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Abstract. Having analysed some formative changes of the post-industrial society and practical
experience of managing the urban development of a large city, we made an attempt to formulate the strategic
principles for the effective definition of the optimal density of urban development in the long-term perspective
(until the mid-twenty first century).

Key words. universal pedestrian accessibility, optimal density, “urban villages”.
1. Introduction

The population of the planet is rapidly urbanized (1,6 billion people in 1900, 7,4 billion people in 2017),
concentrating around the main planetary centers of gravity, with the pace of this process being the highest for
the largest urban agglomerations. The level of urbanization of the planet is 54.9 % of the population of the
countries (as of 2017), the growth rate of the urban population makes up 1.84 % (estimate of the trend for
2015-2020) [3, 7, 11].

During the T4 century, the concept of a large city, actually has changed its definition to a vast urbanized
territory. With the further growth of the urban population, this definition may keep transforming, which does not
necessarily mean territorial expansion, asit may seem at first glance.

This is due to the profound structural changes that have taken place over the past decades of the XX
century, associated with the collapse of the industrial system of production, as the main factor in the economic
and socio-cultural life of modern society.

2.Basic Theory Part

The reflection of the new socioeconomic system, despite its intensity and a large array of accumulated
hypotheses and knowledge, did not create a vision of a new city of the future and concentrated mainly on
segmental issues such as the environment, energy conservation, pedestrian accessibility, etc. Often, these
individual phenomena, or even the methods of their combination, are represented as the “post-industrial”
urbanism itself, although instrumentally all of them are usually designed for implementation through the same
centralized mechanisms, financial and economic schemes created by the industrial system [6, 10, 28, 36].

Given the goals of thiswork, first of al, we are interested in the concept of the exact interpretation of the
term “hyper-urbanization”, or other similar definitions that outline the phenomenon of the evolution of large
cities of the modern era and their transformation into the super-large ones, with the population of more than
10 million inhabitants.

The basis of the question lies in the interdependence of the process of domination of urban lifestyle and
the emergence of hyper cities. In other words, will the unequivocal world trend for the further growth of the
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percentage of urban population and its numerical domination in the XXI century, in fact, occur dueto, primarily
(or predominantly) the development of over-large cities?

3. Resaults and Discussion

The analysis of the wide range of large urban formations, which in general correspond to the concept of
hyper-city (Shanghai, Singapore, San Francisco, Los Angeles, Karachi, Chicago, Delhi, Kinshasa, etc.), proves
the formation of a wide variety of living space, and other qualities, which serve as a gravitational field for the
accumulation of the population. This is true in both the case of economically prosperous metropolises like
Chicago and the case of large centers of the dveloping countries such as the Republic of Congo or Pakistan.
Extremely large cities of the both types, give much better opportunities for realizing the existential needs of the
individual than any other placein the country.

On the other hand, the structural transformation of the hyper-city, under the influence of post-industrial
factors, changes its urban plane in the direction of forming self-sufficient zones of a close, ideally walking
proximity, which converts it into a set of specific horizontal or vertical “urban villages’ accumulated over the
large territory and located next to each other. In this case, the question arises whether for the existence of such
sdf-sufficient entities it is really necessary to include them into the hyper-city structure and what size of the
overall structure is sufficient to ensure al levels of choice within each cluster?

Although the strategy of dense agglomeration of “urban villages’, as a new type of an urban plane
formation in the post-industrial era, does not exist yet in the form of a generally accepted consensus, but the
analysis suggests that there is a general tendency for such a self-organization of settlements. At the same time,
the rather spontaneous nature of the emergence and i mplementation of ideas associated with the system of small
sdlf-sufficient housing clusters indicates the procedural differences between modernist models of management
and design of the urban environment and horizontal initiatives that arise as a result of the activities of local
communities. [3, 17].

It is worth concentrating on the main motivating basis of this type of urban structure, which is easy
access to a large selection of life opportunities. In that case, both components of this dichotomy are inversely
proportional, which means that the easier accessibility tends to as much choice as possible, and the biggest
choice wants to be easiest to access. In this context, the new urbanistic reality forms itself, the process of which
does not depend on the environment in which it occurs. In other words, the potential of dichotomy
(accessibility-choice) is capable of transforming any already existing urban objectivity, which has developed in
previous historical periods as a result of different conditions. The main instrument here is the market response
mechanisms for the proposal, which increasingly acquires the structure of the “wide choice” and pushes
transforming of the surrounding areas towards the relevant to it (“wide choice”) principle of mixed use[14].

Fig. 1. Marriage at Boryspil Airport, Kyiv [38] Fig. 2. Market “Pivdennyi”, Lviv [29]

The contrast between the two methodological tendencies can be illustrated by the facts that the society
uses some objects with purposes which are not related to the actual functions of the past economic formations,
but were erected recently and in accordance with the actual needs of the city. An example of this devel opment
could be the use of the Boryspil airport in Kyiv asahall for wedding ceremonies, which began in 2017 [38] in a
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room that was expanded and modernized several years ago, or the experience of spontaneous post-Soviet
markets that arose in the middle of 1990 and gradually turned into chaotic, but multi-functional areas such as,
for example, the market “Pivdennyi” in Lviv [29]. Given the gradual, rather than the one-time nature of the
formation, such structures evolved as a result of an immediate reaction to the constantly changing consumer
demand, not limited to some distinguished sectoral frameworks. Therefore, in a sense, they have become the
prototypes of mixed use and close access to various types of services from grocery and essential goods to
education and sports [34].

In the modern city-planning theory, the fact of diversity in conditions of close concentration (density) is
considered one of the main tasks of urban science of the XXI century, as discussed in various publications
[12, 13, 16, 19, 20, 25, 30, 32)].

Thus, it can be noted that the contradictions which we are considering, are becoming even more obvious.
The theory of the hyper-city of the post-industrial era, stretched for tens of kilometers, contradicts the trend
towards the creation of diverse zones of pedestrian accessibility of a universal choice. Given that such zone is
associated with such parameters as average walking speed of 4 km/ h and the standard acceptable time needed
to get to the public transport stop is 15 minutes, it can be assumed that the maximum diameter of such a zone
should be 2000 meters[36].

Although due to the diffuse and heterogeneous nature of the contours of cities and the density of the
boundary territories, it is difficult to speak about the accuracy of calculations, however, based on these relative
values, we can speak of a conditional comparative schematics of existing urban planes with such clusters. For
example, even in such a city as Lviv, which does not belong neither to the category of hyper cities, nor to
millionaires, there should be about 25 clusters like this. Within the Lviv region, cities which actual size
approximately coincides with the size of one cluster, can be, for example, Skole and Turka (however, without
taking into account weakly populated peripheral territories).

Asfor such large cities of our time as Istanbul, the number of “urban villages’ of pedestrian accessibility
is around 160 there. Whereas in Cairo there are about 180, Mumbai and Rio de Janeiro (without satellites) there
are 280, Lagos — 420, and in the area of Great Tokyo — more than 1700. Apparently, these figures are not
always proportional to the population, which in some cities is more densely settled than in others: for example,
in Istanbul, compared to Rio de Janeiro. In addition, the population can be calculated in correlation to different
units of administrative structuring (municipality, prefecture, urban area, comprehension zone, etc.), which do
not always express the same concept of the city.

However, the general parameters give an idea of the volume of the transformative perspective that arises
when moving from one urban paradigm - modernist to another — post-industrial. Probable transformation, for
example, of Tokyo in 1700 sdf-sufficient “urban villages’ raises the question of the reflection of the city as a
holistic phenomenon and ways of managing such structures (centralized or dispersed). Though the large size of
the hyper-cities isolated some areas there, the pedestrian average traffic network, which covers commuting to
work, recreation areas (parks, beaches, spectacles), home and shoping, integrated and combined the life of these
areas into a common urban organism, which, consequently, needed centralized management. In the post-
industrial community of “urban villages’ or cluster of universal pedestrian accessibility which overlaps with the
growth of local self-organization and vertical initiatives, it may raise the question of changing the functions of
the city administration (since it istoo early to talk about its compl ete disappearance).

Such functions, in particular, may include the maintenance of the operation of common infrastructure
networks for all clusters, aswell as providing opportunities for a wide variety of living space. Under the current
conditions, the first kind of tasks can be attributed, for example, to the centralized supply of quality drinking
water, which becomes one of the main values of urban studies of the XXI' century, due to climate change and an
increase in the global population. The second is the constant monitoring of the global choice, and transfering of
thisinformation to the level of clustersthat create a new post-industrial city plane.

These considerations give ground to say that in the presence of such a center, the hyper-city, as a
typological structure that involves excessive expansion of the urban system (tens of kilometers) and a
population of more than 10 million, is not a compulsory or desirable condition for the existence of a post-
industrial settlement. Obviously, such a center makes sense of its existence only if there is a certain structure
from many clusters, however, the upper limit of their number does not necessarily have to reach Tokyo or Rio
de Janeiro. Of course, this kind of post-industrial city theory can be completed only if the minimum number of
“urban villages’ is determined.
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In this context, it should be noted that the area itself is not yet sufficient to determine the new urban
structuring. It is also worthwhile to determine the optimal number of people who can be accommodated on such
an area. In this connection, the issue of the category known in modern urban science as “optimal density” or
“optimal compactness’ comesto thefore. [17, 4, 8,9, 5, 2, 30].

Inall of these studies, density is defined as a necessary condition for reducing pollution (by reducing road
traffic), increasing the level of physical health (due to increased pedestrian and cycling movements), social
implementation (through communication in small local groups), energy and materials savings (through their
sharing by different neighbors), etc.

At the same time, the legacy of late industrial urbanism, a characteristic feature of which was the
significant growth of suburbs and suburban low-rise buildings, especially in extremely large and hyper cities,
makes it difficult for the designers and managers to devel op a comprehensive strategy for the transformation of
the urban organism, logistics and tools of which are till difficult to imagine. Obviously, the consolidation of
space will primarily be due to market mechanisms of the benefits of one style of living over another. However,
in the most developed countries in which the industrial phase of development, and consequently the industrial
character of urban development, proceeded the longest and most intensively, the existing density level is very
low, especially in the cities of North America where it ranges from 1 000 to 2 500 persons per square kilometer
[31] (whilein Asian cities it ranges from 10.000 to 20.000 per sgquare kilometer).

In such asituation, if we take on the substantiated assertion of the direct dependence of “ optimal density”
and “optimal constancy”, there is a need not only for the satisfaction of natural demand for living in the middle
of the city, but also for the development of mechanisms that would non-violently encourage self-relocating the
inhabitants of the late-industrial low-density suburbs back to the central regions. Under these circumstances,
there is the problem of the quantitative parameters of “optimal density”, which should be based on the balance
between the benefits of compact living and its comfort for each individual resident.

e

Fig. 3. Triangle theintegral urban-residential array of Lviv
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Based on the above mentioned, we shall analyze some parameters of Lviv in the context of formation of
“optimal density”. The area of Lviv is 110.43 sgquare kilometers and the population figures for the year 2017 are
727 968 inhabitants (758 471 with Vynnyky, Rudno, Bryukhovychi) [47], thus it can be assumed that the city
can be divided into approximately 35 local residential clusters with a diameter of 2 kilometers . Taking into
account the indicators of the area and population, each of these clusters has an average density of 6561.5 people
per square kilometer. Such parameters, in general, already correspond to indicators of optimal density (from
5,000 to 10,000 people per square kilometer).

At the same time, official data on the area of the city can not be taken as the final point of reference for
such calculations. The administrative boundaries of the city are also the adjoining enclave territories of Ryasne,
Rudno, Bryukhovichi and Vinniki, as well as forests (primarily Bryukhovitsky and Vynnykivskyi) and the
territory of summer cottages. The dynamics of population changes within the administrative boundaries of Lviv
suggests that the process of increasing the number of inhabitants in these suburbs and the reduction of it in the
city itsdf continues. However, this is largely due to the inertia of the late modernist tendency of the outlined
strengthening of the middle class, as well as the lack of sufficient proposals for quality housing in the central
parts of the city. Further growth of suburban formations, however, no longer has an advantage over the inner-
city array, as evidenced by the difference in the value and quality of the newly built dwelling. In fact, as of the
end of the 2010s, the whole urbanized array of Lviv is approximately a triangular configuration of urban fabric
with vertices facing the West, North and South with sides around 10-12 kilometers. This configuration dlightly
changes previous calculations. Except for the size of territory and population of Ryasne, the corresponding
average density index grows to 7269 sguare kilometers, and within the framework of the triangle it may reach
even up to 12.095 inhabitants (which already exceeds the maximum accepted limits of optimum density). Thus,
depending on the method of calculating the territory, the average population per square kilometer is ~ 9700
people. As can be seen from these data, the exact accuracy of calculations of the density of the population of
Lviv can not be achieved, but average values are closer to the upper limit of the optimal density of 10 000
inhabitants per 1 km square. According to such averaged picture, the estimated number of clusters should be
about 30 units.

Given the relative novelty of raising the question of the interdependence of density and sustainability, it
isdifficult to talk about absol ute figures relative to the desired population of one square kilometer, however, it is
possible to give clear indications of when the density clearly ceases to be a blessing and becomes an urban
problem. [22, 1, 24]. In particular, it is. @) lack of natural ventilation; b) lack of lighting; c) lack of
confidentiality of the inhabitants (for example, the very close location of the windows of neighboring
apartments); d) the effect of the “urban heat island” (the increase in the temperature of the air during the warm
season in the middle of the city) [26, 39, 35, 34].

The search for an ideal of optimal density was carried out in a number of countries, but the center of the
greatest innovations in the development of architectural and technical solutions to such space was Singapore,
where there emerged immediately two high-density superblocks with a different planning concept: “ Pinnacle”
and “ Interlace”. In both cases, we can talk about a city-devel oping impulse that offers different ways of building
up urban plane on the basis of the principle of “optimal density”. The Quarter “Pinnacle’” can be seen as a
peculiar, transitional form between a typical for a modernist city multi-apartment residential building and
planning- related experiments needed to achieve the living space of awide variety of choices. Instead, Interlace
is an attempt to create a fundamentally new typological model of a high density housing complex consisting of
poals, green islands, public spaces and recreational areas. Relatively successful solution to a complex project
task, which can give an idea of the quantitative indicators of the concept of “optimal density”, based on such
data as the number of square meters of the total area — 170 000, and the number of inhabitants — dightly more
than 2500 (1400 apartments of different types).

Experiments of this kind are characteristic not only for a compact city-country like Singapore, which is
lacks land resources. In Canada, there also was an experiment with high-quality dense buildings (False Creek in
Vancouver). Unlike complexes in Singapore, “False Creek” occupies a central position in the city planning
system of the southern waterfront of the West End. In addition, there they applied a mixed scheme of storey
building, which combines different typological scenarios of devel opment.
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Fig. 3. Interlace Quarter in Singapore [21] Fig. 4. “False Creek” digtrict in Vancouver [39]

Based on this kind of practical experience, which showed the limits of the possible achievement of
optimal density without loss of quality of residence, a certain consensus was established regarding the indicators
of the desirable number of inhabitants resettled per unit areac 100-120 habitats per hectare, primarily in areas
adjacent to the mgjor transport routes, or in the end it is possible to bring the maximum figure of 10.000
inhabitants per square kilometer [15, 18, 27, 23].

According to these materials, the strategy of impulse development of a large city, in the conditions of the
post-industrial economic structure, among its main tasks, should raise the problem of developing of such a
design model of living space that would be able to encourage the settlement of a conventional unit of area
defined by aradius of 1 kilometer, with the number of inhabitants, which would egual to about 30,000 people.

Cities like Milan, and especially Barcelona, have population density indicators of one square kilometer
similar to those that appear in today’s scientific debate around taxonomy of the post-industrial city. In modern
studies, Barcelona is given as an example of the organization of a city-planning structure of optimal density,
which at the expense of perimeter-quarterly construction with a height of 7-9 floors, at the same time provides
both high density and high living comfort of residents who do not suffer from lack of light, ventilation, limited
privacy, lack of green and recreational areas [23]. It should be noted that in this case, the highest possible
density index of 10.000 inhabitants per square kilometer is taken asthe basis.

4. Conclusions

— The perspective of the transformation of urban planes has been formulated in connection with the
reduction of the influence of industrial factors of its development instead of which comes the specificity of
highly informatized society. Its idea lies in the tendency of transforming the large functional areas of the
industrial city into local residential clusters of pedestrian accessibility with a diameter of about 2 km. The
aggregate of such clusters of universal pedestrian accessibility ("urban villages’), which overlaps with the
growth of local self-organization and vertical initiatives, may be the justification for initiatives to partially
review the functions of city management.

— The range of practical issues related to the category of optimal density as the key indicator of the XXI
century city has been outlined. Examples of residential quarters such as Kowloon Walled City in Hong Kong,
Pinnacle and Interlace in Singapore, False Creek in Vancouver, traced the evolution of individual urban
constructions, which show the state of the actual debate around specific indicators of population per unit area.
Based on life quality indicators that demonstrate these and other examples, the boundary and desirable
indicators of optimal density and spatial patterns of its subjects were noted.

— It has been found that for urban settlements formed as a plane of local clusters of pedestrian
accessibility to the possibilities of city choice (the number of goods, services, employment, etc. available in the
city), density can be achieved either by the formation of quarterly devel opment of average atitude (8-9 floors),
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or combinations of multi-storey buildings with a predominance of high-rise buildings. The quantitative range of
optimal density can be considered somewhere within 5,000 to 10,000 inhabitants per square kilometer.
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Anopi Ilaenis
MICBKHM MMPOCTIP Y XXI CTOJITTI IPOBJIEMU MACIHITABY TA BUBOPY.

Anomauin. Onupaiouucy Ha ananiz GopmayiviHux 3min NOCMIHOYCMPIAILHO2O CYCRITLCMEA MA NPAKMUYHULL 00CGIO0
VAPAGNIHHAM YPOAHICMUYHUM PO3GUMKOM 8EIUK020 Micma, 3pobieno cnpoby cgopmysamu cmpameziuni 3acadu epexmugrozo
BUBHAYEHHS. ONMUMATLHOT WINbHOCMT MICMOOYOIBHO20 PO36UMKY HA nepcnekmugy 00 cepedunu XXI cmonimmsi.

THousmms eenuxoeo micma, npomsicom XX cmonimms (pakmuuno 3MIHULO €8Il 3MIiCmM I CMANO O03HAYAMU OOWUDHY
ypbanizosany mepumopiio. 3 noOaIbWUM 3POCMAHHSA MICbKO2O HACENeHHs yell 3MICm Modice 3a3Hamu GUOO3MIHU, WO He
0006’ A3K060 03HAYAE MEPUMOPIATLHY eKCNAHCIIO, K Ye MOdIce BUOABATUCH HA NePULUll NO2TAO.

Coopmynvosano nepcnexmugy mpancgopmayii  micmobydieHoi mKaHuHu Yy 36 SA3KY 13 3MEHUEHHAM  6NIUBY
iHOycmpianvHux Gaxmopie ii po36umKy, Ha 3MIHY AKUM RPUX00Ums cneyudika sucokoingopmamuzosano2o cycninbcmea. Bona
nonseac y meHoeHyii nepemeopents GenuKux QYHKYIOHANbHUX 30H NPOMUCI0B020 MICMA HA JOKANbHI JICUMIO08] Kiacmepu
niwoxionoi’ docmynnocmi diamempom 0auzeko 2 km. CyKynHicmbs makux Kiacmepie yHI8epcanbHoi niuoxionoi docmynuocmi
(“ micokux cin”), Ha Kompy HAKIAOAEMbCS PICM JIOKATBHOL CaMOOP2aHi3ayii ma 6epMUKAIbHUX [HIYIAMuUe, Modce Cmamu
NPUYUHOIO THIYIAMUG I3 YACMKOBO20 Nepeenaoy QYHKYIU 3a2aNbHOMICLKO20 YIPAGIIHHSI.

Okpecneno KO0 NpaAKMUYHUX NUMAHbL NOE A3AHUX i3 Kame2Oopielo ONMUMANbHOI WiNTbHOCMI AK KIIOY08020 NOKA3HUKA
micma XXI cmonimmsa. Ha npuknadax makux scumnosux keapmanie sx “ Komoon Walled City” y Iowkoney, “ Pinnacl€’ ma
“Interlace’ y Cineanypi, “ False Creek” y Bankyeepi ma winbHo ypOaHi308aHux jHcumiosux pationie m. JIbeosa npocmesiceno
eBoNIoYil0 OKpemux Micmooyoigenbhux YmeopeHv, KOmpi OeMOHCMPYIOmb CMAH AKmMYanbHoi OUCKYCIl HABKONO KOHKPEMHUX
NOKA3HUKIE KiTbKOCMI HacenenHsi ha oounuyio niowi. Ha ocnosi nokasnuxie sikocmi scummsi, Kompi 0eMOHCmpylomy yi ma inwi
npuknaou, 6yno Gi03HaA4eHo panuyHi ma 6axcani NOKA3HUKY ONMUMALLHOI WiTbHOCII Ma NPOCmMoposi modeii it npeomemusayii.

Busnaueno, wo 0ns micbko2o nocenentsi, cQpopMo8ano2o AK MKAHUHA TOKAIbHUX KIACMePI8 niuoxionoi docmynuocmi 00
ModcAUBOCmell Micbko2o eubopy (kinexkicme Onae, nociye, 3auHAMOCMi Mowo AKi OOCMYnHI y Micmi), WITbHICMb MOJiCe
docsieamucs abo 3a PaAxXyHoK (QopMyeaHHs KeapmaivHoi 3a0y0osu cepednvoi sucommnocmi (89 nosepxis), abo kombinayisimu
piznonogepxosux 6yodieensv i3 nepegaxcannam eucomuux. KinvkicHum O0ianazoHom OnMumManbHOi WiNbHOCMI MOJICHA 668adiCAMU
nokasnuxu, siki konugaromocs 6i0 5 000 do 10 000 mewxanyis na keadpammnuii Kinomemp.

Knrouogi cnosa: ynisepcanvna niuioxiona oocmynnicmos, ONmMuManbHa winbhicmo,  micoki cena” .



