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Abstract
Exports play an important role in promoting economic growth. For many countries, 
international trade, especially exports, has a crucial role as a driver of the national 
economy. Exports generate foreign exchange that can then be used to finance imports 
and the domestic economic development sector. In addition to directly increasing 
gross domestic product, an emphasis on exports can also lead to positive externali-
ties in the form of knowledge spillovers in non-export sectors, such as more efficient 
management and production techniques. This can lead to increased innovation and 
production in export and non-export sectors, raising incomes and supporting growth. 
In this study, the factors affecting the exports of the basic pharmaceutical products 
sector, one of the manufacturing industry sectors, are investigated by Toda Yamamoto 
causality analysis. In the study, capacity utilization rate, industrial production index, 
number of patents and export series are used for causality and the study period is 
2007-2022. The data used in the study are annual data. As a result of the causality 
analysis, a bidirectional causality relationship was found between capacity utilization 
rate, industrial production index, number of patents and exports. 
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İmalat Sanayinde İhracatı Etkileyen Faktörler: Temel Eczacılık 
Ürünleri Sektörüne Yönelik Toda Yamamoto Nedensellik Analizi

Öz
İ�hracat ekonomik bü� yü� menin desteklenmesinde ö� nemli bir rol oynamaktadır. Birçok 
ü� lke için uluslararası ticaret, ö� zellikle de ihracat, ulusal ekonominin itici gü� cü�  olarak 
çok ö� nemli bir role sahiptir. İ�hracat, daha sonra ithalatı ve yurt içi ekonomik kalkınma 
sektö� rü� nü�  finanse etmek için kullanılabilecek dö� viz yaratır. İ�hracata yapılan vurgu, 
doğ� rudan gayri safi yurtiçi hasılayı artırmanın yanı sıra, ihracat dışı sektö� rlerde daha 
verimli yö� netim ve ü� retim teknikleri gibi bilgi yayılımı şeklinde olumlu dışsallıklara da 
yol açabilir. Bu da ihracat ve ihracat dışı sektö� rlerde inovasyon ve ü� retimin artmasına, 
gelirlerin artmasına ve bü� yü� menin desteklenmesine yol açabilir. Bu çalışmada imalat 
sanayi sektö� rlerinden biri olan temel ilaç ü� rü� nleri sektö� rü� nü� n ihracatını etkileyen 
faktö� rler Toda Yamamoto nedensellik analizi ile araştırılmaktadır. Çalışmada 
nedensellik için kapasite kullanım oranı, sanayi ü� retim endeksi, patent sayısı ve 
ihracat serileri kullanılmış olup, çalışma dö� nemi 2007-2022’dir. Çalışmada kullanılan 
veriler yıllık veri şeklindedir. Nedensellik analizi sonucunda kapasite kullanım oranı, 
sanayi ü� retim endeksi, patent sayısı ve ihracat arasında çift yö� nlü�  bir nedensellik 
ilişkisi bulunmuştur.

Anahtar Kelimeler
İhracat, sanayi üretim endeksi, kapasite kullanım oranı, patent sayısı, Toda-

Yamamoto nedensellik
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Introduction
The question of why some countries are rich and others poor has been in 
the economic literature for decades. Numerous theories have been developed 
emphasizing the importance of geographical factors, diseases, institutions 
and culture. Typical determinants identified include higher initial education 
and life expectancy, lower fertility, lower government consumption, better 
rule of law protection, lower inflation, improved terms of trade, higher in-
vestment rates and financial sector development, as well as some cross-regi-
onal factors such as income convergence and spatial spillovers (Grancay et al., 
2015: 233). However, Hausmann, Hwang and Rodrik (2007) showed that the 
structure of exports is also an important determinant of economic growth. 
The authors developed an indicator that shows the level of productivity asso-
ciated with patterns of specialization underlying a country’s export structure 
and can also be interpreted as a measure of the quality of the country’s export 
basket. They proved that countries that specialize in a range of goods that are 
higher on the quality spectrum tend to perform better.

Exports play an important role in driving economic growth. For many count-
ries, international trade, especially exports, has a crucial role as a driving for-
ce for the national economy. Exports generate foreign exchange, which can 
then be used to finance imports and the domestic economic development se-
ctor (Sumiyati, 2020: 254). A casual examination of the relationship between 
exports and gross domestic product would lead to the conclusion that the 
correlation between the two is positive. Since exports are a component of 
GDP, an increase in exports will ceteris paribus increase GDP. But in addition, 
there are potential positive externalities generated by exports. In addition to 
directly increasing GDP, an emphasis on exports can also lead to positive ex-
ternalities in non-export sectors in the form of knowledge spillovers, such as 
more efficient management and production techniques. This in turn can lead 
to increased innovation and production in export and non-export sectors, 
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raising incomes and supporting growth. Exports can also provide foreign exc-
hange needed for imports, with further beneficial effects on economic growth 
(Sheridan, 2014: 2). Crespo-Cuaresma and Wö� rz (2005) argue that as a re-
sult of competition in international markets, important positive externalities 
accrue to the exporting country, such as increasing returns to scale, learning 
spillovers, increased innovation and other productivity gains, all of which can 
increase the rate of economic growth. Exporting firms are more producti-
ve than non-exporting firms. Moreover, productivity triggers exports; firms 
start exporting after reaching a certain productivity threshold (self-selection 
in export markets). The main argument explaining why exporters should be 
more productive is the existence of sunk costs in the export activity (market 
research, product adaptation, etc.). Firms enter foreign markets if the expec-
ted gross operating profit from exporting is greater than the sunk entry costs 
(Altuzarra et al., 2016: 162). 

The manufacturing sector employs more and more mathematicians, engine-
ers, IT specialists and business professionals. Services used or produced by 
manufacturing firms include research and development services, but more 
generally information or intangible capital services, as well as services such 
as telecommunications and transportation (Lodefalk, 2014: 60). The manu-
facturing sector is also a significant contributor to the value added of nati-
onal output. The growth of the manufacturing sector within the industry is 
essential for building national technological capacity, industrial capability, 
technology advancement, productivity and capital accumulation (Sumiyati, 
2020: 255).

Economic activities in Turkey are divided into 16 sections. Among these, the 
manufacturing industry consists of 24 departments. Among these sections, 
the manufacturing of basic pharmaceutical products and pharmaceutical ma-
terials constitutes the research area of this study. When the total import and 
export values on the basis of product groups in Turkey’s foreign trade are 
analyzed, food products have a foreign trade volume of approximately 23 bil-
lion dollars; agricultural, forestry and fishery products have a foreign trade 
volume of approximately 21 billion dollars and basic pharmaceutical produ-
cts have a foreign trade volume of approximately 10 billion dollars and are 
among the important product groups imported and exported (TurkStat). The 
factors affecting the exports of basic pharmaceutical products and pharma-
ceutical materials manufacturing sector were investigated by Toda Yamamo-
to causality analysis. The main objective of this study is to identify the causal 
relationships that promote the export performance of the basic pharmaceu-
tical products and pharmaceutical materials manufacturing sector. This is 
because this sector ranks third after food products and agriculture, forestry 
and fishery products in terms of foreign trade volume (TurkStat). Improving 
the sector’s export performance will lead to economic growth, foreign exc-
hange inflows, technological development and economies of scale. The study 
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consists of four parts. The first section provides an overview of the manufac-
turing of basic pharmaceutical products and pharmaceutical materials sector 
in Turkey. In the second part, a detailed literature summary will be given. 
Then, the methodology and data to be used in the study will be explained and 
the findings will be explained. Finally, recommendations will be given in the 
conclusion section.

General Outlook Of Basıc Pharmaceutıcal Products And  
Pharmaceutıcal Ingredıents Manufacturıng Sector In Turkey

In this part of the study, some basic indicators published by the Turkish Statis-
tical Institute (TURKSAT), the Central Bank of the Republic of Turkey (CBRT) 
and the Turkish Patent and Trademark Office will be examined to analyze the 
general outlook of the basic pharmaceutical products and pharmaceutical 
materials manufacturing sector.

When the indicators by economic activities published by the Turkish Statis-
tical Institute are analyzed, the number of enterprises in the manufacturing 
of basic pharmaceutical products and pharmaceutical materials sector as of 
2022 is 717, the turnover is 101,748,702,688, the number of paid employees 
is 47,041 and the production value is 98,863,958,098.

When the capacity utilization rate figures published by the Central Bank of 
the Republic of Turkey are analyzed, it is seen that the year with the highest 
capacity utilization rate in the manufacture of basic pharmaceutical products 
and pharmaceutical materials was 2022. An increase in the capacity utilizati-
on rate indicates an increase in production, while a decrease indicates a dec-
rease in production.

Graphic 1. Capacity utilization rate

Source: CBRT, Access: 02.04.2024
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An analysis of the export figures for the manufacture of basic pharmaceutical 
products and pharmaceutical materials published by the Turkish Statistical 
Institute shows that the sector’s exports are in a continuous upward trend.

Graphic 2. Export

Source: TURKSTAT, Access: 02.04.2024

An analysis of the import figures for the manufacture of basic pharmaceutical 
products and pharmaceutical materials published by the Turkish Statistical 
Institute shows that the imports of the sector reached the highest value in 
2021 and displayed a similar outlook in other years.

Graphic 3. Import

Source: TURKSTAT, Access: 02.04.2024
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When the industrial production index figures for the manufacture of basic 
pharmaceutical products and pharmaceutical materials published by the Tur-
kish Statistical Institute are analyzed, it is seen that the industrial production 
index of the sector reached the highest value in 2022 and has been in a conti-
nuous upward trend.

Graphic 4. Industrial production index

Source: TURKSTAT, Access: 02.04.2024

An analysis of the number of patents in the manufacture of basic pharmaceu-
tical products and pharmaceutical materials published by the Turkish Patent 
and Trademark Office shows that the number of patents in the sector reached 
the highest value in 2018 and started to decrease after this year. 

Graphic 5. Number of patents

Source: Turkish Patent and Trademark Office, Access: 02.04.2024
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Literature Summary

In this section of the study, a summary of the literature will be given and the 
contribution of this study to the field will be discussed. 

Boccardo (2004) investigated the relationship between firms’ capacity utili-
zation rates and their exports and found that capacity utilization is higher for 
exporting firms and that increasing the level of exports also affects capacity, 
but at a decreasing rate. Tian (2016), in his study to investigate the effect of 
export participation on the capacity utilization rate of Chinese firms, showed 
that the capacity utilization rate of exporting firms is higher than that of 
non-exporting firms. Ogungbenle (2022) found that capacity utilization rate 
has a significant effect on output in the manufacturing industry in Nigeria. 
Pavitt (1982) showed that there is a strong relationship between exports and 
innovative activities in the chemical and engineering sectors. Ivus (2010) fin-
ds that improvements in patent rights increase exports. Panda et al. (2020), 
using panel data analysis on 67 countries between 1996 and 2014, found that 
patent rights further stimulate a country’s exports.

Kurt and Terzi (2007) investigated the causality relationship between ma-
nufacturing exports, imports, productivity and economic growth. Bozkurt 
(2008) investigated the relationship between patent registrations and secto-
ral export performance in the Turkish manufacturing industry and found that 
there is a positive and significant relationship between these variables. Uzay 
et al. (2012) investigated the relationship between exports of manufacturing 
industry sectors and R&D expenditures. Ö� nder and Hatırlı (2014) investi-
gated the causality relationship between manufacturing industry exports 
and economic growth. Kılıç and Yıldırım (2015) investigated the effect of 
exchange rate volatility on manufacturing exports. Akarsu (2020) used the 
ratio of exports to domestic product as the dependent variable and patent 
applications as the independent variable and found that there is a causality 
relationship from exports to patents. Ö� zbay (2021) investigated the relati-
onship between industrial production index and foreign trade and found that 
there is a bidirectional causality relationship between industrial production 
index and imports and a unidirectional causality relationship between in-
dustrial production index and foreign trade. Doğ�aner (2022) found that the 
increases and decreases in the industrial production index, export quantity 
index and import quantity index affect each other in Turkey. Aktepe and Yu-
muş (2023) investigated the causality relationship between manufacturing 
industry capacity utilization rate and exports by Granger causality analysis. 
Avcı and Işık (2023) investigated the impact of advanced technology exports 
on economic growth and found that there is a unidirectional causality relati-
onship from exports of aerospace vehicles to exports of basic pharmaceuti-
cals and pharmaceutical materials.
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As seen in the literature review above, there is no study directly on the ma-
nufacturing of basic pharmaceutical products and pharmaceutical materials. 
This sector is also mentioned in the studies on manufacturing industry sec-
tors. Since this study will focus on the exports of basic pharmaceutical produ-
cts and pharmaceutical materials manufacturing sector, it is aimed to contri-
bute to the literature.

Data and Methods

In this study, in order to analyze the relationship between exports, capacity 
utilization rate, industrial production index and number of patents in the ma-
nufacturing sector of basic pharmaceutical products and pharmaceutical ma-
terials in Turkey, the annual data set between 2007 and 2022 is used. Table 1 
shows where the data are obtained from.

Table 1. Data used in the study
Data Name Source

Exports of basic pharmaceutical products and pharma-
ceutical materials

Turkish Statistical Institute

Industrial production index for the manufacture of basic 
pharmaceutical products and pharmaceutical materials

Turkish Statistical Institute

Capacity utilization rate in the manufacture of basic 
pharmaceutical products and pharmaceutical materials

Central Bank of the Republic of 
Turkey

Number of patents in the manufacture of basic pharmaceutical 
products and pharmaceutical materials sector

Turkish Patent and Trademark 
Office

In this study, Toda-Yamamoto causality analysis is preferred to investigate the 
causality relationship between exports, industrial production index, capacity 
utilization rate and number of patents. This analysis is preferred because the 
series are stationary at different levels. While the Granger causality test, whi-
ch is widely used in the literature, emphasizes that the variables are statio-
nary and cointegrated at the same level, Toda-Yamamoto causality analysis 
can be performed when the variables are stationary at different levels, coin-
tegrated or not (Baskak, 2023: 266).

Unlike the standard causality tests, the causality test developed by Toda and 
Yamamoto (1995) does not require equal stationarity between the series and 
does not take into account the cointegration relationship between time se-
ries. The level values of the variables are used to determine the causality rela-
tionship, so there is no loss of information about the series. For this causality 
test, an extended VAR model with (k+dmax) lags is constructed. Here, k rep-
resents the lag length of the classical VAR model, while dmax represents the 
maximum degree of integration of the variables (Okur and Çiçek, 2023: 372). 
After determining the number of lags (k) and the maximum stationarity level 
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(dmax) in the established VAR model, a new VAR model is established with k+ 
dmax. This model is defined as in equation 1 and equation 2.

Yt=	µ+	 % a1i	+	Xt−i
k

i=1
+% β1i	Yt−i	+ % γ1i	Xt−i	+	

dmax

j=m+1
% δ1i	Yt−i	+	ε1t
dmax

j=m+1
	

k
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In the equations, k is the lag length, dmax is the maximum stationarity level, 
ε1t and ε2t are the error terms assumed to have zero mean and constant co-
variance. For causality analysis, the stationarity analysis of the series should 
be performed first. Toda-Yamamoto causality analysis differs from the others 
in that it does not require the same level of stationarity among the series. 
However, the stationarity levels of the series are still included in the study. 
The stationarity level of the series is determined by using the Extended Dic-
key-Fuller (ADF) unit root test. After determining the maximum level of sta-
tionarity, the appropriate lag length is determined. In order to determine the 
appropriate lag length, the VAR model is switched to the SUR (Seemingly Un-
related Regressison) model. After applying Wald test to the SUR model, Toda 
Yamamoto causality test results are obtained (Baskak, 2023, p. 267). Figure 1 
shows the flow diagram of the Toda-Yamamoto causality analysis.

Figure 1. Toda-Yamamoto Causality Analysis Flow Diagram

Findings

In order to determine the causality relationship between exports, capacity utiliza-
tion rate, industrial production index and number of patents in the manufacturing 
of basic pharmaceutical products and pharmaceutical materials sector, firstly, sta-
tionarity test is applied to the series. Stationarity test helps to determine the type 
of stationarity and unit root of the series. In the study, the Extended Dickey-Fuller 
(ADF) unit root test was utilized. As a result of the test, all series except the capa-
city utilization rate are stationary at first order. Table 2 presents the ADF unit root 
test results of the series. 
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Table 2. ADF unit root test results of the series

t statistic Prob.
Level Export 0.143000 0.9580 

Industrial Production Index 3.493888 1.0000 

Capacity Utilization Rate -3.796337  0.0145

Number of Patents -1.851403  0.3438

First Difference Export -3.414786 0.0274
Industrial Production Index -4.411602 0.0043
Capacity Utilization Rate -5.275760 0.0011
Number of Patents -3.915319 0.0109

Looking at the level values in Table 2, it is seen that only the capacity utilization 
rate series is stationary at level and the other series become stationary when first 
differences are taken. In other words, dmax=1. After the unit root test, the lag len-
gth needs to be determined in order to construct a VAR model. While estimating 
the VAR model, the dependent variable is determined as exports. Table 3 shows 
the results of the appropriate lag lengths in the VAR model and it is determined 
that the lag length in the model is 2.

Table 3. Determination of appropriate lag length with VAR model

 Lag LogL LR FPE AIC SC HQ

0 -453.6981 NA   3.75e+21  61.02641  61.21522  61.02440

1 -408.7047   59.99111*  8.72e+19  57.16063  58.10470  57.15057

2 -377.3665  25.07059   2.14e19+*   55.11553*   56.81485*   55.09743*
(*) indicates the lag length.

Table 3 shows that the appropriate lag length is 2 (k=2) for all information criteria. 
Therefore, causality analysis was conducted with a lag length of k+dmax=2+1=3. 
The VAR model established with the new lag length was switched to the SUR 
(Seemingly Unrelated Regresison) model. As a result of the Wald test applied in 
this model, the results of the Toda-Yamamoto causality test were obtained. These 
results are presented in Table 4.
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Table 4. Toda-Yamamoto causality analysis results

Direction of Causality Statistic 
Value

Probability 
Value

Comment

Capacity Utilization 
Rate → Export

 7574.319 0.0000 There is bidirectional causality 
between the capacity utilization rate 
and exports in the manufacturing of 
basic pharmaceutical products and 
pharmaceutical materials sector.

Export → Capacity 
Utilization Rate

 643.2044 0.0000

Number of Patents → 
Export

10888.18 0.0000 There is bidirectional causality 
between the number of patents and 
exports in the manufacturing of basic 
pharmaceutical products and phar-
maceutical materials sector.Export → Number of 

Patents
13.06666 0.0045

Industrial Production 
Index → Export

14302.10 0.0000 There is bidirectional causality 
between the industrial production 
index and exports of basic pharma-
ceutical products and pharmaceuti-
cal materials.

Export → Industrial 
Production Index

30.86411 0.0000

As seen in Table 4, there is a bidirectional causality relationship between exports 
of basic pharmaceutical products and pharmaceutical materials manufacturing se-
ctor and capacity utilization rate, industrial production index and number of pa-
tents variables. These variables affect and are affected by each other.

Conclusion

In recent years, a large number of papers covering a wide range of countries have 
focused their attention on analyzing the characteristics of exporting firms using 
micro data. This is not surprising because capitalizing on new markets and inc-
reasing the contribution of exports to growth depends to a large extent on these 
firms. Export growth is becoming critical for an increasing number of countries. 
Increasing openness and export promotion can encourage firms to export and thus 
use resources more efficiently, but policymakers can go beyond reducing barriers 
to trade and try to create other incentives to increase capacity utilization.

In this study, the exports of the manufacturing sector of basic pharmaceutical pro-
ducts and pharmaceutical materials are discussed. The reason for choosing this 
sector is that basic pharmaceutical products have a foreign trade volume of ap-
proximately 10 billion dollars and are among the important product groups that 
are imported and exported (TURKSTAT). The data used in the study are exports, 
number of patents, capacity utilization rate and industrial production index and the 
series cover the years 2007-2022. The data was obtained from the Turkish Statis-
tical Institute, the Central Bank of the Republic of Turkey and the Turkish Patent 
and Trademark Office. Literature was used to select the data. Toda-Yamamoto ca-
usality analysis was used to investigate the causality relationship. For Toda-Yama-
moto causality analysis, first the stationarity (dmax) of the series was investigated. 
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Then, the VAR model was estimated for the appropriate lag length (k). A transition 
was made from the VAR model, which was established with the new lag length 
determined by k + dmax, to the SUR (Seemingly Unrelated Regression) model. As 
a result of the Wald test applied in this model, the results of the Toda-Yamamoto 
causality test were obtained. According to the causality analysis results, there is a 
bidirectional causality relationship between exports, industrial production index, 
capacity utilization rate and number of patents. In other words, these variables are 
variables that affect and are affected by each other.

The development of a country depends not only on the amount of exports but also 
on the quality of these exports. High-quality tradable products are less affected 
by price competition from low-wage producers; It increases export revenues and 
productivity and ultimately contributes to a country’s economic growth. Patent 
protection can affect product quality through many channels. For example, this 
can occur through the impact of patent protection on innovation. Given that im-
proving product quality is knowledge intensive and may require a firm to source 
knowledge and technology beyond its own borders, patent protection may also af-
fect product quality through its impact on interfirm technology and knowledge ex-
change. Taking advantage of the variation in patent protection across countries and 
the variation in R&D intensity across industries, it can be argued that there is an 
increase in the production and export of higher quality products in countries with 
more effective patent protection. This points to the importance of patent protection 
for products with greater scope for quality adjustment and return on investment.

Patents in the manufacturing sector of basic pharmaceutical products and 
pharmaceutical materials;

•	 It will protect the advantage of the prospective exporter against the 
companies established in the target country.

•	 The prospective exporter will be able to sell his embodied idea in the 
target country without fear of an infringement lawsuit.

Industrial production leads to increased welfare, productivity and efficiency 
in economies, which in turn causes the growth and development of the nati-
onal economy. Evaluating industrial production and foreign trade variables 
together is one of the important issues that should be taken into considerati-
on in the country’s industrial and economic policies. A bidirectional causality 
relationship was found between the industrial production index and exports 
in the manufacturing sector of basic pharmaceutical products and pharma-
ceutical materials.

Capacity utilization rate is a concept that gives an idea about the order levels 
of businesses in the manufacturing industry, new employment opportunities 
and the vitality of the economy. A bidirectional causality relationship was 
found between the exports of the manufacturing sector of basic pharmaceu-
tical products and pharmaceutical materials and the capacity utilization rate.
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There are studies in the literature that affect the exports of the manufactu-
ring industry. Ogubgbenle (2022), Kurt and Terzi (2007), Uzay et al. (2012), 
Aktepe and Yumuş (2023) investigated the factors affecting manufacturing 
industry exports. However, there is no direct study on the manufacturing of 
basic pharmaceutical products and pharmaceutical materials. Most of the 
studies are studies on manufacturing industry sectors in general. This study 
is expected to contribute to the literature as it focuses on the exports of basic 
pharmaceutical products and pharmaceutical materials manufacturing sec-
tor. In this study, the causality relationship of the factors affecting the exports 
of only the basic pharmaceutical products and pharmaceutical materials ma-
nufacturing sector among the manufacturing industry sectors was investiga-
ted. By performing such an analysis for other sectors, the factors affecting the 
exports of each sector can be determined. In addition, it would be useful to 
examine the relationship between capacity utilization rate, industrial produ-
ction index, number of patents and imports in the manufacturing industry 
sectors.
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