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Abstract: We aimed to explain the spatial distribution of information and communication technology
(ICT) firms in the city of Ostrava as an example of a medium-sized, shrinking, polycentric industrial
city. The primary research question was to what extent micro-geographic location factors affect
the current spatial clustering of ICT firms in polycentric cities characteristic by relatively weak
urbanization economies and mostly routine character of ICT activities. We analyse and test the effects
of the urban form at the level of urban blocks and individual buildings (considering their height,
technical condition, age and dominant function) on the clustering of ICT firms of various sizes and
ownership statuses. The inquiry was based on a detailed field mapping (using ArcGIS Collector) of
ICT firms and physical/functional characteristics of the buildings and their immediate surroundings.
ICT firms are significantly spatially concentrated in the historic city centre and inner city. Spatial
patterns of ICT firms focused on less knowledge-intensive, routine and/or lower value-added
functions do not differ fundamentally from innovative firms developing new products. Preference of
denser, walkable, mixed-use neighbourhoods in urban cores/inner cities can be found in the group
of firms focusing on routine functions: rather for larger than for smaller firms and domestic than
foreign-owned firms.

Keywords: localization; hubs; cities; urban morphology; ICT firms; micro-geography

1. Introduction

Economic growth and competitiveness of cities and regions in developed countries
have been increasingly associated with the knowledge economy (KE) [1]. Knowledge-
intensive business services (KIBS) are among the most important components of the
KE [2]. Their spatial clustering in large cities is driven by a combination of demand and
supply factors [3], including the population/firm density and diversity [4], proximity to
their principal customers/suppliers [5] and accessibility [6]. ICT firms, the key actors of
economic, employment and innovation dynamics in many metropolitan regions [7], are
among the most spatially concentrated KIBS not only at a regional but also at an intra-urban
level. Their tendency to form clusters and hubs is driven by various kinds of agglomeration
economies [8,9].

Agglomeration economies attenuate sharply with increasing horizontal distance
(e.g. [7,10-14]) and vertical distance in buildings [15]. Hawken and Han [16] documented
the relevance of 3D economic heterogeneity measured at the most fine-grained spatial
level of urban blocks/buildings for the location of economic activities in commercial
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downtowns and designing urban innovation districts. As Rosenthal and Strange [17]
(p. 1) argued, “...agglomeration effects operate below the neighbourhood level, including
within buildings and organizations”. Therefore, growing empirical evidence suggests that
a comprehensive understanding of the spatial distribution of knowledge-intensive busi-
ness services in cities requires spatial analysis at the level of urban blocks and individual
buildings, as proposed in this paper.

ICT firms, mostly representants of a synthetic knowledge base [18], are likely to locate
where they can maximize their economic output and minimize their costs [9], following
the spatial distribution of their principal suppliers and customers [19]. Concentration
into CBDs and inner cities can be expected only if their parent companies, key suppliers
or customers have located there (cf. [20]). If not, ICT firms should develop in less dense
suburban locations to capitalize on: i. lower rents [21]; ii. collocation with manufacturing
companies as their customers [22]; iii. proximity to large (technical) university campuses,
office parks, science parks and research institutes [21,23] that are often located in suburban
localities near the junctions of major highways [22]; iv. proximity to the residential sub-
urban neighbourhoods that might serve as their labour pools. Suburban (car-dependent)
“scientific neighbourhoods”, where ICT firms are expected to cluster, are characterized by
the low-medium firm and street density, modern (higher) monofunctional buildings, few
public/private places allowing for meetings (parks, cafes, restaurants, bars) and inauthentic
atmosphere [24].

Nevertheless, a trend of increasing spatial concentration of digital economy, ICT firms
(and other knowledge-intensive business services) into dense inner-city “creative/cool
neighbourhoods” has also been observed [22,25-27]. These neighbourhoods are character-
ized by high physical, social and functional diversity [28], high firm density, walkability [21]
and a mix of (older) buildings diverse in size, height, age, size and public—private inter-
face [28,29] that are not always in perfect technical condition [26]. The local intersection of
morphological diversity, socio-economic diversity (activities associated with bohemians,
rich gentrifiers and local communities with lower social status) and functional diversity
(consumer services, culture, amenities, housing) favour localized creation and dissemina-
tion of knowledge. Besides, the creation of new ICT clusters influences the transition of
urban space and its reterritorialization [26] and may be connected with the revitalization
and transindustrialization of post-industrial cities [30], which means that the process of
functional transformation of post-industrial cities may follow different paths, including
development based on high-tech industries [31,32].

Correspondingly, there has been growing awareness that “macro” localization factors
such as proximity to the CBD, transport infrastructure, major universities or technology
parks—while important [33]—cannot sufficiently explain geographies of ICT (or more gen-
erally, knowledge-intensive services) firms at the intra-urban level. Their spatial dynamics
can be significantly affected by morphological, demographic, social and cultural factors
and functions found in a firm’s immediate neighbourhoods [34]. Location factors at the
micro-geographic scale might be relevant for all ICT firms, those located in isolation, clus-
tered in creative neighbourhoods or scientific neighbourhoods. According to Adler et al.,
“Micro-clusters work to harness the Marshallian (as opposed to Jacobian) benefits of a
deeper spatial division of labour” [35-37].

In this paper, we mapped the current micro-geographies of ICT firms in the medium-
sized polycentric industrial city of Ostrava (Czechia). We aimed to contribute to the
theoretical discussion on the spatial distribution of knowledge-intensive business services
at the intra-urban level in several ways. Firstly, the paper contributes to the discussion
of the role of urban contextual factors in the location patterns of ICT firms. While recent
studies focused mostly on economically highly developed, tertiarized, large metropolitan
regions (e.g., Montreal, Toronto and Vancouver [12,13]; Barcelona [14]), we offer empirical
evidence from a polycentric, highly industrialized medium-sized city. Besides that, on the
empirical level, the paper contributes to the discussion on the functional and morphological
transformation of urban spaces in Central European post-industrial (e.g., Bielsko-Biata [38],
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Cracow [39], Warsaw [40]) and post-mining cities (e.g., Katowice conurbation in Poland [32],
Karvina and Orlova in Czechia [41]) that are still less described than their Western Euro-
pean counterparts [42]. The question was whether the clustering of ICT firms in dense,
walkable inner-city neighbourhoods also occurs in cities characterized by relatively weak
urbanization economies, a lower degree of centrality and a routine character of ICT activi-
ties [43], where rather dispersed spatial patterns of ICT firms (motivated by lower rents)
could be expected (see [44]).

Secondly, we focused on spatial patterns of firms performing mostly routine and
lower value-added production that prevail in the ICT sector of Ostrava [43]. These firms
are not likely to capitalize significantly on local buzz (see [45] for the concept). Therefore,
we asked whether routine ICT firms cluster in dense, walkable, amenity-rich inner-city
neighbourhoods even when they are not likely to capitalize on localized knowledge creation
and dissemination.

Thirdly, we compared location patterns and neighbourhood characteristics of small/
medium and large firms. We expected that larger firms depending more on intra-firm
and/or extra-regional knowledge networks may prefer suburban settings as suggested
by Spencer [24]. Smaller firms, start-ups and individual entrepreneurs, on the other hand,
should cluster more in walkable neighbourhoods located in the inner city [21] or may be
collocated with the place of residence to reduce costs. We also compared location patterns
of domestic and foreign-owned firms.

Finally, we conducted a detailed field survey and for each ICT firm. We collected a
highly detailed description of the respective buildings (height, age, function and technical
condition) and their immediate surroundings (50 m perimeter). Therefore, location factors
were analysed at the most fine-grained spatial level possible, following the recent focus of
several important studies on a micro-geographic scale [16,46—49].

In the following section, we discuss theoretical aspects of the intra-urban location
of ICT firms, focusing on the role of micro-geographic location factors. The third section
summarizes data and methods. In the fourth section, a brief contextualization of the city
of Ostrava is provided. The fifth section includes the basic results of statistical tests and
mapping. In the sixth section, we discuss our findings in regard to those of other authors
and consider the limits of the research, while in the seventh section, conclusions and
implications for future research are drawn and policy recommendations are provided.

2. Spatial Distribution of ICT Firms in Cities: The Role of Micro-Geographic
Location Factors

Let us start with a discussion on why and how physical and functional urban structures
can affect the localization of ICT firms. Population firm, built-up volume and institutional
densities may support clustering of ICT (KIBS, creative) firms through the reduction of
distances, easing of face-to-face contacts, and increasing frequency and probability of
accidental meetings that may foster localized (tacit) knowledge creation and spillovers [28].
Correspondingly, the magnitude of agglomeration economies [10,11,13,15,50-52] sharply
attenuates with increasing distance. However, a distance decay should be expected, mostly
for knowledge spillovers [11,53]. Other mechanisms related to localization economies
(input—output linkages, sharing of infrastructure and specialized suppliers) are less distance
sensitive and may materialize at the level of an urban region [11]. While face-to-face
contacts and (tacit) knowledge spillovers are more important for innovative than for routine
economic activities [49], reduction of transport/transaction costs through agglomeration
and labour market pooling/sharing of suppliers may also be relevant for standardized
production activities.

Another question is the relationship between the urban form and the location of ICT
firms. More specifically, do spatial patterns of ICT firms and jobs differ significantly among
various types of urban structures? Do ICT firms cluster in compact, dense, amenity-rich
and walkable neighbourhoods the way firms in creative industries do (see [54]), or are they
rather dispersed and located in lower-cost suburban residential or commercial areas? To
answer these questions, we distinguished among several basic types of urban structures
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(organic, urban blocks, estates and high rises, mixed building types and low-density
residential and commercial structures) and discussed their potential relationships with the
location of ICT firms and jobs (the typology is based on the approach of [55,56]).

The organic urban structure is characterized by high built-up volume density, (usually)
irregular blocks of houses, squares and streets designed mainly for pedestrian traffic.
These urban structures can be found in the oldest parts of urban cores. While the high
aesthetic value of buildings, residential “coolness”, amenities, concentrations of corporate
headquarters and public institutions as important customers may create an attractive mix
for ICT firms, high rents, land regulation and historic preservation may push firms outside
of historical cores.

The urban block structure consists of compact, closed blocks of buildings, mostly from
the second half of the 19th and the first half of the 20th century, connected by a regular
hierarchical network of streets supplemented by parks. Some parts of these structures
may be very attractive both for housing and entrepreneurship, combining the relatively
high aesthetic value of buildings with amenity richness, walkability and presence of third
places [57] including parks (see [58]), allowing for meetings and associated knowledge
spillovers. Therefore, “creative neighbourhoods” [24] are likely to be found in this type of
urban structure. Clusters of smaller ICT firms and start-ups might be present, capitalizing
on the combination of lower rents (compared to CBDs) and the proximity of their major
customers located in urban centres. In medium-sized industrial cities such as Ostrava,
however, these creative clusters may be rare and small, covering only a couple of streets
or blocks.

Estates and high rises are densely populated residential neighbourhoods where build-
ings are surrounded by greenery and relatively generous parking places. Despite the lower
aesthetic value and residential “coolness”, these structures may be relatively rich in public
amenities that are concentrated around main public transport stations. Ground floors of
high-rise blocks may be suitable for small-scale entrepreneurial activities, while larger
firms may use modern monofunctional buildings.

Low-density urban structures consist of three similar urban structures: the garden
city urban structure, single-detached houses and paired villas and row houses (see [55]).
Despite their relatively high residential attractivity, these neighbourhoods are usually not
amenity-rich and are not expected to attract a significant portion of ICT employment.
We expected scattered patterns of small firms that are bound to the residence of their
respective owners.

Mixed building types are relatively densely populated urban structures combining
compact blocks and semi-open blocks. These neighbourhoods usually gravitate around a
square surrounded by a compact building block, where potential clustering of ICT firms can
be expected, and an outer ring of lower density residential or commercial premises. High
physical and functional diversity and the intersection of commerce, residential function
and public services might be conducive for the development of ICT firms.

Association between the built form and spatial patterns of knowledge-intensive eco-
nomic activities [26,59] might manifest not only at the level of city neighbourhoods [7],
but also at the level of urban blocks or buildings [16,28,60]. If the location patterns of
(small) ICT firms resemble those of creative industries, as suggested by Duvivier et al. [22],
they might prefer older (built before 1945) former industrial or warehouse buildings on
smaller grain lot sizes, lower than five storeys high, that are not necessarily completely ren-
ovated [28] and that should be located in dense, permeable and walkable neighbourhoods
characterized by mixed land use, a mix of functions and abundant urban amenities. On
the other hand, if the concept of “science neighbourhoods” [24] is relevant for capturing
spatial patterns of ICT firms and jobs, high-rise modern monofunctional buildings on large
lots in monofunctional neighbourhoods can be expected.

The effects of micro-geographic location factors on the spatial distribution of ICT
firms should be considered in the geographical context of the shrinking polycentric post-
industrial metropolitan region. Urban shrinkage and a gradual shift of population from
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dense centres/inner cities towards suburban zones [56,61,62] are associated with relatively
low rents in the city centres/inner cities, “creating thus a vast market for inexpensive and
‘accidental” development” [63] (p. 5). Affordable real estate and general availability of
space allow for the construction of office parks/buildings in inner cities. Nevertheless, the
expansion of ICT firms in city centres/inner cities in cities such as Ostrava is constrained
by perforated urban structures, brownfields, vacant/derelict land and perhaps also by the
attractivity of the secondary business districts (see also [64,65]) outside the historical urban
core for standardized and lower value-added services [9].

Relationships between the built form and ICT firm location might differ significantly
among firms of various sizes and ownership statuses. Larger and foreign-owned firms
should be less sensitive to the spatial differentiation of rents. We expected them to locate
either in completely renovated historic buildings in the urban core or modern monofunc-
tional high rises along the main streets in inner cities or suburbs. Smaller (domestic) firms
may be bound to the place of residence and over-represented in estates and high rises and
low-density urban structures. On the other hand, if the finding of Duvivier et al. [22] that
ICT firms start to resemble creative industries in their location requirements is relevant
for Ostrava, smaller and domestic firms should cluster in inner cities, preferring former
industrial /warehouse (now polyfunctional) buildings of high aesthetic value that are not
necessarily completely renovated [26,60]. We expected that the immediate surroundings of
larger firms would be monofunctional and specialized in commercial functions (services),
while the immediate neighbourhoods of smaller firms would be characterized by a mix
of functions.

3. Case Study of Ostrava

Ostrava is the core of an old metropolitan industrial region that is still characterized
by relatively high specialization in traditional heavy manufacturing industries. In the
transformation period since 1989, the city has experienced population shrinkage [9], a
dramatic fall of industrial employment, the closure of the last coal mine (1994) and a
rapid shift towards service employment and the service economy. The transformation and
decline of industrial production altered the spatial-functional structure of the city and
created a possibility for new economic activities (mostly services) to locate and develop in
former industrial buildings [66].

According to Zarecor (p. 13), “Ostrava as a city is still physically oriented around its
socialist-era scaffold, but now the nodes of its economic network have changed . .. To regen-
erate itself, the city repurposed its industrial nodes, the steel mills, coal mines, and state-run
businesses that were the foundation of the socialist economy and replaced them with shop-
ping malls, tourist sites, office towers, light industry, and research parks” [67] (see also [68]).
Although the inner city has largely maintained its industrial character [59], the location of
knowledge-intensive business services has been constrained by the typical problems of
Central European post-industrial or post-mining urban regions (see [63,69]): perforated
and often erratic urban structure, the emergence of large brownfields [41,56,59-73], vacant
or under-used land and socially excluded localities [74]. On the other hand, unlike many
other shrinking cities, Ostrava has no significant problem with empty flats that would
require the demolition of entire residential buildings [70].

As already suggested, the urban structure of the city is polycentric, historically formed
by spontaneous growths of coal mining, metallurgy/other heavy manufacturing industries,
settlement and services [50,75]. The organic urban structure represents only a small central
area in the historical core, which can be explained by the relatively short industrial history
of Ostrava [56] and insensitive reconstruction of the historic centre in the second half of
the 20th century. Therefore, the street pattern is rather regular, resembling more the urban
block structures in inner cities such as Prague. In the socialist period, 1948-1989, Ostrava
(and other socialist cities) were surrounded by a concrete ring of housing estates [65]
and newly built or extended industrial complexes. The polycentric character of Ostrava
has been thus multiplied by the construction of new residential areas (sub-centres) in the
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western part (Poruba) and southern part (Ostrava-Jih), which “resulted in the emergence
of a city comprising three spatially divided areas arranged in the shape of an equilateral
triangle” [76] (p. 4) and the development of three commercial subcentres.

Like many other Central European shrinking cities [76], Ostrava has lost its population
as a consequence of three major interrelated processes: demographic transition, subur-
banization and a partial decline of mining and heavy manufacturing followed by a shift
towards the service-based economy (see [65]). The development of ICT industries, mostly
driven by an inflow of foreign direct investment [77] and supported by regional political
representation, was an integral part of the city economic transformation. An important
stimulus for ICT development was the expansion of information science at the Technical
University of Ostrava [78].

4. Materials and Methods

The initial source of data was the Business Register by the Czech Statistical Office.
The Register records firms, which are legal entities, and self-employed workers [79]. For
our research, we selected only firms classified in the following NACE divisions: 61—
Telecommunications, 62—Computer programming, consultancy and related activities
and 63—Information service activities. Data from the Business Register were obtained
via the information system ARES maintained by the Ministry of Finance (2019). Data
were subsequently the subject of a detailed survey aimed to verify the primary NACE
division (Figure 1). Only firms with NACE divisions 61/62/63 as their primary economic
activity were included. Then, data were geocoded and verified by field research using
the Collector for ArcGIS application. The existence of the firm at the given address was
checked, new firms (not listed in the Business Register) were mapped, and the database
was supplemented with additional data on the physical condition of the buildings and the
function of their surroundings. This procedure proved to be very beneficial, as it turned
out that the data from the registry are burdened with a high error rate. The input records
were outdated, incomplete or irrelevant. A common problem was a discrepancy between
the official location of the firm’s headquarters and their actual locations, resulting in several
cases in the identification of the “false hubs”.

z . )
o Business Register .
E NACE 61-63 data — ‘ Geocoding of addresses ‘
&
&
w
o
a
= Final dataset Verification and enrichment
= e S "
S (454 ICT firms) by a field survey
Average nearest neighbour Kruskal-Wallis test
ratio (NNI) (the effects of building height,
technical condition, age,
¢ function and function
— - of the surroundings
Multi-distance spatial on firm size)
cluster analysis
(k-function) "
3 9 Chi” tests
E ;(' (relationships between
B Incremental spatial Z the built f‘;'fm and firm
a autocorrelation 2 ownership status)
< (Global Moran’s 1) S
E &
g ¢ = Herfindahl-Hirschmann index
o E (diversity of building form
Kernel density in varimis tytpes o)f urban
structures

v

Filtering and visualization
of ICT hubs

Figure 1. Methodology flow chart.
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The field survey identified and located a total of 454 ICT firms, of which 32 firms were
classified under telecommunications (NACE 61) and the remaining 422 firms under the IT
group (NACE 62 and 63). Another significant problem was determining the size of firms in
terms of employment. The register lists only employment categories (range of the number
of workers) when the number refers to the firm as a whole, and the numbers of employees
for branches are not available. We tried to verify the current number of employees by
interviewing companies, studying web resources, researching companies’ annual reports
and studying information about companies listed in the official materials of the city of
Ostrava. In a few cases where the data could not be verified, 60% of employees were
assigned to the company’s headquarters and the remaining number was evenly distributed
among the branches.

In addition to traditional visualizing cartographic methods, localization patterns were
analysed in GIS using several spatial statistics methods to answer the question of whether
the firms were creating clusters (here we call them hubs). Such a task could be based
only on a visual analysis of spatially visualized data; however, the use of spatial statistics
underlies this estimate by numerical tests and makes it more reliable [80]. We analysed
data using tools average nearest neighbour, k-function, kernel density and incremental
spatial autocorrelation.

The average nearest neighbour tool measures the distance between each event (here
firm) and its nearest neighbouring feature. It then averages all these nearest neighbour
distances. If the average distance is less than the average for a hypothetical random
distribution, the distribution of the features is considered clustered. If the average distance
is greater than a hypothetical random distribution, the firms are considered dispersed.
The average nearest neighbour ratio (NNI) is calculated as the observed average distance
divided by the expected average distance. If the resulting index is less than 1, the pattern
exhibits clustering. If the index is greater than 1, the trend is toward dispersion.

Although the NNI is a useful index for the initial assessment of spatial patterns, as a
single value it does not tell much about the way individual features are distributed in the
pattern. Quite a common approach to analysing point distributions is to use a k-function
working with a range of distances from every feature [81]. The method has also recently
been used by several authors for the identification of knowledge-intensive business services
at the urban scale [82,83]. The k-function, which considers all features and provides the
standardized average number of features at the distance d from any feature, is used to
provide greater detail on how the firms are clustered in space [9]. Within the ESRI ArcGIS
Pro multi-distance spatial cluster analysis tool, a common transformation of the k-function,
often referred to as L(d), is used. Then, the expected k value is equal to distance. The

k-function is given as:
AV Y ki
L d — ]_ 1]7é '] 1
(@) \/ n(n—1) M

where d is the distance, n is the total number of features, A is the total area of the features
and k;; is a weight. If there is no edge correction, then the weight is equal to one when the
distance between i and j is less than d and equal to zero otherwise. Using a given edge
correction method will modify k;; slightly.

The kernel density method is a density method having its main use in geovisualization,
i.e., to express the continuous spatial density of the observed phenomenon [81]. The method
calculates the density of features in any area of the studied region, not only in places with
the existence of features. Density is estimated by counting events in an area or core centred
at the point where the estimate is to be made, with each point being replaced by a three-
dimensional moving function. The population field can be used to weigh some features
more heavily than others or allow one point to represent several observations. The density
estimation is then calculated as:

n

o = 5 k- = 5 LK) @

i=1
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where K is a kernel-smoothing function, & > 0 is bandwidth-defining smoothing and X; are
individual objects (in our case, firms).

The variable & is of key importance here, as this parameter controls the variance of the
density function K. If the bandwidth is set too large, the estimated densities will be similar
everywhere and close to the average point density of the entire study area. If the bandwidth
size is too small, the surface pattern will focus on individual point records. Krisp and
Spatenkova [84] stated that experimentation is necessary to derive the optimal bandwidth
setting to achieve a satisfactory result. However, this procedure requires knowledge of
the nature of the processes that determine the creation of spatial patterns. To support the
appropriate determination of bandwidth, we used spatial autocorrelation (based on the
Moran’s I criterion) with all possible distances.

Incremental spatial autocorrelation uses the Global Moran'’s I tool for a series of
increasing distances measuring the intensity of spatial clustering for each distance. Z-scores
reflect the intensity of spatial clustering, and statistically significant peak z-scores indicate
distances where spatial processes promoting clustering are most pronounced. These peak
distances are often appropriate values to use for tools with a distance bandwidth or search
radius parameter.

To test the effects of building height, technical condition, age, function and function
of the surroundings on firm size (employment), we used the Kruskal-Wallis test (Table 1).
Relationships between the built form and firm ownership status were tested by Chi? tests.
Diversity of the building form in various types of urban structures was measured by
the Herfindahl-Hirschmann index, which was calculated from the percentual shares of
individual types of buildings (from the viewpoint of height, condition, age and function).

Table 1. Variables used in statistical tests.

Name

Description Source

Urban structure

Type of urban structure: 1 = organic; 2 = urban blocks; 3 = estates and high
rises; 4 = mixed building types; 5 = low-density structures; 6 = industry Slach et al., 2019

and transportation; 7 = services.

Building height

Number of storeys: 1 =up to 2; 2 =3 to 4; 3 =5 and more. own survey

Building condition

1 = new or completely renovated building in perfect condition; 2 = partly

renovated building; 3 = building in bad technical condition. own survey

Building age

1 = built before 1945; 2 = built between 1945 and 1989; 3 = built since 1990. own survey

Building functions

1 = commercial monofunctional; 2 = commercial polyfunctional; 3 = mostly

. . . ; own surve
residential; 4 = mix of functions. y

Surrounding functions

1 = residential; 2 = public services; 3 = production; 4 = vacant; 5 = mix of

functions; 6 = other commercial non-production; own survey
7 = transport and warehousing.

Employment

Number of persons employed (2019) Business Register 2019

Ownership status

1 = domestic firms; 2 = foreign-owned firms; 3 = other. Business Register 2019

5. Results

First, we analysed the average distance between firms’ positions using the average
nearest neighbour tool. The result for observed mean distance was 135 meters, and for
expected mean distance, 343 meters. The NNI thus reached 0.39, indicating that the pattern
showed statistically significant clustering. The z-score value reached —24.7, and the city
area size was used in the area parameter. The distribution of firms was further analysed
using multi-distance spatial cluster analysis, which is based on Ripley’s k-function. We
used 10 distance bands with an increment of 343 meters and ran the analysis twice to
compare clustering of unweighted (feature locations alone) and weighted (number of firm
employees) firms. The confidence envelope was computed against 99 random distributions,
and the area parameter was used again in this calculation. Both methods demonstrated
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clustering of firms, with significant differences between the L-functions of the weighted
and unweighted input data (Figure 2). Up to a distance of 500 m, the observed weighted L-
function shows an almost double rate of clustering compared to the observed unweighted
L-function. Within the entire analysed distance, the clustering of the weighted variant was
approximately on average 40% higher than the unweighted variant. From a distance of
1900 m, the weighted observed L-function rises above a higher confidence envelope and
shows statistically significant clustering.

500 1000 1500 2000 2500 3000 3500

Distance (m)

Observed weighted = =Expected weighted = e Confidence envelope weighted

= = = Observed unweighted - - = Expected unweighted

Figure 2. Weighted and unweighted L-functions for ICT firms in Ostrava (2019).

For the needs of suitable geovisualization of hubs using the kernel density method, we
used incremental spatial autocorrelation to determine the distance bandwidth parameter.
We used 10 distance bands with a beginning distance and an increment of 135 m without
row standardization. Only one max peak at a distance of 675 m was detected. Subsequently,
hubs were modelled using kernel density. The number of employees was used in the
population field and the search radius was set to 675 m. The result was stored in a raster
with a 10-m cell size. Subsequently, the hubs were extracted by filtering the values on
the 99th percentile and visualized using a multi-part colour scheme. The results of this
procedure were nine well identifiable ICT hubs within the city (see Figures 3 and 4).
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Figure 4. The detailed locations for ICT hubs in the city of Ostrava.
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Hub A (roughly 200 jobs) is located in the northeastern part of the city centre in an
organic urban structure type. The hub consists of small- to medium-sized ICT firms located
in old but renovated commercial multifunctional buildings. The area is characterized by a
mix of functions, the location is very well served by public transport and the central square
is within walking distance. However, two major concentrations of ICT firms can be found
in office parks, not in authentic historic buildings (Figure 5).

TR

Wi {DL)JJ T b

"4

Figure 5. Building in Hub A (office centre “Na Nabtezi”).

Hub B (more than 700 jobs) can be considered as a wider city centre (Figure 6). The area
is dominated by the urban structure of mixed building types, where older multifunctional
buildings dominate in turn. ICT companies of all sizes are represented, of which the most
important is the transnational corporation OKIN BPS. On the west side, Hub B is bounded
by a railway, which creates a significant barrier. However, there is a local train station,
and other public transport is within walking distance. To the south, the New Karolina
shopping centre is located, negatively affecting the retail development in the historic centre
of Ostrava [85].

Hub C (more than 1000 jobs) is located in an urban structure of mixed building types
that have been recently divided by a four-lane road on which a modern office complex has
been built (Figure 7). Even though it is the biggest office complex in Ostrava (34,000 m?),
it is used by only a few companies, the largest being Autocont and OKIN BPS (both 250+
employees). In the immediate vicinity, there is the Fifejdy housing estate with a population
of more than 6000.

Hubs D (3000 jobs), E (1800 jobs) and F (300 jobs) are located on the major street 28.
fijna, forming an axis of the area (Figures 8-10). The mixed building type urban structure
dominates. While several small- and medium-sized firms are present, large firms account
for the majority of ICT employment. The biggest ICT firm, Tieto Czech with approximately
2400 employees, is located in a modern and rather inauthentic office building (Figure 7b)
similarly to a majority of other large firms.
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Figure 6. Hub B: selected buildings hosting ICT firms: (a) location B1, (b) location B2, (c) location B3.
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(b)

Figure 7. (a) Hub C: building on Hornopolni street, location C1, (b) Hub D: selected buildings hosting ICT firms, location
D1 (photo source: Tieto Czech, s.r.0.).

Figure 8. Hub F: a typical urban structure surrounding the hub, location F1.

Hub H is the smallest identified hub with approximately 150 employees. Several
small- to medium-sized ICT firms reside here. It is located at the northeastern edge of
the most populated city district, Ostrava-Jih. The urban structure is formed by single
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detached houses, and the surroundings are residential or mixed function. Buildings
with ICT firms are in good or excellent condition, and the function of these buildings is
commercial monofunctional or partly residential. Rudnd Street, which currently forms the
main west—east traffic axis, passes close to the hub.

gg 80
e
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(b)
Figure 9. Cont.



Land 2021, 10, 695 16 of 26

(0)
Figure 9. Selected buildings in the Hub E: (a) location E1, (b) location E2, and (c) location E3.

Figure 10. Hub I: selected buildings hosting ICT firms, location I1.

Hub I (450 jobs) is located in the western part of the city in the Ostrava-Pustkovec
district (Figure 10). It can be found at the end of the wider strip of services comprising
the Technical University of Ostrava and University Hospital of Ostrava. Thanks to the
expressway the location is easily accessible for commuters by car. The hub consists of
several small- to medium-sized firms and start-ups located in new buildings of Science
Technology Park, the Business Incubator of the Technical University Ostrava or the EU-
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funded IT4Innovations National Supercomputing Centre. The total employment in ICT is
approximately 450 employees.

Identification of hubs shows that the vast majority of ICT firms (51.5%) and jobs
(74.6%) in Ostrava are located at urban structures characterized by a mix of buildings of
various sizes, architectonic styles and functions (Table 2). The second-highest number
(13.4%) of ICT firms resides in the estates and high rises, followed by the monofunctional
areas dominated by services, mostly the university campus. The historic core accounts
for 9.5% of firms and only 3.8% of jobs, amounts roughly comparable with those of the
low-density urban structures. Almost no presence of the ICT sector was found in the urban
block structures around the historical core.

Table 2. ICT firms in Ostrava and urban forms: descriptive statistics.

Number of Firms  Number of Jobs Mean Jobs StDev Jobs
Urban structures
organic 43 367 8.5 15.1
urban blocks 4 4 1.0 0.0
estates and high rises 61 154 2.5 5.0
mixed building types 234 7253 31.0 166.2
low-density structures 33 323 9.8 22.0
industry and transportation 28 713 254 385
services 51 910 17.8 23.5
Building height
1-2 storeys 121 1534 12.7 22.0
3-4 storeys 208 3289 15.8 42.7
5+ storeys 125 4900 39.2 221.8
Building condition
perfect 237 6944 29.3 162.3
good 201 2744 13.649 411
before renovation 16 35 2.156 1.8
Building age
before 1945 58 740 12.8 20.8
1945-1989 276 3092 11.2 35.8
since 1990 120 5891 49.1 2262
Building function
commercial monofunctional 67 1196 17.8 25.6
commercial polyfunctional 243 7926 32.6 162.9
residential 135 362 2.7 74
public services 3 5 15 0.9
mix of functions 5 219 43.8 90.8
other 1 15 15.0 0.0
Surroundings function
residential 128 968 7.6 215
ma“uf;fg‘éﬁi‘go‘r’f other 8 403 503 195
transport and warehousing 4 57 14.1 23.9
public services 29 505 17.4 26.1
other commercial 38 531 14.0 174

non-production function
mix of functions 244 7250 29.7 162.7
All firms 454 9722 214 120.6
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The diversity of buildings hosting ICT firms varies significantly among various types
of urban structure. Not surprisingly, the highest diversity of buildings (apart from height)
and their surroundings was found in the structure of mixed building types and the lowest
in the organic urban structure of the historical core. Generally, both the physical and
functional diversity of buildings where ICT firms reside and their surroundings is relatively
high. The expectation that ICT firms reside primarily in monofunctional buildings and
neighbourhoods was not supported by empirical evidence.

Large firms are almost exclusively found in mixed building urban structures and
industrial /service-oriented monofunctional areas. Almost half of small firms and self-
employed ICT workers are also located in mixed building types. Nevertheless, they are
also significantly represented in the organic structure of the historic core and residential
buildings in estates/high rises and low-density urban structures, which distribution is char-
acteristic of the small mean employment size of ICT firms. There was no direct relationship
between firm size and building density: the dense organic and low-density suburban struc-
tures were characteristic of small firms, while relatively dense mixed building structures
generally hosted larger firms (Tables 2 and 3).

Table 3. ICT firms/jobs density and urban structures.

Urban Structure Area (km?) ICT Firm Density ICT Jobs Density

Organic urban structure 0.67 64.4 550.0
Urban block structure 0.66 6.0 6.0

Urban structure of estates and high rises 14.74 4.1 104
Urban structure of mixed building types 16.51 14.2 439.3
Low-density structures 82.02 0.4 39

Industry and transportation 39.00 0.7 18.3
Services 4.15 123 219.4
Total 157.75 2.9 61.6

Large and small- to medium-sized firms also differed in their preference for buildings.
Except for building height, all other variables (building condition, age, function and
functions in the surroundings) showed statistically significant effects in regard to firm
size (Table 4). While 45.8% of firms reside in buildings 3—4 storeys high, 50.4% of jobs
are found in 5+ storey buildings. Large firms prefer high rises significantly more than
smaller firms (up to 5 workers), the latter of which reside mostly in 34 storey (46.8%) and
5+ storey (30.9%) buildings (Table 2). Almost half of small firms can be found in partly
renovated buildings, while larger firms are located mostly (not exclusively) in buildings in
perfect technical condition. Only 12.8% of ICT firms reside in buildings built before 1945
of (usually) high aesthetic value. Surprisingly, 60.8% of firms stay in buildings built or
fundamentally rebuilt in the socialist period, 1948-1989. Larger firms (50 and more persons
employed) reside mostly in modern buildings (since 1989) that account for 60.6% of total
jobs. More than half of all ICT firms (and 76.9% of those with 50+ persons employed)
reside in commercial polyfunctional buildings, which also account for 81.5% of total ICT
jobs. Small firms, on the other hand, are almost equally represented in residential and
commercial polyfunctional buildings. In terms of surroundings, 53.7% of ICT firms are
surrounded by mixed-use buildings and 28.2% by residential buildings.

Foreign-owned firms are mostly centrally located (Figures 11 and 12) and can be found
primarily in three types of urban structure: mixed building types (47.11%), monofunctional
areas dominated by services (19.1%) and the organic structure of the historic urban core
(14.7%) (see Figure 12). The spatial patterns of domestic firms and self-employed workers
are not completely different: 52.5% of those subjects are located also in mixed-building-
type structures.



Land 2021, 10, 695

19 of 26

Table 4. Urban form and ICT firm size and ownership: statistical tests.

Null Hypothesis Test p-Value Decision
The distribution of Employment is the same across categories of Urban structure. Kruskal-Wallis 0.001 reject
The distribution of Employment is the same across categories of Building height. Kruskal-Wallis 0.188 retain
The distribution of Employment is the same across categories of Building condition. = Kruskal-Wallis ~ <0.001 reject
The distribution of Employment is the same across categories of Building age. Kruskal-Wallis <0.01 reject
The distribution of Employment is the same across categories of Building function. Kruskal-Wallis ~ <0.001 reject
The distribution of Employment is the same across categories of Surroundings function. ~ Kruskal-Wallis ~ <0.001 reject
Variables Urban structure and Firm ownership are statistically independent. Chi? test <0.001 reject
Variables Building height and Firm ownership are statistically independent. Chi? test <0.001 reject
Variables Building condition and Firm ownership are statistically independent. Chi? test 0.419 retain
Variables Building age and Firm ownership are statistically independent. Chi? test <0.001 reject
Variables Building functions and Firm ownership are statistically independent. Chi? test <0.001 reject
Variables Surroundings function and Firm ownership are statistically independent. Chi? test <0.001 reject
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Figure 11. CT firms in Ostrava: size and ownership status.
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Figure 12. ICT firms in Ostrava and urban structures.

Compared to foreign-owned firms, only 8.1% of domestic firms and self-employed
workers are located in the organic urban structure, while a significantly higher share (15.0%)
can be found in the estates and high rises. As expected, employment is higher in foreign-
owned ICT firms (59.1%) compared to their domestic counterparts (18.3%). Domestic and
foreign-owned firms are not fundamentally different in their preferences for various types
of buildings. However, minor differences were found; foreign-owned firms prefer more
modern buildings in perfect technical condition.

6. Discussion

We found strong support for the thesis that ICT firms resemble creative industries in
their location patterns [22,54]. A high rate of clustering in the urban core and inner city
was found. Comparison with previous papers [9,78] indicates that the spatial patterns of
ICT firms and creative industries in Ostrava largely overlap. ICT companies form hubs
in mixed-use, dense, walkable and accessible places in inner cities, capitalizing on the
proximity of customers in CBDs and other locations [86,87]. Therefore, our empirical case
study supports the narrative of the economy of inner cities [26,59] and the association
between urban form and the clustering of knowledge-based industries in general [42] (p. 1).
However, location patterns of ICT firms differ from creative industries at the level of urban
blocks and individual buildings. The former are mostly found in larger, newly built (or
recently rebuilt) buildings even though they are located in historic parts of the city. The
majority of large (but also many small) ICT firms are located in dense walkable inner-city
neighbourhoods. When looking at the level of particular urban blocks and buildings,
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ICT firms often reside in inauthentic modern office parks and commercial buildings with
“closed facades” [88] that are not well connected to the locality. This finding might be partly
explained by the fact that larger firms profit rather from urbanization economies over a
wider geographical area (city/regional level) than from localization economies, which
are characterized by a sharp distance decay function and mostly neighbourhood-level
effects [14] (see also [89]).

Previous research on ICT (and more generally KIBS) firms in Ostrava and other
large Czech cities shows that local firms focus primarily on routine, lower value-added
functions [8] and incremental rather than radical innovations [90,91]. A significant portion
of ICT firms in Ostrava focus on partial tasks for their parent companies located outside
Czechia or in the capital city of Prague, relying on extra-regional knowledge pipelines [43]
rather than on local buzz as a source of tacit knowledge. Departing from these results,
we argue that the clustering of ICT around the urban core is not primarily motivated by
localized knowledge spillovers. The geographical proximity paradox [92]—limited contacts
between proximate firms—is relevant for ICT firms in Ostrava. Clustering on the edge of
the city centre (documented also by Smetkowski, Celifiska-Janowicz and Wojnar [64] in
Warsaw or Helbich [93] in Vienna) is probably based on the combination of proximity to the
CBD, customers and accessibility; rents in and around the CBD of a shrinking industrial city
are not prohibitively high. Therefore, not only financial industries [94] and headquarters of
large firms but also smaller firms and entrepreneurs can afford to stay in the CBD/inner
city. We confirmed fully the findings of Smetkowski et al. [64] about the strong role of car
accessibility and parking as important location factors in Central European post-socialist
cities and, correspondingly, a tight relationship between the transport infrastructure and
ICT hubs [33]. Despite the lower importance of rents in Ostrava, our findings support
the previous conclusions of Dainov and Sauka [95], which suggested the key role of hard
localization factors (access, parking, proximity to clients) for the localization of firms in
creative and knowledge-intensive economic activities in four metropolitan cities: Budapest,
Sofia, Riga and Helsinki.

In contrast with Spencer [24] or Zandiatashbar et al. [87], we found only limited em-
pirical support for the development of ICT hubs in suburban low-density neighbourhoods.
The suburban ICT hub in Ostrava-Pustkovec seems to benefit from the proximity of the
Technical University of Ostrava and the available premises and institutional support of
the Science Technology Park, the Business Incubator of the Technical University Ostrava
and/or the EU-funded IT4Innovations National Supercomputing Centre [94]. Public sup-
port of firm incubation/growth [96], traditional Marshallian externalities and other benefits
provided by the science and technology parks [97] are probably more important for smaller
suburban firms than transport accessibility or lower rents. Our results confirmed the
importance of clustering around the technological core for smaller firms, as suggested by
Méndez-Ortega and Arauzo-Carod [37]. Therefore, we did not find empirical evidence
supporting the thesis that shrinking industrial cities will be characterized by spatial disper-
sion or cost-motivated clustering of (routine) ICT activities in suburban locations (in line
with Zenka et al. [9]).

Results of statistical tests showed significant effects of building condition and age
(but not height), building function and function of the firm’s surroundings on the loca-
tion patterns of ICT firms of various sizes and ownership statuses. Supporting partly the
findings of Spencer [24] or Duvivier et al. [22], larger firms were found to reside more
often in modern buildings in perfect technical condition, while smaller firms were more
often found in older, not perfectly renovated premises. In contrast to their expectations,
however, larger (and also foreign-owned) firms prefer commercial polyfunctional rather
than monofunctional buildings, mixed-use rather than monofunctional immediate neigh-
bourhoods (in line with Hawken and Han [16]) and central/inner-city locations rather than
suburban locations.

Our results partly support the conclusions of O hUallachain and Leslie [98], who docu-
mented the concentration of large KIBS firms and their headquarters in the CBD/inner city
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and spatial dispersion of small firms in the outskirts of the city of Phoenix in Arizona. Large
(and foreign-owned) firms in Ostrava mostly do not reside in the historical core, preferring
inner-city neighbourhoods of mixed buildings, land uses and functions close to the arterial
streets. Accessibility, proximity to the urban core (customers), space for expansion and
less strict or missing protection of historical monuments are probably the key location
factors of large ICT firms in Ostrava and similar industrial cities. As Méndez-Ortega and
Arauzo-Carod [37] suggest, large firms can internalize external resources and depend less
on external economies. Therefore, small ICT firms show a bigger propensity to cluster in
proximity to other ICT firms and prefer either denser, walkable, cool neighbourhoods in
the historic urban core/inner city or suburban residential neighbourhoods (estates and
high rises).

7. Conclusions

The spatial patterns of ICT firms observed in Ostrava might also occur in other
medium-sized polycentric industrial (shrinking) cities. While a combination of low ur-
banization economies and polycentricity should favour firm dispersion or the formation
of isolated clusters scattered around the city (see [44] for a related discussion of creative
industries), clustering of (mostly small) ICT firms in the historic urban core (CBD) and
its immediate surroundings might be expected (see also Slach et al. [78]; Zenka et al. [9].
There are several reasons for the higher attractivity of the CBDs and their immediate
surroundings for ICT firms in medium-sized industrial cities compared to economically
more dynamic large metropolitan regions such as Toronto, Sydney, London or Barcelona.

Firstly, walkable inner-city “cool neighbourhoods” of high aesthetic value might be
limited only to a couple of streets or urban blocks, because these areas in shrinking indus-
trial urban regions may preserve (at least partly) their original industrial function. Secondly,
while potentially highly attractive, urban structures of these inner-city neighbourhoods
are usually perforated by brownfields and vacant/underused land and their economic
development constrained by pockets of social deprivation. Thirdly, attractive and ren-
ovated inner-city localities can be occupied by luxurious residential premises, cultural
institutions [67,99], entertainment zones or other functions, leaving not enough space for
the development of KIBS firms. Fourthly, shrinking industrial cities might be characterized
by relatively low rents and available land even in the CBDs. Therefore, dense, walkable
and amenity-rich neighbourhoods in the historic urban cores might be the most attractive
localities for (smaller) ICT firms, considering the lack of high-quality dense urban spaces
outside the central parts of the city. These findings further illustrate the value of the
spatially highly disaggregated level of analysis and potential relationships between the
building form and ICT location.

Our empirical evidence also shows that spatial patterns of ICT firms focused on
less knowledge-intensive, routine and/or lower value-added functions are not necessarily
fundamentally different from highly innovative firms developing new products. Preference
for dense, walkable, amenity-rich and mixed-use neighbourhoods in urban cores and inner
cities is not limited to innovators relying on localized knowledge spillovers and other
potential benefits of urban density. Therefore, spatial patterns of ICT hubs and hubs of
creative industries largely overlap in urban cores and inner cities. Similarities in localization
preferences for creative and ICT industries are stronger for smaller than for larger firms
and for domestic than for foreign-owned firms.

While located in dense, central and mostly walkable neighbourhoods, the majority of
large and foreign-owned firms reside in modern, inauthentic buildings that are often not
well integrated into the locality and rely rather on car accessibility. The prevalence of the
routine and less knowledge-intensive character of the production together with the mostly
extra-regional supplier—customer linkages and knowledge pipelines of ICT firms often
correspond with the physical characteristics of their buildings, including the private—public
interfaces. Although the majority of ICT firms are located in mixed building type urban
structures, the firms are probably motivated by the availability of land, proximity to the



Land 2021, 10, 695 23 of 26

CBD and car accessibility rather than by the physical, functional and social diversity of
these urban structures.

Finally, authors dealing with the spatial distribution of firms at the intra-urban level
should consider several major issues associated with data collection and analysis. It is
necessary to check the accuracy, relevance and quality of the data obtained from publicly
available sources such as censuses and business registers. Our detailed survey in the streets
of Ostrava revealed that a high share of firms (81% in the urban core) listed in the Business
Register either did not exist or were not found at their official addresses. Results might be
distorted by differences between the official residence of a firm/corporate headquarters
and the firm’s subsidiaries. Another source of confusion can be “fake hubs”, dozens of
firms residing officially in a single building/street while having their economic activities
located elsewhere. Although it is not possible to rely on field surveys in large metropolitan
regions, we recommend checking the quality of datasets using small-scale, detailed case
studies based on data collection in the streets.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
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