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Abstract 
The development of metropolitan areas in Russia for urban morphologists is either one of the thematic "white spots" or 
is interpreted as a set of post-Soviet stereotypes. Meanwhile, the resource base for studies of the urban form in Russia 
is being replenished with new data, which makes it possible to more accurately assess the measure of compliance of the 
urban tissue with the criteria of sustainability and resilience. One of such information resources containing information 
about land plots and buildings, the filling and updating of which since 2008 allows us to talk on the sufficiency and 
reliability, is the Unified State Register of Real Estate. 

Our study aimed to develop methods for the analysis of urbanized areas at the level of land plots, based on the 
methodology of the rural-urban transect. A set of parameters was developed that quantify the geometry, accessibility 
and diversity of land plots, on the basis of which individual plots using GIS were combined into clusters corresponding to 
transect zones. These methods were tested on the example of the territory of the city of Tula, established in the 12th 
century, having ca. 500.000 inhabitants and an area of 145,8 square kilometres. 

As a result of the study, we came to the conclusion that the share of the suburban transect zone in Tula is one of the 
largest. At the same time, the suburban area is characterized by a low degree of functional diversity, regardless of its 
genesis from rural settlement or agricultural land. To a certain extent, parallels can be drawn here with the American 
suburbia. The developed methods have shown some universality in the Russian context, which will allow them to be 
applied to the analysis of other metropolitan areas. 
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Introduction 
The transect (a section from the centre to the periphery) as a way of analysing spatial variation in a 

monocentric city has a long history, probably dating back to the Valley Section by Patrick Geddes (1923). In 

a similar vertical plane, but from the standpoint of spatial economics, a model of the bid land rent (bid rent 

theory) by William Alonso (1964) was developed, in which the distance from the city centre was plotted along 

the abscissa. This dimension of urbanization, continuous in a simplified model, in the transition to real socio-

economic processes is refracted in the discrete form of land plots. Land plot data represent a valuable source 

of information from which conclusions can be drawn, including on the state and transformation of urban 

areas. 
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The land plots were considered by Conzen (1960) as one of the levels of research on the evolution of the 

urban plan. Later work comes to various ways of generalizing land plots and their systems that are important 

in the spatial dimension of urbanization and assessing its consequences for sustainable development 

(Bobkova 2019a, 2019b). Land use transformation studies serve as a bridge between urban morphology and 

related areas, including urban ecology and spatial economics. As elementary particles, combined into 

molecules of city blocks, land plots form a material that is interpreted as an urban fabric. 

In a modern interpretation, the “rural-to-urban transect” concept was proposed in 2003 by DPZ (Andrés 

Duany and Elizabeth Plater-Zyberk) as part of SmartCode. For zoning purposes, a division of the territory into 

7 zones according to the degree of urbanization has been developed, as a discrete gradient from the natural 

territory to the urban core and a special area. SmartCode approaches and solutions are publicly published 

and developed as open source versions of a computer program. 

However, the DPZ transect characterizes the traditional gradation of land use classes for the United States 

and does not fully correspond to the situation of post-socialist urban development characteristic of urban 

areas in Russia. The DPZ transect pays special attention to urban sprawl, considering it as a key negative trend 

in urban development in the United States and a source of imperfections in the spatial form of the American 

city. Urban sprawl, if such a designation is applicable in post-socialist conditions, remains a poorly studied 

phenomenon in Russia. 

In this article, we set the task of adapting the transect model to Russian conditions and testing it based on 

data on land plots using the example of the territory of the Tula City Borough. Tula has become the first pilot 

project in Russia in 2014, where the so-called “state-led metropolisation” (Kinossian 2016) took place. In this 

regard, by the decision of the regional legislative body under supervision of the Federal Ministry of the 

Regional Development, the administrative-territorial division of the Tula region was changed: the 

surrounding Leninsky District (an area of 1351 sq. km) was annexed to the Tula City Borough (an area of 144 

sq. km). As a result of the merger, the Leninsky District was liquidated, and the population of the Tula City 

Borough increased by 64 thousand inhabitants, which allowed Tula to return to the list of municipalities with 

a population of more than half a million people. 

In the first section of the paper an analysis of the theoretical foundations of the study of post-socialist urban 

transformation using a transect was carried out. The Methodology section describes the data used on land 

plots, methods of their processing and used indicators, as well as a general algorithm for constructing a 

transect in Russian conditions using the example of Tula. In the last section spatial patterns of the determined 

transect zones of Tula are discussed. 
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Background 
The main theoretical framework for the study was post-socialist urban transformation (Makhrova & 

Molodikova, 2007; Rink & Nuissl, 2003; Neugebauer & Rekhviashvili, 2015). The conditions in which the cities 

in the post-Soviet space found themselves after the transition to market relations predetermined the duality 

of their development. On the one hand, after the 70-year period of the influence of Soviet urban planning 

approaches, most of the urban environment had its own logic of functioning and evolution, transmitted “by 

inertia” not only in the conservative thinking of “old school” specialists, but also in the demands of society. 

On the other hand, the powerfully manifested incentives of the market economy led not only to the 

realization of the hidden potential of the territory, but also to new, previously unheard of, challenges to 

urban development. 

The Soviet city existed and changed as a controlled, projected structure, and therefore it was denied the 

existence of its own spatial patterns that went beyond the plan. Allain Bertaud and Bertrand Renaud (1994), 

using the example of Moscow and St. Petersburg, showed how, instead of the usual negative gradient of 

population density from the centre to the periphery, in Russian cities the density is minimal in the centre and 

increases towards the outskirts. 

After the land reform and the formation of the basic institutions of the land market, the “invisible hand of 

the market” began to influence the urban space, which led to changes that went beyond the approved plans. 

Urban transformations over the course of 30 years have reinforced the perception of space marked by 

centre-peripheral relationships. Underutilized plots in the centre and other investment-attractive locations 

have been bought out and built up in recent years. At the same time, left without the protection of the 

previous planning restrictions, open spaces in the centre turned out to be transferred for development even 

in those cases when this contradicted the interests of the urban community, since the formation of 

institutions for the protection of public interests was not completed. The generalizations of Allain Bertaud 

and Bertrand Renaud began to need updating. 

The central-peripheral dimension of urban development in Russia was strengthened primarily by the bid land 

rent mechanism (Alonso 1964). In this regard, at the level of land plots, changes in the urban form were 

reflected in the process of transition to the real estate market. According to Alonso's theory, we assume that 

as the distance from the city centre increases, the average size of land plots will increase, while the diversity 

of their uses, on the contrary, will decrease. In the context of the operation of the general laws of the spatial 

organization of an urban region, the real picture may be different due to the action of distorting factors, 

which should include both the previous urban development and the inheritance of old urban planning 

traditions, and, probably, a hasty rejection of them. 
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Methodology 
 
To identify transects, publicly available information on land parcels from the Unified State Register of Real 

Estate was used. Information about the type of use of the land parcel was initially indicated by various 

options, of which there were more than 1000 in total. For example, a parcel for placing a single family 

detached house can be written in dozens of ways using various formulations from detached house, house, 

single house to various abbreviations. To bring the permitted use to a monotonous spelling, a special plugin 

for QGIS was developed, the purpose of which is to compile a dictionary for grouping a number of spelling 

variations of one type of land use into one option. When preparing this article, 14 classes of land use were 

identified: single family detached house, multi-family house (condominium), dacha (Russian type of country 

house combining both the functions of permanent housing and suburban housing and a plot for gardening 

for urban residents), social, retail, office, parks and recreation, transport, storage, communal services, 

industrial, natural, rural, special use. 

The identification of transect zones took place in 2 stages. First of all, the criteria were used to determine the 

land parcels that are most suitable for placement in a certain transect (transect parcels). Then, for each 

element of the planning structure, the number of sections of different transects and their area were 

calculated, and then a type of the transect zone was assigned according to the largest share of sections in 

each element of the planning structure.  

The definition of the classification criteria was based on the dependence the less intensively the territory is 

used, the larger the average size of the land parcel, and, consequently, the less diverse the use of territory. 

For classification purpose, the following parameters were selected: median area of parcels within 500 m, 

area of parcel, primary use class, mixed use index of parcels within 500 m buffer. 

The calculation of the criteria was carried out using the open source software QGIS. To determine the median 

area of land parcels and the mixed use index, a buffer of 500 m from each land parcel was built from each 

land parcel. Then, for each buffer, the number of land parcels, the number of unique land use types, and the 

median and arithmetic mean areas of land parcels in the buffer were calculated. 

Mixed use index was calculated as the ratio of the number of unique classes of land use to the total number 

of classes (of which 14 were selected). 

When determining the criteria for determining which transect a particular land parcel is suitable for, 

information on the class of use of the land plot was also used: 

1) Primary class - the predominant class of land parcels located within the boundaries of the transect; 
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2) Secondary class - a class of land parcels that can be in several transects under different 

circumstances, which consists of the following classes: social, retail, office, parks and recreation, 

transport, storage, communal services, special use. 

Given the absence of a central business district (CBD) in the centre of Tula (like most other Russian cities), it 

was decided to abandon the allocation of the urban core zone. At the same time, there is a historical centre 

in Tula, formed by buildings around the Tula Kremlin and north of the Upa River opposite it, however, it was 

merged with the urban centre zone. 

We considered the special zone as industrial, communal, transport and other special territories, the location 

of which cannot be interpreted through the proximity to the city centre. 

Table 1. Criteria for assigning land plots to transect zones 

Transect 
zone name 

Median area of parcels 
within 500 m, sq. m. 

Area of parcel, 
sq.m. 

Primary use class Mixed use index of parcels 
within 500 m buffer 

Natural 
zone 

not used not used Natural not used 

Rural zone not used not used Rural; 

Dacha 

not used 

Sub-urban 
zone 

<50000 not used Single family 
detached house; 

Dacha 

0.49 -  0.72 for secondary 

< 0.49 (parks and recreation, 
office, social) 

General 
urban zone 

not used not used Multi family 
house 

0.72 - 0.79 (for secondary 
and industrial) 

<0.72 for primary 

Urban 
centre zone 

<50000 <50000 No primary class >0.79 for secondary and 
Multi family house and 

industrial 

Special 
district 

not used >50000 (except 
industrial) 

industrial; 

storage; 

special use; 

communal 
services; 

transport; 

retail 

 

 

< 0.72 industrial 

<0.49  
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Using the criteria, the boundaries of transect zones were determined by the elements of the planning 

structure, which are limited to streets, roads, boundaries of settlements, natural objects (forests, rivers, etc.), 

based on OSM data and the General Plan of Tula. 

After dividing the territory into elements of the planning structure, an operation was carried out to 

communicate to each element the most suitable transect. For this, using the QGIS software, the number of 

transect parcels in each element of the planning structure was calculated, after which each element of the 

planning structure was assigned a transect according to the largest number of transect parcels suitable for a 

particular transect. After this procedure, in addition, if there were transect parcels in the transect that were 

suitable for a transect other than that assigned to an element of the planning structure, but occupying more 

than a third of this element of the planning structure, this element of the planning structure was divided into 

several transects. 

Results and Discussions 
Based on the determined transect zones, it is possible to single out the existing structure of the spatial 

structure of the city of Tula and to study the development patterns. It is clear, that in Tula urban growth 

occurs in a horizontal direction due to unbuilt land resources, while territories of a high value for urban 

development, situated near the centre, are occupied by sub-urban low-density development. 

The identified urban centre transect zone includes the historic centre and adjacent mixed-use quarters. This 

zone also includes centrally planned multi-storey quartiers located to the north and northwest of the centre. 

The general urban zone, due to its transitional position between the centre and the suburbs, and the 

peculiarities of Tula, did not form a concentric ring around the centre. Dominance of two basic typologies of 

housing - an apartment building (condominium) and an individual house - is a common practice in many 

Russian cities, which has led to the absence in many cases of transitional development options. This zone 

includes, first of all, blocks of multi-storey buildings without sufficient functional diversity. 
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Figure 1. Transect zones map of Tula. Source: Author's own elaboration 

 
The largest in size is the sub-urban transect zone, which occupies more than 40% of the total area or more 

than 620 square kilometers. In the configuration of sub-urban zones, there are “axes” or “corridors” formed 

along the main highways of the north-western direction (to Moscow), western direction (to Kaluga) and 

southeast direction (to Novomoskovsk). In addition, the sub-urban zone gravitates towards the Upa River, 

which passes through Tula from the southeast to the northwest, and to the forests in the south and 

northeast. In the space between the main axes, the sub-urban zone perforates the rural zone with 

fragmented patches. 
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Figure 2. Examples of plot patterns in transect zones in Tula. Source: Author's own elaboration  

 
Various types of suburban land use can be identified within the sub-urban transect zone. The main part of 

such territories is represented by plots with an average area of 600 square meters, provided for individual 

housing construction, with incomplete display in the Unified State Register of Real Estate of actually existing 

plots. In territories of this type, in addition to residential areas, there are also social, communal or service 

areas. The second type is the territory of relatively older rural settlements, around which new plots were 

formed. Plots of this type vary greatly in size, but are usually less than 100 square meters. A characteristic 

feature of this type is the presence of elongated plots, oriented with the short side to the street, as a result 

of which the compactness coefficient for them, as a rule, is more than 1.2. The third type is the territories of 

new cottage settlements, formed from geometrically more regular plots with an area of 1000, 1200 or 1500 

square meters, all of which are included in the Unified State Register of Real Estate, but not all are built up. 

The fourth type is the territory of horticultural societies (“dachas”), with an average size of plots, usually less 

than 600 square meters. Plots are not all included in the Unified State Register of Real Estate, and the street 

passages between them are extremely narrow (8-12 meters). In terms of use, such territories are strictly 

monofunctional. 

Conclusions 
Using Tula as an example, we developed and applied a set of criteria for the classification of land plots to 

identify transect zones. Taking into account the peculiarities of the Unified State Register of Real Estate data, 
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modules for QGIS were developed that implement preliminary data processing and calculation of the urban 

form parameters. The spatial disproportions of the city were identified by the transect zones. 

The highlighted areas in Tula supported recognition of urban sprawl, which is taking place under conditions 

of depopulation. Plots located on the outskirts of the city, in some cases, were built up randomly, depending 

only on the interests of private investors. In this regard, agricultural land was built up, natural landscapes 

were disrupted, small rural settlements unreasonably expanded, gardening associations turned into remote 

residential areas, with a large share of seasonal second housing for Moscow residents. 

The decision on the administrative merger of the Tula urban district and the Leninsky municipal district did 

not lead to the formation of mechanisms for increasing the compactness of the urban form. Therefore, from 

the point of view of managing urban growth, the concentration of administrative powers in the hands of one 

management entity is not a sufficient measure to improve the efficiency of urban land use. In our opinion, 

additional restrictions are needed against the spontaneous development of the periphery, the change of 

rural land use to urban, as well as incentives and initiatives for the harmonious compaction of territories in 

the central part of the city. 

The conclusions of the study can be used in the future at the stages of pre-project research and goal-setting 

in spatial planning, the development of measures for land use management and environmental protection 

in the city of Tula and other Russian cities. 
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