magnitude of negative impact in the US 

and Germany was greater than the other countries. One of the reasons for this result is that they 

are the only oil-importing country for which the real exchange rate appreciates after the oil 

price increases. For Japan, GDP responds positively to oil price shocks, which could be 

explained by the fact that Japanese economy is quite resilient to the oil shocks of the 1970's 
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and early 1980's despite its large dependence on oil. But, this result is not robust because it 

shows a negative response in different ordering and lags of VAR. For net oil-exporting 

countries such as the UK and Norway, they show similar response patterns, positive response 

within two quarters followed by a negative response. But, the cumulative effect in the UK is 

negative while that in Norway is positive. It could be explained by the fact that real exchange 

rate appreciation in UK is larger than in Norway. In variance decomposition analysis, oil price 

shocks and short term interest rate shocks are found to be the main contribution to the 

unexpected changes of GDP in most countries.  

Cologni and Manera (2007) investigate the relationship among oil price, inflation and interest 

rates with a somewhat different approach. They conduct a structural cointegrated VAR model 

for G-7 countries. The variables used in their model are short-term interest rates, monetary 

aggregate, consumer price index, real GDP, the world oilprice and the exchange rate expressed 

as the ratio of the SDR rate to the US SDR rate for each country except the US. For the US, 

the ratio of the US SDR rate to the average of the other six countries' SDR rates is used for the 

exchange rate. Based on the estimated coefficients of the structural VECM, structural oil price 

shocks affect output significantly only in the UK and Canada. In the impulse response analysis, 

no significant response of output to oil price shocks at the level of 5% significance is found in 

all countries, whereas oil price shocks have significant impacts on inflation and exchange rate. 

In the simulation exercises for estimating the total effect of the oil price shocks in 1990, a 

significant impact in the US is attributed to monetary policy reaction while for Canada, France 

and Italy, the total impact is offset partly by easing monetary policy. 

In short, oil price increases have a negative and significant effect on industrial production in 

most European countries, while oil price decreases have an insignificant effect and that oil 

price changes affect GDP either directly or indirectly through other economic variables. An oil 

price hike has a significantly negative impact on GDP in all net oil-importing countries except 

Japan economy which is quite resilient to the oil shocks of the 1970's and early 1980's despite 

its large dependence on oil. For net oil-exporting countries such as the UK and Norway, they 

show similar response patterns, positive response within two quarters followed by a negative 

response. In general, oil price shocks and short term interest rate shocks are found to be the 

main contribution to the unexpected changes of GDP in most countries 
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2-7- Monetary policy and oil prices  

There is also a discussion on the role of monetary policy and oil prices in economic activity. 

Romer and Romer (1989) test whether monetary policy plays a role in economic recessions by 

isolating six exogenous monetary policy shocks after examining the record of policy actions of 

the Board of Governors and the FOMC (Federal Open Market Committee). These monetary 

shocks are called "Romer Dates" in which the Fed decided to risk a recession in order to reduce 

inflation. They run a VAR model to investigate the effect of monetary policy shocks over the 

period of 1948-1987 and conclude that six out of the eight post-war recessions are caused by 

the tightening monetary policy shocks. They also check the role of monetary policy shocks by 

excluding two monetary shocks which are associated with oil price increases, but the results 

are not different.  

Dotsey and Reid (1992) re-examine the effects of oil price shocks and monetary policy shocks 

on the economy by using VARs. They run a regression to sort out the impacts of oil price 

shocks and Romer's contractionary monetary policies and find that positive oil price shocks are 

associated with a decrease in industrial production, while monetary policy (M1) shocks are 

insignificant. They also use federal funds rates instead of M1 as a monetary policy indicator 

and show that positive oil price shocks as well as interest rate shocks have a significant role in 

explaining GNP changes based on impulse response and variance decomposition analysis. 

They conclude that both tight monetary policy and oil price increases are statistically associated 

with economic recession.  

Bernanke, Gertler and Watson (1997) analyze how much of an economic recession is attributed 

to oil price increases and contractionary monetary policy by considering the argument that 

economic declines are caused by oil price shocks and monetary policy shocks. They use 4 

different measures of oil price shocks: the log of the nominal producer price index for crude 

oil and products, Hoover & Perez's oil dates, the log-difference of the relative price of oil when 

that change is positive and otherwise is zero, and Hamilton's "net oil price increase". They find 

that Hamilton's net oil price increase is the most appropriate indicator for the investigation of 

the macroeconomic effect of oil prices, in that oil price shocks are followed by an output 

decline and price increase. They also check how systematic monetary policy changes affect the 

economy and then determine what portion of the last five US recessions are attributed to oil 

price shocks and the Fed's monetary policy shocks. They find that the majority of the impact 
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of an oil price shock on the economy is explained by contractionary monetary policy in 

response to inflationary pressures caused by oil price shocks.  

Barsky and Kilian (2001) provide evidence that stagflation in the 1970's is not caused by oil 

price shocks but mainly by monetary expansion and contraction. They show that in the early 

1970's dramatic and across-the-board increases in the price of industrial commodities occur, 

which is an economic boom caused by expansionary monetary policy, not by a specific supply 

shock. Furthermore, oil price increases in the 1970's is not exogenous as is commonly thought. 

According to them, even if the political factor in the Middle East influences the oil price 

movement in that period, the two major oil price increases could not happen without a 

macroeconomic condition that creates excess demand in the oil market. They show that 

stagflation happens as monetary policy is changed from expansionary to contractionary. Only 

in the 1970's do high oil price and stagflation occur simultaneously, and in the subsequent 

period such a relationship is not found. So they argue that monetary policy can explain the 

evolution of stagflation as well as that of the oil price in the 1970's.  

2-8- Asymmetric effect of oil price changes  

Mork (1989) investigates whether a strong relationship between oil price changes and the GNP 

growth rate in the US found by Hamilton continues to hold when the sample period is extended 

to the oil price collapse in 1986 and the oil price is corrected for the effect of oil price control. 

He finds that the negative correlation between oil price increases and the GDP growth rate still 

exists. But the real effects of oil price decreases are different from those of oil price increases, 

with oil price decreases not having a statistically significant impact on the US economy. An 

asymmetric effect is apparent.  

Pindyck (1991) explains asymmetric effects with irreversible investment under uncertainty. A 

firm may be faced with the choice of adding energy-efficient capital or energy-inefficient 

capital. Increased energy price uncertainty due to a higher volatility in energy prices raises the 

option value associated with waiting to invest. Decreases in energy prices can also be offset by 

increases in uncertainty.  

Davis and Haltiwanger (2001) use VAR to examine the response of job creation and destruction 

to separately defined, positive and negative oil price shocks with plant level census data from 

1972Q2 to 1988Q4 on employment, capital per employee, energy use, age and size of plant, 

and product durability, at the four-digit SIC level. Examining the job creation and destruction 



 

27 

 

between aggregate and allocative transmission mechanisms, they find that aggregate channels 

would increase job destruction and reduce job creation in response to an oil price increase, 

while an oil price decrease reduces job destruction and increases job creation symmetrically. 

However, allocative channels would increase both job creation and destruction asymmetrically 

in response to both price increases and decreases.  

Ferderer (1996), Hooker (1996,1999), Balke, Brown and Yucel (2002) study the asymmetric 

effects of oil price shocks on GNP by analyzing the response of interest rates to oil price shocks. 

They believe monetary policy responds to the oil price increases, while not to oil price 

decreases. In the impulse response function analysis, response of short term interest rates to the 

oil price increases and decreases is asymmetric, which means that oil price shocks influence 

the GDP through interest rates asymmetrically.  

 

2-9- Conclusion  

This chapter sought to provide an overview of the previous research on oil price shocks and its 

impact on different aspects of economic activity by examining oil shock transmission channels. 

Moreover, to shed light on the differential impact of oil prices in oil-exporting and oil-

importing economies, this chapter reviewed studies looking into the direct and indirect effects 

of oil price shocks on economic growth of both country groups. Also, studies and papers related 

to the nexus between oil prices and industrial production were investigated.  

According to the theoretical and empirical underpinnings reviewed in this chapter, first of all, 

oil price changes can be effective in shaping business cycles. Second, while rising oil prices 

have a larger negative impact on reducing economic growth, especially in oil-importing 

countries, falling oil prices have a small positive impact on economic growth. Third, exporting 

and importing countries response to oil prices is different. Based on the above three cases, the 

oil price- industrial production nexus follows a non-linear pattern. Therefore, each of the above 

can be examined in the context of a nonlinear model. In this regard, Chapter 3 examines the 

business cycles (boom and recession) of industrial production response to changes in oil prices 

within a Markov Switching framework. In Chapter 4, the industrial production response to 

changes in oil prices is measured within a STR model. Chapter 5 examines the differential 

impact of oil prices in oil-exporting and oil-importing countries using a PSTR model (by taking 

into account the industrial production level of dependence on oil).  
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Introduction 

Applying appropriate data in accordance with the objectives and research questions is one of 

the steps in the research process to achieve reliable results. Therefore, in this chapter, the nature 

of the time series data of the variables of industrial production growth and oil price changes 

related to the G7 countries are introduced and examined. In this regard, first the definition of 

data, data sources, time interval under study as well as adjustments made on them are presented 

and discussed and then the descriptive statistics and time chart of each variable for all countries 

are depicted. This section can provide a general overview of industrial production growth and 

changes in oil prices for each country, which can be useful in analyzing the empirical results 

in subsequent chapters. 

3-1- Data 

As could be deduced from the objectives and questions of the study, this research is based on 

the two key variables of industrial production growth and oil prices changes for the seven 

advanced industrialized countries, which include the United States, Japan, Germany, Britain, 

France, Italy and Canada. 

Industrial production time series data are extracted from the data section of the Organization 

for Economic Co-operation and Development (OECD) website. The Industrial Production 

Index refers to the products of industrial facilities, which include sectors such as mining, 

factories, electricity, gas and steam, and air conditioning. This index is measured on the basis 

of a base period that shows changes in the volume of industrial production (its English phrase 

is taken from the OECD site, which is mentioned in a footnote). 

 Oil price time series data also include the average global price of crude oil per barrel in US 

dollars, compiled from the World Bank website. Of course, due to the fact that the real price 

of crude oil is denominate in each country's currencies, in the process of calculating the real 
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price, the variables of consumer price index and nominal exchange rates of all countries are 

denominated in US dollars as well. The relevant Data have been extracted from the OECD 

website. 

in addition to industrial production growth and oil price changes, chapter 5 adopts net oil 

exports to GDP ratio using crude oil export (1000 bpd) and GDP (constant 2000 US$) extracted 

from the OECD website. 

It is noteworthy that the first and second chapters use only the quarterly time series data for 

industrial production growth and oil price changes over the 1970-2017 period. The time period 

eas chosen based on data availability for G-7 countries under study. The third chapter uses 

seasonal time series data of three time periods including (1980q1-1999q4), (2000q1-2017q4) 

as well as (1980q1-2017q4). In fact, in the third chapter, we seek to separate the effect of 

changes in oil prices on the growth of industrial production in three different time periods to 

examine and compare the impact of industrial production growth on changes in oil prices 

during these three periods. 

3-2- Data Transformation  

Industrial production Growth: To obtain this variable, the growth rate of industrial production 

has been calculated: 

Yindt =
Yindt−Yindt−1

Yindt−1
× 100                                                                                               (3.1) 

Oil Price Changes: First the real price of crude oil (rpoilt) is calculated by multiplying the 

nominal price of crude oil (poilt) denominated in US dollar by the nominal exchange rate (nert) 

and then divided by the consumer price index (CPIt) of that country: 

rpoilt =
poilt×nert

CPIt
                                                                                                                (3.2) 

In the next step, we take the logarithm of the real price of crude oil and then its difference, 

which represents the changes in the price of crude oil, is calculated:  

Oil price fluctuations: GARCH method (p, q) has been used to extract price fluctuations. For 

this purpose, first, the optimal ARIMA model (1,1,0) for oil prices is selected and estimated. 

Then, the existence of conditional heteroskedasticity was confirmed by ARCH test on 

regression residuals. In this regard, the F-statistic of the test is 9.43 and the 𝜒2 statistic is 9.07, 

both of which emphasize the existence of heteroskedasticity in the regression residuals at one 
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percent significance level. In the next step, the GARCH model (1,1) is optimally selected and 

estimated, and finally the variance series of this model is extracted as oil price fluctuations. It 

is noteworthy that the Akaike and Schwartz criteria were used to select the optimal patterns. 

Net oil exports to GDP ratio: To calculate this variable, oil export is divided by GDP. 

 

3-3- Industrial production growth data 

In this section, descriptive statistics and time trend of industrial production growth changes for 

Canada, France, Germany, Italy, Japan, the United Kingdom, and the United States are 

presented in Table (3.1) and Figures (3.1). According to the descriptive statistics presented in 

Table (3.1), the average growth of industrial production is higher in the United States and lower 

in the United Kingdom compared to other countries. The lowest growth rate of industrial 

production is related to the first quarter of 2009 in Japan, which was attributed to the global 

economic crisis. The highest growth in industrial production relates to the second quarter of 

1973 in Italy. 

As can be seen from changes in the time series data of industrial production growth in Figure 

(3.1) for the countries under study, changes in industrial production growth are almost similar 

across countries. For example, in 1974, 1980 and 2008, industrial production growth was 

negative in all countries, except that in some countries the time interval was shorter or the pace 

of the growth was slower. It is noteworthy that the data on industrial production growth are 

used to generate the empirical results in Chapters 4, 5 and 6.  

 

Table 3.1. Descriptive statistics for industrial production growth 

Jarque-Bra (prob) Minimum Maximum Median Mean Country 

27.2120 (0.000) -6.42071 4.606623 0.544414 0.496327 Canada 

367.4890 (0.000) -7.99277 4.915344 0.278381 0.215626 France 

2328.564 (0.000) -14.38623 5.584945 0.587234 0.403535 Germany 

294.444 (0.000) -11.16955 11.47089 0.116930 0.231047 Italy 

5022.578 (0.000) -21.86448 6.814225 0.859839 0.437685 Japan 

287.256 (0.000) -7.33490 8.316920 0.276812 0.187194 UK 

226.9078 (0.000) -6.875211 4.104483 0.685816 0.525656 US 
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Figure 3.1. Time trends of industrial production growth in G7 countries 

 

3-4- Oil price change data 

Descriptive statistics of time series data on oil price changes for the G-7 countries are reported 

in Table (3.2). In calculating changes in the real oil price based on the national currency of 

each country, global oil price in US dollars, the consumer price index as well as their respective 

exchange rate cause a slight difference in the amount of changes in oil prices for each country. 

While the average real oil price growth is approximately 1%, the highest and the lowest average 

oil price changes are related to Canada as a net oil exporter and Japan as a net oil importer. The 

largest increase in oil price changes occurred in the first quarter of 1974 in the United States, 

where the largest decrease occurred in the fourth quarter of 2008 in Japan. It should be noted 

that all countries experienced a sharp rise in oil prices in 1974 and a great plunge in oil prices 

in 2008. 

The time trend of variables in Figure (3.2) also shows that the trend of oil price changes is the 

same for all countries. Therefore, changes in consumer price index and exchange rate as 

effective factors in calculating the real crude oil price, have played a very small role in these 

changes and have generally changed under the influence of the average global oil price. For 

example, the positive oil shock in 1995 and the negative oil shock in 2008 is noticeable in the 
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time trend of real oil prices for all countries. It should be noted that data on oil price changes 

are used to generate empirical results in Chapters 4, 5 and 6.  

Table 3.2. Descriptive statistics for oil price change 

Jarque-Bra (prob) Minimum Maximum Median Mean Country 

1219.989 (0.000) -69.3825 112.4747 0.034197 1.134972 Canada 

1186.050 (0.000) -70.80524 113.7416 0.471308 1.003107 France 

1122.680 (0.000) -70.60445 112.2908 0.242123 0.956415 Germany 

1142.419 (0.000) -70.80401 113.1256 0.620981 1.015051 Italy 

882.411 (0.000) -74.29678 108.3288 -0.387531 0.773248 Japan 

1095.327 (0.000) -68.34916 112.0215 0.151771 1.008327 UK 

1361.795 (0.000) -69.62830 112.5791 -0.251179 1.021757 US 

 

-80

-40

0

40

80

120

1975 1980 1985 1990 1995 2000 2005 2010 2015

Canada Data

 



 

38 

 

-80

-40

0

40

80

120

1975 1980 1985 1990 1995 2000 2005 2010 2015

France Data

 

-80

-40

0

40

80

120

1975 1980 1985 1990 1995 2000 2005 2010 2015

Germany Data

 



 

39 

 

-80

-40

0

40

80

120

1975 1980 1985 1990 1995 2000 2005 2010 2015

Italy Data

 

-80

-40

0

40

80

120

1975 1980 1985 1990 1995 2000 2005 2010 2015

Japan Data

 



 

40 

 

-80

-40

0

40

80

120

1975 1980 1985 1990 1995 2000 2005 2010 2015

UK Data

 

-80

-40

0

40

80

120

1975 1980 1985 1990 1995 2000 2005 2010 2015

US Data

 

Figure 3-2- Time trend of oil price changes in G7 countries 
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3-5- Data on oil price fluctuation  

The time trend of oil price fluctuations which is extracted using data on real crude oil price 

based on the GARCH (p, q) approach is used to generate empirical results in Chapter 4. 

Descriptive statistics on this variable displayed in Table (3.3) show that the average oil price 

fluctuations are somewhat similar for all countries. However, the average oil price fluctuations 

are somewhat higher in Japan and Canada. On the other hand, the average oil price fluctuations 

in the United States are lower than in other countries. The approximate similarity of crude oil 

price fluctuations for the 7 countries emphasizes that changes in consumer price index and 

exchange rate have a negligible role in real crude oil price fluctuations in each country and 

their impact is influenced by average global crude oil prices. 

Figure (3.3) shows the time trend of real crude oil price fluctuations. Regardless of the slight 

differences in the intensity of the fluctuations and the exact date of the fluctuations, there is a 

similar trend of oil price fluctuations in all countries, the largest of which is related to the 1973 

oil shock charts and other shocks. Other major shocks in 1978, 1980, 1990 and 2008 are also 

noticeable. 

 

Table 3.3 Descriptive statistics for oil price volatility 

Jarque-Bra (prob) Minimum Maximum Median Mean Country 

82549.36 (0.000) 117.0455 7713.906 161.0705 309.9979 Canada 

86149.89 (0.000) 137.8236 6861.902 169.9450 301.3017 France 

82207.11 (0.000) 133.3272 7211.492 165.5258 307.3134 Germany 

82490.06 (0.000) 129.9682 7445.061 165.3544 310.8551 Italy 

62888.44 (0.000) 130.0405 7648.484 174.4852 328.9439 Japan 

79025.87 (0.000) 127.8031 6602.514 168.6103 299.9826 UK 

90702.36 (0.000) 123.9714 7210.167 158.6875 291.7325 US 
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Figure 3-3- time trend of oil price fluctuations in G7 countries 

 

3-6- The net oil exports to GDP ratio  

Data on the net oil exports to GDP ratio in G-7 countries for the period spanning from q1 1980 

to q4 2017 are used in Chapter 6. The descriptive statistics of this variable displayed in Table 

(3.4) show that, on average, Canada and the United Kingdom are net oil exporters over the 

entire period, while the other countries are net importers of oil. On the other hand, United States 

and Japan manufacturing industries have the highest level of dependence on oil imports among 

the G7 countries. In addition, the net oil imports to GDP ratio in France, Germany and Italy is 

between 6 to 8 percent. 

The time trend of net oil exports to GDP as a criterion for measuring the dependence on the 

export or import of oil is plotted in Figure (3.4). As can be seen, from 1980 to 2017, net oil 

importers, including France, Italy, Germany, Japan as well as the United States dependence on 

oil imports has decreased markedly. On the other hand, the net oil exports to GDP ratio has 

risen in Canada, whereas it has decreased in the United Kingdom. Therefore, it can be 

concluded that the importance of oil in the economic structure of the G7 countries has faded 

away over time. 
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Table 3.4 Descriptive statistics for net oil export-to-GDP  

Jarque-Bra (prob) Minimum Maximum Median Mean Country 

46.59329 (0.000) -0.030820 0.047221 0.013666 0.013650 Canada 

365.0918 (0.000) -0.267800 -0.013040 -0.074159 -0.072281 France 

151.6054 (0.000) -0.257272 -0.023497 -0.081951 -0.084377 Germany 

118.7990 (0.000) -0.189571 -0.011702 -0.065776 -0.068367 Italy 

151.1397 (0.000) -0.559384 -0.058741 -0.167632 -0.178263 Japan 

18.19503 (0.000) -0.031092 0.094956 0.012867 0.021881 UK 

96.64424 (0.000) -0.455099 -0.120958 -0.231466 -0.220921 US 
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Figure 3-4- Time trend of net oil export to GDP ratio in G7 countries 

 

3-7- Chapter Summary 

This chapter introduced the data used in this study. Then, the data were transformed and 

adjusted to obtain the required time trends. Finally, the time trends of variables namely 

industrial production growth, oil price changes, oil price fluctuations and the net oil exports to 

GDP ratio were analyzed by means of graphs and descriptive statistics. Based on the analysis, 
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the time trend and the changes in the variables are largely the same for all countries, where 

minor differences can be attributed to time intervals and etc. Also, the two major oil shocks 

which took place in 1973 and 2008 are very evident in the time trends of variables in all 

countries. 
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Introduction 

The relationship between oil prices and macroeconomics has been in the spotlight for the past 

few decades. The fall in oil prices over the past few years has called for a renewed attention to 

this field of research. Some argue that oil prices have a major impact on macroeconomic 

asymmetry, while others argue that oil prices do not have much power to influence 

macroeconomic performance due to changes in countries' economic structures (Kilic and 

Cankaya, 2019). 

To reduce the vulnerability of economic activity to oil price volatilities, governments have 

sought to diversify energy supplies and provide new and efficient sources of energy-dependent 

technologies. (Hesary et al, 2015; Yoshino and Hesary, 2014; Heidari et al, 2013). 

Nevertheless, according to the U.S Energy Information Administration (EIA) International 

Energy Outlook 2017, oil remains the most important source of energy, accounting for more 

than 33% of the world's total energy consumption while comprising 36 percent of energy 

consumption in the manufacturing sector in 2015. Therefore, it can be stated that the price of 

crude oil continues to play a key role in the performance of the global economy and in particular 

the fluctuations of the manufacturing sector. Regarding the importance of oil in the global 

economy, numerous studies have yielded different results and surprisingly there has been no 

consensus in the literature about oil impact on economic activity2. This vast amount of diversity 

in empirical findings can have several reasons, including the differences in the economic 

structure of the countries under scrutiny, the time period, the econometric methods applied, the 

various definitions of variables, etc. Regarding the difference in the economic structure of the 

countries, it can be stated that an increase in the price of oil is a good news for an oil-exporting 

country while it's perceived as a bad news for oil-importing countries (Rodríguez and Sánchez, 

 

2 Examples include Cologni and Menera (2009), Korhonen and Ledyaeva (2010), and Lee and Chiu (2011). 
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2004). Also, economic growth asymmetric response to oil price increase and decrease in 

different periods has led to the discussion of asymmetric effects and the application of 

nonlinear models (Mork, 1989; Hamilton, 2003; Kilian and Vigfusson, 2011).  In addition, 

various definitions of oil prices, such as fluctuations, changes, growth, and shock, have been 

used in various studies. The effects of oil prices on various macroeconomic variables such as 

economic growth, inflation, stock markets, exchange rates, and industrial output has been the 

topic of many studies. (see, e.g., Kato, 2005; Cologni and Menera 2009; Yildirim and ozturk 

2014; Diaz et al, ; Basher et al 2016; Donayre and Wilmot 2016; Lorusso and Pieroni 2017; 

2016; Banikhalid, 2017; Basher et al, 2017; ; Bastianin et al., 2017). Despite the vast amount 

of literature in the subject, there still seems to be some ambiguous aspects about the impact of 

oil prices on macroeconomic variables, which necessitates a more careful review. In this 

regard, the present study aims to investigate the effect of oil price changes on industrial 

production growth in G7 countries for several reasons; First, the G7 countries consists of 7 

advanced industrial countries including  the United States, Japan, Germany, Britain, France, 

Italy and Canada. In this regard, it can be stated that, according to the International Monetary 

Fund (IMF), the World Trade Organization (WTO) and the US Energy Information Institute 

(EIA), more than 30 percent of world production, trade, and energy consumption belongs to 

these countries.  Therefore, it is clear that changes in the price of oil can have a major impact 

on the performance of these economies, which in turn affects the economic state of other 

countries in the international community. Second, despite its considerable share in global 

energy consumption and production, industrial production vulnerability to changes in the price 

of oil has not been investigated except in a few studies3. In particular, according to UNCTAD 

report, G7 countries represent about 44 percent of industrial production in 20154. Therefore, 

 

3  In this regard, Jiménez Rodríguez (2007), Bredin et al (2008), Herrera et al., (2011), Guidi (2009), Bayar and 

Kilic, (2014), Yildirim and ozturk, (2014), Gokmenogl et al. al. (2015), Jiranyakul (2017) examined the 

relationship between oil price changes and industrial production. In these studies the impact of oil price changes 

on industrial production over periods of recession and boom was investigated not by employing an asymmetric 

econometric approach but rather, by adopting nonlinear econometric approaches or by the causal relationship 

between these two variables. 

 

4 In 2015, the United States accounted for 18%, Japan 10%, Germany 7%, France 3%, Italy 3%, Britain 2% and 

Canada 1% of world manufacturing products in 2015. It is noteworthy that China accounts for 20 percent of the 

world's total manufacturing output in 2015. 
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the study of the role of oil price changes on the growth of industrial output in the G7 countries 

can prove to be useful. Because oil price changes may have different effects on the growth of 

industrial production during periods of recession and boom, an issue that can be addressed in 

Markov Switching econometric approach. Also, while rising oil prices can have a positive 

impact on net oil-exporting countries such as Canada, it has a negative impact on the economic 

performance of net oil-importing countries. 

I employ a non-linear Markov switching model in the analysis as this approach not only 

distinguishes the business cycles, but provides an opportunity to examine the asymmetric 

effects of oil price changes on the industrial output growth.  

The remainder of this paper is organized as follows: section 2 provides review of literature, 

section 3 outlines data and methodology of Markov Switching, section 4 presents the empirical. 

Section 5 concludes.  

4-1- Review of Literature 

The considerable evidence on the asymmetric feature of business cycle dynamics indicates the 

incompatibility of conventional linear models (Neftci (1984), Blanchard and Watson (1986), 

DeLong and Summers (1988), Rothman (1991), Boldin (1992), and Sichel (1993)). In this 

regard, to identify business cycles, Hamilton (1989) introduced Markov switching approach as 

an alternative to linear methods. Also, given that oil price changes have caused fluctuations in 

economic performance in recent decades, the literature on the asymmetric behavior of oil prices 

and macroeconomics should be examined. 

Empirical studies are discussed in two general sections. The first section deals with the 

asymmetric impact of oil price changes on economic performance, which explains and justifies 

the choice of the Markov Switching econometric approach for the present study. The second 

focuses on studies that have examined the impact of oil price changes on industrial production. 

The asymmetric relationship between oil price changes and economic performance has been 

an important topic in the literature. Initially, Loungani (1986) and Davis (1987) provided 

evidence of nonlinear relationships influenced by the nominal wage rigidity and adjustment 

cost of resource redistribution (Brown and Yücel, 2002). Further, Mork (1989) showed that 

while positive oil shocks have a negative and significant impact, the decline in oil prices has 

no significant effect, which supports the asymmetric effect of oil price shocks on economic 

performance. In fact, during the 1980s, the decline in global crude oil prices was expected to 
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bring on economic boom and accelerate economic activity, but it never realized. This further 

strengthened the validity of hypothesis of asymmetry in oil shocks-economic activity 

relationship. Hamilton (2000) also confirmed that oil price increases are more important than 

oil price decreases, which sparked a new course of discussion on non-linear relation between 

oil price changes and GDP growth. Since linear specifications cannot fully capture the effects 

of oil prices on business cycles, some researchers have found evidence of asymmetry in 

economic performance response to oil price changes using nonlinear transformations of oil 

price (Jiménez-Rodríguez and Sánchez 2005; Hamilton, 2011; Herrera et al., 2011). Over the 

past few decades there has been a possible shift in the relationship between oil prices and 

economic performance due to measures taken to deal with sudden and sharp changes in oil 

prices, recent empirical evidence has shown that the impact of oil shocks depends on the level 

of development and economic structure of nations. In this regard, due to its ability to capture 

business cycles response to endogenous changes in oil prices during periods of recession and 

boom, Markov Switching approach has been widely used to investigate oil shock-GDP relation 

(Donayre and Wilmot, 2016 Gómez-Loscos et al., 2011; Narayan et al., 2014). Cologni and 

Menera (2009) examined the asymmetric impact of oil shocks on economic growth in G7 

countries using Markov Switching approach. Their results indicate that the role of oil shocks 

in explaining recessionary episodes has changed over time. Improvements in energy efficiency, 

together with a better systematic approach to external supply and demand shocks by monetary 

and fiscal authorities are argued to be responsible for the changing macroeconomic effects of 

oil shocks. Also, oil price volatility, net oil price rise, and oil price changes have been 

introduced as the best variables among other proxies to describe this relationship. In line with 

the growing literature on Markov switching method and its advantage over linear 

specifications, Zhu et al. (2016) and Basher et al. (2017) studied the stock market asymmetric 

response to oil shocks in advanced oil-importing and oil-exporting countries. Also, Ozdemir 

and Akgu (2015) have studied the inflationary impact of oil prices in Turkey. Basher et al., 

(2016) examined the asymmetric effect of oil prices on exchange rates in oil-exporting and oil- 

importing countries using Markov Switching Approach. Therefore, it is interesting to study the 

effect of oil price changes on various aspects of economic performance, such as industrial 

production, using Markov Switching Approach, due to its capability in analyzing these effects 

separately in periods of recession and boom.  

The last axis of the literature focuses on industrial production and oil prices. Industrial 

production is an important aspect of economic activity the growth and depression of which can 
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have profound impact on business cycles. On the other hand, changes in the price of oil as one 

of the most important factors of production has an impact on the state of industrial production 

(Bayar and Kilic, 2014). From a theoretical point of view, a rise in oil prices reduces its 

affordability and thereby causes production costs to increase, which in turn curtails demand for 

goods due to rising prices and lower industrial output (Hamilton and Herrera, 2004).  

Cobo-Reyes and Quirós (2005) examined the impact of oil price increases in the US stock 

market and industrial production using Markov Switching approach. Their findings suggest a 

negative and significant impact of oil prices on both variables with the former being larger in 

magnitude. Rodríguez (2007) studied the effects of oil price shocks on industrial production in 

six OECD countries including France, Germany, Italy, Spain, the United Kingdom and the 

United States using the Vector Autoregressive model. The results indicate that industrial output 

is decreasing as a result of rising oil prices. Bredin et al. (2008) examined the impact of oil 

price uncertainty on G7 industrial output using a SVAR model. They found that oil price 

uncertainty had a negative impact on industrial production in Canada, France, UK and US. The 

possibility of a nonlinear relationship between industrial production and oil price shocks was 

also studied in the Herrera et al. (2011). They test 3 different asymmetric specifications 

between the real price of oil to U.S. industrial production and its sectoral components. They 

find that there is strong evidence of an asymmetric effect and that costly reallocation of factor 

inputs across sectors might play an important role in explaining the response of industrial 

production to oil price shocks. Using a vector autoregression approach, Guidi (2009) concludes 

that rising oil prices would reduce industrial output, while the decline in oil prices does not 

increase industrial output at the same level, which implies a nonlinear relationship between 

these two variables. Bayar and Kilic, (2014) studied the effect of oil and natural gas price 

changes on industrial production in 18 countries of the Euro area using the panel data 

regression. The results indicate a negative and significant effect. Yildirim and ozturk, (2014)  

conducted an asymmetric causality test between industrial production and oil prices for G7 

countries and found no evidence of a causal relationship between the rise in oil prices and the 

decline in industrial production. In recent years, Gokmenogl et al. (2015) for Turkey and 

Jiranyakul (2017) for Thailand have explored the relationship between industrial production 

and oil price changes using a causality test approach. Therefore, while ignoring some details, 

it can be stated that first of all, the relationship between oil prices and industrial production is 

asymmetric, which means that an increase in oil prices has a negative effect on industrial 

production growth, whereas a decrease in oil prices does not have a positive effect. Third, the 
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structural changes of countries over the past few decades have altered the susceptibility of their 

economic performance to oil price changes.  

In summary, the price of oil has played a key role in the business cycles of the past decades 

and the nonlinear and asymmetric relationship between oil price changes and economic 

performance is highly likely, which requires the adoption of nonlinear models. The necessity 

of this issue stems from the fact that business cycles inherently have asymmetric feature which 

justifies the adoption of asymmetric approaches in this field. Since linear approaches may lead 

to inconsistent and erroneous results, some of the recent studies have used nonlinear models, 

in particular Markov switching. Further, industrial production as one of the most important 

indicators of economic performance is highly sensitive to oil price changes. Therefore, this 

study examines the impact of oil price changes on industrial production in G7 countries using 

the Markov switching approach, which has so far not been addressed in the empirical literature.   

4-2- Data and Methodology 

4-2-1- Data 

In addition to external shocks to the oil market which can lead to oil price changes5, higher 

industrial production on a global scale can increase demand for oil and thus increase world 

prices. On the other hand, dampened industrial production could lead to lower demand for oil 

in world markets, which could also lead to lower oil prices. Therefore, the response of industrial 

production cycles to oil price changes during periods of stagnation and boom can be different, 

which justifies the adoption of Markov switching econometric approaches. 

In order to examine the impact of oil price changes on industrial production, the seasonal data 

for the average global oil price and the industrial production index of the G7 countries from 

the first quarter of 1970 to the fourth quarter of 2017 were used. Following Cobo-Reyes and 

Quirós (2005) logarithmic transformation of the industrial production index and the price of 

oil have been used. Therefore, industrial production growth index is considered as an 

endogenous variable, and the effects of oil price growth and oil price volatilities are evaluated 

 

 5 For example, disruptions in oil supply due to political and economic decisions by some countries and groups, 

such as OPEC as well as possible outbreak of wars in oil-exporting countries can be a major driver of oil prices. 
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within two separate regressions. Also, oil price volatility are extracted using the GARCH (p, 

q) method and its impact on industrial production are tested.  

 

4-2-2- Methodology 

Influenced by issues such as oil price shocks, financial and political crises, and economic 

decisions, many economic variables exhibit numerous and significant structural breaks over 

time. This, as a result, affects the pattern of the relationship between the economic variables. 

Hamilton (1989) proposed the Markov switching model to deal with such phenomena. 

Markov's switching model involves multiple structures (equations) that can characterize the 

time series behaviors in different regimes.  By permitting switching between these structures, 

this model is able to capture more complex dynamic patterns. Also, the mechanism of regime 

change in the Markov model depends on the state variable, which follows the first-order 

Markov chain process. Therefore, Markov switching models which build on the concept of 

Markov chains, examine random processes by means of a Probability Transition Matrix. In 

fact, Markov switching model estimates the probability of persistence in a regime and regime 

change, and also estimates the coefficients of explanatory variables in different regimes. The 

estimated parameters of the Markov switching model depend on an unobservable state variable, 

whose probability can be calculated though. 

In Markov Switching econometric approach, the exogenous variable is divided into two or 

three groups based on the numerical values of the observations, each of which is called a 

regime. On the other hand, regime change means moving from one group to another. For 

example, GDP growth observations are divided into three groups: high growth, medium growth 

and low growth. Therefore, large numerical values of economic growth are taken as periods of 

boom as one regime, medium numerical values of economic growth as another regime, and 

low or negative numerical values of economic growth are also taken as periods of recession as 

another regime. Changes in the state of the economy from periods of recession to boom or vice 

versa is also taken as the process of regime change. 

In general, it can be maintained that in Markov models of regime change, there is a likelihood 

of a permanent change or several temporary changes which can occur repeatedly and for a short 

period of time. At the same time, the exact time points of changes are endogenously determined 

in this model. Further, these models can characterized by differences in variances. Moreover, 

this model imposes fewer assumptions on the distribution of model variables and also enables 
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simultaneous estimation of changes in independent and dependent variables provided that the 

state of the economy is endogenous at any given time (Yingfu Xie et al., 2007).  

The general Markov-switching auto-regressive model of order of q and m regimes is specified 

as follows: 

𝑦𝑡 = 𝜇𝑠𝑡
+ ∑ 𝛽𝑖𝑠𝑡

𝑞

𝑖

𝑦𝑡−𝑖 + 𝜑1𝑠𝑡
𝑥1𝑡 + 𝜑2𝑠𝑡

𝑥2𝑡+. … + 𝜑𝑚𝑠𝑡
𝑥𝑛𝑡 + 𝜀𝑠𝑡

 

(4.1) 

 

Where 𝑦𝑡 is dependent variable, 𝑥𝑡 = [𝑥1𝑡, 𝑥2𝑡 , … , 𝑥𝑛𝑡] denotes explanatory variables and 𝑠𝑡 is 

the state variable6. 𝑠𝑡 takes on values 𝑠𝑡 = 1,2, … , 𝑚 where m represents the number of regimes 

of the dependent variable. For instance, if 𝑠𝑡 = 𝑘 , then regression (4.1) is in the kth regime 

during the time period t. In this regime, coefficient 𝜑1𝑠𝑡=𝑘 determines the effect of first 

explanatory variable on the dependent variable. Therefore, the explanatory variables affect the 

dependent variable with different coefficients depending on the number of regimes.  

As mentioned, one of the most important features of the Markov switching model is the random 

variable𝑠𝑡 . Suppose that the probability that 𝑠𝑡equals some particular value j depends on the 

past only through the most recent value𝑠𝑡−1: 

𝑃(𝑠𝑡 = 𝑗|𝑠1, 𝑠2, … , 𝑠𝑡−1) = 𝑃(𝑠𝑡 = 𝑗|𝑠𝑡−1 = 𝑖) = 𝑃𝑖𝑗 (4.2) 

 

Such a process is described as an N-state Markov chain with transition probabilities 

𝑃𝑖𝑗.Transition probabilities 𝑃𝑖𝑗 gives the probability that state 𝑖 will be followed by state 𝑗.  

Therefore, in the case of a model with two regimes (recession and boom), the transition 

probability matrix can be defined as follows: 

𝑃 = [
𝑃00 1 − 𝑃11

1 − 𝑃00 𝑃11
] 

(4.3) 

 

 

6 Note that in the empirical model, industrial production growth (Yind) is the dependent variable and oil price 

growth (OPG) and oil price volatility (OPV) serve as independent variables. 
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Where 𝑃00 and 𝑃11 indicate the likelihood of persistence of the regimes associated with 

recession and boom. 1 − 𝑃11 and 1 − 𝑃00 give the probability of transition from recession to 

boom and vice versa. The mathematical expression of the above probabilities are as follows: 

𝑃(𝑠𝑡 = 1|𝑠𝑡−1 = 1) = 𝑃11 (4.4) 

𝑃(𝑠𝑡 = 0|𝑠𝑡−1 = 0) = 𝑃00 (4.5) 

𝑃(𝑠𝑡 = 0|𝑠𝑡−1 = 1) = 1 − 𝑃11 (4.6) 

𝑃(𝑠𝑡 = 1|𝑠𝑡−1 = 0) = 1 − 𝑃00 (4.7) 

 

Markov switching models are estimated using Maximum Likelihood Method (Hamilton, 

1994). Therefore, from the definition of conditional probability it follows that:  

𝑃(𝑦𝑡, 𝑠𝑡 = 𝑗; 𝜃) = 𝑓(𝑦𝑡|𝑠𝑡 = 𝑗; 𝜃)𝑃(𝑠𝑡 = 𝑗; 𝜃) (4.8) 

 

Where θ is the vector of parameters that includes the intercepts in different regimes, the 

variance of the dependent variable in different regimes, and the coefficients of the explanatory 

variables in m regimes. Thus: 

θ = {𝜇1, . . , 𝜇𝑚, 𝜎1
2, … , 𝜎𝑚

2 , 𝜑11, … , 𝜑𝑛𝑚} (4.9) 

 

Also, the joint probability distribution P(yt, st = j; θ) can be generated by assuming that the 

residuals of the model are independent, uniform and normally distributed: 

𝑃(𝑦𝑡, 𝑠𝑡 = 𝑗; 𝜃) =
𝜋𝑖

√2𝜋𝜎𝑖

𝑒𝑥𝑝 {
−(𝜀𝑗)2

2𝜎𝑗
2 } 

(4.10) 

 

Where εj is the regression residuals specified in equation (4.1) for the jth regime. Finally, using 

Equation (4.10), one can produce the model's likelihood function as follows: 

𝑓(𝑦𝑡; 𝜃) = ∑ 𝑝(𝑦𝑡, 𝑠𝑡 = 𝑗; 𝜃)

𝑚

𝑗=1

 
(4.11) 
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In order to pursue the theory of maximum-likelihood estimation, we need to find the first and 

second-order derivatives of the logarithm of the likelihood function specified in equation 

(4.11).  

Finally, other specifications of the Markov switching econometric approach are presented in 

Table 4.1. 

Table 4.1. Various specifications of the Markov regime-switching Model 

regime-dependent 

parameter 

residual distribution  equation Model 

Mean 𝜀𝑡~𝑖𝑖𝑑(0, 𝜎2) ∆𝑦𝑡 − 𝜇(𝑠𝑡)

= 𝑐 + ∑ 𝛼𝑖(∆𝑦𝑡−𝑖)𝜇(𝑠𝑡−𝑖) + 𝜀𝑡

𝑝

𝑖=1

 

MSM(M)-

AR(P) 

intercept 𝜀𝑡~𝑖𝑖𝑑(0, 𝜎2) 

∆𝑦𝑡 = 𝑐(𝑠𝑡) + ∑ 𝛼𝑖(∆𝑦𝑡−𝑖) + 𝜀𝑡

𝑝

𝑖=1

 

MSI(M)-

AR(P) 

Variance of the 

residual 
𝜀𝑡~𝑖𝑖𝑑(0, 𝜎2(𝑠𝑡)) 

∆𝑦𝑡 = 𝑐 + ∑ 𝛼𝑖(∆𝑦𝑡−𝑖) + 𝜀𝑡

𝑝

𝑖=1

 

MSH(M)-

AR(P) 

Auto-regression 

coefficients 
𝜀𝑡~𝑖𝑖𝑑(0, 𝜎2) 

∆𝑦𝑡 = 𝑐 + ∑ 𝛼𝑖(𝑠𝑡)(∆𝑦𝑡−𝑖) + 𝜀𝑡

𝑝

𝑖=1

 

MSH(M)-

AR(P) 

      Source: Krolzig (1997) 

 

4-3- Empirical results 

In this section, the empirical results on the effect of oil price changes on business cycles of 

industrial production growth of G7 countries were analyzed using the Markov switching 

approach. As stated earlier, the logarithmic changes in oil prices and oil price volatility would 

be used as two proxies of oil prices. To this end, the effect of each proxy on each G7 country 

was investigated separately.  

Before addressing the results of Markov switching models for different countries, the 

stationarity of variables should be investigated. The lack of a unit root, or stationarity of a time 

series, reflects long-term changes in the series around the mean and independence of its 

variance over time.  On the other hand, the presence of a unit root indicates a time-dependent 

variance and the lack of convergence of the time series to a long-term path.  It is noteworthy 

that the presence of a unit root, or non-stationarity of variables, may result in spurious 
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regression and unreliable results.  As a result, the generalized Dickey–Fuller and Phillips–

Perron tests were used to investigate the stationarity of variables and ensure the model has no 

unit roots. The results of these two unit-root tests are presented in Table 4.2. 

Table 4.2. The Augmented Dickey Fuller (ADF) and Phillips Perron (PP) unit root tests results. 

Country Variable ADF without trend PP without trend 

Statistics Prob Statistics Prob 

Canada Yind -7.59 0.00 -7.51 0.00 

OPG -10.26 0.00 -11.36 0.00 

OPV -10.05 0.00 -9.99 0.00 

France Yind -9.17 0.00 -9.24 0.00 

OPG -10.07 0.00 -11.01 0.00 

OPV -10.53 0.00 -10.47 0.00 

Germany Yind -9.44 0.00 -9.43 0.00 

OPG -11.14 0.00 -11.03 0.00 

OPV -10.65 0.00 -10.58 0.00 

Italy Yind -10.87 0.00 -10.99 0.00 

OPG -10.06 0.00 -10.97 0.00 

OPV -10.38 0.00 -10.32 0.00 

Japan Yind -8.74 0.00 -8.01 0.00 

OPG -10.89 0.00 -10.82 0.00 

OPV -10.69 0.00 -10.63 0.00 

UK Yind -12.76 0.00 -12.80 0.00 

OPG -10.11 0.00 -11.19 0.00 

OPV -9.74 0.00 -9.68 0.00 

US Yind -6.99 0.00 -6.99 0.00 

OPG -11.23 0.00 -11.27 0.00 

OPV -10.41 0.00 -10.35 0.00 

Note: yind denotes industrial production growth, while OPG and OPV indicate oil price growth and oil price 

volatilities respectively.  
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4-3-1- Results of Markov switching models for Canada  

The effects of OPG and OPV on the Yind business cycles in Canada, as an oil exporter, was 

investigated. Table 3.2 lists the results from the Markov switching approach. The Markov 

intercept-switching heteroskedastic MSIH (2)-AR(4) was selected as the optimal model, based 

on the Akaike information criterion and diagnostic tests, to investigate the effect of logarithmic 

changes in oil prices.   To select the optimal model, model providing better fit based on Akaike 

criteria was selected, and the significance of explanatory variables coefficients, serial 

correlation and normality of the residuals were also evaluated. In addition, the results from the 

linearity test strongly suggest the presence of a nonlinear relationship between the model 

variables. In this model, four endogenous variable intervals and a dual-regime structure, 

namely boom and recession, were selected to consider the model dynamics. The first regime 

reflects the boom periods and the second regime represents recession periods. The mean growth 

rate in the boom and recession periods was estimated at 0.32% and -0.05%, respectively. 

However, this rate was not significantly different from zero in the recession regime. The oil 

price growth (OPG) has an instantaneous positive significant effect of 0.02% and 0.04% on 

Yind respectively during the boom and recession periods. These findings suggest a direct 

relationship between the OPG and Yind in Canada. Despite the significant negative effect of 

the fourth interval of the OPG on industrial production, it is generally suggested that OPG has 

a positive effect on industrial production in Canada presumably due to oil exports.  The 

estimated variance for each regime indicates that the fluctuation in the first regime is 

significantly higher than that of the second regime. The diagnostic tests (normality, 

heterogeneity of variance, and serial correlation) showed that the results are reliable in terms 

of econometric indices. 
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Table 4.3. Markov-Switching models with exogenous OPG and OPV in Canada 

MSIH(2)-AR(4) Coef. Std. 

error 

Prob MSIH(3)-

AR(1) 

Coef. Std. 

error 

Prob 

Constant(0) 0.32 0.10 0.002 Constant(0) 0.390 0.168 0.021 

Constant(1) -0.05 0.11 0.655 Constant(1) -2.379 0.313 0.000 

yind_1(0) 0.52 0.07 0.000 Constant(2) 2.418 0.582 0.000 

yind_1(1) -0.33 0.07 0.000 yind_1(0) 0.357 0.074 0.000 

yind_2(0) 0.03 0.07 0.689 yind_1(1) -0.315 0.106 0.003 

yind_2(1) 1.25 0.09 0.000 yind_1(2) 0.160 0.139 0.249 

yind_3(0) 0.14 0.07 0.050 opv(0) 0.000 0.000 0.021 

yind_3(1) -0.11 0.08 0.187 opv(1) -0.002 0.000 0.000 

yind_4(0) -0.35 0.06 0.000 opv(2) 0.001 0.001 0.547 

yind_4(1) 0.66 0.08 0.000 opv_1(0) 0.000 0.000 0.424 

opg(0) 0.02 0.01 0.015 opv_1(1) -0.001 0.000 0.028 

opg(1) 0.04 0.01 0.000 opv_1(2) 0.003 0.001 0.042 

opg_1(0) -0.01 0.01 0.182 opv_2(0) 0.000 0.000 0.948 

opg_1(1) 0.06 0.01 0.000 opv_2(1) 0.001 0.000 0.000 

opg_2(0) -0.01 0.01 0.225 opv_2(2) -0.002 0.001 0.005 

opg_2(1) 0.03 0.01 0.001 opv_3(0) 0.000 0.000 0.393 

opg_3(0) 0.00 0.01 0.394 opv_3(1) -0.004 0.001 0.000 

opg_3(1) -0.05 0.01 0.000 opv_3(2) -0.001 0.000 0.000 

opg_4(0) -0.02 0.01 0.001 opv_4(0) 0.000 0.000 0.866 

opg_4(1) -0.02 0.01 0.007 opv_4(1) 0.003 0.001 0.000 

sigma(0) 1.05 0.07 --- opv_4(2) 0.000 0.000 0.242 

sigma(1) 0.46 0.07 --- sigma(0) 1.06 0.07 --- 

--- --- --- --- sigma(1) 0.50 0.10 --- 

--- --- --- --- sigma(2) 0.86 0.14 --- 

 

Table 4.3. Markov-Switching models with exogenous OPG and OPV in Canada (continued) 

log-likelihood: -294.02 log-likelihood: -303.52 

AIC: 3.40 AIC: 3.53 

SBC: 3.81 SBC: 4 

Linearity LR-test =   54.071 [0.0000] Linearity LR-test =   52.105 [0.0000] 



 

65 

 

Normality (prob): 3.98 (0.13) Normality (prob): 0.47 (0.79) 

ARCH (prob): 0.64 (0.42) ARCH (prob): 0.009 (0.92) 

Portmanteau (prob): 15 (0.30) Portmanteau (prob): 15.47 (0.28) 

 Note; MSIH(m)-AR(p) is Markov intercept-switching heteroskedastic with m regimes and p lags  

 

The MSIH(2)-AR(4) was selected as the optimal model, based on the Akaike information 

criterion and diagnostic tests, to investigate the oil price changes. The results of the linearity 

test confirm the presence of a nonlinear relationship. In this case, an endogenous variable 

interval and three regimes, namely the medium growth, recession, and boom, were selected to 

represent the dynamic structure of the model. Accordingly, the estimated Yind in the first, 

second, and third regimes were respectively 0.39%, -2.38%, and 2.41%, which are statistically 

significant. As shown in Table 4.3, OPV in the first and third regimes have a positive effect on 

industrial production of Canada; but showed a negative effect on industrial production in the 

second regime characterized with severe recession. As a result, one can conclude that in periods 

with a positive Yind, OPV positively stimulates this sector and does not necessarily have a 

negative effect which is in accordance with the literature on oil-exporting countries. The 

estimated variance in different regimes indicate that fluctuations in the recession periods with 

a coefficient of 0.5 are lower than other periods. The normality, heterogeneity of variance, and 

serial correlation tests also indicate the reliability of the estimated regression. 

Table 4.4, Figure 4.1 and Appendix B-1 show the results on transition probabilities of 

MSIH(2)-AR(4) considering the logarithmic changes in oil prices. Accordingly, the persistence 

probability of the boom regime (the first regime) and recession regime (the second regime) was 

85% and 42%, respectively. On the other hand, the first and second regimes accounted for 

approximately 83% (156 quarters) and 17% (31 seasons) of the whole study period.  

 

Table 4.4. Transition probabilities of OPG exogenous variable- MSIH(2)-AR(4)-Canada 

 Regime 0,t Regime 1,t 

Regime 0,t+1 0.85768 0.57482 

Regime 1,t+1 0.14232 0.42518 

 



 

66 

 

The results on transition probabilities of MSIH(3)-AR(1) model considering the logarithmic 

changes of oil prices are presented in Table 4.5, Figure 4.2, and Appendix B-2. According to 

the results, the persistence probability was 95%, 61%, and 71% in the first regime with the 

moderate Yind, the second regime (recession periods), and the third regime (boom periods), 

respectively. Therefore, the persistence probability was higher in periods with positive Yind 

than in periods with negative Yind. In this regard, reliability was 78% (146 seasons) in the first 

regime, 9% (17 seasons) in the second regime, and 13% (24 seasons) in the third regime. 

Table 4.5. Transition probabilities of OPV exogenous variable- MSIH(3)-AR(1)-Canada 

 Regime 0,t Regime 1,t Regime 2,t 

Regime 0,t+1 0.95862 0.00000 0.28736 

Regime 1,t+1 0.04137 0.61358 0.00000 

Regime 2,t+1 0.00000 0.38642 0.71264 

 

Fig 4.1. Smoothed probabilities of OPG exogenous variable- MSIH(2)-AR(4)-Canada 
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Fig 4.2. Smoothed probabilities of OPV exogenous variable- MSIH(3)-AR(1)-Canada 

 

4-3-2- Results of Markov switching models for France 

Based on the Akaike information criterion and diagnostic tests, MSI(3)-AR(4) was used to 

investigate logarithmic changes in oil prices. In addition, MSMH(2)-AR(4) was selected as the 

optimal dynamic structures of the Markov switching approach to investigate OPV in France. 

Four endogenous variable intervals and a three-regime model were used to investigate the 

effects of logarithmic changes in oil prices on the business cycles of industrial production. 

According to Table 4.5, the first regime (corresponding to a moderate Yind) was estimated as 

0.11%, which was not significant. However, the average Yind in the second regime (recession 

periods) and the third regime (boom periods) was -1.6% and 22.14%, respectively. The 

important point is the effect of changes in oil prices on business cycles of industrial production. 

As can be seen, the instantaneous effects on periods with positive Yind are insignificant; but 

shows a positive effect on the recession periods. This finding may be due to increased demand 

from oil-exporting countries, thereby increased oil exports from France. Nevertheless, the third 

and fourth intervals of changes in oil prices show a significant negative effect of an increase in 

oil prices on industrial production of France over time. It is worth mentioning that these effects 

would be greater in the recession periods. In addition, the results from linearity test indicated a 
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nonlinear relationship between Yind and logarithmic changes in oil prices. The results of 

diagnostic tests indicate the reliability of the estimated regression results. 

A Markov switching model with two regimes and four variable intervals of Yind was used to 

investigate OPV. The results of the linearity test emphasized the use of a nonlinear approach. 

According to Table 4.5, the average Yind was estimated at 0.46% in the first regime, which 

was statistically significant. OPV in the second regime was estimated at 0.037% which is not 

significantly different from zero. OPV showed a significant negative effect on business cycles 

only in the second and third intervals. This effect was not significant in other intervals. 

Therefore, despite the lack of instantaneously significant effect of OPV on business cycles of 

the industrial production, it would slow down economic growth over time. The estimated 

variance for different regimes showed that the fluctuations in the second regime were 

significantly higher than those in the first regime. The diagnostic tests of normality, 

heterogeneity of variance, and serial correlation also indicated the reliability of the model 

results. 

 

Table 4.6. Markov-Switching models with exogenous OPG and OPV in France 

MSI(3)-

AR(4) 

Coef. Std. 

error 

Prob MSMH(2)-

AR(4) 

Coef. Std. 

error 

Prob 

Constant(0) 0.109 0.078 0.17 Mean (0) 0.460 0.127 0.000 

Constant(1) -1.594 0.342 0.00 Mean (1) 0.037 1.173 0.975 

Constant(2) 2.143 0.307 0.00 yind_1 0.157 0.072 0.030 

yind_1(0) 0.079 0.078 0.31 yind_2 0.280 0.073 0.000 

yind_1(1) 0.069 0.209 0.74 yind_3 0.021 0.064 0.750 

yind_1(2) -0.179 0.135 0.18 yind_4 -0.184 0.062 0.004 

yind_2(0) 0.260 0.076 0.00 Opv 0.000 0.000 0.769 

yind_2(1) 0.228 0.166 0.17 opv_1 0.000 0.000 0.436 

yind_2(2) 0.071 0.131 0.59 opv_2 -0.001 0.000 0.000 

yind_3(0) 0.052 0.065 0.43 opv_3 -0.000 0.000 0.018 

yind_3(1) -0.185 0.183 0.32 opv_4 0.000 0.000 0.309 

yind_3(2) 0.225 0.110 0.04 sigma(0) 1.07 0.063 --- 
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Table 4.6. Markov-Switching models with exogenous OPG and OPV in France (continued)  

MSI(3)-

AR(4) 

Coef. Std. 

error 

Prob MSMH(2)-

AR(4) 

Coef. Std. 

error 

Prob 

yind_4(0) -0.097 0.058 0.10 sigma(1) 3.72 0.942 --- 

yind_4(1) 0.652 0.278 0.02 --- --- --- --- 

yind_4(2) -0.509 0.097 0.00 --- --- --- --- 

opg(0) 0.003 0.006 0.59 --- --- --- --- 

opg(1) 0.027 0.015 0.07 --- --- --- --- 

opg(2) -0.000 0.008 0.98 --- --- --- --- 

opg_1(0) -0.002 0.006 0.73 --- --- --- --- 

opg_1(1) 0.062 0.021 0.00 --- --- --- --- 

opg_1(2) 0.002 0.007 0.74 --- --- --- --- 

opg_2(0) 0.007 0.006 0.22 --- --- --- --- 

opg_2(1) -0.065 0.024 0.01 --- --- --- --- 

opg_2(2) -0.028 0.010 0.01 --- --- --- --- 

opg_3(0) -0.010 0.006 0.09 --- --- --- --- 

opg_3(1) -0.028 0.010 0.01 --- --- --- --- 

opg_3(2) 0.034 0.020 0.09 --- --- --- --- 

opg_4(0) 0.008 0.006 0.16 --- --- --- --- 

opg_4(1) -0.041 0.012 0.00 --- --- --- --- 

opg_4(2) 0.050 0.020 0.01 --- --- --- --- 

sigma 0.88 0.04 ---- --- --- --- --- 

log-likelihood: -277.767 log-likelihood: -302.56 

AIC: 3.35 AIC: 3.39 

SBC:3.98 SBC: 3.66 

Linearity LR-test =   85.32 [0.0000] Linearity LR-test =   37.31 [0.0000] 

Normality (prob): 0.98 (0.61) Normality (prob): 0.40 (0.81) 

ARCH (prob): 0.08 (0.77) ARCH (prob): 0.23 (0.63) 

Portmanteau (prob): 12.88 (0.45) Portmanteau (prob): 13.47 (0.14) 

  

The results on transition probabilities, when the logarithmic changes were investigated by 

MSI(3)-AR(4), are presented in Table 4.7, Figure 4.3, and Appendix B-3. According to the 
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results, the persistence probability in the first, second, and third regimes are, 98%, 59%, and 

81%, respectively. Accordingly, the first, second, and third regimes accounted for 139 seasons 

(74%), 17 seasons (9%), and 31 seasons (17%), respectively. 

Table 4.7. Transition probabilities of OPG exogenous variable- MSI(3)-AR(4)-France 

 Regime 0,t Regime 1,t Regime 2,t 

Regime 0,t+1 0.98010 0.18042 0.00000 

Regime 1,t+1 0.011652 0.59340 0.19192 

Regime 2,t+1 0.00824 0.22618 0.80808 

 

As shown in Table 4.8, Figure 4.4, and Appendix B-4, the persistence probability estimated by 

MSMH(2)-AR(4) in the boom and recession regimes was 98% and 70%, respectively. On the 

other hand, the first and second regimes accounted for 179 seasons (more than 95%) and 8 

seasons (less than 5%), respectively. 

 

Table 4.8 Transition probabilities of OPV exogenous variable- MSMH(2)-AR(4)-France 

 Regime 0,t Regime 1,t 

Regime 0,t+1 0.98208 0.29263 

Regime 1,t+1 0.01791 0.70737 
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Fig 4.3 smoothed probabilities of OPG exogenous variable- MSI(3)-AR(4)-France 

 

 

Fig 4.4 smoothed probabilities of OPV exogenous variable- MSMH(2)-AR(4)-France 
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4-3-3- Results of Markov switching models for Germany 

MSIH(3) was used to investigate the effect of OPV on business cycles of industrial production 

in both regressions based on OPG and OPV variables for Germany. To show the model 

dynamics based on the Akaike information criterion, four lags of Yind were used when 

considering the logarithmic changes in oil prices and one variable interval was used for when 

OPV was considered. It is worth noting that the results from these two scenarios (Table 4.9) 

strongly emphasized the use of a nonlinear approach in both linear tests.  

The effects of logarithmic changes in oil prices on business cycles of industrial production 

were investigated. The estimated coefficients for the first, second, and third regimes were 

respectively 0.28%, -0.59%, and 2.53%, which were statistically significant. These coefficients 

respectively indicate the average industrial production growth in periods with medium growth, 

low growth (recession) and high growth (boom). Although the instantaneous effect of OPV 

was negative in periods with low Yind and positive in periods with high Yind, these changes 

had a significant negative effect on all three studied regimes in the third and fourth intervals. 

As a result, one can conclude that OPV has a significant negative effect on Yind of Germany 

in long-term; whereas, these changes can increase Yind in the boom periods and worsen the 

recession conditions in periods with low economic growth. The results on estimated variances 

in different regimes indicate large fluctuations in periods with moderate Yind with a coefficient 

of 1.19; whereas, this coefficient was 0.02 and 0.06 in the second and third regimes, 

respectively. The results of diagnostic tests also confirm the reliability of results in terms of 

econometric criteria, namely normality, heterogeneity of variance, and serial correlation. 

Table 4.9. Markov-Switching models with exogenous OPG and OPV in Germany 

MSIH(3) -

AR(4) 

Coef. Std. 

error 

Prob MSIH(3)-

AR(1) 

Coef. Std. 

error 

Prob 

Constant(0) 0.277 0.107 0.01 Constant(0) 0.790 0.149 0.000 

Constant(1) -0.586 0.022 0.00 Constant(1) -2.877 0.829 0.001 

Constant(2) 2.534 0.025 0.00 Constant(2) 5.234 0.478 0.000 

yind_1(0) 0.312 0.068 0.00 yind_1(0) 0.145 0.077 0.062 

yind_1(1) 0.363 0.006 0.00 yind_1(1) -0.630 0.172 0.000 

yind_1(2) 0.015 0.008 0.06 yind_1(2) -0.376 0.100 0.000 

yind_2(0) 0.199 0.068 0.00 opv(0) -0.000 0.000 0.839 

yind_2(1) -0.339 0.005 0.00 opv(1) -0.006 0.001 0.000 
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Table 4.9. Markov-Switching models with exogenous OPG and OPV in Germany (continued) 

MSIH(3) -AR(4) Coef. Std. error Prob MSIH(3)-AR(1) Coef. Std. error Prob 

yind_2(2) -0.574 0.009 0.00 opv(2) -0.008 0.001 0.000 

yind_3(0) 0.043 0.069 0.53 opv_1(0) -0.000 0.000 0.066 

yind_3(1) 0.256 0.008 0.00 opv_1(1) -0.014 0.003 0.000 

yind_3(2) 0.955 0.010 0.00 opv_1(2) -0.002 0.001 0.001 

yind_4(0) -0.128 0.065 0.05 opv_2(0) -0.000 0.000 0.018 

yind_4(1) -0.811 0.007 0.00 opv_2(1) 0.002 0.001 0.039 

yind_4(2) -0.216 0.007 0.00 opv_2(2) 0.002 0.000 0.000 

opg(0) 0.002 0.006 0.73 opv_3(0) -0.000 0.000 0.059 

opg(1) -0.058 0.001 0.00 opv_3(1) 0.005 0.001 0.000 

opg(2) 0.261 0.001 0.00 opv_3(2) 0.000 0.000 0.288 

opg_1(0) 0.011 0.006 0.07 opv_4(0) -0.000 0.000 0.386 

opg_1(1) 0.123 0.000 0.00 opv_4(1) 0.003 0.001 0.000 

opg_1(2) -0.243 0.003 0.00 opv_4(2) -0.000 0.000 0.135 

opg_2(0) -0.003 0.006 0.65 sigma(0) 1.176 0.068 --- 

opg_2(1) 0.063 0.001 0.00 sigma(1) 0.723 0.162 --- 

opg_2(2) 0.287 0.002 0.00 sigma(2) 0.753 0.164 --- 

opg_3(0) -0.007 0.006 0.23 --- --- --- --- 

opg_3(1) -0.088 0.002 0.00 --- --- --- --- 

opg_3(2) -0.130 0.002 0.00 --- --- --- --- 

opg_4(0) -0.011 0.006 0.07 --- --- --- --- 

opg_4(1) -0.039 0.001 0.00 --- --- --- --- 

opg_4(2) -0.005 0.002 0.01 --- --- --- --- 

sigma(0) 1.196 0.067 --- --- --- --- --- 

sigma(1) 0.019 0.004 --- --- --- --- --- 

sigma(2) 0.060 0.011 --- --- --- --- --- 

log-likelihood: -246.70 log-likelihood: -317.43 

AIC: 3.03 AIC: 3.69 

SBC:3.67 SBC:4.17 

Linearity LR-test =   239.45 [0.0000] Linearity LR-test =   119.23 [0.0000] 

Normality (prob): 2.68 (0.26) Normality (prob): 2.31 (0.31) 

ARCH (prob): 0.75 (0.38) ARCH (prob): 0.007 (0.93) 

Portmanteau (prob): 7.06 (0.90) Portmanteau (prob): 13.22 (0.43) 
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Oil price volatility (OPV) obtained from the Markov switching model (Table 4.9) show that 

the mean Yind was significant and equal to 0.79%, -2.8% and 5.2% in the first, second, and 

third regimes, respectively. The instantaneous OPV or OPV in the first interval had a 

significant negative effect on Yind in all three studied regimes; but showed no significant effect 

on business cycles in other intervals. As a result, the oil price changes have a negative impact 

on Yind in Germany. According to variance of different regimes, the first regime with a 

coefficient of 1.17% showed the greatest fluctuations, and the two other regimes (with high 

and low Yind) showed relatively similar fluctuations. The results from the diagnostic tests also 

indicated that components of the estimated regression residuals are normal with no variance 

heterogeneity and serial correlation. 

According to transition probability matrix (Table 4.10, Figure 4.5, and Appendix B-3), when 

logarithmic changes in oil prices were considered, the persistence probability was 98%, 40%, 

and 52% in the first, second, and third regimes, respectively. On the other hand, the regime 

with moderate Yind, the regime with low Yind, and the regime with high Yind accounted for 

161 seasons (86%), 11 seasons (approximately 6%), and 15 seasons (8%), respectively. Details 

are presented in tables and figures. 

Table 4.10. Transition probabilities of OPG exogenous variable- MSIH(3)-AR(4)-Germany 

 Regime 0,t Regime 1,t Regime 2,t 

Regime 0,t+1 0.98104 0.00000 0.26148 

Regime 1,t+1 0.01896 0.39581 0.21809 

Regime 2,t+1 0.00000 0.60419 0.52043 

 

When OPV was regarded as the alternative scenario, the persistence probability was 97% in 

the regime with moderate Yind, 55% in the regime with low Yind, and 75% in the regime with 

high Yind (Table 4.11). Regardless of details, the duration of periods assigned to each regime 

was approximately similar to the prior scenario. This finding is confirmed by comparing 

Figures 4.5 and 4.6. 
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Table 4.11: Transition probabilities of OPV exogenous variable- MSIH(3)-AR(1)-Germany 

 Regime 0,t Regime 1,t Regime 2,t 

Regime 0,t+1 0.97092 0.19275 0.25180 

Regime 1,t+1 0.02907 0.55964 0.00000 

Regime 2,t+1 0.00000 0.24761 0.74820 

 

 

 

Fig 4.5. Smoothed probabilities of OPG exogenous variable- MSIH(3)-AR(4)-Germany 
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Fig 4.6. Smoothed probabilities of OPV exogenous variable- MSIH(3)-AR(1)-Germany 

 

4-3-4- Results of Markov switching models for Italy 

In this section, the effects of oil price changes on business cycles in Italy are investigated using 

the Markov switching approach (Table 4.12). To investigate logarithmic changes in oil prices, 

MSIH(3)-AR(3) was selected as the optimal model to show structural dynamics. The estimated 

coefficient was respectively 015%, -1.55%, and 2.73% in the first regime (periods with 

moderate Yind), second regime (periods with low Yind), and third regime (periods with high 

Yind). On the other hand, the instantaneous effect of OPV in periods with moderate and high 

growth rates was negative indicating a reduction in Yind with increasing oil prices; however, 

this effect was positive during the recession periods. Nevertheless, the greatest significant 

effect of OPV on business cycles of industrial production was observed in the fourth interval 

of this variable in the third regime (high growth). This finding indicates the negative effect of 

OPV on Yind in Italy. The estimated variance of the business cycles indicated high fluctuations 

in all regimes, specifically in regimes with a low growth rate. Besides the fact that the linear 

test highlight the presence of a nonlinear relationship, the diagnostic tests indicate that there is 

no variance heterogeneity or serial correlations in residuals. 

MSMH(3)-AR(3) was selected as the optimal model based on Akaike information criterion 

and diagnostic tests to investigate OPV. Based on the selected model, three regimes with three 
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endogenous variable intervals were used to consider the structural dynamics. According to the 

model results (Table 4.12), the average Yind was 0.26%, -0.16%, and 0.34% in the first, 

second, and third regimes, respectively. On the other hand, only the third interval of OPV 

showed a significant negative effect on Yind. The estimated variance for different regimes 

under this scenario showed that OPV was significantly higher in the recession regime (with a 

coefficient of 5.6) than the two other regimes. Moreover, the diagnostic and linearity tests 

strongly highlighted the use of Markov switching model and reliable results of regression 

estimates. 

Table 4.12. Markov-Switching models with exogenous OPG and OPV in Italy 

MSIH(3)-

AR(3) 

Coef. Std. 

error 

Prob  MSMH(3)-

AR(3) 

Coef. Std. 

error 

Prob  

Constant(0) 0.152 0.109 0.17 Mean (0) 0.263 0.146 0.074 

Constant(1) -1.549 0.600 0.01 Mean (1) -0.166 1.411 0.907 

Constant(2) 2.734 0.653 0.00 Mean (2) 0.337 0.204 0.099 

yind_1(0)   0.137 0.086 0.11 yind_1  0.320 0.066 0.000 

yind_1(1)   0.415 0.115 0.00 yind_2  0.069 0.071 0.332 

yind_1(2)   -0.413 0.155 0.01 yind_3  -0.083 0.059 0.160 

yind_2(0)   0.170 0.083 0.04 opv     0.000 0.000 0.085 

yind_2(1)   -0.118 0.100 0.24 opv_1   0.000 0.000 0.239 

yind_2(2)   0.605 0.170 0.00 opv_2   -0.001 0.000 0.011 

yind_3(0)   0.142 0.082 0.09 opv_3   0.000 0.000 0.687 

yind_3(1)   -0.149 0.091 0.11 opv_4   0.000 0.000 0.731 

yind_3(2)   -0.491 0.196 0.01 sigma(0) 0.690 0.087 --- 

opg(0)      -0.007 0.008 0.40 sigma(1) 5.597 1.050 --- 

opg(1)      0.025 0.013 0.06 sigma(2) 1.682 0.109 --- 

opg(2)      -0.107 0.045 0.02 --- --- --- --- 

opg_1(0)    0.004 0.008 0.60 --- --- --- --- 

opg_1(1)    0.050 0.013 0.00 --- --- --- --- 

opg_1(2)    0.014 0.044 0.75 --- --- --- --- 

opg_2(0)    -0.002 0.008 0.86 --- --- --- --- 

opg_2(1)    -0.012 0.015 0.42 --- --- --- --- 

opg_2(2)    0.088 0.037 0.02 --- --- --- --- 
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Table 4.12. Markov-Switching models with exogenous OPG and OPV in Italy (continued) 

MSIH(3)-

AR(3) 

Coef. Std. 

error 

Prob  MSMH(3)-

AR(3) 

Coef. Std. 

error 

Prob  

opg_3(0)    0.007 0.008 0.39 --- --- --- --- 

opg_3(1)    -0.017 0.015 0.26 --- --- --- --- 

opg_3(2)    0.037 0.040 0.36 --- --- --- --- 

opg_4(0)    -0.006 0.008 0.46 --- --- --- --- 

opg_4(1)    -0.004 0.015 0.79 --- --- --- --- 

opg_4(2)    -0.140 0.035 0.00 --- --- --- --- 

sigma(0) 1.213 0.074 --- --- --- --- --- 

sigma(1) 1.681 0.330 --- --- --- --- --- 

sigma(2) 1.668 0.266 --- --- --- --- --- 

log-likelihood: -340.30 log-likelihood: -360.01 

AIC: 4.00 AIC: 4.03 

SBC:4.59 SBC: 4.32 

Linearity LR-test =   125.91 [0.0000] Linearity LR-test =   95.95 [0.0000] 

Normality (prob): 2.44 (0.29) Normality (prob): 3.33 (0.18) 

ARCH (prob): 0.58 (0.44) ARCH (prob): 0.75 (0.39) 

Portmanteau (prob): 21.42 (0.07) Portmanteau (prob): 14.4 (0.15) 

 

In general, regardless of different estimated coefficients in various regimes and intervals, OPV 

showed a negative effect on industrial production in Italy. This phenomenon will be associated 

with greater effects in the long-term, which is consistent with theoretical expectations. In fact, 

an increase in oil prices in long-term can result in reduced production and Yind in oil-importing 

countries, specifically Italy. 

The results on the transition probabilities estimated by MSIH(3)-AR(3) are presented in Table 

4.13, Figure 4.7, and Appendix B-7. According to the results, the persistence probability was 

above 99% in the regime with moderate Yind. This probability was 80% and 85% in regimes 

with low and high growth rates, respectively. It is noteworthy that 76% of the whole study 

period included 142 seasons, out of which the second and third regimes accounted for 22 

seasons (12%) and 23 seasons (approximately 12%), respectively. 
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Table 4.13. Transition probabilities of OPG exogenous variable- MSIH7 (3)-AR(3)-Italy 

 Regime 0,t Regime 1,t Regime 2,t 

Regime 0,t+1 0.99052 0.09291 0.00000 

Regime 1,t+1 0.009483 0.80475 0.14377 

Regime 2,t+1 0.00000 0.10234 0.85623 

 

When OPV was considered as a proxy of oil price changes, the persistence probability was 

96% in the first regime, 88% in the second regime, and 98% in the third regime (Table 4.14 

and Figure 4.8) indicating a higher persistence probability in regimes with moderate and high 

growth rates than in regimes with low growth rate. Accordingly, the first, second, and third 

regimes accounted for 45 seasons (24%), 16 seasons (9%), and 126 seasons (67%), 

respectively.  

Table 4.14: Transition probabilities of OPV exogenous variable- MSMH8 (3)-AR(3)-Italy 

 Regime 0,t Regime 1,t Regime 2,t 

Regime 0,t+1 0.96804 0.00000 0.016364 

Regime 1,t+1 0.03196 0.88150 0.00000 

Regime 2,t+1 0.00000 0.11850 0.98364 

 

 

7 Markov switching intercept-switching heteroskedastic 

8 Markov switching mean-switching heteroskedastic 
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Fig 4.7. Smoothed probabilities of OPG exogenous variable- MSIH(3)-AR(3)-Italy 

 

 

Fig 4.8. Smoothed probabilities of OPV exogenous variable- MSMH(3)-AR(3)-Italy 

 

 

4-3-5- Results of Markov switching models for Japan 
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To investigate the effect of logarithmic changes in oil prices on Yind in Japan, MSIH(2)-AR(4) 

with two regimes, namely the boom and recession, and four endogenous variable intervals was 

selected as the optimal model. According to the results from this model (Table 4.15), the 

average Yind in the first regime was significant (0.45%) but it was -1.52% in the second 

regime, which was not significantly different from zero. It is worth noting that changes in oil 

prices had a significant positive effect on industrial production and were instantaneous in the 

recession, as well as the first regimes. The oil prices showed an insignificant negative effect on 

industrial production in the fourth interval. According to the estimated model under this 

scenario, Yind increases with increasing oil prices in a regime with a low growth rate. The 

estimated model variance also showed that the fluctuations were significantly higher in a 

regime with a low growth rate (with a coefficient of 3.75) than in a regime with a high growth 

rate (with a coefficient of 1.26 nv). The results from the linearity and diagnostic tests clearly 

emphasized the presence of a nonlinear relationship and reliability of results. 

MSI(3)-AR(6) was selected as the optimal dynamic model with three regimes and six 

endogenous variable intervals to investigate OPV.  According to the model results (Table 4.15), 

the average Yind in the first, second, and third regimes was respectively 0.56%, -2.98%, and 

3.18%, which were all significant. In contrast to the prior model, OPV under this scenario 

showed an instantaneous significant negative effect on industrial production in regimes with 

high and low growth rates. Moreover, the fourth interval showed a negative effect in all three 

regimes so that the coefficients for the second and third regimes were significantly different 

from zero. The results from the linearity and diagnostic tests clearly highlighted the use of 

Markov switching model. 

As a result, despite the positive effects of the logarithmic changes in oil prices on business 

cycles of industrial production, OPV has a negative impact on this variable. Therefore, the 

results obtained for Japan were highly sensitive to the selected oil price proxy; and a definite 

conclusion cannot be made. 
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Table 4.15. Markov-Switching models with exogenous OPG and OPV in Japan 

MSIH(2) -

AR(4) 

Coef. Std. 

error 

Prob MSI(3)-AR(6) Coef. Std. 

error 

Prob 

Constant(0) 0.456 0.16 0.005 Constant(0) 0.563 0.20 0.005 

Constant(1) -1.526 2.11 0.471 Constant(1) -2.978 0.71 0.000 

yind_1(0) 0.450 0.09 0.000 Constant(2) 3.188 0.48 0.000 

yind_1(1) 0.053 0.24 0.822 yind_1(0) 0.455 0.08 0.000 

yind_2(0) 0.083 0.09 0.343 yind_1(1) 0.972 0.13 0.000 

yind_2(1) -0.119 0.23 0.598 yind_1(2) -0.191 0.09 0.042 

yind_3(0) 0.040 0.11 0.718 yind_2(0) 0.146 0.08 0.069 

yind_3(1) -0.041 0.22 0.851 yind_2(1) 0.818 0.32 0.012 

yind_4(0) -0.199 0.08 0.019 yind_2(2) -0.276 0.12 0.019 

yind_4(1) -0.229 0.26 0.372 yind_3(0) -0.042 0.08 0.605 

opg(0) 0.008 0.01 0.248 yind_3(1) -0.570 0.25 0.026 

opg(1) 0.147 0.05 0.002 yind_3(2) 0.401 0.13 0.002 

opg_1(0) 0.001 0.01 0.877 yind_4(0) -0.134 0.08 0.102 

opg_1(1) 0.062 0.04 0.077 yind_4(1) 0.355 0.19 0.059 

opg_2(0) 0.003 0.01 0.690 yind_4(2) -0.339 0.11 0.002 

opg_2(1) -0.001 0.04 0.974 yind_5(0) -0.042 0.07 0.566 

opg_3(0) 0.001 0.01 0.932 yind_5(1) -1.332 0.24 0.000 

opg_3(1) -0.008 0.04 0.834 yind_5(2) -0.014 0.05 0.799 

opg_4(0) 0.003 0.01 0.685 yind_6(0) 0.097 0.06 0.094 

opg_4(1) -0.043 0.03 0.176 yind_6(1) 1.348 0.25 0.000 

sigma(0) 1.26 0.11 --- yind_6(2) 0.029 0.06 0.636 

sigma(1) 3.75 0.72 --- opv(0) 0.000 0.00 0.844 

--- --- --- --- opv(1) -0.003 0.00 0.000 

--- --- --- --- opv(2) -0.001 0.00 0.000 

--- --- --- --- opv_1(0) 0.000 0.00 0.578 

--- --- --- --- opv_1(1) 0.000 0.00 0.623 

--- --- --- --- opv_1(2) -0.001 0.00 0.001 

--- --- --- --- opv_2(0) 0.000 0.00 0.974 

--- --- --- --- opv_2(1) 0.0001 0.00 0.030 

--- --- --- --- opv_2(2) 0.000 0.00 0.616 
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Table 4.15. Markov-Switching models with exogenous OPG and OPV in Japan (continued) 

MSIH(2) -

AR(4) 

Coef. Std. 

error 

Prob MSI(3)-AR(6) Coef. Std. 

error 

Prob 

--- --- --- --- opv_3(0) -0.000 0.00 0.939 

--- --- --- --- opv_3(1) 0.000 0.00 0.599 

--- --- --- --- opv_3(2) 0.003 0.00 0.000 

--- --- --- --- opv_4(0) -0.000 0.00 0.194 

--- --- --- --- opv_4(1) -0.001 0.00 0.000 

--- --- --- --- opv_4(2) -0.002 0.00 0.010 

--- --- --- --- sigma 1.11 0.066 --- 

log-likelihood: -356.0999 log-likelihood: -318.752 

AIC: 4.06 AIC: 3.88 

SBC: 4.47 SBC: 4.60 

Linearity LR-test =   123.73 [0.0000] Linearity LR-test =   182.87 [0.0000] 

Normality (prob): 0.71 (0.70) Normality (prob): 1.39 (0.50) 

ARCH (prob): 1.23 (0.27) ARCH (prob): 0.016 (0.89) 

Portmanteau (prob): 19.7 (0.10) Portmanteau (prob): 19.73 (0.10) 

 

Table 4.16 and Figure 4.9 present the transition probabilities estimated by MSIH(2)-AR(4) 

using the logarithmic changes. Based on the results, the persistence probability was 97% and 

80% respectively in the boom and recession regimes. According to Appendix B-9, the first and 

second regimes accounted for 164 seasons (88%) and 23 seasons (12%), respectively. 

Table 4.16. Transition probabilities of OPG exogenous variable- MSIH(2)-AR(4)-Japan 

 Regime 0,t Regime 1,t 

Regime 0,t+1 0.96924 0.20245 

Regime 1,t+1 0.03075 0.79755 

 

On the other hand, when OPV was considered (Table 4.17 and Figure 4.10), the persistence 

probability was 97%, 52%, and 70% in the first, second, and third regimes, respectively. 

According to Appendix B-9, the first, second, and third regimes accounted for 145, 19, and 21 

seasons of the whole study period, respectively.  
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Table 4.17. Transition probabilities of OPV exogenous variable- MSI(3)-AR(6)-Japan 

 Regime 0,t Regime 1,t Regime 2,t 

Regime 0,t+1 0.97562 0.21271 0.00000 

Regime 1,t+1 0.02437 0.52316 0.29433 

Regime 2,t+1 0.00000 0.26413 0.70567 

 

 

Fig 4.9. Smoothed probabilities of OPG exogenous variable- MSIH(2)-AR(4)-Japan 
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Fig 4.10. Smoothed probabilities of OPG exogenous variable- MSI(3)-AR(6)-Japan 

 

4-3-6- Markov switching estimates for UK 

To investigate the effects of OPV on industrial production of England, as a G7 country, the 

MSI(3)-AR(4) was first used as the optimal model when logarithmic changes in oil prices were 

considered. MSMH(2)-AR(4) was selected as the optimal model when OPV was considered. 

The results from the linearity test (Table 4.18) suggest the presence of a nonlinear relationship 

and the use of Markov switching model.  

According to the results from the MSI(3)-AR(4) with three regimes and four endogenous 

variable intervals (Table 4.19), the average Yind in the first, second, and third regimes was 

respectively 0.26%, -2.24%, and 3.9%, indicating that all three regimes were significant. On 

the other hand, the logarithmic changes in oil prices in regimes with moderate and low growth 

rates showed a negative effect on industrial production; whereas, this variable had a positive 

effect in regimes with a high growth rate. As a result, an increase in oil prices may have a 

positive effect under severe economic boom and a negative effect under recession. The results 

of the diagnostic tests (normality, heterogeneity of variance, and serial correlation) on the 

estimated regressive residues confirmed the reliability of the results. 

On the other hand, the Markov switching model with two regimes and four endogenous 

variable intervals was selected when OPV was considered. According to the model results 
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(Table 4.18), the average Yind was 0.41% in the first regime and 0.09% in the second regime, 

of which only the former was significant. In addition, only the second interval of OPV had a 

significant negative effect on business cycles. Based on this model, OPV reduced Yind in 

England, which is partially consistent with the results from prior scenario. According to the 

variance of the estimated regimes, the fluctuations in the second regime (with a coefficient of 

3.47) were higher than in the first regime with a coefficient of 0.87. The diagnostic tests of 

normality, heterogeneity of variance, and serial correlation also indicated the reliability of the 

model results.  

Table 4.18. Markov-Switching models with exogenous OPG and OPV in UK 

MSI(3) -AR(4) Coef. Std. error Prob MSMH(2)-

AR(4) 

Coef. Std. error Prob 

Constant(0) 0.255 0.07 0.000 Mean (0) 0.409 0.12 0.001 

Constant(1) -2.421 0.32 0.000 Mean (1) 0.091 0.69 0.895 

Constant(2) 3.897 0.35 0.000 yind_1 0.180 0.066 0.007 

yind_1(0) 0.175 0.06 0.007 yind_2 0.101 0.078 0.199 

yind_1(1) 0.723 0.14 0.000 yind_3 0.042 0.059 0.480 

yind_1(2) -0.770 0.13 0.000 yind_4 -0.207 0.051 0.000 

yind_2(0) 0.109 0.07 0.107 Opv 0.000 0.000 0.200 

yind_2(1) 0.160 0.11 0.154 opv_1 -0.000 0.000 0.368 

yind_2(2) -0.135 0.11 0.204 opv_2 -0.001 0.000 0.005 

yind_3(0) 0.073 0.06 0.238 opv_3 -0.000 0.000 0.161 

yind_3(1) 0.448 0.10 0.000 opv_4 -0.000 0.000 0.631 

yind_3(2) -0.285 0.11 0.013 sigma(0) 0.87 0.058 --- 

yind_4(0) -0.151 0.06 0.010 sigma(1) 3.47 0.58 --- 

yind_4(1) -0.036 0.09 0.679 --- --- --- --- 

yind_4(2) -0.897 0.15 0.000 --- --- --- --- 

opg(0) -0.001 0.01 0.877 --- --- --- --- 

opg(1) -0.021 0.01 0.002 --- --- --- --- 

opg(2) 0.157 0.03 0.000 --- --- --- --- 

opg_1(0) -0.010 0.01 0.057 --- --- --- --- 

opg_1(1) -0.023 0.01 0.095 --- --- --- --- 

opg_1(2) 0.009 0.01 0.480 --- --- --- --- 

opg_2(0) -0.002 0.00 0.631 --- --- --- --- 

opg_2(1) -0.074 0.02 0.000 --- --- --- --- 
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Table 4.18. Markov-Switching models with exogenous OPG and OPV in UK (continued) 

MSI(3) -AR(4) Coef. Std. error Prob MSMH(2)-

AR(4) 

Coef. Std. error Prob 

opg_2(2) -0.064 0.03 0.012 --- --- --- --- 

opg_3(0) -0.006 0.00 0.216 --- --- --- --- 

opg_3(1) -0.009 0.01 0.447 --- --- --- --- 

opg_3(2) 0.179 0.06 0.006 --- --- --- --- 

opg_4(0) -0.002 0.00 0.730 --- --- --- --- 

opg_4(1) -0.010 0.01 0.323 --- --- --- --- 

opg_4(2) 0.232 0.08 0.005 --- --- --- --- 

Sigma 0.78 0.047 --- --- --- --- --- 

log-likelihood: -280.77 log-likelihood: -306.15 

AIC: 3.39 AIC: 3.43 

SBC: 4.01 SBC: 3.69 

Linearity LR-test =   145.43 [0.0000] Linearity LR-test =   88.184[0.0000] 

Normality (prob): 0.64 (0.73) Normality (prob): 1.31 (0.52) 

ARCH (prob): 0.01 (0.91) ARCH (prob): 0.009 (0.92) 

Portmanteau (prob): 6.25 (0.93) Portmanteau (prob): 7.43 (0.59) 

 

According to Table 4.19, the persistence probability in the first, second, and third regimes of 

MSI(3)-AR(4) was 92%, 27%, and 58%, respectively. As seen in Figure 4.11 and Appendix 

B-11, the first, second, and third regimes accounted for 153 seasons (82%), 18 seasons (10%), 

and 16 seasons (8%) of the whole study period, respectively. 

Table 4.19. Transition probabilities of OPG exogenous variable- MSI(3)-AR(4)-UK 

 Regime 0,t Regime 1,t Regime 2,t 

Regime 0,t+1 0.92107 0.56611 0.00000 

Regime 1,t+1 0.05899 0.26977 0.41889 

Regime 2,t+1 0.01993 0.16412 0.58111 

 

Table 4.20 lists the transition probabilities considering OPV. Based on these results, the 

persistence probability was 94% in the boom regime and 66% in the recession regime. 

According to the results from Figure 4.12 and Appendix B-12, the boom and recession periods 

accounted for 165 and 22 seasons, respectively. 
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Table 4.20. Transition probabilities of OPV exogenous variable- MSMH(2)-AR(4)- UK 

 Regime 0,t Regime 1,t 

Regime 0,t+1 0.93918 0.33293 

Regime 1,t+1 0.06081 0.66707 

 

 

Fig 4.11. Smoothed probabilities of OPG exogenous variable- MSI(3)-AR(4)-UK 
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Fig 4.12. Smoothed probabilities of OPV exogenous variable- MSMH(2)-AR(4)-UK 

 

4-3-7- Results of Markov switching models for USA  

The last section investigated the effect of oil price changes on industrial production of the US, 

as the world largest economy. Similar to previous cases, the optimal dynamic model was 

selected using the Akaike information criterion and diagnostic tests. MSI(3)-AR(4) model with 

three regimes and four endogenous variable intervals was selected when logarithmic changes 

in oil prices were considered. The results are presented in Table 4.21. According to the results, 

the average Yind in the first, second, and third regimes was 0.35%, -0.84%, and 1.88%, 

respectively. These results were significant in all three regimes. Despite the instantaneous 

significant positive effects of oil price changes on industrial production in regimes with 

moderate and low growth rates (e.g. in the first interval), these changes in the second interval 

of all three regimes had a significant negative effect on industrial production of the USA. As a 

result, although the effects of oil price changes on Yind differ under different intervals and 

regimes, this negative effect is dominant over time. It seems that the negative effects of oil 

price increase on economic performance in the industrial sector spread over time. The results 

of the linearity test emphasized the use of Markov switching model. In addition, the diagnostic 

tests applied to residuals of the estimated regression model did not indicate variance 

heterogeneity or serial correlation. 
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To investigate OPV, SIH(3)-AR(4) with three regimes and four endogenous variable intervals, 

was selected to explain the model dynamics. The model results are presented in Table 4.21.  

The average Yind was significant in all regimes and estimated at 0.54%, -0.64%, and 2.74% in 

the first, second, and third regimes, respectively. Neglecting few coefficients, OPV had a 

negative effect on industrial production of the US in the majority of estimated significant 

coefficients. This even applies to current coefficients. The estimated variance showed that the 

fluctuations were higher in the second regime with a coefficient of 0.92 than in other regimes. 

In addition, the third regime with a coefficient of 0.25 showed the lowest fluctuations. The 

results from the linearity and diagnostic tests emphasized the use of Markov switching 

approach and the estimated model.  

Table 4.21. Markov-Switching models with exogenous OPG and OPV in US 

MSI(3) -AR(4) Coef. Std. 

error 

Prob MSIH(3)-

AR(4) 

Coef. Std. 

error 

Prob 

Constant(0) 0.352 0.08 0.000 Constant(0) 0.540 0.18 0.003 

Constant(1) -0.843 0.20 0.000 Constant(1) -0.646 0.34 0.063 

Constant(2) 1.886 0.20 0.000 Constant(2) 2.739 0.13 0.000 

yind_1(0) 0.587 0.08 0.000 yind_1(0) 0.467 0.07 0.000 

yind_1(1) 0.279 0.08 0.001 yind_1(1) 0.508 0.13 0.000 

yind_1(2) -0.225 0.11 0.044 yind_1(2) 0.067 0.06 0.258 

yind_2(0) 0.056 0.10 0.563 yind_2(0) 0.191 0.08 0.026 

yind_2(1) 0.033 0.12 0.788 yind_2(1) 0.065 0.18 0.711 

yind_2(2) -0.082 0.09 0.353 yind_2(2) -0.347 0.04 0.000 

yind_3(0) -0.052 0.08 0.501 yind_3(0) -0.119 0.06 0.064 

yind_3(1) 0.314 0.12 0.012 yind_3(1) 0.267 0.14 0.056 

yind_3(2) -0.018 0.10 0.856 yind_3(2) 0.247 0.05 0.000 

yind_4(0) -0.057 0.05 0.296 yind_4(0) -0.031 0.05 0.535 

yind_4(1) -0.319 0.10 0.002 yind_4(1) -0.325 0.15 0.036 

yind_4(2) 0.527 0.11 0.000 yind_4(2) 0.458 0.06 0.000 

opg(0) 0.008 0.00 0.087 opv(0) -0.002 0.00 0.000 

opg(1) 0.015 0.01 0.078 opv(1) 0.000 0.00 0.255 

opg(2) -0.010 0.01 0.186 opv(2) -0.003 0.00 0.000 

opg_1(0) 0.002 0.00 0.689 opv_1(0) 0.001 0.00 0.002 

opg_1(1) 0.032 0.01 0.000 opv_1(1) 0.000 0.00 0.896 
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Table 4.21. Markov-Switching models with exogenous OPG and OPV in US (continued) 

MSI(3) -AR(4) Coef. Std. 

error 

Prob MSIH(3)-

AR(4) 

Coef. Std. 

error 

Prob 

opg_1(2) -0.094 0.01 0.000 opv_1(2) -0.001 0.00 0.000 

opg_2(0) -0.007 0.00 0.058 opv_2(0) 0.000 0.00 0.359 

opg_2(1) -0.029 0.01 0.017 opv_2(1) 0.000 0.00 0.095 

opg_2(2) -0.035 0.02 0.024 opv_2(2) 0.001 0.00 0.000 

opg_3(0) 0.010 0.00 0.024 opv_3(0) -0.000 0.00 0.931 

opg_3(1) -0.010 0.01 0.090 opv_3(1) -0.001 0.00 0.001 

opg_3(2) 0.073 0.02 0.001 opv_3(2) 0.001 0.00 0.001 

opg_4(0) -0.003 0.00 0.517 opv_4(0) 0.000 0.00 0.849 

opg_4(1) -0.052 0.01 0.000 opv_4(1) -0.000 0.00 0.806 

opg_4(2) 0.053 0.02 0.006 opv_4(2) -0.001 0.00 0.000 

Sigma 0.63 0.04 --- sigma(0) 0.60 0.04 --- 

--- --- --- --- sigma(1) 0.92 0.13 --- 

--- --- --- --- sigma(2) 0.25 0.04 --- 

log-likelihood: -228.58 log-likelihood: -217.46 

AIC: 2.83 AIC: 2.72 

SBC: 3.45 SBC: 3.36 

Linearity LR-test =   117.53 [0.0000] Linearity LR-test =   132.10 [0.0000] 

Normality (prob): 1.46 (0.48) Normality (prob): 0.98 (0.61) 

ARCH (prob): 0.50 (0.48) ARCH (prob): 0.33 (0.57) 

Portmanteau (prob): 9.56 (0.73) Portmanteau (prob): 9.22 (0.76) 

 

The results on transition probabilities of MSIH(3)-AR(4) considering the logarithmic changes 

of the oil price are presented in Table 4.22, Figure 4.13, and Appendix B-13. Accordingly, the 

persistence probability was 95%, 67%, and 70% in the first, second, and third regimes, 

respectively. In other words, the first, second, and third regimes accounted for 140 seasons 

(75%), 24 seasons (13%), and 23 seasons (12%), respectively. 

Table 4.23 and figure 4.14 show the transition probabilities of MSIH(3)-AR(4) considering 

OPV. According to the results, the persistence probability in the first regime was 94% and 

accounted for 136 seasons (72%). The persistence probability in the second regime is 

approximately 69%, and this regime accounts for 30 seasons (16%). Finally, the persistence 
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probability in the regime with a high growth rate is approximately 54%, and this regime 

accounts for 21 seasons (11%) of the whole study period.  

Table 4.22. Transition probabilities of OPG exogenous variable- MSI(3)-AR(4)-US 

 Regime 0,t Regime 1,t Regime 2,t 

Regime 0,t+1 0.95228 0.05071 0.26268 

Regime 1,t+1 0.04772 0.67521 0.03735 

Regime 2,t+1 0.00000 0.27408 0.69997 

 

Table 4.23. Transition probabilities of OPV exogenous variable- MSIH(3)-AR(4)-US 

 Regime 0,t Regime 1,t Regime 2,t 

Regime 0,t+1 0.94389 0.00000 0.38208 

Regime 1,t+1 0.05611 0.69163 0.07209 

Regime 2,t+1 0.00000 0.30837 0.54582 

 

 

Fig 4.13. Smoothed probabilities of OPG exogenous variable- MSI(3)-AR(4)-US 
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Fig 4.14. Smoothed probabilities of OPV exogenous variable- MSIH(3)-AR(4)-U.S 

4-4- Conclusion 

Using the Markov Switching approach, this study sought to examine the impact of oil price 

changes on industrial production growth in G7 countries including the United States, the United 

Kingdom, Japan, Italy, Germany, France, and Canada during the first quarter of 1970 through 

the fourth quarter of 2017. To this end, logarithmic transformation of oil price changes and oil 

price volatilities were extracted using GARCH (p, q) and were employed as oil price proxies. 

The estimations results for the Markov Switching model for the 7 countries under study 

strongly emphasize the nonlinear relationship between oil prices and industrial output. 

Moreover, the diagnostic test results showed that the dataset exhibits no heteroskedasticity and 

serial correlation was not detected and the errors are normally distributed. 

The results of model estimation indicate that logarithmic transformation of oil price changes 

have a positive and significant impact on industrial production except for the US and Italy with 

the negative impact being larger at longer lags. In general, all lags and regimes confirm a 

positive impact of oil price changes. Thus, with some minor exceptions, it can be stated that 

the logarithmic changes of oil prices have a negative impact on industrial production growth 

in the long run, though having a positive effect in the short run. The results of the estimated 

coefficients for countries vary across lags and regimes and also are very contradictory, which 

can be attributed to changes in the structure of industrial production and their sensitivity to oil. 
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Although the G7 countries except Canada are importers of oil, they are host to some major 

companies involved in the oil related industries whose operations are run mostly in countries 

endowed with rich oil reserves. For example, the British Royal Dutch Shell and BP companies, 

Total SA of France, Eni Italy, Japan's JX Holdings, and the US Exxon Mobile and Cheveron 

companies have been active in various fields such as exploration and extraction of oil. 

Following a rise in oil prices, the demand for investment in oil-exporting countries (especially 

developing countries) sharply increases, which revs up activities and thereby profit of 

companies in the oil industry.  It should also be acknowledged that over the past four decades, 

the G7 industrial production dependence on oil as an energy input has decreased, and the 

accelerated increase in global oil demand is due more to production and demand in emerging 

countries (Osho et al. 2005). 

On the other hand, the results show that oil price volatilities have had negative effects on all 

G7 countries. Observing the data on oil price volatilities (Appendix A) reveals sharp rises and 

falls in oil prices. Therefore, it can be stated that large upward/downward oil price movements 

cause heightened uncertainty and also make risk management more complicated and thereby 

curtail industrial production growth of G7 countries. However, minor oil price changes do not 

have considerable impact on industrial production growth and can be mitigated by risk 

management. 

Our results suggest that the vast amount of diversity in empirical findings stems from various 

reasons including the proxies used for oil prices, differences in the economic structure of the 

countries under scrutiny and the structural changes these economies have been exposed to, 

which can dominate the nature of oil price-industrial production relationship over time.  
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Appendix B 

B2.1. Regime classification based on smoothed probabilities of OPG exogenous variable- 

MSIH(2)-AR(4)- Canada 

Regime 0 quarters avg.prob. Regime 1 quarters avg.prob. 

1971(2) - 1971(2) 1 1.000 1971(3) - 1971(3) 1 0.646 

1971(4) - 1972(1) 2 1.000 1972(2) - 1972(4) 3 0.872 

1973(1) - 1976(4) 16 0.989 1977(1) - 1977(1) 1 0.630 

1977(2) - 1978(2) 5 0.966 1978(3) - 1978(4) 2 0.660 

1979(1) - 1980(1) 5 0.910 1980(2) - 1980(3) 2 0.942 
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1980(4) - 1980(4) 1 1.000 1981(1) - 1981(3) 3 0.807 

1981(4) - 1984(1) 10 0.963 1984(2) - 1984(2) 1 0.989 

1984(3) - 1986(1) 7 0.872 1986(2) - 1986(2) 1 0.750 

1986(3) - 1986(4) 2 0.841 1987(1) - 1987(3) 3 0.742 

1987(4) - 1987(4) 1 1.000 1988(1) - 1988(1) 1 0.565 

1988(2) - 1990(1) 8 0.917 1990(2) - 1990(3) 2 0.769 

1990(4) - 1996(2) 23 0.858 1996(3) - 1997(1) 3 0.705 

1997(2) - 1998(3) 6 0.785 1998(4) - 1998(4) 1 0.689 

1999(1) - 2008(3) 39 0.923 2008(4) - 2009(3) 4 0.983 

2009(4) - 2011(2) 7 0.988 2011(3) - 2011(3) 1 0.741 

2011(4) - 2016(1) 18 0.924 2016(2) - 2016(3) 2 0.999 

2016(4) - 2017(4) 5 0.977 --- --- --- 

156 quarters (83.42%) with average duration 

of 9.18 quarters. 

31 quarters (16.58%) with average duration of 1.94 

quarters. 

 

 

B2.2. Regime classification based on smoothed probabilities of OPV exogenous variable- 

MSIH(3)-AR(1)- Canada 

Regime 0 qua Av.prob Regime 1 qua av.prob Regime 2 qua Av.pro 

1973(2) - 

1974(3) 

6 0.986 1974(4) - 

1974(4) 

1 1.000 1971(2) - 

1973(1) 

8 0.940 

1976(2) - 

1980(1) 

16 0.970 1980(2) - 

1980(3) 

2 0.896 1975(1) - 

1976(1) 

5 0.809 

1981(1) - 

1981(3) 

3 0.986 1981(4) - 

1982(4) 

5 0.959 1980(4) - 

1980(4) 

1 0.985 

B2.2. Regime classification based on smoothed probabilities of OPV exogenous variable- 

MSIH(3)-AR(1)- Canada (continued) 

Regime 0 qua Av.prob Regime 1 qua av.prob Regime 2 qua Av.pro 

1984(3) - 

2000(4) 

66 0.998 2001(1) - 

2001(4) 

4 0.997 1983(1) - 

1984(2) 

6 0.961 

2002(2) - 

2008(3) 

26 1.000 2008(4) - 

2009(3) 

4 0.882 2002(1) - 

2002(1) 

1 1.000 

2010(2) - 

2016(1) 

24 0.976 2016(2) - 

2016(2) 

1 0.997 2009(4) - 

2010(1) 

2 0.788 
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2016(4) - 

2017(4) 

5 1.000 --- --- --- 2016(3) - 

2016(3) 

1 0.997 

146 quarters (78.07%) with 

average duration of 20.86 

quarters. 

17 quarters (9.09%) with average 

duration of 2.83 quarters. 

24 quarters (12.83%) with 

average duration of 3.43 

quarters. 

 

B2.3. Regime classification based on smoothed probabilities of OPG exogenous variable- MSI(3)-

AR(1)- France 

Regime 0 qua Av.prob Regime 1 qua av.prob Regime 2 qua Av.pro 

1980(1) - 

1988(4) 

36 0.977 1971(2) - 

1971(2) 

1 0.915 1971(3) - 

1974(3) 

13 0.980 

1990(4) - 

2008(1) 

70 0.984 1974(4) - 

1975(2) 

3 0.994 1975(3) - 

1976(4) 

6 0.891 

2009(4) - 

2017(4) 

33 0.993 1977(1) - 

1977(4) 

4 0.812 1978(1) - 

1978(2) 

2 0.974 

--- --- --- 1978(3) - 

1978(3) 

1 0.976 1978(4) - 

1979(3) 

4 0.954 

--- --- --- 1979(4) - 

1979(4) 

1 0.983 1989(1) - 

1990(2) 

6 0.764 

--- --- --- 1990(3) - 

1990(3) 

1 0.999 --- --- --- 

--- --- --- 2008(2) - 

2009(3) 

6 0.973 --- --- --- 

139 quarters (74.33%) with 

average duration of 46.33 

quarters. 

17 quarters (9.09%) with average 

duration of 2.43 quarters. 

31 quarters (16.58%) with 

average duration of 6.20 

quarters. 

 

 

 

B2.4. Regime classification based on smoothed probabilities of OPV exogenous variable- 

MSMH(2)-AR(4)- France 

Regime 0 quarters avg.prob. Regime 1 quarters avg.prob. 

1971(2) - 

1989(4) 

75 0.970 1990(1) - 1990(3) 3 0.917 

1990(4) - 

2008(2) 

71 0.981 2008(3) - 2009(3) 5 0.940 
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2009(4) - 

2017(4) 

33 0.984 --- --- --- 

179 quarters (95.72%) with average 

duration of 59.67 quarters. 

8 quarters (4.28%) with average duration of 4.00 

quarters. 

 

B2.4. Regime classification based on smoothed probabilities of OPG exogenous variable- 

MSIH(3)-AR(4)- Germany 

Regime 0 qua Av.prob Regime 1 qua av.prob Regime 2 qua Av.pro 

1973(1) - 

1982(4) 

40 1.000 1971(2) - 

1971(3) 

2 0.999 1971(4) - 

1972(1) 

2 1.000 

1984(4) - 

1991(4) 

29 1.000 1972(2) - 

1972(2) 

1 0.998 1972(3) - 

1972(4) 

2 0.984 

1992(4) - 

2008(1) 

62 1.000 1983(1) - 

1983(1) 

1 1.000 1983(2) - 

1983(4) 

3 1.000 

2010(3) - 

2017(4) 

30 1.000 1984(1) - 

1984(2) 

2 0.999 1984(3) - 

1984(3) 

1 1.000 

--- --- --- 1992(1) - 

1992(2) 

2 0.989 1992(3) - 

1992(3) 

1 1.000 

--- --- --- 2008(2) - 

2008(3) 

2 0.993 2008(4) - 

2008(4) 

1 1.000 

--- --- --- 2009(1) - 

2009(1) 

1 1.000 2009(2) - 

2010(2) 

5 1.000 

161 quarters (86.10%) with 

average duration of 40.25 

quarters. 

11 quarters (5.88%) with average 

duration of 1.57 quarters. 

15 quarters (8.02%) with 

average duration of 2.14 

quarters. 

 

 

B2.6. Regime classification based on smoothed probabilities of OPV exogenous variable- 

MSIH(3)-AR(1)- Germany 

Regime 0 qua Av.prob Regime 1 qua av.prob Regime 2 qua Av.pro 

1971(2) - 

1975(2) 

17 0.994 1975(3) - 

1975(3) 

1 0.720 1975(4) - 

1976(1) 

2 0.667 

1976(2) - 

1982(2) 

25 0.988 1982(3) - 

1982(4) 

2 0.777 1984(3) - 

1984(3) 

1 1.000 

1983(1) - 

1984(1) 

5 1.000 1984(2) - 

1984(2) 

1 1.000 2009(1) - 

2011(1) 

9 0.911 
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1984(4) - 

1991(3) 

28 0.985 1991(4) - 

1993(2) 

7 0.887 --- --- --- 

1993(3) - 

2008(3) 

61 0.998 2008(4) - 

2008(4) 

1 1.000 --- --- --- 

2011(2) - 

2017(4) 

27 0.987 --- --- --- --- --- --- 

163 quarters (87.17%) with 

average duration of 27.17 

quarters. 

12 quarters (6.42%) with average 

duration of 2.40 quarters. 

12 quarters (6.42%) with 

average duration of 4.00 

quarters. 

 

B2.7. Regime classification based on smoothed probabilities of OPG exogenous variable- 

MSIH(3)-AR(3)- Italy 

Regime 0 qua Av.prob Regime 1 qua av.prob Regime 2 qua Av.pro 

1980(4) - 

2008(1) 

110 0.985 1973(3) - 

1975(3) 

9 0.997 1971(2) - 

1973(2) 

9 0.974 

2010(1) - 

2017(4) 

32 0.966 1977(1) - 

1978(1) 

5 0.910 1975(4) - 

1976(4) 

5 0.966 

--- --- --- 1980(3) - 

1980(3) 

1 0.999 1978(2) - 

1980(2) 

9 0.925 

--- --- --- 2008(2) - 

2009(4) 

7 0.927 --- --- --- 

142 quarters (75.94%) with 

average duration of 71.00 

quarters. 

22 quarters (11.76%) with 

average duration of 5.50 quarters. 

23 quarters (12.30%) with 

average duration of 7.67 

quarters. 

 

 

 

B2.8. Regime classification based on smoothed probabilities of OPV exogenous variable- 

MSMH(3)-AR(3)- Italy 

Regime 0 qua Av.prob Regime 1 qua av.prob Regime 2 qua Av.pro 

2001(3) - 

2007(3) 

25 0.944 1971(2) - 

1973(2) 

9 0.962 1973(3) - 

2001(2) 

112 0.988 

2013(1) - 

2017(4) 

20 0.952 2007(4) - 

2009(2) 

7 0.940 2009(3) - 

2012(4) 

14 0.952 

45 quarters (24.06%) with 

average duration of 22.50 

quarters. 

16 quarters (8.56%) with average 

duration of 8.00 quarters. 

126 quarters (67.38%) with 

average duration of 63.00 

quarters. 
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B2.9. Regime classification based on smoothed probabilities of OPG exogenous variable- 

MSIH(2)-AR(4)- Japan 

Regime 0 quarters avg.prob. Regime 1 quarters avg.prob. 

1971(2) - 

1974(1) 

12 0.979 1974(2) - 1975(2) 5 0.992 

1975(3) - 

2000(4) 

102 0.980 2001(1) - 2001(3) 3 0.642 

2001(4) - 

2008(1) 

26 0.969 2008(2) - 2010(1) 8 0.954 

2010(2) - 

2010(4) 

3 0.723 2011(1) - 2012(2) 6 0.939 

2012(3) - 

2014(1) 

7 0.890 2014(2) - 2014(2) 1 0.516 

2014(3) - 

2017(4) 

14 0.984 --- --- --- 

164 quarters (87.70%) with average 

duration of 27.33 quarters. 

23 quarters (12.30%) with average duration of 4.60 

quarters. 

 

 

 

 

 

 

B2.10. Regime classification based on smoothed probabilities of OPV exogenous variable- MSI(3)-

AR(6)- Japan 

Regime 0 qua Av.prob Regime 1 qua av.prob Regime 2 qua Av.pro 

1976(3) - 

2000(4) 

98 0.994 1971(4) - 

1971(4) 

1 0.837 1972(1) - 

1972(4) 

4 0.746 

2001(3) - 

2008(1) 

27 0.979 1973(1) - 

1973(1) 

1 0.992 1973(2) - 

1974(3) 

6 0.804 

2012(4) - 

2014(1) 

6 0.970 1974(4) - 

1975(3) 

4 0.874 1975(4) - 

1976(1) 

2 0.858 

2014(3) - 

2017(4) 

14 0.998 1976(2) - 

1976(2) 

1 0.922 2009(2) - 

2010(3) 

6 1.000 
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--- --- --- 2001(1) - 

2001(2) 

2 0.809 2011(3) - 

2012(1) 

3 0.939 

--- --- --- 2008(2) - 

2009(1) 

4 0.940 --- --- --- 

--- --- --- 2010(4) - 

2011(2) 

3 0.952 --- --- --- 

--- --- --- 2012(2) - 

2012(3) 

2 0.771 --- --- --- 

--- --- --- 2014(2) - 

2014(2) 

1 0.856 --- --- --- 

145 quarters (78.38%) with 

average duration of 36.25 

quarters. 

19 quarters (10.27%) with 

average duration of 2.11 quarters. 

21 quarters (11.35%) with 

average duration of 4.20 

quarters. 

 

 

 

 

 

 

 

 

 

B2.11. Regime classification based on smoothed probabilities of OPG exogenous variable- 

MSI(3)-AR(4)- UK 

Regime 0 qua Av.prob Regime 1 qua av.prob Regime 2 qua Av.pro 

1971(2) - 

1971(4) 

 3 1.000 1972(1) - 1972(1) 1 1.000 1972(2) - 

1972(4) 

3 0.968 

1973(2) - 

1973(4) 

 3 0.847 1973(1) - 1973(1) 1 0.706 1974(2) - 

1974(3) 

2 1.000 

1975(3) - 

1976(3) 

 5 0.907 1974(1) - 1974(1) 1 1.000 1976(4) - 

1977(2) 

3 0.856 

1979(1) - 

1979(1) 

 1 0.864 1974(4) - 1975(2) 3 0.991 1977(4) - 

1978(3) 

4 0.739 

1979(4) - 

1979(4) 

 1 1.000 1977(3) - 1977(3) 1 0.933 1979(2) - 

1979(2) 

1 1.000 
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1980(4) - 

1984(1) 

14 0.964 1978(4) - 1978(4) 1 0.659 1985(1) - 

1985(3) 

3 0.999 

1984(3) - 

1984(4) 

 2 0.849 1979(3) - 1979(3) 1 1.000 --- --- --- 

1986(1) - 

1990(2) 

18 0.949 1980(1) - 1980(3) 3 0.889 --- --- --- 

1990(4) - 

2008(3) 

72 0.982 1984(2) - 1984(2) 1 0.988 --- --- --- 

2009(2) - 

2012(3) 

14 0.996 1985(4) - 1985(4) 1 0.984 --- --- --- 

2013(1) - 

2017(4) 

20 0.985 1990(3) - 1990(3) 1 0.796 --- --- --- 

--- --- --- 2008(4) - 2009(1) 2 1.000 --- --- --- 

--- --- --- 2012(4) - 2012(4) 1 0.773 --- --- --- 

153 quarters (81.82%) with 

average duration of 13.91 

quarters. 

18 quarters (9.63%) with average 

duration of 1.38 quarters. 

16 quarters (8.56%) with 

average duration of 2.67 

quarters. 

 

 

 

 

 

 

B2.12. Regime classification based on smoothed probabilities of OPV exogenous variable- 

MSMH(2)-AR(4)- UK 

Regime 0 quarters avg.prob. Regime 1 quarters avg.prob. 

1971(2) - 

1971(4) 

3 0.873 1972(1) - 1972(4) 4 0.772 

1973(1) - 

1973(4) 

4 0.869 1974(1) - 1974(2) 2 1.000 

1974(3) - 

1976(3) 

9 0.905 1976(4) - 1977(1) 2 0.785 

1977(2) - 

1979(1) 

8 0.829 1979(2) - 1980(3) 6 0.890 

1980(4) - 

1984(1) 

14 0.918 1984(2) - 1985(3) 6 0.926 



 

104 

 

1985(4) - 

2008(3) 

92 0.958 2008(4) - 2009(1) 2 1.000 

2009(2) - 

2017(4) 

35 0.953 --- --- --- 

165 quarters (88.24%) with average 

duration of 23.57 quarters. 

22 quarters (11.76%) with average duration of 3.67 

quarters. 

 

 

 

 

 

 

 

 

 

 

 

 

 

B2.13 Regime classification based on smoothed probabilities of OPG exogenous variable- MSI(3)-

AR(4)- US 

Regime 0 qua Av.prob Regime 1 qua av.prob Regime 2 qua Av.pro 

1974(2) - 

1974(3) 

2 0.995 1971(2) - 

1971(2) 

1 0.997 1971(3) - 

1974(1) 

11 0.992 

1975(4) - 

1977(4) 

9 0.971 1974(4) - 

1975(2) 

3 1.000 1975(3) - 

1975(3) 

1 1.000 

1979(3) - 

1980(1) 

3 0.995 1978(1) - 

1978(1) 

1 1.000 1978(2) - 

1979(2) 

5 0.852 

1983(3) - 

1990(2) 

28 0.993 1980(2) - 

1980(3) 

2 1.000 1980(4) - 

1981(1) 

2 0.855 

1991(1) - 

2007(3) 

67 0.981 1981(2) - 

1982(4) 

7 0.910 1983(1) - 

1983(2) 

2 0.914 
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2009(4) - 

2017(2) 

31 0.964 1990(3) - 

1990(3) 

1 0.966 1990(4) - 

1990(4) 

1 0.966 

--- --- --- 2007(4) - 

2009(3) 

8 0.926 2017(4) - 

2017(4) 

1 0.628 

--- --- --- 2017(3) - 

2017(3) 

1 0.640 --- --- --- 

140 quarters (74.87%) with 

average duration of 23.33 

quarters. 

24 quarters (12.83%) with 

average duration of 3.00 quarters. 

23 quarters (12.30%) with 

average duration of 3.29 

quarters. 

 

 

 

 

 

 

 

 

 

 

 

B2.14. Regime classification based on smoothed probabilities of OPV exogenous variable- 

MSIH(3)-AR(4)- US 

Regime 0 qua Av.prob Regime 1 qua av.prob Regime 2 qua Av.pro 

1973(1) - 

1973(4) 

4 0.903 1974(1) - 

1975(1) 

5 0.912 1971(2) - 

1972(4) 

7 0.925 

1975(4) - 

1977(3) 

8 0.952 1977(4) - 

1978(1) 

2 0.772 1975(2) - 

1975(3) 

2 1.000 

1978(3) - 

1980(1) 

7 0.981 1980(2) - 

1980(3) 

2 1.000 1978(2) - 

1978(2) 

1 1.000 

1983(3) - 

1990(4) 

30 0.979 1981(1) - 

1982(4) 

8 1.000 1980(4) - 

1980(4) 

1 1.000 

1991(3) - 

1991(3) 

1 0.638 1991(1) - 

1991(1) 

1 1.000 1983(1) - 

1983(2) 

2 0.947 
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1992(3) - 

2000(3) 

33 0.978 1991(4) - 

1992(1) 

2 0.655 1991(2) - 

1991(2) 

1 0.998 

2002(2) - 

2007(4) 

23 0.963 2000(4) - 

2001(4) 

5 0.870 1992(2) - 

1992(2) 

1 0.797 

2010(1) - 

2017(2) 

30 0.996 2008(1) - 

2008(4) 

4 0.898 2002(1) - 

2002(1) 

1 0.969 

--- --- --- 2017(3) - 

2017(3) 

1 0.913 2009(1) - 

2009(4) 

4 0.897 

--- --- --- --- --- --- 2017(4) - 

2017(4) 

1 0.908 

136 quarters (72.73%) with 

average duration of 17.00 

quarters. 

30 quarters (16.04%) with 

average duration of 3.33 quarters. 

21 quarters (11.23%) with 

average duration of 2.10 

quarters. 
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Chapter 5 

The Impact of Oil Price changes on Industrial 

Production: A Smooth-Transition Approach 
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Introduction 

Wide fluctuations in oil prices have played an important role in driving recessions in global 

economy and crude oil has become one of the main indicators of economic activity. Key post-

World-War-II oil shocks include the Suez Crisis of 1956-57, the OPEC oil embargo of 1973-

1974, the Iranian revolution of 1978-1979, the Iran-Iraq War initiated in 1980, the first Persian 

Gulf War in 1990-91, and the oil price spike of 2007-2008 (Hamilton 2011). A large body of 

research suggests that oil price volatilities have considerable consequences on economic 

activity (Hamilton, 2008; Kilian, 2008; Donayre and Wilmot, 2016; Lorusso and Pieroni, 

2018). 

As stated in the previous chapter, economic growth asymmetric response to oil price changes 

in different periods has justified the application of nonlinear models (Mork, 1989; Hamilton, 

2003; Kilian and Vigfusson, 2011). In addition, the global economy has witnessed considerable 

oil shocks, e.g. oil price hike of 2007 and early 2008, sustained decline in oil prices in late 2008 

as well as the collapse in oil prices in 2015. Recent oil shocks along with developments in 

financial markets following the 2007-2008 financial crisis has rekindled academic and policy 

interest in the asymmetric effects of oil price changes on macroeconomic variables. (Cheikh et 

al, 2018).  

Mork (1989) showed that while an oil price increase has a negative and significant impact, the 

decline in oil prices has no significant effect.In the previous chapter, the impact of oil price 

changes on industrial production cycles was examined using the Markov Switching approach 

as one of the aspects of asymmetric behavior. That is, the industrial production response in 

periods of high growth, low growth, as well as moderate growth against oil price changes was 

assessed. In this chapter, another aspect of the asymmetric and nonlinear relationship is 

considered, in which the impact of oil price changes on industrial production growth will be 

assessed by considering the threshold role of oil price changes. The main purpose and 

motivation of this chapter is influenced by the fact that while rising oil prices will reduce 

economic performance, but lower oil prices will improve economic performance but at a lower 

degree, which indicates a non-linear and asymmetric effect (Rodríguez and Sánchez, 2005; 
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Kilian and Vigfusson, 2011)9. However, so far most studies using nonlinear transformations 

such as separation of positive and negative oil price variations as two separate variables have 

evaluated the asymmetric relationship between oil price and economic performance in the 

framework of a linear regression model. Studies that have examined the asymmetric and 

nonlinear relationship have also failed to answer the important question that, although the 

response of economic performance to positive and negative oil price changes is different, does 

the response of economic performance to large positive change and small positive change 

differ? To what ratio? Does this mean that a coefficient can show how oil price changes affect 

industrial production, or are their coefficients different? If the response of industrial production 

to large and small oil price variations is different, linear regression models are unable to address 

this problem. To evaluate and investigate this problem, smooth transition regression models 

are employed as a more efficient and applicable method (Huang et al, 2005; Alimi and Aflouk, 

2017). 

In this regard, this paper contributes to the literature on the effects of oil price changes for G-7 

countries by looking at the effects of oil price changes on industrial production using a smooth 

transition approach. Introduced by Ter¨asvirta and Anderson (1992), smooth transition 

approach is a useful model to capture nonlinear features usually observed in economic and 

financial time series. In contrast to transition autoregressive (TAR) models which suggest that 

the regime switch is abrupt or discontinuous, smooth transition autoregressive (STAR) model 

assumes that the regime switch happens gradually in a smooth manner. Thus, STAR models 

can be used to determine threshold values10 and to describe the non-linear dynamics of oil 

price-industrial production relationship. Two major features of STAR models are as follows: 

1) the model allows for continuous modeling of non-linearity using transition function, 

transition variable, threshold value and slope parameter; 2) the models allows for not only the 

calculation of the number of regime switches but also the speed of transition from one regime 

to another. In other words, within a STAR model the regimes are allowed to switch smoothly 

according to the magnitude of a weakly exogenous variable relative to a threshold value. 

 

9 It should be noted that an increase in oil prices leads to a decrease in economic activity in net oil-importing 

countries, which are highly dependent on oil imports. On the other hand, rising oil prices bode well for net oil 

exporters meaning 

10 For example, in the literature on environmental economics, this feature of the STR model has been used to 

determine the level of per capita income in the environmental Kuznets curve in order to test the existence of an 

inverted U relation between per capita income and environmental pollution . 
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Therefore, by identifying the threshold values, one can examine the industrial production 

response to oil price shocks either beyond or below a certain threshold value.  

The remainder of this paper is organized as follows: section 2 provides review of literature, 

section 3 outlines data and methodology of smooth transition approach, section 4 presents the 

empirical findings and section 5concludes.  

5-1- Review of literature 

The macroeconomic impact of oil price changes has emerged as one of the most important 

issues in the extensive literature of energy economics since the mid-seventies, when the oil 

crisis of 1973-74 took place. While earlier studies used linear specifications of oil prices, non-

linear transformations of oil prices were adopted later to specify an econometric model that can 

capture asymmetric responses to positive and negative oil price innovations. However, 

conventional asymmetric models building on the distinction between oil price increases and oil 

price decreases did not appear to fit the U.S. data. In response to this issue, more recent studies 

have adopted Markov-switching and smooth transition methods. We end this section by a brief 

review of empirical literature with regards to the application of STAR models to oil price-

macroeconomy relationship.  

Using a threshold regression approach, Huang et al (2005) investigated the impact of oil price 

changes on industrial production changes in the United States, Canada, and Japan. The results 

of their study show that, first, the threshold levels of percentages of oil price changes in vary 

among different countries; Second, for changes below the threshold level, the effect of oil price 

is smaller; Third, compared to oil price volatilities, oil price changes better explain the behavior 

of macroeconomic variables. 

Ho and Huang (2016) investigate the causality relationships between WTI crude oil prices and 

stock indexes of China using a threshold autoregressive model and find that, being the second 

largest oil importer, the stock index is able to have impacts on the WTI oil price in China. 

Alimi and Aflouk (2017) investigate the effects of positive and negative oil price shocks on 

economic growth in GCC economies over the period 1980 - 2015, using the Panel Smooth 

Transition Regression (PSTR) model. Their findings confirm that firstly, the relationship 

between economic growth and oil price shocks is non-linear and it is characterized by the 

presence of a threshold effect. Secondly, the effect of the oil price shock is larger than as long 

as it is below the threshold level. 
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Cheikh et al, (2018) examine the effect of oil price changes on Gulf Cooperation Council 

(GCC) stock markets using nonlinear smooth transition regression (STR) models. Their 

empirical results reveal that while GCC stock markets do not have similar sensitivities to oil 

price changes, stock market returns have asymmetric reactions to oil price shocks. 

The literature review highlights three points: First, the impact of oil price changes on 

macroeconomic variables follows a non-linear and asymmetric pattern. That is, while positive 

oil price changes exert a large impact on economic growth, negative oil price changes have a 

small impact on economic growth. Second, few studies have used nonlinear econometric 

approaches that can model the nature of the asymmetric relationship between oil price changes 

and economic growth. Third, empirical studies based on nonlinear approaches have generally 

focused on the impact of oil price changes on economic growth or the stock market and have 

paid less attention to industrial production. Therefore, in an effort to bridge these gaps, this 

study aims atinvestigating the impact of oil price changes on industrial production growth in 

G7 countries  by applying a smooth transmission regression approach as one of the most 

prominent nonlinear econometric models.   

 

5-2- Methodology  

The nonlinear relationship between the oil prices and economic performance has long been 

emphasized in the economic literature, and various econometric approaches have been 

proposed to specify nonlinear dynamics among these variables. The role and threshold effects 

of oil price changes on the formation of nonlinear relations is among interesting issues in the 

economic literature, which presents new aspects of nonlinear dynamics in the relationship 

between the oil prices and economic performance (Popadiro, 2009; Ho and Han, 2016; Alimi 

and Afluk, 2017; Cheikh et al., 2018). In this regard, the smooth transition regression model is 

considered as a flexible nonlinear approach for regime-switching and can be considered as an 

effective tool for determining the threshold levels of regime-switching and dynamic analysis 

of oil prices and economic performance.  

 

 

 

 



 

112 

 

5-2-1- Smooth transition regression model 

In order to explain the smooth transition regression model developed by Terasvirta and 

Anderson (1992) and Terasvirta (1994 and 1998), the standard form of the STR model is 

defined as follows: 

(5.1) yt = ϕ′zt + 𝜃′𝑧𝑡𝐺(𝛾, 𝑐, 𝑠𝑡) + 𝑢𝑡 

= {𝜙 + 𝜃𝐺(𝛾, 𝑐, 𝑠𝑡)}′𝑧𝑡 + 𝑢𝑡,   𝑡 = 1, … , 𝑇, 

Where zt = (wt
′, xt

′)′is the vector of explanatory variables that contains wt
′ =

(1, yt−1, … , yt−p)′ as the lags of endogenous variable, and xt = (x1t, … , xkt)′ as the vector of 

exogenous variables. In addition, ϕ = (ϕ0, ϕ1, … , ϕm)′and θ = (θ0, θ1, … , θm)′ which are, 

respectively, the estimated parameters of linear and nonlinear parts of the model, and the 

remaining component are distributed normally and independently with a zero mean and a 

constant varianceut~iid(0, σ2). The transition function G (γ, c, st) is also a continuous and 

bounded function between zero and one, in which γ is the slope parameter representing the 

transition rate from one regime to another, c is the threshold parameter which indicates the 

point at which regime-switching happens and st is the transition variable, which is usually one 

of the explanatory variables or a time trend.  

When the transfer function takes on a zero value G (γ, c, st) = 0, Equation (5.1) becomes a 

linear regression where the coefficients ϕ 'zt are estimated. Conversely, if the transfer function 

has a value of G (γ, c, st) = 1, the regression coefficients include ϕ ' zt + θ ' zt. Note that the 

transition function switches between zero and one, which causes the regression coefficients to 

change depending on the values of slope parameter (γ), threshold values (c), and observations 

of the transition variable (st). This means that as the value of transition variable observations 

increases (in this study oil price changes) the transition function gradually tends to one, if the 

transition variable observations are less than the threshold parameter, the estimated coefficients 

are close to the values of ϕ 'zt. Conversely, if the observations of the transition variable are 

larger than threshold parameter, the coefficients change to ϕ 'zt + θ ' zt. Also note that the slope 

parameter plays an important role when the transition function switches from zero to one. that 

is, as the slope parameter tends to one, transition between regimes is quite smooth, but for 

values larger than 10, transition between regimes is sharp and the STR model gives the TR 

model.  
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Note that in this study, oil price changes were used as the transition variable (St). Obviously, 

the threshold parameter (c) is a numerical value of oil price changes that is considered as the 

threshold of the regime change. It should be noted that the regime in STR models refers to 

observations of transition variable value of which are either greater or smaller than that of 

threshold value. For example, in this study, the observations of the transition variable (oil price 

growth) are placed in the first regime if they are smaller than the estimated threshold value and 

in the second regime if they are greater. Obviously, the process of transition from the first 

regime to the second regime depends on the fact that the observations of the transition variable 

(oil price growth) gradually increase so that they are greater than the estimated threshold value. 

Two general logistic and exponential functions are considered for the transition function, in 

which the logistic model itself includes the LSTR1 and LSTR2 models. The most important 

form of the transition function, i.e. LSTR1, is first considered which is defined as follows: 

(5.2) 
𝐺1(𝛾, 𝑐, 𝑠𝑡) =

1

1 + e−γ(st−c)
 

The transition function G1 is a uniform and asymmetric increasing function of the transition 

variable st, which has two states, zero and one. If the slope parameter (γ) tends to infinity and 

st> c, the transition function value is equal to G1 (γ, c, 𝑠𝑡) = 1, and in the case where st<c, the 

value of the zero-transition function will be G1 (γ, c, 𝑠𝑡) = 0. The slope parameter represents 

the speed of modulating the transition function between two states of zero and one. Thus, if the 

slope parameter reaches infinity, the LSTR1 model is converted to a threshold regression model 

(TR) with two extreme regimes of yt = ϕ′zt + utandyt = (ϕ′ + θ′)zt + ut. If γ = 0, then the 

transition function is constant and equal to G1 (γ, c, 𝑠𝑡) = 0.5, which represents a simple linear 

regression model. 

In the following, the LSTR2 model is investigated, which is a quadratic form of the logistic 

transition function and is defined as follows: 

 

(5.3) 
𝐺2(𝛾, 𝑐1, 𝑐2, 𝑠𝑡) =

1

1 + e−γ(st−c1)(st−c2)
 

 

In the LSTR2 model, symmetric changes are made around the 
𝑐1+c2

2
 point and the minimum 
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value is set to be between zero and 
1

2
. When the slope parameter tends to infinity, the LSTR2 

model transforms into a threshold regression with three extreme regimes so that the two 

external regimes (values less than and equal to st) are the same, the values of transition function 

are equal for them; and the middle regime is different from the two external regimes. In the 

case where the slope parameter is smaller than infinity (γ <∞) and c1 = c2, the transition function 

is equal to 
1

2
. Like the LSTR1 model, in the LSTR2 model, if γ = 0, the model becomes a simple 

linear regression (Van Dijk et al, 2000).  

The third transition function, which is very similar to the LSTR2 model, is the exponential 

smooth transition regression (ESTR), which is defined as follows: 

 

(5.4) 𝐺3(𝛾, 𝑐∗, 𝑠𝑡) = 1 − 𝑒−𝛾(𝑠𝑡−𝑐)2
 

In the ESTR model, the symmetric behavioral transition function is around 𝑠𝑡 = 𝑐∗, and in the 

low and medium values of the slope parameter, it has an approximate shape similar to the 

LSTR2 function, except that the minimum value in this function is zero. The reason for this 

difference is the fact that the value of ESTR model’s transition function parameter is lower 

than that of the LSTR2 model. However, the major difference is in the moderation or 

modification rate of the two models, so that the modulation rate in the ESTR model is much 

higher than that of the LSTR2 model, especially in cases where the distance between c1 and c2 

is high. 

 

5-2-2- Smooth transition regression modeling process 

In this section, the nonlinear relation modeling process is investigated using STR model and 

logistic transition function. Modeling strategies were presented by Terasvirta (1994) and 

developed in the studies of Atrium and Terasvirta (1996) and Terasvirta (1998), which include 

three stages of specification, estimation and validation.  

 

5-2-2-1- Specification 

To specify the model in the first step, the linearity is tested using the F-statistic introduced by 

Luukkonen et al. (1988) and Terasvirta (1998). If the linearity hypothesis is rejected, in the 
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second step, a suitable nonlinear pattern should be selected from the LSTR1, LSTR2 and ESTR 

models. 

Although the linearity test in the STR model can be done by testing the null hypothesis of H0: 

γ = 0 or H0: θ = 0 from equation (5.1), the test statistics of both above hypotheses are non-

standard; because the testing problem is complicated by the presence of unidentified nuisance 

parameters under the null hypothesis. In order to overcome this problem, Lonken et al. (1988) 

and Traversa (1998) proposed the use of Taylor approximation of the transition function. For 

this purpose, the third-order Taylor’s approximation is considered for the transition function G 

(γ, c, st) in terms of the parameter γ around γ = 0.  

Now assume that the transfer variable st is an element of𝑧t = (1, �̃�𝑡
′)′, where �̃�𝑡

′is also a m × 1 

vector. The results of Taylor's linear approximation are defined as auxiliary regression: 

 

(5.5) 
𝑦t = β0

′ zt + ∑ βj
′z̃tst

j
+ ut

∗

3

j=1

, t = 1, … , T 

Under Equation (5.5), the null hypothesis of linearity is shown as H0: β1 = β2 = β3 = 0. The 

rejection of null hypothesis means that there is a nonlinear relationship, otherwise a linear 

specification of the model is valid. In the case of a limited sample size, the power of ᵡ2 statistics 

is reduced. Under such conditions, the use of F statistics with degrees of freedom of 3m and T-

4m-1 is proposed.  

The choice of transition variable is not straightforward, since the underlying economic theory 

or study purpose often gives no clues as to which variable should be taken for the transition 

variable under the alternative. Teräsvirta (1998) suggests testing the null hypothesis of linearity 

for each of the possible transition variables in turn. Of course, in some cases, the transition 

variable can be derived from theoretical foundations, for example in the environmental Kuznets 

curve, which tests an inverse U-relationship between income level and the environment, it is 

clear that per capita income level should be chosen as the transition variable. The candidates 

for the transition variable are usually the explanatory variables and the time trend. If the null is 

rejected for more than one variable, the variable with the strongest rejection of linearity (i.e., 

with the lowest p-value) is chosen for the transition variable. This intuitive and heuristic 

procedure can be justified by observing that the test is most powerful when the alternative 

hypothesis is correctly specified, and this is achieved for the "right" transition variable. It has 
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to be emphasized that one cannot control the overall significance level of the linearity test for 

this heuristic procedure, since several individual tests have to be performed (Kavkler and 

Mikek, 2008). 

Following the rejection of the null hypothesis of linearity, the type of transition function, i.e., 

the first-order logistic function (LSTR1) or quadratic logistic function (LSTR2) or the 

exponential function (ESTR), should be selected. The auxiliary regression defined in Equation 

(5.5) is used to select the type of STR from among the three mentioned models. In fact, the 

vector of the coefficients βj, j = 1,2,3 in the Equation (5.5) is a function of the parameters of 

the STR model defined in Equation (5.1). In order to select the appropriate model, three null 

hypotheses related to the test of the coefficients are stipulated as follows: 

 

𝐻04: 𝛽3 = 0 

𝐻03: 𝛽2 = 0|𝛽3 = 0 

𝐻02: 𝛽1 = 0|: 𝛽2 = 𝛽3 = 0 

 

It is noteworthy that βj are auxiliary regression coefficients related to Taylor expansion in 

Equation (5.5). If the H03 hypothesis is rejected, then the proposed model is LSTR2 or ESTR. 

By testing the hypothesis H0: c1 = c2, one of these two models can be selected, so that the 

rejection of the null hypothesis of this test means that the LSTR2 model is chosen as the optimal 

model; and if H0: c1 = c2 hypothesis is not rejected, the ESTR will be selected. Since the ESTR 

model has fewer parameters than the LSTR2 model, it is generally considered as an alternative 

to the logistic transition function. In fact, it can be said that the ESTR is an approximation of 

LSTR2 due to its higher flexibility than the estimated parameters. However, if the value of the 

slope parameter, i.e. the transition velocity, is higher in the LSTR2 model, or the threshold 

values C1 and C2 are significantly different, then the ESTR model is no longer a good 

approximation of the LSTR2 model. Therefore, if the hypothesis indicating the equality of C1 

and C2, i.e. C1 = C2 is rejected, then the other ESTR model will not be the optimal model for 

estimating the nonlinear relationship between the variables and the LSTR2 model should be 

selected. On the other hand, rejection of the hypotheses H04 and H02 means that the LSTR1 

model is the optimal one. Thus, if the condition of 02 = holds, then the Taylor approximation 
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of the transition function does not depend on the second power (square) and therefore the 

transition function is not parabolic, that is, it does not have a minimum or maximum point. For 

this reason, the non-rejection of the above hypothesis suggests that the optimal model is 

LSTR1. This heuristic decision rule is based on expressing the parameter vectors β1, β2 and 

β3 from auxiliary regression (5.5) as functions of the parameters γ , c (or c1 and c2 ) and θ 

and the first three partial derivatives of the transition function G at the point γ = 0. 

On the other hand, in contrast to the above argument, if the said coefficient is not zero and the 

third-order coefficient is zero, then the approximation of the transition function is proportional, 

in which case the trend of transition function is a quadratic one, which means that it will have 

the critical points of the minimum or maximum type. In other words, the shape of the transition 

function is parabolic, and the optimal model is thus LSTR2 or ESTR. 

It should be noted that if all three test hypotheses are rejected simultaneously, then a hypothesis 

and consequently a model with the lowest p-value will be selected or, in other words, the null 

hypothesis is rejected with greater power. 

 

5-2-2-2- Estimates 

The parameters of the STR model are estimated using the conditional maximum likelihood 

method. The logarithm of likelihood function is numerically maximized. For this purpose, the 

BFGS algorithm with numerical derivatives is used (Hendry 1995). Obtaining the initial or 

initiating values suitable for the algorithm is very important. One solution to obtain these values 

is that when γ and c are fixed in the transition function, we will have a STR model that is linear 

in terms of the parameters. Then we must estimate the remaining parameters φ and θ arbitrarily 

on the values of (γ, c1), or (γ, c1, c2) and calculate the sum of the squares of remainder. This 

process continues for N combinations of these parameters, and finally the values selected for 

the parameter must minimize the sum of the squares of the remainders. 

 

5-2-2-3-Validation 

Like linear models, it is necessary to evaluate the results of estimating the STR model before 

interpreting them. Diagnostic tests are a useful tool for evaluating the quality of the results of 

nonlinear models. For this purpose, Yithrim and Trasorta (1996) and Trasorta (1998) have 

identified some diagnostic tests such as serial correlation, heteroskedasticity and non-linearity. 
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5-3- Data 

In order to examine the impact of oil price changes on industrial production using STR models, 

the seasonal data for the average global oil price and the industrial production index of the G7 

countries from the second quarter of 1970 to the fourth quarter of 2017 were used. To calculate 

oil price growth as a proxy for oil price changes and industrial output growth, we used log 

difference of one period vs. the previous period multiplied by 100. The descriptive statistics 

for oil price and industrial production are illustrated in Tables (5.1) and (5.2). As shown in 

these tables, both variables have a normal distribution. Also the mean, maximum and minimum 

for oil price growth in G7 countries are similar being 1%, 112% and -70% respectively. Oil 

price growth refers to the price change between the current season and the previous season. 

However, data for industrial production vary among G-7 countries with the US and UK having 

the highest (0.52) and lowest (0.19) industrial production growth average. As can be seen, 

compared to industrial production, oil price growth has a larger variance11.  

 

Table 5.1. Descriptive statistics for oil price growth 

Jarque-Bra (prob) Minimum Maximum Median Mean Country 

1219.989 (0.000) -69.3825 112.4747 0.034197 1.134972 Canada 

1186.050 (0.000) -70.80524 113.7416 0.471308 1.003107 France 

1122.680 (0.000) -70.60445 112.2908 0.242123 0.956415 Germany 

1142.419 (0.000) -70.80401 113.1256 0.620981 1.015051 Italy 

882.411 (0.000) -74.29678 108.3288 -0.387531 0.773248 Japan 

1095.327 (0.000) -68.34916 112.0215 0.151771 1.008327 UK 

1361.795 (0.000) -69.62830 112.5791 -0.251179 1.021757 US 

 

 

 

 

 

 

 

11 - see Appendix A 
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Table 5.2. Descriptive statistics for industrial production growth 

Jarque-Bra (prob) Minimum Maximum Median Mean Country 

27.2120 (0.000) -6.42071 4.606623 0.544414 0.496327 Canada 

367.4890 (0.000) -7.99277 4.915344 0.278381 0.215626 France 

2328.564 (0.000) -14.38623 5.584945 0.587234 0.403535 Germany 

294.444 (0.000) -11.16955 11.47089 0.116930 0.231047 Italy 

5022.578 (0.000) -21.86448 6.814225 0.859839 0.437685 Japan 

287.256 (0.000) -7.33490 8.316920 0.276812 0.187194 UK 

226.9078 (0.000) -6.875211 4.104483 0.685816 0.525656 US 

5-4- Empirical Results  

In this section, the empirical results on the effect of oil price changes on industrial production 

growth of G7 countries were analyzed using the smooth transition approach. In this regard, we 

first run linearity test to see if the model meets the requirements for STR approach and then an 

oil price growth and their lags which rejects null hypothesis of linearity with highest probability 

is selected as transition variable. If many lags with similar likelihood are introduced as 

transition variables, the best specification will be selected by evaluating the goodness of fit and 

diagnostic tests of the model. Further, the optimal STR model is selected and estimated and 

relevant tests including serial correlation test, heteroskedasticity are carried out to ensure 

validity of the results. Finally, the impact oil price changes on G-7 industrial production is 

examined according to the results. It's worth noting that the unit root tests were carried out in 

the previous chapter and stationarity of all variables in G7 countries was affirmed12.  

5-4-1- Results from Estimation of Smooth Transition Regression Model of Canada  

This part analyzed the asymmetric effect of oil price growth (OPG) on industrial production 

growth (IPG) of Canada based on the threshold role of OPG within the smooth transition 

regression (STR) framework. To this end, an optimal dynamic model with four lags in the 

endogenous variable and four lags in the descriptive variable was selected13. Before data 

analysis, the existence of a STR-based nonlinear relationship should be ensured and the optimal 

 

12  It is noteworthy that the time series variables of oil price changes and industrial production growth with 

similar seasonality have been used in the previous chapter in the framework of the Markov switching model.  

13 The Schwartz Bayesian and Akaike criteria were employed to select the optimal lag, and the other estimation 

steps are explained in Section 3.5, which are repeated step by step for all countries. 
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model should be selected. To achieve this goal, the OPG variable and its four lags were used 

as the transition variable in the linearity test (Table 5.3). According to this table14, when OPG 

and its first lag are considered as the transition variable, the relationship between the variables 

strictly follows a nonlinear pattern (LSTR1); whereas, the proposed model is linear under other 

lags of OPG as the tested transition variables. The LSTR1 is considered as the optimal model 

when OPG is set as the transition variable. This is because, it rejects the linearity hypothesis 

with higher probability. 

It is worth noting that LSTR1 is a two-regime model, in that values lower and higher than the 

estimated threshold parameter are categorized into the first-regime and second-regime, 

respectively. The estimated coefficients of linear part are categorized into the first-regime, and 

the subtotal of linear and the coefficients of nonlinear part are categorized into the second-

regime.  

Table 5.3. Linearity Tests 

OPG as explanatory variable 

suggested 

model 

F2 F3 F4 F Transition Variable 

LSTR1 6.3038e-02 1.0270e-01 6.8651e-02 1.2435e-02 OPG (t)* 

LSTR1 1.0039e-02 2.3188e-01 2.1572e-01 1.7296e-02 OPG (t-1) 

Linear 8.7151e-02 4.6389e-01 3.1096e-01 1.6919e-01 OPG (t-2) 

Linear 2.4382e-01 2.8478e-01 7.7588e-01 4.2955e-01 OPG (t-3) 

Linear 6.2213e-01 2.4024e-01 8.8211e-02 1.7162e-01 OPG (t-4) 

Note: The numerical values indicate the P-value or the estimated probability of rejecting the null hypothesis. Also 

the transition variable and the optimal model are highlighted and marked with *. 

Table 5.4 shows the estimation results of the optimal LSTR1. According to this table, the OPG 

threshold was estimated at -20.07%. If the oil price growth is below the estimated threshold 

parameter, the coefficients are categorized in the first regime (coefficients of the linear section). 

On the other hand, if oil price growth is greater than the threshold parameter, the coefficients 

are categorized in the second regime (the coefficients corresponding to the linear and nonlinear 

 

14 All explanatory variables including oil price growth and its lags are set as transition variables. Among them, a 

variable that is more likely to show a nonlinear relationship is selected as the transition variable. 
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section).In addition, the gradient parameter, which indicates the adjustment speed of transition 

across regimes, was estimated at a very high level of 45.80. Estimation results of threshold and 

gradient parameters show that the relationship of OPG and IPG is categorized into the first 

regime if the OPG is less than -20.07% and into the second regime if it is higher than -20.07%. 

In addition, the gradient parameter is very large and the model shifts from smooth transition 

regression to threshold regression. The estimated long-run coefficients showed that in the first 

regime (-20.07), the IPG reduced by 0.13% with the oil price changing by 1%. In the second 

regime (>-20.07), the IPG increased by 0.21% following a 1% increase in OPG. This finding 

reflects the positive effect of OPG on the industrial production of Canada. The dynamic 

behavior of the estimated coefficient of LSTR1 showed that the oil price changes had the most 

significant effect on the industrial production in the third lag. In other words, the maximum 

effect of OPG on economic performance took place after three time periods. 

Given that Canada is an oil exporter, OPG has positive effect on its macroeconomy. In contrast, 

oil price reduction (OPR) has negative effects on its macroeconomy, which is fully consistent 

with theoretical literature for an oil-exporting economy. 
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Table 5.4. Estimation Results from LSTR1 Specifications 

Threshold value = -20.07 

Speed of transition = 45.80 

First Regime: long run effects =  -0.130 

Second Regime: long run effects =  0.209 

Linear part 

Variable Coefficients standard errors p-value 

CONST 0.39461 0.1102 0.0004 

yind (t-1) 0.44365 0.0695 0.0000 

yind (t-2) 0.12420 0.0775 0.1107 

yind (t-3) 0.05611 0.0775 0.4703 

yind (t-4) -0.19923 0.0684 0.0041 

OPG (t) 0.02920 0.0161 0.0711 

OPG (t-1) 0.02377 0.0145 0.1028 

OPG (t-2) -0.05060 0.0436 0.2480 

OPG (t-3) -0.11114 0.0359 0.0023 

OPG (t-4)  0.05364 0.0416 0.1989 

Nonlinear part 

Variable Coefficients standard errors p-value 

OPG (t) -0.02865 0.0185 0.1237 

OPG (t-1) -0.01514 0.0167 0.3666 

 

Table 5.4. Estimation Results from LSTR1 Specifications (continued) 

Variable Coefficients standard errors p-value 

OPG (t-2) 0.04258 0.0444 0.3392 

OPG (t-3) 0.11385 0.0364 0.0021 

OPG (t-4) 0.03108 0.0421 0.4617 

Note: the linear section represents the first regime and coefficients corresponding to the linear and non-linear 

sections represent the second regime;  
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If the oil price growth (observations of transition variable) is below the threshold parameter, the coefficient will 

be in the first regime and if it is grater then the threshold parameter, the coefficient will be in the second regime; 

Dynamic coefficients are presented in the linear and nonlinear sections, which include endogenous and exogenous 

variables; 

Long-run coefficients, which indicate the effect of oil price changes on long-run industrial output growth, are 

reported in the third and fourth rows for the first and second regimes, respectively. 

Figure 5.1 shows the transition variable versus the threshold value. As shown in the figure, the 

dynamic behavior of OPG effect on IPG is generally categorized into the second regime over 

the research period, except in 1974, 1986, 2001, 2009, and 2015. It can be concluded that over 

the past few decades, oil price iagramchanges have positive effects on IPG of Canada, except 

in few periods when OPG was lower than -20.07%. 
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Fig 5.1. Transition variable versus threshold value estimated for Canada 

Finally, the following tests were conducted to ensure the accuracy of experimental results from 

LSTR1 for Canada (Table 5.5): serial correlation, no remaining nonlinearity, and 

heteroskedasticity. The serial correlation test was applied to four lags, and the problem of 

autocorrelation was not observed in the estimated regressive residuals at the significance level 

of 5%. The no remaining nonlinearity tests showed that LSTR1 was adequately able to explain 

the nonlinearity between OPG and IPG. Finally, the ARCH test results indicated that there is 

no heteroskedasticity in the residuals of the estimated model. In conclusion, the estimated 

model results are reliable. 
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Table 5.5. Misspecification Tests 

Test of No Error Autocorrelation 

Lag F-value df1 df2 p-value 

1 0.1196 1 168 0.7299 

2 0.2870 2 166 0.7509 

3 0.2084 3 164 0.8905 

4 2.0469 4 162 0.0903 

Test of No Remaining Nonlinearity 

transition variable F F4 F3 F2 

OPG_c_1(t) 3.0110e-01 2.8931e-01 3.5020e-01 3.5427e-01 

ARCH-LM TEST 

test statistic p-Value(Chi^2) F statistic p-Value(F) 

1.8117 0.7703 0.4575 0.7669 

 

5-4-2- Results from Estimation of Smooth Transition Regression Model of France  

A dynamic model with four lags of endogenous variable and four lags of exogenous variable 

was selected to investigate the threshold effect of OPG on IPG of France. Results from linearity 

test versus the presence of a nonlinear STR model (Table 5.6) show the presence of nonlinear 

LSTR1 model by considering OPG and all of its lags, except the third lag. Given that the second 

lag of the exogenous variable rejects the null hypothesis (i.e. Linearity) at significantly higher 

level, it is expected that the LSTR1 model is selected as the optimal model by considering the 

second lag of OPG. 
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Table 5.6. Linearity Tests 

OPG as explanatory variable 

suggested model F2 F3 F4 F Transition Variable 

LSTR1    3.2363e-03 1.1008e-01 2.3637e-01 4.3831e-03 opg (t)     

LSTR1    1.9863e-01 9.1174e-02 4.5644e-02 2.0267e-02 OPG (t-1)   

LSTR1    5.6842e-01 1.1972e-02 8.5240e-04 4.7130e-04 opg (t-2)*  

Linear   3.6738e-02 4.7743e-01 1.2372e-01 5.0788e-02 OPG (t-3)   

LSTR1    1.7086e-03 2.8803e-01 5.6764e-01 1.6664e-02 OPG (t-4)   

Note: The numerical values indicate the P-value or the estimated probability of rejecting the null hypothesis. Also 

the transition variable and the optimal model are highlighted and marked with *. 

LSTR1, as a two-regime model, includes a logistic transition function with two parameters, 

namely threshold value and gradient value.  Results from LSTR1 estimation for France (Table 

5.7) showed that the threshold value was 18.85% of the OPG and the adjustment speed across 

regimes was 93.2% of the OPG. Therefore, OPG lower and higher than 18.85 were categorized 

into the first regime and second regime, respectively. Moreover, the estimated gradient 

parameter indicated very high transition speed from the first to the second regimes, that the 

estimated model was relatively equal to the threshold regression model.  

The estimated long-run coefficients showed that OPG in the first regime had a slight negative 

effect on IPG of France, that IPG reduced by 0.023% following a1% increase in OPG. On the 

other hand, OPG had a positive effect on IPG in the second regime with the coefficient of 

18.85%. The LSTR1 coefficients (Table 5.7) showed that the maximum significant effects of 

OPG took place at higher lag, such as the third lag. This finding indicates time-consuming 

mechanism of OPG effect on industrial sectors after three seasons.  

Although France is an oil importer and results showing the positive effect of OPG in the second 

regime (OPG>18.85) contradicted the theoretical expectations, adopting new policies after 

1970s oil crisis reduced the dependence of its economy on crude oil as an energy product. For 

example, the ultimate energy consumption by the industrial sector reduced from 36% in 1973 

to 19% in 2015. In addition to higher energy consumption efficiency, nuclear energy had a 

significant role in supplying the country’s energy demand and thus reducing its economic 

performance dependence on crude oil. 
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Table 5.7. Estimation results from LSTR1 specifications 

Threshold value = 18.85 

Speed of transition = 93.20 

First Regime: long run effects =  -0.023 

Second Regime: long run effects =  0.354 

Linear part 

Variable Coefficients standard errors p-value 

CONST 0.15693 0.1063 0.1417 

yind (t-1) 0.30926 0.0735 0.0000 

yind (t-2) 0.16595 0.0754 0.0292 

yind (t-3) -0.01102 0.0780 0.8878 

yind (t-4) -0.16516 0.0706 0.0205 

OPG (t) 0.00825 0.0070 0.2387 

OPG (t-1) 0.00919 0.0083 0.2693 

OPG (t-2) -0.00150 0.0092 0.8712 

OPG (t-3) -0.02129 0.0071 0.0031 

OPG (t-4) -0.00139 0.0068 0.8373 

Nonlinear part 

variable Coefficients standard errors p-value 

OPG (t) 0.07189 0.0192 0.0003 

OPG (t-1) 0.00431 0.0137 0.7532 

OPG (t-2) 0.02913 0.0151 0.0546 

OPG (t-3) -0.07282 0.0267 0.0071 

OPG (t-4) 0.08007 0.0269 0.0033 

Note: the linear section represents the first regime and coefficients corresponding to the linear and non-linear 

sections represent the second regime. 

Figure 5.2 shows the transition variable versus the threshold value. According to this figure, 

the dynamic behavior of OPG effect on IPG is generally categorized into the first regime over 

the majority parts of the research period. It can be concluded that over the past few decades, 



 

127 

 

oil price changes have negative effects on IPG of France, except in few negligible periods when 

the OPG was higher than 18.85%. 
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Fig 5.2. Transition variable versus threshold value estimated for France 

In the following, the LSTR1 estimation results for France were ensured using the serial 

correlation, no remaining nonlinearity, and heterogeneity of variance tests (Table 5.8). Results 

from diagnostic tests showed that first, there is no serial correlation issue in regressive residuals 

for the higher lags. Second, the no remaining nonlinearity test showed the LSTR1 is eligible 

for explaining nonlinear properties, by setting the second lag of OPG as the transition variable. 

Third, the ARCH test results indicated no heterogeneity in the residuals of the estimated model. 
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Table 5.8. Misspecification Tests 

Test of No Error Autocorrelation 

lag F-value df1 df2 p-value 

1 6.0819 1 168 0.0147 

2 3.2922 2 166 0.0396 

3 1.6780 3 164 0.1738 

4 1.3420 4 162 0.2566 

Test of No Remaining Nonlinearity 

transition variable F F4 F3 F2 

opg_F_1(t-2) 1.4619e-01 6.0623e-01 2.7945e-01 4.8850e-02 

ARCH-LM TEST 

test statistic p-Value(Chi^2) F statistic p-Value(F) 

4.9439 0.2931 1.2703 0.2834 

 

5-4-3- Results from Estimation of Smooth Transition Regression Model of Germany  

A dynamic model with four lags for IPG and four lags for OPG was selected to investigate the 

asymmetric relationship of OPG with IPG within the smooth transition regression model of 

Germany. In the first step, the linearity test was experimentally compared to the STR model 

(Table 5.9). According to this table, when the OPG and its first and third lags were selected as 

the transition variable, the investigated regression strictly followed a nonlinear pattern; 

whereas, it followed a linear pattern under other scenarios. Since the rejection of linearity 

hypothesis was more likely with considering the second lag of OPG as the transition variable, 

the proposed LSTR2 was selected as the optimal estimation model. It is worth noting that the 

LSTR2 included a logistic transition function with two threshold parameters, that the transition 

value between two threshold values was categorized into the first regime; in addition, values 

lower than the first threshold parameter and values larger than the second threshold parameters 

were categorized into the second regime. 
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Table 5.9. Linearity Tests 

OPG as explanatory variable 

suggested model F2 F3 F4 F Transition Variable 

LSTR1  4.8150e-04 2.6846e-01 1.3275e-01 1.4266e-03 OPG (t)     

LSTR2  2.8784e-04 1.0840e-04 6.4725e-01 6.4855e-06 OPG (t-1)*  

Linear 9.8048e-01 8.3805e-02 5.7534e-01 4.9798e-01 OPG (t-2) 

LSTR1  2.8906e-01 5.8856e-02 4.4732e-02 1.9584e-02 OPG (t-3)   

Linear 4.0548e-02 3.5890e-01 6.5863e-01 1.6730e-01 OPG (t-4)   

Note: The numerical values indicate the P-value or the estimated probability of rejecting the null hypothesis. Also 

the transition variable and the optimal model are highlighted and marked with *. 

Table 5.10 presents the results from the LSTR2 estimation. According to this table, the first 

and second threshold values are estimated as -53.02% and 36.89% of OPG, respectively. These 

results categorized the behavior pattern into the first regime when the OPG was estimated 

between these two values. On the other hand, the behavioral pattern of OPG effect on IPG was 

categorized into the second regime when OPG was lower than -53.02% and higher than 

36.89%. Moreover, the gradient parameter, which represented the transition speed across 

regimes, was estimated at 1.17, indicating smooth transition across regimes.  

The estimated long-run coefficients showed that OPG in the first regime had a positive effect 

on IPG of Germany, that IPG increased by 0.027% followed by a 1% increase OPG. On the 

other hand, OPG in the second regime resulted in an increase in IPG, that IPG reduced by 

0.84% with a change in OPG by 1%. The obtained result indicated that an OPG value between 

two estimated threshold parameters had a negligible positive effect on IPG. On the other hand, 

dramatic oil price changes (OPG<-53.02% and OPG>36.89%), either positive or negative, 

which indicate more dramatic shocks will result in IPG reduction in Germany. 
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Table 5.10. Estimation Results from LSTR2 Specifications 

Threshold value (c1) = -53.02 

Threshold value (c2) =36.89 

Speed of transition = 1.17 

First Regime: long run effects =  0.027 

Second Regime: long run effects =  -0.84 

Linear part 

Variable Coefficients standard errors p-value 

CONST  0.34835 0.1260  0.0063 

yind (t-1)  0.18501 0.0707  0.0096 

yind (t-2)  0.09140 0.0803  0.2567 

yind (t-3)  0.12677 0.0705  0.0741 

yind (t-4) -0.11170 0.0639  0.0822 

OPG (t)  0.01883 0.0089  0.0353 

OPG (t-1)  0.01040 0.0113  0.3605 

OPG (t-2) -0.00171 0.0081  0.8323 

OPG (t-3) -0.00756 0.0085  0.3728 

OPG (t-4) -0.01215 0.0079  0.1266 

Nonlinear part 

variable Coefficients standard errors p-value 

OPG (t) -0.02463 0.0513 0.6316 

OPG (t-1)  0.00064 0.0317 0.9838 

OPG (t-2)  0.08119 0.0673 0.2292 

OPG (t-3) -0.63912 0.2484 0.0110 

OPG (t-4)  0.32818 0.5395 0.5438 

Note: the linear section represents the first regime and coefficients corresponding to the linear and non-linear 

sections represent the second regime 

Figure 5.3 shows the transition variable versus the threshold value. According to this figure, 

the dynamic behavior of OPG effect on IPG is generally categorized as the first regime over 
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the research period, except in few periods, such as 1974, 1990, and 2008 when dramatic oil 

shocks took place. It can be concluded that over the past few decades, oil price changes have 

generally negligible positive effects on IPG of Germany, except in few periods when dramatic 

oil shocks were categorized into the second regime, which had negative effect on industrial 

production performance. 
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Fig 5.3. Transition variable versus threshold value estimated for Germany 

Following tests were conducted to ensure the accuracy of experimental results from LSTR2 for 

Canada and results (Table 5.11): serial correlation, no remaining nonlinearity, and 

heterogeneity of variance. The serial correlation test was applied to four lags, and 

autocorrelation was not observed in the estimated regressive residuals at the significance level 

of 5%. The no remaining nonlinearity test showed that LSTR2 was adequately able to explain 

the no remaining nonlinearity between OPG and IPG. Finally, the ARCH test results indicated 

that there is no heterogeneity in the residuals of the estimated model. In conclusion, the 

estimated model results are reliable. 
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Table 5.11. Misspecification Tests 

Test of No Error Autocorrelation 

lag F-value df1 df2 p-value 

1 0.5666  1 167 0.4527 

2 0.4950  2 165 0.6105 

3 0.4011  3 163 0.7524 

4 0.4717  4 161 0.7565 

Test of No Remaining Nonlinearity 

transition variable F F4 F3 F2 

OPG_G_1(t-1) 6.0685e-01 7.8671e-01 7.9834e-01 1.3865e-01 

ARCH-LM TEST 

test statistic p-Value(Chi^2) F statistic p-Value(F) 

3.0798 0.5446 0.7831 0.5375 

 

5-4-4- Results from estimation of Smooth Transition Regression Model of Italy  

A dynamic model with four lags in the endogenous variable and four lags in the exogenous 

variable was selected to investigate the asymmetric effect of OPG on IPG based on the 

threshold role of OPG in Italy. In the first step, the presence of a nonlinear relationship between 

variables should be ensured. To this end, the presence of a linear relationship (null hypothesis) 

versus the presence of a nonlinear relationship, based on STR, was examined. Results from the 

linearity test (Table 5.12) showed that the null hypothesis (the presence of a linear relationship) 

was not rejected under all scenarios with OPG lags as transition variable. Therefore, the 

relationship between OPG and IPG in Italy does not follow a nonlinear smooth transition 

regression pattern. It is worth noting that the other dynamic models with different lags were 

also tested, and results indicated the lack of a nonlinear relationship. As a result, this 

relationship cannot be estimated for Italy. 
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Table 5.12. Linearity tests 

OPG as explanatory variable 

suggested model F2 F3 F4 F Transition Variable 

Linear 2.2456e-02 7.9084e-01 4.9941e-01 1.8766e-01 opg (t) 

Linear 3.0669e-02 8.5160e-02 7.5837e-01 5.9920e-02 opg (t-1)* 

Linear 3.0258e-01 6.4150e-01 4.7718e-02 1.4453e-01 opg (t-2) 

Linear 1.9002e-01 3.6411e-01 3.2926e-01 2.3229e-01 opg (t-3) 

Linear 1.1777e-01 4.2368e-01 9.3514e-01 4.6577e-01 opg (t-4) 

Note: The numerical values indicate the P-value or the estimated probability of rejecting the null hypothesis. Also 

the transition variable and the optimal model are highlighted and marked with *.  

 

5-4-5- Results from estimation of Smooth Transition Regression Model of Japan  

This section analyzed the asymmetric effect of OPG on IPG of Japan based on the threshold 

role of the oil price growth (OPG) within the smooth transition regression (STR) framework. 

To this end, a dynamic optimal model with four lags in the endogenous variable and four lags 

in the explanatory variable was selected. Before data analysis, the existence of a STR-based 

nonlinear relationship should be ensured and the optimal model should be selected. To this end, 

the OPG variable and its four lags were used as the transition variable in the linearity test (Table 

5.13). According to this table, except from the fourth lag of the OPG, which is linear, selecting 

other variables as the transition variable rejects the null hypothesis versus nonlinear STL 

model. Although the probability of rejecting the linearity hypothesis is higher in the first lag of 

OPG, as transition variable, its estimation as the optimal model is associated with such 

problems as insignificant coefficients of the model, serial correlation, and heterogeneity of 

variance. As a result, the lag-free OPG, a logistic model with a transition function and a 

threshold value, was selected and used as the second optimal model. 
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Table 5.13. Linearity Tests 

OPG as explanatory variable 

suggested model F2 F3 F4 F Transition Variable 

LSTR1  1.4765e-03 1.7531e-03 7.5125e-04 2.5198e-07 opg (t)**     

LSTR1  8.7963e-08 1.9677e-04 9.0778e-05 6.6336e-13 OPG (t-1)*  

LSTR2  1.2366e-01 8.0460e-08 8.4848e-02 2.9153e-07 opg (t-2) 

LSTR1  4.0379e-02 5.4563e-01 1.5131e-02 1.2685e-02 opg (t-3)   

Linear 2.2727e-01 3.1907e-01 4.0888e-01 2.7418e-01 opg (t-4)   

Note: The numerical values indicate the P-value or the estimated probability of rejecting the null hypothesis. Also 

the transition variable and the optimal model are highlighted and marked with *. 

Results from LSTR1 for Japan were reported by considering OPG as the transition variable 

(Table 5.14). The gradient parameter was estimated at 79.71, reflecting high adjustment speed 

in transition across regimes, which implicitly indicated the presence of a threshold regression 

model with smooth transmission across regimes. The threshold value was estimated at 18.89% 

of the OPG. Based on the estimated parameters, the first regime, corresponding to OPG, was 

less than 18.89%. However, the behavioral pattern was categorized into the second regime if 

OPG was higher than 18.89%, a transition taken place at a high speed. The estimated long-run 

coefficients showed that OPG in the first regime had a positive effect on IPG of Japan, that 

IPG increased by 0.033% followed by a 1% increase in OPG. On the other hand, IPG reduced 

by 0.039% with increasing OPG by 1% in the second regime. In general, changes in OPG did 

not have a great effect on industrial production of Japan, due to economic structure and 

industrial productions of the country which made it very little vulnerable to crude oil price. 

Obviously, automotive, electronic, and computer industries, as the main industrial products of 

Japan are not much affected by oil and its price.  
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Table 5.14. Estimation Results from LSTR2 Specifications 

Threshold value =  18.89 

Speed of transition = 79.71 

First Regime: long run effects =  0.033 

Second Regime: long run effects =  -0.039 

Linear part 

Variable Coefficients standard errors p-value 

CONST 0.15812 0.1677 0.3471 

yind (t-1) 0.65530 0.0814 0.0000 

yind (t-2) 0.00336 0.0713 0.9625 

yind (t-3) -0.02751 0.0713 0.6999 

yind (t-4) -0.04559 0.0660 0.4906 

opg (t) 0.03835 0.0130 0.0037 

opg (t-1) 0.01052 0.0106 0.3228 

opg (t-2) -0.00058 0.0107 0.9567 

opg (t-3) -0.01027 0.0104 0.3241 

opg (t-4) -0.01849 0.0102 0.0711 

Nonlinear part 

variable Coefficients standard errors p-value 

opg (t) -0.04625 0.0219 0.0365 

opg (t-1) 0.06291 0.0414 0.1302 

opg (t-2) -0.27327 0.0453 0.0000 

opg (t-3) 0.15055 0.0813 0.0659 

opg (t-4) 0.06373 0.0687 0.3546 

Note: the linear section represents the first regime and coefficients corresponding to the linear and non-linear 

sections represent the second regime 

Figure 5.4 shows the transition variable versus the threshold value. According to this figure, 

the dynamic behavior of OPG effect on IPG was generally categorized into the first regime 

over the studied period, except in few periods, such as 1970s coinciding the oil price crisis. It 



 

136 

 

can be concluded that over the past few decades, oil price changes have positive effects on IPG 

of Japan, except in few negligible periods when the OPG was very dramatic and resulted in a 

slight reduction in IPG. 
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Fig 5.4. Transition variable versus threshold value estimated for Japan 

The LSTR1 estimation results for Japan were ensured using the serial correlation, no remaining 

nonlinearity, and heterogeneity of variance tests (Table 5.15). According to this table, there is 

no serial correlation issue in regressive residuals in all four lags. The LSTR1 is sufficient for 

showing the nonlinear relationship between the study variables, which is supported by results 

from the no remaining nonlinearity test. Finally, the probable issue of heterogeneity of variance 

is eliminated in the residuals of the estimated model. Therefore, results from LSTR1 estimation 

are reliable by considering OPG as the transition variable for Japan.  

 

 

 

 

 

 

 



 

137 

 

Table 5.15. Misspecification Tests 

Test of No Error Autocorrelation 

lag F-value df1 df2 p-value 

1 0.5557 1 168 0.4570 

2 0.3535 2 166 0.7028 

3 0.2657 3 164 0.8501 

4 0.2472 4 162 0.9111 

Test of No Remaining Nonlinearity 

transition variable F F4 F3 F2 

OPG_G_1(t-1) 3.1101e-01 5.3318e-01 3.3101e-02 9.7733e-01 

ARCH-LM TEST 

test statistic p-Value(Chi^2) F statistic p-Value(F) 

3.0798 0.9402 0.1976 0.9394 

 

5-4-6- Results from Estimation of Smooth Transition Regression Model of UK  

A dynamic model with four lags of endogenous variable and four lags of explanatory variable 

was selected to investigate the asymmetric effects of OPG threshold on IPG of UK. Table 5.16 

presents results from the linearity test. According to this table, the null hypothesis (linearity) 

versus the presence of STR model was rejected by considering each OPG variable and its four 

lags as the transition variable. As a result, not only the presence of a nonlinear pattern of LSTR1 

was confirmed, but also the lag-free OPG was considered as the transition variable. This was 

because it rejected the null hypothesis with higher probability.  

 

 

 

 

 

 

 



 

138 

 

Table 5.16. Linearity Tests 

OPG as explanatory variable 

suggested model F2 F3 F4 F Transition Variable 

LSTR1 2.6296e-05 9.2180e-02 1.3612e-04 7.3922e-08 opg (t) *   

LSTR1 1.0182e-06 4.4746e-02 8.9359e-01 2.7046e-05 opg (t-1)  

LSTR1 5.0282e-03 4.6187e-02 1.5494e-01 1.9110e-03 opg (t-2) 

LSTR1 1.2398e-04 9.0987e-01 4.8155e-01 9.7447e-03 opg (t-3)   

LSTR1 7.7619e-02 1.1767e-01 3.1653e-02 8.7567e-03 opg (t-4)   

Note: The numerical values indicate the P-value or the estimated probability of rejecting the null hypothesis. Also 

the transition variable and the optimal model are highlighted and marked with *. 

Results from the two-regime LSTR1 model estimation are presented in Table 5.17. According 

to the results, the threshold value of OPG was 5.40% and the gradient parameter, as the 

transition speed across regimes, was estimated at 9.32. As a result, when OPG was less than 

5.40%, the behavioral pattern of OPG effect on IPG was categorized into the first regime. The 

estimated long-run coefficient for the first regime showed that the IPG increased by 0.285% 

followed by a 1% increase in OPG. On the other hand, the behavioral pattern of the variables 

shifted to the second regime if OPG exceeded the threshold value of 5.40%. The estimated 

long-run coefficient for the second regime was -0.49, indicating that the IPG reduced by 0.49% 

with increasing OPG by 1%. The dynamic coefficients of LSTR1 also showed that OPG had 

the maximum effect on IPG in the first lag, indicating that IPG of UK was rapidly affected by 

oil price change. In general, results from the estimated coefficients indicated negative effect of 

OPG on IPG in UK. 
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Table 5.17. Estimation Results from LSTR1 Specifications 

Threshold value =  5.40 

Speed of transition = 9.32 

First Regime: long run effects =  0.285 

Second Regime: long run effects =  -0.499 

Linear part 

Variable Coefficients standard errors p-value 

CONST  0.45102 0.1451 0.0022 

yind (t-1)  0.10952 0.0716 0.1279 

yind (t-2)  0.09422 0.0739 0.2042 

yind (t-3)  0.07219 0.0718 0.3161 

yind (t-4) -0.11174 0.0688 0.1064 

opg (t)  0.01077 0.0134 0.4217 

opg (t-1)  0.05651 0.0115 0.0000 

opg (t-2) -0.00133 0.0164. 0.9356. 

opg (t-3)  0.01323 0.0182 0.4692 

opg (t-4) -0.03228 0.0166 0.0527 

Nonlinear part 

variable Coefficients standard errors p-value 

opg (t) -0.03989 0.0188 0.0352 

opg (t-1) -0.07103 0.0174 0.0001 

opg (t-2) -0.00285 0.0214 0.8943 

opg (t-3) -0.02976 0.0215 0.1682 

opg (t-4)  0.01464 0.0211 0.4886 

Note: the linear section represents the first regime and coefficients corresponding to the linear and non-linear 

sections represent the second regime 

The estimated threshold value versus observations of transition variable in Figure 5.5 showed 

that approximately 30% of the studied period was categorized into the second regime, in which 

oil price changes have negative effect on IPG. On the other hand, approximately 70% of the 
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studied period was in the first regime, indicating that oil price changes had positive effects on 

IPG of UK. However, the estimated threshold values indicated that the industrial sector of UK 

was vulnerable to OPG. 
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Fig 5.5. Transition variable versus threshold value estimated for UK 

In the next step, diagnostic tests were used to validate the regression results (Table 5.18). 

Results from serial correlation, no remaining nonlinearity, and heterogeneity of variance 

showed that (i) there is no misspecification in the estimated model and (ii) LSTR1 is sufficient 

for considering nonlinear behaviors across variables.  
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Table 5.18. Misspecification Tests 

Test of No Error Autocorrelation 

lag F-value df1 df2 p-value 

1 0.0548 1 168  0.8152 

2 0.7803 2 166  0.4599 

3 0.8140 3 164  0.4878 

4 0.5779 4 162  0.6791 

Test of No Remaining Nonlinearity 

transition variable F F4 F3 F2 

OPG_G_1(t-1) 9.8780e-01 9.7481e-01 6.8308e-01 9.1207e-01 

ARCH-LM TEST 

test statistic p-Value(Chi^2) F statistic p-Value(F) 

5.2975   0.2581 1.3643 0.2482 

 

5-4-7- Results from Estimation of Smooth Transition Regression Model of the USA 

A dynamic model with six lags of endogenous variable and six lags of exogenous variable was 

selected to investigate the nonlinear and asymmetric effect of OPG on IPG of the USA. Results 

from the linearity test versus STR-based nonlinear relationship (Table 5.19) showed that except 

the second lag that suggested a linear relationship, LSTR1 was proposed in other cases and 

thus the null hypothesis was rejected. Given that the fifth lag of OPG, as the transition variable, 

rejected the null hypothesis with higher probability, this variable with LSTR1 were selected as 

the optimal model and then estimated. 
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Table 5.19. Linearity Tests 

OPG as explanatory variable 

suggested model F2 F3 F4 F Transition Variable 

LSTR1  1.2037e-02 2.6887e-01 4.8006e-01 4.8706e-02 opg (t)  

LSTR1  6.3419e-03 6.8321e-01 2.4759e-02 6.7381e-03 opg (t-1)  

Linear 1.6069e-01 7.9981e-01 6.5993e-02 1.4774e-01 opg (t-2) 

LSTR1  9.1992e-02 8.0218e-01 9.0489e-04 5.3249e-03 opg (t-3)   

LSTR1  1.6186e-03 4.7196e-02 8.3392e-01 7.4521e-03 opg (t-4)   

LSTR1  8.3156e-06 2.4291e-01 5.2965e-02 2.7984e-05 OPG (t-5)*  

LSTR1  6.9096e-02 3.4732e-02 1.4935e-02 1.3604e-03 opg (t-6)   

Note: The numerical values indicate the P-value or the estimated probability of rejecting the null hypothesis. Also 

the transition variable and the optimal model are highlighted and marked with *. 

Table 5.20 presents results from estimation of OPG’s asymmetric effect on IPG of the USA 

within a two-regime LSTR1 framework, which included a logistic transition function with a 

threshold parameter. According to the estimation results, the threshold value and transition 

speed were estimated at 5.07% (equivalent to OPG) and 3.21%, respectively. The estimated 

long-run coefficients showed the positive and negative effects of OPG effect on IPG in the first 

and second regimes. In that, IPG slightly increased by 0.038% in the first regime and reduced 

by 0.049% in the second regime following a 1% increase in OPG. The LSTR1 coefficients 

showed that the industrial sector of the USA was shortly affected by the oil price change. This 

was because the maximum significant effect in the linear and nonlinear parts was from OPG 

coefficients and its first lag. It is worth noting that the size of impact coefficient was small and 

negligible, that changes in oil price could not dramatically affect the industrial sector of the 

USA. This results could be attributed to the structure of the industrial sector of the USA and 

reduction of its dependence on oil consumption. 
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Table 5.20. Estimation Results from LSTR1 Specifications 

Threshold value =  5.07 

Speed of transition = 3.21 

First Regime: long run effects =  0.038 

Second Regime: long run effects =  -0.049 

Linear part 

Variable Coefficients standard errors p-value 

CONST  0.50226 0.1265 0.0001 

yind (t-1)  0.58497 0.0773 0.0000 

yind (t-2) -0.14722 0.0883 0.0974 

yind (t-3)  0.16646 0.0859 0.0545 

yind (t-4) -0.01733 0.0855 0.8396 

yind (t-5) -0.15127 0.0841 0.0738 

yind (t-6)  0.06043 0.0691 0.3832 

opg (t)  0.02658 0.0097 0.0069 

opg (t-1)  0.01946 0.0083 0.0201 

opg (t-2) -0.00355 0.0102 0.7286 

opg (t-3)  0.00351 0.0132 0.7898 

opg (t-4) -0.03222 0.0129 0.0134 

opg (t-5)  0.01777 0.0142 0.2139 

opg (t-6) -0.01251 0.0189 0.5079 

Nonlinear part 

variable Coefficients standard errors p-value 

opg (t) -0.03843 0.0139 0.0062 

opg (t-1) -0.03397 0.0154 0.0291 

opg (t-2)  0.00773 0.0171 0.6510 

opg (t-3) -0.02172 0.0212 0.3061 

opg (t-4)  0.02505 0.0225 0.2673 

opg (t-5)  0.01673 0.0234 0.4766 

opg (t-6)  0.03695 0.0271 0.1753 

Note: the linear section represents the first regime and coefficients corresponding to the linear and non-linear 

sections represent the second regime 
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Figure 5.6 compares transition variable versus estimated threshold parameter (5.07% of OPG). 

According to this figure, despite oil price volatilities between the first and second regimes, 

approximately 70% of the studied period was in the first regime at which oil price changes had 

positive effect on IPG. On the other hand, less than 30% of the studied period was in the second 

regime at which oil price changes had negative effect on IPG. Generally, oil price changes did 

not have a significant effect on the industrial sector of the USA. 
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Fig 5.6. Transition variable versus threshold value estimated for the USA 

Finally, Table 5.21 shows the results from serial correlation, no remaining nonlinearity, and 

heterogeneity of variance for LSTR1 regression model of the USA. The serial correlation test 

was applied to four lags, and serial correlation was not observed in the estimated regressive 

residuals at the significance level of 5%. The no remaining nonlinearity tests showed that 

LSTR1 was able to explain the no remaining nonlinearity between OPG and IPG. Finally, the 

ARCH test results indicated that there is no heterogeneity in the residuals of the estimated 

model. As a result, the estimated model results for the USA were reliable. 
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Table 5.21. Misspecification Tests 

Test of No Error Autocorrelation 

Lag F-value df1 df2 p-value 

1  0.5947 1 160  0.4418 

2  0.3535 2 158  0.7028 

3  0.2333 3 156  0.8731 

4  1.0161 4 154  0.4009 

Test of No Remaining Nonlinearity 

transition variable F F4 F3 F2 

OPG_G_1(t-1) 9.6746e-01 9.5360e-01 7.1861e-01 7.5423e-01 

ARCH-LM TEST 

test statistic p-Value(Chi^2) F statistic p-Value(F) 

 5.2975   0.2581 1.3643 0.2482 

 

5-5- Conclusion 

This paper contributes to the literature on the effects of oil price changes for G-7 countries by 

looking at the effects on industrial production using a smooth transition approach for the period 

spanning from 1970 Q1 to 2017 Q4. Since the asymmetric and non-linear nature of oil price 

and economic activity has been established in the literature, smooth transition approach can  

characterize the so-called non-linearity as it allows for continuous modeling of non-linearity 

using transition function and threshold variable. While we detect no statistically significant 

non-linearities for Italy, our findings confirm that firstly, oil price change impact on industrial 

production is non-linear characterized by a logistic smooth transition model with one threshold 

value (LSTR1) for Canada, France, Japan, UK as well as the US, and with two threshold values 

(LSTR2) for Germany.  

In general, it can be stated that the results are consistent with the theoretical foundations and 

economic structure as well as industrial production of the countries under study. The low 

sensitivity of industrial production in the G7 countries is reflective of the fact that rising and 

falling oil prices have little effect on the growth of industrial production in these countries. 

Various factors, such as changes in the structure of the industrial sector of countries due to 
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improved technology and increased productivity, diversification of energy supplies, especially 

clean and renewable energies, reduced dependence on oil as a production input since the 1970s, 

have had a major role in reducing the impact of oil price changes on industrial production 

growth. The details of the results for each country are as follows: 

In the case of Canada, the LSTR1 is considered as the optimal model and the oil price growth 

threshold was estimated at -20.07%. Estimation results show that if oil price growth is greater 

than -20.07%, it has a positive impact on industrial production, whereas any price growth below 

the threshold value leaves a negative effect on industrial production growth. The results are 

consistent with Canadian economy as an oil-exporting country as any oil price decrease 

translates into lower oil revenue stream. In the case of France, Results from LSTR1 estimation 

indicates that while any oil price growth greater than 18.85%, has a positive impact on 

industrial production, price growths below the threshold value have a negative effect on 

industrial production growth. This result appears to be inconsistent with France as an oil-

importing economy but one should note that high energy efficiency and a highly diversified 

energy resources have made France less vulnerable to oil price volatilities. In addition, 

disruptions to current account balance are offset by inflow of revenues to big local oil 

companies such as Total.    

The results from the LSTR2 model for Germany indicate that oil price has two threshold values 

which are -53.02% and 36.89%. Any price growth between the two thresholds has a positive 

impact on industrial production. However, price growths on either side of the threshold values 

have negative impact on industrial production. Therefore, regardless of the magnitude of oil 

price shock, industrial production has an adverse, though negligible, response to oil price 

shocks.  

The results from LSTR1 model for Japan reveal that if the oil price growth is beyond 18.89% 

threshold level, it has a negative impact on industrial production growth and vice versa. This 

finding is consistent with Japan oil-dependent economy.  

Finally, based on the estimated LSTR1 model for the UK and the US, the threshold level is 

estimated at 5 percent. Also, the long run coefficients for both economies emphasize that any 

oil price growth below the threshold level has a positive, though negligible in the case of the 

US, effect on industrial production growth and vice versa.  
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Since the industrial production response to oil price changes in net oil-exporting countries 

might be different from that of net oil-importing countries, thus considering this feature to 

examine the impact of oil price changes on industrial production growth can play a significant 

role. On the other hand, given the fact that in the past two decades countries have taken a great 

deal of measures to deal with the vulnerability of economic performance in the face of drastic 

oil price changes, a separate study on the impact of oil price changes on industrial production 

growth for the 2000-2017 and 1980-2000 periods can also provide valuable results and useful 

policy implications. So these two important issues will be discussed in the next chapter. 
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Appendix A15 
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15 - Demonstrating descriptive statistics, especially the maximum, minimum and mean of variables can help better 

analyze and understand the regression results created for the estimated threshold levels for countries and their 

dynamic behavior. 
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Chapter 6 

The Impact of Oil Price changes on 

Industrial Production: A Panel Smooth-

Transition Approach 
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Introduction 

During the last 50 years, the literature on oil price-economic activity nexus has emerged as an 

important issue and has sparked an interest among researchers and policy makers. Topics like 

the effect of oil price changes on the dynamics of business cycles, economic consequences of 

oil price changes, the differential effect of oil prices in oil-exporting and oil-importing 

economies as well as implementation of non-linear econometric models to examine the causal 

relationship between oil price changes and macroeconomy are key to the literature regarding 

the of oil price shocks.  

While Chapter two sought to address the asymmetric effect of oil prices on G7 industrial 

production cycles using a Markov-switching approach, Chapter three focused on the threshold 

effect of oil price changes on G7 industrial production within a smooth transition approach. To 

shed light on the differential impacts of oil price changes on oil-exporting and oil-importing 

countries, this chapter aims to investigate the effects of oil price changes for G-7 countries 

based on the threshold role of net oil exports-to-GDP ratio within a panel smooth transition 

framework. This allows to take into account G7 countries dependence on oil export and import 

as a key variable in analyzing industrial production response to oil price changes. In other 

words, industries dependence on oil export or import is taken as an effective variable to capture 

industrial production response to oil price changes.  

Further, the analysis is carried out for two consecutive time periods, namely, 1980-1999, 2000-

2017 and their combination, 1980-2017. This allows to highlight the role that choice of time 

interval plays in assessment of model performance (i.e. forecasting the impact of oil price 

changes on economic activity). While breaking down the time period into smaller time intervals 

was not possible in previous chapters given the small sample size and also implementation of 

time series econometric models, the adoption of a panel data approach ensures that the above 

choice of time intervals raises no issues concerning statistical inference16.  

 

16 For example, in the panel data approach there are 560 and 504 observations for each variable for the (1980–

1999) and (2000–2017) periods respectively, but in the time series approach there are 152 observations for the 

entire period (1980–2017) and this, It is not possible to split it into smaller time intervals. 
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An overview of literature and statistical evidence reveals that the 1973 oil shock urged oil-

dependent industrialized economies to take a series of steps to alleviate the harmful effects of 

oil price changes on economic activity. These measures include diversification of energy 

resources to cut down oil dependency, enhancement of energy efficiency, curtailing energy 

intensity by means of new technologies, adopting clear and environment-friendly energies such 

as natural gas, wind, solar as well as water energies. This led to a restructuring of production 

(manufacturing industries) culminating in lower dependence on oil. Thus, industrial production 

response to oil price changes is expected to differ for pre-2000 and post-2000 periods.  

In general, this chapter seeks to address two key questions which are as follows:  

1. How and to what extent does the economic structure (i.e. dependence on oil imports) 

influence the impact of oil price changes on G7 industrial production?  

2. Have the policies adopted by the G7 countries regarding the structure of industrial 

production and their dependence on oil and other energy sources in the last few decades 

led to a mitigation of industrial production response to oil price changes? 

 

This study adopts the panel smooth transition regression model (PSTR) developed by Fok et 

al. (2004), Gonzalez et al. (2005), and Colletaz and Hurlin (2006). PSTR model allows for 

continuous modeling of non-linearity using transition function and threshold variable 

observations. The introduction of a threshold variable and an adjustment parameter in the PSTR 

model allows the estimated parameters to vary between countries but also with time and 

thereby makes it possible to test for and take into account heterogeneity issue.  

 

6-1- Review of literature 

In spite of a large body of literature on the impact of price changes on the net oil-importing 

countries, only a few studies have addressed oil exporters .In recent years, some empirical 

studies have shown that oil-exporting countries respond differently to oil price changes, 

depending on the magnitude of revenue growth and the rate of reduction in oil exports. (Kumar, 

2009; Jiménez-Rodríguez and Sanchez, 2012 and Wang and Zhang, 2014).  At first glance, 

rising oil prices can be perceived as good news for oil-exporting countries, as their export 

earnings increases resulting in higher investment and demand, which in turn accelerates the 

process of economic growth. In general, oil prices transmit to the economy of an oil-exporting 
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country through the fiscal and export channels. Whenever the price of oil rises, an oil-exporting 

country receives larger capital inflows in the form of foreign exchange, which appreciates the 

currency. Currency appreciation makes imported goods cheaper. Imports usually make up a 

large portion of consumer goods in oil-exporting countries. Therefore, as oil prices rise, the 

general price level drops and interest rates fall as the monetary policy reacts according to the 

Taylor rule. This culminates in higher investment and consumption and thereby encourages 

demand in the economy of oil-exporting countries. Rising oil prices can also boost economic 

growth through government spending channel. Since oil exports are heavily taxed, higher oil 

prices bring on budget surplus in an oil-exporting country, which stimulates government 

spending and will eventually lead to higher GDP. 

Moreover, management of volatile oil revenues, which usually brings in economic instability 

and Dutch disease in the long run is a major challenge faced by oil-exporting countries. As a 

result, industrial production of these countries slows down leading to a decline in economic 

growth. However, this problem can be prevented by proper management of oil revenues. 

Norway, Canada and Malaysia are successful examples (Sachs and Warner, 2001; Collier and 

Goderis, 2007; Mehrara and Sarem, 2009). 

In this context, Farzanegan and Markwardt (2009) provide evidence for a positive link between 

positive oil price changes and industrial output growth for the Iranian economy. Mehrara and 

Mohaghegh (2011) found that oil shocks have significant positive impacts on economic output 

of OPEC countries. Elotony and Al-Awadi (2001) showed that oil price shocks are the main 

determinants in Kuwait economic activities. Berument and Ceylan (2007) indicated that, in 

some selected MENA countries, the effect of positive oil price shock on the output of most 

producing countries is positive and significant. However, Moshiri (2015) investigates the non-

linear effects of oil price shock on macroeconomic performance in the context of two groups 

of oil-exporting countries using a VAR model consisting of oil price shocks and economic 

growth as two major variables of interest as well as intermediate variables such as investment, 

exchange rate, and inflation rate where price shocks estimated by a GARCH method. Based on 

his findings, not all oil-exporting countries are alike in responding to oil shocks. While oil 

shocks have asymmetric effects in oil-exporting developing countries; lower oil prices lead to 

major revenue cuts and ensuing stagnation in the economy, higher oil prices and accompanying 

higher revenues do not translate into sustained economic growth. Moreover, Kriskkumar and 

Naseemthe (2019) investigated the linear and nonlinear effects of oil price on growth for 

Association of Southeast Asian Nations (ASEAN)—3 net oil-exporting countries, namely 
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Brunei, Malaysia and Vietnam within an augmented autoregressive distributed lag model 

(ARDL) bound test approach and the nonlinear autoregressive distributed lag model (NARDL) 

methodology over the period of 1979 to 2017. The results reveal that the effect of oil price is 

asymmetric for the case of Brunei, while the effect oil price is deemed insignificant for the case 

of Malaysia and Vietnam, both linear and nonlinear model. Brunei’s high dependency on oil 

revenue makes it susceptible to negative oil price shock. This suggests that oil price still plays 

a significant role as the main driver of economic progress for Brunei. In addition, Sadeghi 

(2017) examines the impact of government size on how output and government expenditure 

respond to oil price shocks in 28 oil-exporting countries between 1990 and 2016. Results 

suggest that if the size of government (measured by government expenditure-to-(non-oil) GDP 

ratio) is larger, non-oil output growth, in response to a positive oil price shock, tends to be 

greater and output volatility higher. He also finds that an unexpected increase in oil price leads 

to expansion in government expenditure and the expansion is larger, the larger is the 

government. 

However, many studies have argued that the impact of oil shocks contribution to economic 

downturns remains controversial and have blamed misspecification of the functional form. 

Loungani (1986), Mork (1989), Lee et al. (1995), Hamilton (1996), Davis et al. (1996), and 

Cu ̃nado and Gracia (2003), among others, have suggested that the relation between oil prices 

and economic activity is nonlinear.  

Sadorsky (1999) proved a nonlinear relation between the oil price change and economic 

activities using a two-regime model. Hamilton (2003) suggested that oil price-GDP nexus is 

non-linear and assets that predicting economic growth requires a nonlinear function of oil price 

changes.  

Using a StructuralVector Auto-correlation, Emami and Adibpour (2012) showed that an in oil 

prices provokes economic growth, whereas a decrease in oil prices has a negative impact on 

output in Iran.  

In the line of studies mentioned above, the Panel Smooth Transition Regression (PSTR) model, 

has been used to study the effect of oil price shocks on economic growth. It's worth noting that 

PSTR model has been applied to quite a wide variety of economic modelling problems.  These 

include the relationship between pollution and economic growth (Aslanidis and Xepapadeas 

2006, 2008), the inflation-growth nexus (Espinoza, Leon, and Prasad 2012, Seleteng, 

Bittencourt, and van Eyden 2013, Omay, van Eyden, and Gupta 2017), the effects of oil prices 
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on the current account of oil-exporting countries (Allegret,  Couharde,  Coulibaly,  and Mignon 

2014),  the effects of positive and negative oil price shocks on economic growth in GCC 

economies (Alimi and Aflouk 2017), the nonlinear relationship between crude oil prices and 

crude oil production (Tzu-Yi Yang, Ha Thanh and Chia-Wei Yen 2017) borrowing costs of 

European countries during the recent financial crisis (Delatte, Gex,and Lopez-Villavicencio 

2012, Delatte,  Fouquau,  and Portes 2017),  the behavior of exchange rates (Bereau,  Lopez 

Villavicencio and Mignon 2010), the Feldstein-Horioka puzzle of domestic savings and 

investment rates (Fouquau, Hurlin, and Rabaud 2008), earnings persistence of firms (Cheng 

and Wu 2013),  the relationship between temperature and electricity consumption (Besseca and 

Fouquau 2008), and the relationship between patents and market value in the pharmaceutical 

industry (Chen, Shi and Chang 2014), just to name  a  few. These  studies  demonstrate  the  

fact  that  the  PSTR  model  offers  an attractive possibility of capturing heterogeneity in panel 

data. 

Also, given that the economies of net oil imports or net oil exports may react differently to 

changes in oil prices, based on their industrial production dependence on oil, the linear panel 

data regressions do not capture these distinctions and heterogeneity. However, the PSTR 

approach has the potential to evaluate the coefficients of industrial production response to 

changes in oil prices, based on the dependence of the economic structure on oil imports/exports. 

Since the purpose of this paper is to study the effect of oil price changes on industrial 

production growth in G7 countries within a PSTR framework, section 3 presents the PSTR 

modeling approach. 

 

6-2- Methodology 

Following Gonzalez et al. (2005), and Colletaz and Hurlin (2006),  we consider a PSTR 

model with two extreme regimes and a single transition function wherein net export-to-GDP is 

chosen as the transition variable. The basic PSTR model with two extreme regimes is defined 

as:  

(6.1) 
' '

0 1 ( ; , )it i it it it ity x x F q c u   = + + +  
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The dependent variable yit is a scalar, xit is a k-dimensional vector of time-varying exogenous 

variables, µi represents the fixed individual effect, and uit are the errors. Transition function 

F(qit; γ, c) is a continuous function of the observable variable qit and is normalized to be 

bounded between 0 and 1. We follow Gonzalez et al. (2005) by using the logistic specification  

(6.2) 
1

1

( , , ) [1 exp( ( ))]
m

it it j

j

F c q q c  −

=

= + − −  

Where c is an m-dimensional vector of location parameters and the slope parameter γ 

determines the smoothness of the transitions. The restrictions γ > 0 is imposed for identification 

purposes. According to Colletaz and Hurlin (2006), one can employ lagged dependent or 

exogenous variables and even any relevant variable that gives rise to a nonlinear econometric 

model as transition variables. In this regard, net export-to-GDP is chosen as the transition 

variable. The choice of net export-to-GDP as the transition variable determines the extent to 

which the impact of oil price changes on industrial production is influenced by oil dependency 

within the manufacturing sector. This sheds light on the differential impact of oil price changes 

in oil-importing and oil-exporting countries.  

As stated by Gonzalez et al. (2005), it's sufficient to consider one or two extreme regimes (m=1, 

m=2), as these values allow for commonly encountered types of variation in the parameters. 

Transition function is a continuous function and bounded between 0 and 1. When m = 1 and 

parameter c tends to infinity, the transition function approaches an indicator function that takes 

the value of 1 if qit > cj and 0 otherwise. Between the two limited extreme regimes, the 

combined regression coefficients fluctuate between (a0, b0) and (a0 + a1, b0 + b1) by the given 

level of the threshold variable. For m = 2, the transition function has its minimum and 

symmetric about the point (c1+c2)/2 and captures the value 1.0 at either of the low or high 

values of the transition variable. If slope parameter (γ) tends toward infinity, the model will be 

divided into a three regime threshold model so that the outer regimes will be similar, but will 

differ from the central regime. Besides, when the slope parameter is close to zero, the transition 

function F(qit; γ, c) is constant for any number of location parameters and the model 

degenerates to the homogenous or standard linear panel model with individual fixed effects. 

Since the transition function switches back and forth between zero and one, the PSTR model 

can be specified as follows:  
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(6.3) 
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As stated earlier, one of the advantages of PSTR model is that it allows the parameters to vary 

between countries and thus provides a parametric approach to deal with the cross-country 

heterogeneity issue. To compute the time-varying elasticity for each country of the sample and 

for each date, Colletaz and Hurlin (2006) have considered two cases:  

Case one: transition variable is incorporated in the model as an exogenous variable:  
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 Case two: the transition variable is chosen from exogenous variables:  

(6.5) it 0 1e ( ; , )
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The PSTR model can be generalized to r+1 extreme regimes as follows:  

(6.6) 
' '
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Where r denotes the number of transition functions. The estimation procedure for the PSTR 

model is a relatively straightforward application of the fixed effects estimator and nonlinear 

least squares (NLS). The individual effects µi are first eliminated by removing individual-

specific means and then the NLS is applied to the transformed data. This estimation procedure 

is equivalent to the procedure for estimating the maximum likelihood in the case of normal 

distribution error term.  

According to González et al. and Colletaz and Hurlin, we need to test the linearity hypothesis 

against a specification with threshold effects and then identify the number of transition 

functions before estimating the final PSTR model. Testing the linearity or equivalently 
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homogeneity hypothesis in a PSTR model can be specified as H0: γ = 0 or H0:b0 = b1 = 0. 

However, the test statistics will have a non-standard distribution because the PSTR model 

contains unidentified nuisance parameters under the null hypothesis. One possible solution to 

this problem, which was proposed in a time series context by Luukkonen et al. and Hansen and 

generalized to panel data by González et al. is to replace the transition function F(qit; γ, c) with 

its first order Taylor expansion around γ = 0, which is as follows:  

it

m

ititmitititiit uqxqxxy +++++=  ...10  (6.7) 

 

Consequently, the linearity hypothesis can be tested as 0...: 10 === mH   in this first-order 

Taylor expansion. For this purpose, we can apply general restriction tests such as the Wald LM 

test (LMW), the Fisher LM test (LMF), and the Likelihood Ratio test (LRT) as proposed by 

Colletaz and Hurlin. The corresponding statistics of these tests were then specified as follows:  

(6.8) 
( )0 1

0

TN SSR SSR

SSR
LM

w
−

=  

(6.9) 
[( ) / ]0 1

[ /( )]0

SSR SSR Km

SSR TN N mK
LM

F
−

=
− −
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Where SSR0 denotes the panel sum of squared residuals under H0 and refers to the linear panel 

model with individual effects, SSR1 is the panel sum of the squared residuals under H1 and 

refers to a transformed PSTR model with two regimes, N is the total number of countries, T is 

the size of sample period, and K represents the number of explanatory variables.  

Once the null hypothesis of linearity is rejected, we must determine the appropriate number of 

transition functions to adequately capture all of the nonlinearity or all of the heterogeneity in 

the relationships among the variables under study. In fact, we use a sequential approach by 

testing the null hypothesis of no remaining non-linearity in the transition function. Therefore, 

testing for no remaining nonlinearity is to test whether there is one transition function or at 

least two transition functions. The logic of the test consists of replacing the second transition 
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function by its first-order Taylor expansion around γ = 0 and the test of no remaining non-

linearity is simply defined by 0...: 2210 === mH  .  

(1)

0 1

(2) (2)

21 2

( , , )

...

it i it it it
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it it m it it it
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x q x q u
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 (6.11) 

 

If H0 is not rejected, the procedure ends. Otherwise, the null hypothesis of 2 transition functions 

is tested against the alternative hypothesis of 3 transition functions. The testing procedure 

continues until the first acceptance of H0.  

6-3- Data 

In order to examine the impact of oil price changes on industrial production, net export-to-GDP 

is chosen as the transition variable with oil price change taken as the explanatory variable. 

Further, the results of PSTR model estimation for 1980-1999, 2000-2017, and 1980-2017 

periods will be thorough analyzed.  

The descriptive statistics for net export-to-GDP (nox), oil price (opg) as well as industrial 

production (yind) are illustrated in Table 6.1. As illustrated in Table 6.1, the average industrial 

production for 1980-1999 is greater than the other two samples. Also, highest (6.8%) and 

lowest (-21.8%) industrial production growth occurred during 2000-2017.  Further, the 

arithmetic mean of oil price growth is negative for 1980-1999 but positive for 2000-2017 and 

the highest (44.8%) and lowest (-74.2%) oil price growth occurred during 1908-1999 and 2000-

2017 respectively. Moreover, the arithmetic mean of net export-to-GDP is negative for all three 

periods, highlighting the fact that not only do G7 countries rely on oil imports, but also their 

oil-dependency during 2000-2017 has been reduced compared to 1980-1999. It's worth noting 

that among the G7 countries, Canada and UK are considered net exporter of oil while other 

countries are considered net oil importer.  
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Table 6.1.  Descriptive statistics for oil price growth, industrial production and net export-to-GDP 

Sample (1980Q1-1999Q4)  

Std. Dev. Minimum  Maximum  Mean  Variables  

1.47 -4.32 5.13 0.42 yind 

14.02 -52.89 44.88 -1.43 opg 

0.11 -0.56 0.09 -0.10 nox 

Sample (2000Q1-2017Q4) 

Std. Dev. Minimum  Maximum  Mean  Variables  

2.13 -21.86 6.81 0.06 yind 

15.27 -74.30 33.73 0.18 opg 

0.07 -0.25 0.19 -0.06 nox 

Sample (1980Q1-2017Q4) 

Std. Dev. Minimum  Maximum  Mean  Variables  

1.82 -21.86 6.81 0.25 yind 

14.64 -74.30 44.88 -0.66 opg 

0.10 -0.56 0.19 -0.08 nox 

Note: yind denotes industrial production growth while opg and nox represent oil price change and net oil export 

respectively. 

6-4- Empirical Results  

In this section, the empirical results on the effect of oil price changes on industrial production 

growth in G7 countries are analyzed within a panel smooth transition model. However, the 

stationarity test of variables should be investigated before addressing the results of panel 

smooth transition model for different countries.   

6-4-1- Unit Root Test  

Since the presence of a unit root, or non-stationarity of variables, may result in spurious 

regression and unreliable results, we must ensure all variables are stationary and that the model 

has no unit roots. To this end, the generalized Dickey–Fuller and Levin, Lin and Chu (LLC) 

tests were carried out17. The results of these two unit-root tests are demonstrated in Table 6.2. 

 

17 Alternative hypothesis test of ADF is heterogeneous but in LLC is homogeneous. Moreover, LLC is a pooled 

test, but ADF is a combination test. Also ADF is more powerful than LLC with cross-sectional correlated errors.  
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According to the results, all three variables, namely the industrial production growth (Yind), 

oil price growth (OPG), and net export-to-GDP (nox), are stationary in all three time periods.  

 

Table 6.2. The Augmented Dickey Fuller (ADF) and LLC unit root tests results. 

Sample (1980Q1-1999Q4)  

ADF Fisher Levin, Lin and Chu Variables  

Prob statistic Prob statistic 

0.000 283.525 0.000 -14.156 Yind 

0.000 459.564 0.000 -19.416 Opg 

0.0001 43.951 0.001 -3.066 Nox 

Sample (2000Q1-2017Q4) 

ADF Fisher Levin, Lin and Chu Variables 

Prob statistic Prob statistic 

0.000 192.257 0.000 -12.727 Yind 

0.000 406.767 0.000 -18.695 Opg 

0.000 51.734 0.000 -4.118 Nox 

Sample (1980Q1-2017Q4) 

ADF Fisher Levin, Lin and Chu Variables 

Prob statistic Prob statistic 

0.000 560.982 0.000 -19.611 Yind 

0.000 1357.180 0.000 -26.043 Opg 

0.0028 33.094 0.0006 -3.235 Nox 

Note: yind denotes industrial production growth while opg and nox represent oil price change and net oil export 

respectively; 

In both ADF and LLC tests, the null hypothesis of unit root in not rejected; 

All tested variables are stationary at the one percent significance level.  

  

6-4-2- Results from Estimation of Panel Smooth Transition Regression Model (1980-

1999) 

Based on the procedure proposed in the previous section, we test the linearity hypothesis 

against the PSTR model. As illustrated in Table 6.3, the nonlinearity tests including Wald LM 

test (LMW), the Fisher LM test (LMF), as well as the Likelihood Ratio test (LRT) for one and 
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two extreme regimes (m=1 & m=2) clearly lead to the rejection of the null hypothesis of 

linearity.  

This leads us to run specification tests of no remaining non-linearity in order to identify an 

optimal number of transition functions. The optimal number of transition functions is always 

inferior to the maximum number of transition functions. In other words, in a PSTR model, a 

small number of extreme regimes is sufficient to capture the non-linearity in the oil price-

industrial production growth relationship. Following González et al. (2005) and Colletaz and 

Hurlin (2006), the null hypothesis of one transition functions is tested against the alternative 

hypothesis of two transition functions (Table 6.3). As shown in Table 6.3, the results of no 

remaining nonlinearity illustrates that null hypothesis of one transition functions is not rejected 

and all of the nonlinearity in the oil price-industrial production growth relationship can be 

captured by one transition function. 

Table 6.3. Tests for linearity and remaining nonlinearity in the PSTR model (1980-1999) 

m=2 m=1 
 

𝐿𝑅 𝐿𝑀F 𝐿𝑀w 𝐿𝑅 𝐿𝑀F 𝐿𝑀w 

6.634 

(0.001) 

3.283 

(0.038) 

6.595 

(0.037) 

3.155 

(0.076) 

3.119 

(0.078) 

3.146 

(0.076) 
𝐻0: 𝑟 = 0 𝑣𝑠 𝐻1: 𝑟 = 1 

NA NA NA 
0.734 

(0.392) 

0.721 

(0.396) 

0.734 

(0.392) 

 

𝐻0: 𝑟 = 1 𝑣𝑠 𝐻1: 𝑟 = 2 

Notes: r denotes the number of transition functions, m denotes the location parameter, and the corresponding P-

values are in parentheses; 

The first row shows the results of linearity test and second row displays the results of the remaining non-linearity 

test; 

The results of no remaining nonlinearity illustrates that null hypothesis of one transition functions is not rejected 

and nonlinearity in the oil price-industrial production growth relationship can be captured by one transition 

function. 

In the next step, we follow the method proposed by Colletaz and Hurlin and select the optimal 

number of location parameters. To this end, we estimate the PSTR model for one transition 

function associated with one and two location parameters, and the corresponding value of the 

residual sum of squares. We, then, follow Colletaz and Hurlin to compute the statistics of 

Akaike (AIC) and Schwarz (SBC) criteria (Table 6.4).  
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Table 6.4. Determination of the number of location parameters (1980-1999) 

Akaike criterion Schwarz criterion Residual sum of squares  

0.7511 0.7820 1.1596 m=1 

0.7640 0.8027 1.1683 m=2 

Note: smaller values of Residual sum of squares, Schwarz criterion and Akaike criterion indicate a better 

specification; 

Since the statistics of all three tests for one threshold level are smaller than the statistics for two threshold levels, 

thus the model with one transition function is optimal.  

The results from the three criteria in Table 6.4 indicate that the model with one transition 

function and one location parameter is optimal. The next step entails PSTR model estimation. 

Table 6.5 contains the parameter estimates of the PSTR model.  

 

Table 6.5. Parameter estimates for the final PSTR model (1980-1999) 

T statistic Standard Deviation OPG Coefficient  

-2.6590 0.0745 -0.1981 Linear section 

2.5966 0.0746 0.1938 Non-linear section 

𝑙𝑛𝑌𝑖𝑛𝑑𝑖𝑡 = 𝜇𝑖 − 0.1981𝑙𝑛𝑂𝑃𝐺𝑖𝑡                                                              𝐺(𝑞𝑖𝑡;  𝛾, 𝑐) = 0:first 

regime 

𝑙𝑛𝑌𝑖𝑛𝑑𝑖𝑡 = 𝜇𝑖 − 0.0043𝑙𝑛𝑂𝑃𝐺𝑖𝑡                                                              𝐺(𝑞𝑖𝑡;  𝛾, 𝑐) = 1:second 

regime 

γ = 1312.4                      𝑐 = −0.3922 

Note: γ determines the smoothness of the transition and c denotes threshold parameter; 

First regime=Linear section, second regime= Linear section+ Non-linear section; 

The estimated threshold parameter (nox) is equal to -0.3922.  

 

As reported in Table 6.5, the estimated slope parameter for the transition function in the model 

is equal to 1312.4 which is rather rough, e.g., the transition between the regimes of oil price 

changes -industrial production growth nexus is sharp, which suggests the use of PSTR 

specification. Moreover, the estimated threshold parameter (nox) is equal to -0.3922 where the 

negative value suggests that the oil import exceeds oil export at the time transition occurs 

between the two regimes.  

Further, the estimated parameters of both linear and non-linear sections are significantly 

different from zero so that in the first regime one percent increase in oil prices leads to a 0.19 
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percent decline in industrial production while in the second regime one percent increase in oil 

prices leads to a 0.004 percent decline in industrial production in G7 countries. As we can see, 

a surge in oil prices gives rise to a reduction in industrial production in both regimes with oil 

price changes impact on industrial production having dramatically diminished in the second 

regime though. Therefore, one can state that an increase in oil prices brings about a reduction 

in industrial production in both oil-exporting and oil-importing economies with the impact 

being larger for countries with greater dependence on oil.  

Figure 6.1 illustrates the estimated OPG–Yind coefficients with respect to changes in transition 

variable. As can be seen, transition between the two regimes is quite sharp due to the large 

value of slope parameter and also, most observations of the transition variable are in the second 

regime.  
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Figure 6.1. Oil price -industrial production growth coefficients (1980-1999) 

Finally, based on the estimated parameters of PSTR model as well as data observed for net 

export-to-GDP of G7 countries, oil price-industrial production growth coefficients were 

estimated for 1980-1999. Maximum, minimum as well as the average coefficients for each of 

G7 countries are presented in Table 6.6.  
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Table 6.6. Oil price –industrial production growth coefficients with respect to changes in 

transition variable (1980-1999) 

 Average Coefficients Maximum Coefficient Minimum Coefficient 

Canada  -0.0764 -0.0755 -0.0786 

France  -0.0827 -0.0811 -0.0933 

Germany -0.0835 -0.0816 -0.0926 

Italy -0.0821 -0.0806 -0.0883 

Japan -0.0914 -0.0867 -0.1117 

UK -0.0743 -0.0712 -0.0786 

US -0.09183 -0.08651 -0.1052 

Note: the magnitude of the OPG coefficient will change with respect to changes in the observed transition variable 

(net oil exports to GDP) among countries, thus a set of coefficients general information of which is presented in 

the table above can be estimated. 

As shown in Table 6.6, the largest negative impact of oil price growth is on the US and Japan 

industrial production, while the smallest negative impact is on UK and Canada. It's worth 

noting that UK and Canada are considered net exporter of oil whereas Japan and the US are 

considered net importer of oil for most of the period 1980-1999.  

 

6-4-3- Results from Estimation of Panel Smooth Transition Regression Model (2000-

2017) 

In this section, we look into the impact of oil price changes on G7 industrial production growth 

within a PSTR model over the period 2000-2017. Based on the methodology adopted so far, 

we test the linearity hypothesis against the PSTR model and in the next step run specification 

tests of no remaining non-linearity in order to identify an optimal number of transition 

functions. Later, by selecting the optimal number of location parameters, we can determine the 

optimal PSTR model specification. The final step entails PSTR model estimation. The results 

for linearity and remaining nonlinearity tests in the PSTR model are presented in Table 6.7. As 

demonstrated in Table 6.7, the nonlinearity tests including Wald LM test (LMW), the Fisher 

LM test (LMF), as well as the Likelihood Ratio test (LRT) for one and two extreme regimes 

(m=1 & m=2) clearly lead to the rejection of the null hypothesis of linearity.  
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Table 6.7. Tests for linearity and remaining nonlinearity in the PSTR model (1980-1999) 

m=2 m=1 
 

𝐿𝑅 𝐿𝑀F 𝐿𝑀w 𝐿𝑅 𝐿𝑀F 𝐿𝑀w 

14.711 

(0.000) 

7.331 

(0.001) 

14.499 

(0.001) 

5.332 

(0.021) 

5.275 

(0.022) 

5.304 

(0.021) 
𝐻0: 𝑟 = 0 𝑣𝑠 𝐻1: 𝑟 = 1 

0.010 

(0.995) 

0.005 

(0.995) 

0.010 

(0.995) 

0.675 

(0.411) 

0.662 

(0.416) 

0.675 

(0.411) 

 

𝐻0: 𝑟 = 1 𝑣𝑠 𝐻1: 𝑟 = 2 

Notes: r denotes the number of transition functions, m denotes the location parameter, and the corresponding P-

values are in parentheses; 

The first row shows the results of linearity test and second row displays the results of the remaining non-linearity 

test; 

The results of no remaining nonlinearity illustrates that null hypothesis of one transition functions is not rejected 

and nonlinearity in the oil price-industrial production growth relationship can be captured by one transition 

function. 

As the second step, the null hypothesis of one transition functions is tested against the 

alternative hypothesis of two transition functions. The results of no remaining nonlinearity 

illustrates that null hypothesis of one transition functions is not rejected and all of the 

nonlinearity in the oil price-industrial production growth relationship can be captured by one 

transition function.  

This leads us to the selection of optimal number of location parameters based on the method 

proposed by Colletaz and Hurlin. Similar to the previous section, we estimate the PSTR model 

for one transition function associated with one and two location parameters, and the 

corresponding value of the residual sum of squares and then compute the statistics of Akaike 

(AIC) and Schwarz (SBC) criteria (Table 6.8).  

Table 6.8. Determination of the number of location parameters (2000-2017) 

Akaike criterion Schwarz criterion Residual sum of squares  

1.3773 1.4108 1.9469 m=1 

1.3779 1.4197 1.9365 m=2 

Note: smaller values of Residual sum of squares, Schwarz criterion and Akaike criterion indicate a better 

specification; 

Based on Akaike and Schwarz criteria, m=1 is optimal, whereas according to the residual sum of squares criterion, 

m=2. Following Jude (2010), in this special case the Akaike and Schwarz criteria are preferred and the PSTR 

model with one location parameter is chosen. 
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As highlighted in Table 6.8, based on the results from the Akaike (AIC) and Schwarz (SBC) 

criteria, the model with one transition function and one location parameter is optimal whereas 

according to the residual sum of squares criterion, the model with one transition function and 

two location parameter is suitable. However, following Jude (2010), in this special case the 

Akaike and Schwarz criteria are preferred and the PSTR model with one location parameter is 

chosen. The next step entails PSTR model estimation. The parameter estimates of the PSTR 

model are displayed in Table 6.9.  

Table 6.9. Parameter estimates for the final PSTR model (2000-2017) 

T statistic Standard Deviation OPG Coefficient  

-4.9038 0.0139 -0.0684 Linear section 

2.7028 0.0704 0.1903 Non-linear section 

𝑙𝑛𝑌𝑖𝑛𝑑𝑖𝑡 = 𝜇𝑖 − 0.0684𝑙𝑛𝑂𝑃𝐺𝑖𝑡                                                              𝐺(𝑞𝑖𝑡;  𝛾, 𝑐) = 0:first 

regime 

𝑙𝑛𝑌𝑖𝑛𝑑𝑖𝑡 = 𝜇𝑖 + 0.1219𝑙𝑛𝑂𝑃𝐺𝑖𝑡                                                              𝐺(𝑞𝑖𝑡;  𝛾, 𝑐) = 1:second 

regime 

γ = 24.1852                      𝑐 = 0.0558 

Note: γ determines the smoothness of the transition and c denotes threshold parameter; 

First regime=Linear section, second regime= Linear section+ Non-linear section; 

The estimated threshold parameter (nox) is equal to 0.0558.  

 

As shown in Table 6.9, the estimated slope parameter for the transition function is equal to 

24.18 which is rather smooth, e.g., the transition between the regimes of oil price changes -

industrial production growth nexus occurs quite slowly, which suggests the use of PSTR 

specification. Moreover, the estimated threshold parameter (nox) is equal to 0.0558 which 

shows the location where transition occurs between the two regimes. In other words, the values 

of net export-to-GDP (nox) below 0.055 correspond to the first regime and values of nox above 

0.055 correspond to the second regime.  

Further, the estimated parameters of both linear and non-linear sections are significantly 

different from zero so that in the first regime one percent increase in oil prices leads to a 0.068 

percent decline in industrial production while in the second regime, one percent increase in oil 

prices leads to a 0.12 percent rise in industrial production in G7 countries. Thus, one can 
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stipulate that the second regime corresponds to the time when a country is a net oil exporter 

and thereby, any oil price hike over the period 2000-2017 has brought about an industrial 

production boom in an oil-exporting country.  Besides, the negative impact of oil price changes 

on industrial production of oil-importing countries has moderated over the period 2000-2017 

compared to 1980-2000.  

Figure 6.2 depicts the estimated OPG–Yind coefficients with respect to changes in transition 

parameter. As can be seen, over the period 2000-2017 transition between the two regimes 

occurs smoothly and the negative impact of oil price changes on industrial production has 

lessened though the positive impacts have intensified compared to 1980-2000.  
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Figure 6.2. Oil price -industrial production growth coefficients (2000-2017) 

 

Finally, based on the estimated parameters of PSTR model as well as data observed for net 

export-to-GDP of G7 countries, oil price-industrial production growth coefficients were 

estimated for 2000-2017. Table 6.10 details the corresponding coefficients for each of G7 

countries.  
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Table 6.10.  Oil price -industrial production growth coefficients with respect to changes in 

transition variable (2000-2017) 

 Average Coefficients Maximum Coefficient Minimum Coefficient 

Canada  -0.0084 0.1143 -0.0682 

France  -0.0519 -0.0381 -0.0593 

Germany -0.0554 -0.0440 -0.0611 

Italy -0.0531 -0.0372 -0.0605 

Japan -0.0645 -0.0571 -0.0674 

UK -0.0279 0.0046 -0.0385 

US -0.0675 -0.0657 -0.0682 

Note: the magnitude of the OPG coefficient will change with respect to changes in the observed transition variable 

(net oil exports to GDP) among countries, thus a set of coefficients general information of which is presented in 

the table above can be estimated. 

As shown in Table 6.10, the average impact of oil price growth on industrial production is 

negative for all G7 countries, though the magnitude of the negative impact has reduced 

compared to the period 1980-1999. In addition, largest negative impact of oil price growth is 

on the US and Japan industrial production, while the smallest negative impact is on UK and 

Canada. This finding is quite similar to that of the period 1980-1999. Also, it should be noted 

that the positive impact of oil price changes on industrial production over the period 2000-2017 

corresponds to only UK and Canada, whereas the impact has been negative for the remaining 

G7 economies.  

It's worth noting that UK and Canada are considered net exporter of oil whereas Japan and the 

US are considered net importer of oil for most of the period 1980-1999.  

 

6-4-4- Results from Estimation of Panel Smooth Transition Regression Model (1980-

2017) 

While subsections 6.4.2 and 6.4.3 sought to examine the impact of oil price changes on G7 

industrial production within a PSTR model over two consecutive periods 1980-1999 and 2000-

2017, the goal of this section is to investigate the oil price change-industrial production nexus 

over the combination of the above periods, i.e., over the period 1980-2017.  

Following the same methodology proposed in Section 6.3, we first test the linearity hypothesis 

against the PSTR model and then carry out tests of no remaining non-linearity in order to 
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identify an optimal number of transition functions. In the next step, we the optimal PSTR model 

is determined by selecting the optimal number of location parameters. Finally, we estimate the 

PSTR model. The results for linearity and remaining nonlinearity tests are summarized in Table 

6.11.  

Table 6.11. Tests for linearity and remaining nonlinearity in the PSTR model (1980-2017) 

m=2 m=1  

𝐿𝑅 𝐿𝑀F 𝐿𝑀w 𝐿𝑅 𝐿𝑀F 𝐿𝑀w 

38.846 

(0.000) 

19.577 

(0.000) 

38.145 

(0.000) 

44.127 

(0.000) 

44.716 

(0.000) 

43.224 

(0.000) 

𝐻0: 𝑟 = 0 𝑣𝑠 𝐻1: 𝑟 = 1 

2.873 

(0.057) 

1.426 

(0.241) 

2.869 

(0.238) 

0.506 

(0.477) 

0.502 

(0.479) 

0.506 

(0.477) 

   

𝐻0: 𝑟 = 1 𝑣𝑠 𝐻1: 𝑟 = 2 

Notes: r denotes the number of transition functions, m denotes the location parameter, and the corresponding P-

values are in parentheses;  

The first row shows the results of linearity test and second row displays the results of the remaining non-linearity 

test; 

The results of no remaining nonlinearity illustrates that null hypothesis of one transition functions is not rejected 

and nonlinearity in the oil price-industrial production growth relationship can be captured by one transition 

function. 

As demonstrated in Table 6.11, the nonlinearity tests including LMW, LMF, as well as the LRT 

test for one and two extreme regimes (m=1 & m=2) clearly lead to the rejection of the null 

hypothesis of linearity.  

As the second step, the null hypothesis of one transition functions is tested against the 

alternative hypothesis of two transition functions. The results of no remaining nonlinearity 

illustrates that null hypothesis of one transition functions is not rejected and all of the 

nonlinearity in the oil price-industrial production growth relationship can be captured by one 

transition function.  

This leads us to the selection of optimal number of location parameters. Table 6.12 details the 

results for optimal number of location parameters.   
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Table 6.12. Determination of the number of location parameters (1980-2017) 

Akaike criterion Schwarz criterion Residual sum of squares  

1.1465 1.1651 3.3078 m=1 

1.1491 1.1724 3.3070 m=2 

Note: smaller values of Residual sum of squares, Schwarz criterion and Akaike criterion indicate a better 

specification; 

Based on Akaike and Schwarz criteria, m=1 is optimal, whereas according to the residual sum of squares criterion, 

m=2. Following Jude (2010), in this special case the Akaike and Schwarz criteria are preferred and the PSTR 

model with one location parameter is chosen. 

As can be seen in Table 6.12, based on the results from the Akaike (AIC) and Schwarz (SBC) 

criteria, the model with one transition function and one location parameter is optimal whereas 

according to the residual sum of squares criterion, the model with one transition function and 

two location parameter is suitable. Therefore, PSTR model with one location parameter is 

chosen as the optimal model. The next step involves PSTR model estimation. The parameter 

estimates of the PSTR model are displayed in Table 6.13.  

Table 6.13. Parameter estimates for the final PSTR model (1980-2017) 

T statistic Standard Deviation OPG Coefficient  

-4.6709 0.0067 -0.0315 Linear section 

3.2026 0.0178 0.0571 Non-linear section 

𝑙𝑛𝑌𝑖𝑛𝑑𝑖𝑡 = 𝜇𝑖 − 0.0315𝑙𝑛𝑂𝑃𝐺𝑖𝑡                                                              𝐺(𝑞𝑖𝑡;  𝛾, 𝑐) = 0:first 

regime 

𝑙𝑛𝑌𝑖𝑛𝑑𝑖𝑡 = 𝜇𝑖 + 0.0256𝑙𝑛𝑂𝑃𝐺𝑖𝑡                                                              𝐺(𝑞𝑖𝑡;  𝛾, 𝑐) = 1:second 

regime 

γ = 70.0335                      𝑐 = 0.0293 

Note: γ determines the smoothness of the transition and c denotes threshold parameter; 

First regime=Linear section, second regime= Linear section+ Non-linear section; 

The estimated threshold parameter (nox) is equal to 0.0293.  

As shown in Table 6.13, the estimated slope parameter for the transition function is equal to 

70.03 which is greater than the corresponding value for the period 2000-2017 but smaller than 

that of the period 1980-1999. Moreover, the estimated threshold parameter (nox) is equal to 

0.293 which, similarly, is greater than the estimated threshold parameter for the period 2000-

2017 but smaller than that of the period 1980-1999.  

Further, the estimated parameters of both linear and non-linear sections are significantly 

different from zero so that in the first regime (for transition parameter values below 0.0293) 
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one percent increase in oil prices leads to a 0.0315 percent decline in industrial production 

while in the second regime which corresponds to values of transition parameter above 0.0293, 

one percent increase in oil prices leads to a 0.0256 percent growth in industrial production in 

G7 countries. Thus, one can assert that an oil price hike has brought about an industrial 

production boom in an oil-exporting country but has led to a reduction of industrial production 

in oil-importing countries over the period 1980-2017. This finding conforms to the theoretical 

literature on oil price-economic activity relationship.   

Figure 6.3 depicts the estimated OPG–Yind coefficients with respect to changes in transition 

parameter. As can be seen, major oil price impact on industrial production has realized in the 

first regime with the impact being negative for all G7 countries except for UK and Canada.  

-.04

-.03

-.02

-.01

.00

.01

.02

.03

-.6 -.5 -.4 -.3 -.2 -.1 .0 .1 .2

Transition Variable

O
P

G
 C

o
e

ff
ic

ie
n

ts

 

Figure 6.3. Oil price -industrial production growth coefficients (1980-2017) 

Finally, based on the estimated parameters of PSTR model as well as data observed for net 

export-to-GDP of G7 countries, oil price-industrial production growth coefficients were 

estimated for 1980-2017. Table 6.14 details the maximum, minimum as well as the average 

coefficients for G7 countries.  
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Table 6.14. Oil price -industrial production growth coefficients with respect to changes in 

transition variable (1980-2017) 

 Average Coefficients Maximum Coefficient Minimum Coefficient 

Canada  -0.0153 0.0255 -0.0315 

France  -0.0312 -0.0287 -0.0315 

Germany -0.0313 -0.0301 -0.0315 

Italy -0.0312 -0.0284 -0.0315 

Japan -0.0315 -0.0313 -0.0315 

UK -0.0093 0.0250 -0.0307 

US -0.0315 -0.0315 -0.0315 

Note: Given that the OPG-YIND coefficient varies with respect to changes in the observations of transition 

variable (net oil exports to GDP) among countries, thus a set of coefficients general information of which is 

presented in the table above can be estimated. 

As shown in Table 6.14, although the average impact of oil price growth on industrial 

production is negative for all G7 countries, the largest negative impact of oil price growth is 

on the US and Japan industrial production, and the smallest negative impact is on UK and 

Canada. Therefore, the magnitude of oil price impact on industrial production is largely 

influenced by the degree of oil dependency of an economy.  

6-5- Conclusion  

This Chapter sought to extend the literature on effects of oil price changes for G-7 countries 

by taking net exports- to- GDP ratio as the transition variable using a panel smooth transition 

approach for three time periods, namely, 1980-1999, 2000-2017, 1980-2017. In this regard, 

two key questions were addressed:  

1. How and to what extent does the economic structure (i.e. dependence on oil imports) 

influence the impact of oil price changes on G7 industrial production?  

2. Have policies and measures adopted by G7 countries led to a mitigation of industrial 

production response to oil price changes?  

Based on the methodology adopted in this Chapter, the null hypothesis of linearity is strongly 

rejected for all three time periods. Also, results from the Akaike (AIC) and Schwarz (SBC) 

criteria reveal that the PSTR model with one transition function and one location parameter is 

the optimal specification to capture oil price-industrial production non-linearity.  
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Based on the results from the PSTR model estimation for the period 1980-1999, the estimated 

threshold parameter (nox) is equal to -0.3922 and one percent increase in oil prices leads to a 

0.19 and 0.004 percent decline in G7 industrial production in the first and second regime 

respectively.  

It is noteworthy that the magnitude of the OPG coefficient will change with respect to changes 

in the observed transition variable, so that the higher the net oil exports, the smaller the OPG 

coefficient, and vice versa. 

Therefore, an increase in oil prices brings about a reduction in industrial production in both oil-

exporting and oil-importing economies with the impact being larger for countries with greater 

dependence on oil.   

Our findings for the period 2000-2017 confirm that the estimated threshold parameter (nox) is 

equal to 0.0558 and one percent increase in oil prices leads to a 0.068 percent decline in G7 

industrial production in the first regime but causes a 0.12 percent rise within the second regime. 

Thus, any oil price hike has brought about an industrial production boom in an oil-exporting 

country, and the negative impact of oil price changes on industrial production of oil-importing 

countries has moderated over the period 2000-2017 compared to 1980-2000.  

Furthermore, findings for the period 1980-2017 suggest that the estimated threshold parameter 

(nox) is equal to 0.0293 and one percent increase in oil prices leads to a 0.0315 percent decline 

in industrial production in the first regime, whereas in the second regime leads to a 0.0256 

percent growth in industrial production in G7 countries. Thus, an oil price hike has brought 

about an industrial production boom in an oil-exporting country but has led to a reduction of 

industrial production in oil-importing countries over the period 1980-2017.  

Therefore, we can conclude that oil price changes have a differential impact of oil price changes 

in oil-importing and oil-exporting countries. In addition, a comparison of two periods 1980-

1999 and 2000-2017 reveals a reduction of industrial production susceptibility to oil price 

changes for the last two decades, which can be attributed to measures regarding the 

diversification of energy resources resulting in lower energy intensity and reduced dependence 

on oil. Furthermore, the distinction of estimated parameters of the model over the three periods 

not only underlines the significant role of selecting time intervals but also justifies the 

distinction of findings in the previous studies.  
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Conclusion 
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7-1- Summary and Conclusions 

The main purpose of this study is to investigate the impact of oil price changes on industrial 

production growth in G7 countries. Following the oil shock of 1973, economists focused on 

the prominent role of energy in the process of economic growth and development, especially 

the role of oil and its price changes as an important input of production. Therefore, various 

empirical studies in the literature on energy economics have been conducted to discuss oil price 

changes on economic performance. A review of the literature reveals several key points that 

underpin this dissertation; first, the impact of oil price changes on economic performance is 

non-linear and asymmetric in nature, i.e., the impact of oil price changes on economic 

performance in periods of boom and recession, and also the effect of positive and negative 

changes in oil prices on industrial production can be different; second, the impact of oil price 

changes on industrial production has not been addressed in previous empirical studies and most 

empirical studies have focused on the effects of oil price changes on economic growth, the 

stock market and inflation; Third, the fact that the structure of production and the degree of 

dependence of the economies on oil over the past four decades have undergone a series of 

changes may have influenced the way in which oil price changes affect industrial production 

growth in exporting and importing countries. However, the threshold level of dependence on 

oil imports/exports was neither estimated nor determined in previous studies and therefore 

country responses were not examine on this basis.  

 Therefore, the present study aims at expanding and contributing to the literature and seeks to 

answer three key questions. First, how does rising oil prices impact industrial production in 

periods of recession and boom? Second, how do rises and falls in oil prices affect industrial 

production growth? Third, how has the impact of oil price changes on industrial production 

growth of oil-exporting and importing countries during 1980–1990 and 2000–2017 periods 

differed? To address the above three key questions, three widely-used nonlinear econometric 

time series approaches, namely Markov switching, smooth transition regression and panel 

smooth transition regression are adopted. 

The second chapter examines the impact of oil price changes on industrial production growth 

in G7 countries using seasonal time series data from 1970 to 2017 within a Markov Switching 

Approach. The linearity test results for all countries under study strongly emphasize the 
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existence of a nonlinear relationship, i.e., null hypothesis of non-linearity is rejected. It can be 

generally stated that, with some minor exceptions, oil price changes have a positive effect on 

industrial production growth in boom regimes. On the contrary, oil price changes have had a 

negative impact on the growth of industrial production in stagnation regimes. The results also 

indicate that compared to an oil price increase, oil price volatility has a larger negative impact 

on industrial production growth. The technical and policy implications of this section show 

that, first of all, the impact of oil price changes on industrial production growth follows an 

asymmetric pattern and therefore the use standard linear approaches may lead to unreliable 

inference. Second, not only does the rise in oil prices during periods of boom not impede the 

growth of industrial production but it can also accelerate the growth of industrial production. 

On the other hand, rising oil prices during periods of recession can lead to further recession. 

For example, in the United States one percent increase in oil prices caused the industrial 

production growth to fall by 0.044 percent during the recession and by 0.008 percent during 

the boom. In the UK, one percent increase in oil prices during the boom resulted in a 0.51 

percent growth in industrial production and a 0.13 percent decrease in industrial production 

growth during the recession. 

In Chapter 3, the smooth transition regression approach as one of the most prominent nonlinear 

time series approaches is applied to investigate the asymmetric and threshold effect of oil price 

changes on industrial production growth in G-7 countries. Seasonal data on oil price growth 

and industrial production growth for the period 1970 to 2017 are used. With the exception of 

Italy where no statistically significant non-linearities were detected, oil price change impact on 

industrial production is non-linear characterized by a logistic smooth transition model with one 

threshold value (LSTR1) for Canada (-20.07 percent of oil price decrease), France (18.85 percent of 

oil price increase), Japan (18.89 percent of oil price increase), UK (5.4 percent of oil price 

increase) as well as the US (5.07 percent of oil price increase), and with two threshold values 

(LSTR2) for Germany (-53.02 and 36.89 percent of oil price changes). Although threshold 

parameters for oil price changes and the different coefficients of its impact have been estimated 

for different countries, it can be generally stated that oil price changes have a positive effect on 

the industrial production growth of Canada, France and Japan. It should be noted, however, 

that negative changes in oil prices (lower oil prices) in Canada (less than 20.7) and France (less 

than 18.85) reduce industrial production growth in these countries. In the United States and the 

United Kingdom, if oil price change does not exceed 5.5%, the impact of oil price change on 

industrial output growth is positive. Also, for Germany, only drastic changes in oil prices 
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(falling oil prices by more than 53 percent or rising oil prices by more than 37 percent) have a 

negative impact on industrial production growth. It is noteworthy that while the long run 

coefficient of oil price impact on industrial production is very large for Canada and UK, it's 

negligible for other G-7 countries. The technical and policy implications of this section also 

show that first of all, nonlinear econometric approaches are preferable to linear ones and 

generate better results, i.e., more flexible information than linear models has been provided, 

including the variation in the effect of oil price changes  during periods of recession and boom, 

variation in the impact of an increase or a decrease in oil prices, and also taking into account 

the nature of countries, either an exporter or importer of oil. Second, the manufacturing and 

economic structure of the G7 countries is less susceptible to changes in oil prices, which can 

be attributed to improvements in energy efficiency, along with a better systematic approach to 

demand shocks by monetary authorities. 

In Chapter 4, we sought to extend the literature on the effects of oil price changes for G-7 

countries by taking net exports- to- GDP ratio as the transition variable for three time periods, 

namely, 1980-1999, 2000-2017, 1980-2017. For this purpose, seasonal data and the panel 

smooth regression model as one of the most prominent nonlinear panel approaches are adopted.  

Our findings confirm that firstly, oil import dependency has an adverse impact on the 

magnitude of oil price effect on industrial production; higher dependency on oil import 

aggravates the impact of oil price growth on industrial production. However, in the case of oil-

exporting economies, oil price growth had a positive effect on industrial production for 2000-

2017. Secondly, the negative impact of oil price growth on industrial production for 1980-1999 

is larger than that of 2000-2017, which indicates the fact that G7 economies have been less 

susceptible to oil price changes and that the inimical effect of oil shocks have moderated since 

2000. These results suggest that G7 countries have access to wider and more diverse sources 

of energy, such as renewable and nuclear energy, and that the structure of their industrial 

production has been less dependent on oil over time as technology improves and efficiency 

increases. 

 This section implies that first of all, the economic structure of countries, either oil-importing 

or oil-exporting, influences the extent and the degree of industrial production growth 

susceptibility to oil price changes. In other words, oil price changes have a differential impact 

in oil-importing and oil-exporting countries. Second, the transformations taken place in the 

structure of industries and the extent of their dependence on oil during the last four decades 
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have given rise to changes in the way the industrial production is affected by oil. Diversification 

of energy resources to cut down oil dependency, enhancement of energy efficiency, curtailing 

energy intensity by means of new technologies, adopting clear and environment-friendly 

energies such as natural gas, wind, solar as well as water energies are among major measures 

taken by G7 countries.  

7-2- Future Research 

In order to extend the literature on the role of energy in economic performance and to bridge 

the gap in this field of research, further research can be carried out as follows: 

Given that an increase in oil prices leads to a slowdown in economic growth and higher 

inflation in oil-importing countries, this can indirectly affect oil-exporting countries. Not only 

does this reduce exports (energy and other commodities) of oil-exporting countries due to lower 

global demand, but it also results in higher cost of imports given the increased production costs 

caused by higher input prices along with lower productivity. Since oil price changes have a 

significant impact on the industrial production growth through the export and import channel, 

a look into the impact of oil price changes on the trade balance of oil-exporting and importing 

countries using asymmetric and nonlinear econometric approaches such as Markov switching 

and smooth transmission regression can provide valuable policy implications, i.e., how and to 

what extent the increase or decrease in oil prices can affect the balance of trade in oil-exporting 

and oil-importing countries in the short and long run. 

Increasing energy efficiency and reducing energy intensity by relying on improved technology, 

the use of efficient and clean energy sources such as natural gas, hydro, wind, solar, nuclear, 

and the like to reduce dependence on oil have been the focus of attention by governments and 

policy makers in industrialized, especially oil-importing countries. Therefore, it can be useful 

to examine the impact of alternative sources of energy such as natural gas and renewable 

energies on industrial production growth. Investigating the effect of alternative energy sources 

is important because it firstly helps manage the risk of fluctuations in production costs due to 

changes in price of oil as an energy input. Second, other energy sources with lower cost and 

higher efficiency may be used in the production process. 

Given that the highly complex economic system is interdependent with sectors, the impact of 

oil price changes on the economic performance of oil-exporting and importing countries can 

be modeled and studied within the framework of DSGE model. While providing a robust and 
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coherent theoretical framework, it illustrates how different sectors of the economy are affected 

by oil price changes. Therefore, one can examine optimal monetary and fiscal policies to reduce 

the detrimental effects of oil price growth within a DSGE model. 
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