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1. Introduction
 Labour Market Areas (LMA’s) are generally constructed within Member States. However, in some regions in the EU workers live in one country and work in another country. As a consequence, a logical LMA could be larger than a national version covering several countries. In this project we construct LMA’s for some Dutch border and bordering regions with this cross-border perspective. We show what happens if you would ignore the country borders. We will apply the method that Eurostat recommends developed by the Taskforce. We look at the specific case of the Dutch border regions and see which lessons we can learn by doing this.
 The objectives of the project were:1. Identify issues and challenges when trying to construct cross-border LMA’s;2. Assess the benefits of cross-border LMA’s compared to national LMA’s;3. Give recommendations on the methodology constructing LMA’s and how to overcome
 data issues in case of cross-border regions.
 This report presents the experience and the results of our analysis. We first introduce the Dutch case and the input data, subsequently we describe the process of constructing cross-border LMA’s. Then we present the results. Finally, we draw conclusions and give recommendation about (using the programme for) constructing cross-border LMA’s.
 Cross border Labour Market Area's in the case of the Netherlands 4
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2. Data
 2.1 Geographical situation and data sourcesThe Netherlands borders to the East with the German federal states of Lower Saxony and North Rhine-Westphalia (NRW). On the south, the Netherlands has borders with Belgium. For the most part Flanders is bordering the Netherlands but in the south of the Netherland there is also a small connection with Wallonia. For the analysis we concentrate on the southern part of the Netherlands that has borders with Belgium and NRW. Furthermore, we also exclude the German federal state of Lower Saxony because we do not have commuting data for this state. Also we know that the level of cross-border commuting between Lower Saxony and the Netherlands is very low. For this reason, it is not a big problem that we ignore this. An interesting element of our case is the Dutch province of Limburg as the ‘appendix’ of the Netherlands. This province has a border with both Belgium and NRW.
 Figure 1. Geographical situation of the Netherlands and its bordering countries
 To understand the degree of interconnectedness among communities and the contours of LMA’s it is crucial to look at commuting patterns. We used commuting flows from three national data sources: The Dutch Polisadministratie, the Flemish Employment Register and the Penderlerstatistik of North Rhine-Westphalia. They are in all cases (based on) social security data of employees. The data is available on community (LAU2)- level. National commuting data from the Netherlands and from Belgium includes employed workers only. Statistics in North Rhine-Westphalia include workers and self-employed people.
 Cross border Labour Market Area's in the case of the Netherlands 5
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2.2 Input data for constructing cross-border LMA’s
 Of all three countries Belgium has the highest number of communities to be combined as LMA’s (587). The Netherlands and North Rhine-Westphalia both consist of less communities: respectively 403 and 396. Not only is Belgium the country with the most communities, the Belgium dataset also includes the lowest number of workers (3,6 mil. as compared to 7,1 mil. in the Netherlands and 3,9 mil. in North Rhine-Westphalia). Moreover, Belgium has a smaller surface area than the Netherlands and Germany: respectively 31 km², 42 km², and 34 km² and less inhabitants: respectively 11,2 mil., 16,8 mil, and 17,6 mil. This all means that the community units in Belgium much smaller are compared to Netherlands and North Rhine-Westphalia.
 Table 1. Characteristics of national data, surface area and number of inhabitants per countryNL BE NRW
 No. of communities 403 587 396No. of workers 7,1 mil. 3,6 mil. 3,9 mil.Average no. of workers per community
 17.524 6.203 9.889
 Surface area (x 1.000) 42 km² 31 km² 34 km²No. of inhabitants 16,8 mil. 11,2 mil. 17,6 mil.
 Numbers of x-border workers are quite small in the Netherlands and its bordering countries. About 9-10 thousand persons living in the Netherlands work in Belgium or NRW. Significantly more persons live in Belgium or Germany and work in the Netherlands: 39 and 34 thousand respectively. By far the largest shares of the persons coming from Germany live in NRW. In addition, we know that about half of the incoming cross-border workers to the Netherlands from Belgium or Germany have Dutch nationality. They are in fact persons that moved to Belgium or Germany to live there and kept their job in the Netherlands.
 Table 2. Number of incoming cross-border workers Be-NL-NRW, 2014, (x 1000)Country of work
 Country of residence NL BE NRWBE 38,7 5,5NL 9,7 8,9DE 34,4 1,3
 LMA’s are constructed using commuting flows between place of residence and place of work. Nationally this data is available. Both the place of living and the working area are known (see for example figure 2 Q1 and Q4). Cross-border commuting data is unfortunately incomplete. For all three countries that are considered in this project we have information on incoming cross-border workers. For these persons only the place of work and country of residence are known. Place of residence is unknown. So only the total number of commuters per country is known. This corresponds to the row totals of Q2 and Q3 in figure 2. In case of Belgium also outgoing commuter flows were available. For these persons their place of residence is available and the country of work. This corresponds to the column total of Q2 in figure 2. In all cases the live-work matrix across the border is unknown. This information is missing.
 Cross border Labour Market Area's in the case of the Netherlands 6
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Figure 2. Structure of national and cross-border data
 m1 m2 m3 m4 m5 m6 m7 m8 m9 m10total m1 m2 m3 m4 m5 m6 m7 m8 m9 m10totalm1m2m3m4m5m6m7m8m9m10totalm1m2m3m4m5m6m7m8m9m10total
 Q2
 Q4Q3
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 Q1country A
 country A
 country B
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 m1-m10= municipality no. 1-municipality no. 10
 This situation that information is missing is not unique for the Netherlands and the bordering countries. This is the common situation when cross-border flows are measured. The information is based on administrative data. In most cases, one would have to exchange micro-data between countries and link the administrative data on persons. This is currently a bridge too far for most countries.
 In order to construct cross-border LMA’s we imputed the missing data. Ideally one would like to apply a sophisticated automated method for this. We have made an attempt to do so but we were not successful (see box below). Instead we imputed the data manually making use of the location of the municipality relative to the border and the numbers of incoming commuters per work municipality. So when a municipality is close to the border we assume that relative many come from there. In addition, we also took into account the fact that most of the commuting flows are from BE/DE into the Netherlands and that half of them are in fact persons with Dutch nationality. They are Dutch persons that moved to BE or DE to live there and kept their work in the Netherlands. We know in which municipalities these persons with Dutch nationality live. These municipalities are very close to the border. The likelihood of persons commuting across the border is high. All this information is used to guess where cross-border workers live. The result of this exercise is of course not hard data. In fact it is fictive data. It cannot be verified. But can use this data to get an impression of what can happen if one would have this kind of data. The results should be seen as test data to do a sort of sensitivity analysis.
 Cross border Labour Market Area's in the case of the Netherlands 7
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Alternative method of data imputation
 We try to apply an iterative technique minimalizing the variation of commuters between the different communities that is used in the Netherlands for a similar problem in the context National Accounts. This was not very successful. The algorithm distributed all commuters equally over available cross-border communities. This scenario is considered unlikely as the geographical distance is a known variable to take into account. The method applied also distributed commuters across cross-border communities regardless of the characteristics of cross-border labour markets (such as the presence of working opportunities) and was therefore considered unlikely.In principle it is possible to calculate the air-line distance between the cross-border communities (based on the geographical position) and repeated computations applying an iterative distance based method to fill our matrix. In addition, one would like to make use of the numbers of persons with Dutch nationality living across the border. They have a higher likelihood of being a cross-border worker. Unfortunately the constraints of time and resources of this project did not allow us to adapt the imputation method incorporating this auxiliary information. The complexity of this work requires more time and resources to implement and validate this method. Therefore we were not able to apply this method in this project.
 Cross border Labour Market Area's in the case of the Netherlands 8
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3. Constructing Labour Market Area’s
 First national Labour Market Area’s were constructed with the R-algorithm. Our analysis made use of the R-package Labour Market Areas 2.0. Data table version 1.9.6 was used. All analysis were carried out under R Studio 3.2. Information on the programme and method is found here. The algorithm has four parameters to vary the contours of LMA’s: minSZ, tarSZ, minSC, tarSC. They define the way the LMA’s are constructed. In the box below their meaning is explained.
 The algorithm parameters and their meaning
 minSZ minimum number of employees for a cluster to be considered an LMA.
 tarSZ target value for the size of the cluster i.e. the value for which we can accept a lower level of self-containment for an LMA.
 minSC level of self-containment that is acceptable for cluster of large sizes.
 tarSC the minimum level acceptable for the minimum self-containment SC, SC = min (SS_SC , DS_SC) in order for a small cluster of communities to be considered an LMA.
 At first it is important to know how the LMA’s in the three countries look like if we do take into account national borders. We thus kept constructed LMA’s for each of the countries separately. Cross-border Labour Market Area’s can only be constructed if the data is treated as if there were no national borders. This can be done by simply combining the all necessary data. Consequently, the criteria for Labour Market Area’s to be created need to be the same for the whole area. When constructing national LMA’s the area to be considered consists of the geographical or national area of a country. When constructing cross-border LMA’s national data from all the countries needs to be combined with cross-border data. Following the construction of national LMA’s for the three area’s we visualised the results using ArcMap 10.2.2. The steps were repeated for different parameter combinations.
 Table 3. ResultsParameters No. of clusters created
 tar SZ minSZ min SC tar SC NL BE NRW totalA 20.000 5.000 0,65 0,75 25 11 6 42B 30.000 5.000 0,60 0,70 25 11 9 45C 30.000 5.000 0,60 0,75 32 17 11 60D 30.000 5.000 0,65 0,75 25 10 6 41E 30.000 5.000 0,65 0,80 24 10 6 40F 30.000 5.000 0,70 0,75 15 6 3 24G 30.000 20.000 0,65 0,75 23 9 6 38H 30.000 25.000 0,65 0,75 23 10 6 39I 50.000 5.000 0,65 0,75 25 8 6 39J 50.000 10.000 0,65 0,75 24 8 6 38K 100.000 20.000 0,65 0,75 24 7 6 37L 100.000 30.000 0,65 0,75 24 10 6 40
 Cross border Labour Market Area's in the case of the Netherlands 9
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Each time a new combination was computed results were analysed. We thereby worked towards the parameter combination, which provided the most realistic fit for the set of countries. While conducting our analysis we reasoned from the perspective of which number of clusters is considered adequate. We thereby excluded parameter combination A, D, E, F, G, H, I, J, K, L due to the small amount of clusters created for North Rhine-Westphalia. We further excluded parameter combination C because the amount of clusters for each of the countries was considered too high. Finally, we found the following combination to provide the most realistic results: tarSZ=30000, minSZ=5000, minSC=0.65, tarSC=0.7.
 We presented the results to our colleagues from Belgium and from North Rhine-Westphalia. They took note of the results but were not able to make strong statements about the quality of the results. They could imagine that it could make sense. In order to assess the quality they would need to study the data, the method and try to verify the results. Since we do not pretend to give an accurate picture of the situation of the bordering countries we did not see it as a major problem that the results were not verified by our colleagues across the border.
 Cross border Labour Market Area's in the case of the Netherlands 10
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4. Labour Market Area’s for Dutch border regions
 4.1 LMA’s without cross-border information
 As mentioned before, in a first step we produced LMA’s for each country (NL, B, NRW) separately with the same parameters. It resulted in 45 LMA’s: 25 for NL, 11 for B and 9 for NRW. To assess the validity of the results we focus on the border regions of NL with B and NRW. This comprises of the Dutch provinces Zeeland, Noord-Brabant, Limburg en Gelderland. The other provinces are less relevant in a cross-border context. On the Dutch side, looking at the border with NRW, going from South to North, we see in Limburg 3 LMA’s. The south of Limburg is divided in a Maastricht region and a Heerlen-Sittard region including the municipality of Vaals isolated, middle-Limburg is a separate LMA and the north part of Limburg around Venlo together with a set of eastern municipalities of Noord Brabant. In Gelderland we see four border LMA’s from South to North around the towns of Nijmegen, Arnhem, Doetinchem and Enschede respectively. At the c corresponding side on NRW-side, again from South to North we see a southern region around Köln and Bonn, and a region around Aachen, and then a very large region around Duisburg, Düsseldorf and Dortmund. This region encloses a small LMA at the border around Kleve and Weeze. And finally we can find the most northern border LMA in NRW around Münster.
 Figure 3. LMA’s without cross-border information: the Netherlands and NRW
 Going from West to East looking at the Dutch border regions with Belgium we see four small LMA’s in Zeeland: Zeeuws-Vlaanderen, Middelburg-Vlissingen, around Goes, and round Terneuzen. In Noord-Brabant we find a western region around Breda and Tilburg and a large
 Cross border Labour Market Area's in the case of the Netherlands 11
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Eastern LMA around Eindhoven that includes the more northern towns of ‘s Hertogenbosch and Oss. At the corresponding Belgium side we see, from west to east, a costal LMA, a region around Gent and then a very large region around Brussels including Antwerpen and Turnhout, then a region around Leuven including Hasselt, then a small LMA at the Dutch western border around Genk. These LMA’s almost completely fall in Flanders plus Brussels. At the South of the Netherlands, one can find three LMA’s in Wallonia. One large LMA is around Liège that includes Charleroi and Namur. Interestingly, it also includes the Flanders enclave Voeren directly south of the Netherlands. At the German border the German speaking part of Belgium is divided in two small LMA’s: one around Eupen in the north and a second one around Malmedy bordering Luxemburg.
 Figure 4. LMA’s without cross-border information: the Netherlands and Belgium
 4.2 LMA’s with cross-border information
 Regions that have relatively high cross-border commuting between Netherlands and NRW are in Limburg, around Nijmegen, Arnhem and Enschede. At the border with Belgium, the Dutch regions of are Zeeuws-Vlaanderen, Eindhoven and Limburg show relatively high cross-border commuting patterns. One can expect to find changes in LMA’s when cross-border commuting is taken into account.
 The exercise to include cross-border commuting patterns provides interesting results. Let us first look again at the Dutch border with NRW, from south to north. The South and Middle Limburg LMA’s in the Netherlands do not change. The North Limburg LMA around Venlo is more or less merged with the NRW LMA around Kleve and Weeze. At the NRW side a few municipalities join the Düsseldorf LMA (f.i. Xanten, Geldern, Rees). Apart from this nothing changes in NRW and at the German border of the Netherlands. The changes that occur at this part of the border make sense. Venlo has a high rate of cross-border commuting and the corresponding NRW LMA’s consist of a set of small isolated communities.
 Cross border Labour Market Area's in the case of the Netherlands 12
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Figure 5. LMA’s with cross-border information: the Netherlands and NRW
 Looking at the Dutch border with Belgium from West to East, virtually nothing changes in the Dutch province of Zeeland at both sides of the border despite relatively high numbers of cross-border commuters in Zeeuws-Vlaanderen. The Dutch province of Noord-Brabant shows a different picture. The LMA of Breda and Tilburg is split into a LMA around Breda in the West and another one around Tilburg. In addition, the large LMA round Eindhoven is split into a northern LMA that includes the towns of ‘s Hertogenbosch and Oss and a southern LMA around Eindhoven. This includes the Belgium border community of Hamont-Achel. At the Belgium side the LMA’s change quite drastically. The original LMA of Brussels and Antwerpen is split into a northern LMA around Antwerpen and a separate region around Brussels that also includes Leuven. Furthermore, a new LMA around Hasselt is created and finally the LMA around Genk is enlarged to the east. It now includes Tongeren. In Wallonia the German speaking LMA’s around Eupen and Malmedy are merged. In addition, a small new LMA is created around Verviers, leaving the LMA of Liège. The enclave Voeren is still included in the LMA of Liège although it borders the Verviers LMA. Also here the changes seem to create more logical clusters. Another observation is that even with relatively small numbers of cross-border commuting large effects can occur.
 Cross border Labour Market Area's in the case of the Netherlands 13
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Figure 6. LMA’s with cross-border information: the Netherlands and Belgium
 Cross border Labour Market Area's in the case of the Netherlands 14
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5. Suggestions for improvement regarding the algorithm
 5.1 Applying the programme to more countries
 To be able to construct cross-border Labour Market Area’s data from different countries needs to be combined. This means that the same parameters have to be chosen for each of the national LMA’s. One of the main criteria for evaluating the fit of cross-border LMA’s is the number of LMA’s created. When creating cross-border LMA’s for the Netherlands, Germany, and Belgium we were able to identify a combination of parameters, which worked for all the countries. Whenever somebody wants to analyse what changes when creating cross-border LMA’s, however, it is a first precondition that one is able to find parameters, which create acceptable LMA’s in each country. It is advisable to restrict the total number of countries in a cross-border analysis. Possibly it can be much harder to find a parameter combination for two or more countries if employment markets are very different from each other.
 5.2 Sensitivity of the algorithm
 We found that the algorithm is sensitive to the method used to create the input data (such as for example data cleaning). When we started to construct the first LMA’s we used data files, which included commuting data where either the place of living or the place of working was unknown. We found that this distorted the self-containment calculated by the algorithm and thereby also changed the structure and the number of LMA’s created.
 5.3 Names of the parameters
 We find most of the names for the parameters misleading. The name of parameter minSZ is okay since it is a minimal size. The parameter ‘tar SZ’ is the value for which we can accept a lower level of self-containment for an LMA. This name misleading as it is no actual target but more a limit to take into account if another criteria is not fulfilled. The parameter ‘minSC’ is the level of self-containment that is acceptable for cluster of large sizes. What is here minimal? It is about large clusters. The parameter ‘tarSC’ is the minimum level acceptable for the minimum self-containment SC, SC = min (SS_SC , DS_SC) in order for a small cluster of communities to be considered an LMA. Again this is not a target. And it is about small clusters of communities. We recommend finding more appropriate names for the parameters that fit better the real function of the parameters.
 Cross border Labour Market Area's in the case of the Netherlands 15
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6. Conclusions on constructing cross-border LMA’s
 To construct LMA’s it is essential to have good quality data on commuting patterns. This is already challenging on national level but even more on an international level. Firstly, one needs comparable data. This may not always be possible such differences, such as those resulting from different methods used to collect the data are bound to the statistical system of a country. It follows that experience from national statistical institutes is needed to develop high quality standards or guidelines to provide information on the main methods, characteristics, and pitfalls of the data.
 In the case of the Netherlands and de bordering countries this was the case to an acceptable extent. For all countries it was mainly based social security data on employees. Only for NRW the data included self-employed. This category is problematic. To assign the place of work of self-employed is not straightforward. One could argue that using employee data only to construct LMA’s could be an appropriate approach. But then you would miss an important part of the labour market. For pragmatic reasons we ignored this issue in our project.
 A typical data problem that occurs when one would like to include data on cross-border commuting is that crucial information is missing. LMA’s should be based on hard data on place of residence and place of work. Nationally this data is available but for cross-border commuters this data is missing. For cross-border workers only place of work is available and country of work but not place of work. This is a very serious problem.
 In order to see what happens if one supplements national commuting information with cross-border information we imputed the missing data. Within the constraints of the project we not able to apply a sound sophisticated method. We imputed the data manually using a heuristic method that cannot be verified. The results should therefore merely seen as a sensitivity analysis what can happen if one would supplement domestic commuting flows with information on cross-border commuting.
 We recommend to do more work on the imputation method to fill the missing data. It is a common situation that for cross-border commuting only partial information is available. It should be able to find a satisfactory automated solution that imputes the data using auxiliary information. This information includes distances between the municipalities since we know that cross-workers do not live far from the border. In addition, one could use information on the nationality of persons living in a certain country. This information is available from population registers per municipalities. If they have the nationality of the bordering country they have a high likelihood of being a cross-border worker. Using this kind of information should make it possible to develop a sophisticated generally applicable method of satisfactory quality.
 The results indicate that including information on cross-border commuting flow impacts on the LMA’s. In the case of the Netherlands a few cross-border LMA’s are constructed if the borders are ignored. This effect seems to be quite limited. But more importantly there is an effect on the construction of national LMA’s. For Belgium and the Netherlands the national LMA’s change when cross-border commuting information is added. Apparently, the method of constructing LMA’s is very sensitive to the kind of information that is included. The LMA’s seem to be based on fragile balances that do not need a lot of extra to give a significant different result. If this is
 Cross border Labour Market Area's in the case of the Netherlands 16
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the case it is very important that data is complete. One needs at least a 360 degree measurement of commuting. For border region this means that cross-border information should be taken into account. In this project the resulting border or close to the border LMA’s taken into account cross-border commuting seem to be more realistic than the LMA’s based on national data only. Of course this observation is only valid under the assumption that the imputation that is applied to fill in the missing data is close to reality.
 Cross border Labour Market Area's in the case of the Netherlands 17
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