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Abstract. The article analyses the transformations and the internal diversity of the oldest urban
structures of central £.0dZ, one of the biggest Polish cities. 19th-century £.6dZ was one of the great-
est centres of the textile industry in Europe. Currently, the city faces major challenges, including
a dramatic population decrease, population ageing as well as a vast revitalisation of urban structures
aimed at reinforcing the new idea of the city’s inward development. The research on the layout of
106dz is based on the modern image of the city as well as four images preserved in historical plans.
The subsequent, chronological models are analysed in terms of topological features with the use
of space syntax methods. The conducted research made it possible to identify the internal, config-
urational diversity of the historic urban core of £6dz. A seemingly monotonous, orthogonal urban
layout is, from a topological perspective, highly diversified. Due to the actions undertaken in £6dz
and aimed at restoring urban structures in the broad sense, the study not only has a cognitive goal,
but it also carries a practical context.
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1. INTRODUCTION

A spatial layout is one of the most permanent and stable attributes of a city. A plan,
filled with physical substance and activities of city inhabitants, is a fixed, hard-to-
change framework for the social and economic processes occurring within. As a re-
sult, the urban layout may have a major influence on the society that functions in
this framework. The internal diversity of a plan (the urban grain) determines, for in-
stance, the availability of spaces or the ‘permeability’ of urban tissue, therefore it can
spatially marginalise some inhabitants or control their mobility. This, in turn, influ-
ences the recurring diversification of the city area on the economic and social levels.
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Many cities see changes to their urban layouts over long enough term. These
changes are caused by the overlapping, fading and merging of planned and spon-
taneous actions of the societies who live there and make use of the space. For this
reason, a plan is often compared to a palimpsest, where the existing grows on the
foundation of the historical (Azimzadeh and Bjur, 2007).

The present research focuses on the evolution of the urban layout of central
L.6dz— one of the largest Polish cities. Its purpose is to identify, firstly, the selected
topological features of a city plan in subsequent historical periods and, secondly,
the areas crucial to the proper functioning of £.6dz. The spatial range of the anal-
ysis comprises the Historic Urban Core of £.6dz, i.e. an area of its historical core
of approx. 1,400 ha (almost 5% of the city surface), inhabited by approx. 20% of
all city residents. It is the area with the most intense building development, high
city and culture-shaping properties and functional diversity, where the urban func-
tions, both local and metropolitan, concentrate. Currently the actions of self-gov-
ernments aimed at improving both the functioning of the city and the quality of
life of its inhabitants also focus on this area.

The study’s analyses were based on the theory and methods of space syntax.
They enabled me to analyse urban structures, both current and reconstructed or
preserved on historical plans. Space syntax theory is built on the observed cor-
relations between space and the society that uses it. The ability to change one’s
own position in space, spatial thinking, understanding or remembering spatial re-
lations, assessing the relations between objects and places in space shape human
sensitivity to spatial features. That is how the configuration of space — mostly its
topological aspects (e.g. the curvature of the road) and psychological ones (e.g.
the good continuity principle), but also the geometrical ones (distance, angular
distance, etc.) — influences the functioning of a society.

The notion of space syntax was conceived and developed by Bill Hillier and
his colleagues at The Bartlett School of Architecture, University College London.
The most important publications in this field include The social logic of space
(Hillier and Hanson, 1984) and Space is the machine: a configurational theory
of architecture (Hillier, 2007) although works that raise the issue of morphic lan-
guage, such as Space syntax (Hillier et al., 1976), appeared much earlier.

The creators of the concept of space syntax defined it as a theory of space and
a set of analytical, quantitative and descriptive methods used to analyse the spatial
layout of buildings and cities (UCL Space syntax, n.d.). It is also described as
a research program whose purpose is to search for the relationships between a so-
ciety and the inhabited space shaped by material structures of buildings, housing
estates, cities, etc. (Bafna, 2003)".

! “Space syntax is best described as a research program that investigates the relationship between hu-
man societies and space from the perspective of a general theory of the structure of inhabited space
in all its diverse forms: buildings, settlements, cities, or even landscapes’.



Hidden properties of city plans: A case study of Lodz 201

Space in space syntax is understood as relatedness. A stretch of spaces such as
streets or squares that comprises material objects produces a system of connec-
tions in which a given society functions. They work as a system, whose funda-
mental function is to enable mobility to fulfil needs. Each element has its specific
role. Local changes, such as the closing of a street or the emergence of a new one
on the city outskirts, have consequences on a global scale. These changes involve
not only the direction and intensity of the flows, but also constitute deep and long-
term consequences on other levels, e.g. in social or economic activities or the spa-
tial segregation of inhabitants. In space syntax, the collection of spatial relations
between parts of the system (e.g. city streets), dependant on the whole system, is
known as the configuration (UCL Space syntax, n.d.).

The weaknesses of space syntax include purely technical matters, such as the
way of building a city model allowing researchers little room for interpretation
(Kostakos, 2010; Ratti, 2004), as well as those concerning methodological and the-
oretical assumptions. The latter are based on accusations regarding: omitting such
features of city space as its metric properties (e.g. length of streets, surface area),
conducting analyses on the basis of merely two dimensions (a two-dimensional
city plan), and overestimating the role of spatial configuration in the functioning
of societies. Issues that appear in numerous studies, such as the edge effect, the
changeability of results depending on the spatial scale of the research and difficulties
in identifying and capturing the space-and-time variability, also remain unsolved
(Montello, 2007; Ratti 2004; Pafka et al., 2018). The theoretical part is said to strip
space of its semantic meanings and reduce social actors to unified machines trapped
between material obstacles (Netto, 2016). Yet it should be emphasised that space
syntax considers the vital notion of the agency of space. This agency is hard to
overrate considering human adaptation to movement (spatial abilities, motor skills,
etc.) shaped throughout the millions of years of evolution. Space syntax attempts to
assess this agency by analysing the configuration of space and the actions of social
units and groups occurring within. Space syntax seeks the social logic of space by
focusing on mass observations and statistical generalisations. The identification of
specific spatial models does not mean the removal of individuals’ rights to their
unique, unpredictable decisions. These individuals creatively configure and trans-
form space, forming, by themselves, the urban environment.

2. THE RESEARCH CONTEXT IN LIGHT OF SUBJECT LITERATURE

From the perspective of space syntax, the configuration of space is perceived,
analysed and assessed as a framework influencing the functioning of the societies
that use it. This approach became the foundation of numerous inspiring analyses
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developed in the past decades. Those have indicated a relationship between var-
ious aspects of socio-economic life and the configuration of urban space. There
are relationships with pedestrian movement (e.g. Hillier ez al., 1993; Baran et al.,
2008; Jiang, 2009; Sharmin and Kamruzzaman, 2018), bicycle and motor traffic
(Jiang and Liu, 2009; Raford et al., 2007), spatial segregation of the inhabitants
(Vaughan and Penn, 2006), land use and location of businesses (Kim and Sohn,
2002; Porta et al., 2012), rent rates and fixed property value (Enstrom and Netzell,
2008; Chiaradia et al., 2009) as well as the level of crime (Van Nes and Lopez,
2010; Nubani and Wineman, 2005). In the field of space syntax, the increasing
knowledge on the social and economic consequences of the spatial configuration
of the urban environment has enabled the development of studies that are histori-
cal in nature (Griffiths, 2012).

City centres are one of the main subjects of historical studies on space syntax.
They usually consist of valuable, old, urban structures significantly influencing
the functioning of whole urban organisms?. The analyses dedicated to them usual-
ly deal with issues of various social phenomena rooted within and consider their
centrality (understood differently by various entities) often in the context of the
planned or conducted transformations of urban tissue®. Such research includes, for
instance, the analysis of the changes in the configuration of space of Gothenburg in
various timeframes. It identified the shift (dispersion) of the urban integration core,
simultaneously revealing the hierarchical properties of the city’s spatial structure
(Azimzadeh and Bjur, 2007). Another example has involved the studies of archival
maps and satellite images of Dhaka. They showed that the organic development of
urbanised structures generates a plan with a higher level of integration (which re-
flects how close origin space is to all other spaces) and connectivity (the number of
spaces immediately connected to a space of origin) of the street network (Ahmed
et al., 2014). A process involving a shift of the integration core (pattern made of the
most integrated spaces) within the urban space in time was also observed (Nilufar,
2010). An analysis of the transformations of Beijing old town’s street network oc-
curring throughout 100 years made it possible to discover its internal diversity in
terms of structure stability, for instance its street network and active centres (Wang
et al., 2018). The analysis of the changeability of the spatial structure of Wroctaw
has provided evidence of the integration core shifting from the historical centre to
the younger part of the city, while the attributes of centrality were being preserved
in the historical core (Saeid and Masztalski, 2009).

Some studies on the evolution of city plans have focussed on a given city’s
contemporary image and the ongoing or planned actions aimed at converting ur-

2 That is all sub-components of the city, understood as an organic, complementary and cooperative
whole (Marshall, 2009).

3 Which can be understood, in the most general sense, as the arrangement of streets and block
(Kropf, 1996).
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ban structures (e.g. as part of revitalisation projects). Among them there is an
article on the harbour area of Rio de Janeiro (Dias and de Arruda Campos, 2015).
The collapse of the harbour and the economic collapse of its district resulted in
the emergence of numerous negative phenomena such as the deterioration of de-
velopment, a decrease in the number of pedestrians on the streets, and higher
crime rates. The city authorities responded by introducing ‘Porto Maravilha’, an
Olympic Games-inspired revitalisation project. Its analysis showed that despite
the architectural projects which improved the accessibility of individual parts of
the harbour (decrease of topological distances), the urban intervention conducted
had a limited influence on the general accessibility of the area. Another example
offered a study of the development of the neighbourhood of the historic core of
Jeddah, Saudi Arabia, conducted without a plan. In this case, the analyses focused
on the search for precise, therefore also spatially restricted, effective intervention
in the spatial structure of the city (Karimi et al., 2007). One of the purposes for
the analysis of the configuration of a fragment of Istanbul’s urban space was to
suggest new communication solutions in order to decrease the level of isolation in
some city areas (Onder and Gigi, 2010). Finally, Trigueiro and Medeiros (2007)
have discussed the strategy of reclassifying the old centre of Natal in Brazil and
the consequences of interventions planned in this part of the city.

To date, there has been no analysis of urban layout changes from a topological
perspective regarding £.0dz, although in the 19th century it was one of the fastest
developing European cities — the fact proven by the spatial layout of its historical
centre, which helps one identify several crucial stages of the city’s territorial de-
velopment (Fig. 1).

Although L6dz was granted a city charter in the 15th century, it was the
19th-century industrialisation that shattered the city’s agricultural image. Hun-
dreds of thousands of new residents flooded £.6dZ in reaction to the intense
development of the textile industry. In the first half of the 19th century, the
authorities controlled the city’s dynamic development, maintaining its spatial
constrictions imposed by a thought-out, orthogonal city plan. In the subsequent
decades, the settlement upheaval was out of control. Residential developments
spread along illicitly extended or chaotically marked out roads. The industry,
freed from the driving force of rivers thanks to the invention of the steam en-
gine, started settling available plots among the residential urban structures. Thus
the urban structures that constitute the current Historic Urban Core of Lodz
were filled in and densified.

After the end of the Second World War, the leading role of industry in the econ-
omy of £.6dZz was maintained in accordance with the idea of socialist economy.
The construction of vast, multi-family housing estates began in areas incorporated
into the city. The period was characterised by the city’s major territorial develop-
ment and continuing increase in the number of inhabitants with relatively small
changes to the plan of its central part.
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Fig. 1. Population and features of spatial development of £.6dzZ between 1800 and 2050
The dashed line marks a forecasted number of inhabitants, according to the £.6dZ Population
Projection 2015-2050 (Statistical Office in Lodz, 2014).

Vertical lines mark the analysed moments in the development of £.6dz plans.

Source: own work.

The early 1990s and Poland’s return to the path of market economy have
revealed the weakness of the city’s economic foundations, leading to serious so-
cial problems (a collapse of the industry, unemployment, poverty, and decreased
attractiveness of the city to immigrants). As a result, contemporary £.6dz fea-
tures a continuous decrease in the number of inhabitants — the highest decline
of the kind in the country and one of the highest in Europe. Between 1988 and
2019, the city lost nearly 170,000 people (18.7% of its population).* The loss of
residents is especially strong in the city centre, where the major deterioration
of the urban tissue, containing also numerous post-industrial areas, is clearly
visible. It is estimated that the building development of the Historic Urban Core
suffers from major decapitalisation, spreading across the area of several hundred
hectares.

In the face of changes threatening the functioning of L.6dz, the current strat-
egy of spatial development intends to replace territorial expansion with inward
development by, for instance, limiting urban sprawl and facilitating the thriving
of the city centre. The Historic Urban Core was considered an area crucial to the
city’s development (Fig. 2). This, in turn, resulted in implementing a revitalisation
program encompassing the central part of the city of approx. 1,783 ha (Lodz City
Hall, 2020).

4 The urban depopulation of £.6dz is largely caused by the negative rate of natural increase. In gener-
al, it is a result of the low inflow of immigrants and the ageing of the city’s population.
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Fig. 2. Territory of £6dz and the area of the Historic Urban Core of L.6dz

Dashed black lines mark the borders of the HUC. Thick black line represents the Piotrkowska
street, the main street of £6dz. Hatching marks the approximate area of: A — Old Town,
B — New Town, C — New Centre of L6dz

Source: own work.

Currently, the Historic Urban Core of £.6dzZ faces major challenges. They in-
clude the restoration of the urban tissue, street upgrades, the establishment of
woonerfs, as well as changes to the configuration of the street network (caused
by, for instance, the construction of the New Centre of £.6dzZ). The fact that the
International Association of Horticultural Producers has granted £.0dz the right to
organize EXPO Horticultural in 2024 may have also provided a strong stimulus
for making changes to the urban space. These transformations became an inspi-
ration for the research on the evolution of the urban layout of the central part of
1.6dz presented below.
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3. DATA SOURCES AND RESEARCH METHODS

The presented study was based on five images of £6dZ, each from a different point
of its development. It comprised the modern street layout and the city’s historical
plans’®. The adopted spatial range made it possible to analyse the changes to the
spatial layout of the central part of the city from the beginning of its urbanisation
to the present day®. In the case of archival plans of the city, the analysis encom-
passed the visible outline of streets, including those without building develop-
ments’. In the case of the contemporary image of the city, the analysis omitted
transport routes intended for only vehicles or only pedestrians (such as underpass-
es or paths and alleys in parks), as well as spaces that did not constitute streets, e.g.
car parks or the outskirts of shopping centres.

The selected plans served as the foundation for constructing the models of ur-
ban space. This process involved the transformation of subsequent two-dimensional
plans of £.0dzZ into sets of lines representing spaces (streets) of the analysed struc-
tures. There are several methods of creating a graphic representation of a city plan.
The discussed study utilised a model based on natural streets (Jiang et al., 2008).

In the following stage, natural streets were transformed into dual graphs, whose
vertices represented lines (i.e. streets), while edges represented line crossings (streets
intersections). Further, dual graphs were analysed using selected space syntax meas-
ures (Fig. 3). Each stage of the process required the use of computer software. The
vectorisation of the street network on archive maps (in the form of street axes), the
corrections of topological mistakes of the current street network in the Georeference

* The modern image of the street network of £.6dz was created on the basis of the Georeference Da-
tabase of Topographic Objects created by the Regional Surveying and Cartographic Documentation
Centre in £6dz. The historical plans and information on them were acquired from the £6dz Internet
System for Area Information (Geodesy Centre in £.6dZ, n.d.) as well as the published collection of
maps of L6dz (Janik ef al., 2012). The following historical plans were analysed (identified as in
Fig. 1): (I) Brulion. Plan klucza todzkiego at 1:5,000 from 1812—-1813 by Johnney, F.; (II) Rys reczny
miasta fabrycznego Lodzi at 1:10,500 from 1849 by Lenartowski, J.; (IIT) Plan der Grundbesitzun-
gen samt Fabricken seiner hochwohlgeboren des Herrn Prezes Karl Scheibler mit der Umgebung
der Stadt Lodz at 1:5,000 from 1877 by Micinski, R.; (IV) Plan goroda Lodzi pietrkowskoj guberni
at 1:1,680 from 1894-1896 by Starzynski, J.W. and its supplement: Plan goroda Lodzi at 1:8,400
from approx. 1903 by Chetminski, F. and Zambrzycki, C.).

¢ As a result of the 20th century territorial development of £.6dz, the contemporary plan differs
greatly from previous ones. Currently the Historic Urban Core is merely a small part of £6dz. To
preserve the spatial scale of the study and maintain internal diversity while partially reducing the
edge effect, the analysed area was expanded by a street network only within 400 m of the Historic
Urban Core. The value of 400 m was determined by the neighbourhood of the studied area, easy to
access by pedestrians.

"It was assumed that the marked out streets presented an opportunity to move, even without a ful-
ly-developed frontage. In light of the dynamic development of £.6dZ in the 19th century, most of the
marked out streets were quickly overgrown with urban tissue. The analysis omits communication
routes in the form of twisting/sinusoidal lines that are rural in nature, visible on historical plans,
since, in time, they had a tendency to disappear from city plans altogether.
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Database of Topographic Objects (Regional Surveying and Cartographic Documen-
tation Centre in £.6dz) as well as their export to shapefiles were carried out in Auto-
CAD Civil 3D (Autodesk Inc. 2020). The Axwoman 6.3 (Jiang, 2015) and Pajek32
5.08 (Batagelj and Mrvar, 2019) programs were used to generate street segments,
track the transformations of street segments into natural streets, calculate syntactic
measures, etc. The visualisation of the results was possible using the ArcGIS 10.4
software (Environmental Systems Research Institute, 2011).

b

Fig. 3. Structure of a model that represents urban space

(a) a fictional city system with marked street spaces, (b) segments of street axes with marked ends,
(c) natural streets, with different lines denoting separate paths of combined segments, (d) justified
graph, in this case space no. 1 is a root.

Source: own work on the basis of Jiang and Claramunt (2002).

The results obtained were arranged according to the calculated values, delim-
iting core-ranked spaces (5% of natural streets with the highest values) and their
supplements (another 5-10%), secondary and tertiary routes (further 10-25% and
25-50%, respectively), as well as those of the lowest significance (the remaining
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50% of natural streets with the lowest values) (Hillier and Hanson, 1984). In the
illustration of the obtained hierarchy of the street network, thick black lines mark
the highest values (well-connected or most integrated spaces) and dotted grey
lines mark the lowest values (weakly-connected or most separated spaces).

Two centrality measures — choice and integration — were used to assess the
urban system in £.6dZ in subsequent historical periods, both commonly considered
crucial in the interpretation of spatial structures in cities. The goal was to identify
the urban spaces that made up a city’s core, or, in other words, were capable of
shaping its cohesion, inhabitant-friendly conditions, safety on a local scale, clarity
of the spatial layout, etc. (Scellato et al., 2006).

The choice measure suggests how often a given space may theoretically be select-
ed by pedestrians moving through a city. High values mark spaces crucial to the flow
of pedestrians, low values mark spaces of lesser or marginal significance. The choices
were calculated for each apex in the graph in accordance with the formula:

_9®

Chi=—

where: o(i) was the number of shortest paths that passed through vertex i, ¢ was
the number of all the shortest paths.

The choice values were solely the results of the system configuration, i.e. its
topological foundations. They could influence the social and economic processes
within the city space. By influencing the selection of a pedestrian route, system
topology can, for instance, increase the attractiveness of a location of a city areas
for service entities.

Integration is a normalised measure describing the relations (topological dis-
tance) between spaces and all other spaces in a studied layout (Al-Sayed et al.,
2014; Teklenburg et al., 1993). It is calculated for each apex in the graph in ac-
cordance with the formula:

INT: = ——
" RRA;
where:
RRA. (Real Relative Asymmetry) = DRAl- ’
value
RAi (Relative Asymmetry) _ %’

MD. (Mean Depth axial line) = %
D, (Total Depth of axial line) = X72i d;
_ 2{n[loex (55)-1]+1}
value (n-1)(n-2)
n — number of vertices in the system,
D__ symbolizes the Total Depth of the root in a rooted, diamond-shaped graph

value
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Integration values reflect the number of spaces to be crossed in order to reach
all other spaces in a studied layout from a specific place. The less spaces there are
to cross, the higher the integration (in the topological sense) of a place with the
whole system considered. As the number of topological steps necessary to achieve
all other spaces (e.g. streets in a city) increases, so does the level of separation in
a place. Integration is considered a measure of the quality of city space. Places
with high levels of integration can support social cohesion, make places vibrant
and safe, facilitate human interaction, reduce travel times, and enhance the physi-
cal activities improving the health of citizens in urban spaces (Fathi, 2020).

4. RESULTS

The oldest analysed plan shows the layout of £.6dZ in the early 19th century. In
reality, it also depicts the earlier centuries, since there was no city development at
that time (the so-called period of agricultural £.6dz). In light of the choice meas-
ure, the communication axis of the town at that time (current Old Town) was
a longitudinal route (Fig. 4). This road was of the highest importance, also to the
integration of the whole system layout (Fig. 5). The distance between the road
and all other places in the analysed layout was the shortest, which contributed
to its central significance. It should be emphasised that this image is reflected in
the historical data, as well as the functional and spatial structures of the old town.
The longitudinal axis was of major transport significance both on the regional
and local scales. It led to cities of higher rank than L6dZ situated further north
and south. At the same time the road was the western frontage of the church and
market squares, where the town life concentrated. Undoubtedly, the road was the
busiest space in old £.6dz, important to the functioning of the whole community.

P \‘1‘ -~
/N \ N
o e L .,

— . ™~ q— S

i [ ! P

L . n
—— the busiest streets in the system (5% of all streets) — best integrated streets in the system (5% of all streets)
—— streets that constitute a supplementary layout (further 5%) | — streets that constitute a supplementary layout (further 5%)
-—— streets less attractive for travellers (11-25% of streets) -—-streets of a lower order (11-25% of streets)
—--- streets less attractive for travellers (25-50% of streets) - streets of a lower order (25-50% of streets)
________ streets of minor or marginal importance to transit traffic ... streets of minor or marginal importance (the remaining

(the remaining 50% of streets) 0 0,5 1 km 50% of streets) 0 0,5 1 km

=== horder of the Historic Urban Core I E—| | == border of the Historic Urban Core | 1 |

Fig. 4. Distribution of the choice value in £6dz  Fig. 5. Distribution of the integration value in
in the early 19th century 16dz in the early 19th century

Source: own work. Source: own work.
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The plan from the mid-19th century reflects the planning decisions from the
1920s, 30s and 40s, which shaped the subsequent morphological units of £.odz,
quickly filled with new settlers. The Old Town axis was extended, reaching the
southern edges of the modern Historic Urban Core. Its rank, in light of both cen-
trality measures, was dominating, despite the visible city development on the right
side at the time. In light of the choice value (Fig. 6), despite the geometrically-pe-
ripheral location, a stretch of roads on the western side of the layout also had a sig-
nificant role. It reinforced the longitudinal axis of £.6dz, creating the most topolog-
ically attractive flow spaces cutting through the area of the city at that time. The
same space dominated in the integration value. The topology of the £.6dZ spatial
layout imposed a high integration potential on this part of the city. Three latitudi-
nal streets constituted similar integration cores at the time, although they lost their
significance after further changes to the city plan were made (Fig. 7).

Fig. 6. Distribution of choice values in L6dZ in Fig. 7. Distribution of integration values in
mid-19th century (marked as in Fig. 4) 16dZ in mid-19th century (marked as in Fig. 5)

Source: own work. Source: own work.

As early as in the 1960s, a layout planned in such a way could not contain the
subsequent waves of labourers attracted by the dynamically developing industry.
In the third quarter of the 19th century, this led to a visible densification of the ex-
isting street network and, to a lesser degree, territorial expansion. It also changed,
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to some extent, the significance of streets existing prior to 1960s. In general, the
spatial patterns of choice and integration measures were similar (Figures 8 and 9).
They invariably constituted an axis extended from the Old Town, accompanied by
another, parallel stretch of streets in the eastern part of the city. A new core with
a latitudinal route appeared in the geometrical centre of this system. The three
enumerated street routes would not lose their dominating position in the studied
area. Yet in the eastern part of the city there is a noticeable influence of the rail-
way, whose construction began in 1865. It acted as a barrier preventing the merg-
ing of streets in the central part of the eastern wing of the Historic Urban Core.
This image prevailed in the city plan for the next 150 years.

e

Fig. 8. Distribution of choice values in £6dz in Fig. 9. Distribution of integration values in
the 1870s (marked as in Fig. 4) 16dZ in the 1870s (marked as in Fig. 5)

Source: own work. Source: own work.

The end of the 19th century brought an established system of streets (Fig-
ures 10 and 11) similar to the contemporary one (Figures 12 and 13). This similar-
ity illustrates the development of the plan of £6dz, whose 21st-century territorial
expansion was its main characteristic feature. The 19th-century urban layout filled
in significant areas, which hindered changes and resulted in its freezing. As a re-
sult, the contemporary role of streets, on the level limited to the city centre, was
established as early as at the turns of the 19th and 21st centuries (Table 1).
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Fig. 11. Distribution of integration values in
16dz in late 19th century (marked as in Fig. 5)

Fig. 10. Distribution of choice values in £6dz

in late 19th century (marked as in Fig. 4)

Source: own work.

Source: own work.

Fig. 13. Distribution of integration values

Fig. 12. Distribution of choice values

in the Historic Urban Core of £6dZ in
the second decade of the 21th century

in the Historic Urban Core of L.6dZ in

the second decade of the 21th century

(marked as in Fig. 5)

(marked as in Fig. 4)

Source: own work.

Source: own work.



Hidden properties of city plans: A case study of Lodz 213

Table 1. Evolution of the street network within the Historic Urban Core in light of the analysed plans

Time Average
eriod distance Street network
( nll) arks as between density Characteristic features
A intersections [km/100 ha]
in Fig. 1)
[m]
Pre-industrial £.6dz, plan based on medieval
I layout. The surface area of the city was
(carly 19th 129 037 a small part of the HUC. The street network
centli/ ) ’ density was low, but the intensity of
y connections was the highest (short access
routes).
Plans of new city structures for
I industrialisation. Street network expansion.
. On a global scale, a major increase in
g;ig;lg)th 270 4.38 the density of the street network with
. a simultaneous decrease in the density of
connections.
1 Stage where the urban structures designed
(the 1870s) 251 5.45 earlier on were filled, inner densification of
the street network.
Filling the HUC area further. A relatively
v 791 large increase in the length of streets and
(late 19th 172 ’ the density of their connections. Beginnings
century) of the expansion of the street network
outside of the studied area.
v Only slight changes despite the passage of
Qlst 162 371 time (over 100 years), frozen street layout.
century) ’ Expansion and development of urban

structures outside of the HUC.

Source: own work.

Both choice and integration quite explicitly set a contemporary, configuration-
al centre, crucial to the functioning of the Historic Urban Core. It constitutes an
axis that is genetically connected to the Old Town (currently located on the out-
skirts) and stretches longitudinally throughout nearly the whole studied area. Its
potential is especially high in the centre of the Historic Urban Core: several par-
allel street routes mark the central space of the city, visibly belt-shaped in nature.
The area has its own specificity (vast quarters and post-industrial areas, among
others), co-determining its current condition, yet it has configurational priority in
fulfilling the central functions in this system.

The changes in the degree of the correlation between choice and integration
values also indicate a direction of the evolution of the analysed layout (Table 2).
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Table 2. Pearson’s coefficient of the correlation between choice and integration values calculated
for natural streets in analysed plans

(marks o i . 1 R R P-value
I (early 19th century) 0.9498 0.9021 0.001
II (mid-19th century) 0.7148 0.5110 0.001
III (the 1870s) 0.7991 0.6386 0.001
IV (late 19th century) 0.6017 0.3620 0.001
V (21st century) 0.5634 03175 0.001

Source: own work.

The value of the correlation index decreases with each analysed plan (with the
exception of time period III — the first stage of filling the urban layout). It indi-
cates that the complexity of a city plan increases with time. In pre-industrial £.6dz,
spaces with high integration values also had high choice values, while spaces with
low integration values had low choice values. Therefore, from the topological
perspective, both the topological centres and outskirts of £.0dZ of that time could
be clearly identified in terms of both analysed features. The current values of these
features are much more divergent. This divergence is not very strong (as shown
in a generalised way in Figures 11 and 12), but confirms a larger diversification
of the analysed area and, therefore, a lower predictability of the socio-economic
processes occurring there. The spaces theoretically most often selected by pedes-
trians do not necessary have the highest integration values and vice versa: rarely
selected routes can have the lowest integration values.

The outskirts of the studied territory visible on its geometrical edges should
be assessed carefully, since the study was limited to the inner zone of the modern
city. The information about the configurational peripheries ‘rooted’ in the Historic
Urban Core, often in the direct neighbourhood or within the belt of the central
zone, is much more valuable. These places are, similarly to the central zone, spe-
cial in certain aspects. They are usually small, short spaces, located out of the
way of the flows that occur within the city. Their air-tight nature provides certain
‘locality in the centre’, which may increase the attractiveness of these spaces (in
terms of location) for some residents, facilitating the shaping of good neighbour-
hoods (as perceived by Jane Jacobs). However, for that same reason their isolation
may result in the development and strengthening of negative social and economic
phenomena.

The south-eastern part of the central Historic Urban Core is also peripheral
in nature. Its internal integration is poor. This is caused by the presence of the
railway line and station operating in this part of the city. The railway has been
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dividing the urban structures of the city for over 150 years, producing the effects
in the configuration of its central part that are visible to this day. In the 2010s, the
railway line and station were moved underground. This railway investment, one
of the most modern and biggest ones in Europe, is part of the established New
Centre of L.0dz. However, in the context of the intended, central rank of the area,
its position on the configurational map of the city centre, despite the restructuring
of the street network, is still not optimal. There is a visible lack of an axis that
would integrate the area both internally and with the central city zone.

Yet another interesting and crucial phenomenon is the problem of the progress-
ing configurational marginalisation of the Old Town. The notion, however, is hard
to assess due to the spatial nature of the analyses conducted.

The choice measure has identified those spaces in the layout that are the most
attractive to travellers due to their topological properties (Fig. 12). Theoretically,
they entail the important responsibility to ensure the efficient movement of travel-
lers. At the same time, these can be spaces particularly at risk of being pressured
by movement floods. The efficient functioning of whole central £.6dz and, there-
fore, the whole city depends, to a major degree, on their ‘friendliness’ to the flows
of people, that is the traffic capacity, and the clarity and quality of route surface.
Streets with the lowest choice values may be less frequently chosen by travellers
due to ‘the nature of the layout’. Therefore, it can be assumed they are not as
important for ensuring the efficient circulation of residents and users of the city.

The space of the Historic Urban Core of 1.6dz is diverse with regards to the
integration level (Fig. 13). The most integrated part is made up of the orthogonal
street layout, resembling an inverted letter L (or letter F). It can be assumed that
the intensity of traffic resulting from a beneficial configurational location is rela-
tively high there, thus facilitating social contact. The streets are attractive in terms
of location for businesses that benefit from the presence of potential clients. Spac-
es with the lowest integration, which are theoretically less frequented (marked in
grey), are at the other end of the scale.

5. DISCUSSION AND CONCLUSION

The specificity and the difference in the development of individual parts of the
territory of a city is set on the relatively strong foundations created by its plan. In
the long term, it may be of crucial significance to city functioning. The configura-
tion of a city plan may slowly diversify social and economic processes occurring
within the city. In this context, the actions whose functional program is in a spatial
mismatch with the configurational determinants may end in failure revealed after
a longer time.
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The configurational analysis has shown a contemporary, internal diversity of
the Historic Urban Core. It is determined by a strong changeability of choice and
integration values in the centre of the studied area. The close vicinity of areas that
are central or marginal in terms of configuration is surprising in light of the or-
thogonal and relatively monotonous layout of the street network. The topological
features of space in £.6dz probably influence the currently noticeable diversity of
economic processes in the Historic Urban Core. This conclusion requires a fur-
ther, separate study (currently in preparation), yet a series of topologically periph-
eral streets in £.6dz appears synonymous with areas of socio-economic collapse
(partially under revitalisation).

The analyses facilitate the assessment of the stability/changeability of the His-
toric Urban Core plan only to some extent. Historically, the city centre was rel-
atively young, shaped within the last 200 years. Its evolution up until now has
mostly involved a territorial expansion and densification of the street network as
well as a temporary (in light of the actions planned and conducted) ‘freezing’ of
the plan in the 21st century.

Undoubtedly, the most permanent and stable element of the plan of £6dz is the
extended, axial (belt-shaped) centre. It is genetically anchored in the medieval urban
layout and constitutes its contemporary, vast continuation. The marginal location of
numerous streets of £.odz, similarly to the central location (in the topological sense)
was imposed by the plan upon their creation. This was the case mostly with streets
created in the late 19th century. To this day, they have remained in their rigid config-
urational framework, which may influence their developmental path.

The contemporary transformations to the Historic Urban Core of £.6dz aim
at improving the quality of life of its inhabitants. In this context, it is important
to consider the predispositions of individual areas of the city, resulting from its
plan arrangement. The knowledge of the hidden consequences of the city plan
makes it possible to obviate the dangers it causes and, simultaneously, set the
social and economic activity more aptly in space. The activity does not always in-
volve a physical intervention in the urban tissue, which is usually hard to conduct.
It may involve micro-scale, but also long-term programs aimed at maintaining the
social and economic activities, creating a sense of community, and increasing the
attractiveness of a place on both the physical and symbolic level (genius loci).

It would be advisable for £0dz to pay particular, long-term attention to the
areas with low integration values identified in the city centre. Some of them are
currently undergoing revitalisation involving, for instance, the transformation of
streets into woonerfs. However, these actions without the improvement of the
local typological features of the layout may, in some cases and in the long term,
prove insufficient to really streamline their functioning. Movement conditions in
spaces with the highest intensity of pedestrian traffic should also be improved.
This may largely facilitate the implementation of the idea of new urbanism as well
as the creation of liveable sustainable communities.
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The improvement in the integration of the New Centre of £6dZ with its sur-
roundings, and especially the axial core of the Historic Urban Core, would also
be reasonable. The implementation of new, clear and pedestrian-friendly transport
solutions between these two vital city areas should be considered. The merely
mentioned peripheral location of the Old Town, which lost its city-wide, central
functions during the time of territorial development, is also crucial and requires
separate research.

By dint of the established theoretical foundations as well as specific research
methods, space syntax makes it possible to analyse the contemporary and his-
torical images of the city, as well as the process of its evolution. Space syntax
supplements the traditional model representing urban space, based on geometrical
relations, with an approach based on topological relations. Both models should
be considered complementary images of the same reality. The model proposed by
space syntax, due to the relatively short development period and potential that is
still being discovered, appears more interesting from both theoretical and empir-
ical perspectives.

Both the presented and quoted studies indicate that space syntax methods make
it possible to obtain results that are spatially precise in context. Aside from the cog-
nitive advantages, space syntax is also an advantageous practical tool. The only
long-term goal of building or transforming urban structures is to obtain an environ-
ment in which the socio-economic processes will be successfully conducted. Space
syntax can facilitate the fulfilment of such aims by limiting the situations where an
investment implemented is shortly abandoned for other, more competitive places.
Moreover, the continuous monitoring of configurational transformations can pro-
vide important data on the functioning of the whole urban organism.
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