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Abstract. The objectives of this work are to determine the profiles of the countries that make up the 
European tomato consuming market and to observe if the economic-financial crisis (2007/2008) 
has influenced them. Both Lafay’s economic indicators were applied and country profiles and sub-
profiles were identified through a multilevel two-stage cluster analysis. The empirical analysis covers 
the period from 2005 to 2016, separated into two periods, pre-crisis (2005–2010) and post-crisis 
(2011–2016). Most countries obtained import and export profiles that coincide in both indices, 
Except in Italy. Only one post-crisis profile change was detected, this being for Greece, from an 
importer to an exporter. As a result of the initial two-stage clustering analysis (both in the pre-crisis 
and post-crisis period), three clusters were obtained. At the first level of clustering, Italy is identi-
fied with a producer profile and Spain and the Netherlands with an exporter profile. At the second 
level of clustering of the initial larger group, two clusters were identified, Germany and the United 
Kingdom with an importing sub-profile, and France and Belgium with an exporting sub-profile. 
In the transition from the pre-crisis to the post-crisis period, Portugal changed from a producer 
sub-profile to an exporter sub-profile.

Keywords: agricultural trade, European tomato market, international downturn, Lafay’s indexes, 
clustering, country profiles.

JEL Classification: Q17, J51, F44.

Introduction 

The examination of the tomato trade should be analyzed in a landscape of turbulent agri-
cultural markets characterized by uncertainties added to the traditionally highs risks fac-
ing agriculture as described by the Agricultural Outlook 2019–2028, developed jointly by 
the Organization for Economic Co-operation and Development (OECD) and the Food and 
Agriculture Organization of the United Nations (FAO). This environment depicts a global 
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consumption of agricultural products that continues to increase, with developing countries 
remaining at the epicentre of most agricultural production growth. On the supply side, these 
include diseases, antimicrobial substance resistance, and extreme climatic changes. On the 
demand side, they include, food habits and health and sustainability issues. Trade prospects 
suggest that America will dominate exports, while China will lead import growth in Asia. 
According to OECD/FAO (2019), ongoing trade tensions are factors that could impact on 
international and domestic markets. 

The availability of new types and varieties, new cultivation methods and the growing 
demand for vegetables have boosted world tomato production. According to Mexico’s Pan-
orama Agroalimentario of Fideicomisos Instituidos regarding the Agriculture report (FIRA, 
2019), the volume harvested worldwide, total consumption, as well as average per capita 
consumption have shown an upward trend over the last decade. China remains the main 
producer and consumer. While the United States is the main global importer at country level, 
Mexico is the main external supplier of this vegetable worldwide, being its natural market the 
United States of America. However, the European Union is the main importer as a trading 
area (Capobianco-Uriarte et al., 2020). In an increasingly global world, the development of 
logistics and means of transport have enabled strong competition in the supply of vegetables 
to the European Union market from different production origins, both within and outside 
the EU (Agencia de Gestión Agraria y Pesquera de Andalucía, 2014).

In a global context, in which competitiveness has become a route to economic survival, 
the study of the composition of country profiles within a target market is an essential step. 
This type of analysis provides relevant information on the location of industrial clusters 
to be studied and should be carried out as a preliminary stage to obtaining indices of 
productivity and/or competitiveness and/or economic sustainability in countries that con-
stitute an extensive target market such as the European Union. This work highlights the 
importance of exploring the profiles and sub-profiles in production, export or import of 
each of the countries that make up the European tomato market, for the selection of both 
the group of exporting competitors and the group of importing customers. The importance 
of the tomato as the vegetable with the greatest presence in international trade, and the 
European market as the main importer worldwide, underpin the relevance of the present 
study. The objective of this work is twofold. First, this study is aimed at describing and 
showing a classification of the European consumer market for tomatoes, namely, produc-
tion, export and/or import profiles and sub-profiles of each of the countries that make up 
the European tomato market. Second, this study attempts to elucidate whether the 2007/8 
economic-financial crisis influenced changes in country profiles within the European to-
mato consumer market. To this end, different country profiles will be identified through 
Lafay’s economic indexes and a multivariate cluster analysis applied to apparent tomato 
consumption variables at the European level (EU28) (i.e. production, import and export 
volumes). The disruption of global crisis may generate impact on macroeconomic variables 
of a country. In such a way, a global crisis could affect the profile of a country in makets. 
Thus, the identification of the effect of a crisis on country profiles may help to assess the 
impact of future crisis on specific markets.
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The main contribution of this study is the presentation of a new methodology called 
multilevel chained clustering, which makes it possible to determine country profiles and 
sub-profiles, combining the three variables of apparent consumption (production, export 
and import) of a product, therefore adjusting better to the reality of each country. So far, 
the application of the two versions of Lafay’s economic indexes offers only a dichotomous 
and mutually exclusive classification of countries (net importer or net exporter), nor do 
they offer the producer profile as a result. The information obtained from this characteriza-
tion will allow policy makers, trainers or consultants to profile the countries analyzed not 
dichotomously but with a wide range of profiles and sub-profiles combined and thus, design 
initiatives, tools and actions more suited to the reality of each country. 

1. Theoretical framework

In the case of the European tomato market, the design of an index system of productivity 
and/or export competitiveness and/or economic sustainability requires a previous stage so 
as to determine objectively both the group of exporter countries competing in the European 
tomato market and the intra-Community client markets that import tomatoes. 

Several works have studied the international tomato market in the European Union 
since 2010 (De Pablo-Valenciano et al., 2012; De Pablo Valenciano & Giacinti Battistuzzi, 
2012; Lombardi et al., 2016; De Pablo Valenciano & Giacinti Battistuzzi, 2016; Bashimov, 
2016; De Pablo Valenciano et al., 2017; Capobianco Uriarte et al., 2017; Pérez Mesa et al., 
2018; Jurkėnaitė & Paparas, 2020; Álvarez, 2020; Capobianco Uriarte et al., 2020). It is 
worth mentioning the work of Pérez Mesa et al. (2018) that offers a network approach 
to differentiate the import countries from the export countries in the European context. 
The study used the software Gephi to identify and analyze the direction of the com-
mercial flows between European countries, taking into account only import and export 
volumes.

To the best of authors’ knowledge, there are no previous studies that deal with the country 
classification in order to accurately determine the selection of the group of countries compet-
ing on the European market and the intra-Community client markets that import tomatoes.

2. Methodology

2.1. Variables

The consumer market is associated with the concept of apparent consumption. It is estimated 
on the basis of domestic production, the trade balance and consumption of inventories. In 
the case of perishable products, apparent consumption is equal to the availability of such 
products since there are no inventories or stocks. The variables that make up the definition 
of apparent consumption of a given good (Eq. (1)) were selected according to the Office of 
Agricultural Studies and Policies (2012):

 Apparent consumption = Production + Imports-Exports (1)
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2.2. Database

For this study of the European market for tomatoes a database was constructed with infor-
mation from two databases belonging to the United Nations using the tariff code [0702 To-
matoes, Fresh] in both cases. FAOSTAT (2018) for production volume data [kg] and COM-
TRADE (2018) for international trade data (import volumes [kg] and export volumes [kg]). 

2.3. Lafay’s economic indices for the determination of net exporter/importer 
profiles

The first indicator (IL) was formulated by Lafay (1979), to measure the degree to which the 
country has a comparative advantage for a given product or service that makes it a natural 
exporter of that product (Durán Lima & Alvarez, 2011). This indicator belongs to the family 
of indicators of the “specialization index” type. This index is obtained through the quotient 
between the production of the good and its apparent consumption (production plus imports 
minus exports, Eq. (2). Trejos (2008) indicates that, if this value is higher than the unit, the 
country is a net exporter with respect to the product analyzed, and the higher level reached 
indicates that exports gain importance as a destination of domestic production of the product 
analyzed.
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where: k
iP  is the item production k in country i, k

iM denotes imports from country i of 
product k, and k

iX  are exports for the product k in the country i for a certain period of time.
Crespo Faustino (1989) highlights that this Lafay indicator reveals the relationship be-

tween an economy and the rest of the world; that is to say, the weight of the product (or 
group of products) in the domestic market. If the resulting value is greater than 1, the coun-
try is a net exporter of the good in question, and it increases as production for exports 
increases. If the value is less than 1, the country is a net importer.

Later, Lafay (1992) presented the Trade balance index (TBI). This TBI index is used to 
analyze whether a country is specialized in exports (as a net exporter) or imports (as a net 
importer) for a specific group of products. This index is defined in the same way as the pre-
vious one but takes into account only two of the three variables of apparent consumption, 
imports and exports. This index is obtained through the quotient between the difference of 
exports and imports and the sum of them (Eq. (3)):
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where: k
iM  are imports of product k by country i and, k

iX  are exports for a product k in 
the country i during a given period of time.

The values in the TBI range start from –1 to +1. In the case of a TBI equal to –1, it indi-
cates that a country only imports, whereas if the TBI is equal to +1, it is a country that only 
exports. In fact, when a country does not have imports and exports, the index is not defined. 
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A country is deemed as a “net importer” in a specific product group if the TBI value is nega-
tive, and as a “net exporter” if the TBI has positive value (Smutka et al., 2018).

2.4. Two-stage multivariate clustering analysis

Cluster analysis is a multivariate technique whose main objective is to classify, in this case, 
objects (country cases) forming groups or clusters that are as homogeneous as possible within 
themselves and heterogeneous among themselves (Hair et al., 2018). In other words, this 
classification serves to detect and describe subgroups of subjects or homogeneous cases ac-
cording to the values observed within an apparently heterogeneous group (Rubio-Hurtado 
& Vila-Baños, 2017).

Within the different cluster analysis techniques, bi-stage analysis has been selected be-
cause it is an exploration tool designed to discover the natural groupings of a data set (Pérez, 
2011). This two-stage analysis was developed by Chiu et al. (2001) for the analysis of large 
data sets (Bacher et al., 2004). This two-phase algorithm includes several features that make 
it different from traditional clustering techniques (Pérez, 2011). The main distinguishing 
factor is the automatic selection of the optimal number of clusters by comparing the values 
of a model selection criterion for different cluster solutions. In this way, applying two-stage 
clustering ensures the use of a totally objective cluster selection tool, without involving the re-
searcher’s decision making. All calculations were carried out using IBM’s SPSS computer tool. 

Subsequently, in cluster analysis, one of the key aspects is the choice of the measure to be 
used to quantify the distance between the elements. In this work, the Euclidean distance was 
selected as the most appropriate measure for calculating dissimilarity between clusters due 
to the inherent advantages. For the application of the Euclidean distance to continuous vari-
ables, being normal or independent is not necessary (Rubio-Hurtado & Vila-Baños, 2017). 
However, this distance is not invariant with respect to the data metrics, since the differences 
between variables with very high scores may cancel out the differences between variables 
with very low scores.

To classify European countries into groups, in which their differences were maximum 
in all three variables simultaneously, a two-stage cluster analysis was carried out to estimate 
the cluster centres in each standardized variable. In the two-stage cluster analysis, internal 
empirical checks indicate that this procedure is quite robust, even when conditions of inde-
pendence and normality for the variables are not met. However, despite its robustness, in the 
two-stage cluster, the results are sensitive to the order of cases (Rubio-Hurtado & Vila-Baños, 
2017), so the stability of the solution obtained was tested with the cases ordered in different 
random orders. This two-stage algorithm also carries out the classification of the default 
variables, which is essential if the Euclidean distance is implemented.

2.5. Selection of periods for the study of the influence of the global economic-
financial crisis 2007/2008

The study of the influence of the 2007/2008 economic-financial crisis on the European toma-
to market was considered relevant because this crisis shook the world economy in 2007/2008 
and caused a global recession in 2009 that led to the largest contraction in world trade in 
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more than 70 years. The growth rate of trade had already slowed from 6.4% in 2007 to 
2.1% in 2008 (Figure 1), but the 12.2% contraction in 2009 is unprecedented in recent his-
tory (WTO, 2014). The analysis of the influence of the global economic-financial crisis of 
2007/2008 on the international horticultural market took into consideration that it affected 
international trade in goods and services with a temporary gap of about one year. For this 
reason, this longitudinal study, which covers the period from 2005 to 2016, will analyse the 
variables comparatively in a pre-crisis period 2005–2010 and in a post-crisis period 2011–
2016. In this way, the pre-crisis period will support the drastic fall in the exchange of goods 
in 2009, together with the rebound effect of 2010 (Figure 1).

Figure 1. Volume of world trade in goods 2005–2014 (source: World Trade Organization (2014)

3. Results

3.1. Application of Lafay’s indices

In Table 1, the results of both Lafay’s indices ( and ) applied to pre-crisis and post-crisis 
samples are shown comparatively. The application of both Lafay’s indices enables the profiles 
to be identified for each of the countries that make up the European tomato market, but only 
for two of the three variables used (import or export).

Table 1. Identification of profiles in the countries of the European tomato market Pre-crisis (2005–2010) 
and Post-crisis (2011–2016) (source: own elaboration based on COMTRADE, 2018

Country/year
 (Lafay, 1979)  (Lafay, 1992)

Profile identification
Pre-crisis Post-crisis Pre-crisis Post-crisis

Austria 0.50 0.57 –0.76 –0.74 Importer
Belgium 2.19 2.19 0.46 0.42 Exporter
Bulgaria 0.79 0.74 –0.87 –0.89 Importer
Croatia 0.75 0.78 –0.96 –0.67 Importer
Cyprus 0.98 0.96 –0.86 –0.96 Importer

Czech Republic 0.22 0.11 –0.76 –0.81 Importer
Denmark 0.32 0.26 –0.95 –0.92 Importer
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Country/year
 (Lafay, 1979)  (Lafay, 1992)

Profile identification
Pre-crisis Post-crisis Pre-crisis Post-crisis

Estonia 0.34 0.27 –0.98 –0.98 Importer
Finland 0.64 0.59 –0.98 –0.99 Importer
France 0.67 0.66 –0.50 –0.40 Importer
Germany 0.09 0.10 –0.90 –0.94 Importer

Greece 0.99 1.01 –0.59 0.32 Profile change 
Importer →Exporter

Hungary 0.91 0.92 –0.78 –0.63 Importer

Ireland 0.24 0.14 –0.86 –0.95 Importer

Italy
1.00 1.00 Unspecified

0.04 –0.08 Profile change 
Exporter→Importer

Latvia 0.31 0.31 –0.86 –0.65 Importer
Lithuania 0.19 0.41 –0.21 –0.11 Importer
Luxembourg 0.02 0.02 –0.87 –0.83 Importer
Malta 0.96 0.90 –0.99 –1.00 Importer
Netherlands 3.70 23.48 0.64 0.64 Exporter
Poland 0.98 0.95 –0.09 –0.18 Importer
Portugal 1.10 1.06 0.62 0.54 Exporter
Romania 0.93 0.93 –0.97 –0.93 Importer
Slovakia 0.71 0.42 –0.58 –0.75 Importer
Slovenia 0.24 0.39 –0.86 –0.71 Importer
Spain 1.21 1.24 0.68 0.75 Exporter
Sweden 0.16 0.14 –0.98 –0.97 Importer
United Kingdom 0.17 0.19 –0.98 –0.98 Importer

As can be seen in Table 1, both indices identified most European countries, 22 out of 28 
(78.57%), as net importing countries. Only Belgium, Spain, the Netherlands and Portugal 
(14.28%) were identified as net exporters by both Lafay’s indexes. In Italy, the  (Lafay, 1979) 
was inconsistent in profiling in both periods. Finally, two pre-crisis and post-crisis profile 
changes were detected. First, the  (Lafay, 1992) detected a change in profile in Italy from 
exporter to importer. Second, both indices detected a profile change in Greece, from initial 
identification as a net importer, to a net exporter in the post-crisis period. Due to the results 
obtained in the case of Italy, the indices are divergent in their results.

3.2. Two-stage multilevel chain-linked clustering 

This section presents the results obtained in the two-stage multilevel chain-linked clustering. 
This methodological innovation was made in the traditional clustering methodology because 

End of Table 1
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one of the conglomerates was extensive and with numerous outliers, to which the two-stage 
clustering algorithm was applied again obtaining a second level of clustering.

Figure 2. Chained clusters obtained through the two-stage cluster analysis  
(2005–2010 vs 2011–2016) (source: own elaboration)

3.2.1. Pre-crisis period (2005–2010) 

In the pre-crisis sample, the two-stage algorithm automatically determined the number of 
clusters to be three. The quality of the cluster was 0.8, indicating that the solution obtained 
is satisfactory, i.e. the data reflect reasonable or solid evidence that a cluster structure exists 
according to the assessment of Kaufman and Rousseeuw (1990). 

The most numerous cluster was identified as cluster 1 (with more than 89% of the cases 
analyzed), grouping most European countries (Figure 2). Cluster 2 was made up of Italy only. 
Finally, cluster 3 consisted of only two countries (the Netherlands and Spain). 

The characterization of the identified clusters can be completed through the information 
provided by ANOVA (Table 2) and the Bonferroni Multiple Comparison Test (Table 3). The 
analysis of variance (ANOVA) was performed to check whether the variables showed statisti-
cally significant differences between each cluster at the first level of clustering (Table 2). The 
differences between the three clusters in only two of the variables were statistically signifi-
cant, export volumes [F(2,165) = 1,041,229; p(0,000)] and production [F(2,165) = 349,895; 
p(0,000)].

Table 2. Cluster centres and ANOVA for two-stage analysis at the first pre-crisis clustering level (source: 
own elaboration based on COMTRADE, 2018)

Volumes [Kg]
Mean (Standard deviation) ANOVA

Cluster 1 (n = 150) Cluster 2 (n = 6) Cluster 3 (n = 12) F* Sig.

Production 230,248,186
(400,122,104)

6,491,375,167
(476,871,961)

2,518,570,417
(1,891,341,594) 349,895 0.000

Imports 93,717,124
(167,127,676)

99,077,125
(17,383,928)

184,082,203
(46,338,997) 1,788 0.171

Exports 27,069,287
(54,609,979)

107,930,708
(13,842,119)

924,273,127
(154,759,956) 1,041,229 0.000

Note: *df between groups = 2 and df within groups = 165.
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Once it has been determined that there are differences between the means, the post hoc 
range tests (Bonferroni Test) enable us to determine which means differ. In such a way, 
homogeneous subsets of means that do not differ from each other are identified. At the 
first level of clustering, the variable with the greatest significant difference is export volume 
(Table 2) and the highest mean for this variable is presented by cluster 3 (composed of the 
Netherlands and Spain). In Table 4 on cluster characterization, cluster 3 can be identified 
with a main export profile. With the additional information in Table 3, a significant difference 
is observed between cluster 3 and the two remaining clusters and no significant difference is 
found between clusters 1 and 2.

Table 3. Multiple comparisons (Bonferroni) at the first level of pre-crisis clustering (source: own elabo-
ration based on COMTRADE, 2018)

Cluster 
i

Cluster  
j

Production Volume [Kg]
Sig.

Imports Volume [Kg]
Sig.

Exports Volume [Kg]
Sig.

1
2 0.000 1.000 0.010
3 0.000 0.181 0.000

2 3 0.000 0.862 0.000

The variable volume of production presents the highest average value in cluster 2 (Italy) 
(Table 2). This conglomerate (Cluster 2) was able to be identified as mainly a producer and 
secondarily as an exporter (Table 5). According to the Bonferroni Test for the production 
variable, all the clusters are different from each other (Table 3).

Continuing at the first level of cluster, within the three conglomerates obtained, specific 
profiles of pure production and export could be identified for the different European coun-
tries. However, the profile of the numerous cluster 1 cannot be determined. In the pre-crisis 
period, no temporarily differentiated profiles were found in this analyzed period. That is, 
the entire economic periods of each country were grouped within the same clusters. Table 4 
shows the main profiles of each cluster at the first level of clustering.

Table 4. Characterization of the clusters of the first level of pre-crisis chained cluster (source: own 
elaboration based on COMTRADE, 2018)

Cluster 1 (n  = 150) 
Main profile Not DETERMINED

Austria. Belgium. Bulgaria. Croatia. Cyprus. Czech Republic. Denmark. Estonia. Finland. Greece. 
Hungary. Ireland. Latvia. Lithuania. Luxembourg. Malta. Poland. Portugal. Romania. Slovakia. 

Slovenia. Sweden. France. Germany and United Kingdom
Cluster 2 (n = 5) 

Main Profile PRODUCER  
Sub-profile EXPORTER

Cluster 3 (n = 10) 
Main profile EXPORTER 
Sub-profile PRODUCER

Italy Netherlands and Spain

Through the analysis of the box diagrams (Figures 3, 4 and 5), each cluster identified with 
a main profile can be characterized. In cluster 2 (Italy) the production volume variable has 
the most weight (Figure 3). In cluster 3 (Netherlands and Spain) the export volume variable 
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has the most weight (Figure 5). In cluster 1 (other European countries), although the weight 
of one of the input variables is not as evident as in the previous clusters, it can be seen (Fig-
ure 4) that the import volume variable has greater weight than the other variables.

Figure 3. Box diagram of the pre-crisis production variable according  
to the clusters of the first two-stage clustering level (source: own elaboration)

Figure 4. Box diagram of the pre-crisis import variable according  
to the clusters of the first two-stage clustering level (source: own elaboration)

Figure 5. Box diagram of the pre-crisis export variable according  
to the clusters of the first two-stage clustering level (source: own elaboration)
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In the box diagrams for the clusters in the three input variables (Figures 3, 4 and 5) a 
high number of outliers in cluster 1 are observed. For this reason, and in order to achieve 
a more nuanced classification, the same sorting technique was again applied to the larg-
est cluster in order to obtain sub-profiles from other country groups that maximise their 
inter-group differences and minimise their intra-group ones. In other words, two-stage 
clusters were created and two levels of clustering were obtained.

At the second level of clustering, the algorithm automatically determined the number 
of clusters as being four (the clustering algorithm was applied only for the selection of 
cases from cluster 1 of the first level of clustering). The quality of the cluster was lower 
in this case (0.7), although the solution obtained remained satisfactory (Kaufman & 
Rousseeuw, 1990). 

Table 5. Cluster centres and ANOVA for two-stage analysis at the second pre-crisis clustering level 
(source: own elaboration based on COMTRADE, 2018)

Volumes
[Kg]

Mean (Standard deviation) ANOVA

Cluster 1.1  
(n = 110)

Cluster 1.2  
(n = 16)

Cluster 1.3  
(n = 12)

Cluster 1.4 
(n = 12) F* Sig.

Produc-
tion

83,197,609
(175,832,712)

1,199,663,438
(333,903,455)

74,250,833 
(13,127,910)

441,655,500
(227,056,351) 158,222 0.000

Imports 31,864,372
(27,231,691)

39,711,265
(29,921,647)

546,861,456
(135,402,073)

279,564,167
(217,389,324) 199,616 0.000

Exports 5,383,121
(12,063,829)

67,160,553
(63,329,104)

20,175,462
(16,190,032)

179,297,952
(29,151,575) 196,370 0.000

Note: *df between groups = 3 and df within groups = 146.

The ANOVA analysis (Table 5) showed that, for all three variables, the differences 
were statistically significant. In import volumes [F(3,146) = 199,616; p(0,000)], export 
[F(3,146) = 196,370; p(0,000)] and production [F(3,146) = 158,222; p(0,000)]. The vari-
able with the greatest significant difference is import volume and the highest average 
for this variable is presented by sub-cluster 1.3 (composed of Germany and the United 
Kingdom). With the additional information in Table 6, the import variable is also sig-
nificant and differentiates all clusters from each other, except sub-cluster 1.1 from sub-
cluster 1.2.

In addition, the export volume variable is of continuing importance, and the high-
est average for this variable is presented by sub-cluster 1.4 (Belgium and France). This 
conglomerate can be sub-profiled as an exporter. Table 6 indicates that the export vari-
able is also significant and differentiates all the clusters from each other, except sub-
cluster 1.1 from sub-cluster 1.3. Finally, the production volume variable is also signifi-
cant (Table 5) and the highest average for this variable is presented by sub-cluster 1.2 
(Greece, Portugal, Poland 2005-06 and 2010, together with Romania 2006), where all 
the clusters are differentiated from each other, except sub-cluster 1.1 from sub-cluster 
1.3 (Table 6).
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Table 6. Multiple comparisons (Bonferroni) at the second level of pre-crisis clustering (source: own 
elaboration based on COMTRADE, 2018)

Cluster  
i

Cluster  
j

Production Volume [Kg] 
Sig.

Imports Volume [Kg] 
Sig.

Exports Volume [Kg] 
Sig.

1.1

1.2 0.000 1.000 0.000

1.3 1.000 0.000 0.298

1.4 0.000 0.000 0.000

1.2
1.3 0.000 0.000 0.000

1.4 0.000 0.000 0.000

1.3 1.4 0.000 0.000 0.000

In Table 7 on the characterization of the clusters at the second level of clustering, sub-
cluster 1.3 can be identified with an importing sub-profile. In the four sub-clusters obtained, 
specific production, import and export sub-profiles were able to be identified for the different 
European countries involved. The presence of numerous outliers in the three input variables 
in cluster 1.1 may indicate the possibility of applying a third level of clustering. Even if pos-
sible, clusters were able to be detected within sub-cluster 1.1, the objective of this study with 
respect to the classification of European countries to obtain main and secondary profiles for 
the European tomato consumer market can be considered concluded. Six clusters with their 
corresponding characterisation have been identified for the pre-crisis period.

Table 7. Characterization of the conglomerates of the second level of the pre-crisis chained cluster 
(source: own elaboration based on COMTRADE, 2018)

Cluster 1.1 (n = 110) 
Main profile* Not DETERMINED

Cluster 1.2 (n = 16) 
Main profile* Not DETERMINED 

Sub-profile PRODUCER

Austria. Bulgaria. Croatia. Cyprus. Czech Republic. 
Denmark. Estonia. Finland. Hungary. Ireland. Latvia. 
Lithuania. Luxembourg. Malta. Poland 2007-09. Sweden. 
Romania 2005 and 2007–2010. Slovakia. Slovenia

Greece. Portugal. Romania 2006. Poland 
2005-06 and 2010

Cluster 1.3 (n = 12) 
Main profile* Not DETERMINED 

Sub-profile IMPORTER

Cluster 1.4 (n = 12) 
Main profile* Not DETERMINED 

Sub-profile EXPORTER

Germany and United Kingdom Belgium and France

According to the information provided by the box diagrams (Figures  6, 7 and 8), in 
sub-cluster 1.3 (Germany and the United Kingdom) the variable volume of imports has the 
most weight (Figure 7). In sub-cluster 1.4 (Belgium and France) the export volume vari-
able has the most weight (Figure 8). Sub-cluster 1.2 (Greece, Portugal, Poland 2005-06 and 
2010, together with Romania 2006) is the first mixed cluster formed by discontinuous and 
partial countries on a temporary basis (Figure 6). Finally, in sub-cluster 1.1 (the rest of the 
European countries), although the weight of one of the input variables is not as evident as in 
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the previous clusters, it can be seen (Figure 7) that the volume of imports variable now has 
greater weight than the other variables. For the characterisation of these four sub-clusters, 
the information previously obtained was added to the profile inherited from the first level 
of clustering (Table 7).

Figure 6. Box diagram of the pre-crisis production variable according t 
o the clusters of the second two-stage clustering level (source: own elaboration)

Figure 7. Box diagram of the pre-crisis import variable according  
to the clusters of the second two-stage clustering level (source: own elaboration)

Figure 8. Box diagram of the pre-crisis export variable according  
to the clusters of the second two-stage clustering level (source: own elaboration)
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3.2.2. Post-crisis period (2011–2016) 

In the post-crisis sample, at the first level of clustering, three clusters were obtained with the 
same composition and quality index than pre-crisis period. At the first cluster level, the anal-
ysis of variance ANOVA was undertaken and the differences between the three clusters were 
statistically significant in only two of the variables, export volumes [F(2,165) = 1,221,594; 
p(0,000)] and production [F(2,165) = 313,831; p(0,000)] (Table 8).

Table 8. Cluster centres and ANOVA for two-stage analysis at the first post-crisis clustering level 
(source: own elaboration based on COMTRADE, 2018)

Volumes [kg]
Mean (Standard deviation) ANOVA

Cluster 1 
(n = 150)

Cluster 2  
(n = 6)

Cluster 3  
(n = 12) F * Sig.

Production 226,690,800
(397,040,099)

5,889,305,333
(459,748,754)

2,603,479,417
(1,852,251,087) 313,831 0.000

Import 103,086,651
(179,774,142)

126,599,374
(9,868,058)

187,632,170
(59,997,822) 1,370 0.255

Export 33,581,652
(66,125,568)

106,636,062
(4,851,070)

1,021,985,513
(86,049,658) 1,221,594 0.000

Note: *df between groups = 2 and df within groups = 165.

As can be seen in Table 8, at the first level of clustering, the variable with the greatest 
significance difference value is export by cluster 3 (composed of the Netherlands and Spain), 
so that cluster 3 can again be identified as having a main export profile. According to the 
information provided by the Bonferroni Test (Table 9), all the clusters are differentiated by 
the export variable, except for clusters 1 and 2. The production variable continues to be of 
significant importance and the highest average for this variable is presented by cluster 2 
(Italy) and all the clusters are differentiated from each other (Table 9). This conglomerate 
could be mainly profiled as a producer and secondarily as an exporter.

Table 9. Multiple comparisons (Bonferroni) at the first level of post-crisis clustering (source: own elabo-
ration based on COMTRADE, 2018)

Cluster  
i

Cluster  
j

Production Volume [Kg] 
Sig.

Imports Volume [Kg] 
Sig.

Exports Volume [Kg] 
Sig.

1
2 0.000 1.000 0.028
3 0.000 0.307 0.000

2 3 0.000 1.000 0.000

At this first cluster level, no temporarily differentiated profiles were found in the 
post-crisis period, as was the case for the pre-crisis period. That is, the entire economic 
periods of each country were grouped within the same clusters. The characterization of 
the clusters of the first level of post-crisis chained cluster coincide with pre pre-crisis 
table (Table 4).
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In the box diagrams for cluster groups in the three input variables (Figures 9, 10 and 
11) a high number of outliers in cluster 1 is observed. For this reason, and in order to 
achieve a more nuanced classification, the same classification technique was again ap-
plied to the largest cluster in order to obtain sub-profiles from other groups of countries 
that maximise their inter-group differences and minimise their intra-group ones. In 
other words, two-stage clusters were created and two levels of clustering were obtained 
(Figure 2).

Through the analysis of the box diagrams (Figures 9, 10 and 11), each cluster identified 
with a main profile can be characterized. In cluster 2 (Italy) the production volume vari-
able again has the most weight (Figure 9). In cluster 3 (Netherlands and Spain) the export 
volume variable has the most weight (Figure 11). In cluster 1 (other European countries), 
although the weight of one of the input variables is not as evident as in the previous clus-
ters, it can be seen (Figure 10) that the import volume variable has greater weight than 
the other variables.

Figure 9. Post-crisis box diagram of production variable according  
to the clusters of the first two-stage clustering level (source: own elaboration)

Figure 10. Post-crisis box diagram of import variable according  
o the clusters of the first two-stage clustering level (source: own elaboration)
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Figure 11. Post-crisis box diagram of export variable according  
to the clusters of the first two-stage clustering level (source: own elaboration)

At the second level of clustering, the algorithm also automatically determined the number 
of clusters to be three (for the selection of cases from cluster 1 of the first cluster level). The 
quality of the cluster was lower in this case (0.7), although the solution obtained remained 
satisfactory (Kaufman & Rousseeuw, 1990).

In the ANOVA analysis (Table 10) it was found that the differences in the three vari-
ables were statistically significant, export volumes [F(2,147) = 310,463; p(0,000)], import 
[F(2,147) = 202,291; p(0,000)] and production [F(2,147) = 12,682; p(0,000)].

Table 10. Cluster centres and ANOVA for two-stage analysis at the s post-crisis clustering level (source: 
own elaboration based on COMTRADE, 2018)

Volumes 
[Kg]

Mean (Standard deviation) ANOVA

Cluster 1.1 
(n = 123)

Cluster 1.3 
(n = 12)

Cluster 1.4 
(n = 15) F* Sig.

Production 185,938,658
(359,264,098)

84,501,583
(11,387,109)

674,609,733
(553,177,826) 12,682 0.000

Import 38,035,976
(36,068,996)

571,634,888
(170,267,661)

261,663,599
(239,901,370) 202,291 0.000

Export 13,914,616
(28,730,881)

12,938,000
(8,949,962)

211,366,267
(40,645,194) 310,463 0.000

Note: *df between groups = 2 and df within groups = 147.

The variable with the greatest significant difference is export volume (Table  10) and 
the greatest average for this variable is presented by sub-cluster 1.4 (composed of Belgium, 
France and Portugal since 2014). Therefore, at the second level of clustering, sub-cluster 1.4 
can be identified with an export sub-profile. A difference can be seen between all the clusters, 
except between cluster 1.1 and 1.3 (Table 11). In the ANOVA analysis, the volume of imports 
variable continues to be important, and the highest average for this variable is presented by 
sub-cluster 1.3 (Germany and the United Kingdom). This conglomerate can be sub-profiled 
as an importer, with a difference between all the clusters (Table 11). With the additional 
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information in Table 10, finally, the variable production is also significant, and in cluster 1.1. 
it is the variable that has the greatest weight.

Table 11. Multiple comparisons (Bonferroni) at the second level of post-crisis clustering (source: own 
elaboration based on COMTRADE, 2018)

Cluster  
i

Cluster  
j

Production Volume [Kg] 
Sig.

Imports Volume [Kg] 
Sig.

Exports Volume [Kg] 
Sig.

1.1
1.3 1.000 0.000 1.000
1.4 0.000 0.000 0.000

1.3 1.4 0.000 0.000 0.000

In the three sub-clusters obtained, namely production, import and export sub-profiles 
could be identified for the different European countries involved. Temporally differentiated 
profiles were found in the period analyzed (2014–2016) for the case of Portugal.

The presence of numerous outliers in the three input variables in cluster 1.1 may indicate 
the possibility of applying a third level of clustering. Although possible clusters could be 
detected within sub-cluster 1.1, the objective of this study with respect to the classification 
of European countries to obtain profiles for the European tomato consumer market can be 
considered concluded. Five clusters with their corresponding characterization were found 
(Table 12). In comparison with the pre-crisis results (Table 7), in the post-crisis period the 
countries of cluster 1.2. have undergone a transformation of post-crisis sub-profile, present-
ing dissimilar behaviour. Greece, Romania 2006 and Poland 2005-06 and 2010 were moved to 
cluster 1.1 characterized as countries with a producer sub-profile. However, Portugal changed 
from a pre-crisis producer sub-profile (cluster 1.2 in Table 7) to a post-crisis exporter sub-
profile together with France and Belgium (cluster 1.4 in Table 12). 

Table 12. Characterization of the clusters of the second level of post-crisis chained cluster (source: own 
elaboration based on COMTRADE 2018)

Cluster 1.1 (n = 123) 
Main profile Not DETERMINATED 

Sub-profile PRODUCER

Austria. Bulgaria. Croatia. Cyprus. Czech Republic. Denmark. Estonia. Finland. Greece. Hungary. 
Ireland. Latvia. Lithuania. Luxembourg. Malta. Poland. Portugal 2011–2013. Romania. Slovakia. 
Slovenia. Sweden

Cluster 1.3 (n = 12)  
Main profile Not determined 

Sub-profile IMPORTER

Cluster 1.4 (n = 15) 
Main profile Not determined  

Sub-profile EXPORTER

Germany and the United Kingdom Belgium, France, and Portugal 2014–16

With regards to the box diagrams (Figures 12, 13 and 14), in sub-cluster 1.4 (Belgium and 
France) the export volume variable has the most weight (Figure 14). Sub-cluster 1.4 presents 
an outlier for the case of Portugal in the years 2014 and 2016. In sub-cluster 1.1 (other Euro-
pean countries), although the weight of one of the input variables is not as evident as in the 
previous clusters, it can be seen (Figure 9) that the variable volume of production now has 
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greater weight than the other variables. For the characterisation of these three sub-clusters, 
the information previously obtained is attached to the profile inherited from the first level 
of clustering (Table 4).

Figure 12. Post-crisis box diagram of production variable according  
to the clusters of the second two-stage clustering level (source: own elaboration)

Figure 13. Post-crisis box diagram of import variable according  
to the clusters of the second two-stage clustering level (source: own elaboration)

Figure 14. Post-crisis box diagram of export variable according  
to the clusters of the second two-stage clustering level (source: own elaboration)
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The results obtained through Lafay’s economic indicators coincide in the group of com-
peting exporting countries, Spain, the Netherlands, Belgium and Portugal. However, Lafay’s 
indices do not detect France as having an export profile, but they do detect a change of pro-
file in Greece from an importer to an exporter, which is not considered by the multivariate 
cluster analysis. Lafay’s indices show divergent results from Italy.

Discussion

According to Dussel (2001), competitiveness reflects the dynamic insertion of the products 
of the countries selected, which depends both on the performance of the export structure 
compared with its competitors (supply), as well as the dynamism of international trade or 
specific target markets or group of clients (demand). The main objective of this study was 
to provide a quick and simple method of implementation to identify countries and classify 
(producer or/and exporter or/and importer) them in such a way as to form heterogeneous 
groups, composed of elements that are homogeneous among themselves, specifically in the 
European tomato market. 

In a global context where competitiveness has become a route to economic survival, the 
study of the composition of the target (or reference) market is an unavoidable step. It should 
even be carried out before obtaining competitiveness indices in the countries participating 
in international trade of agricultural products (goods or services) or other productive sec-
tors. To understand the market goes far beyond recognizing it. According to Pérez and Pérez 
(2006), the knowledge of the market means to have delved into its essence and to be able to 
synthesize and to analyze: its structure, its characteristics and its conditioners, in the sense 
of improving the commercialization decisions that affect it. Therefore, the identification of 
country profiles within a consumer market is a key stage before making decisions on the 
foreign trade policies of exporting countries. 

The first level of clustering has an unequivocal correspondence with the reality of the 
tomato trade in the European market in both pre- and post-crisis periods of analysis. Clus-
ter 3, smaller and consisting only of Italy, is mainly characterised by the input variable of 
production volume. This result is validated by the data provided by the FAOSTAT (2018), 
since it places Italy as the European leader in tomato production in Europe (Figure 2). Italy’s 
role as an exporter of fresh tomatoes is secondary, because most of its production, over 86%, 
is dedicated to the food processing industry for the manufacture of tomato-based sauces 
and food products (Montero Tortajada, 2015; Boccia et al., 2019). The cluster constituted by 
the Netherlands and Spain is characterized mainly by the input variable of export volume, 
as indicated De Pablo Valenciano et al. (2020). The formation of this group is validated by 
Spain’s leadership as an exporter in the European market until 2009 and its replacement by 
the Netherlands to date (Figure 5). Although both countries are leaders in the European mar-
ket, recent analyses indicate that they are losing relevance in the world trade of tomatoes as 
their exports of this vegetable are falling compared to those of Mexico and Morocco, which 
have increased the presence of their tomatoes on the world stage, according to data produced 
by Hortoinfo (2017), from the Statistics Division of the United Nations Organization (UN), 
code HS0702 (fresh and chilled tomatoes). The largest cluster obtained at the first level of 
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clustering, although it is mainly characterized by the input variable of import volume, the 
characteristics of the participant countries are so varied that it is necessary to apply a cluster 
analysis again to this group on an individual level to break it down into smaller groups and 
with more homogeneous elements.

At the second level of clustering applied only to the largest group at the first level of clus-
tering, four clusters are formed in the pre-crisis period and three clusters in the post-crisis 
period with real significance in the European tomato market. In both pre- and post-crisis 
periods, two clusters are identical, sub-cluster 1.4 formed by Germany and the United King-
dom, while maintaining its main import profile inherited from the more numerous cluster 
at the first level of clustering, presents an import sub-profile, reaffirming its characterisation 
as net importers. Medina Vega (2015) in the report on the German fruit and vegetable mar-
ket indicates that both the German and British markets are the main European destination 
markets and maintains that Germany absorbs 30% of all tomato imported into the EU and 
reveals the growing trend of this market which still does not seem to have found a balance 
in its demand and is still growing. Additionally, the report by Ruiz Franco and Falcón Soria 
(2015), identifies the British market as the third largest tomato import market in Europe, 
showing a tendency to growth in tomato consumption. Although there are also signs that it 
has already reached its consumption ceiling, the 80% of tomatoes consumed are imported 
for the British market (Frankowska et al., 2019). The sub-cluster 1.3 formed by France and 
Belgium also inherits the main profile of the largest cluster at the first level of clustering. 
But in this case, the second level of clustering reveals an export sub-profile. In Proexport’s 
report (2009), France is the second most important market in the European Union in terms 
of volume and is mainly supplied by an extracommunity supplier of tomatoes, Morocco 
(Berahab & Dadush, 2020). In France it is worth noting the high degree of concentration and 
the significant size of the distribution groups, the majority of which have a high degree of 
international presence, facilitating the marketing of tomatoes outside the French borders. Ac-
cording to De Pablo-Valenciano et al. (2016), Belgium is identified by its commercial strategy 
in re-exporting tomatoes to other Member States and third countries, which is not contradic-
tory with the increase in national production. Belgium does act as a re-exporter to outside 
the EU and in particular to the Russian Federation. In this sub-cluster 1.4, in the post-crisis 
period, Portugal has become a re-exporter since 2014 although there are precedents for this 
change in the economic literature. However, this information is relevant to bear in mind 
when forming the group of competing exporting countries in the European tomato market. 
The main competitors, Spain and the Netherlands, are joined by France and Belgium and 
with the results of the multivariate cluster analysis a new incorporation, Portugal, has been 
detected since 2014. Moreover, Portugal has increased to 30% the area of tomato production 
for processing (Cepeda et al., 2019).

The application of these indices by Lafay has the disadvantage that they do not detect pro-
files of producing countries, i.e. supply to internal consumption with their own production, 
both for fresh consumption and for their processing industry. Moreover, Lafay’s economic 
indexes only categorise a single variable in the profile of countries, importers or exporters 
exclusively, making it impossible to detect sub-profiles or combined profiles. In the Italian 
case, the  (Lafay, 1979) was unspecified for an export or import country profile identification 

https://www.sciencedirect.com/science/article/pii/S0048969719319758
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in the pre-crisis period, and some inconsistent profiles were observed between both indexes 
in the postcrisis period. 

Conclusions 

The application of the two versions of Lafay’s economic index only offer a dichotomous clas-
sification of countries, net importers or net exporters, and do not allow the determination 
of production profiles or combinations of profiles and sub-profiles. This work uses a meth-
odology called multilevel chained clustering, which makes it possible to determine country 
profiles and sub-profiles, combining the three variables of apparent consumption (produc-
tion, export and import) of a product, therefore adjusting better to the reality of each country.

Through both Lafay’s indexes, import and export profiles were obtained, coinciding in all 
cases with the exception of Italy where there is a divergence of criteria between the indices 
applied. In the case of the Netherlands, one of the indices is very sensitive to changes in the 
variables. What is more, both indices detected a change in the post-crisis profile of Greece 
from an importer to an exporter.

The results obtained through Lafay’s economic indicators coincide with the multivari-
ate analysis of conglomerates in the group of competing exporting countries, Spain, the 
Netherlands, Belgium and Portugal. However, they do not detect France as having an export 
sub-profile and highlight the change in the profile of Greece from an importer to an exporter, 
which was not considered by the multivariate cluster analysis. 

The main contribution of this work is to the knowledge of the European market of toma-
toes and it can be stated that, for example, Spain’s direct competitor is the Netherlands, its 
clients are Germany and the United Kingdom, and finally France and Belgium besides being 
clients can exercise the role of intermediaries, so they are also potential competitors. They 
are joined by Portugal which has undergone a post-crisis shift from a sub-producer profile 
to an export sub-profile from 2014. In summary, the results obtained through the two-stage 
chained clustering methodology can objectively guide the selection of the group of compet-
ing economies within the European tomato market. According to the results achieved in 
this study, the group of competitors currently comprising Spain, the Netherlands, Belgium, 
France and Italy can be specified. In the near future, if current trade trends in Portugal 
continue, it is possible that the Portuguese economy will be incorporated into the group of 
competing economies in the European tomato market.

This study presents several practical implications. On the one hand, the application of 
two-stage clustering allows heterogeneous groups to be obtained objectively without deci-
sion-making at the cut-off level for the formation of heterogeneous groups as in the other 
clustering methods. On the other hand, the results obtained by the more specific profiles and 
sub-profiles provided by multilevel chain-linked clustering provide relevant information for 
decision-making during the planning of positioning strategies for an exporting country in 
the European market.

As limitations of the research, the use of the COMTRADE database involves consolidated 
data, but as they are aggregated at different levels and the data collection is not homogenized 
for all countries. In this vein, the data, like any source of information, is not free from er-
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rors and omissions. Specifically, in the COMTRADE trade statistics, most countries include 
re-exports as exports, transactions may be recorded in different time periods as a result of 
delayed shipments of goods between countries, and exchange rate fluctuations are not always 
recorded correctly.

Future research lines could be derived from this study. First, the methodological pro-
posal of multilevel clustering, chained at two levels, should be repeated with other types of 
hierarchical clustering procedures to check the validity of the results obtained. Second, the 
extension to the analysis of other regional trade agreements to provide a global picture of 
competing groups and customers in the global tomato market. Third, it could also be applied 
to other fruit and vegetable markets of interest.
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