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The role of technology gap in the trade of Poland:
Panel estimation in the gravity framework

The analysis presented in the following paper has been carried out for 234 trade partners of Po-
land in the period 1999–2013. We have selected the largest available dataset to obtain the most
precise estimates possible. The technology gap has been measured by TFP and relative patenting
performance controlling for quality of institutions as well as technology and innovation indices of
the Global Competitiveness Report. To obtain unbiased results, we utilize semi-mixed effects
model using the Poisson pseudo-maximum likelihood (PPML) estimator. The gravity framework
proves to be robust. The coefficients on technology gap indicators differ significantly between dif-
ferent groups of trade partners by the level of income and the level of technological sophistica-
tion. The role of the technology gap is evident and supports the principal theoretical postulates.
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Rola luki technologicznej w wymianie handlowej Polski.
Estymacja panelowa modelu grawitacyjnego

Analiza przedstawiona w poni¿szym artykule przeprowadzona zosta³a na próbie 234 partnerów
handlowych Polski w okresie 1999–2013. Wybrany zosta³ mo¿liwie najwiêkszy dostêpny zbiór
danych w celu uzyskania najbardziej precyzyjnych szacunków. Luka technologiczna zosta³a od-
dana poprzez ró¿nicê w poziomie produktywnoœci ca³kowitej TFP oraz wzglêdnej skutecznoœci
patentowania po uwzglêdnieniu poziomu jakoœci instytucji oraz wskaŸników technologicznych
i innowacyjnoœci z Globalnego Raportu Konkurencyjnoœci WEF. W celu uzyskania nieobci¹¿o-
nych wyników wykorzystano nowatorski model panelowy typu semi-mixed effects estymowany
metod¹ PPML. Formu³a modelu grawitacji zgodnie z oczekiwaniami okaza³a siê dobrze opisywaæ
intensywnoœæ polskiej wymiany handlowej. Szacunki parametrów przy miarach luki technologi-
cznej okaza³y siê ró¿niæ znacznie pomiêdzy podgrupami partnerów w zale¿noœci od poziomu ich
dochodów oraz zaawansowania technologicznego. Ogólnie rzecz bior¹c, zgodnie z postulatami
teoretycznymi, luka technologiczna odgrywa du¿¹ rolê w wyjaœnianiu intensywnoœci polskiej
wymiany handlowej.

S³owa kluczowe: luka technologiczna, wymiana handlowa, grawitacja, model panelowy typu
semi-mixed effects

Klasyfikacja JEL: C23, F10, F14, F15



Introduction

The technology gap theory, as advocated by Posner [1961], describes an ad-
vantage enjoyed by the country that introduces new goods into a market, thus
gaining the initial edge and establishing its exporter status. The nexus between
technology, innovation gap and trade is, however, much more complex and has
been investigated since the earliest contributions to economics. Technology differ-
entials were the basis of the Ricardian trade model and lay behind his concept of
comparative advantage, but they had not been adequately modelled before the
seminal contributions of Posner [1961] and Vernon [1966]. The role of technology
and innovation gap and its implications in an endogenous setting have been fur-
ther emphasised in the new trade and growth literature. An excellent and holistic
overview of the function of the technology gap in trade and growth is provided by
Kubielas [2009]. It can play a role of both a barrier and an incentive to trade to catch
up and compete. Surprisingly, relatively little attention was given to the issue of
technology or innovation gap in determining the intensity of trade flows with the
use of gravity approach.

The gravity equation framework, frequently attributed to Tinbergen [1962],
has been widely used to explain the intensity and pattern of international trade
flows (e.g.: [Bergstrand, 1985; 1989; Anderson, Wincoop, 2003; Anderson, 2011]).
It is one of the most robust empirical models in contemporary economics that, at
the same time, for many years lacked proper theoretical foundations.

The framework of the model is based on the analogy with the Newtonian the-
ory of gravity with the intensity of trade between partners proportional to their
sizes (reflecting economic potential) and inversely proportional to the distance.
This basic framework is commonly extended to incorporate various variables po-
tentially affecting trade intensity. A critical review of numerous studies shows that
researchers are rather flexible in the selection of explanatory variables based on
the context or aim of their particular analyses. Apart from the standard variables,
a set of specific variables is included that reflects various (including cultural)
aspects of mutual proximity or barriers to bilateral trade flows.

A very detailed description of possible variables used in gravity equations was
presented by Kepaptsoglou, Karlaftis, and Tsamboulas [2010]. Head and Mayer
[2014] conducted a thorough examination and evaluation of the gravity theory as
well as the empirical tools and methods it utilizes. The progress in this field is evi-
dent as more and more robust methods are being implemented, allowing for more
precise estimates. To obtain unbiased results, one needs to put emphasis on the
proper econometric specification of the gravity equation [Egger, 2000].

We would like to stress here the contribution by Silva and Tenreyro [2006],
who in their seminal paper raised a problem of whether the logarithmic transfor-
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mation of the original model is indeed a relevant approach to estimate elasticities.
They argued that multiplicative trade models with multiplicative errors do not
satisfy the assumption of the homoscedasticity of the error term since there is a de-
pendency between the error term of the transformed log-linear model and the re-
gressors which lead to the inconsistency of the popular OLS estimator as well as
the random and fixed effects estimators. As an alternative, they proposed the esti-
mation of the gravity model in levels using the Poisson pseudo-maximum likeli-
hood estimator (PPML). Moreover, in their very recent contribution, Proença,
Sperlich, and Savaºci [2015] suggested the use of a semi-mixed effects method
which relaxes the very strict assumptions of RE but is still more restrictive than FE.

The goal of this paper is to investigate the actual role of technology and inno-
vation gap in explaining the intensity of bilateral trade flows of Poland with its
business partners at the general (country level) with the use of trade gravity ap-
proach. The analysis has been carried out for 234 trade partners of Poland in the
period 1999–2013. Poland is an interesting case study of a Central European transition
economy’s gradual converging in income and technology levels to more advanced
trade partners. We expect the technology and innovation gap to play a substantial
role in its trade relations. Acknowledging the recommendations of Silva and Ten-
reyro [2006] as well as Proença, Sperlich, and Savaºci [2015], we select a semi-
mixed effects model as the most relevant method of estimation.

The remainder of the article is structured as follows: Section 1 reviews selected
empirical studies on the role of technology gap and R&D stock in the gravity set-
ting; Section 2 presents the empirical model and describes the data sources util-
ized; Section 3 presents and discusses the estimation results. The last section
concludes.

1. Review of selected empirical studies

Despite the critical role of the technology gap, surprisingly few empirical stud-
ies tested for technology gap or technology distance within gravity approach,
both in cross-sectional and panel setting.

Martínez-Zarzoso and Márquez-Ramos [2005] utilized a composite index cap-
turing technology and human knowledge deficiencies in an augmented gravity
framework in a cross-sectional study on a large sample of 62 developed and devel-
oping countries in 1999. The model was estimated with OLS on the standard dou-
ble log specification with a log of exports as the dependent variable. The authors
utilized a composite Technology Achievement Index (TAI) introduced initially by
the UNDP. The idea behind TAI was to capture how well a country as a whole is
participating in creating, using and diffusing technology and in building a human
skill base to acquire knowledge. TAI is an average of four related dimensions:
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– creation of technology (measured by number of patents granted to residents
and receipts of royalty and license fees from abroad),

– diffusion of recent as well as of old innovations (measured by internet hosts
and exports of high-technology and medium-technology products for new
and number of telephones and electricity consumption for early innovations
respectively),

– human skills (average years of schooling and gross tertiary science enrolment
ratio).
Martínez-Zarzoso and Márquez-Ramos [2005] introduce the TAI indices for

exporters and importers separately and test them for two subsamples of wealthy
and poor exporters (classified on the basis of exporters’ real GDP per capita) and
a standard set of conditioning variables in addition to infrastructure endowment.
The impact of exporters’ TAI on the value of exports is statistically significant and
positive for both wealthy and developing countries. However, the impact of im-
porters’ TAI is statistically significant only for the sample of poor economies; for
the sample of rich exporters, it is insignificant. The results are interesting despite
the cross-sectional approach utilized. The use of panel data approach could bring
obvious advantages, allowing for obtaining more precise and robust results.

Filippini and Molini [2003] include technological distance based on an indica-
tor proposed by Lall [1992] in an extended gravity panel data model to examine
the relevance of the technology gap in trade flows between East Asian industrial-
izing countries and selected developed countries over the period of 30 years. They
consider developed and developing countries separately, decomposing trade into
manufacturing and non-manufacturing trade flows. The authors estimate the
gravity equations using a fixed effect model without taking into account the country-
pair effects or zero trade flows which, to some extent, biases the obtained results.

Filippini and Molini [2003] wanted to verify the hypothesis according to
which countries tend to trade more with each other the more similar they are from
a technological point of view. The hypothesis was positively verified – the wider
the technological gap was, the more seldom they engaged in trade. Moreover, as
for the East Asian industrializing countries, the authors concluded that the tech-
nological distance served as an incentive to catch up and compete with more ad-
vanced nations.

In a recent study by Wang, Wei and Liu [2010] on the determinants of bilateral
trade flows in 19 OECD countries over the period of 1980–1998, the authors estab-
lished that both levels and similarities in domestic R&D stock, as well as market
size and inward FDI stock, play a major role. The Hausman test is applied to de-
cide statistically whether a random or fixed effects model is more appropriate for
a model with a log of exports as an explained variable. It is said that domestic R&D
stock plays a bigger role in promoting bilateral trade than GDP and FDI. The
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authors conclude that a 1% increase in total domestic R&D stock increases bilat-
eral trade by up to 1%, and a 1% increase in the R&D similarity between trade
partners raises trade by around 0.4%. R&D is found to be the second most impor-
tant variable in explaining trade flows in the OECD countries, preceded only by
the geographical distance which traditionally captures transaction and transpor-
tation costs. The results yield support to new growth theories (e.g.: [Aghion,
Howitt, 1992; 1998; Grossman, Helpman, 1991; Lucas, 1988; Romer, 1986; 1990]),
which endogenize technological progress and put emphasis on R&D potential of
countries.

2. The empirical model

In a classic paper, Anderson and Wincoop [2004] used export shares of trade
partners to estimate the strength of gravity. The use of country-pair effect allows
for eliminating the potential bias of mutual resistance described in the literature of
the subject. An alternative approach can be utilized (e.g.: [Helpman, Melitz,
Rubinstein, 2008]), in which the values of total trade flows are utilized. In our
study, the value of exports from Poland to a given trade partner in EUR million is
the explained variable.

The general form of the estimated empirical panel model with country-pair ef-
fects for total export takes the following general form:

exp ln ln, , , ,PL i i PL i PL i PL iY d X dcp dt	 
 
 
 
 
� � � � � �0 1 2 4 6 7 t rcte
 [1]

where Yi is the size of the partner, dPLi is the distance to the partner and XPLi is
the conditioning set of variables describing bilateral trade relations.

The basic explanatory variables include the size of the partner as measured by
the log of real GDP (real GDP) and the log of distance between trade partners (dis-
tance). It is proxied by geographical ‘as the crow flies’ distance from Warsaw to
trading partner’s capital measured in kilometres.

Two countries at a similar level of development should trade more intensely than
countries characterized by a significant gap in the level of development; an increase
in the gap should, therefore, coincide with a decreased intensity of Polish exports.
Thus, we adopt the following measure of the difference in the standard of develop-
ment (rlf) and expect the coefficient to be statistically significant and adverse:

rlf ypc ypcf
c

h
r	 ln [2]

We utilize COMEXT data set as a principal source of trade data. COMEXT is
a statistical database on intra- and extra-EU trade of goods managed by Eurostat,
the Statistical Office of the European Commission.
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For the set of explanatory variables, we utilize a number of data sources, the
principal one being the Penn World Tables 8.0 by Feenstra, Inkmaar and Timmer
[2013]. The data set provides information on real GDP and population (thus real
GDP per capita), capital and labour endowments (allowing for calculation of K/L
ratios) as well as estimates of TFP. The data for patent applications come from the
United States Patent and Trademark Office (USPTO). The data for institutional
quality come from Worldwide Governance Indicators dataset (WGI) compiled by
Kaufmann, Kraay and Mastruzzi [2010] and provided by the World Bank.

3. Econometric results and discussion

The analysis has been carried out for 234 trade partners of Poland in the period
of 1999–2013. The explained variable is the value of Polish exports in EUR million.
The estimation of core and extended specifications of the empirical model has
been performed using a semi-mixed effects method suggested in a recent paper by
Proença, Sperlich and Savaºci [2015] with a dummy variable for EU partner (EU)
serving as a clustering variable. The estimation has been carried out in STATA 12
(ppml). The results are provided in Tables 1–5.

Taking into account the method of estimation, the estimated empirical panel
model with country-pair effects for total export takes the following general form:

exp exp ln ln ln ln lnort Y D X Z vijt jt ij ijt ij	 
 
 
 
 
� � � � �0 1 2� �t ij ijt
� � [3]

where Yj is the size of the partner, Dij is the distance to the partner and Xijt is the
conditioning set of variables describing bilateral trade relations.

Table 1 presents the results for the broad sample of countries. Tables 2 to 5 present
empirical verification of determinants of export intensity to high-, upper-middle-,
lower-middle- as well as low-income countries. We expect the coefficients on the vari-
ables of interest to us to differ depending on the prosperity of the trade partner under-
stood as a rough approximation of the level of technological sophistication.

Various specifications of the model have been tested. The results proved in-
sensitive to the inclusion of time effects – as they do not significantly increase the
fit of the model, we have decided not to include them in the tables. The general fit
of the model is high – explaining from 62 to 95% of the variation in the explained
variable depending on the specification. The results are robust against potential
modifications.

In nearly all of the analysed specifications (apart from some for low-income
countries, Table 5) the coefficients on distance are statistically significant at 1%
and negative, as expected. The elasticity amounts to -1.65% on average (Table 1)
with the highest value for lower-middle- (Table 4) and the lowest for upper-
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middle-income countries (Table 3). Poland exports primarily to proximate coun-
tries, in particular to other Member States of the EU. Geographical proximity has
been shown to be a major determinant of bilateral trade flows as it is associated
with lower transportation and information costs.

The size of the trade partner as measured by the log of real GDP has a signifi-
cant and positive impact on Polish exports, in accordance with our expectations.
The elasticity is close to 1% with the highest values for high-income countries
(1.1% on average, Table 2) and the lowest for low-income countries (0.48% on
average, Table 5).

The impact of membership in the European Union is clearly positive and sta-
tistically significant (Table 1). Poland exports more, ceteris paribus, to partners within
the internal market of the EU. We would like to stress here once again that we treat
the EU as the clustering variable. It is not present in the case of lower-middle- and
low-income countries, as they are not part of the EU. We would also like to emphasize
that old Member States of the EU are in the high-income group, while most of the
so-called new Member States are in the upper-middle-income group.

The impact of a gap in development as shown by rfl is, as expected, negative in
most of the specifications in the general sample and high-income countries; it is,
however, statistically significant only in few specifications. Nevertheless, the coef-
ficient on rlf is positive in some of the specifications of the model for lower-
middle-income countries (see Table 4). All in all, Poland tends to export more to
countries at a similar level of development.

Furthermore, Poland exports more, ceteris paribus, to countries with better
quality of institutions as proxied by the rule of law and, in particular, to high-
income partners (Table 2). Due to the correlation with GWCI and its sub-indices,
the variable had to be excluded from the rest of specifications.

Next, three specifications (M3, M4, M5) analyse the impact of the differences
between Poland and its trade partners in factor endowments, productivity, and
technological sophistication on the intensity of Polish exports.

First of all, the greater the difference in factor endowments measured by the
log of zero adjusted K/L ratio between Poland and its trade partner, the bigger its
positive impact on the intensity of Polish exports (Table 1). If Poland, ceteris pari-
bus, is relatively better endowed in capital than in labour, it exports more to
a given country. We have to note, however, that this holds only for high- and
upper-middle-income countries (Table 2 and 3). The coefficients for lower-
middle- and low-income countries are statistically insignificant, which could
point to the significance of classic factor endowments differences as postulated by
Heckscher-Ohlin theory in explaining the trade relations of Poland (a relatively
low share of intra-industry trade in differentiated products).

Secondly, the greater the difference in productivity levels – which could be
treated as a rough proxy for the difference in levels of technological sophistication
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– the lower the export intensity in the general sample (Table 1, M4). The TFP dif-
ference is measured by the log of zero adjusted TFP ratio between Poland and its
trade partner. The TFP of a given country is first relativized by comparison to the
world technology frontier – TFP for the US. The bigger the advantage of a foreign
partner over Poland in TFP levels is, ceteris paribus, the less Poland exports there.
Poland seems to export more to countries at a similar level of total productivity.
A more detailed analysis shows that this result is mostly due to the high-income
countries group (Table 2). It turns out, however, that the coefficient changes to
positive and statistically significant for upper-middle- and lower-middle-income
countries, and is insignificant for low-income countries – for these, a relative dis-
advantage in TFP boosts Polish exports.

Thirdly, as for the impact of the technological gap as measured by the log of
absolute difference in cumulated patent applications (per 1 million population) in
the USPTO between Poland and a foreign partner (CUMPAT), we chose patent
applications in the US Patent and Trademark Office as an assessment of the ability
of a given country to produce patents at the world technology frontier. We ac-
knowledge that the distance to the technology frontier matters and could reflect
the technology gap resulting from systemic factors. The USPTO provides informa-
tion on patent applications by country for the period of 1965–2013. To eliminate
cyclical factors, we have calculated the cumulated patent requests and compared
the results directly between countries of different sizes to relativize them by popu-
lation (per 1 million population). The US is a clear leader, followed by Switzerland,
Japan, and Taiwan. The next group consists of Israel, Finland, and Sweden. The
remainder of the elite consists of Canada, Denmark, the Netherlands, the UK,
Germany and South Korea. Poland holds only the 47th rank with results similar to
Costa Rica and Chile and thus can be considered as a technologically backward
but converging country. Out of the Visegrad group countries, it is better only than
Slovakia (54th position) and much worse than the Czech Republic and, in particu-
lar, Hungary (10 times the higher value of the variable).

The coefficient on CUMPAT is statistically insignificant in the broad sample
(Table 1) as well as for high-income- and lower-middle-income countries (Tables 2
and 4, respectively). It is, however, statistically significant and adverse for upper-
middle-income trade partners (Table 3) and positive and strong for low-income
trade partners (Table 5).

In the last specifications (M6 to M9), we account for the overall level of com-
petitiveness as indicated by the value of Global Competitiveness Index (GWCI) –
a weighted index of 12 basic pillars of competitiveness [Schwab, 2014]; three of the
pillars are of particular interest to us: technological readiness, business sophistica-
tion and innovation potential (9th, 11th and 12th pillar of GWCI, respectively). These
are crucial in particular for efficiency-driven and innovation-driven economies.
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According to the methodological report by the WEF, the technological readi-
ness pillar measures the dexterity with which a given economy adopts existing
technologies, with specific emphasis on its capacity to fully leverage ICT under-
stood as a key horizontal or general purpose technology. Thus, it is composed of
technology adoption (availability of the latest technologies, firm-level technology
adoption, FDI, and technology transfer) and ICT uses (internet users, broadband
internet subscriptions, internet bandwidth, mobile telephone and broadband sub-
scriptions and fixed telephony lines).

The business sophistication pillar concerns two elements crucial for advanced
economies, frequently lacking in basic sources of competitive advantage. First, the
quality of overall business networks and supporting industries as measured by
the quantity and quality of local suppliers. Secondly, the extent of their interaction
and the quality of individual firms’ operations and strategies (branding, market-
ing, distribution, advanced production processes, and the production of unique
and sophisticated products) – cultural factors which spill over into the economy
and lead to sophisticated and modern business processes across the country’s
business sectors.

Last but not least, the R&D innovation potential pillar focuses on broadly un-
derstood innovations and takes into account both input and output measures of
national innovation system such as the capacity for innovation, quality of R&D in-
stitutions, BERD, university-industry collaboration in R&D, availability of scien-
tists and engineers, patent applications, and IP protection.

In 2014, Poland with GWCI at 4.5 (1–7) was the 43rd economy out of 144 under
consideration. Its position is rather weak in the pillars considered here, with tech-
nological readiness at 4.5 (48th position), business sophistication at 4.1 (63rd posi-
tion) and R&D innovation at 3.3 (72nd position).

For the general sample of countries (Table 1), the impact of GWCI is positive
and statistically significant. Poland exports more, ceteris paribus, to countries with
higher values of the index. Innovation potential, as well as technological readiness
have a positive and robust impact on Polish exports, while its partner’s business
sophistication is statistically insignificant.

The results, as could be expected, differ between the subsamples of countries.
For high-, upper-middle- and lower-middle-income countries (please refer to Ta-
bles 2, 3 and 4), only technological readiness matters – the impact of GWCI and
other pillars is insignificant. For low-income countries, both business sophistica-
tion and technical readiness matter and innovation potential have an insignificant
impact. For low-income countries Poland exports more to countries with a higher
value of GWCI.

338 Tomasz Brodzicki, Katarzyna Œledziewska



Conclusions

The goal of this paper was to investigate the role of technology and innovation
gaps in explaining the intensity of bilateral trade flows of Poland with its business
partners at the country level. We utilized a popular and robust trade gravity
approach. The analysis was carried out for 234 trade partners of Poland over the
period 1999–2013. Technology or innovation gap was measured by several vari-
ables including TFP and relative patenting performance at the world technology
frontier (USPTO). We also utilized the general index of competitiveness provided
in the Global Competitiveness Report by the WEF [2014] as well as its three subin-
dices related to technological readiness, business sophistication, and R&D innova-
tion potential. To obtain unbiased results, we utilized semi-mixed effects model
using Poisson pseudo-maximum likelihood estimator as suggested by the most re-
cent literature on the subject.

The model fits the data well with a clearly positive impact of the size of a part-
ner and a negative impact of distance. Overall, the obtained results suggest that
the technology gap and innovation gap are consequential for Polish trade rela-
tions. Poland exports more to countries, ceteris paribus, with higher competitive-
ness, technological readiness and R&D potential – and, at the same time, to
countries relatively more abounding in labour (K/L ratio) and at a similar level of
total productivity (as measured by TFP ratio).

General conclusions should be treated with caution as the results differ signifi-
cantly between the four groups of countries by income levels (high-, upper-
middle-, lower-middle-, and low-income). It seems that they reflect not only the
intensity of exports but also the composition of exports and thus should be inter-
preted group by group.
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