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Sommario

The organization of modern economies is built upon an efficient transport system and an increasing role
is played by the logistics sector in overcoming the constraints of time and distance in modern supply chains.
While a large body of literature is dedicated to the spatial distribution of firms and firm location choice in
general, surprisingly little is still known about the location patterns of logistics firms, and more specifically
about the role of accessibility in their location decisions. We use geo-referenced firm level data along with
detailed information on transport infrastructure in order to investigate the geography of logistics firms in
Spain. We place specific attention to the relationship between logistics firm location, accessibility, and
urban structure. Our results show that these firms are located closer to highways and other transport
infrastructure compared to other sectors and that the logistics sector is highly urbanized. Yet, they are also
locating increasingly in suburban locations and to some extent in extra-urban locations with good
accessibility while central cities of urban areas have experienced a declining share of logistics firms.

Parole chiave: logistics, location, accessibility, urban structure, Spain

1. Introduction

With the increasing need to transport quickly and efficiently, transport and logistics
play a key role in overcoming the constraints of time and distance in modern supply
chains. This is even more true in a context where firms are facing competition that is ever
more global. Firms are now concentrating more on specific consumers’ requests, on
delivering goods with greater speed, seeking ways to reduce costs, and improving quality
(Bonacich and Wilson 2008). To achieve these ends, firms formulate intelligent
strategies, including the use of international logistics techniques to gain competitive
advantage in the management of supply chains (Wood et al. 2002). Indeed, logistics is
becoming increasingly popular as a competitive device for companies to reduce delivery
times, increase reliability and flexibility in deliveries, heighten customer responsiveness,
and facilitate the successful implementation of Just-In-Time (JIT) manufacturing and
distribution systems (Lai and Cheng 2009; Brouwer et al., 2011). Since the 1950s, indeed,
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the logistics industry has experience the so-called “logistics revolution” that can be
explained with five interrelated phenomena: (i) the consumer-oriented economy
demanding a level of service customization and delivery speed which is only possible if
more frequent shipments of goods are made ; (ii) Internet-based information systems; (iii)
the substantial reductions of trade barriers, tariffs and transportation costs; (iv) the
European Traffic Policy; and (v) the processes of vertical disintegration and value-chain
decomposition in most industries associated with the ongoing globalization of the
economy that has increased the amount of goods flows to be moved around the globe
(Maggi and Mariotti, 2012; Mariotti, 2015).

The consumer-oriented economy, which is geared to mass consumption, mass
production, and the mass distribution of consumer goods (Strasser, 1998), has heightened
the complexity of logistics processes in production and trade. The management of such
complexity has been made feasible by the Internet-based information systems developed
in the 1990s. These systems have made the exchange of information drastically simpler
and cheaper, while Internet-based mail order businesses have boosted parcel services.
Moreover, a key role has been played by various technology innovations in freight
moving and handling: for instance, the rapid growth in roll-on, roll-off trucking
technology, gains in containerization technology and capacity, rapid-turnaround shipping
and the increased speed and efficiency of air transport technologies (McCann, 2008).

All of these technological developments have contributed to a huge reduction in
transport costs (Hummels, 1999; van Veen-Groot and Nijkamp, 1999; Glaeser and
Kohlhase, 2004; Levinson, 2006; Notteboom, 2007; McCann, 2008; Notteboom and
Rodrigue, 2009; Coto-Millan et al., 2015). In particular, during the twentieth century the
costs of moving goods declined by over 90% in real terms, and this reduction is
continuing. Indeed, the average cost of transporting a ton a mile decreased from 18.5 cents
in 1890 (in 2001 dollars) to 2.3 cents in 2004 (Glaeser and Kohlhase, 2004). At the same
time, the EU Traffic Policy intended to favour the liberalization of truck traffic has greatly
increased the truck fleet and traffic flows in the Europe. In around only ten years, from
1990 to 1999, road traffic within European member states increased by 76%
(Vahrenkamp, 2010).

Moreover, the globalization of the economy has strongly affected transport and
logistics. Vertical disintegration is linked to the post-Fordist paradigm, which promoted
the switch from the mass production of standardized goods to the market-oriented
production favouring so-called flexible specialization. Finally, in an increasingly
globalized environment, logistics has also become one of the main engines of
competitiveness and economic development (see also Xiushan et al., 2015). If a country
is to become competitive in the global scenario, it should improve the quality of logistics
services, develop and enhance the logistics infrastructure, promote the cooperation and
coordination among logistics services providers, invest into IT, reduce logistics costs, and
increase training on all aspects of supply chain management. As stressed by the literature,
there is a bidirectional link between economic development and logistics performance
(see Arvis et al. 2007; Ferrari et al., 2011).

These trends have significantly changed the geography of freight distribution and
logistics and the way goods move through the economy. Yet, although transport and
logistics are factors in a country’s competitiveness, and logistics activities have
experienced enormous, largely unnoticed, growth in recent years (Bowen, 2008), research
into this topic is generally underrepresented in regional science and economic geography
(Hesse and Rodrigue, 2004). Besides, while the literature on manufacturing firm location
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is extensive, highlighting the role of accessibility as one of the key variables in firm
location decisions (see, for example, Reggiani, 1998; Head and Mayer, 2004; Holl, 2004;
Rietveld and Bruinsma, 2012), surprisingly little is still known about the location patterns
of logistics firms and how accessibility considerations shape this pattern.

Nevertheless, it cannot be denied that understanding the location decisions of transport
and logistics firms is important for the society because the demand for “logistics floor
space” is expected to grow substantially in advanced economies, while the demand for
“industrial floor space” is expected to decline (McKinnon, 2009). The expected growth
in logistics floor space is correlated with the predicted growth of freight transport
volumes, which is estimated in the EU to reach about 82% in 2050 (European
Commission, 2011). It is, therefore, crucial to investigate the location decisions of
transport and logistics firms for policy makers since it has a huge impact on the demand
for freight transport, and the choice of freight transport modes (Bowen, 2008). Besides,
the location of logistics activities enters the policy debate since it raises land consumption
and contributes to urban sprawl (Van Den Heuvel et al., 2013).

The scant literature on the location choice of transport and logistics concerns mainly
logistics sprawl, with a focus on warehousing location at regional/metropolitan level, and
the location choice of transport and logistics foreign direct investments (FDIs) at national
level. Only the work by Bowen (2008) and Verhetsel et al. (2015) analyze explicitly the
role played by accessibility measures related to several kinds of transport networks in
fostering warehousing location in US in 1998-2005 and in influencing location choice of
logistics companies in Flanders (Belgium) respectively.

Our paper contributes to fill the gap in the literature by investigating the geography of
logistics firms in Spain in the period 2002-2007, and specifically the relationship between
logistics firm location, accessibility, and urban structure at a spatially disaggregated level.
To reach this goal, we use geo-coded firm level data from the SABI database (Sistema de
Anaélisis de Balances Ibéricos), generated by INFORMA and Bureau Van Dyck, along
with detailed information on transport infrastructure, accessibility measures, and
municipality characteristics. By combining our geo-coded data for the whole of mainland
Spain with Geographic Information System (GIS) techniques, this paper is the first to
provide a comprehensive spatially detailed quantitative analysis of the geography of
logistics firm.

We organize our empirical analysis in two parts. First, we carry out a spatial analysis
to explore the geography of logistics firms compared to other sectors (manufacturing,
business services, and transportation) regarding access to transportation infrastructure and
urban structure. Second, we study the location behaviour of new logistics firms born in
2002-2007 and the role played by accessibility using an econometric analysis.
Specifically, we apply a Poisson model and examine the robustness of our results to the
use of a negative binomial model as well as a zero-inflated negative binomial model.

We provide evidence that logistics firms are located closer to highways and other
transport infrastructure compared to other firms (manufacturing, business services, and
even transport operators). Besides, they are strongly attracted to urban areas (mainly
Madrid and Barcelona) for their market size and market potential, but also increasingly
to suburban locations and, to some extent, extra-urban locations that have good
accessibility. In contrast, central cities of urban areas have experienced a declining share
of logistics firms. Recent research for the US (Bowen, 2008; Dablanc et al. 2014) has
highlighted this phenomenon of sprawl in relation to warehousing. We provide empirical
evidence based on the logistics sector and in a European context. The results of the
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econometric analysis confirm that logistics firms are strongly attracted by access to
transportation infrastructure (especially highways) and large markets.

The paper is structured into five sections. The introduction is followed by the literature
review on the location patterns of logistics firms. Section three is dedicated to data
description while the empirical analysis and its results are described and discussed in
section four. Section five presents conclusions and policy recommendations.

2. Literature Review

The location determinants of the transport and logistics industry are closely bound up
with the features of the services that it furnishes. First, logistics activities are intermediate
inputs, so that the demand for logistics services derives from the demand for final goods
or services. Moreover, customers’ preferences significantly affect the behaviour of
logistics providers. Second, logistics services are business services. They are typically
non-traded or furnished at much higher costs from a distance (Daniels, 1985; Markusen
et al., 2005). Consequently, the use of logistics services provided from another region
implies distance related coordination costs. Third, business services are normally
produced with internal economies of scale (Groot, 2001) due to high set-up costs. Finally,
logistics services are largely customized because customers normally have particular
requirements and need differentiated logistics services.

The few studies on the location patterns of the transport and logistics industry belong
mainly to two strands of literature: one referring to logistics sprawl that has largely
focused on the location of warehousing activities at regional/metropolitan level; the other
investigating the location determinants of transport and logistics FDIs at national level.
The studies of the first group refer to the USA (Bowen, 2008; Dablanc and Ross, 2012;
Dablanc et al., 2014), the Netherlands (Van Den Heuvel, 2013), Belgium (Vanhetsel et
al., 2015), the UK (Allen and Browne, 2010), and Germany (Hesse, 2004). The studies
of the second group refer to China (Oum and Park, 2004; Hong and Chin, 2007; Hong,
2007; 2010), and Italy (Boscacci et al., 2009; Mariotti et al., 2012; Mariotti, 2015).

The most closely related study to ours are Vanhetsel et al. (2015) and Bowen (2008).
Vanhetsel et al. (2015) study the role of accessibility and land rents in the location choices
of logistics firms in the Flanders region in Belgium by means of a stated preference
analysis among 100 respondents. Based on data for the 200 largest logistics companies,
they furthermore present information on actual location patterns in relation to access to
transportation infrastructure. This shows that the logistics firms analyzed are located at
very short distances of transportation infrastructure. The stated preference analysis
revealed land rents as the most important location factor followed by access to sea ports
and access to motorways while rail terminal access showed no significant role.

Bowen (2008) studies the relationship between the location of warehouses and
accessibility measures of several kinds of transport networks in the US between 1998 and
2005 at the county level. He finds that highway accessibility matters more than rail and
especially more than sea accessibility, and concludes that the significant speed advantages
air and road transport have over maritime and rail transport are important. This implies
that those communities with good accessibility in air and highway networks stand to
benefit most from the new emphasis on supply chain management, but they will also of
course bear the costs of increased inbound and outbound goods traffic.

Dablanc et al. (2014) is another study looking at warehousing sprawl. They analyze the
sprawl of warehouses in 1998-2009 in Los Angeles and Seattle Metropolitan Areas. It
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results that while warehousing in Los Angeles considerably sprawled, with an average
distance increase of over 6 miles, in Seattle the region remained relatively stable, showing
a slight decrease in average distance from the geographic centre. These different location
patterns may be related to the specificities of the two metropolitan areas: Los Angeles is
a very large metropolitan area while Seattle is a smaller one, and as known, logistics
sprawl is typical of large metropolitan areas that serve both as trade nodes to the entire
region/country as well as enormous consumer markets. Another aspect concerns land
availability, and its cost (Sivitadinou, 1996): in Seattle, at the end of the 1990s, large land
parcels, close to ports, airports and freeways, were available for logistics, while in Los
Angeles cheap land in suburban and extra-urban areas fostered logistics sprawl. Finally,
government policies may have played a role in the accommodation of new logistics
functions in the two areas. Specifically, in Los Angeles logistics sprawl has been fostered,
on one side by tailored actions undertaken by suburban communities to encourage growth,
and on the other side by the lack of legislature to discourage growth.

Van der Heuvel et al. (2013) investigate the role of spatial clustering in location
decisions in the south Dutch province of North Brabant in 1996-2009. It results that
logistics employment is spatially concentrated in the so-called Absolute and Relative
Employment Concentration Areas (AREC areas). These areas are also more likely to host
large logistics establishments than smaller ones because the latter may be deterred by
agglomeration diseconomies (i.e. high land/lease prices). Besides, the logistics
establishments that relocated within the province choose relatively often AREC areas,
while transportation establishments locate relatively often in areas that became AREC
areas in the future, in order to avoid possible disadvantages of logistics co-location, like
congestion and higher land prices. It is shown that logistics employment grows faster in
areas with at least one intermodal container terminal than in areas without one.

Allen and Browne (2010) find that warehousing tend to move away from urban areas
to suburban areas in the UK and elsewhere in Europe, mainly because of land prices.
Besides, the authors find that in England warehousing districts are often strategically
clustered along motorways but just outside large cities. The location of warehousing is,
indeed, partly due to accessibility to the road network and partly a result of planning
policy.

Finally, Hesse (2004) analyses two case studies in Berlin-Brandenburg Germany — a
publicly developed integrated freight centre and a dispersed logistics site — and finds that
rising locational competition contributes to accelerated land consumption and further
dispersal. Logistics activities tend to favour distant locations for many reasons, some of
which are specific to this industry, while others apply to many economic sectors:
overcoming congestion, planning requirements, or even the influence of unions.

The studies concerning the cases of China and Italy refer to the decisions by
multinational enterprises (henceforth MNESs) about where to locate their affiliates (i.e.
FDIs) in the transport and logistics industry. China hosts a logistics market still in its
infancy, which creates increasing opportunities for investors, while Italy presents a poor
supply of integrated logistics, and a related increasing demand for high value added
logistics services. The analyses focusing on China can be classified into two groups: those
investigating location determinants per se (Oum and Park, 2004; Hong and Chin, 2007),
and those analyzing the impact of firm-specific effects (i.e. firm type — branch firm or
independent firm —;country of origin; age) on location decisions (Hong, 2007; Hong,
2010).
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Transport and logistics FDIs tend to be responsive to market size and market demand;
they, therefore, prefer areas with strong industrial bases and tend to locate where the
customers are willing to outsource logistics services to external providers (for a review
see, Mariotti, 2015). The availability of skilled labour is an important location
determinant, especially when inward FDIs are in the more value added activities
(multimodal transport operators and freight forwarders), as in the Italian case. Also high
labour costs deter inward FDIs in China, reflecting foreign investors’ efforts to reduce
operational costs (Hong, 2010). The number of existing logistics service providers may
influence the location choice of foreign logistics firms, thus confirming the existence of
agglomeration economies in logistics. Foreign investors, indeed, suffer from adverse
asymmetry in information costs compared with insiders (Radner, 1992; Casson, 1994;
Mariotti and Piscitello, 1995). Therefore, the opportunity to reduce information costs as
well as to share spillovers from foreign agglomeration will be greater in areas affected by
FDI penetration for a longer period (Guimaraes et al., 2003; Hong, 2007; Mariotti et al.,
2012). Besides, even cultural and geographical proximity (Hofstede, 1980) plays a key
role: MNEs from Hong Kong, Macao and Taiwan are more likely to locate in Southern
China.

Transportation infrastructures are important factors since they drive the
internationalization of many service companies, especially in activities that require close
relationships between customers and suppliers, and/or their geographical proximity (Oum
and Park, 2004; Hong and Chin, 2007; Hong, 2007, 2010; Bowen, 2008; O’Connor, 2010;
Mariotti et al., 2012). Government policy can be successful in attracting FDIs (Van Den
Heuvel et al., 2013) by fostering, for ex-ample, the development of Special Economic
Zones and Open Costal Cities, as in the case of China (Head and Ries, 1996; Hong and
Chin, 2007).

Some distinctive characteristics of the logistics industry should be noted, such as the
importance of good transport networks, an efficient bureaucracy as regards administrative
and customs procedures, and a high degree of government regulation. This last, in fact,
in the case of China, made roadway infrastructure an unimportant consideration before
the mid-1990s. However, when the Chinese government reduced the restrictions about
the provision of roadway transport services by foreign firms, transport conditions became
a key consideration for inward FDIs (Hong, 2010).

3. Data

Firm level data: Our firm level data comes from the SABI data base, which corresponds
to the Iberian section of the Amadeus database. The database contains annual accounts of
more than 1 million Spanish firms and includes their geographic co-ordinates, the year
the firm was created and its industry among other firm-level characteristics.

To identify logistics firms we use the four-digit level of the 2009 National Classification
of Economic Activities (CNAE 2009). SABI included 8,959 firms in Spain that belonged
to the logistics sector (CNAE 5210-5229) in the year 2007.1 Of this, about 14% were
warehousing and storage firms, 31% logistics firms providing services related to land
transportation, 12% related to water transportation, 3% related to air transportation, 6%
of logistics firms were engaged in cargo handling, and 34% in other transportation support

! According to the Directorio Central de Empresas (DIRCE), there were 14,484 logistics firms in 2007.
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activities. Note, we focus specifically on logistics firms. This group does not include
transport operators.

Using the geographic coordinates, we have geo-coded all firms in ArcGIS.2 This allows
us to relate our firm level data to geo-referenced digital vector maps of the Spanish
transportation networks. Specifically we relate firms to the highway network (for more
detail, see, Holl, 2016), airports and seaports. Note, we do not include the rail network in
our analysis because it is generally not found significant for firm location, and it is not of
great relevance for freight movements in Spain. Only approximately 4% of all
merchandise movements in Spain are by rail, a percentage that is considerably below the
EU average.

Having geo-coded data means, the exact distance from each firm to the transportation
network can be calculated and the firm-level data can be integrated with other spatial data
on a fine-grained spatial scale.

Accessibility variables: Our first measure of accessibility is closely related to the concept
of market potential (Harris, 1954) where accessibility is determined by the distance to
and the size of markets in alternative locations. Market potential in location j is the sum
of the market size in all other locations Mk (proxied here by municipality population)
divided by their distance djk to k. Distance here is measured by the travel time along the
road network.

M

k djk

1)

The measure reflects the volume of economic activity a given location has access to after
taking into account the cost of overcoming distance.

With the current changes in industrial organisation towards increasingly interconnected
production, transport and communication processes, location near specific transportation
infrastructure such as highways, airports or seaports can provide additional advantages in
terms of access to customers, production and value chains. Using our geo-coded firm
level data together with the geo-coded transportation infrastructure, we have calculated
the distance from each firm to its nearest highway, its nearest airport and its nearest
seaport. 3

Municipality characteristics: Spain is divided into nearly 8.000 municipalities. We add
controls regarding socio-economic and physical geography characteristics of
municipalities that might influence the location of logistics firms. We also include data
on the urban characteristics of municipalities. Here, we use the definition of Spanish
urban areas from the AUDES methodology (Ruiz, 2010), which combines land use
continuity and commuting criteria at the municipal level to establish central city (CBD)
municipalities plus their surrounding built-up areas (suburban areas). With this
information, we create three categories of municipalities: rural areas, suburban and CBD

2 Note, we have used only firms in mainland Spain.

3 All airports with more than 1 million passengers in 2007 have been included. Alternatively, we have also
tested for cargo airports but main results are very similar. All seaports of general interest to the state as
outlined in the Ministry of Public Work’s Annual Yearbooks have been included.
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municipalities. We furthermore calculate different distances to urban areas. Variable
definitions and data sources are summarized in Appendix 1.

4. Empirical analysis

Our empirical analysis is organized in two parts. First, we carry out an exploratory spatial
analysis where we investigate the geography of logistics firms and compare their spatial
pattern to the location patterns of other firms, namely, manufacturing firms, business
firms and transport operators in the year 2007. Second, we estimate count data models to
investigate the location determinants of new logistics firms that have been created in
2002-2007 (both years inclusive), and focus on the specific role of accessibility.

4.1. Exploratory analysis of the location patterns of logistics firms

Starting with our exploratory spatial analysis, Table 1 shows the distribution of logistics
firms by municipalities. Logistics firms concentrate in a fairly small number of
municipalities. More than 85% of Spanish municipalities have no logistics firms at all
and about 10% of municipalities have less than 5 logistics firms. The remaining 1.7% of
municipalities shows more than 10 logistics firms with 11 municipalities that have over
100 logistics firms. These 1.7% of municipalities concentrate three quarters of all Spanish
logistics firms. Two municipalities stand out: Madrid and Barcelona each one house about
1,000 logistics establishments. Taking into account also their suburbs, the two urban areas
house about a third of all logistics establishments. This numbers confirm the strong spatial
concentration of logistics firms in specific urban areas (Bowen, 2008; Jing and Cai, 2010;
van den Heuvel et. al., 2013).

Table 1. Number of logistics firms by municipality: 2007

Numbert of new logistics firms Municipalities
No %

0 6781 85.3
1to5 897 11.3
5to 10 136 1.7
10 to 20 67 0.8
20 to 100 59 0.7
100 and more 11 0.1

Next, we map our logistics firms (note, these are firms in SABI that were active in 2007)
together with the 2007 road network (Figure 1 in Appendix). In addition to the
concentration in the Madrid and Barcelona area, one can also observe some concentration
around other major cities, but also along major transportation corridors. Figure 2 in
Appendix provides a zoom-in for the Madrid and Barcelona area. Again, the relevance of
the road network stands out.
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Table 2. The geography of logistics firms compared to other sectors: 2007

Manufacturing Business services Transportation sector Logistics sector
Mean distance to:
2007 Highway network 4.5 2.8 4.9 2.4
Main airport 53.2 39.0 56.6 37.4
Seaport 97.7 109.9 99.4 93.3
Province capital 24.6 16.5 25.0 16.2
Main metropolitan CBD 34.0 24.9 37.5 23.2
Urban areas CBD (AUDEYS) 13.3 7.8 14.3 8.0
Mean population density of the 21.9 39.0 19.5 41.6
municipality where the firm is
located
% of firms in:
1km from 2007 highway 37.5 40.6 36.2 46.0
5km from 2007 highway 79.6 89.6 78.0 91.7
10 km from 2007 highway 88.2 94.8 86.4 95.9
Urban areas (AUDES) 73.0 88.0 70.9 89.1
CBD location 35.9 64.4 39.2 62.1
Suburban location 37.1 23.7 31.7 27.0
Rural location 27.0 12.0 29.1 10.9

28
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Table 3. Characteristics of rural municipalities with and without new logistics firm location between 2002-2007.

Rural municipalities Rural municipalities with
without logistics firms logistics firms t-test of means
difference sig.
Market potential index 13.8 14.8 -5.28 o
Highway distance 26.7 15.7 7.81 o
Airport distance 118.4 83.2 9.87 o
Seaport distance 153.7 102.8 9.18 ko
Population 1206.6 9057.7 -42.15 otk
Population density 28.8 131.3 -14.10 otk
Manufacturing employment 82.4 731.8 -34.45 otk
Distance to urban CBD municipality 41.1 34.3 541 ook
Distance to Madrid 26.0 33.0 -9.13 o
Distance to Barcelona 48.9 52.7 -2.88 o

Note: *** significant at the 1% level; ** significant at the 5% level; *significant at the 10% level. All characteristics refer to the year 2001.
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In Table 2 we show the location pattern of the logistics sector to those of other sectors.
Namely, we compare the logistics sector to manufacturing firms, business service firms
and transport operators. First, we look at the mean distances of these firms in relation to
the transportation networks. Logistics firms are on average located closer to each of the
transportation infrastructure analyzed. Logistics firms locate closer to highways, airports
and seaports than firms in other sectors. Looking at the percentage of firms that locates
in a distance of 1, 5, and 10 kilometres from a highway, we can also see that logistics
firms are strongly attracted to the highway network. More than 95% of our logistics firms
are located within 10km of a highway and nearly half of our logistics firms are within 1
kilometre of a highway. Other sectors are also attracted to the highway network, but this
attraction is particularly strong for logistics firms.

The logistics sector is also a typical urbanized sector. Looking at the mean population
density of the municipality where the firm is located, one can observe that logistics firms
are on average in municipalities with higher population density; even more than business
service firms. About 89% of logistics firms are located in urban areas and only 11 % in
rural areas. The logistics sector is considerably more urbanized than the manufacturing
sector or the transportation sector in general.

Nevertheless, as shown in Figure 3 (in Appendix), this pattern has changed considerably
over the last decades. Figure 3 plots the share of rural, suburban and CBD logistics firms
according to their year of establishments. Logistics firms that had been established before
1982 showed a much stronger tendency to locate in CBD municipalities. 80% of them
located in CBD municipalities, about 17% in suburban areas, and only 3% in rural areas.
Over time, the percentage of CBD location has been falling to about 50%, while the
percentage of logistics firms that located in suburban and rural municipalities has been
increasing to 30 and 14.5% respectively. We also observe that since the 1980’s, the
average distance of new logistics establishments to the CBD of their closest urban area
more than doubled with an increase from 4.8 kilometres to 10.4 kilometres. This shows
that new logistics firms have located increasingly in suburban and extra-urban locations.

Even though the percentage of logistics firms locating in extra-urban locations is still
relatively low, it is interesting to ask which type of logistics firms has located in rural
areas and which type of rural municipalities has been able to attract logistics firms.
Comparing the mean age of logistics firms in rural versus urban areas we observe that the
mean age is considerably lower with 8.5 years compared to 12 years for urban logistics
firms. This difference is much more pronounced than in other sectors. For example, in
manufacturing, the difference is only 0.7 years, in the business service sector and in the
transportation sector; in general the difference is about 1 year. We also observe that it is
mainly logistics firms in warehousing and storage, related to land transportation, cargo
handling and other transportation support activities that have located in rural areas. In
contrast, logistics firms related to air and water transportation show a lower probability
to locate in rural areas. Table 3 compares the characteristics of rural municipalities that
have not received any new logistics firm in the period 2002-2007 to those rural
municipalities that have received new logistics firms. First, we start with our accessibility
variables. Rural municipalities that have received logistics firms have higher market
potential and are significantly closer to highways, airports and seaports. They are also
considerably larger in terms of population and manufacturing employment and have a
much higher population density. In this sense, they are the least “rural” ones. They are

28
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furthermore closer to urban areas than rural municipalities that have not received any new
logistics firms. However, they are at further distance from the two big metropolitan areas
Madrid and Barcelona. This could indicate a certain shadow effect of these metropolitan
areas.

4.2. Modelling the location determinants of logistics firms

Next, we investigate the location determinants of new logistics firms with a focus on
accessibility and access to transportation infrastructure and urban structure. Here we
analyze the location behaviour of new logistics firms that have been created between
2002-2007 (both years inclusive). Firm location is not a random process, but the result of
profit maximizing location decisions, where the location decision is based on the future
profits that a firm expects to earn in that location.

This profit-maximizing framework leads to McFadden’s (1974) random profit
maximization-based conditional logit model. However, the implementation of the
conditional logit model faces several problems in cases like ours where we have a very
large set of spatial alternatives. Alternatively, one can adopt a count data modelling
approach. In this case, the dependent variable is the count of new logistics firms that have
been established in a municipality. Count data can be approximated by a Poisson
distribution. More specifically, under certain condition a Poisson model will yield
identical results as the conditional logit model (Guimaraes et al., 2003; Schmidheiny and
Brilhart, 2011).

We follow the count data approach and our estimating equation can be expressed as
follows:

Miz002.2007 = | (Xj2001)+ €] (2)

where nj2002-2007 is the count of new logistics firms located in municipality j in our
study period. xj2001 is a vector of municipality characteristics referring to the year before

the start of our analysis. % is a random error term. The independent variables include in
Xj2001 are municipality characteristics that can be expected to affect the profits of
logistics firms. Our focus lies on the role of our accessibility variables describe before.
Furthermore, we include a number of variables to characterize the urban structure of
municipalities. In addition, we include a set of control variables that can be classified in
two groups: socio-economic controls and physical geography controls. Socio-economic
controls reflect business conditions in the municipality and include base year municipality
population and manufacturing employment together with the percentage of occupied
population to indicate the size of the local market. We also account for education by
including the percentage of graduates in the base year as a proxy of the qualification of
the workforce and we include previous population growth. As for physical geography
controls, we include in our analysis the municipality latitude and longitude, land area and
altitude and the distance from the each municipality to the nearest coast.

One of the key characteristics of our data is that it is strongly over dispersed as already
indicated in Table 1. Table 3 shows that the distribution of new logistics firms created in
the period 2002-2007 is even more spatially concentrated in a relatively small number of
locations. Indeed, the mean number of new logistics firms per municipality in our study
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period is 0.3, while the standard deviation is 3.9. Only 697 municipalities have received
a new logistics firm over the period analyzed. Moreover, 30 municipalities concentrate
about 95% of all new logistics firm locations. Only two municipalities — Madrid and
Barcelona — show over 100 newly created logistics firms over this period. Together they
account for about 43% of new logistics firms created in the 2002-2007 period.

In the Poisson model the mean and the variance are constrained to be equal. In our data,
this assumption is however violated due to over-dispersion. The negative binomial model
relaxes this restriction. In order to further test if the number of zeroes is in excess of what
would be expected from a negative binomial model, we also run a zero-inflated negative
binomial model and test whether it better predicts our dependent variable than a standard
negative binomial model. The zero outcome of logistics location can arise from two
underlying responses. Some municipalities may never attract a logistics firm and the
outcome will always be zero. One could think about remote rural areas or mountainous
municipalities, which would not even be considered by logistics firms in their location
choice process. If the municipality has, however, some attraction potential, we could still
observe a zero outcome in the period considered, but the municipality could have attracted
logistics firms in different periods. A zero-inflated model allows distinguishing between
these two processes. First, a logit model is generated for the “certain” zero cases,
predicting whether a municipality would be in this group. Here we include as additional
inflation variable the stock of logistics firms in 2001. Then, a negative binomial model
is generated predicting the counts of new logistics firms for those municipalities that are
not “certain” zeros. To test for the choice between the negative binomial and the zero-
inflated negative binomial we use Vuong’s (1989) likelihood ratio test for non-nested
models. 4

4.3. Estimation results

Table 4 shows our estimation results. We first present in column 1 the results from the
estimation of the Poisson (POIS) model. However, we cannot maintain the null
hypothesis of equi-dispersion and therefore proceed with the estimation of the negative
binomial (NBREG) model (column 2). Columns 3 to 7 show the results from the zero-
inflated negative binomial model (ZINB). The Vuong test compares the zero-inflated
negative binomial model to a standard negative binomial model. Since the z-value is
significant in all our specifications, the Vuong test shows that the zero-inflated negative
binomial provides a better fit than the standard negative binomial. We therefore base our
discussion of how accessibility and urban structure affect logistics firm location on the
results of the different specification of the ZINB model.

In column 3 we only include our accessibility variables. Province fixed effects are
included as control. Market potential shows the expected positive effect and the distances
to the nearest highway, airport and seaport are all statistically significant and negative
indicating that logistics firms prefer locating close to transportation infrastructure.

In column 4 we add variables characterizing the urban structure. Specifically we include
a dummy for CBD municipalities (excluding Madrid and Barcelona) and two dummies
for municipalities that are within a distance of 20km from Madrid and Barcelona,
respectively. These dummies are highly significant and positive. Despite a certain

4 We have also tried to estimate hurdle models, however, we were unable to achieve convergence in these
models.
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tendency of logistics firms to locate increasingly also in rural areas, urban areas are still
the main attractions for logistics firms. Conditional on the urban characteristics of the
location, access to transportation infrastructure remains statistically significant. However,
market potential is no longer significant once the urban structure is controlled for. This
might be due to certain correlation between market potential and urbanity. In column 5
we experiment with a slightly different characterization of urban structure. We include
three separate dummies for CBD municipalities: one for Madrid, one for Barcelona and
one for the remaining CBD municipalities and we add dummies for suburban areas. In
the case of Madrid and Barcelona we add dummies for municipalities that fall into a
distance of 20 kilometres. In the case of the remaining urban areas — which are all
considerably smaller - we allow for a influence area of 10 kilometres. These results
confirm the strong attraction of logistics firm to the Madrid and Barcelona area. The
dummy variable for other CBD municipalities remains significant but their surrounding
areas have not shown a higher probability of attracting logistics firms than rural areas,
which are the comparison group. Results regarding our accessibility variables remain
virtually unchanged. In column 6 we add our geographic controls to the estimation.
Results remain very similar. Only the market potential variable gains now again
significance. However, once we also add socio-economic controls in column 7 this
significance of the market potential variable is again lost. All other results are robust to
the inclusion of geographic and socio-economic controls. The ambiguous findings
regarding market potential are most likely because market potential is highest in the large
urban and metropolitan areas, which is captured in part by our urban structure dummies,
and market potential is correlated with our socio-economic controls. Nevertheless,
including our detailed geographic and socio-economic controls reduces potential
endogeneity problems. For example, transportation infrastructure is likely to be placed in
areas of high economic activity which is controlled for by our socio-economic base year
controls. High economic activity in an area in turn will also be an attraction factor for
logistics firms.

Our results indicate a clear role of transportation infrastructure as determinant of logistics
firm location. Since logistics is about managing the supply chains from raw materials to
the final product and service delivery, and this is expected to happen at ever-faster speed,
the logistics sector is reliant on good access to fast and efficient transportation
infrastructure.
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Table 4: Logistics firm location: Poisson, negative binomial and zero inflated negative
binomial estimation

POIS NBREG ZINB ZINB ZINB ZINB ZINB
@ @ ©) @ ©) ©) ™
Accessibility:
log (market potential) 0.169 1.108** 0.351%* -0.200 0.149 0.444** -0.210
(0.529) (0.454) 0.177) (0.180) (0.180) (0.222) (0.222)
log (highway distance) -0.390pk* -0.630pk* -0.337%k* -0.158%%* -0.118%k* -0.125%%* -0.067**
(0.055) (0.075) (0.050) (0.039) (0.036) (0.035) (0.031)
log (airport distance) -0.391F%* -(0.383%** -0.250k%* -0.155%** -0.137#%* -0.147%* -0.096¢**
(0.108) (0.120) (0.061) (0.051) (0.045) (0.044) (0.035)
log (seaport distance) -0.429%%* -0.549%** -0.097#** -0.160%** -0.148%** -0.147#%* -0.074%*
(0.104) (0.093) (0.034) (0.041) (0.037) (0.049) (0.037)
Urban structure:
CBD dummy (Without 2.049%x* 2.023%*xx 1.663%** 0.238*
Madrid and Barcelona) (0.121) (0.116) (0.115) (0.134)
Within 20km of Madrid (incl. 3.24G%kx
Madrid) (0.258)
Within 20km of Barcelona 2,004
(incl. Madrid (0.241)
CBD dummy Madrid 5.744*** 4.838%** 1.6071%%*
(0.841) (0.776) (0.578)
CBD dummy Barcelona 4.490%* 3,658k 1.403**
(0.848) (0.779) (0.564)
Around 20km of Madrid 1.645%F* 1.612%%* 0.432*
0.274) (0.293) (0.262)
Around 20km of Barcelona 1.092%k% 1,057+ 0.388**
(0.241) (0.234) (0.201)
Around 10km of other CBD’s -0.088 0.131 -0.150
(0.107) (0.108) (0.097)
Additional inflation variable
Stock of logistics firmsoon -2.354kkx -2.390Fk* -2.209%F* -1.750%* -0.907#**
(0.292) (0.336) (0.289) (0.237) (0.237)
Province fixed effects Y Y Y Y Y Y Y
Geographic controls N N N N N Y Y
Socio-economic controls N N N N N N Y
Observations 7936 7936 7936 7936 7936 7939 7639
Pseudo R-squared 0.387
Log likelihood -5871.7 -2959.9 2693.9 2438.9 2395.3 2303.9 2065.8
Vuong Test- ZINB v NegBin 12,850 12,2005 11.9%5+ 10,100 674

Note: (1) Robust standard errors reported in parenthesis. Significant coefficients are indicated by ***, ** *_for significance
at the 1%, 5% and 10% level, respectively. (2) Geographic controls include: Latitude, Longitude, Distance to the coast, Land
area, Altitude. (3) Socio-economic controls include: /g of 2001 municipality population, log of 1991-2001 population growth, log of
2001 manufacturing employment, percentage of graduates in 2001, percentage of occupied population in 2001.
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5. Conclusion

The literature on firm location has mainly concerned the manufacturing industry, and
recently the service sector, while little evidence has yet been provided on the logistics
sector. The few studies on the topic refer mainly to logistics sprawl of warehousing
activities at the regional/metropolitan level and to the location determinants of transport
and logistics FDIs in China and Italy.

However, in the globalized world, where the demand for “logistics floor space” is
expected to grow substantially, understanding the location decisions of logistics firms is
important for society. Besides, it cannot be denied the positive contribution of logistics to
global economic growth as well as of ICT and logistics to the global production
efficiency.

Within this context, the present paper contributes to the literature empirically by
investigating the geography of logistics firms and the role played by accessibility using
geo-referenced firm level data along with detailed information on transport infrastructure
for the whole of Spain. To reach this goal, a spatial analysis together with a count data
modelling approach has been adopted. The spatial analysis refereed to the year 2007 and
confirmed a strong concentration of logistics firms in the main urban areas — with Madrid
and Barcelona hosting one third of the establishments —, in major cities and along major
transportation corridors, with a preference for the highway network. Besides, if compared
to the manufacturing, business and transport sectors, logistics firms are more urbanized.
However, this trend started decreasing since the 1980s in favour of suburban and extra-
urban locations. Specifically, rural areas with good accessibility, higher market potential,
and higher proximity to urban areas began to attract warehousing, storage, cargo handling
operations, and other transport support activities.

The results of the spatial analysis are corroborated by the count data modelling approach
focusing on the new logistics firms that have been created in the period 2002-2007.
Access to transportation infrastructure and proximity to urban areas (especially Madrid
and Barcelona) are important location determinants for logistics firms, thus confirming
the attitude of this sector, which is market oriented, to be located in or close to urban
areas. Our results confirm that transportation accessibility is crucial for the emergence of
logistics clusters.

Nevertheless, as suggested by the literature, logistics sprawl is occurring too: these firms
are increasingly privileging suburban locations and, to some extent, rural locations with
good accessibility to the detriment of central cities, likely due to their lower factor prices
and land availability. These results are meaningful for policymakers: the location of
logistics activities raises land consumption, contributes to urban sprawl, and is a generator
of negative external costs for the community. Besides, it shapes the demand for freight
transport and deeply influences the feasibility of a shift of freight transport towards more
sustainable modes of transport (European Commission, 2011).

Further research might investigate whether government policies might have played a role
in accommodating new logistics firms in Spain, and how and to what extent tailored
planning policies might reduce land consumption sprawl as well as the collective costs.
Besides, an analysis of the new established firms in other sectors (i.e. manufacturing,
retail, business) in the period of analysis (2002-2007) might help improving further our
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understanding of whether and how the logistics’ location behaviour differs from the other
sectors’ location behaviour. Investigating the relationship between location dynamics and
logistics firms’ heterogeneity (domestic vs. foreign owned firms) might also provide
useful information to government policy makers in predicting future location patterns. In
the case of FDIs, for instance, appropriate public policies might be designed to influence
their future location decisions.

A final note of caution must be added. We cannot be completely sure that the relationships
that we have observed in our analysis between logistics firm location and our accessibility
measures are causal. More research still needs to be done in this field to address remaining
concerns regarding the endogeneity in infrastructure placement and thus the potential for
reverse causality between accessibility and logistics location.
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Appendix 1:

Definitions and sources of municipality control variables

Definition Sources
Population 20071 Log (population 2001) INE (www.ine.es)
Population growth 1991- log (population 2001)- INE (www.ine.es)
2001 log(population 1991)
Manufacturing 2007 log (employed in manufacturing in
2001)
% graduate 2001 [Residents with a higher education
degree in 2001/ Resident population Census data 2001.
in 2001] x 100 INE (www.ine.es)
% employed 2001 [Residents which were employed in
1991/ Resident population in 1991]
x 100
I atitnde - National Qeographic
Institute
Longitude - Natior}al Qeographic
nstitute
Altitnde - National Qeographic
Institute
GIS own calculation based
Distance to the coast Geodesic distance to neatest coast on National Geographic
line Institute data
Land area in square kilometers INE (www.ine.es)
Dummy variable taking 1 if Proyecto AUDES:
CBD dummy municipality is the central city of an | http://alarcos.esi.uclm.es/pe
AUDES urban area r/fruiz/audes/
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Figure 1. Location of logistics firms in mainland Spain in 2007
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Figure 2. Location of logistics firms in Madrid and Barcelona in 2007
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