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caligmalarin s6z konusu iligkinin varligina dair ¢eligkili bulgular elde
ettikleri gézlenmektedir. Ulusal ve uluslararasi literatiirdeki geliskiler
1s181nda, bu calisma enerji fiyatlar1 ve pay fiyatlar1 arasindaki iligkiyi
Ocak 2010-Aralik 2019 dénem araliginda BIST imalat sanayi sektoriine

Anahtar Kelimeler: ait 8 endeks (XUSIN, XMANA, XMESY, XTAST, XTEKS, XGIDA,
Pay fiyatlari, enerji, XKAGT ve XKMYA) iizerinden Cok Degiskenli Uyarlanabilir
MARS analizi. Regresyon Egrileri (Multivariate Adaptive Regression Splines: MARS)

yontemiyle yeniden arastirmaktadir. Calismada elde edilen sonuglar,
tiim alt endeks fiyatlar1 iizerinde petrol fiyatlarinin 6nemli dlgiide etkili
oldugunu; ancak dogal gaz ve elektrik fiyatlarinin her bir endeks i¢in
nispeten farkli etki diizeylerine sahip oldugunu ortaya koymustur.

1. Introduction

Energy has an important place in the global economy, since it shapes the competition conditions
between countries and contributes to the development levels of countries (Ozmerdivanli, 2014, p. 2).
Fluctuations in energy prices can affect several macro and micro indicators, such as the inflation, growth,
production output, and purchasing power of the relevant country economies (Syzdykova, 2018, p. 2).
Therefore, the change in energy price is a crucial indicator that should be particularly taken into account
due to its possible effects on countries without an energy source.

Changes in energy prices can also have effects on the capital markets of countries importing energy.
The first effect is related to the fact that an increase in energy prices can result in an increase in energy
costs and current-account deficits, with a consequent decrease in national income; such increases lead
to cost-based inflation due to the critical role of energy in production processes. Current-account deficits
and cost inflation can in turn reduce economic growth, leading to increased rates of interest and thus
affecting the capital markets indirectly. The second effect of changes in energy prices on capital markets
is related to the use of energy within all sectors in an effective manner. Indeed, it has been found that
even a one-unit increase in the energy price reflects adversely on the economy of an energy-importing
country, decreasing the purchasing power of firms and households (Lardic and Mignon, 2006, p. 3913).

Thus, as increases in energy prices result in increased firm costs, they may lead to a decrease in the
basic inputs of production, on the one hand, and cause a temporary irregularity in production function
and decrease in production output, on the other (Brown and Yiicel, 1999, p. 17). Additionally, increases
in oil prices, transportation costs, and the price of goods and services due to increasing energy prices
may pave the way toward an inflationary environment. At the same time, decreasing consumer demand
for products as households seek to cut down on their expenditure in the context of weakening purchasing
power negatively affects the sales of firms, leading to further reductions in firms’ earnings and profit
(Nguyen and Bhatti, 2012, p. 758). Eventually, firms whose net cash flows are adversely affected in this
way may have to take decisions such as postponing their long-term investments and focusing on short-
term strategies that aim to maintain their current status.

The importance of energy resources for both country economies and firms has been the subject of
many studies in national and international literature, and this has included investigation of the
relationship between energy resources and stock prices. However, in the current literature, contested
findings have been observed regarding whether there is any such relationship. Some studies do indeed
suggest that there is (such as Jones and Kaul, 1996; Basher and Sadorsky, 2006), while others concluded
that there is not (such as Chen, Roll and Ross, 1986, Huang, Masulis and Stoll, 1996). Essentially, such
controversial results may be as result of differentiation in criteria such as the energy resources, sample,
sample period and frequency, and research method employed by different studies. For instance, many
studies discuss only oil as a source of energy (such as Faff and Brailsford, 1999; EI-Sharif, Brown,
Burton, Nixon and Russell, 2005); relatively fewer studies discuss natural gas (such as Acaravci, Oztiirk
and Kandir, 2012) or both energy sources (such as Boyer and Filion, 2007). Most studies relate to
developed markets (such as Apergis and Miller, 2009; Filis, Degiannakis and Floros, 2011); emerging
markest are included in only a limited number of studies (such as Basher and Sadorsky, 2006; Al-
Fayoumi, 2009). As for sample period, most look at 10-year periods (such as Li, Zhu and Yu, 2012;
Akoum, Graham, Kivihaho, Nikkinen and Omran, 2012), while daily data sets are covered in only a
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limited number of studies (such as El-Sharif et al., 2005; Fayyad and Daly, 2011; Abdioglu and
Degirmenci, 2014). Some studies reach their conclusions through a focus on prices (such as Jones and
Kaul, 1996; Acaravci et al., 2012) while others do so through a focus on indexes (such as Mohanty,
Nandha and Bota, 2010; Arouri and Rault, 2010). Finally, most studies use vector autoregressive (VAR)
tests of variance (such as Park and Ratti, 2008; Fayyad and Daly, 2011; Lee, Yang and Huang, 2012;
Cunado and Gracia, 2014) and Johansen and Juselius cointegration tests (such as Adaramola, 2012;
Huang, An, Gao and Huang, 2015; Syzdykova, 2017).

The contradictions found in the international literature between studies on the relationship between
energy and stock prices are reflected in national literature as well. Within this context, some studies
have found that the two variables are related (such as Kapusuzoglu, 2011; Yildirim, Bayar and Kaya,
2014; Kilig, Bayar and Ozcan, 2014; Kaya and Binici 2014) while others have found them to be
unrelated (such as Aktas and Akdag, 2013; iscan, 2010; Biiberkokii, 2017; Karhan and Aydin, 2018).
As in the international literature, most of the studies focus on oil (such as Ozcan 2012; Ciner, 2013;
Kisswani and Elian, 2017) or oil and natural gas (such as Boyer and Filion, 2007; Oztiirk, Giimiis, Taskin
and Cagl, 2013), with a more limited number looking at oil, natural gas, and electricity (such as
Acaraver and Reyhanoglu, 2013; Dursun and Ozcan, 2019). Similar patterns to the international
literature also apply regarding the utilization of stock returns (such as Goniillii, Otluoglu and Sengéz,
2015; Abdioglu and Degirmenci, 2016) versus stock indexes (such as Altinbag, Kutay and Akkaya,
2015; Kendirli and Cankaya, 2016); the acquisition of findings by means of daily (such as Giiler, Tung
and Orgun, 2010; Sener, Yilanci and Tirasoglu, 2013; Kaya and Binici 2014) versus monthly (such as
Basher, Haug and Sadorsky, 2012; Aktas and Akdag, 2013; Yildirim et al., 2014) data; and the use of
various methods including the Johansen and Juselius cointegration method, Granger causality (such as
Giiler and Nalin, 2013; Ozmerdivali, 2014; Avci, 2015), and the VAR model (such as Berk and
Aydogan, 2012; Abdioglu and Degirmenci, 2016).

In light of the contradictions in the national and international literature, this study aims to re-
examine the relationship between the sub-index prices of the BIST manufacturing industry sector—
which is highly sensitive to fluctations in energy prices due to its high level of energy consumption—
and energy prices (oil, natural gas, and electricity) using the multivariate adaptive regression splines
(MARS) method for the period January 2010 — December 2019. The findings reveal that the prices of
oil, natural gas, and electricity have an effect on the sub-indexes of the BIST manufacturing industry
sector at different significance levels.

The current study makes important contributions to both national and international literature in
terms of the subject, scope, and method of the research. First of all, the fact that the current study focuses
on the relationship between three different energy resources—oil, natural gas, and elecricity—and stock
prices in the BIST manufacturing industry sector is important, since only a limited number of studies
address the issue, especially in terms of emerging markets in the literature. Second, the study is the first
to investigate the relationship between energy prices and stock prices using the MARS method. This
method both establishes the effect of energy prices on stock prices and reveals the effect of the
interaction of energy resources on stock prices. Finally, in the current study the relationship between
energy prices and stock prices is reinvestigated using an up-to-date sample period.

This paper consists of four sections: following this introduction, the second section details the data
set used to investigate the relationship between energy prices and stock prices and the MARS model
employed for this purpose. The third section reports our empirical findings, and a general evaluation of
the findings is made in the last section.

2. Data and methodology
2.1. Data

To investigate the effect of energy prices on the BIST manufacturing sector this study considered
energy data (for oil, natural gas, and electricity) and the price data of a national index (BIST
INDUSTRIALS, or XUSIN) and seven sub-indexes in the manufacturing sector: BIST food, beverage,
and tobacco (XGIDA); BIST paper and paper products printing (XKAGT); BIST chemicals, petroleum
rubber, and plastic products (XKMYA); BIST basic metal (XMANA); BIST fabricated metal products,
machinery, electrical equipment, and transportation vehicles (XMESY); BIST textile, wearing apparel,
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and leather (XTEKS); and BIST non-metallic mineral products (XTAST). In this context, the MARS
model was used in order to reveal the relationship between index prices and energy prices. The sample
period of the study was 4 January 2010 to 31 December 2019 and daily-frequency data was used. In the
selection of the sample period, in the extant literature a preference for at least a 10-year period using
daily data has proven effective. Daily stock price data for the sub-indexes and the BIST Industrial Index
were collected from Borsa Istanbul Datastore, daily oil and natural gas price data from
https://www.eia.gov, and electricity data from https://seffaflik.epias.com.tr.

2.2. Methodology

We set out to measure the effect of energy prices on the index prices of the manufacturing sector
using the MARS 7.0 program, developed by Salford Systems. MARS analysis was developed by Jerome
Friedman in 1991 and is based on a nonparametric regression equation, which ideally explains a
dependant value Y of independent values X. Because it takes into account the relationship between
independent variables and is not much affected by end point values, data deficiencies, and the presence
of multiple connections, MARS has many advantages in comparison with other regression models (Lee
and Chen, 2005, pp. 746-748).

The MARS model is an algorithmic system based on forming the maximum basis functions of all
variables forward and then backward-pruning the basis functions that do not contribute to the model
(Leathwick, Elith and Hastie, 2006, pp. 190-191). The next-step algorithm uses C functions instead of
independent variables, unlike lineer regression models, while creating the model (Orhan, Teke and
Karci, 2018, p. 365) The MARS model formula is as follows:

Y, = Bo + Xi=1 aieBic(xe) + & (1)
In the model:

k is the knot value

K is the number of basis functions

X is the independent variable

Ak is the kth number of basis functions

B0 is the constant term

Bk (xt) is the kth basis function for the tth independent variable

In this parallel, the MARS model consists of two steps.

Step 1: All possible interactions of the variables in the model with each other constitute the basis
functions. All basis functions until the model peaks are added to the model, reaching a large dimension
with its most complex form. In other words, all dependent and independent variables and all
combinations of these variables with each other are taken into account in the basis function (Nacar,
Kangal and Hinis, 2018).

Step 2: This is backward-pruning procedure, which means the exclusion from the model of the
basis functions that make no contribution or minimum contribution to the model among the maximum
basis functions reached in the first stage (Abraham and Steinberg, 2001, pp. 237-238). Through this
process, which is a backward-pruning algorithm, an optimal model is established where the sum of error
squares of independent variables that contribute to the model is at the lowest level. (Uzlu, 2016, p. 35).
While backward-pruning, the MARS model uses the generalized cross-validation (GCV) technique
(Sephton, 1994, p. 27).

The GCV technique is shown as follows;

N 2
%z (yi_fM(xi))
i=1

(-0

GCV(M) = 2
C(M)=1+Cd (3)
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Here:

fm is the MARS estimating model

N is the number of subjects

D is the smoothing parameter

C is the complexity of the model

M is the number of functions of the model

The GCV value is a coefficient indicating the estimating error, and the lowest value of this
coefficient should take part in the best model. On the other hand, another measure that should be
considered is the adjusted R? value, which is expected to be high as a comparison measure. Thus, it is
emphasized that the piecewise linear GCV and adjusted R? values are inversely related to each other in
the best model. The knot values of the basis functions in which inverse relationship is not established
are excluded from the model and the significance level of the model is addressed. The basis functions
removed from the model are not re-included in the model if the significance of the model has increased
and the backward-pruning stage is maintaned (Yiiksel, 2016, p. 112; Oktar and Yiiksel 2016, p. 38).

3. Empirical findings

Thanks to its distinctive feature of converting nonlinear data into linear form, the MARS model
does not require pre-processes such as deseasonalization and making variables stationary, which are
frequently used in other regression analyses. In addition, the problem of removal of certain data, which
occurs in analyses with pre-processes, is eliminated. In other words, unit root tests are not needed in
MARS model analyses (Yiiksel, Canoz and Adali, 2017, p. 48). The descriptive statistical results of the
MARS model regarding the relationship between index prices in XUSIN and seven sub-sector indexes
(XGIDA, XKAGT, XKMYA, XMANA, XMESY, XTEKS, XTAST) and energy prices for the
manufacturing sector are presented in Table 1.

Table 1
MARS model dependent variables: Descriptive statistical results

XMANA XMESY XTAST XTEKS XGIDA  XKAGT XKMYA XUSIN

N 2415 2415 2415 2415 2415 2415 2415 2415
Average 0.121691 95797.99 68241.94 18449.08 0.110004 40552.83 60087.71 79476.28
Median 0.105209 98573.74 66888.82 14938.24 0.114453 39258 45409.50 74797.39
Range 0.266423 0.147633 40621.41 3913454 90395.67 59289.61 0.100471 0.101796
Sum 0.293884 0.231352 0.164804 0.445545 0.265659 0.979351 0.145112 0.191935
Standard 69,578.37 39,217.35 9065.014 7829.23 19,646.26 8312.62 29,908.35 26,859.67
deviation

MSE 0.483915 0.153736 0.821405 0.612716 0.385816 0.690711 0.894139 0.721143
RMSE 69,563.96 39,209.23 9063.13 7827.61 19,642.19 8310.90 29,902.16 26,854.11
SSE 0.116865 0.371273 0.198369 0.147971 0.931745 0.166807 0.215935 0.174156

IMPORTANCE LEVELS

XMANA  XMESY  XTAST XTEKS  XGIDA XKAGT XKMYA  XUSIN

oil 100.00 100.00 100.00 100.0 100.00 100.00 100.00 100.00
Electricity 84.229 38.865 33.507 79.20 42.967 55.829 73.81 68.225
Natural gas  83.660 36.924 54.779 49.80 44.152 61.211 45.68 59.358

Note: MSE: Mean square error, RMSE: Root of mean square error, SSE: Sum of estimated squares.

As shown in Table 1, oil price has the greatests effect on the index prices of the manufacturing
sector. The sensitivity of each index to energy prices other than that of oil varies. For example, electricity
prices are more important than the prices of natural gas in relation to XMANA index prices; the
significance levels are low for electricity and natural gas price effects on XMESY index prices; and
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finally, for XTAST index prices, the prices of natural gas are more important than the prices of
electricity. It can be seen that changes in electricity prices are more significant than those in natural gas
prices for the XTEKS and XKMY A indexes; the significance of changes in natural gas and electricity
prices is lower that of other variables for the XGIDA index; and natural gas prices are more important
than electricity prices for XKAGT index prices. On the other hand, the XUSIN index, which dominates
the manufacturing sector, is more affected by changes in electricity prices than changes in natural gas
prices. A summary report of the prominent data from the step-one and step-two processes of the MARS
model is presented in Table 2.

Table 2
MARS model: first- and second-step algorithm results

Knot Values (number of

GCV Value Significance  Adjusted R?value

knots)
XUSIN 0.231030 10 5% 0.68676
XMANA 0.168580 9 1% 0.65736
XMESY 0.423047 8 1% 0.72887
XTAST 0.485788 9 1% 0.41831
XTEKS 0.207304 9 1% 0.66723
XGIDA 0.238696 9 1% 0.39149
XKAGT 0.446135 9 1% 0.36471
KMYA 0.282017 9 1% 0.68978

Table 2 includes the knot values determined to contribute to the model as a result of the MARS
model first-step algorithm, the lowest GCV values of the model, the significance levels for each index,
and the adjusted R? value, which is the percentage of independent variables explaining the dependent
variable. It can be seen that ten basis functions occurred in the results of the XUSIN MARS model and
the model is significant at the 5% level. However, we also found that energy prices have the power to
explain XUSIN prices at the rate of 0.68. Likewise, there are eight basis functions in the MARS model
results for the XMESY index and the model is significant at the 1% level; and energy prices explain the
XMESY prices at the rate of 0.72. For the other indexes in Table 2, the MARS model resulted in nine
basis functions and the model established for each was significant at the 1% level. Examining the
adjusted R? value in detail for all indexes, energy prices explain the XMANA index at the rate of 0.65,
the XTEKS index at the rate of 0.66, and the XKMYA index at the rate of 0.69. On the other hand,
energy prices are observed not to sufficiently explain the TAST index at the rate of 0.41, the XGIDA
index at the rate of 0.39, and the KAGT index at the rate of 0.36.

Following the results of the MARS model algorithm, MARS model equations were calculated for
each index of the manufacturing sector. The relevant results are reported in Tables 3-10. Table 3 refers
to the MARS estimating equation results indicating the relationship between XUSIN index prices and
energy prices. The equation, consisting of knot points where energy prices that contribute to the model
are determined, consists of coefficients assigned to prices as four for oil, two for electricity, and four for
natural gas. Examining the findings in detail, a change in electricity prices above 305.87 will have a
decreased effect on the XUSIN index prices. Similarly, a positive effect (increase) was observed in
XUSIN index prices if oil prices were between 62.28 and 64.35 or greater than 84.42, and a negative
effect (decrease) was observed between 64.35 and 84.42; it was found that if natural gas prices are
between 2.42 and 2.91 or greater than 5.51, this has a positive effect on XUSIN index prices, whereas
if they are between 2.91 and 5.51 there is a negative effect.
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Table 3

MARS estimation equation results for the XUSIN index/energy price relationship
Basis Funtion Knot Values of Variable Coefficient
BF1l = max( 0, OIL 62.28); 7026.93
BF2 = max( 0, 62.28 OIL); -737.524
BF3 = max( 0, ELECTRICITY 305.87); -2.68408
BF4 = max( 0, 305.87 ELECTRICITY); -148.987
BF5 = max( 0, NATURAL GAS 2.91); -62421.5
BF6 = max( 0, 2.91 NATURAL GAS); 20008.5
BF7 = max( 0, OIL 84.42); 2228.17
BF9 = max( 0, OIL 64.35); -9236.39
BF11 = max( 0, NATURAL GAS 2.42); 48649.6
BF13 = max( 0, NATURAL GAS 5.51); 22504.3

Y =102333 + 7026.93 * BF1 - 737.524 * BF2 - 2.68408 * BF3 - 148.987 * BF4 - 62421.5 * BF5 + 20008.5
* BF6 + 2228.17 * BF7 - 9236.39 * BF9 + 48649.6 * BF11 + 22504.3 * BF13;

Table 4 reports the results of the MARS estimation equation on the interaction between XMANA
index prices and energy prices.

Table 4

MARS estimation equation results for the XMANA index/energy price relationship
Basis Funtion Knot Values of Variable Coefficient
BF1 = max( 0, OIL 64.89); -8610.96
BF2 = max( 0, 64.89 OIL); -1781.49
BF3 = max( 0, ELECTRICITY 280.86); -493.356
BF5 = max( 0, NATURAL GAS 2.9); -264598
BF6 = max( 0, 2.9 NATURAL GAS); 54847
BF7 = max( 0, NATURAL GAS 3.57); 81628.4
BF9 = max( 0, NATURAL GAS 2.42); 141544
BF1l1 = max( 0, ELECTRICITY 114.59); 487.146
BF13 = max( 0, OIL 60.59); 6749.52

Y =81833.5 - 8610.96 * BF1 - 1781.49 * BF2 - 493.356 * BF3 - 264598 * BF5 + 54847 * BF6 + 81628.4 *
BF7 + 171544 * BF9 + 487.146 * BF11 + 6749.52 * BF13;

Table 4 includes the coefficients of two oil, three natural gas, and two electricity basis functions
and knot values of basis function 2 (TF2) and basis function 6 (TF6), which are mirror basis functions
for oil and natural gas prices, in the XMANA estimation equation. Evaluating the equation results, all
independent variables seem to have been significant for XMANA index prices. In this parallel,
examining the independent variables’ coefficients regarding the MARS model, it can be observed that
the XMANA index price is positively affected if the oil price is between the values of 60.59 and 64.89;
negatively affected where the oil price is above 64.89; positively affected by changes in electricity prices
between 114.59 and 280.86; and negatively affected where electricity prices are above 280.86. However,
it should be noted that the natural gas variable has an excessive number of break points; in more detail,
the XMANA index price is positively affected in cases where natural gas prices are between 2.42 and
2.9, negatively affected where they are between 2.9 and 3.57, and positively affected where they are
above 3.57.

Table 5 reports the MARS model estimated equation results measuring the response of XMESY
index prices to energy prices.
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Table 5

MARS estimating equation results for the XMESY index/energy price relationship
Basis Funtion Knot Values of Variable Coefficient
BF1l = max( 0, OIL 54.57); 593.164
BF4 = max( 0, 303.83 - ELECTRICITY); -151.932
BF5 = max( 0, NATURAL GAS - 2.93); -15122.6
BF6 = max( 0, 2.93 - NATURAL GAYS); -11211.2
BF7 = max( 0, OIL - 83.88); 4563.36
BF9 = max( 0, OIL - 66.33); -4303.52
BF1l = max( 0, OIL - 102.74); -1782.88
BF13 = max( 0, NATURAL GAS - 5.61); 28303.6

Y = 150941 + 593.164 * BF1 - 151.932 * BF4 - 15122.6 * BF5 - 11211.2 * BF6 + 4563.36 * BF7 - 4303.52 *
BF9 - 1782.88 * BF11 + 28303.6 * BF13;

As shown by Table 5, there are basis functions of all energy variables in the XMESY index MARS
estimating equation, but only the mirror basis function TF6 occurs for natural gas. On the basis of the
coefficients, it can be observed that when electricity prices drop below 303.83 and natural gas prices are
between 2.93 and 5.61, the XMESY index price is negatively affected, whereas the index price is
positively affected if natural gas prices are above 5.61. Oil prices have noteworthy breaks on XMESY
index prices: the XMESY index price is positively affected if oil prices are between 54.57 and 66.33,
negatively affected if they are between 66.33 and 83.88, positively affected if they are between 83.88
and 102.74, and negatively affected if they are above 102.74.

Table 6 reports the results of the MARS model estimating equation results for the effect of energy
prices on XTAST index prices.

Table 6

MARS estimating equation results for XTAST index/energy price relationship
Basis Funtion Knot Values of Variable Coefficient
BF1= max( 0, OIL - 51.74); -2667.93
BF2 = max( 0, 51.74 - OIL); -271.069
BF3 = max( 0, NATURAL GAS - 2.99); -24308.1
BF4 = max( 0, 2.99 - NATURAL GAS); 7644.86
BF5 = max( 0, OIL - 110.81); 895.678
BF7 = max( 0, NATURAL GAS - 2.34); 20346.3
BF9 = max( 0, ELECTRICITY - 310.56); 53.9103
BF11 = max( 0, ELECTRICITY - 192.47); -52.678
BF13 = max( 0, OIL - 49.66); 2392.38

Y =63033.3 - 2667.93 * BF1 - 271.069 * BF2 - 24308.1 * BF3 + 7644.86 * BF4 + 895.678 * BF5 + 20346.3
* BF7 +53.9103 * BF9 - 52.678 * BF11 + 2392.38 * BF13;

According to Table 6 showing the XTAST estimation equation using the MARS model, basis
function 2 and basis function 3 are the mirror basis functions of basis function 1 and basis function 4,
respectively, referring to the oil and natural gas variables. Examining the equation results, XTAST index
prices are expected to be positively affected in cases where electricity prices are above 192.47 and below
310.56, negatively affected where they are above 310.56, positively affected where oil prices are
between 49.66and 51.74; negatively affected where they are between 51.74 and 110.81, and finally
positively affected where they are above 110.81. XTAST prices are positively affected in cases where
natural gas prices are between 2.34 and 2.99, and negatively affected where they are above 2.99.

The estimating equation results of the MARS model that determines the relationship between
XTEKS index prices and energy prices are shown in Table 7.
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Table 7

MARS estimating equation results for the XTEKS index/energy price relationship
Basis Funtion Knot Values of Variable Coefficient
BF1l = max( 0, ELECTRICITY - 309.7); -76.0239
BF2 = max( 0, 309.7 - ELECTRICITY); 19.2048
BF3 = max( 0, OIL - 62.6); 2777.85
BF4 = max( 0, 62.6 - OIL); -351.658
BF5 = max( 0, NATURAL GAS - 5.61); 4779.64
BF7 = max( 0, OIL - 84.71); 763.863
BF9 = max( 0, OIL - 64.51); -3471.57
BF11 = max( 0, ELECTRICITY - 118.72); 75.0335
BF13 = max( 0, NATURAL GAS - 2.98); -3095.49

Y =17792.5 - 76.0239 * BF1 + 19.2048 * BF2 + 2777.85 * BF3 - 351.658 * BF4 + 4779.64 * BF5 + 763.863
*BF7-3471.57 * BF9 + 75.0335 * BF11 - 3095.49 * BF13

As shown in Table 7, basis function 2 (TF2) and basis function 4 (TF4) represent the mirror basis
functions of electricity and oil prices in the XTEKS index MARS estimating equation. However,
analyzing the results of the equation in detail, it can be observed that XTEKS index prices are positively
affected where electricity prices take a value between 118.72 and 309.7 and oil prices take a value
between 62.6 and 64.51, negatively affected where they are between 64.51 and 84.71, and positively
affected where they are above 84.71. The index prices are negatively affected where natural gas prices
are between 2.98 and 5.61 but positively affected where they above 5.61.

Table 8 reports the MARS model estimating equation results indicating the interaction between
energy prices and XGIDA index prices.

Table 8

MARS estimating equation results for the XGIDA index/energy price relationship
Basis Funtion Knot Values of Variable Coefficient
BF1 = max( 0, NATURAL GAS - 2.85); -44680.6
BF2 = max( 0, 2.85 - NATURAL GAS); 18922.8
BF4 = max( 0, 169.74 - ELECTRICITY); -133.988
BF5 = max( 0, OIL - 79); 4397.5
BF6 = max( 0, 79 - OIL); -316.224
BF7 = max( 0, OIL - 105.18); -3537.67
BF9 = max( 0, OIL - 65.89); -2939.65
BF1l1 = max( 0, NATURAL GAS - 2.4); 37915.1
BF13 = max( 0, OIL - 117.45); 2261.57

Y = 115073 - 44680.6 * BF1 + 18922.8 * BF2 - 133.988 * BF4 + 4397.5 * BF5 - 316.224 * BF6 - 3537.67 *
BF7 -2939.65 * BF9 + 37915.1 * BF11 + 2261.57 * BF13

Examining Table 8, it can be observed that basis function 2 (TF2) and basis function 6 (TF6)
represent mirror basis functions for natural gas and oil, respectively, in the XGIDA index MARS
estimating equation. Analyzing the coefficients of the independent variables in the estimating equation
in detail, it can be seen that the XGIDA index is negatively affected where the electricity price is below
169.74, positively affected where natural gas prices are between 2.4 and 2.85, and negatively affected
where natural gas prices are above 2.85. On the other hand, the significant number of breaks is a sign of
why XGIDA index prices are more affected by oil prices. In more detail, the XGIDA index price is
negatively affected if the oil price is between 65.89 and 79, positively affected where it is between 79
and 105.18, negatively affected if it is between 105.18 and 117.45, and finally, positively affected if the
oil price is above 117.45.
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Table 9 reports the MARS model estimating equation results indicating the interaction between
energy prices and XKAGT index prices.

Table 9

MARS estimating equation results for the XKAGT index/energy price relationship
Basis Funtion Knot Values of Variable Coefficient
BF2 = max( 0, 303.83 - ELECTRICITY); -31.7006
BF3 = max( 0, NATURAL GAS - 2.93); -22968
BF4 = max( 0, 2.93 - NATURAL GAYS); 3303.82
BF5 = max( 0, OIL - 56.86); 558.838
BF6 = max( 0, 56.86 - OIL); -241.334
BF7 = max( 0, OIL - 82.08); 1520.18
BF9 = max( 0, OIL - 66.57); -1620.42
BF11 = max( 0, OIL - 100.74); -626.89
BF13 = max( 0, NATURAL GAS - 2.61); 19882.3

Y =44176.8 - 31.7006 * BF2 - 22968 * BF3 + 3303.82 * BF4 + 558.838 * BF5 - 241.334 * BF6 + 1520.18 *
BF7 -1620.42 * BF9 - 626.89 * BF11 + 19882.3 * BF13,;

In the XKAGT index MARS estimating equation results shown in Table 9, it can be observed that
basis function 4 and basis function 6 represent the mirror basis functions of natural gas and oil variables,
respectively. Examining the coefficients of the energy variables, it can be seen that they negatively affect
the XKAGT index price if electricity prices are below 303.83, positively affect the index price if natural
gas prices are between 2.61 and 2.93, and negatively affect it if the natural gas price is above 2.93. On
the other hand, the results show that oil prices with significant knot values of between 56.86 and 66.57
positively affect the XKAGT index price; if the knot value is between 66.57 and 82.08 this negatively
affects the XKAGT index price, if it is between 82.08 and 100.74 this positively affects it, and if it is
above 100.74 it again negatively affects it.

Table 10 reports the MARS model estimating equation results describing the effect of energy prices
on XKMYA index prices.

Table 10

MARS estimating equation results for the XKMYA index/energy price relationship
Basis Funtion Knot Values of Variable Coefficient
BF1 = max( 0, OIL - 62.46); -5451.33
BF2 = max( 0, 62.46 - OIL); -834.194
BF3 = max( 0, ELECTRICITY - 313.7); -209.054
BF5 = max( 0, NATURAL GAS - 5.61); 27511.9
BF6 = max( 0, 5.61 - NATURAL GAYS); -7678.53
BF7 = max( 0, OIL - 88.66); 1834.86
BF9 = max( 0, OIL - 54.73); 3688.9
BF11 = max( 0, NATURAL GAS - 2.92); -19391.7
BF13 = max( 0, ELECTRICITY - 123.47); 205.695

Y =83590.5 - 5451.33 * BF1 - 834.194 * BF2 - 209.054 * BF3 + 27511.9 * BF5 - 7678.53 * BF6 + 1834.86 *
BF7 + 3688.9 * BF9 - 19391.7 * BF11 + 205.695 * BF13;

As shown in Table 10, in the XKMYA index MARS model estimating equation, basis function 2
(TF2) and basis function 6 (TF6) represent the mirror basis functions of the oil and natural gas variables,
respectively. Analyzing the results, it can be observed that XKMY A index prices are negatively affected
if natural gas prices are between 2.92 and 5.61 and positively affected if they are above 5.61; they are
positively affected if electricity prices take values between 123.47 and 313.7 and negatively affected if
they are above 313.7. If oil prices are between 54.73 and 62.46 XKMY A index prices will be positively
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affected, if they are between 62.46 and 88.66 they will be negatively affected, and if they are above
88.66 the relevant index prices will be positively affected.

Finally, Table 11 reports the results of the ANOVA (analysis of variance) decomposition test for
the relevant model within the framework of the results of the MARS model showing the relationship
between energy prices and stock prices throughout the manufacturing sector.

Table 11

Relationship between manufacturing sector and energy prices: MARS model ANOVA decomposition
results

Number of Number of

Function 323?;?52 GCV basis ' effective Variables
functions parameters

1 4625.35864 0.253792 3 7.80000 NATURAL GAS

XGIDA 4111.00684 0.252993 1 2.60000 ELECTRICITY
3 9246.72797 0.316134 5 13.00000  OIL
1 1883.15228 0.473050 1 2.60000 ELECTRICITY

XKAGT 7 1944.20779 0.478489 3 7.80000 NATURAL GAS
3 3494.72004 0.532484 5 13.00000  OIL
1 2918.44319 0.273280 3 7.80000 ELECTRICITY

XTEKS 2 3669.69478 0.312444 4 10.40000  OIL
3 1983.88064 0.233420 2 5.20000 NATURAL GAS
1 5089.96174 0.685013 4 10.40000  OIL

XTAST 2 2590.37887 0.545603 3 7.80000 NATURAL GAS
3 1747.18576 0.508197 2 5.20000 ELECTRICITY
1 24,656.98489 0.843373 4 10.40000  OIL

XMESY 7 9025.45072 0.486538 1 2.60000 ELECTRICITY
3 8878.73102 0.480355 3 7.80000 NATURAL GAS
1 29,503.71394 0.233717 3 7.80000 oIL

XMANA 7 24,429.64266 0.214792 2 5.20000 ELECTRICITY
3 25,394.02064 0.214169 4 10.40000  NATURAL GAS
1 14,843.09066 0.448922 4 10.40000  OIL

XKMYA 7 10,940.52069 0.372962 2 5.20000 ELECTRICITY
3 7001.52489 0.316850 3 7.80000 NATURAL GAS
1 13,467.30289 0.361294 4 10.40000  OIL

XUSIN 2 8872.12712 0.291682 2 5.20000 ELECTRICITY
3 7809.38273 0.276948 4 10.40000  NATURAL GAS

The MARS model ANOVA test is a variance analysis for basis functions. It evaluates the effect of
independent variables on the dependent variable together with the standard deviation value and GCV
creteria. On the basis of the data shown in Table 11, it can be concluded that the independent variable
for which standard deviation is the highest and the GCV value is the lowest among the index data is oil,
and the course of oil prices has a greater impact than the other two energy prices, for natural gas and
elecricity, for the manufacturing sector. In addition, it is noteworthy that the significance levels of the
independent variables shown in Table 1 support the ANOVA test results.

4. Conclusion

As an indispensable part of the modern life, energy has an important role in the world economies.
Use of energy in every aspect of life presents a significant cost element. Besides, it has the characteristic
of raw material for some sectors. The binding effect of energy for all economies can determine company
strategies and investors’ decisions at the micro level, while it determines national economy policies at
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the macro level. A country having its own energy resources or using energy supplied from outside causes
the interest on energy prices to increase. For countries that meet their needs for energy from outside
their national borders, obtaining energy at minimum cost and its effective use are among the steps
supporting economic development. As for countries that have their own energy resources, it is important
to use energy effectively and to commercialize the surplus energy for abroad and use the resource
obtained for strategies supporting economic development within the country.

The first study revealing the fact that the changes in energy prices affect the national economy was
that of Hamilton (1983). His study provided a basis for many subsequent researchers (Chen et al., 1986;
Kaneko and Lee, 1995; Jones and Kaul, 1996; Huang at al., 1996; Sadorsky 1999; Faff and Brailsford,
1999 etc.). Except for a few studies conducted at macro level, the literature focuses mainly on research
at a micro level, and studies usually focus on the effect of energy prices on stock returns or stock prices
(Ewing and Thompson, 2007; Apergis and Miller, 2009; Arouri and Rault, 2010 etc.). Some such studies
have found the energy prices and stock prices are closely related (Nandha and Faff, 2008; Yildirim et
al., 2014; Kisswani and Elian, 2017 etc.), while some others have suggested that there is no relationship
between the two variables (Sar1 and Soytas, 2006; Al-Fayoumi 2009; Mohanty et al., 2010 etc.). Broadly
evaluating the relevant research, it can be seen that the different focuses of the extant research in terms
of energy resources, countries, sample periods, and research methods can be argued as reasons for such
contradictions, however, this situation seems to play an encouraging role for further studies for obtaining
more clear findings.

The current study has paid regard to the deficiencies and limitations in the relevant literature, aiming
to research the relationship between the energy prices and stock prices within the context of the
contradictory findings. The study focused on the Turkish capital market, which has the characteristics
of an emerging market, and the BIST manufacturing sector was selected, since external dependence for
energy is high, and it is the sector that most needs energy. Within this context, daily data on the prices
of a national index and seven sub-indexes in the manufacturing sector for the period January 2010 —
December 2019 were analyzed using the MARS method for the first time.

While creating the MARS model, firstly XUSIN and then the XMANA, XMESY, XTAST,
XTEKS, XGIDA, XKAGT, and XKMY A index prices were included in the analysis with energy prices,
namely oil, natural gas, and electricity separately. We conclude that, according to the results obtained
using the MARS model, the effectiveness of oil prices on all relevant index prices is 100%, while the
natural gas and electricity prices have various levels of effectiveness on each index. On the other hand,
we find that energy prices are in a significant relationship with all index prices, however, this differs by
explaining index prices. Through the use of the MARS model, we conclude that energy prices
sufficiently explain the XUSIN, XMANA, XMESY, XTEST, and XKMY A index prices at the rates of
68%, 66%, 73%, 66%, and 68%, respectively; however, they cannot sufficiently explain the XTAST,
XGIDA, and XKAGT index prices, at the rates of 41%, 39%, and 36%, respectively.

Evaluating the study within the international literature; it has been observed that the findings of the
study correspond to those of many other studies (such as Acaravcr et al., 2012; Degiannakas, 2013;
Kisswani and Elian, 2017) suggesting that there is a significant relationship between energy prices and
stock prices; however, they conflict with certain studies (such as Chen et al., 1986; Sayilgan and Stsli
2011; Arouri, 2011) suggesting that there is no relationship between energy prices and stock prices. In
terms of national literature, the findings of the study again correspond to those of some studies (such as
Yildinim et al. 2014; Eyiipoglu and Eyiipoglu 2016) while conflicting with those of some others (such
as Sar1 and Soytas, 2006; iscan, 2010; Aktas and Akdag, 2013). From a different perspectiand,
examining on the basis of energy resources, the study reandaled that there is a significant relationship
between oil prices and stock prices, in line with Oztiirk et al. (2013). However, different from this study,
natural gas prices were found to affect the stock prices. Additionally, the study determined that there is
a significant relationship between eletricity prices and stock prices, in conflict with Acaravcir and
Reyhanoglu (2013).

The scope of the findings of the study could make it an important reference for the strategic purposes
to be developed by investors and company owners. Also, the findings obtained by this study that differ
from the national and international literature in terms of the purpose, scope, and method to be used
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constitute an important basis for analyses to be made on a company basis, especially in terms of further
studies addressing the relationship between energy prices and stock prices. In case of use of different
types of energy in these further studies, examination of the results with various frequencies and
differentiation of currencies of the variables would be important to strengthen the findings.
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