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ABSTRACT
Countries trying to increase their production in the industrial sector wish
to have access to cheap energy. However, a rise in oil prices affects the
industrial production of countries dependent on oil. Furthermore, as
production costs increase, the general level of prices also increases. This
study aims to examine the long-term effects of the rise in oil prices on
the industrial production index and the CPI in the Turkish economy. Since
the study measures the impact of Brent crude oil prices on the industrial
production index and CPI for the Turkish economy, it contributes to the
literature. In this respect, the study investigated the relationships among
the specified variables for the 2010: Q1-2020: Q4 period of the Turkish
economy. Phillips-Ouliaris cointegration test and Granger and Bootstrap
causality test were used to analyze the relationship among the variables.
A long-term relationship was found between the variables. According to
the results of both causality tests, it was determined that the rise in oil
prices raised the CPI by increasing the cost of industrial production in the
Turkish economy. The findings show that oil prices should be monitored
closely by actors of economic management.
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1. Introduction
The industrial sector plays a vital role in increasing production and employment in
competing economies. An increase in industrial production increases the GDP of countries
and creates positive effects on macroeconomic indicators (Güder & Kahıloğulları, 2015, p.
365). Economies aim to produce qualified production by attaching importance to
technological advances. In addition, they aim to increase the investment volume in the
economy by encouraging foreign investors. In this way, they reduce the unemployment rate
in the country by providing new employment opportunities (Kalkavan, Eti, & Yüksel, 2020,
p. 57).
The need for energy increases with the population growth, urbanization, industrialization,
and developing technology. Since the inability to respond to this increasing demand has
caused significant economic problems for many countries, especially in economic terms, the
focus has been shifted to balancing supply-demand in recent years. In order to prevent
potential bottlenecks in energy derived from oil, coal, hydraulic, natural gas, nuclear, and
renewable energy sources, regular planning is done in production, transmission, and
distribution systems (Haliloğlu & Tutu, 2018, p. 243).
Energy, which is the primary input of industrial production, plays a vital role in the
economic development of, especially, oil countries (Güder & Kahıloğulları, 2015, p. 365). A
rise in oil prices reduces the demand for consumption and investment goods. The rising
price of oil erodes the foreign exchange reserves in oil-importing countries, increasing the
current account deficit in these economies (Gündoğan & Tok, 2019, p. 131-132). To what
extent oil price shocks impact a country’s economy varies according to the level of
dependence on oil and the share of oil expenditures in national income (Karadaş &
Koşaroğlu, 2019, p. 42).
Changes in the price of an essential input in industrial production such as petroleum
directly affect industrial production. Furthermore, rising oil prices adversely affect the real
economy. In particular, in countries such as Turkey, where current account deficits are
financed through borrowing, a rise in oil prices leads to macroeconomic instability. It also
increases production costs and creates cost-push inflation. When the increased production
costs are reflected in sales prices, consumer welfare is negatively affected in the final
analysis (Gündoğan & Tok, 2019, p. 131-132). Oil prices also create uncertainty in the
market, which leads to a rise in production costs. In this way, both consumption and cash
flows to manufacturing companies decrease. As a result, companies also reduce their
investments. (Dursun & Özcan, 2019, p. 180).
After a short introduction, the second section of this study examines the relationship
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between industrial production index, oil prices, and CPI. In the third section, the literature
on the relationship between industrial production index, oil prices, and CPI is presented. In
section 4, an empirical analysis is performed, and the findings obtained are evaluated. In the
concluding section, the findings obtained are interpreted.
2. Industrial Production Index, Oil Price, and CPI Relations
The increase in demand for oil in turn the demand for industrial commodities in which
oil is used as input (Yıldırım, Bayar, & Kaya, 2014, p. 103). Changes in oil prices also affect
the consumer price index (Eyüboğlu & Eyüboğlu, 2016, p. 150). Nevertheless, the increase
in the growth rate of the economy also increases the oil demand (Uçan & Bozkaya, 2019, p.
650).
Increasing oil consumption causes inflation in both demand and costs (Erkuş &
Karamelikli, 2016, p. 3). Import countries that do not possess sufficient energy resources
become dependent on oil prices because they do not implement the right economic policies.
This condition results in the fragility of the economic structure of importing economies.
According to the Demand-Side Approach, the increase in oil prices causes a decrease in
consumption expenditures and an increase in the production costs of domestic investments.
Increasing production costs and decreasing consumption expenditures reduce foreign
investments in the country. According to the Monetary Policy approach, the rise in oil prices
increases inflation. In order to control increasing inflation, actors of economic management
apply tight monetary policies, which causes an increase in interest rates while at the same
time effecting a decrease in economic growth (Tütüncü & Kahveci, 2020, p. 849).
Graph 1: Relationship between Industrial Production Index, Brent Oil Price, and CPI

Source: Central Bank of the Republic of Turkey (CBRT), https://evds2.tcmb.gov.tr/index.php?/evds/serieMarket (15.02.2021).
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When Graph 1 is analyzed, it is seen that Brent oil prices were in the range of ‘$100-120’
in the 2010-2014 period. In 2014, oil prices started to decline and dropped to a level of $ 40
in 2016. Oil prices, which started to rise again as of 2017, dropped to a level of 15 during the
COVID-19 pandemic in 2020. As for the Consumer Price Index, a steady increase was
observed between 2020 and 2021 while the Industrial Production Index moved at a stable
level. The Industrial Production Index in the Turkish economy dropped at the beginning of
the year 2020. As for the remaining periods of 2020, the industrial production index started
to increase. When Graph 1 is analyzed, it is noteworthy that the changes do not influence the
industrial production index and the consumer price index in oil prices. Even in the period
between 2010 and 2020, when oil prices increased or decreased, it is seen that the consumer
price index constantly increased. Nevertheless, despite the change in oil prices, the industrial
production index generally moved at a stable level.
3. Literature Review
The impact of oil prices on industrial production and inflation is an issue that requires
measures in terms of employment and price stability. Various studies have been conducted in
the literature to measure the impact of oil prices on industrial production and inflation in
economies. In this context, one of the studies investigating the impact of oil price changes
on inflation using the Benchmark Model, conducted by LeBlanc and Chinn (2004), revealed
that the 10% increase in oil prices increased the inflation rate of England, the USA, Japan,
France, and Germany by 0.1 to 0.8% in 1980: Q1-2001: Q4 period. In their study conducted
on 6 Asian countries, implementing the Granger Causality Test, Cunado and Gracia (2005)
concluded that the change in oil prices significantly impacted consumer price indices for the
period 1975-2002. Cologni and Manera (2008) examined the direct effects of oil price
shocks on prices with a structural cointegrated VAR model for the G-7 countries for the
period 1980: Q1-2003: Q4. According to the estimated coefficients of the structural part of
the model, it was found that oil prices affected the inflation rate for all countries except
Japan and the UK. Ahmed and Wadud (2011) used a structural VAR (SVAR) model based on
monthly data for the period 1986-2009 of the Malaysian economy. According to the model
estimates, declines in oil prices lowered the levels of the Consumer Price Index (CPI).
Dynamic impulse response functions obtained from the SVAR model revealed a long-term
slowing down effect of oil price volatility shock on Malaysian industrial production. Zhao,
Zhang, Wang, and Xu (2016) established the dynamic stochastic general equilibrium
(DSGE) model for the Chinese economy for 1990-2013. According to the simulation results,
oil supply shocks caused by political events had a short-term effect on production and
inflation in China. The demand shocks in the crude oil market contributed to the fluctuations
in China’s production and inflation. Sek (2017) investigated the symmetrical and
asymmetrical pass-through effect of oil price changes into the domestic price index in
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Malaysia. He used linear and nonlinear autoregressive distributed lag (ARDL) models for
the period 1980-2015 to examine the effect in question. The results showed that changes in
oil prices have symmetrical and asymmetrical pass-through effects on domestic prices across
sectors. Changes in oil prices lead to higher output growth. On the other hand, they have a
limited effect on consumer prices in the long run. Koçak, Balan, and Albayrak (2017)
researched the relationship between oil prices in countries that import oil for the period
2003:01-2017:02 and inflation using the VAR model. A positive long-term relationship is
detected between oil prices and inflation at the end of the analysis. According to Granger
Causality test results, it is understood that inflation is the Granger reason for oil prices.
Bayraktutan and Solmaz (2019) analyzed the inflationist impact of oil prices in 20 countries
which import the most oil. The annual data of 1993-2007 are analyzed with the panel data
method, and it is concluded that oil prices are a tonic for inflation.
A study examining the effect of the change in oil prices on industrial production was
conducted by Ayadi in 2005. Employing a VAR analysis of the Nigerian economy from 1980
through 2004, the said study revealed that the change in oil prices did not affect industrial
production. However, in Kumar’s study (2009), the VAR analysis demonstrated that the
increase in oil prices negatively affected industrial production in the Indian economy during
1975-2004.
Among the studies conducted on the Turkish economy, Özdemir and Akgül (2015)
investigated the industrial production index and the changes in oil prices with Markov
Exchange Vector Autoregressive (MS-VAR) models using the monthly data of 2005:102014:02. As a result of the study, they found that oil and gasoline prices impacted industrial
production. Gokmenoglu, Azin, and Taspinar (2015) examined the relationship among oil
price, inflation, GDP, and industrial production for 1961-2012. In order to investigate the
relationship between variables, they employed three different tests: unit root, cointegration,
and causality tests. Johansen cointegration results confirmed that there was a long-run
relationship between these variables. The Granger causality test illustrated a unidirectional
relationship from oil price to industrial production. For the 2003-2015 period, Erkuş and
Karamelikli (2016) conducted ARDL for a long-term symmetrical analysis of crude oil
prices and their effects on inflation while also employing NARDL to test the nonlinear
effects. As a result, they found that the increase in oil prices positively affected consumer
prices. Yıldırtan and Berk (2017) examined the relationship between the current account
deficit, consumer price index, and industrial production index to analyze the long-term
effects of the decrease in oil prices on the Turkish economy. The causality between the oil
prices in January 2005 and August 2016 and macroeconomic variables was tested by VAR
Granger Causality/Block Exogeneity Wald Test. The analysis results show the highest
correlation with the crude oil price index, industrial production index, and consumer price
index.
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Uçan and Bozkaya (2019) examined the effects of oil price changes on macroeconomic
variables in the 2000:Q1-2018:Q1 period. According to the cointegration test results,
impulse-response analysis, and causality test, the change in oil prices is not severe on both
the industrial production index and the consumer price index. However, the consumer price
index is more affected by the changes in oil prices. Karadaş and Koşaroğlu (2019) employed
structural VAR (SVAR) analysis to examine the long-term effects of structural shocks in oil
prices on the economy for the period 2005:01-2018:07. A structural shock in oil prices
explained about 44% of the changes in the industrial production index. Therefore, the oil
price spikes cause the industrial production in Turkey to decrease; thus, negatively affecting
the economy. Tütüncü and Kahveci (2020) analyzed the effects of oil prices on industrial
production index and unemployment for 2006:1-2018:12 using Hacker and Hatemi-J
symmetric and asymmetric causality tests. They found a causality relationship from oil
prices to the industrial production index between 2007:08-2015:06 and 2017:01-2018:05.
4. Data Set, Methodology, and Findings
In this study, the relationship between industrial production index, oil prices, and the CPI
for 2010: Q1-2020: Q4 of the Turkish economy was analyzed. The data of the study were
obtained from the database of the CBRT, “evds.tcmb.gov.tr.” The industrial production index
was shown in the study as ‘IPI’, oil prices as ‘BRENT’, and consumer price index as ‘CPI’.
In a situation where the examined variables are expected to be in a nonlinear form, linear
and nonlinear unit root tests are employed, and the test results are compared. For this reason,
ADF unit root tests were conducted to test the unit root and stationarity of the series (Destek
& Okumuş, 2016, p. 77). If there is a break in the series, the results of the ADF unit root tests
tend to confirm the hypothesis that the series has a unit root (Gövdeli, 2016, p. 226). Before
conducting the causality analysis, possible breaks are taken into account using the augmented
Dickey-Fuller (ADF) test from the conventional unit root tests. Regressions for the ADF unit
root test are as follows (Yavuz, 2006, p.163-164).

With the estimation of the above equations, whether the variable has a unit root is
tested. The T in Equation 1 indicates the deterministic trend. The lag difference terms are
included in the model to ensure that the error term does not contain autocorrelation. In
Equation 1, the basic hypothesis that the variable has a unit root versus the alternative that
the trend is stationary is tested. In Equation 2, the basic hypothesis that the variable has a
unit root is tested against the alternative that it is stationary around a mean. Accordingly:
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If the estimation is not different from the null, the unit root hypothesis cannot be
variable’s alternative trend-stationarity or mean-stationarity
rejected. If <0, the
hypotheses are accepted (Yavuz, 2006, p. 164).
Table 1: ADF Unit Root Test Results
Level Values
Test Statistics (With
Stationary &Trend)

Critic Values

First Differences

Variables

ADF

ADF

lntufe

-0,7665 (0)

-6,3823 (0)***

lnbrent

-2,6009 (0)

-9,5796 (0)***

lnsue

-1,7541 (3)

-10,3140 (2)***

%1

-4.186481

-4.192337

%5

-3.518090

-3.520787

% 10

-3.189732

-3.191277

Note: Values in the brackets mean gap lengths for ADF. Schwarz Information Criteria (SIC) was used to choose the gap lengths. ***
means that the significance level is 1%.

According to Table 1, all series contain unit root in level values. Therefore, according to
the results of the ADF Unit Root Test in Table 1, it was seen that all the variables examined
in the study became stable at first difference. The appropriate lag length was determined for
the series that became stationary, shown in Table 2.
Table 2: VAR Lag Length Selection
Lag
0

1
2
3

4

LogL

LR

FPE

AIC

SC

HQ

24.47557
156.1102

NA
236.9424

6.86e-05
1.49e-07

-1.073778
-7.205511

-0.947112
-6.698847*

-1.027980
-7.022317

168.4907

20.42772

1.27e-07

-7.374533

-6.487871

-7.053944

175.6555

10.74730

1.42e-07

-7.282776

-6.016117

-6.824792

195.7347

  27.10686*

  8.53e-08*

-7.836734*

-6.190077

-7.241355*

Note: * indicates lag order selected by the criterion, LR: sequential modified LR test statistic (each test at 5% level), FPE: Final prediction
error, AIC: Akaike information criterion, SC: Schwarz information criterion, HQ: Hannan-Quinn information criterion

Before moving on to the empirical analysis, the lag length according to the VAR model is
presented in Table 2. In Table 2, the lag length was determined as four according to the VAR
model. After determining the lag length, the cointegration analysis, which provides the longrun relationship, was conducted. In this study, the Phillips-Ouliaris cointegration test was
conducted since it yields better results when the series contains sequential dependencies and
different variance (Öruç, 2017, p. 270; Sadeghzadeh, 2018, p. 244). Phillips-Oularis
cointegration test yields the model estimated in the equation.
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The explanatory variables in the model
are subject to regression on the explained
variable, and error terms are created. In the second stage, the obtained error terms are
estimated on their past values. The null hypothesis ρ = 1 is tested (Öruç, 2017, p. 270).
Phillips-Ouliaris has developed two residual-based tests; the ‘tau-statistic’ and the
‘z-statistic’. Both tests are used in the same way as unit root tests. However, the data are the
residuals obtained from the cointegration regressions. In these tests, the null hypothesis that
there is no cointegration is tested against the alternative hypothesis that there is cointegration
(Ecevit & Çetin, 2016, p. 89).
Table 3: Phillips Oullaris Cointegration Results
Null hypothesis: Series are not cointegrated
Dependent

tau-statistic

Prob.*

z-statistic

Prob.*

LNTUFEF

-4.395792

0.0183

-27.31599

0.0127

Note: *MacKinnon (1996) p-values. Long-run variance estimate (Prewhitening with lags = 4, Bartlett kernel, Newey-West fixed
bandwidth)

According to Table 3, there is a cointegration relationship among the variables. In other
words, a long-term relationship was found between the variables. Accordingly, the null
hypothesis claiming that there is no cointegration relationship was rejected.
After the Phillips-Ouliaris cointegration test, a causality relationship between the series
was examined with the Granger causality test. If the past of a random variable X provides a
better estimation of another random variable Y, variable X is the Granger-cause of Y. The
estimation is made after considering all the other possible and non-random data (Atukeren,
2011, p. 137-138). In the Granger causality test, variables are not separated as dependent or
independent, and the interaction between variables is analyzed simultaneously (Doğan,
Eroğlu, & Değer, 2016, p. 413). The Granger test is shown as an error correction model of a
co-integrated system (Atukeren, 2011, p. 139).

Δ is difference operator, and,
and
error terms conforming to the classical
assumptions of the model. The cointegration of variables and requires that either or
in models (5) and (6) must be non-zero. Therefore, in the error correction model, the changes
in the dependent variable are partially determined by the lagged value of . However, the
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fact that

includes

and

indicates that at least one variable of the cointegration

relationship is the Granger-cause of the other.
Table 4: Granger Causality Test Results
Sample: 144
Lags: 4
Null Hypothesis:
LNBRENT does not Granger Cause LNTUFE

Obs

F-Statistic

Prob.

40

4.53815

0.0053***

1.99996

0.1191

4.53815

0.0053***

6.45715

0.0007***

LNTUFE does not Granger Cause LNBRENT
LNSUE does not Granger Cause LNTUFE

40

LNTUFE does not Granger Cause LNSUE
LNSUE does not Granger Cause LNBRENT
LNBRENT does not Granger Cause LNSUE

40

1.99996

0.1191

6.45715

0.0007***

Note: *** means that the significance level is %1.

Table 4 shows the Granger causality test results. According to the Granger causality test
results, there is a unidirectional causality running from Brent oil prices to CPI. In other
words, the increase (decrease) in Brent oil prices increases (decreases) the CPI. There is
bidirectional causality between the industrial production index and the CPI. Increase
(decrease) of the industrial production index increases (decreases) the CPI. Similarly, the
increase (decrease) of the CPI increases (decreases) the industrial production index. Again,
there is a unidirectional causality running from Brent oil prices to the industrial production
index. An increase (decrease) in Brent oil prices increases (decreases) the industrial
production index.
In the study, after the Granger causality test, the relationship among variables was
analyzed using the Bootstrap causality test. Critical values are provided with Bootstrap when
errors are not normally distributed. However, the inability to separate positive and negative
shocks is a weakness of this model. In this context, in the asymmetric causality test
developed by Hatemi-J (2012), the responses of the series to negative and positive shocks
are examined separately (Bektur & Malcıoğlu, 2017, p. 80). The causality relationship
between the variables is analyzed by Hatemi-J (2012) bootstrap causality test. The results
obtained with this method are more reliable than other methods, especially when the sample
size is small (Kızılkaya, 2018, p. 222).
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Table 5: Bootstrap Causality Test Results
Optimum
VAR Gap
Length
(k+dmax)

MWALD
Statistics

1% Critical
Value

5% Critical
Value

10%
Critical
Value

lnbrent ≠>lntufe

4

12,292**

19,592

11,909

9,265

lntufe ≠> lnbrent

4

1,093

18,409

11,844

9,124

lnsue ≠>lntufe

4

11,486*

18,314

11,757

9,162

lntufe ≠> lnsue

4

14,465**

20,217

12,987

10,361

lnbrent ≠>lnsue

4

14,465**

18,166

11,710

9,164

lnsue ≠> lnbrent

4

0,903

17,442

11,333

8,974

Hypothesis

Note: ≠> notation on the table shows the hypothesis that there is no Granger causality relationship between the two variables in the
direction given. Gap length is specified based on the SIC criterion.
***, **, and * mean that the significance level is 1%, 5%, and 10%, respectively.

Table 5 shows Bootstrap causality test results. According to the Bootstrap causality test
results, there is a unidirectional causality running from Brent oil prices to CPI. In other
words, the increase (decrease) in Brent oil prices increases (decreases) the CPI. There is
bidirectional causality between the industrial production index and the CPI. An increase
(decrease) in the industrial production index also increases (decreases) the CPI. Similarly,
the increase (decrease) in the CPI increases (decreases) the industrial production index.
Again, there is a unidirectional causality running from Brent oil prices to the industrial
production index. An increase (decrease) in Brent oil prices increases (decreases) the
industrial production index. Thus, it was observed that there was consistency between the
results of the Bootstrap and the Granger causality tests.
5. Conclusion
The level of industrialization in a country is an indicator of its development. Countries
trying to increase their industrial production prefer to have access to energy cheaply and
easily. However, an increase in oil prices affects the industrial production of countries that
are dependent on oil. Furthermore, an increase in production costs also increases the general
level of prices. The increase in prices reduces consumers’ welfare level, thus lowering their
demands, leading to economic recession.
Countries with a strong dependence on oil are macroeconomically vulnerable to oil price
changes. While rises in oil prices affect the economy negatively, low oil prices affect the
economy positively. In this context, this study investigated the relationship between the
industrial production index, Brent crude oil prices, and CPI using the quarterly data of the
period 2010:Q1-2020:Q4 in the Turkish economy. Accordingly, the stationarity of the series
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was tested with the ADF unit root test, and it was determined that the series became
stationary by taking the difference. As the series became stationary at the same level, the
Phillips-Ouliaris cointegration test, which provides the long-run relationship, was conducted.
According to the Phillips-Ouliaris cointegration test results, there is a long-term cointegrated
relationship between the variables studied. Later in the study, the Granger causality test and
Bootstrap causality test were performed. It was observed that there was consistency between
the results of the Bootstrap and Granger causality tests. According to the results of both
tests, it was seen that the rise in oil prices increased production costs; thus, raising the CPI in
the period 2010: Q1-2020: Q4 in the Turkish economy. The results obtained in this study are
consistent with the findings of Uçan and Bozkaya (2019), and Karadaş and Koşaroğlu
(2019) regarding the Turkish economy.
As a result of the study findings, it could be argued that oil prices should be monitored
closely by actors of economic management in Turkey. In this context, it is recommended
that alternative energy resources be given more attention to prevent a decrease in industrial
production due to rises in oil prices in in Turkey, which is strongly dependent on oil. In order
to reduce the country’s dependence on external sources, energy production should be
increased by allocating funds and incentives for renewable energy sources such as solar,
geothermal, and wind energy which have a high potential for energy capacity. It is also
essential to produce industrial products such as high-speed trains and electric cars, which
run on electrical energy instead of oil.
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