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1.Introduction

Abstract:

In this paper, trade relationship between Iran and its main trading
partners based on Heckscher-Ohlin-Vanek (H-O-V) theory is studied in
order to evaluate the development of trade relationship in export factor
intensity framework. Considering several production factors such as
labor, physical capital, knowledge capital, R&D expenditures,
productivity and energy as countries export factor content from 1990 to
2020 is the innovation of the study.

Regarding the role of R&D expenditures in trade expansion, it seems
there is an allocation gap of this resource between developed and
developing countries in order to benefit from the identical distribution,
while the empirical findings available in the trade literature implies also
unpredictable impact of the R&D expenditure variable on trade flows.
Therefore, the analysis of this variable effect on trade flows is not
limited to a parametric relationship. Nevertheless, other factors such as
labor and capital have distinct and parametric effects on trade relations,
so that a semiparametric method has been applied to the model of Iran’s
export supply in relation with its trading partners. The empirical results
showed that productivity, human capital, and knowledge capital, which
are the main trade factor content, have the most impacts on Iran export
flows and its trading partners. Additionally, the nonparametric part of
the model implies that a higher percentage of R&D expenditures affects
significantly Iran’s export flows in a higher rate.

Assesment of the production factor content of a country is an appropriate method
that shows the comparative advantages of country in various products. However,
the issue is that the experiences of successful countries in export development in
recent years expose that factors such as R&D expenditures, human capital and
knowledge capital can provide export boosting.

The relevant literature represents that the concept of comparative advantages
depends on the factor content, and for the first time, Vanek (1968) explained the
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concept of factor content as an effective method on countries’ exports.
Accordingly, factor endowments of a country in comparsion with those in other
countries can determine factors abundant in the country, and the comparative
advantage of the country is detected by considering the factor intensity of
products (Feenstra, 2002).

Regarding global integrated markets in goods and services, determination of
comparative advantages indicates the power of competitiveness of products in a
country, so that determiniation of comparative advantages causes boosting the
competitiveness power of countries in global markets.

Evaluating trade relationship seems to be necessary because economic
development plans can be achieved by increasing various non-oil exportable
goods and services to avoid a country to be as a single exporter. More
specifically, competitive advantage of oil industry will vanish in the near future;
therefore, the determination of comparative advantages is based on factor content
with a variety of products.

Considering the role of comparative advantages in trade relationship between
countries, the objective is to specify a trade model to explore the importance of
trade factor contents for Iran’s non-oil exports to its trading partners including
China, UAI, Iraq, Turkey, South Korea, India, Japan, Russia and Germany uring
1990-2020. Hence, the purpose of this paper is also to study the comparative
advantages of Iran in relation with its major trading partners, which employs the
specified factor content in order to determinin the comparative advantage of
goods and services. Accordingly, this paper examines the fact that to what extent
Iran’s trade relations with its selected partners is related to the assumptions of
free trade in the context of the H-O-V approach. It is worthwhile to mention that
a few studies have assessed of H-O-V theory in Iran’s trade relations, and the role
of factors such as human capital, knowledge capital, R&D expenditures and
productivity as a set of production factors, which affects exportable goods and
services.

In this study, Section 2 will present the theoretical background of trade
comparative advantage. Section 3 reviews the previous studies to discuss the
trade literature both in the world and Iran. Section 4 specifies the empirical
model of H-O-V for Iran, and the model estimates are analyzed in section 5.
Finally, Section 6 concludes the remarks.

2. Theoretical Discussion

Considering H-O theory, Vanek (1986) showed that developing the two-factor
model to multi-factor model could determine indeed the comparative advantages
of countries in trading goods and services. In fact, the experiences of countries
explain the relationship between economic growth and trade of a country is not
enough through physical capital and labour, while there are additional factors
that cause economic growth and increase trade (Maskus and Nioshika, 2009,
Kiyota, 2013). For example, human capital is considered as a qualitative
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characteristic of human being and it is a kind of capital that provides the
background of productivity improvement, production, income and welfare
increasing. Knowledge capital is also a mass of knowledge, which is obtained
through experiments and studies, and skills of inhabitants of a country to apply
the knowledge (Amoroso, 2011, Kiyota, 2013, Do et al., 2016). It is believed
that a complementary relationship between physical capital and knowledge
could improve the productivity of physical capital (Zymek, 2015, Nioshika,
2013, Chen et al., 2012 and Rajabzadeh et al., 2015).

Hence, instead of a trade model based only on the difference in abundant
production factors, Vanek (1986) develops the model, which can rely on the
factor content. It means that to what extent factor contents influence exports and
imports; or, how is the intensity of each production factor in tradable goods? In
addition, enhancing H-O model by more than 2 countries, 2 goods and 2
production factors is another advantage of H-O-V model.

The H-O-V model includes a number of countries, i = 1, 2,...,C; a humber of
industries, j=1,...,N; and a number of inputs, k, | =1,.., M. We assume technology
is fixed through countries, and that factor-price equalization (FPE) approach
prevails in free trade. Additionally, we assume types of production function are
homothetic through countries. We consider A=[ajk]', which is a (MxN) matrix
denotes the amounts of labor, capital, land, and other primary factors that are
required in each industry for one unit of production. Obviously, this matrix is
applied to all countries. The rows measure a variety of production factors, k, | =1,
2, ..., M, and the columns of the matrix stand for the different industries j=1, 2,
..y N

Next, Y' denotes a (Nx1) vector of outputs in each industry for country i, and D;
stands for a (Nx1) vector of demand for each good, so that T' =Y' — D' is the
vector of net exports of country i. The factor content of trade is then defined as F'
= AT, which is an (Mx1) vector. To simplfy a HOV model, a framwork of the
factor content of trade including labor and capital is defiend as follows:
()= o

where the purpose of HOV model is to connect the factor content of trade AT to
the orginal endowments of country i.

There is the fact that a few studies have applied H-O-V model in Iran’s
international trade sector, a trade model, which is based on the H-O-V theory, is
devoloped for Iran and its trading partners. Accordingly, production factors
contain the factor content to explore comparative advantages of Iran and the
trading partners. Based on the literature to explore the factor content, Nioshika
(2013) refers to the role of knowledge capital to explain Japan comparative
advantage, and Kiyota (2013) addresses the role of human capital and R&D
expenditures in expanding exports.
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It is believed that due to differences in R&D and productivity as the factors for
improving technology in all economies and due to differences in knowledge
capital, one can apply factor content icluding R&D expenditures and total factor
productivity to study trade expansion in countries (Davis et al., 1997). R&D and
productivity are the most basic factors of technology transfer, which their effect
on economies will emerge when it is applied in production or commercialization.
Generally, when R&D activities are managed truly during production process of
goods and services, an economy reaches competitive situation. Therefore, the
role of R&D and productivity are critical in determination of countries’
comparative advantages (Nioshika, 2013, Sauré, 2017 and Doruk, 2015).

In the next section, we review the related literature to explore the relationship
between foreign trade and the major factors arising from both studies which have
been done in Iran and the other countries.

3. The Literature Review

Maskus and Nishioka (2006) showed that past empirical failures of the basic
Heckscher-Ohlin-Vanek (H-O-V) model were related to its restrictive
assumptions, particularly international technologies and factor price
equalization. Using a dataset of 15 OECD countries, they found positive
evidence on Trefler’s idea, which focuses on H-O-V approach by introducing a
simple Hicks-neutral (HN) factor-productivity adjustment, an approach that has
applied to trade. Further, they found the ability of H-O-V fromework to explain
North-South factor trade which depends both on relative factor abundance and
productivity gaps.

Lai and Chun Zhu (2007) examined restrictions related to the factor content of
bilateral trade to bilateral differences in technology and endowments. This
differs from the Heckscher—Ohlin—Vanek theorem which compares the factor
content of net trade with factor abundance. They used a unique dataset that
covered 41 developed and developing countries with different endowments and
technology. They found evidence supporting the factor content predictions,
which perform well for trading partner pairs with larger endowment differences
and for trade between capital-abundant countries.

Trefler and Chun Zhu (2010) showed that the recent decades witnessed ample
research into the effect of technology differences on the factor content of trade.
However, the literature has failed to oppose two fundamental issues. With
international technology differences and trading intermediate inputs, there is no
definition of the factor content of trade, which matched Vanek's factor content
prediction. Trefler and Chun Zhu (2010) re-evaluated the performance of the
prediction using the actual factor content definition and input—output tables for
41 countries. They found that the prediction performed well except for the
presence of missing trade, is the ratio of the variances of the measured relative
to the predicted factor content of trade (Fadinger, 2008).
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Amoroso et al. (2011) analyzed whether trade patterns of Mexico’s
comparative advantages in manufacturing follow productivity differentials,
which rely on either the Ricardian hypothesis or related to the Heckscher—
Ohlin hypothesis based on differences in factor endowments. The results
suggested that Heckscher—Ohlin determinants tend to be more relevant than
labor productivity differentials to explain changies in the export patterns
between Mexico and its trading partners.

In addition, Kiyota (2013) showed that human capital is considered as one of
the critical determinants of comparative advantage in Japan for the period
1980-2005. The results confirmed that although Japan is a net exporter of skill-
intensive goods, the skill gap of net exports has been narrowing since the mid-
1990s, mainly due to changes in the composition of trade. This implies that
some OECD countries, including Japan, may have lost their comparative
advantage in skill-intensive goods in recent years.

Nishioka (2013) examined the accumulation of physical capital versus knowledge
(R&D) capital as a main factor of comparative advantages mostly in developed
countries. Nishioka (2013) showed that these countries are abundant in R&D
resources, and specialized in knowledge-intensive products of high-technology
industries, which outsource labor-intensive goods to labor abundant developing
countries.

Koebel et al. (2016) analyzed the determinants of the selected European
countries’ international trade of wood products, considering exports of
woodworking products, pulp, paper and wooden furniture during 1995-2007.
They developed the Heckscher-Ohlin-Vanek (HOV) framework in order to focus
on the forest resource endowment as well as industrial performance factors.
According to empirical investigations, the hypothesis was accepted to confirm the
forest resource endowment that has a positive effect on net trade of two products
(pulp and paper and furniture) rather than that of woodworking products. In
addition, empirical results also showed the restrication of the HOV model to
explain changes in international trade of wood products.

Taghavi et al. (2011) examined the Heckscher-Ohlin-Vanek (HOV) Model in
Iran, and discussed Iran needs an appropriate model of factor content for
production, to improve trade relations with its partners. Having used a HOV
model and input-output (I0) framework, they evaluated the factor content of
trade in different sectors in 1991-2001. Their results showed that factor content
of trade in 67 percent of the activities in 28 sectors is negative while 33 percent
of the activities for 13 sectors is positive.

Afshari and Moahed (2010) investigated H-O-S theory using an intra-industry
trade of Iran by applying a dynamic panel approach, to explore the effects of
product differentiation and human capital on trade relations between Iran and
MENA member countries in the period of 1999-2007. To this purpose, they
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applied a dynamic GMM method, through which the results showed that the
comparative advantage of Iran’s tradeable goods did not change significantly
over the period.

According to the relevant literature in Iran, a paper by Taghavi et al. (2011) was
the only study, which evaluated Iran’s trade relations based on the H-O-V
theory, while it was restricted to focus on a static version of the input-output
table using data of labour, physical capital and energy in 1992 and 2002.
However, studies for other countries showed that other factors such as
knowledge capital and R&D expenditures play a dynamic role in creating trade
advantages. Therefore, the innovation of this study is to assess trade relations
betwen Iran and the selected trading partners based on the HOV theory by
developing factor content through a semi-parametric analysis.

4. The Model

As discussed previously, a model specification of HOV theory is a novelty to
fulfil the limited studies in Iran’s trade patterns. The model diversifies factor
content in which the effect of each factor will be examined on trade relations,
and based on the factor intensity of products, the country comparative
advantages will be determined appropriately.

Based on the issues discussed in the previous sections and applying Feder (1983)
export supply function, a model is defined as follows:

EXiyp = BoERy + By + BoFCi + B2EF + 5 (2)
where EX denotes export supply, ER is exchange rate, Pi is the relative export
price, FC stands for factor endowments and EF is productivity. Increases in
exchange rate, the export price, components of factor content and productivity
may cause increases in exports (Branson, 1989).

In this model, factor contents consist of labour, land and capital show natural
endowments such as energy and capital, which includes infrastructures and
production capacity. Besides the aufgmented model to a multi-factorial one, the
productivity of production factors is also considered as a component of factor
content. Moreover, a country with skilled labour can be specialized in producing
hi-tech goods and services. An increasing rate of productivity for all factors
causes decreasing production costs and increasing competition resulting in an
increase of domestic products competitiveness in the foreign markets leading to a
higher growth rate of exports.

According to the H-O-V theory discussed in so far, one is able to estimate the
comparative advantage of countries through generalizing a multi-variate model in
the framework of export supply (Lectard and Rougier, 2018). Therefore, the
explamentory variables such as exchange rate, productivity, human capital, labor
force, knowledge capital, R&D expenditures and finally relative export price
explain changes in exports (Yarbrough and Yarbrough, 2009).
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Now, applying the model of export supply developed by Leamer (2000), Maskus
and Nishioka (2009), Kiyota (2013) and Nishioka (2013), the model shown in (3)
is specified and estimated to explore the effects of components of the factor
content on Iran’s non-oil exports flows to the trading partners as follows:
Exl'r = .'[:"LERIL' +.'r-:‘j: *Ffr + .E!I'fr‘l'.'r-:‘]-tgl'r + .'GSHCl’r+.'r-:‘]EHC|'r+.'r-:‘].‘H'g’-D|'r

+.EBE'F;'[ + .EI?El'r + & (3)
where, the specified determinants on the country’s exports (EX) include the
exchange rate (ER), the relative export price (P), labour (L), physical capital
(K), human capital (HC), knowledge capital (KC), R&D expenditures (R&D),
productivity (EF) and Energy (E). i and t stands for cross section countriy and
time, respectively.
The functional form of export supply is defined completely using a number of
parameters in the initial model which is a type of parametric form. If the
parametric model assumptions are correct, they can construct precise estimation
empirical results. However, the parametric model may become ambiguous
(Hardle, 1994). Accordingly, parametric models are compared to nonparametric
and semi-parametric models. To describe unknown regression relationships,
nonparametric methods present a flexible device. Nonparametric models rely on
no assumptions about the functional form of the regression model. But if the
number of regressor is large, these models may be hard to explain. In order to
keeping the interpretability of parametric models and flexibility of
nonparametric models, these two parts are joined by semi-parametric models
(Hardle et al.,2004).
According to Racine (2008), nonparametric and semi-parametric techniques
have pulled in a lot of consideration from statisticians in the recent decades, as
proved by the enormous arrange of texts written by statisticians including
Ruppert et al. (2003), Hardle et al. (2004), Fan and Yao (2005) and Malikov and
and Sun (2017).
In the export model sepecification, a number of variables such as exchange rate,
relative export price, labour force, physical capital, human capital, knowledge
capital productivity, as the factor content, are used in the known functional
form, implying mostly a parametric manner. The model is indeed flexible to
include other indicators, such as R&D expenditures, which may have a
nonparametric relation with export flows.
R&D expenditures depend on different proxies. For instance, on the one hand
the framework of production model includes the variable of R&D expenditures
where it is considered as productivity of production factors. The variable, on
another hand, is considered as intensity of optimizing factors during time where
such factors are counted as improving technology that emerge differently in
countries. Therefore, the effect of R&D expenditures on exports may be
assessed through a non-parametric manner, which are obtained with different
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methods, so that one is a B-Spline estimator discussed by Pagan and Ullah
(1999), Mamuneas et al. (2006), Durlauf and Blume (2010) and Ohadi Esfahani
and Tayebi (2014).
To specify a semiparametric export model, Equation (3) is re-defind as follows:
Exl'r = .'[:"LERfr +.'r-:‘j: *Ffr + .E!I'fr‘l'.'r-:‘]-tgl'r + .'GSHCl’r+.gsﬁrcl'r+.'g?5ﬁr

+.EBE|'L' + m':RS"-Dl'r] + & (4)
where m(R&D;.) stands for a non-parametric relationship between R&D and
export supply.

5. Empirical Results

We estimate Equation (4) to explore the effect of trade factor content on Iran’s
non-oil exports. Labour, export and R&D expenditures data were obtained from
World Development Indicators (WDI)!. Human capital, physical capital and
export relative price were collected from Penn World Table (PWT)?, while we
used the OECD website* to collect data on energy, exchange rate, knowledge
capital and productivity. Based on the availability of data, we considered the
period from 1990 to 2020.

As discussed previously, the empirical results obtained by estimating a semi-
parametric model specified in Equation (4), including two parts of parametric and
non-parametric relationships. Based on panel data approach, the parametric
method follows the fixed effects (Baltagi, 2008), and in the nonparametric part,
Nadaraya-Watson estimator was used for the calculation of equation
coefficiences.

The empirical results obtained are presented in Table (1), which reports the
parametric effects of the explanatory variables except for R&D on Iran’s exports.
Figure (1) also displays a non-parametric relationship between the dependent
variable (Tran’s non-oil exports to its trading partners and the R&D expenditures,
in which a smoothery line is appeared in a shadow area to draw this relationship.

Table (1): Parametric estimation of H-O-V model of Iran and trade partners by
B-Spline estimator

Variable Coefficient t statistic Pr > |t|
LnHC 0.93 2.13 0.048
LnK 0.047 0.53 0.596
LnE 0.31 1.17 0.245
LnKC 0.26 2.18 0.031
LnEF 2.38 4.28 0.0001
LnL 0.050 2.75 0.007
LnER 0.063 2.15 0.034
LP 0.37 2.65 0.009

Source: Authors

"' www.worldbank.org
2 www.cid.econ.ucdavis.edu/pwt.html
3 www.oecd.org
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Figure 1: Non-parametric relationship between R&D expenditures and Iran’s non-oil exports
by B-Spline estimator
Source: Authors

Based on estimated parametric results, variables such as human capital,
knowledge capital, productivity, exchange rate and relative export price have
mostly significant effects on exports. The results show that a one percent increase
in human capital leads Iran’s exports to increase by 0.93 percent. Other results
indicate that one percent increase in knowledge capital, productivity, labour
force, exchange rate and the relative export price leads Iran’s exports to its
trading partners to increase 0.26 percent, 2.38 percent, 0.050 percent, 0.063
percent and 0.37 percent, respectively.

These results confirm the findings by Andersson and Johansson (2010) and
Kadochnikov and Fedyunina (2017), who explain human capital affects
intensively the export capability of production based on education and training.
Human capital is thus considered as one of the crucial determinants of
comparative advantage and trade expansion in developing countries.
Additionally, knowledge capital has positive and significant effect on exports, in
which the result is similar to the findings obtained by Fleisher et al. (2015),
Kiyota (2013) and Nioshika (2013). More specifically, knowledge capital leads
to an increase in productivity and production, resulting in shifting export
potentials to the high-tech industries in the countries under consideration.
According to the empirical results obtained by this study, productivity also has
positive and significant effect on exports, which confirms the findings of
Nioshika (2013). Indeed, productivity differences are important in increasing the
export potentials of countries, leading to the capacity building to product more
exportables goods and services.


https://www.sciencedirect.com/science/article/pii/S0939362517300031#!
https://www.sciencedirect.com/science/article/pii/S0939362517300031#!

202 Evaluating H-O-V Aproach in Iran’s Trade Relationship with its Partners

Based on the empirical results, as productivity changes, relative endowment of
production factors also changes, which is consistent with the trade theory of
HOV. In addition, the relative export price and exchange rate have positive and
significant effects on exports, as by increasing one percent of the export price
leads to an increase of 0.37 percent in export potentials. Moreover, exchange rate
has a positive and significant effect on the export supply, which is expected
theoretically, even though its effectiveness is quite low among Iran and the
trading countries.

According to the non-parametric part of the results as shown in Figure (1), the
relationship between R&D expenditures and Iran’s export supply could lead to
develop through the higher rate of R&D expenditure. As dicussed by Nioshika
(2013) and Coe et al. (2009), the more R&D level boosts in a country, the more
the export advantage increases especially in production of technology intensive
goods. Kiyota (2013) shows that R&D has a positive effect on the components of
technical coefficients and thus, in accordance with Vanek theory, it leads to
further increase in export supply. The non-parametric results show that the
relationship between research and development expenditures and trade is various
based on the different levels of R&D expenditures. As these expenditures
increase, it will act as incentives and increase exports, and at other levels, these
costs will act as a barrier and may reduce exports.

According to Figure (1), the U-form of the effect of R&D expenditures on
exports is consistent with the study conducted by Do, et al. (2016). The
implication is that the relationship between export supply and R&D expenditures
will develop in higher levels of R&D; therefore, the more increase in investments
in the R&D expenditures, the more exports of Iran are supplied to its trading
partners.

6. Conclusion

The purpose of this study was to investigate the potentials of trade relations
between Iran and its selective trading partners based on the H-O-V theory. The
concentration of the Vanek theory is on considering multi factors instead of two
factors of labours and capital. According to the empirical results obtained, human
capital, physical capital, knowledge capital, R&D expenditures and productivity
are the major determinants, as the factor content, of the trade relations between
Iran and its partners including China, UAI, Iraq, Turkey, India, Japan, Russia and
Germany during 2009-2020.

Empirical results showed that all afformentioned production factors have
significant and positive effects on Iran’s exports. Therefore, generalizing two
factors model to a multiple factor model emphasized by the H-O-V theory has
explored the effects of more variables on Iran’s export advantages. Factors such
as productivity, human capital and knowledge capital are more effective in
comparison with labor force and energy.



F. Aghili and S. K. Tayebi 203

As found by this research, a nonparametric relationship between R&D
expenditures and export supply has been quite substantial to expand trade
relations between Iran and its trading partners. Hence, R&D expenditures are
significant to consider as a main factor content because it causes productivity
boosting and changes the technology matrix of countries.

Therefore, policy making in increasing R&D expenditures that shows technology
boosting in the production process helps competitive tradable goods and services,
which are more competitive and have high quality attitudes, towards enhancing
Iran’s trade relations with other countries.
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