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ABSTRACT

City riverfronts are parts of urban areas that have become increasingly interesting in space
reconstruction and revitalization in the last few decades. This situation has occurred due to several
different factors. The most important factor is undoubtedly the value of the land along the river and
the possibility of forming high-quality spatial landscapes. In these parts of the city, in urban centres
worldwide, attempts are being made to organise the entire life of the city. This research seeks to
examine changes in the examples of the city riverfronts of Belgrade and Zagreb. These two cities
are attractive for research because they were formed on the banks of the same river and have
similar spatial-geographical characteristics. To research the mentioned changes in the paper, the
spatial planning and urban documentation will be analyzed, focusing on the transformations of the
riverfront of the two mentioned cities. It is important to emphasise that this paper seeks to examine
the transformations in the last twenty years, i.e. in the 21st century. This research tries to
summarise all the changes made to the city riverfronts and their effects on the spatial configuration
of Belgrade and Zagreb. It also seeks to answer whether such space transformations are favourable
or not, or what impact do they have on changing the broader image of the city. Based on the
results, proposals and guidelines for future transformations of urban riverfronts will be given at the
end of the paper.

Keywords: Urban riverfronts; modern transformations; planning documentation;
urban landscapes; Belgrade and Zagreb

1. INTRODUCTION

The development of cities from the appearance of the first urban settlements until this day is conditioned
by the close distance from water courses. For the population, the proximity of watercourses represented the
possibility of supplying residential buildings with water, using that water to irrigate agricultural areas, and
various other activities (Zivakovié-Kerze, 2008). This undoubtedly had a significant influence throughout history
on the planning policies of the development of cities because the position of water courses and the terrain
configuration dictated the further development of urban areas. Furthermore, the improvement of
infrastructure systems intended for water supply and the problems caused by floods influenced the relocation
of urban settlements to a certain distance from the river banks. As a result, the riverfront area received a
different type of use and was used as an open public space or as an area for food production, and very often as
an area for transporting various goods and services. As stated above, it can be concluded that water surfaces
next to them have always represented very significant elements of urban space (Khalifa et al., 2021). On the
one hand, citizens and many city administrations worldwide perceived these spaces and still perceive them
today as public. By contrast, due to the value of the land along the river courses, as well as the significant
progress in the field of infrastructural development, the owners of private capital, as well as a large number of
actors in planning, consider these areas extremely important for further urban and economic development.
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Differences in the relationship of the population, but also of the actors in the planning processes towards the
areas along water courses, are visible all over the world. Therefore, these differences can be seen by comparing
the planning policies of cities developed on the same river course and with similar spatial and geographical
characteristics. The aim of this work is precisely through a comparative analysis of planning documents to
investigate how cities such as Zagreb and Belgrade treat river banks. In other words, this paper attempts to
research the differences between the two mentioned cities, that is, their planning processes during the past
two decades. Even more, it is essential to emphasise that the "Belgrade on the Water" project is crucial for this
research. At the same time, the Zagreb coast is analyzed following the conclusions given in the spatial and
urban plan. The results try to figure out the changes that took place during the mentioned period on the cities'
riverfront and how these changes affected their spatial configuration. Most importantly, based on the observed
results, we attempt to answer whether these changes are good, that is, what impact do they have on the
broader picture of the mentioned cities and their urban development. The conclusions of the work, in addition
to a critical review of the research results, will contain specific recommendations and guidelines for the future
transformations of river banks.

2. BACKGROUND RESEARCH

City shores, as mentioned, have always been important for human settlements. As such, they were used
in various ways. Today, in the period of increase in the number of inhabitants in the city, the riverfront areas
are becoming more critical in the urban structure (Attia et al., 2018). Many cities use these areas as open public
spaces intended for a large number of residents belonging to different demographic categories. In recent
decades, many European and North American cities have been turning more and more city riverfronts into
open public spaces in an effort to bring city life down to the riverfront (Mann, 1988). This approach to spatial
planning is undoubtedly based on scientific works. In his work Urban Open Spaces (1987), Mark Francis
includes the city's riverfront that is not intended for living in the category of open public spaces. In this way, the
city's shores become available to everyone with the possibility of using them for various events, resulting in a
better connection of citizens with the space and better relations in the social community. In addition, in this
way, city shores become part of the network of open public spaces in the urban structure, allowing for further
adequate city development near these spaces. The German city of Frankfurt is one of the cities where the
purpose of the city's riverfront was changed for a better quality of life and connections between people.
Namely, in this city, before and during the Covid pandemic, the use of part of the city's riverfront was
repurposed, and access to traffic was prohibited from promoting green mobility and improving the quality of
life (Pandit et al., 2021). All of the above indicates that cities around the world use their riverfronts to preserve
green areas, as well as improve the quality of life, and of course also provide the population with the
opportunity to complete their free time or perform recreational activities not far from their place of residence
(Fainstein, 2010). Generally speaking, when it comes to urban development along rivers, specific criteria must
be met to endanger the city's overall development and the social community. This primarily refers to examining
the planned project's direct and indirect impacts on the area's ecological aspect. It is crucial to examine the
various risks this project may cause to other parts of the city. This undoubtedly refers to possible natural
disasters such as floods or the occurrence of landslides due to water retention (Follmann, 2015).

Nevertheless, the use of city shores in the manner described in the previous paragraph is perfect both for the
urban structure and for the inhabitants, many cities in the planning process still decide on a different way of
coasting. As previously mentioned in the paper, the number of city inhabitants has been increasing rapidly in
recent years, and city authorities are facing the problems of urban space expansion and renewal. In this regard,
many cities along rivers, lakes and other bodies of water have decided to develop new settlements precisely in
the riverfront zones. With regards to this, large cities take advantage of the inherited infrastructure, such as
city ports, etc., and reconstruct it to develop an entirely new city centre in those areas. One such city is
Hamburg. Namely, in this city, the location of the old city port was used to create a new centre with business
and residential facilities for thousands of people (Kriiger, 2009). This project called HafenCity has completely
changed and even improved the city of Hamburg in terms of quality of life and broadened the job market, as
well as quality open public spaces.

However, there are many examples of cities that were guided by the same or similar principles in the planning
process to improve their river banks and turn them into new residential and business settlements. On the other
hand, this did not proceed according to the intended concept. For example, at the beginning of the third
millennium, the city of Edinburgh tried to regenerate the former port of Granton with the help of the
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Waterfront Edinburgh project. Still, that project failed at a certain point (Kallin, 2021). What was shown
through the idea of actors in planning the new waterfront in Edinburgh is that despite the potential that a
particular area has, too much desire for quick financial success can lead to the project's failure.

Riverfront zones in cities, therefore, from historical settlements to the present day, have a crucial role. In
recent years, even decades, the regeneration and reconstruction of these spaces in cities have been trying to
raise the residents' quality of life. Of course, this can result in the development of new public spaces and
residential areas. In these processes, planning documents have the most significant importance, that is, the
actors who participate in creating these documents. In the capitals of the Republic of Serbia and the Republic
of Croatia, Belgrade and Zagreb, in the last two decades, a large number of plans and proposals were made
that explicitly dealt with the city's riverfronts. Those plans treated the banks of the Sava River in different ways
and the existing built-up areas in the riverfront zones. Due to the significant similarities between the two
mentioned cities in terms of spatial planning and spatial-geographical characteristics, it is exciting to compare
the application of planning documents adopted in the last two decades. Through these comparisons, one can
undoubtedly conclude how certain planning decisions affect the spatial configuration and the broader picture
of the city, but also the quality of life of the citizens.

In connection with what was aforesaid, this paper aims to point out the importance of the city's riverfront in
terms of the inhabitants' quality of life and the urban structure. Based on the results obtained through a
comparative analysis of the planning documents of Belgrade and Zagreb, an attempt is made to find an answer
as to whether the city's riverfronts are the new drivers of urban regeneration or whether they are spaces that
should be intended for recreation and rest for citizens. As mentioned in the introductory part of the paper, the
concluding part of the research will contain recommendations and guidelines for future planning and
development of riverfront areas in large cities.

3. METHODOLOGY AND MATERIALS

High-quality and effective spatial planning can undoubtedly be considered crucial in ensuring the progress
of urban areas in which efforts are made to ensure a high-quality standard of living and sustainable urban
development (Baffoe et al., 2022). This is because planning a specific area should improve the quality of life,
which implies respect for the citizens' needs and improves spatial and social aspects that lead to better socio-
economic development.

Considering the mentioned importance of the planning documentation, this paper, through the method of
comparative analysis of this type of documentation of Belgrade and Zagreb, tries to investigate and compare
the changes in the spatial configuration of the mentioned cities, which are the result of the adopted planning
documents. Through the mentioned method, answers can be obtained adequately to the questions of how
actors in the planning process treat transformations of city amenities and what contribution this process has in
terms of the socio-economic aspects of the city. The two mentioned cities were chosen for this research for
several reasons. Namely, these cities have certain similarities. Belgrade and Zagreb are the capitals of the
countries in which they are located, and they were also developed on the banks of the same Sava river. Also,
their similarities are reflected in the fact that, in the period of their most excellent development, both cities
belonged to the same country, Yugoslavia. In this respect, they were developed according to the same urban
principles. Indeed, based on this fact, these cities still have very similar urban planning systems today.

The spatial and urban plans of the above-mentioned cities are going to be analyzed in this paper. Also, plans
that include smaller, isolated parts of these two cities will be included, but whose planning solutions are
directly focused on the city's riverfronts. As already mentioned in the introductory piece of the paper, the plans
created in the previous twenty years will be analyzed. Accordingly, the following plans will be analyzed for the
area of the city of Belgrade:

- Changes and additions regional spatial plan of the administrative area of the city of Belgrade, adopted in
2011 and created to review the planning solutions defined in the primary document Regional spatial
plan of the city's administrative area of Belgrade, adopted in 2004.

- Spatial plan of the area of special purpose for the development of part of the coast of the city of
Belgrade — the area of the banks of the Sava River for the "Belgrade on the Water" project was made
following the decision made by the Government of the Republic of Serbia at the session held in June
2014.
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- The General Plan of Belgrade 2021 was adopted in 2003. This planning document was initially valid until
2021. still, in the period after 2003, changes and additions were made to the basic plan, and in 2016,
the General Urban Plan of Belgrade was adopted based on this document.

The plans that are important for this research and that relate to the development of the city of Zagreb are:

- Zagreb 2000+ New urban strategy: The general urban plan of Zagreb is a planning document adopted in
2000 and was based on several other plans and concepts from the 20th century. In 2016, amendments
to this planning document were adopted.

- The urban development plan of Jankomir-Prisavisé¢e, was adopted in 2008 to define the essential purpose
and way of using the space defined by the plan.

- The document Amendments to the General Urban Plan of the City of Zagreb in 2017, which was adopted
in 2017, was created based on the General Urban Plan of the City of Zagreb adopted in 2007.

4. RESULTS

Spatial planning in order to create a high-quality and interactive urban structure is the first step toward
contributing to the spatial transformation and improvement of the socio-economic conditions of the place
(Assche et al., 2020). That is why the documents created in the planning process are of utmost importance in
researching and evaluating planning practices and their solutions. These documents are certainly one of the
primary means for comparing the situation during and after the implementation of ideas and ideas of actors in
the planning process. In this part of the work, a comparative analysis of the planning documents of the cities of
Belgrade and Zagreb will be performed. In addition, those documents that treat the riverfront transformation
in the mentioned cities will be analyzed.

4.1. The riverfronts of the cities Belgrade and Zagreb

Many cities treat city shorelines in different ways. In the 21st century, great amount of attention is being
paid to the potential of the city's riverfronts, and precisely because of this, these areas are characterised as the
most significant in the planning processes. Such a case is also noticeable in the two capital cities of the Balkan
states, the Republic of Serbia and the Republic of Croatia. Belgrade as the capital of the Republic of Serbia and
Zagreb as the capital of the Republic of Croatia are urban areas whose built-up areas are increasing yearly. For
this reason, city authorities and various private investors strive to find new areas in the central parts of cities or
their immediate vicinity, which can become new places to revitalise urban space. In these cities, in recent
decades, increasing attention has been focused on the city's riverfronts, which were intended for certain
activities or represented undeveloped accessible areas during the earlier periods of the city's history.

These two cities were fascinating because they belonged to the same state thirty years ago. Accordingly, they
mostly had the same or similar principles in the planning process, conditioned by legislation and similar
planning schools. This certainly impacted today's planning practice and decision-making aimed at the
arrangement of urban space. Of course, the similarities of the riverfronts of these cities are also visible in the
fact that they were formed on the same river Sava and had similar relief characteristics.

However, these two cities have specific differences in planning solutions related to riverfront development.
Namely, in the third millennium in Belgrade, the realisation of an urban megaproject called "Belgrade
Waterfront" was started, which greatly influenced the planning boom in the city itself and the country, at least
when it comes to legal regulations (Grubbauer et al., 2018). On the other hand, Zagreb's city has strived to
adequately arrange the riverfront through various urban competitions and plans for many years and decades.
Still, there was great cohesion between the ideas that the riverfront should become a new residential area or
that it should remain an open public area mainly intended for sports activities (Matkovic¢ et al., 2012). Figure 1
shows the area where the development of “Belgrade Waterfront”” megaproject was planned and started, while
Figure 2 shows the area of the Zagreb waterfront.

4 ICUP 2022 | PROCEEDINGS | Nis: November 2022



S. BULATOVIC ET AL.: MODERN TRANFROMATIONS OF CITY RIVERFRONT — COMPARISON OF THE RIVERFRONTS OF BELGRADE AND
ZAGREB

Figure 1: Belgrade Waterfront location (Source: Bing, 2015) Figure 2: Zagreb Waterfront (Source: www.crorivers.com)

4.2. Comparative analysis of planning documents of Belgrade and Zagreb

As already mentioned in the paper, in the XXI century, actors in the planning process paid much attention
to the coasts of Belgrade and Zagreb for twenty years. In this regard, in many planning documents, it is possible
to find proposals, guidelines, ideas and visions for the arrangement and construction of the coastlines
mentioned above. In this work, documents will be singled out in which the city's coastline is defined concretely,
i.e. documents that determine the future use of these areas.

Belgrade

The city of Belgrade, i.e. the city authorities and many participants in the planning process in recent years,
have initiated arranging the Sava coast and forming an entirely new residential and business settlement. This
settlement, named "Belgrade Waterfront", should in the future represent an entirely new centre of the city
with clearly expressed characteristics of socio-economic development. That project, of course, received a lot of
negative and positive criticism over time, but despite that, it is being implemented to a large extent. In addition
to the mentioned part of the coast, the city of Belgrade has many more landscaped features on the riverfronts,
but this project is one of those that has a massive impact on the broader picture of the city.

Table 1: Planning documentation for the Belgrade riverfront

Planning documentation Year
The general plan of Belgrade 2021 2003
Changes and additions regional spatial plan of the administrative area of the city of Belgrade 2011
Spatial plan of the area of special purpose for the development of part of the coast of the city of 2014
Belgrade - area
the banks of the Sava River for the "Belgrade on the Water" project

The city of Belgrade, as mentioned, has a very long coastline that is very diversely arranged. Sports and
recreational facilities, green areas, economic activities, etc., are represented on Belgrade's shores. However, in
this research, the focus is on that part of the Belgrade coast, which is trying to be given a completely new
image and role in the city's further development. That part of the Belgrade coast became the subject of
numerous types of research. It is a part of the coast on the right bank of the Sava where the project "Belgrade
on the Water" is implemented. Table 1 lists three planning documents based on which a conclusion can be
drawn as to how this part of the coast was treated. More precisely, based on these plans, it is possible to
determine what this coast looked like before the project implementation and what results are expected after
the performance of the planning documentation. Accordingly, it is possible to assume what impact the new
imagined part of the city will have on the broader picture of the city and the socio-economic aspect.
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In the Regional Plan of the Administrative Area of the City of Belgrade from 2011, the part of the observed
coastline characterised as the area of the Sava Amphitheatre is defined as an area that must be adapted to the
urban contents that should be built in that zone, but in such a way that the entire coast is opened for
unhindered access to water. This plan envisages the formation of new complex business and commercial zones
in Belgrade's mentioned area. The spatial plan of the area of the particular purpose for the development of the
part of the waterfront of the city of Belgrade - the area along the Sava River for the project "Belgrade on the
water" from 2014 fully defines the site where the modern transformation of the riverfront is planned. In the
same planning document, green public areas, as well as cultural and historical heritage that exist in a defined
area, are singled out. The plan emphasises the importance of existing green public areas in terms of air quality
and temperature regulation and as spaces intended for citizens' meetings, communication, enjoyment,
socialising and recreational activities. During the preparation of the planning document, many different cultural
and historical heritage objects were listed. Certain buildings on the site date from the end of the 19th century,
while a large number of them were inherited from the 20th century. It could be said, therefore, that this area
was affluent in public areas and heritage objects before the transformation, according to the data from the
plan.

On the other hand, the main goals of this plan are the affirmation of the tourism of the city of Belgrade and
based on the arrangement of the coasts, the formation of integral ambient units based on cultural and
historical heritage, and the improvement of the tourist offer in the function of tourism by creating areas for
shopping, and the construction of residential and business facilities with the aim making an offer of a more
significant number of residential and business spaces. The General Plan of Belgrade 2021 from 2003 also
supports the idea of modern transformation of the coast with the aim of its rehabilitation and activation. This
plan also characterises the coastal area being transformed as one of the locations for constructing cultural
facilities of the highest national importance.

Based on the above plans, it is evident that the city authorities of the city of Belgrade and actors in the planning
process have recognized part of the Belgrade coast as an area that can become a new tourist and economic
centre of the city. Without a doubt, it can be said that this kind of transformation of the space, in which multi-
storey buildings and shopping centres will dominate, has a direct impact on the broader picture of the city. An
increase in the number of users of this area may lead to an overload of the city's infrastructure systems.
Indeed, the concentration of new multi-storey buildings will undoubtedly reflect the complete urban image of
the city of Belgrade.

Zagreb

In contrast to the Belgrade riverfront in the city of Zagreb, the city authorities have repeatedly tried to
organise the riverfront during the last few decades. In connection with this, various tenders were announced,
and planning documents were drawn up. However, Zagreb's coastline remained mainly intended for sports and
recreational activities without significant changes in the construction of new residential and business facilities
or activating the city's tourist offer in the coastal zone.

Table 2: Planning documentation for the Zagreb riverfront

Plans Year

Zagreb 2000+ New urban strategy, Proposal of the new General Urban Planning 2000
of the city plan of Zagreb

Urban development plan of Jankomir-Prisavisce 2008

Amendments to the General Urban Plan of the City of Zagreb in 2017 2017

Developing the Zagreb riverfront has always been an exciting challenge for planners and city authorities.
For a whole century, the actors in the Zagreb planning process have been trying to find an adequate solution
and model according to which they would arrange the city's riverfront so that it becomes the new driving
centre of Zagreb's development. As in the case of the analysis of the transformation of the coast of Belgrade,
three essential documents have been singled out in this part of the work, through which the vision of the
future development of the Sava coast can be seen most adequately. Indeed, it is critical to emphasise that
many documents and initiatives treat this part of the urban structure in specific ways. Table 2 shows the three

6 ICUP 2022 | PROCEEDINGS | Nis: November 2022



S. BULATOVIC ET AL.: MODERN TRANFROMATIONS OF CITY RIVERFRONT — COMPARISON OF THE RIVERFRONTS OF BELGRADE AND
ZAGREB

analyzed planning documents on the basis of which conclusions are drawn about the development of the
Zagreb waterfront.

As early as the beginning of the third millennium, the city of Zagreb tried to solve the undefined status of the
Sava coast in a way to determine its clear purpose in further urban development. In the spatial planning
document from 2000, the area of the city's coastline is defined as a "skipped" area in the planning process with
exceptional potential. In this document, the area along the Sava River is mainly characterised as an area
intended to develop infrastructure systems to improve the city's water supply, sewerage, and traffic network
and as a sports and recreational area. Although there is a great desire of the city authorities for complete
development of this area, there are no concrete solutions, also, in the Jankomir-Prisavis¢e urban development
document from 2008. In addition to numerous concrete solutions and projects, there are no concrete solutions
for transforming the Sava coast. To the greatest extent, the development of new public facilities in the
immediate surroundings and the preservation of green areas to further promote the greenery of the city of
Zagreb are sought. The amendments and additions to the General Urban Plan of the City of Zagreb from 2017
clearly define the visions for the further development of the City of Zagreb and, thus, the banks of the Sava
River as part of the urban area. This plan proposes preserving wide undeveloped spaces between the built
structures of the settlement. Also, it strives to develop and improve the cultural and tourist offer and promote
sports and recreational activities while preserving the green areas along the Sava River.

Based on the above, a clear difference can be seen regarding the treatment of city shores in the planning
documents of Belgrade and Zagreb. However, it is essential to emphasise that these two cities, although they
are the largest cities in the states, differ in terms of population and built-up near river banks. Indeed, there is a
noticeable difference in terms of the relationship to the riverbanks, i.e. their use. While the city of Belgrade in
the 21st century is trying to move the city and tourist life to the coast, the city of Zagreb, on the other hand, is
trying to preserve the rich green spaces along the river and improve them, thus making it a detractor of
development in another way. Nevertheless, it is essential to emphasise that during the last time, the idea of
transforming the city's shores was present in Zagreb, and still is exactly the way it is happening in Belgrade.

5. DISCUSSION AND CONCLUSIONS

City riverfront s are parts of the urban structure that ennoble cities and make the city space much more
diverse. Richard Marshall, in his book Waterfronts in Post-Industrial Cities (2004), states that urban riverfronts
are extremely important in cities because they improve anaemia in their immediate environment and the
entire city. It is crucial to emphasise that throughout the riverfront's history, significant changes have taken
place. Thus these spaces in many cities have become places for people to gather and connect, from being a
pure business zone. Furthermore, it is undoubtedly vital to emphasise that these areas have become important
economic and development hubs of cities. As mentioned in the paper, many cities in recent decades have
decided to develop new settlements in these areas to initiate a major reconstruction of the city and, at the
same time, provide housing for new city residents. All of this directly affects the city's image's breadth and the
urban structure's quality.

This paper shows that planning documents play an extremely significant, if not the most important, role in
developing a project from idea to realisation. Based on these documents, it is possible to evaluate the needs
for the completion of a specific idea, that is, a project, and it is possible to determine how that project affected
the entire city. Cities of Belgrade and Zagreb, due to their history, population, and importance as administrative
centres must adapt their urban structure to the needs of the wider population. Precisely because of this, the
actors in the planning process in both cities, through concrete examples of the transformation of city shores,
clearly convey the idea of exploiting the area's tourist potential. It is clear that tourism represents one of the
essential tools in development, and it must undoubtedly be included in the plans of the mentioned cities.
However, as seen in the paper, in terms of coastal planning, there is a big difference between the two analyzed
cities. Belgrade is undoubtedly striving to transform its riverfront in a way that has been very popular in recent
decades all over the world, as seen in the already mentioned city of Hamburg. Namely, through the "Belgrade
on the Water" project, the tourist offer in this city is completely changing, as well as the broader picture of the
city, and all of the above have a significant impact on the socio-economic aspects of this city. On the other
hand, in the city of Zagreb, the planners are trying to preserve the green area and sports activities along the
Sava river, thus aligning themselves with the cities that want to promote the banks as open public spaces to
everyone. Nevertheless, following the trends in European and world cities, building new settlements along the
river and creating a unique cultural and touristic city offer is being promoted from time to time in Zagreb.
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Following what was stated in the paper, the basic conclusion is that the modern transformations of the city
coasts are precisely those in which the purpose of the city coast, as well as its appearance, is completely
changed. In this transformation, without a doubt, the overall image of the city also changes, and thus also
many other spatial and social aspects. This change can be a ban on the use of traffic in a specific area and the
use of the coast for open public spaces. Still, in the 21st century, it is a pervasive case that cities around the
world tend to reconstruct the coastal area to build new housing - business premises and make the coast a
development centre of the city in this way. For such transformations to take place with as much benefit as
possible for all users of the space and as minor damage as possible to the cityscape, it is necessary:

- Involve citizens in decision-making processes and, through public insights, clearly determine their needs
and desires from a specific space;

- Conduct analyses and studies to determine how the transformation of the city coast will affect the city
and its functioning;

- During the transformation process, it is mandatory to try to preserve the spatial potentials in the form of
green areas as much as possible, as well as the cultural and historical riches of the area.
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ABSTRACT

When designing facilities with lower energy consumption, the most crucial parameter is the
correct choice of location. The terrain configuration has a distinct influence on the organization of
the urban plan and the building design. It largely determines the microclimate, especially the
temperature level, direction, and wind speed. The subject of this paper is the analysis of courtyard
configuration as a dominant parameter in architectural design and energy savings. The courtyard is
an open area that is tied to a specific building. It is usually surrounded by walls, other buildings, or a
fence. The courtyard's dimensions significantly affect the project's development and the location's
microclimatic characteristics. The courtyard's proportions and configuration directly affect the
building's shape, so it is essential to consider the advantages and disadvantages of different
influential parameters adequately. The influence of solar radiation on heat gains is evident, while it
also increases the energy demand of buildings with different shapes and proportions of yards.
Through an overview of various architectural aspects, the paper provides guidelines that can be
useful to designers and spatial planners to form and select adequate courtyards for the buildings.

Keywords: courtyard configuration, architectural design, energy savings, urban planning;

1. INTRODUCTION

Increased urbanization in larger cities has influenced the design of buildings with an increased need for
mechanical ventilation. Along with ensuring higher air quality and thermal comfort for the tenants, there was
an increasing energy consumption. Global warming and climate change consequently lead to significantly
higher energy consumption to provide thermal comfort in buildings, directly affecting the environment.

As a result, there has been a general movement toward finding effective design strategies to reduce buildings'
energy demands and encourage further awareness of energy-conscious design. Designing a passive solar
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building can reduce additional heating costs in buildings without compromising user comfort. Besides the
impacts on the energy performance of integrating passive energy strategies [1], such as Trombe wall [2],
double skin facade [3], green roof [4], and chimney effect [5]), the implementation of the courtyard and
atriums can contribute to energy savings in buildings. In addition to climatic features [6—8], orientation [9-12],
shape [13—-16], and the ratio between the surface of the outer envelope of the building and its volume, the
inner courtyard or atrium could also affect the final energy consumption in buildings [17]. They are integrated
into the construction so that they could be considered a unique space, the so-called "atrium room". The
geometry of the courtyard can play a significant role in the final energy consumption of the building [18].

By improving the urban landscape architects aim to solve global challenges. Some ways to achieve these goals
are reflected in preserving heritage-inspired planning and design. At the same time, we should strive to
develop cities of the future following modern approaches to urbanization patterns, architecture and design.
This paper points out the benefits of designing buildings with an internal courtyard and the impact of good
courtyard design. The paper concludes that adequate application of the courtyard could contribute to
sustainable energy-efficient development of future cities.

2. COURTYARD AND ATRIUMS THROUGHOUT HISTORY

The original courtyards originated around the great Indus River region from 6500-6000 BC and evolved in
response to the climatic and cultural conditions of the context. During the medieval period, the courtyards
acted as an open space within the fortress to enjoy nature but remained protected from enemy forces.
Although they varied in size, the houses of the time had a typical plan with a square courtyard in the center and
rooms surrounding it. The smaller dwellings consisted of one courtyard along the northern wall, while the
larger ones had several courtyards. The courtyard size is determined proportionally to the surrounding walls
per the local climatic conditions.

The courtyard is an open area connected to a particular structure, often bounded by walls, other buildings, or a
fence. The history of the courtyard can be traced back to 3000 BC in the archaeological remains of a courtyard
house in Ur, Mesopotamia (Figure 1). In the Roman Empire, courtyards had basins to catch rainwater. Early
medieval Christian churches often used atriums or courtyards as covered, open spaces at the front of the
building. The courtyard served not only to achieve natural ventilation but also as a space for the socialization of
the building's residents. Its purpose was different during the historical development: socializing, walking,
cooking, looking after animals, etc. Although in ancient times, the primary idea was to ensure better social
connection within the central premises, in the nineteenth century, the application of metal and glass enabled
the further development of these systems so that from the middle of the twentieth century, the concept of the
atrium experienced a revival and significantly improved the economy and the environment.
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FIGURE 1: House in Ur, Mesopotamia [19]
The incorporation of the courtyard into building design in the modern era began during the Industrial
Revolution with the availability of plate glass and slender structural elements of iron and steel. However,
modern atriums appeared in the late 1950s and early 1960s. The new atrium originates from the temperate
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climates of high latitude regions, providing an environmentally controlled room, natural sunlight, and warmth
during winter. The ecological benefits of the atrium and courtyard design were reconsidered in response to the
energy crisis. However, when designing these types of constructions, special attention should be paid to
analyzing climatic conditions. Nowadays, many hotels, houses, country houses, and public spaces carefully
recreate courtyards [20]. Land costs are increasing with the current urbanization rate and residential
architecture development, so implementing internal courtyards in buildings is becoming very expensive [21].

2.1. Basic forms of the atrium

Despite its various advantages, the approach to courtyard housing typology is often neglected. Houses
with a courtyard belong to particular types of individual family buildings. Unlike atriums which are enclosed
spaces or spaces for "public use", courtyards are not covered with a roof, and these spaces may or may not be
enclosed. Courtyards can be designed in several ways, but their configurations should always be a reasonable
response to climate goals and a pleasant living environment. Typical configurations of this architectural
element can be surrounded by walls or partially enclosed. The design is mainly based on climatic conditions
and architectural experiments to ensure the expected level of thermal comfort in the building. There are four
different forms of the atrium, and each has a unique environmental advantage chosen according to its ambient
condition, expected ventilation, and daylighting. In moderate climatic conditions, it is recommended to design
the atrium next to the building as a glazed facade, enabling more significant solar gains in winter. For hot and
humid climates, centralized and linear atriums minimize temperature fluctuations during warm and temperate
seasons (Figure 2).

a) central b) semi-closed c) glued d) linear
FIGURE 2: Forms of the atrium (From left to right: central; semi-closed; attached; linear)

3. OVERVIEW OF THE MAIN INFLUENCING FACTORS WHEN DESIGNING BUILDINGS WITH AN INTERNAL
COURTYARD

3.1. Climatic characteristics and orientation of buildings

Climatic conditions have a dominant influence on the design of buildings with courtyards. Thermal
characteristics of a building with a square courtyard, which is surrounded by buildings on all four sides, in
different climatic conditions, differ depending on the climate, and have a different impact on cooling, heating,
and total annual energy consumption. Generally, buildings with an open interior courtyard show better energy
performance in hot-dry and hot-humid areas.[7]. In warm, humid climates, it is desirable to orient the longer
axis of the courtyard along the northeast-southwest direction to achieve good performance. Furthermore,
buildings with internal courtyards are best oriented along the north-south axis in moderately cold climates. In a
warm, dry climate, buildings are best oriented between the northeast-southwest and north-south directions to
ensure efficient performance in both seasons [6]. Using the modeling method, Muhaisen [6] performed an
analysis of the influence of the geometric shape of the courtyard, as well as the effects produced on the inside
of the analyzed rectangular shape for four different locations as characteristic representatives of regions with
warm, humid, warm dry, moderate and cold climates. The study indicates the influence of climatic conditions
on the proposed geometric characteristics and height of the yard to achieve a justified annual performance of
the investigated locations. The results showed that the shading conditions of the inner side of the courtyard
depend significantly on the proportions of the shape, geographical location, and available climatic conditions.
Almhafdy, Ibrahim, Ahmad, and Yahyaocene [8] performed an analysis of the microclimate characteristics of a
U-shaped courtyard in a General Hospital in Malaysia. It was confirmed that the change in the yard's
configuration and its orientation affect the microclimate inside the yard.

The orientation of the building significantly affects its relationship to the natural environment, sun, wind,
weather, thermal inertia, thermal insulation, topography, landscape, and views. Decisions made during spatial
planning have an impact on the energy characteristics of the building throughout its life cycle [9]. The optimal
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orientation of the building is one of the essential factors that create the conditions for the rational use of
energy in the urban planning stage[10]. Regardless of the orientation, smaller houses and houses of higher
quality performance are more efficient and better than those whose square footage exceeds 250m? or houses
designed for the basic level of energy efficiency compliance[10]. The best position for symmetrical houses is
when they are exposed to all directions.

In contrast, for houses with an elongated base, the longitudinal side of the house should be oriented towards
the south [11]. The analysis of sunlit surfaces facilitates the determination of temperatures inside the building.
Graphically determining the sunlit area is helpful for visualization and precise measurement [12]. East and west
orientation are favorable in summer, while winter is much less sunny. The building should be opened to the
south to have as much heat gains as possible through the windows - a direct solar energy gain. A south-facing
free wall can have large glazed areas that provide solar gains. Living areas should be oriented toward the south,
and bedrooms and utility rooms should be oriented toward the north. Rooms often used should have the most
significant solar energy gains, made possible by large glass surfaces. On the contrary, less used rooms (cold,
unheated rooms) with little need for daylight can be oriented on the opposite side.

3.2. The influence of the shape of the building and courtyard on energy consumption

The influence of the shape of the building on the total energy consumption in buildings primarily depends
on three factors: relative compactness, window-to-wall ratio, and solar heat gain coefficient of the glazing.[14—
16]. Optimizing the geometry of office buildings and glazing can reduce energy consumption and achieve
savings regardless of the climate zone in which the building is located [22]. An object whose shape creates less
airflow resistance and friction will cool or heat less. Florides and others [11] indicate that annual heating needs
an increase in the elongated shape compared to the square-shaped base. That increase ranges between 8.2
and 26.7%, depending on the type of construction. In thermally insulated buildings that have a different form
factor, the rates of thermal energy savings range between 1% to 7%, while in the case where buildings have the
same form factor, the rate of thermal energy savings is from 34% to 36% compared to buildings without
thermal insulation. Considering that these measures relate to the saving of thermal energy, it is pretty evident
that they can significantly affect the financial picture of the entire facility [23].

The energy characteristics of buildings with a yard depend on many variables. The type of building with a
courtyard has proven to be relevant in all climates. The energy performance of buildings with a courtyard
compared to buildings with an atrium showed that buildings with a courtyard are a more energy-efficient
option as part of low-rise buildings, while buildings with an atrium record better results in buildings with a
higher height, i.e., in multi-story buildings [24]. In general, shallow rooms have the best energy performance
for all window orientations and sizes in warm and temperate climates, while deep rooms perform best in cold
climates. Regarding the shape of the base, in warm and temperate climates, the best energy performance is
recorded for shallow rooms with medium-sized windows, deep rooms with large windows for north-facing
rooms with large windows, and all rooms with small windows oriented to the south. In cold climates, the best
performance occurs in shallow rooms with small windows and deep rooms with medium-sized windows for
south-facing rooms with large windows.[22].

Internal courtyards act as microclimate modifiers that improve the perception of environmental comfort. Using
courtyards in buildings can reduce the need for adjacent cooling spaces by more than 10%[25]. Due to the
significant exposure of the external walls, houses with a courtyard are more suitable for warmer climates.
These buildings are primarily single-story buildings, although it is possible to design multi-story solutions in
some cases. Energy-efficient solutions for such buildings imply the orientation of the living rooms towards the
south, while the sleeping rooms are designed towards the east side. This construction system represents one of
the most energy-efficient construction methods. With two-story courtyards, the walls of the second floor
receive more radiation than the walls of a single-story courtyard of the same size would receive.

On the other hand, the load from solar radiation on the lower floor surfaces is far less than on the surfaces of
the one-story courtyard. Forms with a minor aspect ratio of the base in the selected geometric range receive
minimal radiation [26]. Total energy consumption in narrow, elongated, or rectangular atriums with a large
length ratio to width is significantly higher than in square atriums[27].
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4. BASIC BENEFITS OF DESIGNING BUILDINGS WITH AN INTERNAL COURTYARD

Atriums and courtyards are similar structures found in residential and commercial spaces. Despite their
many differences, they have in common that they provide space for relaxation and privacy while at the same
time enabling natural ventilation and daylighting. Depending on their shape and orientation and applied
glazing, atriums and courtyards contribute to reduced building energy needs. Throughout history, these
constructions have been most often used in landscape architecture. The benefits of using this type of
construction are reflected in the excellent use of ventilation and lighting as ways in which courtyards
contribute to the sustainable, energy-efficient development of buildings. These spaces contribute to aesthetics,
exposing adjacent interior spaces to daylight and maximizing direct solar energy. Also, they provide air
circulation, increased socialization, and interaction between building residents.

Traditionally used as a central space between apartments, there has been a paradigm shift in the approach and
design of the courtyard. Serving as a focal point and a protective barrier against harsh climates, courtyards are
seen as a way of life. From influencing the indoor environment to creating a peaceful corner in a busy lifestyle,
yards offer many benefits to enrich our lives. The yard as a passive solar system was developed mainly in
response to climatic requirements. Poor or inappropriate design can create challenges in controlling the yard's
temperature, glare, and energy consumption. Energy-efficient courtyard design involves looking at the shape of
the building and its associated courtyard, ventilation, and courtyard performance in terms of daylight factor to
improve the building's energy efficiency performance[28].

4.1. The courtyard illuminates the surrounding rooms

The sun's position varies with latitude, which significantly impacts the created conditions [6]. External
static shading should be adapted to the characteristics of the location and should be designed depending on
the location, which would be controlled according to seasonal conditions [12]. The courtyard, positioned under
the open sky, allows the rooms surrounding it to be exposed to more daylight. Even long, narrow houses with
fewer openings can be well lit with the help of a courtyard that saves large amounts of energy and creates a
pleasant atmosphere in the house. The yard's proportions and geometry significantly influence the yard's
shading, which depends on the position of the sun in the sky and the geometry of the yard [18].

By introducing natural lighting to the interior, interior courtyards and atriums provide a more pleasant working
environment by connecting to natural daylight and the outside environment. Protection from the sun on the
south side of the building can be achieved by trees planted along the facade in the form of a horizontal shelter.
Shading east and west-facing windows can be achieved with vertical barriers such as trees. Deciduous trees in
the winter, when the leaves fall, allow the sun's rays to penetrate the interior of the building unhindered
through the branches, and in the summer, it provides a strong shadow.

4.2. The yard provides ventilation

Natural ventilation in buildings plays a crucial role in ensuring the optimal quality of internal air
circulation in the building and maintaining an acceptable level of thermal comfort without using mechanical
systems such as heating, ventilation, and air conditioning. One of the most critical roles of the inner courtyard
is the supply of fresh air and the removal of stale air from the building premises. By providing natural and cross
ventilation, courtyards increase oxygen supply and provide the maximum cooling effect. While they draw in the
fresh air and expel hot air in the summer, solar radiation protects against cold winds in the winter. In addition
to helping to exchange heated air from adjacent spaces from the building, it enables connecting the space with
the outside space. The courtyard can use ventilation for heating by bringing fresh air in and exhausting stale air
with less air exchange ventilation. In case of intense solar radiation, in addition to the yard's design, it is
necessary to install a solar chimney or a double facade in the facade of the building. The use of additional
mechanical ventilation is most often used in urban areas to extract cleaner and cooler air from the upper
atmosphere using an inverted solar chimney.

Atriums offer natural light, and if they are covered, they require some form of ventilation in the spring and
summer because the glass retains heat. In contrast, during the fall and winter, the trapped heat enables energy
savings for heating. This way, there is optimal energy consumption and summer comfort in extreme climatic
conditions. An atrium with the exact geometric dimensions in different climates and glazing conditions is more
energy efficient with increasing building height. At the same time, in the summer months, it is more advisable
to use an open courtyard in low-height buildings.

ICUP 2022 | PROCEEDINGS | Nis: November 2022 13



D. RANDJELOVIC ET AL.: IMPACTS OF COURTYARD ENVELOPE DESIGN AS AN IMPORTANT ARCHITECTURAL PARAMETER FOR ENERGY
SAVINGS

4.3. The courtyard connects the interior and exterior and, at the same time, offers privacy and security

Although there are less pronounced differences between the modern atrium and the courtyard, their
purpose is essentially the same. Both aim to improve the quality of life of those who live or work in the building
or home. They offer a semi-covered or private space where one can enjoy the outdoors. The natural light
entering the space provides space for growing a garden or various other plants in full sun. Courtyards are open
spaces that contain indoor elements, such as places for cooking or sitting, while atriums bring a small amount
of the outdoors into the indoor space. The courtyard provides physical separation of space within the house,
providing residents with an open space available throughout the day. This space is private, secure, and easily
accessible without the distraction of household chores. Establishing a connection with the natural environment
allows residents to relax in a more private garden with fresh air and a clear mind. This way, the stress level is
reduced, the immune system is strengthened, and it can be used as a meeting place for people.

4.4. Radiation control of the outer surface of the envelope

Shape parameters that affect the thermal balance of building surfaces with an internal courtyard under
the influence of solar radiation are geometric (proportions, size, and orientation) and physical (reflection from
the object's surfaces). The first category affects the initial radiation load on the object's surface, while the
second affects the final load from solar radiation [29]. Solar heat gains through glazing represent one of the
most dominant building envelope parameters that affect their energy efficiency [30]. The geometric shape of
the yard has a minimal influence on the sun exposure of the inner surfaces of the yard in the winter period. In
contrast, in the summer period, this influence is more significant [18]; by reducing the depth of the yard, the
penetration of the sun's rays increases. The optimal height of buildings with an internal courtyard and enabling
the best performance of the building in summer and winter, is a height of three floors in hot-humid areas, two
floors in warm-dry and temperate areas, and one floor in cold climates [6].

The tendency is that buildings with a shallow inner courtyard are built in moderate and cold climates due to the
sun's low position in the sky. By increasing the depth of the inner courtyard by adding a parapet to the top of
the building walls, the load from solar radiation progressively decreases as the height of the parapet increases
[26]. Deep-form patios of any geometry are generally recommended to achieve maximum internal shading in
summer. On the contrary, in winter, the shallow form of the yard would allow the sun to shine on the most
significant part of the yard [18]. A building with a deep courtyard significantly influences the sun exposure of
the interior surfaces in the summer, which results in a low energy need for cooling. At the same time, in the
winter, minimal heat loss is ensured, reducing the need for heating. Several methods can be used to improve
the control of heat gains from solar radiation in the summer, such as light colors or shading devices. In this way,
the absorption of solar radiation is reduced, and at the same time, the thermal characteristics of the outer
envelope of buildings are improved. The courtyards shaded from the buildings contribute to a reduction in
cooling needs by an average of about 4%, while in winter, the need for heating increases by an average of
about 12% [31].

Controlling the thermal performance of the inner courtyard concerning solar radiation can be achieved
naturally by controlling the radiation of the outer surface of the envelope. This type of solar radiation control is
achieved by manipulating the geometric and physical parameters of the form [29]. Energy-saving measures
such as thermal insulation, double-glazed windows, Persian blinds, and sealing strips can reduce energy needs
for cooling as much as a well-designed yard. At the same time, a properly designed courtyard reduces the
building's energy needs for heating [21,32].

5. CONCLUDING REMARKS OF DESIGNING BUILDINGS WITH AN INTERNAL COURTYARD

This research aimed to identify an energy-efficient, integrated use of the courtyard to improve the energy
performance of buildings in terms of seasonal and climatic factors. The results of this research showed that the
use of passive characteristics of the courtyard affects reduced energy consumption and improved lighting and
ventilation, but also the control of the radiation of the building envelope. Architects and planners, as well as
policymakers, may profit from the mentioned guidelines.

The importance of the courtyard is reflected in its practical implementation through the aesthetic aspect. In
urban environments, courtyards can provide many benefits, such as security for adults and children and
connecting the interior with the exterior. A contemporary approach to courtyard design requires multiple
functions, adaptable recreational spaces for residents to network, and flexibility to exchange and change use
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according to community requirements. Integrated use of courtyards and atriums can save energy in different
climates. The integrated use of the passive features of the courtyard and atrium affects energy consumption. It
is recommended to carry out further studies on the impacts on the energy performance of integrating other
passive energy strategies (e.g., Trombe wall, double skin facade, green roof, chimney effect) on the buildings
with the courtyard. Although the courtyard is only one of many strategies for ensuring better energy efficiency
of buildings with increased thermal comfort, its adequate application contributes to sustainable energy-
efficient development and could lead to the development of the cities of the future.
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ABSTRACT

The urban planning of cities or city blocks is, in essence, tightly connected to geometric grid
patterns. Cities of the future, thanks to modern technology, are increasingly based around complex
geometrical forms. Fractals, radio-concentric networks, regular and irregular polygons, fingerprint
patterns, Voronoi diagrams, are just some of the modelling structures, i.e. generators, used when
defining a modern urban design. Geometric cities (GC) generated using new geometric forms are
the topic of this paper. The geometric patterns we created are based on the use of Cassinian
directorial curves (CDCs). A CDC is the geometric locus of points with a constant product of
distances to directorial lines. These curves, besides having the property of incorporating a constant
geometric mean, are generated using regular polygons (the edges of the polygon are the directorial
lines), and thus belong to the group of curves with a perfect radio-concentric network. CDCs will
represent new city blocks, while the traffic infrastructure will be connected to the directorial lines.

Keywords: urban planning; street pattern; city block; geometric form; regular
polygon, directorial line; Cassinian curve

1. INTRODUCTION

Cities are the base elements of the development of society and they’re a basic structure in migrational
demographic processes. Throughout centuries, many cities have changed their cultural, religious and social
characteristics, changed their governors, flourished or, on the other hand, decayed and disappeared. The
development of cities has always been tied to civilizational progress. Modern cities, thanks to economic
development and contemporary technics and technology, are growing according to the principle of
geometrically organized bases (streets, roads, squares and/or parks) with spatial structures (buildings) in-
between them. Furthermore, the bases of cities (top-view) are becoming increasingly similar to more complex
mathematical/geometrical 2D elements. The principle of the regular expansion of cities is based on the
adopted geometrical concept as well, although the fact that “a modern city is not only expanding, but also
growing in height” (Risti¢ and LjeSevi¢, 2011) should also be noted. Functional city planning is the first base
principle of sustainable urban mobility planning.

1.1. Geometric grid patterns from ancient times to today

The urban planning of cities or city blocks is, in essence, tightly connected to geometric grid patterns.
Rectilinear networks, radio-concentric networks, regular and irregular polygons, fractals, fingerprint patterns,
Voronoi and Delaunay diagrams, are just some of the modelling structures i.e. generators used when defining a
modern urban design. “The only clear mathematical analogy between architectural styles is the presence or
absence of patterns” - said Salingaros (1999).
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All over the world, rectilinear networks are very common and these networks are characterized by road
sections crossing at right angles. We will present just a few examples of this network which has been in use as
early as in an old Hippodamian urban structure in the antique Egyptian city of Kahun (pyramid of Sesostris); the
American cities of Chicago in 1848, New-York with Manhattan, Sacramento and also the Asian city of Ho Chi
Minh in Vietnam (Josselin et al. 2016). Hippodamian or rectilinear (also called Manhattan) networks are made
of rectangular polygons, while radio-concentric networks show a center location and a series of radial and
circular links (Arc de Triomphe and Place de la Nation, Paris, France; Brgndby Haveby, Denmark; Suncity in
Arizona, USA; Rotonda West, United States; Jumeirah Islands, Dubai, United Arab Emirates; Al Falah Housing
Project, Abu Dhabi, United Arab Emirates). This pattern traces back to ancient times and continues even to this
day (ArchDaily, 2020). The Plaza Del Ejecutivo in Mexico City (Mexico), like many squares with regular
geometric plans, is located in the center of radially arranged sixteen streets and it is inspired by the radiating
streets found in Palmanova, Italy, from 1593 (ArchDaily, 2022). Furthermore, Piazza Carlo Maria Carafa in
Grammichele (Sicily, Italy), build in 1693., represents the connection of regular polygons with a radial network.
The streets parting from the sides of the hexagon-shaped square also cross six other squares located in the
surroundings of the central square (ArchDaily, 2022).

The use of irregular polygons and polyhedra in urbanistic and spatial planning is noticeable when Voronoi and
Delaunay diagrams are used (Nowak, 2015; Ai et al. 2019; Zuo et al. 2020). Voronoi diagrams are a method of
spatial data interpolation into polygons around each point in such a way, that each location from the area
surrounding a given point is closer to it than to any other point (Pokojski and Pokojska, 2018).

A fractal form fills space by replicating its form at increasingly finer scales (Jahanmiri and Parker, 2022). Within
their research, authors Jahanmiri and Parker (2022; see Fig. 5) present a historical bibliometric analysis of
literature on fractals in urban planning based on the count of publications per year. There has been an
increasing amount of research about the application of fractal geometry in urban pattern design (Batty and
Longley, 1994; Salingaros, 2005; Marshall, 2005; Jevri¢ et al. 2014; Frankhauser, 2015; Boeing, 2018).

Low walls throughout the island of Bavljenac (Croatia) give the appearance of a fingerprint's tiny ridges. Even
the oval shape of Bavljenac, which was recently nominated to become an UNESCO world heritage cultural site,
adds to the finger comparison (InterestingEngineering, 2017). The viral image of a fingerprint-shaped German
village was of a 3D graphic created by an artist called Jacob Eisinger for the February 2015 cover of Modus
Magazine (TheQuintWorld, 2021).

Sustainable urban mobility, traffic planning, reduction of pollution and noise are just a few of the reasons to
create new geometric forms of cities. Geometric cities (GC) generated using new geometric forms are the topic
of this paper. The geometric patterns we created are based on the use of Cassinian directorial curves (CDCs).

2. NEW GEOMETRIC FORMS

Cassinian focal curves (CFCs) represent geometric loci of points with a constant product of distances to n
fixed points - foci (Rz-Rz- ... -Rn = 5", where Ri are Euclidean distances from a point of the locus to the focal
point). Based on a previously known premise: “From a geometric point of view, in a plane, a line is dual to a
point and vice versa” (Petrovi¢ et al. 2021), we have defined Cassinian directorial curves. A CDC is a geometric
locus of points with a constant product of distances to directorial lines.

2.1. Cassinian directorial curve definition

We can define a Weberian n-directorial curve, where the number of directorial lines is n (n > 1). The
following equation represents a planar curve as a locus of points with a constant sum of distances to n fixed
straight lines (Petrovi¢, 2016)

. ryry .. rp=S" S>5Sp (Eq. 1)

where riare Euclidean distances from the point of the locus T(x,y) to the directorial lines d; (i=1..n). The smallest
value of the parameter S = 0 for which the locus (Eqg. 1) is a nonempty set represents the Fermat set of points
(Petrovi¢, 2016).

Beginning with two lines which are geometrically dual to two foci, then an equilateral triangle, a square and a
regular pentagon, the sides of which coincide with directorial lines d; (i=2..5), in Figure 1 we present the form
variation of directorial curves for appropriate values of parameter S > 0. These curves, besides having the
property of incorporating a constant geometric mean, are generated using regular polygons (the edges of the
polygon are the directorial lines) for four different values of parameter S, see Fig. 1 c-e.
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Figure 1: Cassinian directorial curves with: (a) two directorial lines, d; || d> ; (b) two directorial lines, d: N d-;
(c) three directorial lines; (d) four directorial lines and (e) five directorial lines

2.2. Geometric pattern: Cassinian directorial curve with eight directorial lines

For the beginning geometrical pattern of a new urban design, we have chosen a regular octagon. More
exactly, we have generated Cassinian curves such that their starting directrices coincide with the sides of a
regular octagon (Fig. 2, black polygon line). The number of directrices was chosen to be eight, knowing that
Vitruvius had, for his ideal city, chosen this very polygon (eight-part windrose). Vitruvian city was an octagonal
radial-concentric city. Vitruvius describes how to trace the direction of the eight winds astronomically and
relates the tracing of the street network of the city to the form of the windrose (Lagopoulos, 2009).
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Figure 2: Geometric pattern - Cassinian directorial curve (red line) with eight directorial lines (yellow lines)

2.3. Cassinian town - Example of new geometric city

Radially repeating the starting geometrical CDC with eight directorial lines pattern, (Fig. 3a) we have formed
new multiplied CDCs (Fig. 3b). These CDCs represent new city blocks (Fig. 3b, red and grey lines), while traffic
infrastructure will be connected to the directorial lines (Fig. 3b, yellow and white lines).

(b)

@ (b)

(© ' (d)

Figure 4: Cassinian town (a) top; (b) perspective;(c) front and (d) right view

20 ICUP 2022 | PROCEEDINGS | Nis: November 2022



M. PETROVIC ET AL.: CASSINIAN DIRECTORIAL CURVES AS A PATTERN FOR URBAN DESIGN

The main directions of traffic to the main city core of the Cassinian town (Fig. 4, red line) are the directorial
lines of the starting polygon which generates the CDC (Fig. 4, yellow lines) while the secondary streets of this
city are defined based on its radial expansion (Fig. 4, white lines).

Modern traffic challenges encountered by cities around the world are a consequence of the accelerated growth
of urban areas for which the current methods of planning and regulating traffic are not adequate.

2.4. CDCs - lines with the same level of traffic noise?

Let us note that Cassinian ovals i.e. two-focal curves (R:'R:2 = §?) are used when defining radar and solar
systems (Karatas et al. 2018; Karatas, 2013). There is increasing attention regarding the Cassini coverage model
with larger numbers of transmitters and receivers (Li et al. 2021). Radar sensor networks have great use
potential in many applications, such as border surveillance and traffic monitoring (Gong et al 2013). With the
aforementioned notes in mind, if the transmitters and receivers in multistatic radar/solar networks are
represented as not focal points, but directorial lines, could the newly-formed CDCs be used in the same way as
CFCs?

Besides the previously noted application, Cassini ovals, i.e. CFCs, have appeared in various other scientific
applications, including acoustics, biosciences and nuclear physics (Karatas, 2013), so we expect that CDCs could
also find use in these areas.

The use of CDCs in acoustics gives us the possibility of asking the following question: if the directorial lines, i.e.
the roads, of the new Cassinian town represent transmitters of noise, does every city block, i.e. CDC, receive
the same amount, in decibels, of noise? Are CDCs truly - lines with the same level of traffic noise?

3. CONCLUSION AND FUTURE WORK

Because of the large variety of forms (varying of form can be done by changing the starting parameter S,
as well as by changing the positions or the number of directrices) of 2D elements/patterns generated in this
way, their usage in urban and architectural design is possible. Only CDCs generated using regular polygons
were presented in this paper, so CDCs generated using an irregular orientation of directrices will be an area of
our further research. Furthermore, we will analyze the connection of CDCs with multistatic radar/solar
networks, wherein the transmitters and receivers would be represented as directorial lines, rather than focal
points. Based on the previously mentioned, CDCs represent an inexhaustible source for generating new
geometric patterns. Using geometric forms defined in this way for the structures of cities enables simpler
planning and construction of supporting infrastructure such as streets and sidewalks, as well as more efficiently
utilizing available land, which would contribute to the reduction of pollution, noise and other negative
consequences of traffic.
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ABSTRACT

Conversion, as a type of building adaptation, is becoming an increasingly common kind of
architectural practice in many cities. Various aspects of this topic are the subject of numerous
analyses and research interests, mostly, focused on drivers and obstacles of the conversion process.

Although the conversion is still not sufficiently present in modern construction practice in
Belgrade, several office building conversions to luxury hotels were completed on the territory of the
central historic districts. Also, many vacant heritage buildings were noticed. Considering the above
mentioned, the Serbian standards for classifying hotels into categories are analyzed, to examine the
difference between the procedures for conversion of heritage buildings and non-heritage buildings
into hotels, in terms of application of the standards. Although the status of heritage buildings, in
many cases, can be an obstacle in the process of building conversion, this paper presents the
legislative benefits of converting heritage office buildings into hotels.

Keywords: conversion; heritage; historic office buildings; hotels; standards

1. INTRODUCTION

The increase in the percentage of office buildings out of use is a problem that a large number of
contemporary cities are facing in the last few decades. There are several ways to solve the problem of buildings
out of use, and one of them is the adaptation of such buildings for other uses (Remoy, 2010). Reusing buildings
represents a special form of renovation with possible specific problems faced by the participants (Langston,
Wong, Hui & Shen, 2008). The success of the conversion process is determined by numerous factors related to
the interests of investors, the market, the characteristics of the building itself, the location, and the current
legislative framework of the city where the building is located (Wilkinson, Remoy & Langston, 2011). Changing
the class of a building, by the categorization of buildings according to their purpose, requires adapting the
building to valid standards for the new purpose (Langston et al, 2008). To encourage the conversion of
buildings as one of the types of architectural interventions for the regeneration of the existing built stock, it is
necessary to foresee the regeneration of the architectural heritage by regulation (Olivadese, Remoy, Berizzi &
Hobma, 2017). The legislative framework can, to a great extent, influence the financial justification of
conversion (Remoy & Van der Voordt, 2014), which is often a decisive factor for starting the conversion
process, since a large number of conversions are initiated by the potential financial interest of the investor. The
focus of the research of this paper is the influence of the legislative framework on the processes of conversion
of the buildings out of use.

In the cities like London and Toronto, the conversion of office buildings into residential buildings is one of the
strategies for revitalizing the central parts of the cities (Heath, 2001), while in Amsterdam, in this way, to a
certain extent, the problem of lack of housing stock was solved (Remoy & Van der Voordt, 2007). Considering
the statistical analysis that dealt with the market of office buildings in Belgrade, a decrease in the percentage of
office buildings out of use concerning the total number of office buildings was observed. This result was
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influenced by several factors: on the one hand, a certain number of vacant office buildings were revitalized
(adapted for another or the same use, by current standards) or demolished, and, on the other, a large number
of new office buildings were built (CBRE, 2021).

The subject of the research is vacant office buildings located on the territory of historic districts in Belgrade.
Analyzing these locations, it was noticed that a certain number of these buildings located within the central
historic districts have been converted into hotels of high categories. Given that, these buildings are heritage
buildings, the paper examines the influence of the status of a heritage building on the possibilities in the
conversion process. The research presented in this paper is based on the analysis of parts of the document
named “Pravilnik o standardima za kategorizaciju ugostiteljskih objekata za smestaj” from 2016, which refers to
the standard for hotel categorization. Since the status of a heritage building in the previous research is, mostly,
considered an obstacle in the conversion process, the research presented in this paper aims to highlight the
importance of the flexibility of valid standards for the successful revitalization of vacant protected buildings.

2. THE CONVERSION OF OFFICE BUILDINGS INTO HOTELS IN THE HISTORIC DISTRICT OF BELGRADE

Considering the annual statistical reports and numerous construction sites where the construction of new
and renovation of existing office buildings is underway, it can be concluded that the demand for office space in
Belgrade still exceeds the market supply (CBRE research, 2021). However, it is the fact that it can see many
vacant office buildings in good locations. The conversion of vacant office buildings, which are located on the
territory of a historic district in Belgrade, into hotels, can be interpreted as one of the ways of implementing
the aims of a document called Strategije razvoja turizma Grada Beograda, which, among other things, refer to
the increase of accommodation capacity (Grad Beograd, 2019).
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(a) (b)
Figure 1: Belgrade Art Hotel, (a) Image, and (b) Disposition of the hotel building in the district “Podru¢je  Knez Mihailove ulice”

(b)
Figure 2: Hotel Center No 1, (a) Image, and (b) Disposition of the hotel building in the district “Istorijsko jezgro Beograda”
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(b)
Figure 3: Courtyard by Marriot Belgrade City Center (a) Image, and (b) Disposition of the hotel building in the
district “Istorijsko jezgro Beograda”

KYNTYPHO IOBPO

NPOCTOPHD
K¥IITYPHO-MCTOPUIGKA
LIEMVHA TEPA3MJE

(a) (b)
Figure 4: Hotel Zepter, (a) Image and (b) Disposition of the hotel building in the district “Terazije”

Photos 1-4 represent examples of hotels that are the results of conversion-protected former office buildings
out of use. All hotels are located in the inner-city center and are high-category hotels (four stars).

3. COMPARATIVE ANALYSIS OF THE STANDARDS FOR CLASSIFYING HOTELS INTO CATEGORIES: NON-
HERITAGE AND HERITAGE BUILDINGS

The required conditions, the fulfillment of which is influenced by the spatial characteristics of the building
and location are presented in Table 1 (Pravilnik o standardima za kategorizaciju ugostiteljskih objekata za
smestaj, 2016), since the aim is to consider the potential advantages of conversion of heritage office buildings
into hotels, which relate to architectural-urban planning parameters and construction technologies, and,
therefore, have an impact on the financial justification of the whole conversion procedure. The conditions
related to the type and quality of available services and room equipment (number and type of furniture,
decorative elements, devices in accommodation units, lobby, restaurant, etc.) required for the hotel to receive
a certain category were not considered.

Table 1: The standards for classifying hotels into categories: heritage and non-heritage buildings

Non-heritage buildings Heritage buildings
E‘ 2 9 The external appearance of the building and The external appearance of the building and
ﬁ 'g 5 horticultural arrangement: horticultural arrangement:
8 ] g - arrangement of existing green areas and footpaths; - arrangement of existing green areas and
§ % S - external appearance: the use of materials of different footpaths;
o g g quality levels, which achieve a standard, first-class, and - external appearance: the use of materials of
ST exclusive appearance; different quality levels, which achieve a standard,
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Parking and garage: Parking and garages:
-the ratio of the number of parking places next to | it does not apply to the inner-city core and heritage
the hotel and the number of accommodation buildings;
units;
-parking service;
Entrances: Entrances:
- the main guest entrance is separated from the it does not apply to the inner-city core and heritage
staff entrance; buildings;
- covered main guest entrance or entrance with
windbreak;
- covered vehicle access in front of the main guest

entrance;

- the possibility of access by tourist buses to the
main guest entrance;

- the senarnte hananne entrance:

Elevator: Elevator:
- The guest elevator for different number of floors | it does not apply to the inner-city core and heritage
depending on hotel category; buildings;

- The additional guest elevator;

- The service elevator and the freight elevator for
more than 3 floors;

- The food elevator for more than 3 floors;

Food services area: Food services area:
restaurant - obligatory for hotels that offer main lunch | restaurant - obligatory for hotels that offer main
and/or dinner; lunch and/or dinner;

for bed and breakfast hotels - breakfast room; for bed and breakfast hotels - breakfast room;

Accommodation unit Accommodation unit
(including the surface of all rooms in an accommodation (including the surface of all rooms in an
unit): accommodation unit):
- At least 80% of the total number of rooms has a In the case of the hotels in heritage buildings, there
minimum surface area for a certain category (20% of the| may be deviations concerning the minimum surface
room may have a surface for one category below). area of an accommodation unit;
Air conditioning: Air conditioning:

- Air conditioners with the possibility of individual |in heritage buildings where it is not possible to install
adjustment (the ratio of the number of air conditioners with individual adjustment, there is
accommodation units with air conditioners a fan in an accommodation unit;
depends on the hotel category);

Bathrooms: Bathrooms:
at least 30% of accommodation units have to be at least 30% of accommodation units have to be
equipped with a separate toilet; surface area of 80% of |equipped with a separate toilet; surface area of 80%
bathrooms >5m2; of bathrooms >5m2;
Additional contents: Additional contents:
Swimming pool, national restaurant, garden, terrace, Swimming pool, national restaurant, garden,
meeting room, club, boutiques, library, bank, post office,| terrace, meeting room, club, boutiques, library,
spa,... bank, post office, spa,...

3.1. Discussion

Based on the conducted analysis, it can be determined that the following groups of conditions, the
fulfillment of which is required for the hotel to receive a certain category, are invariably, regardless of the
status of the heritage building: the external appearance of the building and horticultural arrangement, food
service area, bathrooms and additional contents. The group of conditions related to the food service area has
the greatest influence on the classification of the converted building, because if it is not possible to implement
a kitchen block whose structure is clearly defined (Pravilnik o uslovima i nacdinu obavljanja ugostiteljske
delatnosti, nadinu pruzanja ugostiteljskih usluga, razvrstavanju ugostiteljskih objekata | minimalno tehnickim
uslovima za uredenje | opremanje ugostiteljskih objekata, 2012;2016) in the existing structure, only breakfast
can be served in the hotel, which means that the hotel's service is limited to “bed and breakfast”.

The focus of the research is on groups of conditions whose provisions are variable when it comes to hotels
within protected buildings: parking and garages, entrance, elevator, accommodation units, and air
conditioning, within the accommodation unit. The importance of the flexibility of provisions within each group
will be discussed.

3.1.1 Parking and garage

The provisions of this group refer to the number of parking spaces next to the hotel in relation to the
number of accommodation units and, optionally, the number of garage spaces at a distance of up to 300m
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from the hotel or next to the hotel (1:5). The higher the potential category of the hotel, the greater the
required number of parking spaces and varies from a ratio of 1:5 (one parking space for every five
accommodation units) required for a two-star hotel to a ratio of 1:1 for a five-star hotel (Pravilnik o
standardima, 2016).

When it comes to heritage buildings, it was stated that the obligation to have parking spaces and garages does
not apply to buildings located in the inner city core or within the framework of natural assets or historic
districts and their protected surroundings. Also, it was stated that there may be deviations when it comes to
the relationship between the number of existing parking spaces and the number of accommodation units
prescribed by the standard (Pravilnik o standardima, 2016). Considering the fact that one of the basic ways of
potentially achieving a financial profit of the reused building (which is directly related to the financial
justification of the whole conversion procedure, since the costs of reusing are considered in relation to the
planned financial profit realized during the period of exploitation of the converted building) is the provision of
accommodation services, the number of possible accommodation units in the building and the high category of
the facility are of great importance. According to the provisions of this group of conditions, the hotel category
and the number of accommodation units are closely related to the number of possible parking spaces. The
aforementioned flexibility in the provisions relating to heritage buildings allows for a higher category of
building and a larger number of accommodation units, with a smaller number of parking spaces.

3.1.2 Entrances

The provisions related to the entrances include a separate main entrance for guests from the entrance for
goods and staff, a covered main entrance for guests or an entrance with a windbreak, covered access for
vehicles in front of the main entrance, and, optionally, the possibility of access for tourist buses to the main
entrance of the facility and a separate luggage entrance (Pravilnik o standardima, 2016).

In cases where, due to the architectural characteristics of the existing buildings, on the one hand, and the
impossibility of major changes due to the status of the heritage building, on the other hand, it is not possible,
for example, to achieve a sufficient number of entrances, permitted deviations for protected buildings enable a
higher category of hotels.

3.1.3 Elevator

The provisions of this group determine the necessity of a guest elevator concerning the number of levels,
a food elevator for more than three levels, and, optionally, an additional guest elevator, a staff elevator, or a
freight elevator for more than three levels. According to the regulations, it is necessary that the facility, which
has four or more levels, has an elevator, to receive the category of three stars, which is a middle-category
hotel. To obtain higher categories of four or five stars, an elevator is necessary even for three-story buildings
(Pravilnik o standardima, 2016).

The implementation of an elevator shaft in the existing structure is a large-scale and demanding intervention
that represents a major change that may not be possible in terms of the degree of protection of the building
and permitted interventions. Given that, on the one hand, a larger number of potential buildings for conversion
has higher floors and, on the other hand, higher categories are aimed for cost-effectiveness conversions,
allowed deviations are important.

3.1.4 Accommodation unit

The provisions of this group refer to the minimum area of accommodation units for each category and the
equipment of accommodation units (which is not the subject of this analysis). The minimum square surface is
given for single, double, and family rooms and apartments. In a higher category hotel (four stars), the
accommodation unit must have a minimum area of 16m? to be classified as a single room, 20m? to be classified
as a double room and 24m? to be classified as a family room or suite (Pravilnik o standardima, 2016).

Given that a large number of subject potential buildings for conversion date from earlier periods when, in
construction practice, smaller spans were more often applied, these square surfaces of accommodation units
cannot be realized in a certain number of these buildings due to the existing grid. Allowed deviations for
buildings under protection allow a higher category of hotels and buildings with accommodation units of slightly
smaller square surfaces.
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3.1.5 Air conditioning

The air conditioning of the accommodation unit is part of the provisions related to the equipment of the
accommodation unit and is the subject of this analysis, given the fact that the existence of air conditioning in
the accommodation units can affect the appearance of the facade of the building, which in the case of heritage
buildings, mostly, is not subject of change. The deviations are allowed for heritage buildings in terms of
applying some other method of air conditioning (Pravilnik o standardima, 2016), since the issue of room air
conditioning directly affects the comfort of users.

4. CONCLUSION

The vacant office buildings represent, more or less, a part of the urban fabric of a large number of world
cities. By reusing these buildings into temporary or permanent housing facilities, following the development
goals and tendencies of each city, unused buildings are repurposed, and the offer of the housing stock is
expanded.

An analysis of the inner-city core of Belgrade, on the territory of several historic districts, revealed a certain
number of high-category hotel facilities (four stars) that were created by reusing vacant office buildings. Given
the fact that they are the part of protected areas, it is clear that the observed buildings themselves are
protected.

The paper presents a part of the research into the process of conversion of these buildings, which refers to the
legislative benefits observed during the analysis of certain valid Standards related to the ways of classifying
hotels into categories, which are a consequence of the status of the heritage building. Allowed deviations in the
provisions of this Standard encourage the conversion of protected buildings out of use, enabling a high
category of hotels that operate in buildings whose spatial characteristics and location characteristics, to some
extent, deviate from the prescribed ones. On the one hand, it can be concluded that a hotel in a reused
heritage building can, with less fulfilled conditions, get a high category and, therefore, a higher price for the
services provided, which is significant from the aspect of potential financial profit during the period of
exploitation of the converted building. On the other hand, as a consequence of the permitted deviations,
certain expensive and technically demanding interventions were avoided, which reduced the investment
required for the conversion of such a building. Many of these interventions could not be carried out, first of all,
due to the degree of protection of the building, so if these interventions were insisted on, the conversion of the
existing building would be questionable. Finally, it can be concluded that the shown deviations affect the
reduction of the costs of realizing the conversion and, at the same time, contribute to a higher potential profit
in the exploitation period, which can achieve a higher degree of financial justification of the whole procedure
and, to a greater extent, ensure the economic interests of the potential investor.

In addition to the presented legislative benefits in the conversion process, which are a consequence of the
status of a heritage building, the fact is that this status is often considered an obstacle, primarily due to the
long-time procedures for obtaining the necessary documentation (which, in the case of heritage buildings, is
extended in compared to non-heritage buildings) which delay the start of works, so in the future, it is necessary
to improve the efficiency of those procedures. Further research is focused on creating a multi-criteria decision-
making model, which will include parameters from different areas that affect the financial justification of the
conversion process, to understand the conversion potential of each building out of use at an early stage.
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ABSTRACT

Cadastral data are very important in the process of urban planning. Moreover, cadastral data
present a spatial base for urban planning decisions. Over the last few decades, research on 3D
cadastres have been performed raising worldwide awareness of the need for 3D cadastral systems.
This was driven by the development of new technologies for the acquisition, storage, maintenance,
and visualization of 3D data as well as by complex situations in urban areas that cannot be
unequivocally registered in 2D based cadastral systems. This paper examines the 3D cadastral data
and emphasizes the differences between traditional cadastral data and 3D cadastral data. An
overview of 3D cadastral systems was provided, the basic description of 3D cadastre data, and
examples of the real situations that traditional cadastral systems cannot handle and unequivocally
register. The paper further presents what would be clear benefits for urban planning once the 3D
cadastre system is implemented. It is emphasized how important is 3D geometry and data on
ownership for underground constructions and utility networks. Conclusions were provided and what
needs to be fulfilled to effectively use 3D cadastral data in the process of urban planning.

Keywords: 3D cadastre, urban planning; land administration; modelling

1. INTRODUCTION

During the last century, modern cities become highly populated urban areas with property units located
above and below the ground. There are also complex 3D situations when two or more properties overlap each
other. This has resulted in many obstacles for traditional 2D cadastral systems because these 3D situations and
objects are registered and represented in 2D cadastral maps and projected into the horizontal plane. All of
these restrict the registration and presentation of urban property units. In other words, 2D cadastral plans can
become ambiguous, and certain complex structures cannot be represented in an unequivocal way (Visnjevac et
al, 2019; Petronijevié et al, 2021).

The development of modern technologies (3D Geoinformation systems, 3D visualization, Building Information
Models, etc.), has initiated significant research on 3D cadastres (Van Oosterom, 2013; Van Oosterom et al,
2018) and that opened the space to solve difficulties with registering and representing complex 3D situations
and objects.

3D Cadastre as a new concept is still in the development stage. The type of 3D Cadastre system, its basic
definition, and implementation highly depend on the legal system of a county, previous cadastral system, and
economic and technical potential. It is important to emphasize that cadastral data contain legal data. In the
context of 3D Cadastre, it is a legal space and not necessarily physical object boundaries (Visnjevac et al, 2018).

On the other hand, cadastral data represent the basis for urban planning and urban plans define a new parcel
structure so there are strong ties between cadastral data and urban planning. 3D cadastral data will bring more
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quality to the urban planning process. By solving difficulties that the current cadastral has urban planning
process will gain a better and more clear basis.

The rest of this paper is organized as follows: Section 2 describes the role of cadastral data in the process of
urban planning. Section 3 contains the description of the current state, ie. traditional cadastral systems, and
examples of the real situations that traditional cadastral systems cannot handle and unequivocally register.
Section 4 presents an overview of 3D cadastral systems and the basic description of 3D cadastre data and
emphasizes the differences between traditional cadastral data and 3D cadastral data. At the end of the paper,
the conclusion and discussion were provided.

2. CADASTRAL DATA IN THE PROCESS OF URBAN PLANNING

A cadastral system containing cadastral data represents the basis for urban planning. It is inconceivable to
start making an urban plan without the proper cadastral data. There are two aspects that the importance of
cadastral data for urban planning can be observed.

First, in order to obtain relevant and up-to-date data on land, the cadastral maps and other cadastral data must
be analyzed. Besides the parcel boundaries and buildings, the cadastral system contains other information
about the land. Most cadastral systems in the world contain data about property rights of the parcels and
buildings, values of land and buildings, the way of use, fertility, etc. The modern approach to the cadastral
system tends to make it as multipurpose as possible. Because of that, the content of the cadastral systems can
be the data in the fields of ecology, meteorology, even sociology, and so on. So, besides geometry data, which
is crucial for urban planning, the cadastral system contains other data that can be important for designing
urban plans.

Second, the implementation of urban plans inevitably leads to a new parcel structure with new parcels and
parcel boundaries. In order to create new parcels and make them official, in accordance with the existing
legislation, the coordination between the plan implementation and cadastral records must be obtained.

Besides that, the coordination with the cadastral system provides that the whole process of urban planning
goes efficiently. There are many formal phases in the process which can be time-consuming and even
sometimes may appear like insoluble obstacles. In most countries, the cadastral system is designed in a way
that it serves as support to urban planning in terms of dealing with formal phases of the process.

The importance of cadastral data for urban planning can be seen when analyzing the examples of unsuccessful
plan implementation in countries that have problems with outdatedness of cadastral data (Soski¢ et al, 2022).
In those cases, data recorded in the cadastre can significantly deviate from factual data on the ground. The
main question is: would the experts who made the urban plan make it differently if they had the updated data?
Unfortunately, the answer is found at the end of the process of implementation of an urban plan. That leads to
the inapplicability of urban plans in practice and collapses the whole system.

After this being said, it is obvious that the role of the cadastre in urban planning is indispensable, and that
there is no successful urban planning without a good and up-to-date cadastral system that can, not only
provide quality data but also to support the whole process of urban planning.

3. CURRENT STATE — TRADITIONAL CADASTRAL SYSTEMS

Traditional cadastral systems contain 2D cadastral maps with land parcels as a base. Land parcel ID is the
main identificatory. Additionally, to the cadastral map, there is a cadastral database that contains all other
information on properties. In recent decades, many countries digitalized the cadastral maps and integrated
them with the cadastral database. However, usually only 2D geometry data are presented.

It means that traditional cadastral systems have a number of difficulties to register and visualize complex 3D
situations that are very common in densely populated urban areas. Depending on different criteria, 3D
situations can be classified in several ways, but they can also be divided into components such as terrain,
buildings, building units, underground constructions, constructions over or under several land parcels, etc. The
following paragraphs contain a description of how these components are registered in the case of the cadastral
system in the Republic of Serbia. The description is also valid for many countries that have similar cadastral
system.

Terrain is not presented on the cadastral maps, there is only a representation of properties in 2D space. When
comes to heights, the cadastral database contains only heights of geodetic points. It means that it is very hard
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to get an idea of the terrain based only on cadastral maps and other content of the cadastre database. The
utility cadastre contains height data on devices, shafts, branching points, etc. However, this cannot be
considered as an adequate representation of the terrain.

Buildings are registered in the cadastral database and visualized on the cadastral map. Cadastral maps present
buildings as 2D polygons inside a land parcel. They also include descriptions showing the number of floors,
which is the only piece of information in the vertical dimension. Figure 1 shows examples of buildings on the
digital cadastral map. The cadastral database does not contain any additional information on building height.
This information can be found only in project plans.

Figure 1: Buildings on the digital cadastral map
Building units are not presented on the cadastral maps and it is not possible to have an insight into building
units’ data by looking at the cadastral map. The cadastral database contains descriptive data such as area,
usage type, id, etc. There is no additional information that will provide spatial characteristics of a building unit.

Underground structures can be divided into two types: underground structures that are an integral part of
another building (basement, garage, etc.) and underground structures that represent stand-alone objects
(underground shelters, special underground garages, underground railway stations, etc.). Underground
structures that represent parts of a building are presented in the same way as other building units. Stand-alone
underground structures are connected to the land parcels where the main entrance is located. It means that
the entrance is presented as building (2D polygon) on the cadastral map. Underground structure itself is
registered in the cadastral database as a building unit (without geometry). Figure 2 shows an example of an
underground pedestrian passage with four entrances. Only main entrance was registered as building on the
cadastral map.
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Figure 2: Underground pedestrian passage

Tunnels are specific type of stand-alone underground structures. In many cases they go under several land
parcels. Since registering such cases is very hard in the current 2D based cadastral they are usually registered
without geometry or not registered at all. Figure 3 shows an example of tunnel (interpreted by red dashed line)
which is not registered in the cadastre system.
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Figure 3: Location of Terazije tunnel in Belgrade

Similar situations are when comes to structures that go over several land parcels (bridges, overpasses, etc.). In
many cases they are not registered and it is not possible to get information about them by looking at the

cadastral map.

All these examples show that the current cadastral systems have difficulties to unequivocally register and
visualize all complex 3D situations. This comes from the fact that the basic spatial unit is a 2D land parcel and
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that it is necessary to project and visualize all elements of a complex 3D situation on a 2D surface. This situation
has contributed to the fact that many specific structures are not registered in cadastral system.

4. 3D CADASTRE

The basic requirement that a 3D cadastre should meet is to enable overcoming the difficulties that
current cadastre systems have when registering and visualizing complex 3D situations and objects. In other
words, 3D cadastre systems should enable the registration and representation of rights through 3D entities.

It is very important that the future 3D cadastre be as simple as possible in order to ensure that the system is
up-to-date as easily as possible. Up-to-date data in the real estate cadastre is key to the existence of the system
itself because it is a public register of real estate and rights to it. A complex system with an overly detailed data
model can lead to the fact that in practice it is very difficult to fulfil all the requirements of the system, or that
the process requires too many economic resources. If this is the case, it will certainly lead to not updated data
and more difficult management of the cadastre system itself.

For the development and implementation of 3D cadastre, it is necessary to pay attention to the additional
requirements, such as the integration of the real estate and the utility estate cadastre. It also includes use of
different sources for collecting 3D data. Additionally, the 3D cadastre should be implemented in a way that
cadastre data can be easily and frequently used by professionals in different fields.

3D cadastre can be developed as a 2D system with 3D tags, a hybrid model, or as a full 3D cadastral registration
system (Stoter and Salzmann, 2003). A 2D system with 3D tags is a basic, starting approach and no information
on the 3D situation is integrated into the cadastral registration. When comes to a hybrid model, the approach is
based on keeping the registration and visualisation in 2D space, but also registering 3D situations as 3D objects
including establishing a connection between 2D parcels and 3D objects (see Figure 4). Full 3D cadastral
registration system represents the introduction of a completely new concept of registering rights in 3D space,
where the entire space is divided into 3D parcels (volumes) that are defined as parts of 3D space. When comes
to this approach it is possible to register 3D rights on parts of space that represent separate entities and are

not tied to traditional 2D land parcel.

Figure 4: An example of hybrid 3D cadastre elements
By analysing all three approaches, it can be concluded that the hybrid model provides the simplest way to meet
the needs and functionalities of a 3D cadastre system. This is based on the fact that by using a hybrid approach
it is possible to overcome the difficulties that a 2D cadastre system has when registering 3D situations and at
the same time partially use the current 2D cadastre data. This will make the costs and resources needed for
establishing and maintaining a 3D cadastre system more acceptable.

4.1. 3D Cadastre Data

If we consider a hybrid model as an optimal solution it means that in addition to current cadastral data
there is 3D geometry for complex objects and situations (overlapping properties, underground constructions,
structures over or under several land parcels, etc.). 3D geometry can be presented in 2 ways, as a 3D solid body
or a set of surfaces that form closed 3D body. Both approaches have advantages and disadvantages, however
international standard for the land administration domain propose (LADM) proposes using MultiSurface
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geometry to represent 3D objects. The study (Aien et al, 2013) provides discussion comparing multisurface
geometry and solid geometry for 3D cadastre needs. Figure 5 shows an example of a set of surfaces
(multisurface) that form a closed 3D body.

Figure 5: An example of a set of surfaces (multisurface) that form a closed 3D body
In the case of MultiSurface geometry it means that officially in the cadastre register, in addition to horizontal
locations, heights of vertexes are stored (X, Y, H). The size of the minimum details on the external dimensions
of the object that are measured and registered must be predefined by geodetic authorities.

Comparing to 3D city models which can provide 3D physical objects, 3D cadastral systems (such as LADM
based ones) maintain legal data. When it comes to legal space, determined by a boundary, it shows where a
right or a restriction ends and where the next right begins (Kaufmann and Steudler, 1998). It means that in the
case of a 3D cadastre an object represented as a 3D object is recorded by its legal dimensions and presented as
a set of surfaces that form a closed body. Legal boundaries are important, especially in cases when they are not
the same as physical object boundaries or it is hard to detect them, such as underground constructions and
utility networks. 3D geometry of legal space for such objects is necessary for unequivocal registration of
ownership of such properties.
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"

9

Figure 6: 3D cadastre objects (house with underground structure and building with building units )

5. DISCUSSION AND CONCLUSION

A 3D cadastre is a modern approach to cadastral systems and it enables solving difficulties that traditional
cadastral systems face. It is about using modern technologies to improve cadastral systems and enable the
acquisition, storing, and visualizing of 3D data (3D objects) that represent legal boundaries. Additionally, it
provides the possibility to register, store and visualize complex 3D situations and properties (such as
underground constructions or utility networks) by using 3D geometry and to unequivocally register and present
where a right (for example ownership) ends and where the next right begins in such cases.

There is still a long way to go until a fully operational 3D cadastre system is developed. Besides new
technologies (which are already more or less prepared and ready to support 3D cadastre needs) there is still
work on developing data models, procedures and promoting the new 3D cadastre approach. Since 3D cadastre
data are going to register legal boundaries there is also work on legislation and that part heavily depends on a
country that wants to introduce the 3D cadastre concept. Additionally, since 3D cadastre systems are more
complex (because of 3D geometry) than traditional cadastre systems it will require more economic resources
to develop and maintain such systems. All this need to be fulfilled to develop a 3D cadastral system and to
effectively use 3D cadastral data in the process of urban planning.

In this paper, we emphasized how important are cadastral data in the process of urban planning and that the
role of cadastral data in urban planning is indispensable. Moreover, there is no successful urban planning
without a good and up-to-date cadastral system. When comes to 3D cadastre and by the fact that this new
approach will improve traditional cadastral systems it can be concluded that urban planning will benefit from
developing 3D cadastre systems. Since difficulties and ambiguity of current cadastral systems will be solved, it
will help and provide better data for urban planning. Additionally, data on underground structures and 3D data
on utilities that are not currently available will provide a better basis for urban planning. In other words,
professionals in urban planning will have a better picture of what is property situation over and under ground
and a clear 3D geometry when properties overlap each other.

Compared to 3D city models, 3D cadastral data will provide legal boundaries data (not only physical object
boundaries) which are very important for urban planning and additional focus will be on underground
structures and integrating real estate data with utility data and data from other sourses (values of land and
buildings, the way of use, fertility, etc). It means that a 3D cadastre will provide information about the 3D
space, and depending on a 3D cadastre model it could include legal boundaries and physical object boundaries.

The implementation of a 3D cadastre system will provide a good basis for urban planners to think in 3D space
and it will provide additional support to 3D urban plans. Traditional urban plans are 2D based, so with all
modern technologies that support 3D cadastre there is also a space to improve and push forward 3D urban
planning.
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ABSTRACT

The paper presents the process of implementing land readjustmentin the Republic of Serbia
from the initial thinking, through the intensification of research and pilot projects to the first
projects that are implemented in practice.

The work discussed the observed problems related to the selection of the area, the initiation of
the procedure, legal regulations, the competences of the commission for land readjustment, the
rights and obligations of the participants, the quality of urban plans and their implementation, the
resolution of property legal relations, the correction of errors in the general plan and the detailed

regulation plan, and final activities, with registration in the real estate cadastre of the new state.

The work is based on the acquired experiences of implementing land readjustment in the city

of Bor in the Republic of Serbia.

Keywords: urban planning; land readjustment, urban plan, cadastral plot, building plot.

1. INTRODUCTION

Urban land readjustment (LR) is a mandatory, responsible and creative job for local self-government units
in all countries of the world, including in the Republic of Serbia (RS). However, the current situation in the field
of urban land management in the RS could be briefly described as insufficiently good for the following reasons:

the inherited state of land ownership from the socialist era,

the absence of applicable legal and by-law regulations in the existing conditions,

the absence of prepared urban plans in urban areas,

adopted plans are not consistently implemented or the conditions for their implementation have not
been created,

cadastre not being up-to-date and a large volume of unresolved property relations on land

the existence of illegally built buildings, roads and infrastructure on a large scale,

inadequate organization of urban entities, etc.

All of the listed characteristics require looking at the problem from all aspects, special mobility of all relevant
entities and an adequate approach to finding solutions.

Land readjustment (LR) represents a certainly unused process of urban land development, which effectively
reshapes plots that do not have a regular shape or access to a public road, and at the same time provides areas
for public purposes in optimal shapes and areas. Although the LR, as seen in (Law on Planning and
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Construction), was defined by law on the territory of Serbia before the Second World War and today it is not
widely applied even if it is known that it is intensively applied in developed countries such as Germany, Japan,
France, Israel, Holland, South Korea, Taiwan, etc (Larsson, 1997; Mufioz Gielen et al, 2019). Lately, efforts have
been intensified for a more massive introduction of LR into legislation and practice in Serbia (Soski¢ et al, 2022).

In the text that follows, the existing legal solutions are described and their application is discussed through a
current example in the RS.

2. INITIATION OF THE PROCESS LAND READJUSTMENT IN THE REPUBLIC OF SERBIA

The first attempts to implement LR in the Republic of Serbia (RS) after the Second World War were
launched in 2010 with the cooperation of the Ministry of Environment and Spatial Planning and the German
Organization for International Cooperation GIZ (Deutsche Gesellschaft fiir Internationale Zusammenarbeit i
AMBERO Consulatanig Beograd). when the joint project defined six pilot areas for the implementation of LR in
Serbia (Nis, UZice, Despotovac, Kladovo, Majdanpek, and Novi Sad). Since at that time the legal regulations did
not prescribe the procedure for LR, the project team implemented the process based on the advice of experts
and experience in FR Germany. Simultaneously with the initiation of the pilot projects, the procedure of
drafting a by-law was initiated, which would prescribe in a more detailed manner the process of implementing
the LR in the RS, relying on the Law on Planning and Construction from 2009. In addition to those pilot projects,
parallel researches were also launched with the aim of examining the possibility of applying LR in Serbia (Soski¢,
2016; Soskié et al, 2016).

The initiated pilot projects and the drafting of the by-law were not completed until the end of the project and it
can be said that they had only an educational character, within which problems were observed and the
experiences of LR implementation in the world, and especially in FR Germany, were presented.

The city of Bor in the RS, respecting the possibility and obligation of the Law on Planning and Construction, was
among the first local governments in Serbia to include in the General Regulation Plan of the urban settlement
of Bor the possibility of arranging parts of the city through LR, and then in 2019, it contracted the
implementation of the LR for three compacted areas in the city of Bor. The pioneering project is still going on
and is coming to a successful end with all the difficulties.

2.1. Legislation related to the LR in the Republic of Serbia

Land readjustment was legally prescribed for the first time in the territory of today's RS by the Civil Code
of the Kingdom of Yugoslavia in 1931, which included today's RS. The law was written in imitation of the legal
solutions of the former Austro-Hungarian monarchy, but it was not applied to a significant extent until 1941,
and it ceased to be valid in 1946.

After the Second World War, the implementation of the LR in the territories of the Republic of Serbia was
prescribed by the Law on Planning and Construction only in 2009, which was then amended in 2014 and today
represents the basic legal framework for the implementation of the UK, which in Articles 107 to 108v
prescribes the following:

. LR is implemented in the area where a plan of general or a plan of detailed regulation has been
adopted, which determine the areas for LR,

. LR represents the public interest for the Republic of Serbia and is implemented based on the
decision of the municipality or city,

. All property-legal relations in the collective area are resolved through the LR.

e  The LR procedure is carried out in an administrative procedure by the first-instance commission for
the LR (Commission) established by the municipal or city assembly, while the second-instance
commission for the LR is established by the Government of the RS.

. A note related to all immovable properties is entered in the real estate cadastre that the LR process
has begun,

. All changes in the real estate cadastre are carried out with the notification, agreement and decision
of the Commission while the implementation of the LR is ongoing,

. After the decision of the competent authority on LR, the authority responsible for urban planning
issues a public call for registration and determination of the necessary data on immovable properties
and their right holders for the implementation of LR,
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The application deadline is 30 days, during which the committee is obliged to conduct a public
presentation and familiarize interested persons with the principles of LR and the principles of
redistribution of construction land, on which the report is drawn up.

The LR project is made in accordance with the rules of subdivision and pre-parcellation contained in
the valid planning document and LR rules, with the existing and newly planned state clearly shown,
Based on the measure of the land area, each owner is entitled to construction land in the area of the
parcels that were included in the LR mass, less the share of the area that will be used for public
purposes and determined by the Commission.

Based on the yardstick of land value, each owner is entitled to one or more construction plots, the
market value of which after the LR (post-LR value) corresponds to the smallest value of the
construction land included in the LR mass (pre-LR value).

In the event that there is a difference in the area between the allocated and the entered area, and
after deducting part of the area for public purposes (according to the criteria of the entered area and
the entered value of the land), that difference is compensated in money,

After preparation, the LR project is submitted to the Commission, the authority of the local self-
government unit responsible for urban planning and the Republic Geodetic Institute for
confirmation,

After entering into legal force, the LR project is submitted to the body of the local self-government
unit responsible for property legal affairs, which, after the procedure has been carried out, issues a
decision on LR, which can be appealed to the ministry responsible for urban planning within 15 days.
A legally binding decision on LR, with proof of the fees paid in the LR procedure, is the basis for the
registration of newly formed building (cadastral) plots in the real estate cadastre,

The costs of the preparation of the LR procedure (drafting of the LR project, geodetic works, etc.) are
borne by the local self-government unit,

The Government of the RS prescribes in more detail the composition, scope and responsibility of the
republican commission for LR, the procedure for implementing LR, the content of the decision on LR,
the content, conditions and method of issuing a decision on LR, the procedure for developing and
the content of the LR project, the method of assessing the value of land in the process of LR, costs
and those liable for the payment of costs, as well as the request for exclusion from the collective
mass, of all holders of real rights on the cadastral plot. According to these legal provisions, the
corresponding by-law was not adopted by the Government of the RS, so LR is carried out only on the
basis of legal provisions.

Surveying works in the LR are carried out on the basis of the Law on surveying and cadastre and the Law on the
procedure of registration in the cadastre of immovable property in lines and corresponding by-laws.

The assessment of the value of real estate is also carried out on the basis of the valid legal regulations in the
Republic of Serbia.

3. LAND READJUSTMENT IN THE CITY OF BOR

For the purpose of implementing the General Regulation Plan of the urban settlement of Bor ("Official
journal of the Municipality of Bor", No. 1/18 and 3/18), in accordance with the provisions of the Law on
Planning and Construction ("Official journal of the RS", No. 72/09, 81 /09, 64/2010, 24/2011, 121/2012,
42/2013, 50/2013, 98/2013, 132/2014 and 145/2014), Decisions on implementing LR in compacted areas
within the scope of the General Regulation Plan of the urban settlement of Bor for:

1.
2.
3.

The zone of family housing with larger gardens in spatial unit 6-Zone 1

Industrial zone along the state road Seliste - Bor - Zajecar 1B-37 in spatial unit 5 - Zone 2

A mixed residential and commercial zone that stretches east and west of the state road IB-37 - Zone
3, all in the cadastral municipality of Bor 1.

The total orientation area of all three LR areas is 71,1485 ha.

3.1. Description of the implemented process of land readjustment in the city of Bor

After the contracting of the works, the city administration of the city of Bor and the executor of the works
held meetings with the participants of the LR, where the principles and concept of parcellation were
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presented and the objective of the LR was clearly stated. The LR participants accepted the implementation
of the LR with pleasure, and then the implementation started.

After downloading the data from the Republic Geodetic Institute, it was established that the registered
rights on immovable property in the real estate cadastre (REC) were not up-to-date in relation to the factual
situation. Namely, the LR commission, with the support of the contractor, invited each participant of LR to
register their immovable properties in the LR area, identified all non-updated rights registered in the
National Register of Land Registry and through the process of determining the factual situation, updated all
entries in the National Register of Land Registry. During that time, the contractor carried out all previous
works related to the creation of a topographical and cadastral-topographical plan on a scale of 1:1000 and a
plan of infrastructure lines as geodetic bases for designing. The boundaries of the LR areas, which are
marked on the ground with temporary markings, have been precisely determined. As part of these
activities, an assessment of the market value of the land before LR was also carried out.

The Commission made the decision that the pre-parcellation project should be done on the basis of land
area measurements, because it was seen that this is a more efficient and acceptable procedure for the
participants of the LR.

The executor of the works, with the verification of the commission, prepared proposals for the

distribution of land, which were then exposed to public inspection for a period of 30 days. The family
housing zone was accepted by the participants of the LR after the presentation without objection, while for
the other two locations the process was not completed until the writing of this paper was completed.
Figure 1 shows the old state of the cadastral parcels, while Figure 2 shows the newly accepted state of
parcellation for Zone 1, which includes an area of 24.0476 hectares with 34 participants in the LR, of which
the smallest property is 1306m? , and the largest property is 60893m? . The minimum area of a new
construction plot defined by the general regulation plan (GRP) is 1000m? . Thus, appropriate construction
plots were designed for all participants, and based on the defined traffic routes and land use defined by the
GRP.

The following activities that need to be implemented are: acceptance of the LR project by the competent
authority for urban planning of the city of Bor and the Republic Geodetic Institute, geodetic marking of the
boundaries of new parcels on the ground, introduction of LR participants to the new property, adoption of
legally binding decisions on the distribution of land, preparation of a geodetic study for implementation of
changes in the real estate cadastre and finally registration of new plots in the real estate cadastre.

Picture 1 - Pre-combination state of land parcels
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Figure 2 - The newly designed state of construction (cadastral) plots

3.2. Experiences gained and suggestions for solving problems

Selection of the LR message and definition of the purpose of the GRP space

The areas for the LR are defined by the GRP of the urban settlement of Bor and as such have been
accepted for implementation. Considering the actual state of roads and streets and constructed facilities and
the lack of experience in the implementation of LR borders in all zones, there are problems at the borders that
need to be solved, starting with the analytical definition of traffic routes, the cutting of cadastral plots, built
streets and buildings, erected fences, etc. The definition of the LR area in the Industrial Zone makes it
impossible to implement the reduction coefficient for common areas in the entire area by reducing new areas,
but must resort to payment in money according to the debt-credit principle, or the reduction coefficient
calculated for two or three areas independently. The advice for urban planners could be that with great care
the urban plan should determine the LR area so that LR could be realized.

Take care of the found built-up plots in the communal area

Within the communal areas, errors were discovered in defining the boundaries of previously formed and
built construction plots up to 30 cm in size, as well as a number of buildings that were built without a
construction permit, and then legalized without the formation of construction parcels. It was necessary to
incorporate such plots of land into the new parcelization project with buildings, fences and actual surfaces,
without or with minimal possibilities of changing the borders of the existing plots.

Analytical definition of roads and urban planning criteria for construction parcels

The analytical definition of roads was taken from the GRP and in Zone 1 only one shorter approach road
with a turnpike at its end was designed because the existing situation dictated it. The projected roads caused a
reduction coefficient for public areas of 12%, dictating the shape of the new plots. When designing the roads of
the future LR areas, one should take into account the possibilities of optimal design of construction plots and
harmonize the spacing of parallel roads with the optimal shape, surface and dimensions of new construction
plots. In the residential area, there was a discussion from certain participants of the joint venture that the plots
of 1000m 2 are large areas, so the largest nhumber were designed with a minimum area in a rectangular-
trapezoidal shape, it seems that the streets should have been closer to each other in order for the plots to have
a more favorable shape. It would be ideal to prescribe that roads of minor character are designed together
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with the subdivision project or to allow minor corrections of their position in the process of implementing the
LR.

Structure of property and plots

Within the residential area, the largest area of land is in private ownership, while the city of Bor owned
part of the land that was used for green and recreational areas, and the remaining part was allocated to new
construction plots intended for the construction of family facilities. Certain parts of the parcels included in the
LR did not have the conditions for shaping and forming construction plots, so it was proposed that such cases
be resolved by exchanging the land of LR participants whose parts of the plots remain outside the LR areas, i.e.
by correcting the borders of the parcels based on the geodetic study in accordance with the Law on Planning
and construction.

Legal regulations

The legal and by-law regulations required for the LR have not been completed, so the works are carried
out based on the provisions of the Law on Planning and Construction, professional rules and expert proposals.

The LR program

For the implementation of the LR, a LR program was previously drawn up, which defined activities divided
into three phases. The program relied on the experiences of rural LR and the legally prescribed process of the
LR, which due to inexperience and the absence of a more detailed sub-legal act, was not adequately reviewed,
terminologically defined and adequately written. It is not even foreseen by the law, and it was done with very
modest previous works and analyses. The program should be thought about when drafting the legal act related
to the implementation of the LR.

Appraisal of land and buildings

The market value of the land assessment was carried out using a comparative method and aimed to
satisfy the legal requirements that the LR participant does not receive land of less value than he contributed to
the LR mass, while for the distribution and reduction coefficient, a method based on the surface area and not
on the scale was used value, because it was estimated that the value measure would cause problems due to
the insufficient coverage of this part by legal and by-law regulations and the very understanding of the
participants of the LR of the value measure principle.

Fixing observed DRP errors

During the detailed elaboration of the LR project, certain errors of the GRP were discovered. On the
northern side of the Residential Zone, a street with parking lots and a sidewalk was built, the position of which
is not in accordance with the DRP, so part of the sidewalk and parking lot belonged to the Gardevié plots.
Within the LR area, there is a defined archaeological site in the north, which then conditioned the change of
the border of the LR area during the implementation.

Formed construction plots on CP are not in accordance with the regulation line of the access road. This error
caused the correction of the position of the access road by about 30 cm.

Determining the factual situation (DFS) and resolving property-legal relations

Unsettled property-legal relations were found in the collective area, such as estates not being
implemented after the death of the owner, real rights not being determined but only the holders of individual
plots, sales not being implemented and there being co-ownership relationships on the plots. In the DFS
procedure, the Commission invited each participant of the LR to make a statement and gave instructions for
the procedures for implementing the procedures for resolving property relations at the court, at the notary, in
the real estate cadastre. This procedure lasted more than a year. After the final resolution of all cases, the
preparation of the pre-parcellation project was started.

Settlement of small plots and parts of plots cut by the border of LR

By defining the boundary of the LR area that goes along the external roads and parcels, several cadastral
parcels were divided into parts inside the LR and the rest outside the LR. Thus, areas were formed that do not
have the conditions to be converted into a construction plot. Such cases were resolved by applying procedures
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for correcting the borders of cadastral parcels by creating a geodetic study in accordance with the Law on
Planning and Construction.

Elaborate of the cadastral survey

After the adoption of the LR project, it is planned to create a geodetic study of the cadastral survey and
mark the new plots on the ground. The elaboration of the cadastral survey together with the legally binding
decision is the basis for the registration of new plots in the real estate cadastre.

Distribution decisions

On the basis of the Project of the LR Geodetic Elaboration of the Survey, the competent authority for
property and legal affairs of the city of Bor (local self-government unit) makes decisions on the redistribution of
land from communalization.

Jurisdiction of the LR commission for land readjustment

The experience of this project shows that the law should prescribe to the commission for LR, among other
things: competences related to the resolution of property-legal relations, verification of the correction of
certain errors of the DRP or GRP of a smaller scale, evaluation of the exchange of land inside and outside the
area for areas that do not have the conditions to grow into Grasevin plots, corrections of plot boundaries, etc.
The commission should even make decisions on the distribution of land from LR, analogous to the commission
for rural land consolidation of.

Obligations of LR participants

The law should provide for the obligations of LR participants when it comes to permanent buildings and
perennial plantings, fences and communal infrastructure, as well as facilities built without a construction
permit, especially when solving property-legal relations and participating in the process of LR and urban
development of Grasevici land in accordance with urban plans. .

Obligations of other LR participants

There are no time periods for the realization of the activities of the RGA with all the activities that are
their responsibility

Compliance of urban planning criteria and street network

CONCLUSION

Through the LR example presented in this paper, the effectiveness of the LR application can be seen,
which simultaneously arranges urban land on a larger area with resolved property relations, which is necessary
for the construction of buildings, streets and infrastructure. The implementation of the LR in Serbia is necessary
in all cities and would represent one of the necessary conditions for the elimination of illegal building
construction. On the other hand, the LR is able to solve the problems of unresolved property relations on land
and the provision of land for public needs in areas where facilities have been illegally built. Case of cadastre
not being up-to-date and solving property-legal relations are also overcome by the application of the LR. In
order to implement the LR in the RS more massively and efficiently, the work related to legal solutions and the
drafting of by-laws must be completed, taking into account all the perceived problems that still hinder its
implementation.
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ABSTRACT

Urban areas, especially urban cores, face the problems of overpopulation and dense
construction. In such conditions, open spaces and green areas are endangered and insufficient. The
materialization of urban areas with predominantly impermeable surfaces causes not only the
environmental issues, such as the effect of Urban Heat Island, deterioration of air quality, noise,
increased flood risk, etc, but also the social problems occur. They are related to the lack of areas for
recreation and social interaction, visual experience of a city, health issues, etc. The only way to
improve and increase greenery in urban areas is to integrate it within buildings. The green roof
concept is chosen over the vertical greening because of the creation of useful open spaces. Topic of
the paper is the analysis of benefits that could be achieved when green roofs apply to a large extent
— on an urban scale. Primarily, the urban levels were defined, and the examples of constructed
green roof systems and projects were presented. The benefits of green roofs, which were classified
as environmental, social and economic, that can be achieved on an urban scale were analysed. It
was concluded that although the economic issue — high initial cost could be an obstacle to the
green roof construction, numerous environmental and social benefits justified their application.

Keywords: green roofs; urban area; sustainability; benefits

1. INTRODUCTION

Uncontrolled urbanization is a great problem of modern society. It is a consequence of the fact that most
of the world’s population lives in cities, and by 2050. the share would be over 75% (Gomez-Baggethun &
Barton, 2013). Due to the expansion of cities and increasing construction density, the nature within the built
environment becomes often degraded, rare, marginalized, neglected and insufficient, while elements of nature
are crucial for functioning of the urban areas — urban ecosystems. They provide many ecosystem services which
are available to humans and directly affect health and quality of life (Gomez-Baggethun & Barton, 2013;
Millennium Ecosystem Assessment, 2005). Since a city, as a socio-ecological system, depends on ecosystems
and their components, it is necessary to sustain long-term conditions for life by providing and preserving
nature within the built environment. On the other hand, urban areas, especially urban cores, are materialized
with predominantly impermeable surfaces. The disruption of green infrastructure causes many problems, such
as the effect of Urban Heat Island, increased flood risk, deterioration of air quality, noise, etc. In these
circumstances, the increment of greenery in urban areas, to a certain extent, is achievable by planting trees
along low-level roads, improving soil quality, and materializing roads, footpaths and parking spaces with
permeable surfaces (Jim, 2013). However, the only way to significantly improve and increase green
infrastructure is to integrate greenery within buildings.

Integrated greenery can be classified into vertical greening and green roofs. Vertical greening encompasses
green walls (extensive systems) and green facades (intensive systems). Green roofs can be extensive, semi-
intensive and intensive systems. Although vertical greening has a greater potential, regarding the facade area
which indicates greater environmental benefits, the implementation of green roofs, particularly within the flat
roof structures, is a good solution for increasing social benefits by the creation of useful open space.
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The paper aims to point out the importance of green roofs for urban environments. For a better understanding
of their role, the concept of green roofs is primarily determined, followed by the analysis of their structure and
typology. Afterwards, the scales of an urban environments were defined based on selected criteria. This is
significant when considering the improvement of green infrastructure in terms of jurisdiction and beneficiaries.
Finally, the analysis of the benefits that could be achieved by their implementation on an urban scale was
conducted in order to create sustainable urban environments.

2. GREEN ROOF AS A NATURAL ELEMENT OF URBAN AREA

In contrast to the previous understanding of green roofs limited to their decorativeness, the modern
definition includes their utility. Green roofs are now defined as open spaces covered with functional greenery,
separated from the soil by anthropogenic structures. Thus, the unplanned/spontaneous development of
vegetation on a roof surface is not considered to be a green roof, but it is rather the consequence of damage
due to inadequate maintenance. When it comes to application, a green roof can be a space for itself or a space
designed within a building, as well as an urban space that is a part of the green infrastructure. In addition to the
term “green roof”, other terms related to certain performances and regions where they are most often used
have been established and defined: “brown roof”, “eco-roof” and “living roof” (Stamenkovié, 2019).

The basic elements of the green roof structure are substrate layer/growing medium and vegetation. The other
elements were designed with the aim to accomplish the natural balance (Fig. 1). The role of the several meters
thick weathering layer within the natural soil structure, is replaced by a few centimetres thick filter and
drainage (and accumulation) layers in the green roof system. The protection layer is important to prevent the
damage of waterproofing and roof construction. The last-mentioned layers mimic the source rock.

NATURE GREEN ROOF

4'&{%-*- ~ Plant level
Humus 2 - Growing
topsoil medium

: ~ Filter sheet
" . - Drainage
layer
Weathering
= 5. — Protection
layer
Source i
rock 3 _ \é\lj‘;?rprooﬁng

construction

Figure 1: Structures of the nature soil and a green roof (Dimitrijevi¢ et al., 2016)
The typology of green roofs is based on the complexity of the structure and their function. Two basic types of
green roof systems are extensive and intensive, while semi-intensive systems have also been defined as a
transitional variant (Berardi et al., 2014).

Extensive systems support the development of lightweight low vegetation (e.g., sedum, grasses, and herbs)
properties important for their application to existing buildings. It is significant for their application on an urban
scale, because urban areas are already densely built. Extensive systems are cheaper, easier to implement and
maintain, and can be applied on sloped roofs (optimally up to 45°). However, due to the limitation on low
vegetation, extensive green roofs have lower ecological value than intensive ones. Although they cannot fully
replace the function and importance of green spaces on the ground level and developed on the natural soil,
extensive systems are certainly an integral part of the green infrastructure.

Intensive green roofs support the development of low, medium and high vegetation — predominantly perennial
plants, woody plants, trees. Their role and function are close to natural soil, i.e., to natural elements of the
green infrastructure. However, several impediments can limit their application, especially on an urban scale.
The intensive systems are heavy, approximately from 300 kg/m2 to more than 1300 kg/m2 (Optigreen, n.d.)
which is why they are almost exclusively applied on new buildings, previously designed to support the load.
They could be also implemented on existing buildings by strengthening supporting structures, further
increasing their already higher cost than extensive systems. Installation of intensive green roofs requires high
expertise, and they also need to be maintained at a high level. These systems are applied on flat roofs,
representing useful open spaces — park areas. Despite economic constraints, the implementation of intensive
green roofs could be justified by the achievement of environmental and social benefits.

Semi-intensive green roofs, as a transitional variant between extensive and intensive systems, support the
development of low and medium vegetation. They are applied due to the greater variety of plant species and
potential in terms of design, in comparison to extensive green roofs.
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3. SCALES OF AN URBAN ENVIRONMENT

In a physical context, the urban environment consists of the built environment and nature within it.
Nature elements, such as biodiversity-rich parks, gardens, green roofs, ponds, streams, woods, hedgerows,
meadows, restored brownfield sites, coastal sand-dunes, etc., are an integral part of the green infrastructure,
on a local scale (European Commission, 2013). Green infrastructure is defined as a network of green spaces
with natural functions and processes sustained, serving the interests of both people and nature (European
Commission, 2013). Benefits provided by nature, such as clean air and water, flood protection, reduction of
CO2 emissions, health and well-being are available to citizens, while at the same time, plant and animal species
survive and develop in their natural habitats. Thus, it is essential for natural elements to exist, to be developed,
protected and connected within urban areas.

Considering the topic of the paper and the potential of green roofs implementation, to improve green
infrastructure, three scales of an urban environment on a local level were defined: (i) rooftop urban area, (ii)
ground level green roof area, (iii) large green roof urban area.

The criteria based on which the scales were defined are size, position, intended use (for walkable roofs) and
the complexity of applied green roof systems. The scales were ordered from less to more complex urban
spaces. The size of an urban area is not strictly established, regarding building (roof) and ground scales,
however, some of the other criteria clarify this order. When it comes to position, green roofs can be
implemented at the roof level of buildings or ground level, when there are underground facilities, such as
garages, basements, underground roads, etc. The intended use refers to the character of the space — private,
semi-public and public, which is significant from the social aspect of sustainability. Predominant usage of
extensive or intensive systems is directly related to the green roofs’ performances, and therefore to the
achievement of environmental and social benefits.

A rooftop of a building with implemented green roof, within urban design, is one, small-scale, urban
ecosystem. The size is limited primarily by the roof area, technical facilities and available space. Since the
position is above, and most commonly not connected to the ground, those areas are private and intended for a
limited number of people — users of the building. Extensive green roof type is more used, particularly within
existing buildings, while semi-intensive and intensive green roofs provide greater design potential for new
buildings. The examples of urban design of rooftop areas are shown in figure 2.

=

: = z > R "y .
Figure 2: Urban design of rooftop areas (b) Jackson, 2021; c) Setherton, n.d., d) Talbot, 2021)

Ground level green roof areas are limited by underground facilities. However, they are (and should be) integral
parts of an urban design, and thus connected to other nature elements of the green infrastructure. In terms of
intended use, these areas can be private, semi-public and public (Fig. 3). In general, these areas are intended
for a larger number of people in comparison to rooftop urban areas. Contemporary design and construction of
urban blocks include the implementation of green roofs at ground level, above the underground garages. All
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green roof types are in use. Semi-intensive and particularly intensive systems are applied within new buildings
due to the great additional load.

éure 3: G;;)und level green roof areas: a) public, b) semi-public, c) private
Large urban areas with green roofs vary in size, from a large urban block to a part of the city (Fig. 4). All types of
green roofs could be applied at both rooftop and ground levels, within new or existing buildings. These areas
are intended for the largest number of people, in comparison to previously analysed scales of urban
environment. Such areas would be significant parts of the green infrastructure primarily for environmental
issues, regardless if the greenery is physically connected or not.
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Figure 4: Large green roof urban area: a) urban block (Fortuna, 2013), b) part of the city — individual green roofs (Roofto
part of the city — continuous green roof (Mairs, 2015)
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p gardens, 2012), c)
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4. ANALYSIS OF THE POTENTIAL GREEN ROOF BENEFITS

Considering the state of the environment and the need for improvement, integrated greenery systems,
particularly green roofs, are recognized as the only natural improvement measure, which also has a visual
impact. On the basis of the components of sustainability, green roof benefits are classified as environmental,
social and economic.

4.1. Environmental benefits

Environmental benefits are predominantly significant at the urban level. Mostly, they are related to the
mitigation of the Urban Heat Island effect, the management of precipitation, the improvement of air quality,
noise control, the usage of recycled and recyclable materials, and the increase of urban biodiversity.

Mitigation of the Urban Heat Island effect refers to the reduction of air temperature in city cores, which can be
up to 7°C higher than in suburbs in summer months (Goode, 2006). The increase in temperature has a negative
impact on the quality of air and water, creates pressure on the ecosystem and affects climate change. The
ability of greenery to reduce air temperature is reflected in the process of evapotranspiration. Conducted study
for The City of New York showed the air temperature reduction between city core and suburbs by 0.8 °C if
green roofs would cover 50% of roof area (Fig. 4b) (Bianchini & Hewage, 2012).

The management of precipitation is another important role of green roofs. As natural filters, they affect the
quantity and quality of water. Green roofs retain and retard the drainage of precipitation, especially during
stormy weather, reducing the possibility of flooding. Extensive systems can retain 15% - 83% of water, while for
the intensive systems the amount is 60% - 95% (Wang et al., 2017). In general, green roofs improve water
quality because they mitigate acid rain by absorbing pollution.

Green roofs, as a clean and practical air purification technology, are the most suitable measure for solving the
problem of increased pollution harmful to human health. Vegetation can reduce pollution directly and
indirectly, i.e., by absorbing gases, retaining particles and decomposing organic compounds; and by modifying
the microclimate (Rowe, 2011; Yang et al., 2008). The reduction of the rooftop temperature is achieved
through shading and transpiration, which lead to a cooling effect of the roof surfaces. In this way,
photochemical reactions that create pollution in the atmosphere (such as ozone) are reduced (Rowe, 2011).
Green roofs also affect the reduction of CO2 concentration, which is significantly increased in urban cores. The
authors of one study (Li et al., 2010) revealed that in sunny weather green roofs can reduce the concentration
of CO2 in the immediate area by 2%.

Noise is another problem in urban areas that can be mitigated by the application of the green roof concept.
Since conventional roofs have hard surfaces, the implementation of green roof systems would have a positive
effect due to the vegetation and substrate layers. This was confirmed by the results of the research, which
showed that sound transmission losses through the green roof were greater in comparison to the conventional
roof by 10 dB — 20 dB (Connelly & Hodgson, 2013). The sound intensity is reduced due to the insulating
properties of the green roof, as well as by absorbing the sound waves that are refracted above (Van
Renterghem & Botteldooren, 2011).

The usage of recycled and recyclable materials in the green roof production (for anti-root membrane, drainage
and accumulation layers, filter membrane, and some of the components of the substrate layer) contributes to
environmental protection (Pérez et al., 2012).

The increase in urban biodiversity is significant to provide ecosystem services. Their vital flow is based on a
certain minimum number of different types of organisms, and the value of biodiversity as such is infinite
(Nurmi et al., 2013). Changes in biodiversity, especially in urban areas, have negative effects and can lead to
the extinction of some types of organisms, which could disrupt the basic processes in the ecosystem. The only
measure that ensures survival and increase in diversity of plant and animal species in densely built urban areas
is the integrated greenery within buildings, particularly green roofs. Intensive systems provide greater diversity,
but they cannot be applied to a large extent (due to previously analysed obstacles). On the other hand,
extensive systems are important for the diversity of microorganisms, insects, other small animals, birds, etc. In
general, the importance of green roofs in urban ecosystems is in creation of new connections in the habitat
matrix.
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4.2. Social benefits

Green roofs, when apply to a large extent, provide many social benefits on an urban scale, intended for a
large number of people. They may be turned into recreation spaces and places for socializing between
residents (walkable roofs). Also, they enhance the visual experience and improve the aesthetics of the city, and
they contribute to the health of the residents.

By creating open recreation spaces, the physical activities of the residents and social contacts are improved. In
the research that confirmed the impact of urban greenery on increasing physical activity, it was pointed out the
necessity of its existence because 60% of the population is physically inactive, which is the main health risk [8].
Walkable green roofs, primarily intensive systems, have great potential to attract users due to their
appearance.

The visual experience and the image of a city refer to the aesthetic component of buildings and the urban
environment. Of all sustainable measures for building improvement, only integrated greenery systems within
buildings have a visual effect, which is of vital importance for their wide usage. The urban environment can
create an identity by the implementation of these systems within existing buildings if they apply to a large
extent.

It is confirmed that green roofs can encourage physical activity and social interaction, and have a positive effect
on the psychological well-being of residents. Research also shows that greenery has a beneficial effect on
preventing the development of many diseases and ensures a longer lifespan (Zhou & Parves Rana, 2012). All of
these facts favour the promotion and more intensive application of green systems.

4.3. Economic benefits

Economic benefits are related to the assessment of financial gains by applying green roofs. They can be
achieved at the urban and the building levels. The benefits at the level of the urban environment are related to
the advantages of green roof application as opposed to other measures used to reduce the costs of air and
water purification, sound control, redesign of the sewage system, etc.

5. CONCLUSIONS

Green roofs as previously planned structures within new or existing buildings have a significant role in
urban ecosystems. That is confirmed by the analysis of the benefits achieved by their application. Although
green roofs cannot fully replace nature elements, they are designed for the functions they should fulfil. Bearing
in mind overpopulation and densely built urban areas, the integrated greenery systems are the only measure
by which the existing environmental conditions can be improved. By their application negative impacts on the
environment are reduced, and also, positive effects are achieved.

Regarding the urban scale, the application of green roofs to a large extent provides primarily environmental
and social benefits. While environmental benefits can be “measured”, social benefits are the least represented
in up-to-now research, which is a consequence of qualitative indicators of their values. Economic benefits can
be also achieved on an urban scale. The assessment of those benefits requires further analysis.

There is certainly potential for the application of the green roof concept in urban areas, particularly on existing
buildings, but the successful realization is preceded by the establishment of mechanisms, primarily for the
promotion of green roofs. The public, policy makers, building owners, etc. need to be involved from the local
level. In that way, the initial high investments in the construction of green roofs would be overcome and
justified.
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ABSTRACT

Measures to prevent the spread of the virus, which were in force during the COVID-19
pandemic, generated new needs in the use of common open spaces in the areas of multifamily
housing and a different attitude towards them. For this reason, the characteristics of these spaces
must be re-evaluated, with special reference to those that, in unusual circumstances such as the
need to maintain physical distance, recommendations regarding frequently touched surfaces,
staying outdoors, etc., were perceived as disadvantages, or as advantages. The aim of this paper is
to check the extent to which the application of recommendations for design and planning in
pandemic conditions gives positive results in the time after the pandemic. The paper includes a
description and analysis of organizational and functional characteristics of common open spaces in
the areas of multifamily housing, from the perspective of recommendations for shared use of space
in a pandemic. It concludes that the benefits of implementing some measures to prevent the spread
of the virus would also be applicable in regular, non-pandemic conditions, without significantly
increasing costs. In the end, some recommendations, and guidelines for designing and equipping
this type of space were drawn.

Keywords: multifamily housing areas; common open spaces; COVID-19 pandemic
measures; design recommendations

1. INTRODUCTION

The COVID-19 pandemic, with all the temporary and long-term changes in life and work habits that it
imposed on us, additionally emphasized the existing inadequacies of the housing environment, and drew the
attention of the professional public to certain problems. Since the residents of multi-family residential areas
with limited access to common open spaces — as a physical framework for social interactions, and at that time
the only connection with nature — were particularly affected by forced isolation, the inadequacy or absence of
the surrounding garden spaces stand out as one of these problems. This paper aims to identify those design
solutions that can help not only to reduce the risk of disease transmission, but also to permanently improve the
quality of common open spaces, and to create a sustainable built environment.

It is common knowledge that relations between neighbours are a key indicator of the strength of the local
social community. Neighbourhood relations were particularly important during the COVID-19 crisis, as they
represented buffers against the negative impacts of the pandemic [15]. Additionally, the environment in which
people live plays an important role in encouraging social contacts. In order to enable the establishment of
neighbourhood interactions there is a need to provide adequate spaces for this type of activity. Moreover, the
way in which the physical environment is designed may lead to better relationships among the residents. When
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the quality of public spaces between buildings is high, optional activities (activities in which residents
participate if there is a desire to do so and if time and place allow it) occur more frequently, and therefore the
number of social activities is also increasing [7]; it thus implies that social activities are indirectly supported
whenever they are given better conditions in public spaces. This is particularly important for more densely
populated areas with predominant multifamily housing, since higher housing density impairs social
interactions, reduces the degree of neighbourhood ties, and can lead to alienation among residents [9].

From the outbreak of COVID-19 until today, many measures have been implemented to curb the spread of the
virus. In addition to recommendations for the responsible behaviour of people in the conditions of the
pandemic [14], some researchers have begun to make suggestions regarding changes in the built environment
[5, 11, 13]. The OECD has collected various local policy responses, including those related to the urban mobility,
urban density and urban design, and made recommendations for rebuilding better cities that can be resilient in
a post COVID-19 world [10]. These responses range from increasing the number of green spaces within walking
distance for each resident, to growing food on shared green spaces as a direct source of fresh food supply, to
creating an attractive residential surrounding for new housing. Some researchers argue that it is necessary to
ensure that the built environment can prevent the spread of infectious diseases, particularly emphasizing the
importance of housing flexibility and designing semi-private and collective spaces [4]. Others examine the
emerging questions on the impact of COVID-19 on public space, in terms of position, design, dimensions,
equipment and even the purpose itself, leaving the possibility for this crisis to change people’s attitudes
towards public spaces permanently and substantially [8]. Some authors suggest that housing design strategies
should focus on larger and more liveable living spaces [1, 11] and that urban and architectural design measures
that promote distancing also have secondary benefits [6].

2. RESEARCH METHODOLOGY

This paper aims to investigate whether the COVID-19 measures can be used to sustainably improve
common open spaces within multifamily housing areas, i.e. whether the lessons learned during the COVID-19
pandemic will result in a reduction of future risks in urban areas and creating a more sustainable housing
environment. The methodological framework has been based on empirical research and review of relevant
literature. Using a systematic approach, the paper identifies potential solutions that can be applied in the
residential surrounding in order to reduce the risk of disease spread, at the same time contributing to its
permanent quality enhancement.

The methodology used in this research involved, first of all, a review of certain health measures, suggested by
appropriate authorities in order to prevent the spread of the virus, which included a certain impact on the
surrounding of residential buildings. After that, an analysis of the application of those measures was carried
out, in terms of benefits in the fight against COVID-19, but also in terms of the extent and significance of the
changes in the environment that would follow their implementation. Then follows a discussion and assessment
of whether the benefits of design solutions (created by the application of these measures) are of a temporary
or permanent nature and whether they contribute to improving the quality and sustainability of the residential
environment. For easier understanding of the proposed design solutions and their contribution to sustainable
development, examples of good practice were used as illustrations. The examples were selected so that their
characteristics meet both the requirements for preventing the spread of infection and the intention to improve
the quality of common spaces within the multifamily housing areas. In the conclusion, the findings of the
research are summarized and guidelines for future research are given.

3. RECONSIDERING COMMON OPEN SPACES TO INTEGRATE MEASURES TO CONTROL THE SPREAD OF
DISEASE

The virus that causes COVID-19 is transmitted most often through close contact with an infected person
through respiratory droplets that are formed when an infected person talks, coughs or sneezes. Since aerosols
are able to suspend in the air for up to several hours, transmission of the virus can also occur by staying in the
same room with an infected person. Moreover, transmission can also occur when a person touches a surface or
object with the virus on it and then touches their own mouth, nose or eyes. Bearing in mind the ways of viral
transmission, the basic precautions to prevent the spread of the virus are: keeping a safe physical distance,
wearing a protective mask, covering the mouth when coughing and sneezing, ventilating closed spaces,
avoiding prolonged stays indoors and more frequent stays outside, avoiding contact with frequently touched
objects, maintaining hand hygiene, etc.
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Some of these measures, such as social distance, hand hygiene, and the recommendation for longer stays
outdoors, can result in new design solutions, i.e., can have a direct (temporary or permanent) impact on the
appearance and furnishing of the residential surrounding. The need to maintain distance may require increased
dimensions of spaces intended for joint use by residents (such as footpaths, spaces for outdoor gathering of
residents, etc.) and placement of safety distance markers on benches. The need to maintain hand hygiene can
affect the choice of materials for equipment and furnishing in common open spaces, as well as the distribution
of public disinfectant containers or washing infrastructures. As one of the recommendations refers to avoiding
staying in closed, stuffy and overcrowded rooms and spending more time in nature, planning common open
spaces enriched with greenery and areas for outdoor activities is also one of the priorities. However, not all
potential design solutions can be easily implemented, so it is necessary to consider whether such solutions
offer other benefits, especially in terms of sustainability.

The design of shared open spaces greatly affects the intensity and quality of interactions between neighbours,
and therefore can be an essential factor for improving public health [3]. Several components of the design of
common open spaces were taken into consideration during the research: green areas, urban furniture, public
equipment, pedestrian paths and common areas intended for socializing, and in relation to them an overview
of measures and actions for sustainable design was given.

3.1. Green areas

The COVID-19 crisis particularly highlighted the importance of accessible green spaces, including common
courtyards within multifamily housing areas, since the green spaces were perceived as an important refuge
during the pandemic, where residents could gather while still respecting social distancing measures. It was
even widely reported in the media that the green spaces have a protective function against the spread of the
virus. During the period of restrictive measures caused by the COVID-19 pandemic, urban green spaces played
an important role to relieve the consequences of the lockdown policy on people, especially from the
perspective of social isolation and mental health [13]. People that live in greener neighbourhoods experienced
a lesser degree of reduction in their physical activity level than those who lived in less green neighbourhoods.
Additionally, some people were especially concerned about the lack of social distancing and overcrowding in
urban green spaces. However, during crisis times, available and accessible green spaces in urban context
should not be a luxury but a necessary component of our shared living environment.

Since a landscaped building surrounding has the potential to improve the physical, mental and social well-being
of city dwellers, even under regular circumstances, the conclusion is that it is necessary to increase the
presence and access to green spaces close to apartments. The stay in green spaces is important for reducing
stress and increasing the level of happiness and also motivates to engage in physical activities [11]. Green areas
have a positive effect on the number of individuals involved in social activities and promote community
integration, so they have great social value, in addition to environmental benefits. Community gardens, which
can also be grown in public open spaces surrounding apartment buildings, promote the socialization of
residents, so from that perspective they are also desirable in a residential environment. Planning green open
spaces accessible to all residents should be a priority for all future multi-family housing buildings. In addition to
providing benefits in terms of protection against viruses, green spaces around apartment buildings improve
public health in the long term and contribute to improving social and environmental sustainability. (Figures 13,
1b)

(b)

Figure 1: Green areas surrounding multi-family apartment buildings: (a) Streatham Hill, London; (b) Rue de Meaux, Paris
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3.2. Urban furniture

Urban furniture within common surrounding spaces contributes to increasing the quality and intensity of
use of these spaces, encourages contacts between neighbors and, in general, makes staying in these spaces
more pleasant. From the perspective of preventing the spread of infection, it is generally suggested for
equipment used by a large number of people, such as equipment in public transport, entrances to buildings,
stairwells, circulation areas, etc. (seats, handrails, fences) to use materials with a shorter residence time for
viruses, as well as using easily washable surfaces. This also applies to urban furniture in shared open spaces.
Some research evaluated the survival of the COVID-19 virus on different surfaces and reported that the virus
can remain viable for up to three days on plastic and stainless steel, and up to four hours on copper. As the use
of copper and its alloys (bronze, brass) would be expensive for this purpose (perhaps even questionable in
terms of modern aesthetic understanding), this only underlines the importance of continually disinfecting and
cleaning surfaces that are frequently touched. That brings us to the recommendation that urban furniture
should have surfaces that are easily cleanable, i.e. that finishing doesn’t have capture spaces, such as cracks
and crevices, where contaminants can hide [2] (Figure 2a). The implementation of this solution is long-term
and can generally contribute to public hygiene and health.

Moreover, it is necessary to rethink the design of urban furniture itself [11]. Simpler minimalist design for
furniture could similarly reduce the accumulation of viruses on it (Figure 2a). The benefits that such solutions
offer also include consuming fewer resources and requiring less maintenance, which is very useful in terms of
sustainability. A more complex design, although certainly attractive and appealing, is unsuitable from the
perspective of ease of maintenance (Figure 2b).

-

Figure 2: Urban furniture examples: (a) easily cleanable surfaces, simple minimalist design; (b) more complex design

3.3. Public equipment

The use of safety distance markers on benches ensures the necessary safe distance between residents in
pandemic conditions and is therefore useful in reducing viral transmission. On the other hand, this measure has
the effect of reducing the number of seats available to users. An increased number of benches in the conditions
of a pandemic might contribute to a higher degree of use, but in the long term this measure would contribute
to the excessive spending and the unnecessary occupation of space (which could be used for some other
activities). As the use of safety markers is a temporary measure that does not bring additional benefits and is
not applied in regular circumstances, providing additional seating is not a priority.

Similarly, providing with public disinfectant containers is a highly recommended measure during a pandemic,
and is extremely useful for minimising the risk of transmission, as well as for public hygiene in general.
Although from the perspective of enhancement of public health the use of sanitizing containers would be
justified even after the suppression of the pandemic, there are no other relevant contributions to
sustainability, and their use would mean increased consumption of disinfectants and the need for regular
maintenance and refill. Therefore, the implementation of this measure is considered short-term. On the other
hand, providing with public faucet within apartment building’s surrounding would be of essential benefit, both
in pandemic conditions and in the long term.
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3.4. Pedestrian paths

Pedestrian paths within common open spaces serve for the movement of users (walking, jogging, cycling)
and connecting different activities within the open space. The use of pedestrian paths leads to more or less
encounters between the residents and can lead to good neighbour relations. It is common for them to be
dimensioned for the unhindered passage of one or more people, depending on the number of potential users,
but it is certainly not necessary to oversize them, especially if this is to the detriment of other features
(greenery, seating and areas for socializing). Seen from the perspective of the health measures for the
necessary physical distance that were current during the pandemic, planning wider footpaths would contribute
to ensuring an adequate level of distance and therefore this measure would be useful for preventing the
transmission of infectious diseases between people. On the other hand, paths dimensioned in this way, since
they would not be overcrowded, could motivate residents to use them to a greater extent and for a longer
period of time. Although primarily intended for merely walking, with increased widths they can be suitable
places for spontaneous and intentional social interactions between residents, as well as for some other
activities, such as joint activities with neighbours, children's play, physical activities, etc. (Figures 3a, 3b) The
application of this measure would be permanent, and its benefits would be noticeable even in the period after
the pandemic.

(a) (b)
Figure 3: Wider footpaths within common open areas stimulate multiple uses: (a) Parkstad, Rotterdam (preliminary design); (b) The Eastern
Docklands, Amsterdam

3.5. Common areas intended for socializing

Social connections among neighbours are encouraged when they have the opportunity and adequate
space to meet. Planning and designing common open areas intended for intensifying the social life of the
residents could improve housing conditions and reduce the alienation of people in multifamily housing
complexes. Since the characteristics of common spaces intended for socializing within multifamily residential
areas are important for the quality of neighbor relations, one of the challenges facing architects is how to
design common areas within which the residents can become closer and form a community. During the
COVID-19 crisis, the challenge was even greater because it was necessary to simultaneously provide physical
distance and create a suitable architectural framework for intensifying neighbour relations and strengthening
the community. Throughout the lockdown the importance of adaptibility of common spaces was particularly
emphasized [12] — there were frequent cases that residents, by adapting underused and unused spaces within
common courtyards, voluntarily rearranged a certain place of common open space for such a purpose. This is
because they needed to make a place for themselves where they could gather outside their apartments and by
reusing and adapting some capacity of public areas they got a new sociable space.

It is obvious that the need for socialization among neighbours is equally important both during the pandemic
and after it, so the recommendation that spaces for gathering and socializing of residents outdoors must be
planned in the environment of buildings for multi-family housing could be considered permanently sustainable.
In order to meet the demands and wishes of a wider number of users, it is desirable to form several smaller
ambiences whose content and equipment should enable the performance of various activities (conversations,
drinking coffee, table tennis, children play, residents' club meetings, sunbathing, joint hobby activities, joint
winter stores preparation, parties) (Figures 4a, 4b). In cases of lack of space, modifiability and polyvalence of
these ambiences would be desirable features, since they would contribute to meeting the needs and affinities
of different groups of users in one place. The design and finishings for the furniture should be in accordance
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with the previously stated recommendations. The application of this measure contributes to the enhancement
of housing conditions both in the context of the pandemic and in general.

(a)

(b)

Figure 4: Areas intended for residents’ joint activities: (a) Skydebanegade, Copenhagen; (b) BIGyard, Berlin
Table 1 shows an overview of the health measures to protect against the transmission of the virus, current
during the duration of the COVID-19 pandemic, the corresponding recommendations for the design of the
surrounding of multi-family residential buildings, the duration of the recommendations and their contribution
in terms of sustainability.

Table 1: Relationship health protection recommendations — residential surrounding recommendations, in the context of sustainable

development

D T Health protecfton Residential surro.undzng Temporal aspegt of| T
recommendations recommendations recommendation
Stay in the fresh air Commm? green spaces available to Improved public health
Sun exposure all residents (common gardens, ; .
: . Long-term Promotion of neighbour
Care for physical and mental | green roofs, terraces with greenery, Co
. socialization
Green areas health areas for urban gardening)
Physical distance Increased surface area of greenery Long-term Improved environment
per user
Ur{)an furniture que of mqterlals Economically unprofitable
with a shorter residence time for Long-term .
. Aesthetically unacceptable
viruses
Restrictions regar.dmg Urban furniture made of materials Economically acceptable
frequently touched objects and| ith easily cl bl Long-term d public health
surfaces with easily cleanable surfaces Improved public healt
Urban furniture -
. . . Improved public health
Urban furniture with a simple .
minimalist design Long-term Improved aesthetic aspect
Increased flexibility in use
Physical distance Increased number of seats Temporary Reduction of K ga'cef or other
activities
Physical distance Safety distance markers Temporary Less available space
Increased consumption of
Public equipment Public disinfectant containers Temporary disinfectants
Regular hand hygiene Need for regular maintenance
Public faucet Long-term Improved public hygiene
Pedestrian paths in the
Outdoor physical activity surroundings of residential Long-term Improved public health
buildings
Pedestrian paths Increased extent and duration
. . . . of use
Physical distance Wider pedestrian paths Long-term Enabling other,
complementary activities
Care against social and Common spaces intended for
emotional isolation socialization available to all Long-term Strong local social community
Areas intended for Mental health care residents
socializing \More space for residents to socialize| Fulfilled a wide range of
Physical distance Modifiability and polyvalence of Long-term different requirements and
uses needs
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4. CONCLUSIONS

The COVID-19 experience has revealed certain deficiencies in residential surrounding so the organization
and equipment of them should be rethought and improved for better resilience through pandemics. One of the
more significant effects of the COVID-19 pandemic refers to the rediscovery of common open spaces in multi-
family residential areas, which had exceptional importance during the implementation of measures to combat
the spread of the disease, as they contributed to connecting with nature and maintaining social ties despite
physical distance. They offered a valuable opportunity for residents to be outdoors, helping them to fulfill their
psychological and physiological needs through access to greenery and daylight, while reducing stress and
anxiety during the lockdown. As man is a social being and can hardly tolerate social isolation, the surrounding
garden spaces were places where, after the relaxation of the strictest restrictions on movement, neighborly
relations could develop. On the other hand, the lack of outdoor common spaces is considered a major
drawback, not only in pandemic conditions, but in general. In this sense, significant changes are needed in the
design of the residential environment of multi-family housing, which will entail mandatory planning of shared
gardens, green roofs, terraces, as functional open spaces with multiple benefits.

Planning shared green areas in the immediate vicinity of an apartment building has numerous benefits. To
mention only a few of them, being in a natural environment has a positive effect on physical and mental health,
and social contacts between neighbours are enhanced. As these benefits are significant both during the
pandemic and after it, the suggestion to include these spaces in multi-family residential area design can be
considered long-term and sustainable. The recommended surface area of greenery per resident should be
reconsidered, since a larger green area enables a greater number of users at the same time, which can have
favourable consequences for environmental and social sustainability. Although at first glance the
recommendation that urban furniture be made from materials that can be easily sanitized, may seem justified
only during the pandemic, it can also be applied after it, as it contributes to general hygiene and public health.
Moreover, the recommendation that the design of urban furniture be simple and minimalistic is not only of an
aesthetic nature, but also contributes to easier cleaning and maintenance, and in a broader sense to the
improvement of public hygiene. The need to install safety distance markers and sanitizing containers is of a
temporary nature and disappears with a relief of the pandemic. Common open spaces around apartment
buildings should contain pedestrian paths and one or more spaces for residents to gather and socialize. In order
to be able to maintain physical distance on footpaths in the conditions of a pandemic and to simultaneously
perform various complementary activities in the time after the pandemic, it is advised to plan them wider than
usual. Due to the need to maintain physical distance, joint activities of residents should be planned in several
places within common garden, with different features, so that the wishes of a wide range of users can be
fulfilled. Compliance with this recommendation can significantly improve the quality of the residential
environment and housing in general, so it can be considered sustainable in the long term.

The measures described in this paper show different levels of contribution to risk reduction, and some of them
include improving the quality of housing, so we can derive benefits for a sustainable housing environment from
them. It is clear that health and sustainability are closely linked and that a sustainable housing environment can
contribute to improving public health and this finding should be usefully incorporated into future planning.

What this paper did not deal with in detail, and it would certainly be useful, is the economic justification of the
application of certain measures for the improvement of common open spaces in the environment of multi-
family housing buildings, since sustainable systems can only be spoken of if all three aspects of sustainability
are guaranteed. Furthermore, some future research can investigate whether COVID-19 could leverage specific
design solutions for other segments of the housing environment, such as housing units or common spaces
inside apartment buildings.

Post-pandemic efforts can be turned into an opportunity to improve the lives of city residents and stimulate
innovation in the design of housing environments, and therefore shared open spaces. The post COVID-19
recovery has the potential to establish a ‘new normal’ in housing, reducing the vulnerability of the built
environment.
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ABSTRACT

This paper analyzes the transformation of church buildings referring to space, shape, and
design of various types of church architecture. The complex structures of sacral buildings erected in
Serbia in the medieval period reflect both their refined architecture and their cultural and historical
significance for the people. This research examines three schools of architecture, the Raska, the
Byzantine and the Morava architectural styles, whose names derived from the historical period in
which each style was predominant and their particular design of construction in the medieval
Serbian ecclesiastical architecture. Transformation, combination and arrangement of the primary
geometric bodies, cube, sphere, and cylinder, created an inner space that determined the exterior
design of the constructions. The beauty of the Serbian sacral buildings was emphasized by the use
of the solid geometric shapes and their numerous combinations. This further proves that
architecture is based on the strong connection of three components, function, design, and form, the
aspects that should be considered when judging a construction, regardless of one of them being
predominant in a certain period of time. The problem researched in this paper, the analysis of the
structural characteristics related to space, shape, and design, is examined by means of the
historical and structures procedures. The goal of the paper is the creation of particular geometric
models and the classification and systematization of the types of sacral buildings built in the
medieval Serbia.

Keywords: Serbia, medieval ecclesiastical buildings, transformation, geometry,
shape, design

1. INTRODUCTION

Serbian medieval architecture developed from early IX century up to the end of XVII century. This time
span was marked by the structures built in various styles, which was conditioned by the position of the Serbian
states in a particular period. The most significant architectural styles of the period are the following: the Pre-
Romanesque architectural school, characteristic of the period before the rule of the Nemanji¢ dynasty and
known for the monasteries and churches built in the Principality of Zeta, Zahumlje and Primorje dioceses from
early IX century to the end of XI century; the Raska architectural school developing during the reign of the
Nemaniji¢ dynasty from the second half of Xl century to the end of Xlll century, known for the church buildings
erected in the territory of the Raska state; the Byzantine architectural school thriving during the reign of King
Milutin from the end of XIIl century to the first half of XIV century; the Morava architectural school that was
dominant from the second half of XIV century up to the first half of XV century. The period ranging from the
middle of XV century to the end of XVII century was the period of the Ottoman rule. [6]

The church buildings of the period can be classified according to their similarities by type and time of
construction. The Serbian medieval churches were built on the initiative of Stefan Nemanja (1168-1196), who
launched the attack against Byzantium and founded the dynasty that ruled until the territory of Serbia was
occupied by the Turks. One of the first churches and monasteries that Stefan Nemanja founded were the
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church in the vicinity of KorSumlija and the monastery Durdevi Stupovi near Novi Pazar. Both of these religious
structures are single-nave temples with a rectangular basis and a circular dome over the pendentives. The
variants of this architectural style are to be found in the construction of the church in Budimlje near Berane,
the church Sveti Nikola in Studenica and the church of Sveti Petar and Pavle in Zi¢a. These churches are also
single-nave churches with two or three traves and one apse, where the semicircular dome of the central trave
can be replaced by a cupola. This type of construction was rather uncomplicated, which is the reason why it
was practiced in the Balkans. It is evident in the design of the churches erected in Serbia, Bosnia, and Bulgaria
in VI century and it remained a predominant design in the ecclesiastical architecture throughout Xl and XIll
centuries. Vestibules were built on either side of the church whereas the cupola was placed on the cubic
pedestal. The architecture of the sacral buildings from XlllI century followed the same design; however, the
churches were of greater height and width, with the addition of several traves, which contributed to their
graceful appearance. Master builders, who came from Dalmatia and were Slavic Catholics, were educated in
those workshops characterized by tradition of the Romanesque style, which is visible in the most prominent
examples of the ecclesiastical architecture of the period, such as Bogorodicina church in Studenica, monastery
Zi¢a, monasteries Mile$eva and Sopocani. Also, one or more bell towers used to be erected by the church, as
exemplified by the church near Kur$umlija, monasteries Zi¢a and Sopocani. Visoki Decani, dating from XIV
century, was built in the same tradition, which was combined with a cross-in-square plan, two exterior side
naves and one spacious narthex with three naves per three traves respectively. The ribbed vaulting with its
semi-circular or interrupted arches is distinctive of the Gothic style, whereas the fagcade was done in the
Romanesque style — coated in marble in two colors with the relief-decorated portals. Decorative portals and
windows, such as those found in Studenica, Banjska and Decani, were common features in the Romanesque
cathedrals and churches in Italy and Dalmatia. The monastery Studenica boasts with the oldest and most
beautiful decoration, masterfully created and enriched with intricate motives. The foundations established by
the Serbian rulers changed in accordance with the expansion of their power over the Byzantine provinces.
Therefore, King Milutin restored the church Bogorodica Ljeviska in Prizren in 1307 while his heirs and
successors continued the tradition of building churches in Macedonia, Metohija, and Pec¢ka Patrijarsija. [3]

2. TYPOLOGICAL CLASSIFICATION

After the early period of the Byzantine architectural style, the sacral architecture was dominated by the
central floor plan roofed by a cupola symbolizing the heavens. The churches were designed after the Greek
cross or crux immissa quadrata, of the cross-in-square or cruciform form. The sacral architecture of the period
was characterized by the similitude of the interior to the exterior and the persevering style throughout the
whole period.

2.1. Sacral architecture of the Pre-Romanesque architectural style

The oldest monuments of the Serbian ecclesiastical architecture were built during the rule of the
Nemanji¢ dynasty, in the territory of contemporary Montenegro, Herzegovina and Primorje (the Adriatic coast),
from IX to XII century. The churches erected in this period were designed in various shapes, according to which
they are classified as: single-nave churches with a rectangular base; churches with a tower on the west side or a
vaulted dome and three-nave basilicas with a tower; central-floor plan, cruciform churches with a vaulted
cupola, triconhos churches with a cupola, rotundas, and other complex structures. The building material was
primarily split or hewn stone (ashlar), while stone or bricks were rarely used. The vaults were either semi-
circular or cruciform, the cupolas were square on the exterior and circular on the interiror, built directly from
the roof and not on a square base, which would become a common practice in the later periods. The square
base was transformed into a circular one by means of trompes, while pillars or konches (niches) were used in
the design of rotundas with the same purpose. The stone transoms were above the doors, the windows were
arched and vaulted. This architectural style was later enriched with an addition of Romanesque portals. The
facades were decorated with pilasters, and blind arcade friezes in certain cases [1]

64 ICUP 2022 | PROCEEDINGS | Nis: November 2022



J. VUKANIC.: TRANSFORMATION OF THE TRAITS RELATED TO SPACE, SHAPE AND DESIGN OF CHURCH BUILDINGS IN SERBIA IN THE MIDDLE
AGES

Table 1: Comparative analysis of the monasteries belonging to the Pre-Romanesque architectural style

Name of the Photograph Founder Year of | Type of base | Type of shape | Building Geometrized model
church constructi techniques
Petrova Restored by |X century| Single-nave Rotunda Hewn
church Prince Caslav church - stone
Novi Pazar Semi-circular | (ashlar)
dome
Church of Prince Circa Single-nave | Cross-in-square | Hewn
Saint Apostles T K Miroslav of | 1190 church - stone
Petar and = Bl Hum Semi-circular | (ashlar)
Pavle, Bijelo k dome
Polje
Church of St. Marvo 1195 Single-nave | Cross-in-square | Hewn
Luka, Kotor Kazafranka church - stone
Interrupted (ashlar)
dome

2.2. Sacral architecture of the Raska architectural school

Sacral buildings belonging to the Raska architectural school were erected during the rule of Stefan
Nemanja and influenced by the Byzantine and Roman architecture. They were single-nave churches with a
large middle apse, a narthex located at the west end of the nave and side choir transepts. The main dome was
on the cubic pedestal, formed by side and diagonal walls above the arches supporting the cupola. The interior
of the cupola was comprised of the free and leaning arches as well as the pendentives. The interior of these
churches is exquisite, spacious, and well-lit. The absence of pillars contributes to it being wide and extensive.
The paraklesis or choir chapels were added to the main nave, being lower than the main nave at first, but later
reaching the same height as the nave, therefore becoming a transept as examplified by the monastery Banjska.
Over time, the cupola was not as wide as the main nave, whereas the cubic pedestal got decreased with side
areas united into one single space, giving the impression of a three-nave church when observed from the
outside, despite its interior being that of a single-nave church. Paraklsesis were transformed into bell towers in
some churches. The primary building material was stone, the interior was built mainly of split stone covered
with plaster, while the exterior was occassionally covered in marble. Facades differ by the manner of
construction and stone layers. Some facades were built of flat stone or marble, most frequently tuff or breccia.
Roof wreaths and portals were decorated. The roof wreath enclosed a series of arcades with simple or double
arches. The wreaths used motifs based on leaves, sculptures in the shape of girls’ heads, mythical creatures, or
animals. The windows had one opening with a small column or bifora. The windows on the apse were triforas,
often located on the west side. The tympaniums were richly decorated with sculptures. The entrances were
frequently built in the vestibules, allowing a direct exit or entrance from the naos itself. The main entrance,
located on the west side, was most splendidly decorated. The portals had several collonetes in their corners
and archvaults. [5][7]
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Table 2: Comparative analysis of the monasteries belonging to the Raska architectural style

Name of Photograph Founder Year of Type of base Type of | Building Geometrized model
church constructio shape |technique
n S
Bogorodicina Stefan circa 1190 | Single-nave church | Cross-in- | Brick
church, Nemanja with the altar apse | square |Hewn tuff|
Studenica and one cupola Marble
Monastery Stefan circa 1210 | Single-nave church | Cross-in- | Brick
Zica Prvovencani with the altar apse, | square | Stone
two choir transepts Mortar
and one cupola
Monastery Stefan Uros || circa 1265 | Single-nave church | Cross-in- | Stone
Sopocani with the altar apse, | square | Mortar
one choir transept
and one cupola
Monastery Stefan Uros$ Il| Between | Single-nave church | Cross-in-| Hewn
Banjska Milutin 1312 and | with the altar apse, | square stone
1316 two choir transepts
and one cupola

2.3. Sacral architecture of the Byzantine architectural school

Sacral buildings belonging to the Byzantine architectural school are found in the territory of contemporary
Macedonia, as well as in Serbia. They were built in the period ranging from IX century to the end of XIV century.
This extensive time span influenced the variety in spatial concept, whereas the building material used, the
architectural style and construction remained unaltered. The churches were primarily built as basillicas with or
without the cupola, triconhos structures following the inscribed cross plan with one or five cupolas. They were
square based, originally built without the narthex, containing only the naos and the altar apse. The proscomidia
room and the diaconate were constructed as either separate rooms or as niches. Unlike the inside apses, the
outside ones were rarely semi-circular, but rather three-sided or multi-sided and frequently ornamented with
numerous niches. The four main vaults formed a cross, whose interception was a square pedestal, arched by a
dome supported by pillars, pilasters, or consoles. Observed from the outside, large domes were octagonal or
dodecagonal, while they were circular on the inside. The building material was hewn stone and bricks. The
masons used stone, limestone, tuff or sandstone, well-baked bricks of different shapes, sometimes even the
bricks remaining from demolished buildings. The ornaments on the outside walls were made of terracotta, in
the shape of pots based on four-leaf flowers or in the shape of tiles. [4]

66 ICUP 2022 | PROCEEDINGS | Nis: November 2022



J. VUKANIC.: TRANSFORMATION OF THE TRAITS RELATED TO SPACE, SHAPE AND DESIGN OF CHURCH BUILDINGS IN SERBIA IN THE MIDDLE
AGES

Table 3: Comparative analysis of the monasteries belonging to the Byzantine architectural style

Name of Photograph Founder Year of Type of base Type of Building Geometrized model
church constructio shape techniques

n
King’s church, King Milutin | circa 1313 |Single-nave church| Constricted | Bricks,

Studenica with the altar apse| inscribed stone,

and one cupola cross mortar

Monastery King Milutin | circa 1315 |Single-nave church| Augmented |Hewn stone

Gracanica with the altar apse| inscribed

and five cupolas cross

2.4. Sacral architecture of the Morava architectural school

The Morava architectural school dominated the last years of the Serbian medieval state independence.
The collapse of the Serbian rule in the southern regions transferred the centers of power to the north, to
KruSevac, Smederevo and Belgrade. The monuments belonging to this particular architectural style are to be
found in the territory of the Morava basin. Numerous characteristics of this style were inherited from the
Byzantine architectural school, which means that the churches were built respecting the cross-in-square plan
and using stone and bricks as the primary building material. However, there emerged certain new architectural
elements related to the base shape and building techniques. The cross-in-square plan was exhibited as the
constricted and as the augmented inscribed cross with one or five cupolas. The churches were commonly built
without the narthex, which was added to the main building in the later period. The churches with the
constricted inscribed cross plan had both the narthex and the naos, separated by a thick wall. The narthex had
side biforas extending to the floor, whose lower parts were enclosed by parapets. The side conches, almost
always pentagonal, and the side naves were of the same height, thus sharing the same roof wreath. The
facades were built of the hewn rectangular sandstone, the combination of one row of sandstone with three
rows of horizontally layered bricks. Some of the churches were built using the half-hewn stone, aimed for
emplastration, covered in painted bricks, giving the impression that the church was built with these two
materials. The facade was divided horizontally and vertically by means of the cordon of wreaths and semi-
colonnettes. Semi-colonnettes were placed in the corners where the sides of the apses intersected and in other
parts with shallow pilasters. The cordon wreaths divided the fagade into three parts. The rosette was also an
ornament on the fagade, typical for this architectural style. [2]

Table 4: Comparative analysis of the monasteries belonging to the Morava architectural style

Name of Photograph
church

Founder Year of Type of base Type of Building Geometrized model
constructio shape techniques

n
{| Prince Lazar | Circa 1375 |Single-nave church| Constricted Bricks

Lazarica
church, with the altar apse,| inscribed Stone
Krusevac side conches and cross Mortar
one cupola -
triconhos
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Monastery Despot Stefan| 1406-1418 |Single-nave church| Augmented |  Stone
Manasija Al Lazarevi¢ with the altar apse,| inscribed
side conches and cross
five cupolas -
triconhos

3. CONCLUSION

After the fall of the Western Roman Empire in VI century, the Eastern Roman Empire or Byzantium
continued to exist and flourish, evident in the extensive construction of sacral buildings in the Byzantine and
early Christian architectural style characterized by the fusion of the basillican and central church space. The
sacral buildings were predominantly central plan structures with the cupola and separated interior,
ornamented with frescos, and mosaics. The exterior design was versatile, whereas the interior remained true
to the original architectural style.

As regards the idea of having a certain effect or transferring a particular massage, the church is often observed
as a complex fusion of shapes. The fusion of various geometrical bodies, such as rectangles and squares,
cylinders and cubes, or other solid geometric shapes, creates a composition whose elements appear as a
whole, and yet whose orign and primary shape could be recognized. Thus, cupolas, vaults, pillars, window
openings, and walls represent separate parts of a structure, but it is their interrelationship that makes this
structure a stable whole in both structural and aesthetic sense. Regarding architecture, the phenomenon of the
predominant building shapes is very well known, which means that in a composition of curves and curved
volumes, it is one simple rectangular shape that is first observed, and vice versa. Considering the churches that
are square based, it is the cupola that is the most impressive element from the point of view of architecture.
The aforementioned examples illustrate the proposition that the shapes are not experienced the way they
really are, but the way they are seen and incorporated in the context, the relationship that significantly
determines both the visual and psychological experience of a certain building. When examined in the process
of its analysis, design and construction, an architectural structure can be observed through three projections,
notwithstanding its complexity since it is always a special and unique composition. Each shape within an
architectural compositon has its own characteristics that need not be congruent with the characteristics of
other parts of the composition, but which are interconnected and interrelated. The harmonious
interrelationship between the elements of sacral buildings is based on the use of proportion that defines the
shapes of arches, vaults, and cupolas, as well as their position and connection with other elements of the
structure. Besides its practical benefits, the application of proportion contributed significantly to the aesthetic
of the ecclesiastical buildings.

The analysis of the mentioned examples, whose characteristics were shown in tables, defines the typology of
the Serbian medieval monasteries built in the period of the rule of the Nemanji¢ dynasty from XIl to Xl
century. Transformation of various shapes of the Serbian churches is based on the adoption of the traditional
accomplishments and their creative restructuring under the influence of dominant and changing factors. The
Serbian medieval sacral architecture is a masterful combination of the Eastern and Western influences and its
own regard for tradition.
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ABSTRACT

Since the beginning of the Covid-19 crisis, the scientific community around the world has
been trying to explain and study many newly formed issues, from health problems, but also to how
the city can function in adaptation to changing environment with the importance of citizen
participation. The focus of these issues is mainly on city areas that have been the biggest hotbeds
of infection and have seen the biggest shift in the way these areas function on daily basis. This
paper gives a brief overview of some research that primarily relates to the role of how pandemic
motivated the change in participation methods and how we perceive meeting spaces in physical
and online spheres. Part of the paper descibes the importance of citizen participation in emerging
conditions along with chosen case study of the ConnectGREEN project’s participation process
during live and online workshops organized from 2019 to 2021, in which the authors of this paper
participated.

Lessons learned through research and projects aim to help understand the impact of specific,
often unforeseen situations, that can change existing patterns of urban planning and design, but
also change and challenge the existing quality of life, show the need for proper community
involvement, good governance, etc. The paper concludes that future cities will have a semi-online
way of functioning, which in the post-pandemic period opens new possibilities in different public
initiatives (some already started in various cities), and also creates specific conditions with
advantages and disadvantages for participation in wider initiatives, but also in scientific and
similar small projects.

Keywords: Covid-19 pandemic, urban planning, online participation, virtual space

INTRODUCTION

The multidimensional global crisis caused by the COVID-19 pandemic continues to unfold, combining
health, economic and social crises with extensive published research that emphasizes that the poor population
has had the hardest impact of the pandemic. The massive death toll is a global failure on many levels showing
the problem of governments’ capacity (and world major powers) for dealing with multiple challenges, and
inadequate system of informing the citizens which led to problems such as misinformation, disobeying the
strict health and social distancing measures, etc. (Sachs et al, 2022).
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Cities as part of well-connected and dense urban areas were among the first to be exposed to the pandemic
areas (Stier et al, 2020). Although the density of some cities has not appeared to be the only determining
factor, partly reflecting strong policy responses, still many large cities performed worse than other regions
(Hamidi et al, 2020). Good governing and proper response with enacted measures to contain the epidemic in
the largest cities such as Tokyo, Seoul, and Sydney, have dramatically reduced the spread of the epidemic
emphasizing a proactive approach (Ramuni, 2020). Cities that are characterized by inequality and a high
concentration of urban poverty are more vulnerable than those with more equal economic distribution (with
better resources, infrastructure, etc.) (lacobucci, 2020).

As a response to the pandemic spreading cities and whole countries have transferred multiple businesses to
the online and remote spheres, with still some of the essential service businesses (face-to-face interaction) in
urban areas continued to function (OECD, 2020). High-speed internet coverage in urban areas allowed
businesses and residents to replace in-person interactions with virtual ones (OECD, 2019). With higher rates of
digitization, good internet quality, and coverage cities compensated for new limited available physical space.

In the conditions of the pandemic, participatory processes had to go through serious changes to maintain
guality communication between interest groups. Through the various global experiences of different experts
from 2020, it was determined that newly created conditions of physical distancing demanded wider use of
online tools/platforms and focused work on smaller groups. By combining different communication channels, it
was necessary to define a new methodology for future alternative participation. The new type of
communication in addition to the obvious advantages, also imposes several obstacles, primarily of a technical-
technological and psychological nature (Buehler et al., 2020).

On the example of workshops’ participatory processes within the ConnectGREEN Interreg project, this paper
reviews the new mechanisms of participation and possible directions for developing functional involvements of
different users/stakeholders. Comparing the participation levels and satisfaction of the participants in multiple
national workshops during the project period paper discusses the advantages and disadvantages of these new
ways of participation

NEW WAYS OF PARTICIPATION

Focus on defining changed participation, with the appearance of the problems with the pandemic social
distancing, is important for the perpetual engagement of stakeholders in planning and decision-making
procedures. Changing the communication strategy demanded mostly the use of available online
tools/platforms, with some newly created along the way. Methodological procedures for future alternative
types of participation, which could easily be part of virtual participatory platforms, should follow the previously
adopted Arnstein ‘participation ladder’ (Arnstein, 1969) with the clear steps needed for enabling full and
adequate participation with information-using tools such as social networks, consultations (online surveys,
questionnaires, focus groups, etc.), inclusion (video conferences, online voting, email communication),
collaboration (distribution of documents via emails and other types of communications, or on online platforms,
with conversation 1 on 1, tools such as for 3d mapping, virtual whiteboards, etc.), empowerment (support for
the formation of a unique opinion, using means of virtual reality) (Mohankumar, et al. 2020).

Although the COVID-19 pandemic shifted participation largely to the online sphere, multiple authors in their
papers emphasized that participation should not be exclusively realized in online spheres, but some parts
should still be realized in live contact with experts. In the meantime, in the period of uncertainties caused by
frequent quarantines and lockdowns or curfews, they, however, suggest adapting for the moment the
engagement of participants in the completely online form (Mohankumar et.al 2020; Buehler et al, 2020; Pantic
et al, 2021; Buheji et al, 2020; Thoeneick, 2021). Coming back from 2 years of the pandemic has reenacted
some live parts of participation, but has also shown that online platforms constructed new meeting places that
are solely in the virtual world. Although physical space has been returning to its former potential, the question
is if, after the COVID-19 pandemic, the meeting places in the future will be partially shifted to the virtual
sphere.

HOW HAS URBAN MEETING SPACE CHANGED DURING COVID-19 - VIRTUAL NETWORKING PLATFORMS

The paradigm of rapid urbanization globally, until COVID-19, was that urban centers offer better
opportunities, jobs, quality of life, and access to better services and goods. With the start of the pandemic, the
cities were perceived as dense clusters of people, where disease spreads quickly and efficiently, and with the
pandemic and online working system, the need to live and function in cities has no longer been seen as a need
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for various types of jobs. With the beginning of the pandemic, the urban lockdown opened the question of
what a cosmopolitan city is and whether it is sustainable in the time of any epidemic, and whether is it then an
attractive place to live (Martinez, 2021). It wasn’t any more necessary to live in the city to be able to go to
work. Because of that, the post-pandemic city will be faced with new planning and living challenges (Honey-
Rosés et al, 2020).

With this pandemic virtual meeting spaces created new opportunities to introduce communication once again
but with higher levels of health safety. These and other initiatives can become permanent changes in urban
planning (Thompson, 2020). As the risk of future pandemics remains a real possibility the post-pandemic city
cannot be the same as the city before 2020 and has to have better regard for public health, but also envision
ways for people to meet and participate in the urban space and community (Thorpe, 2020). All these problems
open many questions about the future and new paradigms of planning in cities.

Various platforms emerged in 2020 to become the backbone of the new virtual meeting places. This new type
of connecting people and enabling participation led to multirole platforms which explored how people connect
and how can online sphere mimic the physical space. Most notable platforms e.g., Zoom, Microsoft Teams,
Google Meet, etc. emerged as video conference platforms with the standard audio-video-file-sharing concept,
but some other platforms tried to create virtual spaces as more focus on social aspects with meeting and
networking. Platforms such as Berlin-based Wonder enabled guests/users to “move” freely inside the platform
and conversational space choosing their partners and shaping the events, groups, and joining discussions
(Figure 1). This fosters interaction between participants and is a reaction to increased tech fatigue during the
pandemic, driven by the data that more than 80% of respondents claimed that they do not fully pay attention
to classic video conferences and feel drained. Authors of the platform stated the importance of the “social
spaces as the core of our lives are filled with meaning because of shared experiences” and the goal of the
platform concept was to build those spaces online (Takahashi, 2021). Because of a new understanding of virtual
networking, upgraded virtual meeting spaces can motivate better participation and help to foster a wide range
of experts and citizen participation in the future.
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Figure 1: Wonder networking platform (circles are virtual chat/discussion groups)
SOURCE: https://meetings.skift.com/wp-content/uploads/2022/05/800x530px-inposts-canvas-no-areas.jpg

THE IMPORTANCE OF CITIZENS' INVOLVEMENT IN THE PARTICIPATION PROCESS DURING THE
PANDEMIC

There is a continuous need for active public participation in the cities and especially in decision-making
regarding urban and other topics. The ways how the participation processes were done naturally and
spontaneously changed during COVID-19 following global tendencies and local policies. Standard decision-
making through lectures, public workshops, round tables, open discussions, and debates with the physical
presence of participants shifted abruptly to a new virtual space. This situation directly influenced the change of
participatory tools and instruments used in the pre-pandemic era and opened new opportunities for different
ways of active participation of experts and city residents in projects of wider community importance.
Stakeholder consultations with the community were key to sustainable and inclusive growth and increased
accountability in the pandemic and post-pandemic period. Two-way dialogue with communities and other
stakeholders, essential for trust building, established through multiple channels with transparent, accurate, and
consistent information helped address rumors and misconceptions which included regular feedback
mechanisms for monitoring and course correction that reveal how knowledge, beliefs, and practices are
changing (Bhattacharyya, 2020). The pandemic has helped to reaffirm the importance of community, especially
in the virtual sphere and their participation has become an important component in emergencies. In Singapore,
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the Ministry of Health regularly clarified misinformation and encouraged the public to follow accurate and
reliable information from official channels and also be aware of the different kinds of knowledge and
experiences that different communities and individuals can bring (Adenipekun, 2020).

A large number of local and regional governments are now coordinating and energizing these efforts not only
as community action to survive in times of pandemic but as a tool for future improved participation processes
and building post-pandemic cities. Organizations such as The International Observatory on Participatory
Democracy (IOPD) and Eurocities network collected experiences of cooperation between civil society and local
governments with more than 50 examples of good practices during the pandemic, together with initiatives for
post-pandemic future cities (IOPD, 2020; EUROCITIES, 2020)

There are various initiatives such as Haute-Garonnes’ French department which launched a consultation
process for its citizens to decide how they want the post-COVID-19 society to look like, tackling issues not only
related to public health but the organization of society as a whole, with nearly 2000 participants visiting this
platform to consult or participate in this citizen dialogue. The "society after" the participants' outline is marked
by 4 requirements: a more sustainable society, inclusive and united society, society of proximity, in all
dimensions of our lives (work should no longer require hours in transport, etc.), society of simplicity (with focus
on people, as opposed to that which is usually granted by economic drives or profitability) (Conseil
départemental de la Haute-Garonne, 2022). In Bogotd, the city council, together with several civil society
organizations, launched the Hackatén contest, where citizens shared data analysis proposals on how to
improve the organization of public transport to serve those who need to use it and avoid contagion, with
awarded group design of a web viewer for analyzing public transport trips, with which, based on the
information from the Survey of Mobility 2019, defined routes for trips essential within the context of the
pandemic, with additional web form in which people interested in the example route can program a service, to
guarantee an adequate and safe occupation of the service (NUMO-New Urban Mobility Alliance, 2020). In
Barcelona, the citizen participation platform Decidim.barcelona received numerous proposals from different
groups, in fields such as sport, culture, education, and care. The platform is based on open source, and any
citizen can see how it is built, reuse it or improve it, enter the participatory processes, add proposals, share
ideas in the debates or make comments (Decidim.barcelona, 2022).

New examples of community engagement through digital and virtual methods in the context of COVID-19
included innovative community management systems while mobilizing local resources and volunteers. UNICEF
recommended using UNICEF's 16 minimum standards for community engagement beside existing frameworks
or standards for community engagement in participation processes to support planning, implementation, and
monitoring encouraged to support high-quality implementation (UNICEF, 2020). Examples of using the
standard and new models of participation varied from the country, city, and from a specific topic in a project
that involved various communities, experts, and stakeholders.

ADAPTED MODELS OF PARTICIPATION IN CONNECTGREEN PROJECT

Different types of engagement in pandemic and post-pandemic conditions have also been established in
Serbia, with all advantages and disadvantages that these new virtual or hybrid ways of participation promoted.
International scientific projects that are carried out on the territory of the Republic of Serbia (INTERREG,
HORIZON, etc.) necessarily imply the active participation of different stakeholders in the process of
determining their views on various project topics. This informal and non-binding type of participation is carried
out to determine the opinions and views of experts on a problem, through the actual method of participation
in the field, with various educational workshops and round tables, however, with pandemic and strict social
distancing measures, projects’ activities have usually been continued with the migration of the complete
communication on the virtual spheres.

The research paper shows the example of the project done by the Institute of Architecture and Urban&Spatial
planning of Serbia - IAUS, in the period 2018-2021, as part of the international INTERREG project from the
Danube transnational calls - ConnectGREEN (DTP 072-2.3) — ‘Restoring and managing ecological corridors in
mountains as the green infrastructure in the Danube basin’. This project demanded the constant involvement
of stakeholders in all the implementation phases. Comparing the live and online experience in the workshops,
as well as the evaluation forms filled by the participants in three national workshops for the ConnectGREEN
project paper presents three different and evolved participation situations: 1) live participation (workshop in
2019) 2) online participation at the beginning of the pandemic (in 2020), 3) online participation after more they
a year of the pandemic (in 2021).
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In the first year of project implementation, public participation was held offline, with the 1%t national workshop
being held live in Belgrade in 2019., with the active participation of thirty-six representatives (Table 1) of the
relevant stakeholders in Serbia, including the representatives of four ministries of the Republic of Serbia, NGOs,
public enterprises, and academic institutions. On three different points (tables) mediators from IAUS were
discussing with the groups of ten people different topics, with stakeholders and experts discussing proposed
methodologies via world-café participation model and round table discussions, as well as through direct
communication with the project leader and team members.

From 2020 project team reorganized the participation procedures, strictly following the Arnstein ‘participation
ladder’ but adapted for functioning in the online sphere. The 2" national workshop was held via Zoom
platform in April 2020. The transition from offline to the online sphere was done during the most intensive part
of the pandemic, with the information distributed via e-mail, the project’s web page, as well as newsletters.
Somehow expected participants from previous workshops were semi-interested in this new system of
workshops and communication (Table 1). Unfortunately, this lack of interest was also motivated by the lack of
technical knowledge in working with new technology, as well as a sense of discomfort with communication
through online platforms in the type of conference calls (via Zoom platform). Although Zoom was still new to
most of the participants, they were not oversaturated with other similar seminars in that period. Compared to
the first workshop, they were not as much interested in joining the call. It can be seen that, considering the
depressive state during the first months of COVID-19, the satisfaction of the participants in this workshop was
high with the remark on the length of the all-day online workshop.

The 3™ workshop was held online in 2021, with a lower number of participants, probably showing some
amount of a “burn-off” with these online activities in the previous period. However, the experts and
stakeholders who participated have shown that are more prepared to the new online circumstances, with
better use of online tools. Participants showed satisfaction with this workshop and had a better response to
the presentations, discussions, and duration of the workshop (Table 1).

Parallel with 2 online pandemic workshops project has held online education methods of engagement, as
another type of public participation. Team members gave lectures online for the students of the Faculty of
Architecture of the University of Belgrade, and in the master's studies and at the Metropolitan University,
Faculty of Applied Ecology — FUTURA. Compared to the expert and stakeholders’ workshops, online lectures did
not contribute to a decrease in student engagement, and also encouraged them to take a more agile approach
in interactive discussions of the observed issue.

Table 1: Evaluation of three national workshops held during 2019-2021 for the ConnectGREEN project

No. of No. of Workshop Presentations Discussions were Appropriate

workshops | participants | completely were interesting | adequately duration of the
fulfilled the and informative moderated and workshop
expectations informative

1 31 77% 68% 78% 100%

2 23 83% 74% 87% 91%

3 14 93% 79% 79% 100%

Source: Report of ConnectGREEN project part D 2.3.2 — Events attended at the national, international, and EU level to present,
disseminate and promote project outputs (Annex 5-Rating of the First National Workshop by the stakeholders, Annex 5-Rating of the
Second National Workshop by the stakeholders, Annex 5-Rating of the Third National Workshop by the stakeholders)

These workshops and online education lectures have shown the advantages of new online approaches
such as a better overview of the presentations for the participants, the opportunity to attend the workshops
from different locations in Serbia, the possibility of a bigger number of participants compared to conventional
limitations of physical space, or smaller focused groups, duration of the workshops not being constrained to
the working hours of venues, participants can share their data/examples online with others during the
discussions, health compromised individuals can easily be part of the workshops, reduced cost of organizing
workshops, can organize potentially more frequent workshops at no additional cost, etc. Also, these types of
online events have disadvantages such as a lower number of participants due to oversaturation with these
types of events, problems with technical illiteracy regarding the online platforms, semi-interest in changing the
way participation is done, semi-attention as participants are multitasking while attending the workshops, lack
of motivation to be involved (fewer benefits of networking in the online sphere), etc. These remarks have
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shown that the future participation models should always be improved to adjust to the needs of the
participants and also the organizers.

CONCLUSION

COVID-19 has affected the quality of life of almost every urban resident around the world. This paper
tried to show the reshaped relationship of citizens' participation in the city, community, and local and state
government and how it reflected on the quality of life. The lessons learned during the pandemic and the
adoption and implementation of ambitious sustainable development policies can help prevent future global
shocks, including new pandemics, while continuously promoting resilience not only in the city systems but also
in the community's resilience.

It can be concluded that it is important to strengthen multilateralism in all key dimensions: political, cultural,
institutional, and financial. It is also necessary to involve the civil and private sector, local self-government,
parliament, the academic community, and youth in these processes more than before. Managing participatory
spaces requires sensitivity and the ability to recognize and use the different types of knowledge and experience
that different communities and individuals bring. Given the many limitations, it can be said that the pandemic
highlighted existing problems and opened up new dilemmas and questions. All the long-term consequences of
this pandemic and how it will transform cities in the future have not yet been seen, but the urban areas are
already experiencing some more permanent transformations regarding work, leisure, and allocation of working
space (virtual, etc.).

There is a significant impact of this pandemic on urban economies, including the informal sector, which will
have direct consequences on finance, inequality, and increased poverty, especially in cities, and strengthen
already pronounced social and economic inequalities. This state also represents an opportunity to rethink the
capacity and how we manage governance structures, public service provision, data use, and citizen and
community self-management. COVID-19 has forced us to rethink urban living and rethink how we perceive and
govern the cities. We should seize the opportunity to reimagine a more vibrant, and engaging city in which
participation leads to less vulnerable cities in the future.
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ABSTRACT

Policies addressing food security issues are becoming an increasingly important agenda globe
wide. The preservation of agricultural land and contribution of urban agriculture to food security is
widely recognized as a need. The main treat to agricultural land use change (ALUC) is due to urban
sprawl and land take, and the first under attack is the land in peri-urban areas. The current growth
of ALUC is contrary to the principles of sustainability. The prevention of agricultural land loss and
permanent land use change, i.e., land take is seen as the necessity and there is no dilemma on that
issue (“no net land take”).

Agricultural land within functional urban area (FUA) of Novi Sad face with strong land use
change pressures. Starting from the broadly adopted theses that spatial and urban planning affect
ALUC, the author analyses the experiences in urban planning practice regarding ALUC within part of
Novi Sad FUA and analyses the effects of regulatory land policy instruments. The purpose of this
approach is to contribute with such perspective to very modest domestic research practice on those
issues. As a result, the extension of ALUC, which inevitably has implications on peri-urban
agriculture in the context of food security, is perceived. With the reference to some international
experiences on related issues, the author draws a parallel and concludes that binding legal
framework providing protection of urban agriculture through land use planning practice is a key for
the protection of agricultural land, especially high quality land within peri-urban area of Novi Sad.

Keywords: agricultural land; wurban planning; land use change; peri-urban
agriculture, food security

INTRODUCTION

The phenomenon of agricultural land use change (ALUC) due to urbanization processes, that mainly occur
in form of urban sprawl in Europe, is on the focus of a numerous research. It specifically describes the scattered
development of settlements in the peri-urban area (Wandl, Magoni, 2017) and it is related to the physical
pattern of low-density unplanned expansion of large urban areas, mainly into the surrounding agricultural
areas (EEA, 2016). Impacts of urban sprawl are often quantified by monitoring of land take (Tardieu et al.,
2021), that is the loss of agricultural, forest and other semi-natural and natural land to urban and other
artificial land development (EEA, 2006). Still, land take does not always coincide with urban sprawl, since it can
occur outside of urban or peri-urban areas, but the role of land use planning in reduction of land take is fully
recognized (Colsaet et al. 2018: 349).

The concept of providing food security through the protection of agricultural land and especially high-quality
peri-urban land has been promoted only recently (e.g. Verburg et al.,, 2013; Horst et al.,, 2017; Zrébek-
Rdézanska, Zielinska-Szczepkowska, 2019). Gardi et al. (2015) proposed a methodology to quantify the impact of
land take on food security at the European level and demonstrated that land take could be an important threat
to food security in a long term perspective(e.g.100 years). In EU, it is recommended to stop the process of land
take of agricultural land and other natural areas by 2050 (“no net land take”) (EC, 2011). In the other hand, that
goal is expected to be achieved globally by 2030 in accordance with Sustainable Development Goals (SDG), as
well as substantial increase in food security to achieve zero hunger and promote sustainable agriculture (UN,
2015).
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In order to meet global demands for food security, urban planners and municipalities in numerous European
countries developed tools to protect urban and peri-urban agriculture within the metropolitan areas by some
forms of controlled urbanization and zoning (e.g. Jansma et al., 2022; Olsson et al., 2016). It has to be stressed
that urban agriculture is usually considered as micro- to small-scale agriculture practiced on non-agricultural
land within the build-up city and oriented to short supply chains, while peri-urban agriculture is small- to large-
scale, which is performed by professional farmers on agricultural land, often with the zoning status and
distributed by a wider range of channels (Opitz, 2016). However, although researchers insist on differences
between (intra-) urban and peri-urban agriculture, these are not separated from each other by rigid borders.

Traditional planning instruments, as zoning regulations, urban growth boundaries and green belts, as well as
other tools for land use control (development fees, infrastructure financing, financial incentives etc.) represent
the main planning instruments for urban agriculture preservation (Zasada, 2011; La Rosa et al., 2014). Policy
makers must combine regulatory protection with positive reinforcement of farming activity to support the
agricultural land use (Eagle et al., 2015), although land use planning occasionally failed to encourage farmers to
continue their agricultural activities near urban areas and resulted in the abandonment of agricultural activities
(Darly, Torre, 2013).

The planning perspectives to peri-urban agriculture issues have very modest research practice in Serbia.
Starting from the fact that agricultural land within peri-urban areas is under huge land take pressure, the
author presents the example of ALUC process within part of Novi Sad peri-urban area. In the same time, that
area belongs to functional urban area (FUA) of Novi Sad. Urban and peri-urban agriculture have very important
role in the economy of Novi Sad FUA, primary because of the fertile agricultural land, plenty of water,
accessibility and vicinity to large urban markets of Novi Sad and Belgrade (Figure 1). Relying on recent research
(Zivanovi¢ Miljkovi¢ et al., 2022a) of which is a part, this paper shows case study on peri-urban agriculture and
ALUC in lenses of urban planning practice, as urban and peri-urban agriculture and farmers are facing strong
land take pressures throughout the FUA. By analysing primary sources (urban planning documentation and
urban strategies), the extension of ALUC, which inevitably has implications on peri-urban agriculture in the
context of food security, is perceived. The main objective of this review is to identify the effects of ALUC on
peri-urban agriculture in the context of urban land use planning and land policy. This perspective resulted with
some recommendations for future planning practice concerning agricultural land, especially regarding the
upcoming new planning cycle, that will occur after new Spatial Plan of the Republic of Serbia (SPRS) adoption.

\
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Figure 1: Novi Sad FUA position in the nearest environment
(Source: adapted from SPRS Draft, 2021)

REGULATORY LAND POLICY CONTEXT ON AGRICULTURAL LAND USE CHANGE IN SERBIA — A BRIEF
PREVIEW

The protection of agricultural land as a basic natural resource for food production, along with controlling
ALUC, is a priority in Serbia, as declared through national strategic documents. According to the Law on
agricultural land (2009), it is forbidden to use arable agricultural land up to the fifth cadastral class for non-
agricultural purposes, except in cases where the public interest is determined by law and with compensation
for the land use change (LAL, 2009). Still, the practice of spatial and urban planning is faced with permanent
spatial conflict related to agricultural land, because agricultural land is very attractive for investors. The
previous Spatial plans of the Republic of Serbia (SPRS) (1996, 2010) promoted the mandatory protection of
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agricultural land and the preservation of its quality and natural fertility for food production. Going further in
protection of agricultural land than previous ones, the draft of the newest SPRS (2021) encourages the use of
existing construction funds for new developments instead of greenfield investments. Also, it recognizes that
urban plans may contribute to the excessive expansion of urban settlements by unrealistic consideration of
future needs for construction land (SPRS, 2021). However, in previous planning cicle, within the planning
determinants that have significantly affected the spatial development of municipalities and cities, the use and
protection of agricultural land is most often marginalized (Ibid.).

In the local planning context of Serbia, the instrument of land use change in plans can enable land take and
ALUC (Zivanovi¢ Miljkovi¢ et al., 2022a; Zivanovi¢ Miljkovi¢ et al., 2022b). Recent quantitative research on
spatial and urban land use plans and policies at the local level (Zivanovi¢ Miljkovi¢, Coli¢, 2020; Zivanovié
Miljkovié¢ et al., 2022a; Zivanovi¢ Miljkovi¢ et al., 2022b) indicated long-term tendencies of ALUC, which is
mostly for other- ie. non-public - purposes (e.g. housing, industrial, commercial).

3. THE CASE STUDY ANALYSES ON PERI-URBAN AGRICULTURE IN NOVISADFU A

Novi Sad FUA covers an area of 1892 km?, larger than administrative area of the City of Novi Sad.
According to 2018 data on land cover (CLMS, 2022), agricultural land accounted for 1,377 km?, with 73% of
total area, respectively. Arable land dominates, with share 88% of total agricultural land (Figure 2). Based on
Corine Land cover data, in the period 2000-2018, ALUC is occurred on 34 ha.

Peri-urban agriculture of Novi Sad FUA is very specific. Here is presented the example of Futog settlement, due
to its specificity of the production of Futog cabbage, vegetable with appellations of origin, a special kind of
geographical indication. According to WIPO (2022), a geographical indication is a sign used on products that
have a specific geographical origin and possess qualities or a reputation that are due to that origin.
Acknowledging that the land is substantial for the long-term success of the products with geographical
indications, that fact encourage producers to adopt long-term strategies for land protection (Calboli, 2017)
since that products are always related for certain area only.
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Figure 2. Land cover for Novi Sad FUA (2018)
(Source: Zivanovi¢ Miljkovi¢ et al., 2022a)

3.1. Land use planning issues

Plan of the General Regulation for the Futog Settlement (PGR, 2015) and its subsequent amendments
(Ammendments, 2017-2021) are in implementation in the period 2015-2022 (Figure 3). The basic concept of
spatial development within the settlement creates the conditions for arranging two main land use: Futog
“atar”,the area of rural settlement with primarily function of agricultural production, and Building zone.
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Agriculture is considered as a primary activity, and, therefore, “atar” land use includes about 87% of total area
covered by PGR (Table 1). At the entrance directions to the settlement and within the individual housing plots,
working zones are placed. For the purpose of communal equipping, it is planned to expand the building land
over ,atar”, within the area planned for the business on entrance directions to the settlement. Also, the area
between Futog and Novi Sad, which is not designated for the construction, has been taken over by illegal
building for housing purposes for a long time. That is in collision with the earlier conception according to which
the area between the city and the closest settlements should have been preserved as agricultural land (Spatial
plan of the City of Novi Sad, 2012).

logo Pregled vazecih planova na teritoriji Grada Novog Sada Q22 podogs [l sadtsj @ tcommtios @ o
x

>
Figure 3: Coverage by plans for Futog settlement
(Source: https://vgis.nsurbanizam.rs/gis/planovi/)

Table 1: A comparative land use balance for Futog in the period 2015-2021

Land use Area (ha) %
PGR 8280.85 100
-Building zone 1087.62 13.13
Public land use 463.37 42.67
Other land use 624.25 57.33
Futog ,atar” 7183.23 86.87

(Source: author’s elaboration based on PGR, 2015, Amendments on PGR 2017-2021)

3.2. The effects of regulatory land policy instruments on peri-urban agriculture

Strategy for the Development of Agriculture and Rural Development of the City of Novi Sad for the period
2018-2022 (SDARD NS) promotes multifunctional agriculture and responsible resource management,
maintenance of different production systems and types of agricultural holdings within urban agriculture.

However, local level, i.e. urban plans promote ALUC and new land take (Zivanovi¢ Miljkovi¢ et al., 2022a), even
if that implies land use change of land designated for production with geographical indications within “atar”
(e.g. Amendments , 2015). Also, an initiative for additional expansion of construction land in Futog was
submitted again in 2021 (Amendments, 2021), with planned land take more than 15 ha of ‘atar’, where
commercial facilities — non- public purposes, thus. In the covered area, currently there is no built traffic
infrastructure except agricultural roads. It's about, therefore, new land take of high quality agricultural land
belonging to “atar”, including land registered for appeal of origin for cabbage production.

Consequently, with ALUC into construction land, farmers in Futog are faced with increase in property tax. The
market value of construction land is 125 times higher than the price of agricultural land (Decision on the
construction land development program for 2021). As a result of public investment in infrastructure
capitalization of construction land’s increased value (SIUDS, 2019).
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4. CONCLUSIONS AND RECOMMENDATIONS FOR FUTURE PLANNING PRACTICE

The results of this review stand by an international consensus on the required, and sometimes mandatory

protection

of agricultural land from permanent loss due land use change, and its rational use, because that are

very important issues from the aspect of food security. Searching for and balancing realistic needs with
development and investment interests remain major task and challenge for planers.

The example of peri-urban agriculture in Futog specificity indicate necessity of scientific and expert-based
solutions for conflict between the profit-oriented ALUC (e.g. for commercial, industrial, housing purposes) and
the preservation of agricultural land for unique production with geographical indications. Special attention had
to be drawn due to attachment of products with geographical indications to the land on certain area only.

Taking into account ALUC issues within study area, some principal recommendations for land use planning
practice, especially within the forthcoming new planning cycle, have been identified as follows:

e To identify areas with high quality agricultural land (protected agricultural areas) and include them
into planning documents as areas with constraints in terms of new ALUC.

e To allocate resource in order to better protect agricultural land. All new ALUC should be directed to
the land of marginal importance for agriculture. Greenfields should be avoided.

e To stop ALUC for economic and socio-cultural needs (private interests), except for national interests of
high priority (public interests). Any potential new ALUC should be evaluated from the perspective of
food security issues as a public interest.
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ABSTRACT

Throughout history, cities have faced risks but have also demonstrated their resilience to
different kinds of disturbances and changes. Today, the scale and the unpredictability of urban risks
are increasing due to the complexity of city systems and the uncertainty associated with many
hazards, including climate change. The need to make cities more resilient affects how we plan,
design, and build our cities. Urban design is a discipline that links architecture, landscape, and
urban planning to provide meaningful, safe, functional, and pleasant places for people. As such, it is
recognized as an essential tool for adapting cities to climate change and responding to other risks
and disturbances.

This paper explores how urban design can be used to improve the recreational quality of
abandoned urban spaces while, at the same time, helping to make cities more resilient. The case of
a planned but only partially built and abandoned recreational complex in New Belgrade is chosen as
a context and a starting point of the study, being an example of the absence of resilience thinking in
urban development. The study uses research by design method (in the context of an urban design
studio) to identify new urban design models through which links between cultural landscape, urban
recreation, and climate change adaptation can be established and analyzed. The results indicate
that, although all identified urban design models enable the introduction of measures to adapt to
climate change, the level of their contribution varies concerning spatial scales as well as different
dimensions of urban resilience.

Keywords: urban design; resilient cities; climate change; urban recreation; cultural
landscape

1. INTRODUCTION

Contemporary cities face variety of challenges that threat both their built, natural and socio-economic
structure and the quality of life of people and other living beings. Growing complexity of the city systems on
one side, as well as the uncertainty associated with many natural and man-made hazards on the other,
increase the scale and the unpredictability of urban risks (Meerow and Newell, 2019; Zivkovi¢, 2020).

But, although throughout history cities faced variety of risks, they also demonstrated resilience to disturbances
and changes. It has been shown that the capacity to overcome challenges is related not only to cultures and
societies but also to how we plan, design, and build our cities (Mumford, 1961). In that sense, urban design has
been recognized as an essential tool for adapting cities to climate change and responding to other risks and
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disturbances, while at the same time aiming to provide safe, meaningful, functional, and pleasant places for
people (Handley & Carter, 2006; Zivkovi¢ & Dordevi¢ 2016)

Therefore, exploring paths towards more resilient cities become one of the main topics in urban planning and
design research and practice. The literature review points out to several lines of the research that focus on
different issues (Meerow et al. 2016; Pickett et al. 2013; Eraydin and Tasan-Kok, 2013). While one line of the
research explores problems of existing urban structures in relation to specific challenges, such as climate
change and natural disasters, there have also been attempts to develop models for planning resilient cities
(Meerow and Newell, 2019) and designing more resilient urban forms (Lak et al. 2020)

Despite the main research focus, in general, it has been recognised that introducing specific spatial measures to
combat challenges is necessary, but not enough. Cities and their components operate not as isolated entities
but as systems and therefore “silo thinking” should be replaced by “systems thinking” that recognise
importance of links between spaces, times and scales. The debate is still open in relation to why and how to
link urban design and systems thinking in order to contribute to urban resilience.

The paper aims to contribute to this debate by exploring different paths to urban resilience through urban
design. The research goal is to reveal possible links between urban design process and issues of resilience. It
does so based on case study of planning and development of the recreational complex in Block 44 in New
Belgrade.

First part of the paper introduces the concept of urban resilience and relates urban design as process and
product to issues of urban resilience. In that sense, it provides theoretical framework through which urban
resilience is further analysed and discussed in the case study of development of recreational complex in New
Belgrade, Serbia.

The second part of the paper first introduces the context, planning and development goals for the researched
area. In this way, it set the scene for the case of non-resilient urban project of Aqua Park as well as for further
exploration of potential paths to more resilient urban recreational complexes. The research is based on the
results from applying the research by design methodological approach in “Ecological urban design” studio at
Master of Architecture programme of the University of Belgrade - Faculty of Architecture.

2. CONCEPT OF URBAN RESILIENCE

2.1. Concept of urban resilience

Contemporary cities are more densely populated and more interconnected than ever before. But at the
same time they face variety of challenges, where urbanisation, climate change, refugee crises, disease
pandemics, are among the most prominent ones. These challenges and risks are unprecedented in scale, scope,
and complexity, and place serious pressure on local institutions to adapt (Meerow and Newel 2016). This
situation requires new models of governance that mitigate risk and respond to evolving challenges (ARUP,
2014), and requires designing more resilient urban forms (Vanista Lazarevic¢ et al. 2018, Lak et al 2020). It is
assumed that “Business-as-usual models of reactive planning and siloed decision-making will not generate the
fundamental strength and flexibility essential for us to thrive in the face of the acute shocks and chronic stresses
of the 21st century” (Resilient cities network, 2022).

In order to help cities to effectively adjust and sustain their key functions, academics and policymakers are
recognising the concept of “urban resilience” as an important organizing principle (Meerow and Newel 2019).
Urban resilience confronts environmental, socioeconomic, and political uncertainty and risk, and acts as a
“boundary object” that have significance and emerging attention across many disciplines (Konstantinos , 2022)

Different conceptualisations of urban resilience exist in academic literature and practice. According to Meerow,
Newell, and Stults (2016) “Urban resilience refers to the ability of an urban system-and all its constituent socio-
ecological and socio-technical networks across temporal and spatial scales-to maintain or rapidly return to
desired functions in the face of a disturbance, to adapt to change, and to quickly transform systems that limit
current or future adaptive capacity.” Another useful general definition is provided by Urban resilience network
(2022) suggesting that “Urban resilience is the capacity of a city’s systems, businesses, institutions,
communities, and individuals to survive, adapt, and grow, no matter what chronic stresses and acute shocks
they experience.”
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These definitions illustrate that at the very heart of the concept lays the idea of cities conceptualised as (set of)
systems and a necessity of systems thinking in order to built and govern resilient cities. As opposed to silos
view, systems thinking is, as defined by Arnold and Wade (2015) “a set of synergistic analytic skills used to
improve the capability of identifying and understanding systems, predicting their behaviours, and devising
modifications to them in order to produce desired effects.” From this perspective, it is assumed that the future
can’t be predicted, but that “it can be envisioned and brought lovingly into being” (Meadows 2007). In that
sense, systems can’t be controlled, but they can be designed and redesigned.

This means that achieving urban resilience demands that cities look holistically at their capacities and their
risks, and that besides introducing only specific measures to combat or adapt to urban challenges, integrating
the systems thinking and design thinking may be necessary for development of more resilient urban structures.

2.2. Urban design as a tool for developing resilient cities

Urban design is a process and a product of designing man-made environment by creating connections
between people and places, nature and urban fabric, urban movement and urban form (Zivkovi¢ and Nikezié.
2021). It is concerned with settlements of all sizes, including villages and rural settings. Urban design deals with
different elements of urban form and operates at different scales. Two broad traditions of urban design- “visual
artistic” and “social usage” tradition - recently blended into “making places” approach to urban design that
simultaneously refers to urban space as an aesthetic entity and as a behavioural setting. Besides that,
contemporary environmental and urban challenges additionally put forward ecological dimensions of urban
form, and support flourishing of variety of ecological approaches to urbanism that affirm holistic and systems
view on the city (Zivkovic¢ et al. 2019).

During the design process, designers make decisions on how to relate program and form in order to produce
spatial interventions that have meanings and values for people and nature. Their actions build upon knowledge
base that helps them define the purpose and guide decisions in different phases of the design process. Specific
social, cultural, economic and environmental characteristics and relations of the site need to be recognized, so
that urban designer can establish a knowledge base and a framework for the design, and make decisions on
how to incorporate specific elements into a project (Djukanovic et al. 2021). Urban design connects knowledge
to action through a systematic process that is related to specific context. For Palazzo and Stainer (2011) the
design process has four key steps: (1) Defining the problem; (2) Developing a rationale for spatial intervention;
(3) Summarizing development opportunities and constraints; (4) Conceptualizing and evaluating design
options. It is in this context that integrating resilience issues into design process might be explored.

Examining the relationships between urban design and urban resilience is not a new. Anne Whiston Spirn
(2014) nicely pointed out that “Humans’ survival as a species depends upon adapting ourselves and
our...settlements in new, life-sustaining ways, shaping contexts that acknowledge connections to air, earth,
water, life, and to each other, and that help us feel and understand these connections, landscapes that are
functional, sustainable, meaningful, and artful”. Urban design theory constantly explores and discusses how
links between nature and culture are established, supported or endangered through urban planning and
design. While some authors focus on the effects of human activities on nature, others point out to our
vulnerability and need to overcome the need for absolute control over the urban form, by embracing the
inevitability of risks and changes and integrating them into design process and products. For example, in
addition to authenticity, hybridity and connectivity, as already recognised principles that support sustainable
development, Nan Elin (2006) suggest the principles of vulnerability and porosity as key principles of integral
urbanism. These principles are important because they embrace limits of human knowledge, and suggest the
need to adapt to changes that can’t always be predicted. In that sense, they are directly linked to the concept
of resilience.

Recently, several scientific (Lak et al. 2020, Vanista Lazarevic et al.2018, Pickett, et al. 2013) and practical
(Resilient cities 2021, ARUP 2014) approaches have been developed linking urban design with resilience. What
they have in common is a need for a) applying measures to mitigate or adapt to challenges, b) embrace
uncertainties, risks and vulnerabilities, through development of flexible, adaptable, multifunctional and nature-
based urban structures, and c) to apply systemic view on the problem as basis for resilience thinking. It is in this
context that case studies of developing Recreational complex in Blok 44 in New Belgrade will be further
explored and discussed.
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3. CASE STUDY: RECREATIONAL COMPLEX IN NEW BELGRADE

3.1. Context for development of the Recreational complex in Block 44, New Belgrade

New Belgrade is a municipality of the City of Belgrade, capital of Serbia. It was built after WW2 (1948 -) in
a previously uninhabited, wetland area on the left bank of the Sava. The new municipality was planned,
designed and built as socialist modern city. It has all characteristics of the “functional city" model and layout
based on concept of super blocks.

Figure 1 — Location of a) New Belgrade, b) Sava Blocks and c) Block 44 in urban structure of Belgrade
Block 44 belongs to Sava Blocks, the area located in parallel to the Sava River that consists of several super
blocks (45,44,70 and 70a). The urban plan from 1965 conceptualised Block 44 as the administrative,
commercial, cultural and recreational and center of the entire area of Sava Blocks. Besides that, General plan
from 1972 opened up the possibility for new public recreational riverfront - SAVA Quay to be developed in the
area between Sava superblocks in south-east part of New Belgrade

Until 80’, except for "Novi Beograd" health centre, none of the planned facilities were built in Block 44.
Following changes in General plan, during 80" and 90’s, a commercial zone was formed along Jurija Gagarina
Street, with a market (1982) and shopping centre Piramida (1994), bordering the central pedestrian
promenade “Lazaro Kardenas” that links all Sava Blocks. The function of the middle area of the Block 44 was
converted to collective housing, and a new housing area was built in 1982.

But the area, covering 7 ha, between new housing neighbourhood and Sava Quay, planned as a recreational
complex, stood inactive for decades. According to General Plan of Belgrade (1985, 2003, and 2016) it was
planned as a regional public multifunctional recreation complex for sport and leisure. Although there were
several design competitions and attempts to activate it, it was during the post-socialist transition at the
beginning of 215 century that substantial changes of the area occurred.

Figure 2 — a) Concept plan for Sava Blocks (1965) and Block 44 in b) Master Plan of Belgrade for 2021, and c) Master Plan of Belgrade for
2041 (draft)

3.2. Project for Aqua-park in Block 44 - example of non-resilient development

a) History, design, realisation and current state of Aqua-park project

Although planned as public and multifunctional recreational complex, in reality the location was
envisioned as commercial and profitable investment, and this economy-driven approach will actually
determine its destiny. The initial idea to build an Aqua park in Block 44 dates back to the end of the last
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century, but was realised at the beginning of the new millennium. The construction of the sports and
entertainment water complex in New Belgrade began in October 2005, and the work was planned to be
completed within a year.

The project was designed as a unified complex on 50 000m2, with 11 swimming pools and 21 slides . The
investors wanted to attract visitors with the highest "kamikaze" water slide in Europe, but also with lazy river
405m and unique "family slides"132 meters long.

Figure 3 — Location, model and layout of Aqua Park project in Blok 44. Biro 59 (https://biro59.rs/info/138?r=all&I=sr)

However, during time, only half of the originally planned structures were completed, and several million euros
were spent on the project. The original investors quickly gave up. Since then, several investors have changed.
The construction started on several occasions, but the investors successively withdrew from the project. In
2010, the city of Belgrade tried to reclaim this land under its ownership and planned to diversify recreational
offer by adding a bowling alley, an ice rink, and outdoor courts for team sports to the original project, but this
never happened. Finally, only about 3/4 of the basic construction works remained from it (concrete pools, wall
and gate) (Figure 4). The area was left completely abandoned. In 2019, the restart of work on the project was
announced.

e , g

2 T

z e . e i Y
Figure 4 — Location of recreational complex in: 2001 (before construction), 2008 (under construction), 2022 (current state)

b) Discussion on Aqua Park project’s resilience: dimensions and levels

The project of Aqua Park can be read as an example of silo-thinking in urban planning and design.
Although planned to be public recreational complex, in reality the location was allocated for the development
of the private-owned and managed recreational complex. This decision induced the formal and functional
closure, and thus affected the relationship of the project and its environmental and social context.

Besides that, any aqua-park is by definition an introvert complex, which in this case also influenced the applied
general design strategy of a large enclosed structure. These kinds of structures are not flexible or adaptable to
changes and do not allow for incremental or piecemeal growth. In the case of Aqua Park, they were left
abandoned after financing of the project stopped, producing functionally, economically, and socially non-active
space and physical barrier between housing area and Sava River.
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3.3. Exploring pathways to resilience of Recreational complex in Block 44

a) “Ecological urban design studio”- task and pedagogical concept

Potential pathways towards more resilient development of Recreational complex in Block 44 was
explored in the context of “Ecological urban design” studio at UBFA Master of Architecture programme during
2020/2021 and 2021/22 and included 32 students projects. Using inherited situation of abandoned Aqua park
as a starting point, they investigated how urban design can be used to improve the recreational quality of
derelict urban spaces while, at the same time, helping to make cities more climate resilient.

The ,Ecological Urban Design Studio“(EUD) is conceptualised and designed to enable students to acquire
complex and deep awareness, knowledge, skills to design place based ecological urban design project. The
work in the studio is based on the premise that the ecological urbanism draws from ecology to inspire
urbanism that is more socially inclusive and sensitive to the environment, and that seeks for new ethics and
aesthetics of the urban (Mostafavi and Doherty, 2010). Pedagogical process combines research, design and
reflection phases that weave together to help students produce design project at different spatial scales, and
gain wider knowledge on how can urban design and environmental issues be integrated (Zivkovi¢ & Nikezi¢
2021).

b) Results

This study uses research by design method (Nikezi¢ et al. 2021) to identify new urban design approaches
as models through which links between cultural landscape, urban recreation, and climate change adaptation
can be established and analysed. Analysis of the students’ urban design projects, reveal that there are different
potential pathways to developing resilient recreational complexes. Based on their primary focus and
conceptual grounding, all analysed urban design projects can be grouped around five general design
approaches, namely:

FORM based approach- that aims at developing aesthetically pleasing and meaningful place

FUNCTION based approach- that uses provision of variety recreation activities for diverse public as a
starting point for design

COMMUNITY based approach- that relates existing social system, local assets and neighbourhood needs
to project, and develops design solutions aiming to improve overall quality of life

NATURE based approach- that looks at the nature as metaphor, mentor, process and system to develop
spatial interventions that emphasize human place in nature.

LANDSCAPE based approach- that emphasize wider understanding of place as produced through time by
natural and cultural processes, and integrates this view into urban design intervention.

Table 1 presents the representative projects for all five design approaches through their concept and design
characteristics of Recreational complex structure and elements and reveals sequences of relations between
Landscape, Program (recreation), Form, Community, Nature and Climate adaptation measures established
during the design process. It further comments issues related to RESILIENCE, such as a) Climate adaptation
measures, b) Flexibility of structures, and c) presence of systems thinking as reflected in design project.

c) Discussion on urban design paths to resilience

The results indicate that, although all identified urban design approaches (models) enable the
introduction of measures to adapt to climate change, the level of their contribution varies concerning,
flexibility of structure (that enables different aspects resilience), and level of integration into wider systems.
Differences between identified design approaches are based on different focus and priority values as starting
points for project development, that affect how the links to resilience issues are established at different points
in design process.

This reveals that some approaches allow for better integration of resilience thinking into urban design process.
While traditional Program and Form based approaches allow for implementation of resilience oriented climate
adaptation measures and flexible design structures, more general Nature, Landscape and Community-based
approaches support systemic thinking that, at the very beginning anchor urban design actions to social and
environmental systems. In this way, throughout design process designers ought to develop program and design
solutions having in mind links between people and nature in different spaces, times and scales.
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Table 1: Urban design approaches for resilient cities
RECREATIONAL COMLEX DESIGN CLIMATE FLEXIBILITY SYSTEMS
Structure and elements PROCESS ADAPTATION of structure thinking
measures

PROGRAM Existing Project can be Project is
based approach abandoned delivered designed as a
CONCEPT pools provide through phases system of play,

“Play 44”- the idea

for “place for

and offer some

that is

is to create a water” and help | flexible functionally
playful adapt to flood structures. related to
environimentthat and drought Different areas surrounding
attract neighbours risks. New need different areas. Relations
and visitors offering structures and levels of to natural
variety of activities trees help in investment and systems are
Student: Milica adapting to enable relatively weak.
Joki¢ overheating. economic

resilience
FORM Climate Project is Except for
based approach adaptation designed as a protecting
CONCEPT measures are clear and strong | existing and
“Flower 44" — integrated in form that lacks introducing new

metaphor of ;JFTJECF f|EXIbI|It\f.‘ ) green areas in
natural form is used ol O;T'mf ) Adaptability ? f)rder to ;
as organising 1Ssta :s ed strluctulrles eiqst mf'lprove quality
principle for formz? anI at local level. of space,
structuring variety unct_lona Sx_“ifns
of activity areas. ret:juuernlents t |n| |niwa5h
Student: Nikolina ancimatny "Ot_ eading the
relate to water project.
Pogo
management.
NATURE Climate Reccycling of The project is
based approach adaptation existing conceptualised
CONCEPT measures relate | structures and as “situation of
“ to: overheat, development on arden” that
Garden 44 “ — P g
Sie ToiErEatebee flood and new ones can relates human
e — r‘; drought. be realised and natural
PEap i Resilience of through phases. | systems. This
create and enjoy, i y
existing Maodular idea led new
nurture and learn . f N
i structures is elements were interventions to
from nature in all 5 . .
S . improved used to provide improve
its diversity. : :
through re-use for dominance relations
Student: Neda o "
-, in line with local | of nature and through spaces
Stamenkovic i
needs. flexibility of and scales.
project .

COMMUNITY
based approach

CONCEPT

“WE -thorugh -
Block” —aims to link
neighbours and
spaces of Block by
creating structure
that can grow and
adapt through time.

Student: Dunja

Climate
adaptation
measures relate
to: overheat,
flood and
drought, by re-
using existing
pools and
designing new
places for water
and greenery.

Flexibility of the
structures is
high since the
principle of
“increments”
and “growth”
were leading
the project. it
uses movable
structures that
can adapt to
changing needs.

The project was
conceptualised
having in mind
existing social
and natural
systems that
were supposed
to benefit from
new spatial
interventions.

offers variety of
activities

Student:
Aleksandra Kokovi¢

existing pools
and structures

Puti¢

LANDSCAPE Climate Project is Project is

based approach adaptation structured so envisioned as

CONCEPT measures relate | that it can be part of green

“Enchanted Forest” to: overheat, realised through | urban

P A flood and different phases | infrastructure,

people by creating drought. New and uses and part of both

diverse, nature-like landscape is adaptable natural and

landscape that formed by design solutions | social systems.
integrating

P-program, F-form, N-nature, C-community, L — landscape, CAM-climate adaptation measures
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4. CONCLUSION

The research aimed to increase knowledge on how to best integrate resilience thinking in urban design
process in order to contribute to development of more resilient cities. The paper presented concept of
resilience in relation to urban development and design, and based on the theoretical framework analysed the
case of developing recreational complex in Blok 44 in New Belgrade, both as an example of non-resilience and
resilience thinking.

The project of Aqua Park can be read as an example of silo-thinking where its introvert design strategy lead to
absence of all aspects and levels of projects resilience. Absence of social relevance and functional and formal
adaptability, flexibility and elasticity, led to abundance and neglect of the partially built project, that today
function as a barrier in wider urban context. On the other hand, the analysis of students’ urban design projects
revealed that there are different potential pathways to developing resilient recreational complexes. But it also
revealed that these design approaches differ in relation to how well they support application of resilience
thinking and measures. These differences are related to different focus and priority values as starting points for
project development, that affect how the links to resilience issues are established during the design process,
and how they contribute to different aspects of urban resilience at different spatial scales. This all means that
in order to better integrate issues of resilience into urban design process, the introduction of specific spatial
measures, incremental development and flexibility of form, should be complemented with systems view on the
design project as a part of the wider natural, social, spatial and temporal context.
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ABSTRACT

The provision of private open space is one of the basic factor of residential quality. With the
global spread of COVID-19 pandemic in the world, and stay-at home attitude, private open space
showed to be essential for daily-life quality and residents’ wellbeing, since it downsizes the negative
aspect of social distancing, remote working/learning and situations like lockdown or quarantine.

Gardens are seen as the private open area with the highest degree of spatial comfort, and
urban planners and architect worldwide strive to develop models that will provide multifamily
housing with private gardens. While in the west and northern Europe the significant amount of
multifamily housing developments are conceptualized in a way to provide garden-like-apartments
on the ground floor level (by joining a part of the surrounding terrain to the unit area, in order to
form larger and landscaped private open space) local urban and architectural practice do not
recognize potential of the proximity to the terrain when designing ground floor apartments. Quite
contrary, in domestic circumstances focused is to overcome the negative aspect of ground floor
living, by setting back the unit from the near-terrain environment. The absence or reduction of
ground floor private open space isolates the apartment unit from the surroundings. What’s the
reason for such distinguish perspectives? Do the cultural differences play the key role or is it up to
the legislative framework? These are some of the questions to be answered in the paper.

Keywords: ground floor apartments, garden-like apartments, multifamily housing,
private open space, private gardens

1. INTRODUCTION

One of the vital advantages of family housing is the existence of a private yard, which is commonly the
main reason why people prefer house over an apartment unit. Nevertheless, in order to create sustainable
housing in urban areas (due to the limited spatial resources) new developments are more and more oriented
towards multi-family residential models. As these models are increasingly developed "in height", there is
almost a complete absence of the relationship between the apartment and the surrounding terrain — the only
certain connection is present in terms of enabling access to the residential unit (Stoiljkovic et al, 2015).

In order to partially compensate this lack of multi-family housing, contemporary developments of this type
include the provision of private open space (in a form of balconies, loggias, roof terraces and etc.) which ensure
apartments with access to the natural environment and provide an alternative to the yard. Although it is
impossible to provide apartments with a private open space that will have all of the advantages that the yard of
a family house has (especially from the aspect of size) with adequate design and landscaping it is possible to
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create a high-quality alternative (Levit and Levit, 2010; Stoiljkovic et al, 2015). Since only the ground floor level
has direct connection to the terrain, special attention is devoted to the development of private open space of
the units situated on this level. Due to the proximity of the natural environment, there is a possibility of
developing a garden-like apartments — with a kind of private yard, by adding a part of the land to the
residential unit at the expense of the surrounding terrain. Such approach do not only ensure an open space of
larger dimensions, but also the access to the exterior landscaped ground, with lush greenery and in the
proximity of facilities in common courtyard. This way, housing quality of the units situated on the ground floor
level (usually considered lower than on the upper floors) significantly improves.

Although there are no restrictions of the application of garden-like ground floor private open space, the most
effective ones have proven to be in low-rise housing schemes (up to 4 or 5 floors) in suburban settings (Levit
and Levit, 2010; Milanovic & Vasilevska, 2018). When it comes to the issue of density, even a high-density
values are appropriate. However regarding the occupancy rates, low to medium occupancy results in a higher
percentage of green open space, on which expense a private garden of the ground floor units can be organized.
Open blocks, surrounded with significant amount of green open areas and closed or semi-closed blocks are
favourable settings for development of the garden-like private open space. Regarding the street scape, traffic
lines and parking areas should be drawn from the buildings with green walkways, in order to create adequate
ambient in which private open space can be interpolated.

This paper deals with the garden-like private open space of the ground floor units, with an emphasis on design,
legal and cultural issues and ownership status.

2. ADVANTAGES OF PRIVATE GARDENS

In physical sense the private garden should act as a functional outdoor extension of living space.
However, in broader sense, a garden is not just a unit’s addition. A garden is a place to be, a place for
productive work, a place to retreat, a place to care for growing things, to exert creativity, as well as a place that
develops over time, that one can own and control (Fransis, 1990). In order to design quality garden-like private
open space of the ground floor apartment’s researches and experience from the urban planning and
architectural practice show that the successful solutions are those with balance in several aspects.

The positive effects of having access to the garden and views of nature from the home are reflected in the
improvement of physical and mental health and wellbeing (Gros and Lane, 2007). Green and landscaped
surrounding prevents noise and air pollution and provide healthier living environment in which residents can
rest, work, play or engage in recreation (Palme et al, 2020). In childhood the garden functions as an escape
through the provision of additional space, while adults value the seclusion and distraction from reality that
absorption in the garden offers (Coolen and Meesters, 2012). A chance to spend some time outdoors in natural
setting helps to reduce stress and daily life struggles. Engagement in gardening leads to the greater level of
satisfaction (Kaplan, 1973).

In current pandemic situation implementation of a garden-like private open space on the ground floor level
represents adequate respond to the health concerns and shift in daily life routines. More frequent and longer
staying at home is made easier through the possibility to reside in alternative, outdoor space (Capolongo et al,
2020; Megahed and Ghone, 2020; Zarabi et al, 2020). Although private open space of the units primarily serve
to supplement the housing function, these spaces can greatly contribute to the socialization of the tenants.
They helps to overcome isolation and alienation, caused by social distancing, and ensure social interaction in
the naturally open air, on the necessary physical distance, either with household visitors or with the neighbours
from the immediate surroundings.

Garden, which forms part of the unit’s environment, is not only a site for interaction (with nature or with
people) and the psychological processes associated with this, but also for expression of personal needs and
individuality (Anthony, 1997). Contribution of nature have a large effects on residents’ relationship with the
place of living (Bernadini and Irvin, 2007). Findings show that home garden plays an important role in defining
and expressing self-identity and enables residents to express their personality (Freeman et al, 2012).

Adding a part of the terrain to the ground floor apartment, in addition to positive effects on the lives of
tenants, has a positive effect on the overall quality of a residential environment. In situations when there isn’t
defined model for the maintaining of common open areas in multi-family housing, which reflects in the
neglecting of such spaces (such as in Serbia) private gardens on the ground floor can make a great contribution
to the environmental quality. By adding a part of the surrounding land to the apartment on the ground floor,
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the care for the green area is passed to the residents of that unit. This way the plot is enriched with landscaped
greenery, which contributes to the overall layout of the site.

As an extension of living space, a kind of ‘outdoor room’, private gardens can promote security of the area.
Their position allows easier visual surveillance of the surrounding area, which reflects in higher security.
However, the issue of privacy and safety of the units need to be fulfilled.

3. GUIDELINES TO DESIGN GARDEN-LIKE PRIVATE OPEN SPACE OF THE GROUND FLOOR APARTMENTS

By adding a part of the terrain to the unit located on ground floor, a larger and landscaped private open
space can be created, which promotes housing quality and unit’s ambient. In order for private gardens to be a
useful extension of the interior space, design of 'broad' connection between living room and the open space is
required, which makes them functionally linked and creates the whole. Design of the garden-like private open
space provides greater opportunities for outdoor activities, especially for elderly, household with small children
and people with disabilities — as they are generally more accessible. For families with small children they
extend the lifestyle choices available in the apartment by facilitating activities such as outdoor playing, hobbies,
gardening and even home business. When it comes to the size of garden-like private open space the minimum
with is 3m, optimal 5m (without the additional green tampon) and the area of 15m?is required.

Regarding their position, these spaces should be oriented toward the more natural setting, preferable internal
semi-public or public space, with small as possible vistas on the roads and transport, in order to reduce the
pollution, filling of overcrowding and public exposition (Milanovic and Vasilevska, 2018). When this is not the
case, private open spaces of the ground floor units can be designed as enclosed gardens. Even in such
concepts, their use value can remarkably be increased, as opposed to the loggias or balconies of the upper
floor units in multi-family housing developments.

Although proximity of the common land multiplies the value of garden-like open spaces, their organization
needs to satisfy certain criteria of privacy and safety. Privacy refers to the ability of these spaces to host
households’ activities outside, without exposing them to the non-household members. Therefore, spatial
resources of unit’, which surround the terrain, should be dually utilized. Beside as an apartment functional
extension it should form a kind of buffer zone, to provide a higher degree of intimacy and security. It should
enable isolation and undisturbed simultaneous stay of all household members and perform of different
activities without unnecessary exposure. The best solutions ensures the balance of the need for privacy with
the surveillance. Well-designed private open space of the ground floor units obtain adequate comfort
regarding user privacy, with the control of visual connections to the surroundings and interaction with
neighbours, but without blocking the vistas to the environment. This is achieved by forming a buffer layer of
low or medium greenery, in a width of 1 to 1.5m (ADGLV, 2021). Accentuated by greenery, private gardens of
the ground floor units are physically and visually separated and isolated from views and noise from the
surrounding area (Milanovic and Vasilevska, 2018).

According to their position, garden-like private open spaces of the ground floor units can be divided in two
main categories.

Private open space facing the inner courtyard. In the cases where immediate connection to the
surrounding land is enabled, the greatest potential of the ground floor units’ outdoor space is used when they
are situated on the same level as the terrain. In settings where units are facing the inner courtyard, the
surrounding area has a semi-public, in some cases even semi-private character. Such circumstances greatly
contribute to the visual connection and the openness of garden-style open space to the environment.

In such setting, it is not necessary to form any significant physical barriers. It is possible to design only a green
buffer zone, which has a role to ensure the necessary spatial distance of common areas from the space which
belongs to the housing unit. Greenery can be landscaped as lawn, flower or shrub bushes or even small trees. If
fencing is applied, the physical structure is low to medium height, often transparent (Figure 1).
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Figure 1: Possible solutions for spatial organization of garden-like private open space facing the inner courtyard

Private open space facing the street. Although the greatest potential of the surrounding terrain is used in
cases where gardens of the residential unit are constructed at the level of the terrain, in cases when units are
facing the street this setting can greatly violate necessary level of privacy and security.

The problem can be overcome by applying certain design measures. Denivelation of a ground floor level, by
lifting the unit above the street view level, can compensate this problem. It should be raised up to no more
than 1.2m in relation to the terrain (Figure 2, example a) and screened with green buffer zone (with the width
between 1 and 1.5m). Also partial or complete fencing of private open space can be applied (Figure 2, example
b).

a) denivelation of the ground floor level b) partial or complete fencing of private open areas

Figure 2: Possible solutions for spatial organization of garden-like private open space facing the street

4. DEVELOPMENT OF THE GARDEN-LIKE PRIVATE OPEN SPACES FOR THE GROUND FLOOR APARTMENTS
IN LOCAL CONTEXT

Although contemporary international practice show an increasing tendency towards the development of
garden-style apartments on the ground floor level, in Serbia there is a completely opposite trend. The spatial
potential of the available land surrounding the apartment unit is unutilized. Linking the unit with the terrain is
not considered at all. In local circumstances the proximity to the terrain is seen as disadvantage. In the majority
of multi-family housing developments private open spaces of the ground floor apartments are gone under
reduction or even total absence.

In local practice apartments situated on the ground floor level are characterized as low-quality and undesirable
for many households. Quite contrary to western countries, where precisely due to the “possession of the own
piece of land and access to the nature” ground floor apartments are of a higher value (compared to the same
apartments on upper floors).
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Figure 3: Reduction of ground floor private open space in domestic practice — new residential developments in the city of Nis, Serbia

4.1 Obstacles in designing garden-like private open spaces

In local context safety and privacy requirements of the ground floor apartments are often unfulfilled.
Mentality and cultural habits can be related to such outcomes. However, the main reason for such distinguish
approaches could be found in planning regulation, economic and cultural differences. In the continuation of the
paper a brief overview of local circumstances that affect the development of garden-style apartments will be
presented.

Design issues. The planning regulation and domestic urban and architectural practice significantly
contribute to the low environmental values of the ground floor units and associated private open space.

Observed from the currently applicable regulation for multi-family housing construction, there is no clear
definition regarding the treatment of free, unbuilt land on the plot. In current urban planning documents, the
formal treatment has given to the parking and common outdoor area. The parking is normatively defined, and
can be developed as enclosed garages or in a form of parking lots. Besides parking, the minimum 10% of total
plot area is defined for common use. Percent of green, unpaved areas are not defined as mandatory in local
regulation. As a result, in the majority of recent multi-family housing developments, total absence of green
areas is recorded. Organized common areas are usually only the paved walkways that surrounds the building
and the wider parts on the position of entrances. Such spatial arrangement caused that ground floor units do
not have any green barrier with a common ground, which reflects in a very low ambient quality, with no access
to the natural environment.

Ambient value is also reduced by the treatment of the streetscape. Regardless the scale of a development, the
way a street looks and feels — its proportions, views of house fronts, play of light and shade — all effect the
value of a street. In current local urban planning practice street profiles are constructed as very narrow and
without any green areas.

In such circumstances, development of garden-like private open spaces on the expense of the surrounding
terrain do not gain the ground floor units any additional value.

Ownership status. A significant barrier in applying western concept of garden-style apartment is the
ownership status of the free, unbuilt land on the plot. The undeveloped land around the building is owned by
all of the tenants from the building. From a legal point of view, residents from the ground floor apartments
could claim the right to use the common land as unit’s spatial extension only if approved by all of the tenants.
The ownership could be obtained only in cases when this area is calculated in the total floor. This situation
reflects on the increase of occupancy rate and decrease the gross building area, which discourage investors to
develop such kind of multifamily concepts.

There were few situations when investors sold the part of the unbuilt land. Namely, in the local practice the
parking space is sold separately from the unit for which is planed (both parking space in the garage or on the
land). This, not legal, neither illegal situation regarding parking could be transfer on the treatment of private
gardens in multifamily housing developments. This way the ownership of the garden itself would be separate
from the unit ownership.
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4.2. Rare cases of garden-like private open spaces in the city of Nis, Serbia

Regardless the obstacles that affect development of garden-like private open space of ground floor units,
modest efforts are made in order to change the common perspective. Some newly developed multi-family
housing blocks and few cases of recent ground floor apartment’s reconstruction show that there is an evident
need for such multi-family housing concept.

In the case of Immoreal multi-family housing complex, ground floor units facing open inner courtyard, gain the
larger private open areas (10-15m?2) bordered by split-level, massive concrete planters, planted with various
greenery. The ground floor is elevated 80cm from the terrain. Private garden-like open space has direct
connection with the common ground through the private staircase. In all of the cases a presence of physical
barrier between private outdoor space and common area is recorded.

)\‘( = - AR
Figure 4: Garden-like private open spaces in the housing block Immoreal, Duvaniste, Nis, Serbia

In the case of Zeleznicka kolonija multifamily housing block, some of the ground floor units have gone under
recent reconstruction (Figure 3). Initially, buildings were constructed with a larger balcony on the ground floor,
1.2m elevated from the terrain. Undergoing reconstruction, in some units, residents made alteration of the
balcony by opening them more toward green surroundings. Direct connection to the surrounding terrain is
made through the addition of private staircase, which connects the unit’s balcony with the surrounding green
area. In some cases a part of the terrain is added, forming an outdoor extension — a kind of private garden. In
areas where private outdoor spaces are facing the parking, residents landscaped the terrain in the proximity of
the units, creating more comfortable environment. In all of the reconstructed, garden-like units, a presence of
the physical barriers between private outdoor space and common area is recorded.

Figure 4: Alteration of the ground floor private open spaces in the housing block of Zeleznicka kolonija, Palilula, Nis, Serbia

5. CONCLUSION

Due to the necessary sustainability in urban planning and tendency toward compact cities, family housing
is more frequently replaced with modern multi-family housing models. One of the transitional multi-family
concept implies the implementation of garden-like open space for the units situated on the ground floor level.
Such residential concept gain positive aspects of both housing models — provision of private garden, in the
liveable neighbourhood, in the vicinity of the common facilities. In developed countries, garden-style
apartments are seen as one with the highest comfort and they are on high demand.
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Opposite to the contemporary western practice, in newly national and local multi-family housing
developments, garden-like apartments on the ground floor have received no attention. A significant barrier in
applying such concept is the applicable regulation for the urban planning and construction of multi-family
housing, as well as undefined ownership status of the potential gardens. However, it seems that the main
reason lies in the poor urban planning and architectural practice. New residential developments are situated in
the setting with poor urban organization, with no street scape layering and often accompanied by the absence
of common and green areas on the plot — which results in severe and monotonous ambient. The basis of such
conclusion is linked with the few recorded garden-style outdoor space of the ground floor units. In all of the
cases where this concept is applied, buildings are situated in more natural environment, with peaceful and safe
ambient. Consequently, the residents showed tendency toward opening the units and connecting them to the
immediate surroundings.

In local context, when it comes to the design of private open areas of the ground floor units, the analysed cases
showed social and cultural influence on the spatial organization. The garden-like private open spaces should be
design 1) above terrain level, 2) with adequate ambient comfort and 3) with fencing — physical barrier that
would provide higher degree of user privacy, control of the intensity of interaction with neighbours and
appropriate level of security.
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ABSTRACT

Global climate change, which is primarily brought on by greenhouse gas emissions and has
regional repercussions, is one of the main issues facing urban planning and architecture. Within the next 50
years, this change is predicted to modify the temperature, precipitation regimes, storm frequency, sea-level
rise, and other factors that will have an impact on metropolitan areas by altering the current climate
environment.

Numerous cities have implemented measures to reduce urban heat islands. Indian cities must also adapt to
these shifting climatic conditions, particularly by putting in place urban cool zones and mitigating urban
heat island effects. Understanding the changes in thermal comfort brought on by urbanization will aid in
urban planning and help the urban habitat. The study focuses on comprehending and applying methods in
the Indian city of Hyderabad. The goal of the study is to quantify and assess how future climate change will
affect the urban heat island effect, regional weather patterns, and urban climate. implementing measures
to reduce urban heat islands. Greater Hyderabad recently experienced a spectacular surge in temperature,
which intensified the urban heat island and caused microclimatic differences. This study must be carried
out. These microclimatic differences in the research area are caused by a number of urbanization- and
development-related factors. In light of the nature and effects of urban microclimates, it was deemed
important to delve deeply into understanding urban microclimate complexity.

Keywords: Climate change; Urban heat Island; Urbanisation.
RESEARCH NOTION
Urban Heat Island Effect Definition and Concept

The term "heat island" refers to urban areas that are hotter than surrounding rural areas. Heat islands can
have an impact on communities by increasing peak energy demand in the summer, air conditioning costs, air
pollution, and greenhouse gas emissions, heat-related illness and mortality, and water quality.
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METHODOLOGY

| BACKGROUND STUDY I_ﬂl Referring to journals, research papers, and newspaper clips relevant to Climate Change

|

L |

| AIM I_JL To counteract the Urban Heat Island with effective planning Characteristics jl
l rr-—-———"+""T™"™——"=—"=>""®"""™"""~"""=""™"™"“"""™—""™""™""™""™""™""™/""—/""™7/"7—/ 77— a

| ® To Study the Urban Heat Island effect in Hyderabad |

| OBJECTIVES I—J . To Understand the effects and factors affecting UHI |
| e To Develop a relation between Planning characteristics and Microclimate :

e
| LITERATURE STUDY I—;I . Concept of Urban Heat Island and its Effects I

I UHI Globally, UHI in India, UHI Mitigation strategies

i
DATA COLLECTION & |y | PRIMARY DATA COLLECTION: Visual Survey, Measuring Surface Temperature using

COMPILATION | Infrared thermal Camera, Measuring air temperature using Hygrometer.

|
| SECONDARY DATA COLLECTION: Hyderabad Climatic data from IMD and TSPCB, Air
:_ quality data from TSPCB,

DATA ANALYSIS | | Analysis of the collected primary and secondary data, Analyzing the factors contributing :

: to Climate Change. |

SUGGESTIONS | | After Identifying the Strengths and Weaknesses, Appropriate Suggestions will be given :

LITERATURE STUDY

Basic Characteristics of Surface and Atmospheric Urban Heat Islands (UHIs)

Table 1: Features and their Composition W.R.T Surface and Atmospheric UHI’s.

FEATURE Surface UHI Atmospheric UHI

Temporal Development Present at all times of the day and night. May be small or non-existent during the day.
Most intense during the day in summer Most intense at night or predawn and in the

winter

Peak Intensity More spatial and temporal variation: Less variation
Day: 18 to 27F (10 to 15°C), Night: 9 to Day: 18 to 27F (10 to 15°C), Night: 12.6 to
18F 21.6F

Typical Identification Indirect measurement: Remote sensing Direct measurement: Fixed weather stations

Method and Mobile traverses.

Typical Depiction ‘ Thermal Image ‘ Isotherm Map

Reference : (The United States Environmental Protection Agency )
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Types of Urban Heat Island

. Surface Heat Island: Higher Surface Temperatures in Urban Areas when Compared to Rural
Areas, lllustrated with Thermal Maps.
. Atmospheric Heat Island: Warmer air in Urban areas when compared to Rural, Illustrated with

Isotherm maps or graphs.
Urban Heat Island in India
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(c) ONDJ Day (d) ONDJ Night
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