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Abstract 
 

We apply conventional panel data approaches to a comprehensive analysis of the 

gravity equation of bilateral trade flows between 16 Polish NUTS2 regions and 205 

countries and territories over 1999-2011. Empirical analysis clearly demonstrates that 

gravity model fits the data reasonably well and provides sensible results in accordance 

with our expectations. Basic parameters as: distance, regions’ and countries’ GDP have 

statistically significant influence on dependent variable. We realize that gravity 

concept is often regarded as controversial, and doubts relate predominantly to its 

theoretical background. The question is that it treats economic relations in a too 

“mechanical” way. However the advantage of gravity approach is that it takes into 

account features of both, regions and countries, in analysis of trade flows intensity. 
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1. Introduction 

 

Undoubtedly, international trade analyses have traditionally predominantly been done at 

countries level. Rather rarely they are conducted at regional level. Therefore, one can ask 

what are reasons to focus on regions? 

A basic idea is that region can be treated as a small, open economy. It is then justifiable to 

use theoretical concepts and models that we know from international economics – for 

assessing the nature of exporting activity at regional level. Not all international economics 

apparatus is useful. But at least trade theories seem to be relevant – as with them it is 

possible to explain patterns of trade flows that happen between enterprises localised in 

particular regions and countries.  

Another important aspect is rather practical. As economic situation of regions becomes 

more influenced by exports, regional authorities are profoundly interested in monitoring of 

exporting activity of business entities. For instance for several Polish regions, in times of 

economic crisis, high product concentration of exports (for instance in automobile industry) 

turned to be harmful. It is detrimental for situation on the labour market. 

Also the principle of subsidiarity shall be mentioned. It shall be understood as an 

encouragement to decentralise and transfer decision-making process to "as low as possible" 

level. In relation to exports it means that promotion can be more effective at regional than 

at central level. 

When we compare the number of publications devoted to export issues, the list is much 

longer for countries than for regions. However, the number of positions is on the rise (A. 

Cassey 2006, 2010a, 2010b, 2011; K. Gawlikowska-Hueckel, S. Umiński 2011; P. Ciżkowicz, S. 

Umiński 2011; P. Ciżkowicz, A. Rzońca, S. Umiński 2013). It is not our intention to discuss 

those studies in more detail. It should be noted, however, that the problems addressed in 

the publications on regions reflect the issues which are typical of countries, which confirms 

the usefulness of the concept of region seen as a small open economy. 

Problems associated with analyses of exports at regional level are not new. They were 

described in details especially for the US economy. The fundamental question can be 

formulated as “where exports begin”? Review of literature proves that these were the 

Americans and Canadians who initiated research in the field of exports at regional level. 

They have access to the so-called “entry and exit” statistics – which enable to carry on 

research that unequivocally points the start of the “journey” of commodities being subject 

of international trade. It has both: advantages and disadvantages. For example, from the 

standpoint of the research on the relationship between export and the situation on the 

labour market, information about the origin of production for export would be far more 
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useful (see OMC and EME data for USA, in: C.C. Coughlin and T.B. Mandelbaum 1991, p. 72; 

R.M. Leichenko and J. Silva 2004; A. Cassey 2006; C.C. Coughlin and P.S. Pollard 2001; C.C. 

Coughlin and H.J. Wall 2003). That kind of data (entry/exit system) is not available for 

Poland.  

The plan of the paper is as follows: Section 2 presents an overview on gravity models of 

international trade flows. Section 3 overviews empirical modeling of trade gravity. Section 3 

presents the empirical model, variables and data utilized. Section 4 present and discusses 

empirical results. The final section concludes with further discussions. 

 

2. Gravity as a concept for trade intensity analyses 

Gravity, the concept that we refer to in our interpretation of trade flows analyzed on the 

level of Poland’s regions, is an example of “physical” explanation of spatial relationships. It is 

worth realizing that the aforementioned concept has been deeply settled in economic 

sciences and thus it is difficult to clearly assign it to one theory, be it the one of location or of 

international trade (P.R. Krugman, 1996, p. 44; R.C. Feenstra 2004, p. 144). As can be seen, 

these theories interpenetrate and thus various factors must be taken into consideration in 

theories of international trade.  

Gravity models are widely used in economic research, in spite of the reservations about their 

actual lack of solid theoretical foundations. The models in question refer to Newtonian 

physics and the relationship between physical phenomena, according to which trade 

between partners depends on (positively) their economic potential and (negatively) on their 

distance. This paper is not aimed at describing the positions in the debate about whether the 

concept of gravity can be defined as “facts without theory”, or is it based on more solid 

theoretical foundations. P. R. Krugman, E. Helpman, A. F. Deardorff (1998) or J. Anderson 

and E. Wincoop (2003) were amongst these who expressed their stands on this matter, 

which undoubtedly are very interesting. However, what is indisputably essential is the 

practical usefulness of the gravity concept as well as its flexibility in the scope of factors 

which can be taken into account in modeling and prediction of trade flows. It has to be 

mentioned that the theoretical foundations of the model have complemented the new trade 

theory. C. Carrere (2006) argues that the concepts of imperfect competition, increasing 

returns to scale, diversification of productivity levels and diversification of products can be 

used as a formal basis for the derivation of the gravity equation. 

Tinbergen (1962) and Linneman (1966) are believed to be the gravity concept creators. Over 

the years it has become a basis of many studies as it is useful in analyzing both actual trade 

flows and the potential ones. An important field which employs gravity models is simulating 

changes in terms of trade, for instance resulting from an introduction of free trade areas, 

custom unions (or other trade arrangements), currency unions, etc.  
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Nevertheless, the selection of variables used in the empirical gravity model still requires a 

commentary. The review of literature indicates that different approaches are used when it 

comes both to endogenous variable and the exogenous variable. An extensive review of 

research based on the gravity model by K. Kepaptsoglou, M.G. Karlaftis and D. Tsamboulas 

(2010, p. 4-8) proves that export statistics are most frequently referred to, slightly less to 

bilateral export and import and yet more rarely to the sole import. It is even more debatable 

in the case of analyzes concerning the regional level. Depending on study purpose, it may be 

only export or the sum of export and import. For example, A. Cassey (2011) estimates only 

export gravity in the research concerning export in the USA. Still, it can be argued that the 

data concerning import – due to the duty collection – are more precise than in the case of 

export. 

Referring to the concept of lumpy countries by P.N. Courant and A.F. Deardorff (1992), it has 

to be mentioned, that in the case of regions, each has to be dealt with differently, due to 

their individual profile of international trade. Also, taking into account individual 

characteristics of their economies, theoretically speaking, business entities can engage in 

either export or import. In practice, it means that a region is to a greater extend oriented 

towards export than towards import (or vice versa). Fragmentation of production, which 

results from a FDI inflow, is another factor influencing the aforementioned relation. The 

likelihood that business entities are simultaneously exporting and importing the same 

product decreases with the increased degree of spatial analysis disaggregation. All the more 

it is improbable if a subject of study in the gravity model are the flows of import and export 

between the entities from a given region and a particular country (trade partner). In fact, 

entities from certain regions do not maintain trade relations with all the countries – only 

with some of them. These determinants should be taken into consideration when deciding 

on the specification of the endogenous variable. 

The selection of exogenous variables in the gravity models is also determined by the purpose 

and nature of the undertaken study. A standard group of variables is the one relating to the 

quantity of mutual supply and demand between the partners; on the other hand these 

factors are also limiting trade.  

The first group consists of variables providing information on the economic potential or the 

size of the market of trade partners, such as the GDP, the income level and population. GDP 

per capita is a debatable issue. This variable can be treated differently, as a measure of 

similarity/diversification of partners in terms of the development level, as a measure of 

similarity of demand preferences or as information about the diversification of production 

factors. In addition, within the models, the effects of inertia are also taken into 

consideration, namely that the current trade relations depend on whether they have 

occurred before. For example‚ S. Nardis, R. De Santis and C. Vicarelli (2007, p. 19) take into 
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account the delayed endogenous variable. Its application can be supported by the fact that if 

partners maintained business relations in the past, with high probability they will continue to 

do so, due to the sunk costs. Another variable is the trade conformity index, which measures 

the diversification of export and import of both partners.  

Distance is one of the crucial factors limiting trade between partners. It is mainly associated 

with transport costs, but the question as to which information should be used to illustrate 

these costs seems open to debate. Ideally, the information relating to each commercial 

transaction would be available (such as the place of manufacturing, the location of exporter 

and the point of destination). In theory, it is possible that within the economic area each and 

every transaction is specific which means that it occurs between entities in specific locations 

as it was declared in “The Seamless World” concept (P. R. Krugman, A. J. Venables, 1995) 

which calls for treating countries as a collection of individual sites. In practice, such 

information is not obtainable. Thus in our research distance between partners is defined on 

the basis of the distance between the capital of the region and the capital of the country, 

whose commercial transactions are recorded. 

Apart from variables illustrating potential and distance, there is also a number of binary 

variables taken into consideration within the gravity models. Their selection is determined 

by the nature of the problem1. These include, for instance: membership in currency or 

customs unions, borderland location, access or lack of access to the sea (and port 

infrastructure), the nature of the border (e.g. from the point of view of a Polish exporter, the 

eastern border is much different than the western one due to different procedures of 

crossing, transporting and inspecting the goods, etc.). What is more, there are equally 

important historical factors, such as belonging to a given state organism (e.g. partitions, 

colonies) – which enables taking into account „path dependency” (A. Cieślik, J.J. Michalek, J. 

Mycielski, 2010) or in general, institutional determinants of economic development. 

Whether historical conditions e.g. in the form of colonialism stimulate or halt trade, should 

be subject to discussion – the expected impact of the independent variable on the 

dependent variable depends on this factor. The other variables used in gravity models 

include FDI, usage of the same language, direct geographical vicinity, the number of 

commercial offices (promoting export of a country or a region abroad). Another important 

application of gravity models is the „border effect” estimation.  

                                                 
1
A case in point is an example of variables selected to the study on the forecasts of trade effects resulting from 

Polish accession to the European Monetary Union, using a generalized gravity model (A. Cieślik, J.J. Michalek, 

J. Mycielski, 2009).  
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3. Methodological aspects of gravity modeling in trade  

The literature review leads to a conclusion that in order to obtain reliable results it is 

essential to select a proper method of model estimation. In the traditional approach, a 

gravity model was estimated by cross-section method, regarding data collected from one 

year or an average trade value for a longer period. The least squares method can be applied 

for estimation of model parameters; however, due to its numerous limitations and 

reservations aimed at it, there are other methods of estimation in use. The major constraint 

and bias of the results – in the traditional cross section approach – was, inter alia, neglecting 

the country-specific effects. 

The quality of the obtained results is significantly improved by the use of more sophisticated 

methods of estimations of panel models. These results are, above all, less sensitive, which 

does not mean, however, that it is possible to eliminate all doubts. What is more, it can be 

stated that there is no single, standard methodological approach, adopted by consensus, 

which can be accepted without reservations. On the contrary, as has been mentioned 

earlier, a broad review of studies referring to gravity models indicates that there are various 

approaches in use (K. Kepaptsoglou, M.G. Karlaftis, D.Tsamboulas 2010, p. 4-8).  

While reflecting on theoretical foundations on the gravity concept, J. Anderson and E. 

Wincoop (2003, p. 176) propose to take into account relative trade barriers in relations 

between two countries. This is a reference to the concept of multilateral trade resistance, 

which is included in gravity models (concerning the overall level of trade protection)2.  

The Least Squares Dummy Variable (LSDV) was a traditional estimation method used in 

panel models. The results obtained by its application may however be challenged. In the 

case of a typical log-linear gravity model they are heavily biased due to the 

heteroscedasticity of the random component. Furthermore, the omission of fixed effects 

model, i.e. specific for each region-country or country-country pair may be equal to 

eliminating a relevant independent variable. One solution to circumvent this problem was to 

consider geographical distance-weighted index. Nevertheless, the attempts of its application 

cannot be considered satisfactory.  

J. Anderson and E. Wincoop (2003, p. 16-17) propose to replace the multilateral trade 

resistance by a vector of variables specific to a given region, what should lead to obtaining 

consistent estimations of model parameters. The aforementioned proposal was taken into 

                                                 
2
As claimed by C. Adam and D. Cobham (2007, p.1) taking into account multilateral resistance (instead of 

bilateral) as a characteristic of the new gravity models is a manifestation of departure from the traditional, 

Newtonian approach to gravity, which focuses on issues such as mass and distance, to a more comprehensive 

approach. This leads to the reduction of errors in estimations based on the older models which omit variables 

such as a detailed structure of protection in trade. Similar studies were carried out by S.L. Baier and J. H. 

Bergstrand (2009, p. 84) .  
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consideration in the research carried out by S.L. Bailer and J.H. Bergstrand (2007) who 

employed the fixed effects approach in order not to neglect the conditions of multilateral 

resistance.  

What is more, it appears important to reflect on the time factor. Due to the omission of 

variability the estimation results obtained are incomplete or biased. B. Baltagi et. al. (2003) 

postulate to use a two-way fixed effects model in order to capture the interactions between 

the countries and over time properly. P. Egger i M. Pfaffermayr (2003), in turn, recommend 

the use of a three-way model with fixed effects, which encompasses fixed effects on the part 

of the importer, the exporter and the time as well as specific effects for country pairs (in 

order to capture heterogeneity of these pairs).  

Another problem tackled in the empirical studies is the choice of methods: it is either the 

fixed effects method or, alternatively, the random effects method. According to P. Egger 

(2002), a proper solution is using the latter an estimation technique – as long as it provides 

consistent results of fixed effects estimations over time. R. Glick and A.K. Rose (2002) find 

that the fixed effects models guarantee obtaining more consistent results regarding the 

influence of monetary integration (monetary unions), which was confirmed by sensitivity 

analysis. On the other hand, C. Carrere (2006) argues that presenting bilateral effects as a 

random distribution variable is a more appropriate approach. The choice between the fixed 

effects and random effects should not be made a priori – this purpose requires using the 

Hausman test. C. Carrere used the Hausman-Taylor test to justify the choice of fixed effect 

method; also, it provided a response to the question whether the variables are exogenous or 

endogenous. P. Egger (2002 and 2005) suggests that the simple Hausman-Taylor estimator 

or Hausman-Taylor estimator with an AR1 test (identification of AR1 errors – first order 

random component autoregression). This method was also used by A. Cieślik, J.J. Michalek 

and J. Mycielski (2009).  

There are also alternative approaches employed in the gravity models. D. Henderson and D. 

Millimet (2008) question the linearity of gravity equations and advocate using non-

parametric methods. Santos J. Silva and S. Tenreyro (2006) are of similar opinion; they 

question the logarithmic, linear gravity equation, and prefer the output multiplicative form 

of the model instead. They claim that the estimation results obtained by using Ordinary 

Least Squares method (OLS) are not reliable, due to the unrealistic assumptions regarding 

the nature of the errors but in return they propose the Poisson Quasi Maximum Likelihood 

technique estimator (PQML) or the Poisson Pseudo Maximum Likelihood estimator (PPML) 

alternatively. F. Nowak-Lehmann, D. Herzer, I. Martinez-Zarzoso and S. Vollmer (2007), in 

turn, use the Seemingly Unrelated Regression technique (SUR) to define fixed-effect for the 

countries.  
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The literature review leads to the conclusion that none of the methods can be accepted as a 

standard. Each of them has advantages and disadvantages. For this reason, alternative 

methods have been applied in our research: LSDV, fe and re (one-way/two-way) and finally 

the Hausman-Taylor approach. For methodological reasons we perceive the last approach as 

the most robust (and show it in the present paper). It is important that the results proved to 

be highly comparable and of little sensitivity to the estimation techniques of the model. 

Most of the independent variables are statistically significant, but in each of the alternative 

techniques they have different impact on the dependent variable. 

Treatment of the zero trade flows poses an important methodological problem in case of 

gravity models. J. Westerlund and F. Wilhelmson (2006) point out that the models in their 

log-linear form are not useful in the analysis of zero trade flow observations, the reason 

being purely mathematical determinants, as the logarithm of the zero remains undefined. It 

creates a problem of the missing data; moreover the data distribution is not random.  

Due to the construction of the database used in the model estimation, the lack of 

observation (no data) for a given region-country pair signifies that there is also no 

commercial relationship between them. Therefore, it is not purely a problem of missing data 

but crucial information on non-existence of trade flows which can be lost. In this case‚ the 

distribution of “non-existent” trade flows is not random. The probability that zero trade 

flows will appear is greater in the case of relationships with smaller, less developed 

countries, without the direct access to the sea.  

There are two possibilities of eliminating zero trade flows. Firstly, it is permissible to remove 

the zero trade flows from the panel – before the transformation to the logarithmic-linear 

form. Nevertheless, this would lead to a sample selection bias. As a result the data panel 

becomes incomplete and unbalanced – regarding zero flows is thus – from the point of view 

of accuracy of the trade relationship estimations – an important issue as this phenomenon 

may result from the presence of outstanding, bilateral barriers to the trade (bilateral 

resistance). In our research a data imputation technique has been used in order to eliminate 

the bias of the results; namely the value of the dependent variable has been increased by a 

fixed factor before transformation into a logarithm. The problem of zero trade flows can be 

also eliminated by the use of PPML estimator for the output, non-linear model specification. 

This approach has been used by J. Westerlund and F. Wilhelmson (2008). It does not, 

however, focus on the explanation of intensity of bilateral trade relations, but on the 

determination of the likelihood whether such relations will occur. This approach has been 

applied, inter alia, by J. Santos Silva and S. Tenreyro (2006) as well as A. Cassey (2010b).  
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4. Empirical model and the hypotheses  

The estimated empirical panel model with country-region effects for total trade takes the 

following general form: 

[1] rcttrcrctrctctrrct edydrcXβdβYβYβttza +++++++= 7643,2,10 lnlnlnln ββα  

J. Anderson and E. Wincoop (2004) have used export shares of the trade partners in order to 

estimate the strength of gravity in this model. An alternative approach has been adopted in 

the above equation (E. Helpman, Melitz M., Rubinstein Y., 2008), in which the values of trade 

flows have been included.  

We have utilized two alternative dependent variables. The first alternative uses total trade 

flow and the second regional export. It has been decided to estimate this model in two 

alternatives since there is no uniform position in this matter, which was shown by a review 

of literature. International trade analysed in a regional approach is the object of 

investigation. The data analysis shows that in the case of export there is greater dispersion in 

trade than in the one of import. A relatively higher concentration is typical of import, which 

is proved by the fact that a high share of entities active in Poland’s import have their 

headquarters in Mazowsze region. This indicates a strong possibility of brokerage in  

international trade. In the case of export, however, a stronger connection to the region’s 

production base is apparent. 

The basic explanatory variables include: size as measured by real GDP (lnyc, lnyr) or 

population (lpopc, lpopr), the distance between trade partners (ln dist). The distance is 

proxied by geographical “as the crow flies” remoteness from region’s capital to trading 

partner’s capital.  

Two countries of similar size (as measured by real GDP) should trade more than two 

countries of dissimilar sizes. We adopt the following measure of similarity (sim) and expect 

the coefficient to be statistically significant and positive. 

[2] 
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At the same time, two countries at similar level of development should trade more intensely 

that countries characterized by significant gap in the level of development. We adopt the 

following measure of gap in the level of development (rlf) and expect the coefficient to be 

statistically significant and negative. 
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[3] 
r

h

c

f ypcypclnrlf −=  

Both sim and rlf are included in the basic specification. We furthermore utilize a large 

number of dummy variables for adjacency, border, previous location in common empire 

(pcommon) and membership in the EU or the eurozone.  

 

Data sources 

For regional trade flows data we utilize data of The Polish Central Statistical Office (GUS) and 

Customs Chamber (Izba Celna) from the extrastat/intrastat system. The location of the seat 

of the entity that exports and/or imports is criterion for assigning exports and import flows 

to a particular region. The resulting image of export at regional level should be treated as 

approximate. We must be aware of such distracting factors as: intermediate trade, as well as 

the cooperation between enterprises beyond the boundaries of the regions. The data by the 

Polish Central Statistical Office (GUS) are provided according to the headquarters localisation 

of a subject declaring international trade transactions. The value of sales is denominated in 

USD, in current prices. 

The remaining variables have been taken from or constructed on the basis of data provided 

in PWT 7.1 (Heston A., Summers R., Aten B. 2012). Descriptive statistics of data utilized in 

the present study are provided in Table 1 in the Appendix. 

 

Hypotheses 

We have formulated a number of hypotheses for the regions-countries trade relations which 

will be verified in the empirical analysis.  

H1: The main aim is to verify the usefulness of the gravity model for the analysis of 

international trade at a regional level. So far, in the case of Poland’s economy, this gravity 

model concerning the regional level has been thoroughly assessed by Umiński (2012). 

Intuitively, the distance may be a determining factor in the intensity of trade connections. 

However, this needs to be confirmed by more advanced methods of analysis, which is 

possible thanks to the econometric model. 

H2: Due to the nature of the statistical data utilized concerning the headquarters of a party 

involved in an international trade, the high concentration of import in the Masovian 

Voivodeship and a premonition that export is to a larger extent determined by the supply 

conditions typical for different regions, it should be expected that the gravity concept would 

be more useful for describing the nature of trade connections in a regions-countries system 

in export, rather than both export and import. 

H3: Direct geographical neighbourhood may be a significant factor in the intensity of mutual 

commercial trade. This factor is obliquely considered in being modelled by the ‘distance’ 



  

11 

 

variable. However, it can also be expected that direct neighbourhood may have a positive 

effect on the intensity of trade connections. The “near abroad” is the best known market to 

exporters as it is less risky and contacts are easier to be made.  

H4: Historical factors, such as the occupation in the past, also have effect on the present 

commercial relations in the region-country system. It can be expected that the historical 

factors of the partitions have a positive effect on commercial trade. 

H5: It should be assumed that trade connections depend on the nature of the border. 

According to case studies conducted by P. Ciżkowicz and S. Umiński (2011) the access to a 

port infrastructure has been classified as a factor which has a positive effect on export. It is 

interesting, however, if other specific factors connected to the nature of the eastern, 

western and southern borders can also affect the international trade. 

H6: The stability/instability in an exchange rate of a country, with which trade relations are 

maintained, is one of the factors shaping trade connections. Excessively volatile exchange 

rates basically influence/hamper trade relations between countries. However, it cannot be 

denied that due to the specificity of trade relations, which includes not only the 

geographical, but also trade structure by product groups, parties from certain regions tend 

to be more sensitive to rate fluctuations. 

H7: It is probable that a high mutual degree of economic openness of a region and a country 

influences establishing of trade relations. Connection between the economic openness of 

partners and the export (a sum of export and import) will be verified. 

 

5. Econometric results and discussion 

The estimation of basic and extended specifications of the empirical model has been 

performed using a number of available approaches. The comparison of fe and re models 

indicated the necessity to use an approach with individual results. Depending on the 

specification, we include region-country effects (one-way approach) as well as temporal 

effects (two-way approach).  

The initial analysis indicated a problem of the panel’s heteroscedasticity and auto regression 

of the random component. For that reason Hausman-Taylor’s (HT) approach has been used. 

The estimation has been carried out in STATA 12 (xthtaylor). The estimator fits panel-data 

random-effects models in which some of the covariates are correlated with the unobserved 

individual-level random effect. 

Various specifications of the model were tested. The number of specifications shown in the 

paper has been restricted for obvious reasons, results can be however provided upon 

request. The explained variable as has been already indicated in the previous section was 

either a total value of trade (a sum of exports and imports) indicated by lnttza (natural 
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logarithm of total trade), or a value of export from a region to the country (lnexpza). The 

results for total trade flows are provided in Table 2 and for regional exports in Table 3 in the 

appendix. The problem of zeros in trade flows has been conventionally addressed (the 

values have been zero adjusted).  

The basic specification of the model includes: log of real GDP of a country and of a region 

(yc, yr), log of the distance between the two (lndist) as well as the index of similarity (sim) 

and measure of relative gap in development (rlf) that have been explained above. The basic 

specification is developed in models T1-T4 and E1-E4. The results for some of explanatory 

variables are sensitive to inclusion of time effects.  

It can be clearly seen that the impact of size of regional economy as well as of trade partner 

is positive and statistically significant3. The magnitude of the impact is rather surprisingly 

higher for regional economy. The coefficients on log of distance is as expected negative and 

statistically significant at 1 per cent level. It should be stressed that the magnitude of the 

impact is higher for exports than for total trade flows. 

In most specifications the impact of similarity in income per capita levels as measured by rlf 

is negative. More similar trade partners have ceteris paribus more intense trade flows. The 

result is however sensitive to inclusion of temporal effects. The impact of similarity in sizes 

as measured by sim is ceteris paribus robust and positive – the trade is more intense 

between trade partners of similar size.  

The impact of border (T5-6, E5-6) is not clear. It is positive and statistically significant only in 

one-way panel for exports without temporal effects. The impact of adjacency (not shown) is 

insignificant. We have further elaborated on the impact of border by decomposing it 

geographically (results not shown here). The impact on trade flows is significant for regions 

on the eastern border of Poland (beast) and negative and statistically significant and positive 

for northern border in particular for exports (coastal regions). This result can mostly be 

attributed to influence of major seaports of Szczecin-Świnoujście (Zachodnipomorskie) and 

Gdańsk and Gdynia (Pomorskie). We would like to stress that we have also tested historical 

linkages with some of trade partners related to the period of partitions of Poland (prior to 

1918). The results are inconclusive and were not shown here. The impact of a dummy 

variable for common partition (pcommon) is insignificant. Further investigation has shown 

that the impact is insignificant for regions of former Prussia (pprus) and significant and 

negative for Polish regions formerly located in the Russian Empire (prus). The results for 

Austro-Hungarian Empire (puast) are inconclusive.   

The impact of membership in the European Union is clearly positive and statistically 

significant (models T7-8, E7-8) with the magnitude of an impact for exports higher than for 

                                                 
3
 We have also tested models with log of population of trade partners as a proxy for size of economy. 
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total trade flows. At the same time Polish regions, ceteris paribus, trade more with trade 

partners located in the eurozone (models T9-10, E9-E10). The results support the notion of 

the so-called Rose effect and provide empirical support for Poland’s membership in the 

common currency zone. The impact of exchange rate volatility as measured by log of 

standard deviation of average yearly exchange rates observed over the period of 10 years 

(lexdev) is negative and statistically significant – as has been expected (models T11-12, E11-

12). It further supports the notion on positive impact of currency fixing on bilateral trade 

flows.  

Last but not least in models T13-14 and E13-14 we have tried to identify the impact of 

difference in openness levels between the region and its trade partner, as measured by 

rlopen. The results obtained clearly indicated that ceteris paribus partners of similar 

openness levels trade more intensely.  

We have to stress that most of the empirical hypotheses put forward in the preceding 

section of the paper have been positively verified apart from H2 – it is difficult to say 

whether gravity fits export flows better than total trade flows. 

 

6. Conclusions 

The objective of this paper was to analyze the determinants of bilateral trade flows of Polish 

regions to their international trading partners by using a panel gravity model over the period 

1999 - 2011. On the basis of a review of empirical literature we applied Hausman – Taylor 

estimator in order to solve some econometric problems related for instance to panel 

heteroscedasticity. 

The conventional trade gravity model fits the observed trade flows well and the approach in 

general appears to be useful for the investigation of determinants of trade flows in the 

regions-countries system. The sensitivity analysis proved that the results are robust to 

different modifications.  

In accordance with our expectations the size of the region as well as trade partner or 

territory as proxied by their real GDP have positive and highly statistically significant impact 

on the intensity of bilateral trade flows, while it decreases with distance. Gravity works. The 

more similar in terms of size or the level of development (measured by the gap in their real 

incomes per capita) are the trade partners, the more intense are their trade relations.  

The effect of a common border is significant and highly positive only for regional exports. 

The impact of adjacency is insignificant. The existence within the EU internal market as 

expected brings clear benefits. At the same time higher exchange rate variability is harmful 

for bilateral trade flows and the positive impact of introduction of a common currency (the 

so-called Rose effect) is evident. Interestingly trade is more intense between trade partners 

with similar level of openness. 
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The gravity models can be, of course, questioned. As it was mentioned before, the critique 

concerns mainly theoretical grounds. A question may be raised - can economical phenomena 

be explained by scientific concepts? Can economic relations be treated in such a 

‘mechanical’ way? As Anderson shows (Anderson J.E., 2011) much theoretical progress has 

been made but many issues are still unresolved. 

In the future research it would be interesting to investigate the existence of the so-called 

border effect for Poland in connection to empirical studies on international trade of regions. 

However, the lack of statistical data concerning interregional trade Polish regions poses a 

problem. The intensity of such relations between a region and a country is probably also 

dependent on factors of a structural nature, mainly on a product sales structure, including 

the intensity of inter and intra-industry trade. Therefore inclusion of factors of a structural 

nature can be treated as an extension of studies on gravity. Furthermore, the model should 

be augmented by better proxing or widening the concept of distance between trade 

partners - transport accessibility and additional factors of a historical, cultural or linguistic 

nature. 
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Appendix 

Table 1 Descriptive statistics  

Variable Obs Mean Std. Dev. Min Max 

lnexpza 42640 8.768514 6.970011 0 22.79399 

lnttza 42640 10.42389 6.640343 0 23.71987 

lndist 42640 8.42843 .9237461 4.855421 9.800998 

lnyc 35360 23.85956 2.24703 15.76585 30.21025 

lnyr 39360 23.97176 .6525107 23.02115 25.68959 

lpopc 35376 8.659843 2.016593 2.955119 14.1008 

lpopr 42640 7.66248 .486188 6.915723 8.572742 

adj 42640 .0050422 .0708301 0 1 

bordr 42640 .6971154 .4595111 0 1 

beast 42640 .2740385 .4460337 0 1 

bwest 42640 .1826923 .3864186 0 1 

bsouth 42640 .3413462 .4741669 0 1 

bsea 42640 .1730769 .3783182 0 1 

paust 42640 .1586538 .3653573 0 1 

pprus 42640 .5384615 .4985244 0 1 

prusn 42640 .3028846 .4595111 0 1 

pcommon 42640 .0154315 .1232629 0 1 

due 42640 .0915572 .2884033 0 1 

deur3 42640 .0581614 .234051 0 1 

lexdev 35360 1.502396 4.144169 -37.42995 21.47638 

sim 35360 .3791442 .2470779 1.27e-08 .6927806 

rlf 35376 9.048216 1.016736 -2.356761 13.49566 

rlopen 35312 3.437302 1.15227 -5.232422 6.039649 

Souce: Own elaboration. Stata 12. 



 

 

Table 2 Results of estimation – log of total trade 

  

T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 T13 T14 

lnttza lnttza lnttza lnttza lnttza lnttza lnttza lnttza lnttza lnttza lnttza lnttza lnttza lnttza 

lnyc 0.110 0.227 0.453 0.204 0.0501 0.204 0.029 0.193 0.039 0.197 0.056 0.193 0.056 0.202 

  (7.45)*** (13.03)*** (2.73)*** (5.22)*** (3.02)*** (5.24)*** (1.79)* (4.93)*** 92.37)** (5.04)*** (3.42)*** (4.88)*** (3.40)*** (5.17)*** 

lnyr 2.758 3.373 2.772 3.394 2.852 3.389 2.727 3.407 2.778 3.400 2.903 3.400 2.925 3.383 

  (24.28)*** (17.06)*** (24.45)*** (16.89)*** (24.70)*** (16.49)*** (24.12)*** (17.00)*** (24.54)*** (16.94)*** (26.08)*** (16.88)*** (26.51)*** (16.87)*** 

lndist -3.701 -3.385 -3.640 -3.382 -3.605 -3.381 -3.485 -3.244 -3.519 -3.270 -3.656 -3.425 -3.644 -3.420 

  (-37.85)*** (-35.22)*** (-36.94)*** (-35.06)*** (-36.76)*** (-35.13)*** (-34.69)*** (-32.87)*** (-34.72)*** (-32.96)*** (-36.73)*** (-25.26)*** (-36.95) (-35.60)*** 

rlf 0.088 -0.055 0.004 -0.062 -0.001 -0.063 -0.007 -0.068 -0.006 -0.069 -0.018 -0.068 -0.011 -0.066 

  (3.53)*** (-2.09)** (0.15) (-2.33)*** (-0.04) (-2.35)** (-0.27) (-2.55)** (-0.22) (-2.60)*** (-0.69) (-2.54)** (-0.39) (-2.46)** 

sim     1.392 0.237 1.397 0.241 1.574 0.372 1.447 0.290 1.228 0.245 1.385 0.271 

      (8.15)*** (0.65) (8.17)*** (0.66) (9.13)*** (1.02) (8.47)*** (0.80) (6.83)*** (0.67) (8.07)*** (0.75) 

bordr         -0.638 -0.024                 

          (-0.33) (-0.12)                 

due             0.815 0.737             

              (6.75)*** (6.06)***             

deur                 1.090 1.060         

                  (4.82)*** (4.68)***         

lexdev                     -0.015 -0.009     

                      (-2.95)*** (-1.69)*     

rlopen                         -0.048 -0.040 

                          (-2.14)** (-1.79)* 

const -27.501 -46.130 -26.574 -46.131 -28.805 -46.029 -26.480 -47.398 -27.584 -47.08 -29.553 -45.588 -30.171 -45.360 

  (-9.02)*** (-35.22)*** (-8.75)*** (-35.06)*** (-9.24)*** (-9.39)*** (-8.76)*** (-9.98)*** (-9.07)*** (-9.90)*** (-9.85)*** (-9.55)*** (-10.14)*** (-9.53)*** 

Time 
effects  no yes no yes no yes no yes no yes no yes no yes 

No of obs 35360 35360 35360 35360 35360 35360 35360 35360 35360 35360 35360 35360 35360 35360 

No of g 2976 2976 2976 2976 2976 2976 2976 2976 2976 2976 2976 2976 2976 2976 

Wald test 2629.12 2344.11 2675.05 2337.22 2711.74 2345.57 2743.65 2388.59 2708.30 2365.25 2806.24 2333.79 2829.25 2384.11 

Note: All regressions carried out using Hausman-Taylor estimator (xthtaylor). * significant at 10%; ** significant at 5%; *** significant at 1%. Estimated using STATA Version 

12. Dependent variable - log of total trade between the region and its trade partner. Data are zero adjusted. Total number of observations (No of obs) and groups (No of g). 

t-Student statistics under coefficients. Wald test provided. 



  

 

Table 3 Results of estimation – log of exports 

  

E1 E2 E3 E4 E5 E6 E7 E8 E9 E10 E11 E12 E13 E14 

lnexpza lnexpza lnexpza lnexpza lnexpza lnexpza lnexpza lnexpza lnexpza lnexpza lnexpza lnexpza lnexpza lnexpza 

lnyc 0.082 0.229 0.009 0.327 0.017 0.327 -0.010 0.313 0.002 0.318 0.017 0.329 0.179 0.324 

  (4.98)*** (11.95)* (0.470) (7.57)*** (0.92) (7.58)*** (-0.51) (7.25)*** (0.10) (7.37)*** (0.94) (7.53)*** (0.97) (7.48) 

lnyr 3.529 3.082 3.557 2.997 3.691 3.034 3.501 3.011 3.565 3.004 3.649 2.999 3.645 2.975 

  (28.11)*** (14.77)*** (28.34)*** (14.12)*** (28.85)*** (14.01)*** (28.00)*** (14.22)*** (28.45)*** (14.17)*** (29.72)*** (14.14)*** (29.92)*** (14.03)*** 

lndist -4.282 -4.072 -4.222 -4.089 -4.193 -4.087 -4.041 -3.932 -4.085 -3.965 -4.233 -4.121 -4.232 -4.124 

  (-41.52)*** (-41.95)*** (-40.24)*** (-41.76)*** (-40.38)*** (-41.84)*** (-37.74)*** (-39.08)*** (-37.78)*** (-39.24)*** (-40.14)*** (-41.98)*** (-40.30)*** (-42.22)*** 

rlf 0.078 -0.109 -0.157 -0.104 -0.024 -0.105 -0.029 -0.112 -0.027 -0.114 -0.031 -0.104 -0.027 -0.108 

  (2.75)** (-3.70)*** (-0.52) (-3.50)*** (-0.80) (-3.52)*** (-0.97) (-3.76)*** (-0.92) (-3.81)*** (-1.04) (-3.45)*** (-0.91) (-3.63)*** 

sim     1.483 -1.047 1.482 -1.040 1.701   1.547 -0.984 1.393 -1.039 1.469 -0.995 

      (7.81)*** (-2.61)*** (7.79)*** (-2.59)*** (8.87)***   (8.13)*** (-2.45)** (6.96)*** (-2.59)** (7.69)*** (-2.47)** 

bordr         0.633 0.171                 

          (3.06)*** (0.84)                 

due             0.968 0.836             

              (7.21)*** (6.21)***             

deur                 1.241 1.175         

                  (5.00)*** (4.79)***         

lexdev                     -0.010 0.001     

                      (-1.77)* (0.29)     

rlopen                         -0.063 -0.047 

                          (-2.53)** (-1.87)* 

const -41.282 -34.944 -41.172 -34.745 -45.177 -35.778 -40.978 -36.141 -42.347 -35.778 -43.287 -34.590 -43.07 -33.666 

  (-12.50) (-7.00)*** (-12.27)*** (-6.93) (-13.11)*** (-6.96)*** (-12.28)*** (-7.23)*** (-12.61)*** (-7.14)*** (-13.11)*** (-6.90)*** (-13.15)*** (-6.71)*** 

Time 
effects  no yes no yes no yes no yes no yes no yes no yes 

No of obs 35360 35360 35360 35360 35360 35360 35360 35360 35360 35360 35360 35360 35360 35360 

No of g 2976 2976 2976 2976 2976 2976 2976 2976 2976 2976 2976 2976 2976 2976 

Wald test 3250.19 3156.04 3251.20 3131.45 3309.56 3142.63 3335.48 3190.25 3288.21 3164.44 3379.84 3150.07 3385.36 3171.67 

Note: All regressions carried out using Hausman-Taylor estimator (xthtaylor). * significant at 10%; ** significant at 5%; *** significant at 1%. Estimated using STATA Version 

12. Dependent variable - log of exports from the region to its trade partner. Data are zero adjusted. Total number of observations (No of obs) and groups (No of g). t-Student 

statistics under coefficients. Wald test provided. 
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