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Abstract

:

History and the modern world co-exist in Greece’s landscape. The urban spaces of Greek cities contain structures from ancient history alongside contemporary constructions, but intense urban development from the 1960s onwards, as in the historic center of Athens, has led to imbalances with respect to cultural heritage protection. The 1975 Greek Constitution defined the preservation and protection of the cultural environment as a constitutional mandate, and severe restrictions on the exploitation of private properties deemed to be of historical or architectural importance were imposed. Property owners were deprived of their property development rights (DRs), whereas the preservation and conservation of protected constructions became costly, resulting in abandoned buildings and a downgraded urban environment. As the debate over cultural heritage protection and urban regeneration is more topical than ever, the recent legal reintroduction of the transfer of development rights (TDRs) provides new opportunities for property exploitation with respect to cultural heritage protection legislation. Herein is presented a methodological framework on the classification and 3D visualization and representation of DRs and TDRs in relation to the cultural heritage protective framework and its implementation in a selected area of Athens’ historic center. Legal and technical aspects that affect 3D DRs and TDRs are emphasized as key elements in the successful implementation of the TDR process.
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1. Introduction


The development and expansion of cities results in urban, outer-urban and agricultural land consumption. As it is predicted that by 2050 two-thirds of the world population will live in cities [1], the pressure on cultural heritage will be great [2,3]. Given the continuous development and expansion of urban spaces, the protection, preservation and promotion of cultural heritage is an issue of great significance and importance both for the scientific community and the state/local authorities. The broad debate on cultural heritage protection, preservation and promotion, with respect to private property owners’ rights to exploit their properties and preserve their full property development rights (DRs), started in the USA in the late 1960s. This debate was addressed via the transfer of development rights (TDRs). TDR is an innovative and effective process of protecting cultural heritage and preserving private property owners’ rights to benefit from full exploitation of their properties that are under protection as archeological sites, monuments or listed buildings.



Regarding Greece, which is well known for its long and rich history, cultural heritage protection, preservation and promotion is a matter of high importance. Today the contemporary landscape and cultural heritage must co-exist, while in densely populated urban areas cultural heritage resources and reserves are under pressure due to urban/residential development. Since 1975, cultural heritage protection, preservation, conservation and promotion has been a constitutional mandate. The Ministry of Culture and Sports is the public authority responsible for placing buildings under protection and listing buildings, monuments and archeological sites. The Ministry also imposes strict regulations and restrictions on building activity and overall property exploitation in the interests of cultural heritage protection. A tight legal framework on cultural heritage protection is in force in Greece, depriving private property owners of their constitutional right to full property development rights (DRs). At the same time, the financial cost to the state to obtain sole ownership on protected but privately owned cultural heritage elements via expropriation is often prohibitive, resulting in the abandonment of properties and the degradation of the urban environment, especially in city centers. To protect cultural heritage, a TDR scheme was introduced into the Greek legal framework in 1979, almost at the same time such a scheme was introduced and implemented in the USA. The scheme, known as the Transfer of Building Factor, was repeatedly judged as unconstitutional in respect of urban legislation and property rights protection. In 2017, a TDR scheme was reintroduced into Greece’s legislation for the control and protection of the built environment, but for its successful implementation DR and TDR must be defined.



In this paper, a methodological framework on the classification, 3D visualization and 3D representation of DRs and TDRs in respect of cultural heritage protection is presented. Legal and technical aspects that affect 3D DRs and TDRs are emphasized as key elements in the successful implementation of TDRs, and a methodological implementation in a selected area of Athens’ historic center, a block within the limits of Athens’ historic triangle, is presented.




2. The TDR Concept


According to the theory of property ownership, ownership is subject to a set of rights, obligations and constraints, such as the right for use or the constraint of harmful use or the obligation to respect general building codes/laws. The implementation of property rights promises a stable political environment that offers all the necessary legal and technical tools for their definition and preservation [4,5]. Urban sprawl affects property rights, especially in peri-urban and agricultural areas [6,7,8]. Development rights embody the limits on the extent to which an existing construction on a land parcel or plot can be developed. The official permissibility of developments is foreseen in official and statutory building rules, however, it is restricted due to regulations imposed by various pieces of legislation, on the protection of cultural heritage, the natural environment, etc. DRs are also part of a property/land parcel or plot’s “bundle of rights” and could be subjected to voluntary separation for sale or lease [9]. Furthermore, as agricultural land and open space preservation is essential to citizens’ well-being, DR purchase is used to preserve farmland [10] or safeguard public open spaces from intense urban development [10,11,12,13], and is incorporated in urban planning [12,14].



In respect of cultural heritage protection, DRs and TDRs were originally introduced into the UK legal framework in 1947 [15]. The State was granted the right or ability to purchase DRs for the development of non-profitable properties and in the case of official, administrative and specific restrictions/provisions on listed buildings or monuments.



In the 1960s, in the USA, the landmarks dilemma arose. Preservation of buildings of great historical or architectural importance was considered less profitable compared to urban development, especially in areas with high land values. TDR were then proposed and enacted, correlated to zoning urban developments, so that demolition of buildings and monuments of great historical or architectural importance could be prevented [16]. In 1968 New York City introduced a groundbreaking TDR program, which, though its implementation was initially problematic, was eventually successful [17,18]. New York’s landmark buildings, such as Broadway theaters or the Lincoln Center, were thereby preserved, as TDR “space bonus provisions–zoning bonus” was adopted as a toll for urban development and the protection of landmarks [19].



The success of New York’s TDR program was based on the non-monetary compensation of owners, as they were granted transferable development rights in another urban zone, as was the case with New York’s Grand Central Terminal [20]. Following New York’s success story, TDR and zoning development was proposed as an integrated process to protect historic buildings and landmarks from demolition by fulfilling owners’ claims to the right to full exploitation of the land they own [19,20,21,22], helping as well to readjust urban planning, especially in densely populated and overdeveloped urban areas. TDR is exploitable by urban planners, advocates, bankers and landowners, and the availability of new and under-development urban areas is important for the successful protection of cultural heritage [23]. TDR is a “smart development” policy and is known for economic resources leverage, ensuring adequate funding for public or municipal urban development programs [24]. It is also an urban planning tool, especially for social housing development programs, and an efficient tool for urban growth monitoring, when combined with urban plans [25], enhancing urban growth and development in a more sustainable way [26,27,28]. Bonus development provisions linked to TDR acquisition is a success factor for the whole process [29], while public support and social equity are key elements in TDR implementation and the protection, conservation and preservation of buildings of historical or architectural importance [30]. TDR are used for the protection of natural resources and to supplement transnational cooperation for environmental protection or the improvement of housing conditions [24,31,32,33,34], hazard management in seaside areas [35], and even to enable land consolidation to preserve non-urban land from intense exploitation [36].



Consequently, the TDR is a mechanism for preserving important cultural, environmental or common-interest goods (e.g., open spaces) and establishing social housing statutory safeguards through the implementation of a technically and legally defined framework on development rights and restrictions. Transferable development rights are incorporated within the context of urban (or spatial) planning by leveraging private funds.



However, there is still a poor understanding of the actual factors that affect the successful implementation of TDRs, as there is a lack of knowledge on the legal or spatial factors that affect TDR adoption, as well as a lack of localized empirical evidence [37]. The question of the actual spatial, legal and temporal definition and the market price determination of TDRs is a hot issue and needs to be addressed [38,39,40,41,42,43].




3. Greece’s Legal Framework on Cultural Heritage Protection and TDRs


3.1. Cultural Heritage Protection and TDR in Greece: 1832–2007


Cultural heritage protection in Greece began in the early 1820s, during the Greek War of Independence [44]. When the war ended and the new State was formed, the first governor, I. Kapodistrias, established the National Archeological Museum, and in May 1828 he issued an act forbidding all exports of Greece’s antiquities. After Kapodistrias’ assassination, King Otto was the Head of the State in the early 1830s. King Otto established the Archeological Service in 1833 and as his main focus was the protection and restoration of the Acropolis, he issued the first contemporary law on the protection of antiquities in 1834. By then, Athens’ ancient antiquities were hidden beneath houses, streets and Ottoman period constructions. Almost 60 years later, the 1899 Law on Antiquities revised the 1834 legal framework. The Law determined that all antiquities within the (then) Greek territory were to be in and under the state’s possession and protection; the State could expropriate private properties, paying the necessary compensation to property owners [45]. The 1899 Law on Antiquities was amended and improved in 1932 [46], and in 1943 the Monuments Restoration Service was established [47], while all neoclassical buildings built after 1830 and artworks were also placed under the state’s protection [48]. After the end of WWII and the 1945–1949 Greek civil war, Greece’s recovery efforts were focused on city developments and enhancing the construction of private buildings [49], and as a consequence cultural heritage elements were not only under-protected but in some cases demolished.



Greece’s 1975 constitution set cultural heritage protection as a constitutional mandate, introducing, for the first time, increased constitutional protection not only on monuments and archeological sites but on the overall cultural environment, including traditional settlements and traditional elements [50]. Following the 1975 Constitutional Mandate on cultural heritage protection, the then president of the Hellenic Tourist Organization, Tzanis Tzanetakis, launched a groundbreaking program for the touristic promotion of traditional and historic settlements. The program foresaw the renovation, by public funding, of buildings of great historical and architectural importance, and their reuse by the state as hotels and hostels for a ten-year period. After the end of that period, owners’ rights on the full use of their renovated buildings would be reinstated [51]. The traditional settlements of Ia Santorini Island, Mesta Chios Island, Vizitsa and Makrinitsa Pilio Mountain, Fiskardo Kefalonia Island, Bathia Mani Southeast Peloponnese, Theologos Thasos Island, the old city of Xanthi in northern Greece and Zagorochoria Epeirous were selected for the pilot program that was successful and influenced their overall development [51]. In 1977, the protection of historic/traditional settlements and city centers of great historical, architectural, urban and aesthetic importance was enacted [52]. A series of historic or traditional settlements, historic or traditional city centers and city centers of great architectural importance were put under the strict protection of the State. All construction activities, within the boundaries of the protected areas, are immensely regulated and restricted. The 2003 Law on Antiquities and Cultural Heritage protection revised the overall fragmented legal framework in accordance with Greece’s 1975 Constitution provisions [53].



This explicit and full protection of antiquities and cultural heritage in general by the state, with the consequent enforcement of strict rules on construction activities and the use of listed buildings, limited private ownership rights. Owners are deprived of their rights on full property exploitation, e.g., the demolition of listed buildings being banned or strict control by the State being imposed on any restoration, conservation or construction activities. This overprotective legal framework on cultural heritage protection resulted in restrictions on building factor exploitation, especially in city centers, like Athens’. The owner of a three-story listed building that is located in an area where building regulations permit the construction of six-story buildings loses his or her DR to build and exploit the additional three floors. However, according to the Greek Constitution, any restriction imposed by the state on the full use and exploitation of private property is equivalent to expropriation and compensation is due to the property owner.



As it is costly and almost impossible for the Greek state to compensate all owners whose properties are located in areas of firm regulation on cultural heritage protection, an innovative legal framework for the transfer of development rights was introduced in the late 1970s. Law 880/1979 enacted the TDR framework, almost simultaneously with the USA TDR legislation. A listed building owner or property owner within a declared archeological area site, deprived of the right to full property use and building activity, was granted the right to “transfer” the non-exploitable but legitimate existing building factor to a property located at another part of the city or even outside the city’s boundaries. This process is known as “Transfer of Building Factor” [54]. The owner of transferable DR (of the non-exploitable building factor) was granted the an official executable deed, by the State, with details on the transfer process, e.g., total transfer surface, the building to which the transferable DR applies, etc., by presidential decree. Thus, the owner gained access to financial resources, which in the case of listed buildings could only and exclusively be used for their restoration. This Law was judged unconstitutional by the Council of State, as no zones for transferable building factors were officially and by presidential decree declared, whereas the transfer of a DR to a sole recipient building in one other area added an additional burden to its neighboring ones [55,56].



In 1995 Law 2300 was enacted providing the legal and technical basis for the determination of recipient building factor zones, as well as technical details on the transfer process [57]. This Law was also judged unconstitutional by the Council of State, because of the provision that all urban areas be considered as a single recipient building factor zone was found not to be acceptable. The Court also ruled that before the transfer process, detailed urban plans on recipient zones for each distinct municipality had to be enacted by presidential decree [58,59,60]. In 2002 Law 3044 was enacted, aiming to deal with the legal limbo of precedent legislation that was judged unconstitutional, and also included provisions for non-exploitable private properties after the implementation of official urban plans [61]. Law 3044 was judged partially unconstitutional, as the Court’s previous remarks on recipient zones were not taken into consideration. However, as owners were deprived of their rights to full property exploitation, due to statutory restrictions, they had the right to ask for transfer of their DR. Consequently, the Council ruled suspension of transfer deeds issued, as those deeds could not be of any use or value prior to the determination of recipient zones [62].



The non-implementation of TDR legislation deprived the owners of listed buildings access to adequate financial resources for the preservation, renovation and promotion of their properties as cultural heritage elements. In parallel, the Greek state could not compensate the owners of properties that were located within the boundaries of archeological sites. Eventually, the majority of listed buildings could not be restored, renovated and reused and were subjected to wear and tear, while declared archeological sites could not be officially restored and made accessible to the public. As a result, the abandonment of historical buildings is the main cause of the downgraded urban and built-up environment, while important aspects of historical memory are lost due to the neglect of cultural heritage.




3.2. Current Legal Framework on TDRs and Cultural Herritage Protection in Greece


Ten years after the latest Council of State Decision on Transfer of Development Rights, Law 4495 was enacted and then amended by Law 4759 in 2020 [63,64]. The new legislative and regulatory framework introduces all the legal and technical provisions for TDRs in respect of Council of State judgments and rulings from 1993 to 2007. The new framework combines cultural heritage protection with legislation on illegal constructions or buildings legalization process, defining:




	
Legal and technical provisions on transfer receiving zones, zones of excess illegal constructions/buildings, officially declared for each municipality and by presidential decree;



	
The Municipality Digital Urban Identity, an open-access official spatial database, where all relevant data on urban and spatial plans and building regulations are maintained and updated by each municipality;



	
The Digital Land Bank, an open-access database for the issue, management, and exploitation of TDR Deeds, under the supervision of the Ministry for the Environment and Energy;



	
The object of TDR is the transfer of building factor, abstracted from a building or property and superinduced to a recipient building or property;



	
The TDR deed corresponds to the surface (in square meters) that is not allowed to be built on due to official administrative acts that limit construction and property exploitation. The transfer deed is exploitable for buildings/properties within the same municipality or a neighboring municipality or the same prefecture that has valid urban plans and valid transfer recipient zones. Recipient buildings fall into two categories: (i) buildings that exceed official (licensed or not) building regulations and (ii) buildings located within urban zones/areas of special construction/reconstruction.








This new legal framework also corresponds to Transfer of Building Factor, as the whole transfer process is based solemnly on building surfaces that cannot be built on or are not exploitable. However, the owner’s deprivation of the right to full property exploitation is not limited to buildable surfaces. Parameters such as a property’s spatial location, land use, view of important POIs, or the natural landscape, the location of neighboring properties, etc., must also be taken into consideration along with the 3D development of properties and building volumes.



The research presented herein is focused on the identification and definition of 3D DRs and TDRs in the interest of preserving cultural heritage while respecing property owners’ property development rights, especially in the case of listed buildings. The presented methodology is implemented in a block located in Athens’ historical center, specifically in the historical triangle area.





4. Materials and Methods


In Greece’s densely populated cities and urban areas, cultural heritage elements and resources are usually located in private properties. The protective legal framework applying to cultural heritage deprives private property owners of their rights to full use and development of their properties. Especially in the case of listed buildings, current legislation foresees cost-prohibitive restoration and renovation works, so that owners come to consider their properties a burden. Thus, they are not willing or able to take any action for restoration and preservation, which results in buildings suffering neglect and consequent degradation of the urban environment. However, if property owners are fairly compensated for being deprived of their right to full property use and exploitation and given adequate financial resources and funds to restore and renovate their buildings, urban degradation could be reversed. Eventually, property owners will not consider their properties as costly burdens subjected to numerous restrictions but instead will become essential players in the urban regeneration process through cultural heritage protection, preservation and promotion.



To identify TDRs of private properties that are under the strict legal framework on cultural heritage protection, the study area must first be defined. Properties’ statuses must be examined with respect to current (or/and past) urban planning regulatory frameworks, so that the actual and 3D DRs are defined. Next, restrictions and regulations imposed for cultural heritage protection correlated to 3D Development Rights will define restrictions under 3D DRs and determine the 3D TDRs (see Figure 1).



The definition of the study area is important so as to:




	a.

	
Identify the regulatory/protective legal framework on cultural heritage protection and especially the 3D restrictions on urban development for cultural heritage protection.




	b.

	
Identify the current status (i) of property ownership and (ii) urban planning regulations.




	c.

	
Identify the development of buildings that are incompatible with current urban planning regulations with respect to the regulatory framework on urban development during the period of their construction licensing and construction development.









By identifying the property status, the current urban planning regulations and the regulatory urban planning framework of already developed buildings, the spatial and temporal identification and diversification of 3D DRs is feasible. Comparing the 3D DRs to the 3D restrictions for cultural heritage protection, the transferable 3D DRs can also be defined.



4.1. Identification of Data Sets


Property development is three-dimensional, originally over the ground but in the last few decades under the ground as well [65] and is subjected to various 3D legally-described regulations, restrictions [66,67,68] or 3D development conditions in the real world [69]. Official technical documentation, construction licensing and relevant administrative regulations on properties is two-dimensional [68]. The definition and spatiotemporal representation of 3D development rights for private properties subjected to legal-technical restrictions due to cultural heritage protection prerequisite the identification of 3D property rights, restrictions and rules (RRR), as those derive from official and public archives, concerning:




	
Property rights per se;



	
Urban development regulatory frameworks, current and precedent, and the official licensing of stand-alone buildings;



	
Official declarations of regulatory frameworks for cultural heritage protection, stand-alone listed buildings and places/settlements/city centers of great historic, traditional or architectural importance;



	
Urban landscape spatiotemporal documentation via official aerial photos and stereopair.








Figure 2 presents the official data sources on properties’ RRRs, and Table 1 presents the definition and classification of the relevant data sets and their general spatial and descriptive attributes.




4.2. 3D Definition of Properties Development Rights & Restrictions


4.2.1. Data on Land Parcels


Two-dimensional spatial attributes on land parcels are described in legal documents and deeds registered to land registries and after 1995 to the Hellenic Cadastre spatial and descriptive database [70]. Hellenic Cadastre is operative in some parts of Greece and under development in others, but definitive or temporal spatial data on cadastral parcels are available on the web (Figure 3). Two-dimensional spatial data on cadastral parcels are correlated with official historical aerial photos or orthophotomaps also available from the Hellenic Cadastre (Athens Greece) or the Hellenic Military Geographical Service (Athens Greece), so as to identify the spatial evolution of the built environment (Figure 3). The definition and description of property rights, e.g., ownership, easement, etc., that are exercised on land parcels/plots or constructions are also included in deeds, either registered to land registries or to official Cadastral Offices, all over Greece operated by the Hellenic Cadastre.




4.2.2. Data on Urban Development, the Urban Environment and the Built Environment


The regulatory framework on urban development, urban planning and building regulations can be retrieved from the official web-GIS on urban planning, e-poleodomia, maintained by the Ministry of Environment and Energy. The E-poleodomia web-GIS (http://gis.epoleodomia.gov.gr/v11/index.html, accessed on 22 September 2021) provides detailed data sets of scanned urban plans and their official approval by presidential decree (Figure 4). In case of the non-availability of scanned urban plans from e-poleodomia, the equivalent hard copy is available in the Ministry’s official analogical archive. Urban plans are georeferenced using the official Greek Coordinates System (GGRS87/EPSG2 2100) and official aerial photos or orthophotomaps.



Data on spatial planning are available from the Directorate on Spatial Planning, Ministry of the Environment and Energy in hard copy. Data on official building permits are available, also in hard copy, from the responsible department of the Municipal Building Authorities. Finally, field research is necessary to collect data on current conditions of the urban and built environment, e.g., construction characteristics, number of building floors, building condition, building use(s), etc., and public space characteristics (geometry, condition, etc.).




4.2.3. Data on Cultural Heritage


Data on protected cultural heritage elements, declared archeological sites, monuments and listed buildings are kept by the Ministry of Culture. The Ministry of the Environment keeps official records on settlements, city centers, listed buildings, etc., declared to be of historical, traditional or great architectural or natural importance. Relevant data on sites, monuments or building types can be retrieved via the Archeological Cadastre Web-GIS (https://www.arxaiologikoktimatologio.gov.gr/, accessed on 22 September 2021) and the Greek Cultural Heritage List (Figure 5).



As for listed buildings, detailed drawings, e.g., topographic diagrams, top views, etc., are available only in hard copy at the official Listed Buildings Archive, Ministry of Culture (http://listedmonuments.culture.gr/search_declarations.php, accessed on 22 September 2021) or the Listed Building Archive, Ministry of the Environment (http://estia.minenv.gr/, accessed on 22 September 2021). Data on construction restrictions for cultural heritage protection that affect urban planning and plans, e.g., zones’ boundaries, building factors diversification, etc., are available from the Ministry of Environment in hard copy.





4.3. Determination of 3D DRs and TDRs


The correlation between properties’ 2D spatial characteristics and types of property rights relating to building regulations and three-dimensional real-world construction and development defines valid 3D DRs. Three-dimensional TDR classification derives from 3D-valid DRs correlated with restrictions concerning cultural heritage protection, e.g., vertical development limitations, built surface limitations, expropriation (partial or full). Both 3D DRs and TDRs are legally and technically described in legal documents. Deeds, current or previous legislation, presidential decrees or ministerial decisions on urban development and cultural heritage protection refer to (a) actual horizontal and vertical, usually over the ground development on plots or land parcels and to (b) actual horizontal and vertical legal and technical restrictions on elements of cultural heritage protection, identifying three categories of built-volume (actual or virtual) in urban environments:




	
3D actual constructed built-volume, fragmented to floors;



	
3D virtual development rights with respect to built-volume, fragmented to floors;



	
3D Transferable Development Rights with respect to built-volume, fragmented to floors.








Based on prior research [71], the 3D transferable development rights are further categorized and are presented in Table 2. The built-volumes’ 3D representation and visualization is achieved with 3D Sketch-up software (2021, free access) and is presented in the next section.





5. Case Study


Athens’ historical triangle, part of Athens’ historic center, is one of the world’s oldest and still livable city centers, with over 3000 years of history, where monuments, like the Acropolis, and history co-exist with the modern world. Modern Athens’ urban development began in the early 1830s, when King Otto declared Athens as the Capital of the newly formed Greek State. The King assigned the architects Stamatis Kleanthis and Eduard Schaubert to the preparation of the official City Development Plan, approved in 1833 and then revised, in 1834, by the architect Leo von Klenze. The Plan foresaw that the new urban formation would be developed around the then existing old small town located underneath the north side of Acropolis Hill. The Plan’s key feature is the triangular shape of the new urban development, formed by the newly created three “principal streets” that connect the main three new public spaces. By the 1880s the three principle streets and two of the triangle’s three public spaces were developed, existing cultural heritage elements, such as byzantine churches, were preserved, and new open public spaces were created (Figure 6).



By the end of 1920s the old small town of the 1830s had been transformed into a modern European city and the “Triangle” was the administrative, economic and social center of Greece’s capital. Contemporary public buildings with great architecture, such as the old palace, the old parliament, the old Athens university, and two- to four-story elegant private buildings, e.g., private houses, hotels, restaurants, etc., co-existed with monuments dated to the ancient world, the Byzantine and the Ottoman era [72]. In the early 1950s Greece had to cope with the social and economic decline following WWII and the consequent civil war. Athens’ reconstruction was prioritized as a path to Greece’s overall economic and social recovery, however, no provisions for cultural heritage protection were in force and each owner had the right to use and exploit their property as they wished. From 1950 to the late 1970s, many of the “Triangle’s” old and elegant private houses were demolished and replaced by seven- or eight-story buildings that were used for commerce, small industries and public or private administration.



In 1979, and after the enactment of Greece’s 1975 Constitution, Athens’ city center was characterized as historic/traditional by presidential decree and was placed under the protection of the Archeological Service (Figure 7). All new building permits ought to have Archeological Service approval. The Archeological Service was also given the authority to recommend for preservation buildings with elements of traditional architecture and to institute regulations or restrictions so as to preserve the traditional character of the buildings under protection in Athens’ central urban area. Simultaneously, many buildings of great architectural or historical importance were declared as listed buildings either by the Ministry of Culture or the then Ministry of Urban Development.



Today, Athens’ historical triangle is part of the wider Historic and Commercial Athens Center and one of the most protected areas in terms of cultural heritage preservation and promotion. It is also one of the most attractive parts of the city as, besides its proximity to the Acropolis archeological area, it is the epicenter of cultural, recreational and commercial activities for tourists and Athenians. Within its boundaries, multistory modern buildings co-exist with monuments and listed buildings that in some cases are worn and abandoned. This multidimensional aspect of the Athens historic triangle affects private property management and exploitation. Thus, the necessity for definition and assessment of 3D DRs and TDRs is urgent in order to satisfy owners’ complaints at not having full use of their properties, and for the preservation of the historic triangle’s traditional and historical characteristics.



Methodology Implementation


The methodology is implemented in the historic triangle, Athens Municipality, block nο. 65027, which is located within the boundaries of the 1833 Kleanthis–Schaubert city plan and in the center boundary of the City of Athens that was declared as historic/traditional in 1979. The block no. 65027 is delimited by Evripidou, Epikourou, Evmorfopoulou and Sachtouris streets, and consists of nine plots with buildings developed in various time periods (Figure 8).



The selected block is also included in the 1948 Athens urban plan revision (Figure 9), and the current regulatory framework on building rules and cultural heritage protection restrictions, enacted in 1998 foresees a maximum building factor of 2.0 that corresponds to a maximum building height of 22.75 m in respect of the Building Code, restricted to 11 m for cultural heritage protection. Permitted land uses are mixed residential with recreational, cultural and commercial uses, and Archeological Service approval is obligatory before any intervention in the built environment or the issue of any new building permit.



Building characteristics (e.g., constructed building factor, number of floors, etc.), their actual structural condition with respect to conservation and restoration processes and their status regarding cultural heritage protection derived from (a) field surveys, (b) listed buildings archives’ on the spot surveys (Ministry of Culture and Ministry of Environment and Energy) and (c) the Athens Municipality Building Authority’s on the spot surveys, conducted between October 2019 and March 2020, are presented in Table 3. Constructed building factor calculations are derived from the total building surface divided according to each plot’s surface.



Within the boundaries of the study area, five out of the nine buildings are officially declared as listed buildings. A field survey revealed that only two listed buildings are in good condition and still in use. Two others are abandoned and collapsing, and one is not in use and in fair to poor condition. Consequently, the field survey also revealed that exploring existing DR and TDR options becomes imperative and is essential for cultural heritage protection, especially in the case of abandoned cultural heritage elements.





6. Results


The definitions of the active DRs for each plot, derived from comparing the actual constructed building characteristics, e.g., used building factor, total height, total built-up surface, with the characteristics conforming to the official regulations (building factor 2 and maximum height 22.75 m, but restricted to 11 m in the case of listed buildings) are presented in Table 4.



Four out of five listed buildings, nos. 1, 3, 7 and 9, allow no construction and existing and exploitable DRs relate to total permissible built-up surface or the permissible number of floors; thus, DRs are “negative” and are transferable. The paradox of retaining DRs in respect of building surfaces but with no remaining DRs in respect of maximum height or number of floors is due to the construction techniques of the late 1800s and early 1900s, where floor height was over four meters. Plots that have constructed buildings before the enactment of the protective framework on cultural heritage, between the early 1950s and 1998, nos. 4, 5, 6 and 8, offer “positive” and constructive DRs for their owners, as official building regulations during their licensing and construction period were more favorable (e.g., higher building factors of 3 or 4 instead of today’s 2 and a higher number of floors, seven instead of today’s three). This inequality between built-up surface development and evolution and today’s official permitted maximum for building volume is quantitatively defined in Table 4. The development of these plots has more than double in terms of built volume (total built-up surface and height) compared to listed building plots, resulting in significant differences between constructive and no-construction DRs and existing DRs within the same block.



The current 3D built-up surface development and the theoretical development are visualized and three-dimensionally represented so as to illustrate “positive” and “negative” DRs. In Figure 10 the three-dimensional representation and visualization of existing building volume, in gray-colors, and the official maximum permissible building volume with no height restriction, in red and orange colors, is presented. It is obvious that if all buildings were equally developed, according to the extent of the building rules, with no other restrictions, buildings that today have the privilege of a direct view to the Acropolis would not have had it.



This diversification of built-up surfaces and building volumes, constructed/hypothetical, with no restrictions, influences 3D TDR determination in respect of their specific attributes, height, view and building orientation. Consequently, the reference only to unbuilt but transferable square meters (transfer of building factor) is deficient and misleading, as views of exquisite locations and monuments is an important attribute on the 3D TDR determination process. In the case study area, some buildings’ floors or rooftops have direct views of the Acropolis, even though they are built in the opposite direction. On the other hand, other buildings have views only of the surrounding buildings even though they are built in the direction of the Acropolis (Figure 10 and Figure 11).



Thus, visibility analysis, for building or for plots DRs, is also essential. Over the last few years, spatial analysis tools have been used for the production of visibility maps, as visibility mapping is significant for cultural heritage protection and promotion [50]. For this research, visibility mapping is used to highlight the importance of the view of a monument or an exquisite location and its importance as an attribute for 3D DRs and TDRs. The visibility map for the tallest building, no. 6, is created with the use of the Arc-GIS visibility tool, and building volumes are available on the web (Figure 12). Building no. 6 has three façades, its main entrance is to the north façade, the west façade has a view toward the Piraeus Port and the north façade has a direct view of the Acropolis. Historical aerial photos of the Hellenic Military Geographical Service dated from 1919 and the 1945 Hellenic Cadastre orthophotomap, and aerials photos from 1965 and 1977 depict three-story neoclassical buildings. In the 1979 Hellenic Cadastre aerial photo the seven-story building is depicted. The direct view of the Acropolis is not and won’t ever be obstructed, as neighboring or opposite buildings are less than six stories, while no further height development is feasible due to height restrictions for cultural heritage protection and listed buildings.




7. Discussion and Conclusions


The results of the current research demonstrate that the protection and preservation of cultural heritage is directly related to the diversification of private property development rights, their status and overall exploitation. Especially in densely populated and central urban areas of historic cities, like Athens’ historic triangle, this diversification is more intense. The legal definition of development rights and their 3D technical visualization and representation revealed positive and negative DRs. Private property owners who exploited their properties before the enactment of restrictions on construction and building activities so as to protect cultural heritage have the privilege of “positive” and constructive DRs. Simultaneously, owners of listed buildings who have lost their rights to full property exploitation are not compensated and thus have “negative” and transferable DRs. The proposed methodology also revealed that positive DRs are an important asset, as their owners can benefit most from them, e.g., by obtaining high rents due to views of important monuments like the Acropolis. Owners of negative DRs do not have adequate financial resources or funds to restore and renovate their existing properties, that is, listed buildings, resulting in wear and tear and abandonment and consequent urban environment degradation. Thus, the presented legal and 3D spatiotemporal definition of positive and negative DRs, can further facilitate and clarify the estimation of TDR cost (as this is argued in [41]). Temporal analysis of 3D DR development and correlation with past and current urban plans and cultural heritage protection legal frameworks revealed externalities in TDR definitions and costs. The state’s intrusive role in cultural heritage protection resulted in imbalances in the development and exploitation of property rights. Furthermore, thorough investigation of buildings’ views, especially of famous monuments and POIs, along with visibility mapping integration of 3D positive and negative DRs, can determine DRs’ 3D quantitative characteristics, enhancing their legal/qualitative definition and overall TDR reliability. Following the proposed methodology, TDR is detailed legally and technically defined. Consequently, local authorities or governments are being led to incorporate TDRs in urban planning, as has been argued by other researchers, e.g., [12,42,43]. The presented methodology also provides adequate data that are necessary for the implementation of TDR programs, their monitoring and further adoption.
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Figure 1. Methodological steps. 
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Figure 2. Public authorities data on property rights, regulations and cultural heritage protection restrictions. 
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Figure 3. (a) Hellenic Cadastre land parcels’ spatial features. (b) Parcels’ spatial features on the 2007–2009 orthophotomap (left) and the 1945 historic othophotomap, Athens Municipality, temporal cadastral data for Hellenic Cadastre development. (Source: maps.gov.gr, accessed on 29 September 2021). 
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Figure 4. E-poleodomia web-GIS, web database on urban plans. (Source: gis.epoleodomia.gov.gr, accessed on 29 September 2021). 
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Figure 5. (a) Archeological Cadastre. (b) Greek Cultural Heritage List. (Source: Ministry of Culture). 
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Figure 6. (a) Athens’ historic triangle development, 1833 Kleanthis–Schaubert plan. (b) The 1884 existing urban development depicted on Kaupert maps. Brown: historic triangle; Yellow: new road network (as built) and existing cultural heritage; Purple: public spaces set out in the 1833 plan, implemented with revisions; Blue: new public spaces. 
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Figure 7. 1979 map of Athens’ city center that is characterized as traditional. (Source: Ministry of the Environment & Energy urban plan archive). 
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Figure 8. Athens Municipality block no. 65027 located in Athens’ historic center, with plot numbering and current building volumes. (a) Building Block 65027/Study area in relation to Athens’ historic triangle. (b) Building block plots numbered (by the authors). (c,d) 3D representation of plots’ current building volumes. 
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Figure 9. Block no. 65027, Athens Municipality official urban plan. (Source: e-poleodomia). 
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Figure 10. 3D representation of DRs and TDRs. (a) Existing buildings volume, south–north direction. (b) Existing buildings volume, east–west direction, Acropolis view. (c) Official permissible buildings volume, no height restriction, compared with neighboring buildings volume (block level), north–west/south–east direction, Acropolis view. (d) Maximum permissible buildings volume, no restrictions, north–south direction. (e) Maximum permissible buildings volume, no restrictions, east–west direction, Acropolis View. (f) Maximum permissible buildings volume, no restrictions, north–south direction, Acropolis view. Black and gray illustrates current built-up surface. Orange and red illustrates the permitted official maximum built surface that is restricted due to cultural heritage protection. Red arrow points to the Acropolis. 
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Figure 11. (a,b) Study area, roof top building view. (Author’s illustration). 
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Figure 12. Visibility map from the tallest building, block no. 65027, Athens’ historic triangle, north–south direction to the Acropolis. (Author’s illustration). 
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Table 1. DR Data sets definition and attributes.
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	Data Set Authority
	Data Set Description
	Data Set Spatial Information
	Data Set Descriptive Information





	Hellenic Cadastre/

Land Registries
	Deeds on land parcels/

land parcel geometrical description
	2D topographic diagrams and

2D cadastral diagrams,

scale 1:500, 1:1000–1:2000
	Deeds with information on owners, property rights and deed transcription details



	Hellenic Cadastre
	Historic aerial photos andorthophotomaps
	Printed or scanned or digital 2D aerial/satellite photos/

3D stereopair
	-



	Ministry of Culture
	
	
	



	Listed Buildings

Department
	Listed Buildings

Declaration
	2D set of detailed and approved: topographic diagrams, scale 1:200/500/1000

top views, sections etc., scale 1:100, 1:200, 1: 500
	Declaration by presidential decree

Protection status/regulations and restrictions

Owners



	General Directorate of Antiquities &

Cultural Heritage
	Archeological Sites

Declaration
	2D maps, 1:2000, 1:5000
	Declaration by presidential decree

Protection status/regulations and restrictions



	
	National Archive on

Monuments
	Archeological cadastre,

web GIS
	Greek Heritage List,

web database



	Ministry of Environment &

Energy
	
	
	



	Spatial Planning

General Directorate
	General Archive on

Spatial Planning
	2D maps/diagrams on

land use zones,

scale: 1:5000 or less
	Official approval decision by

presidential decree or

ministerial decision



	Urban Planning

General Directorate
	Urban Planning Archive/e-poleodomia
	2D detailed maps on urban plans, urban zones, scale 1:500, 1:1000, 1:2000
	Presidential decree on building regulations and restrictions,

Specifications on land uses



	Urban Planning

Directorate
	Traditional Settlements Archive
	2D maps/diagrams prior

to the 1923 settlements boundaries, scale 1:2000, 1:5000
	Presidential decree or

regional authority decision on boundaries description,

building regulations and

restrictions

Specifications on land uses



	Urban Planning

Directorate
	Listed Buildings Archive
	2D set of detailed and approved: topographic diagrams, scale 1:200/500/1000

top views, sections, etc.,

scale 1:100, 1:200, 1: 500
	Declaration by presidential decree

Protection status/regulation and restrictions

Owners



	Municipalities

Building Authority
	Official Approved

Building Permits Archive
	2D set of detailed and approved: topographic diagram, scale 1:200/500/1000

top views, sections etc.,

scale 1:100, 1:200, 1: 500
	-



	Hellenic Military

Geographical Service
	Historic and current

aerial photos
	Printed or Sand or Digital 2D/

3D stereopair
	-



	
	Historic and current maps
	2D 1:5000/1:50000
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Table 2. Classification of 3D DRs and TDRs.
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Cultural Heritage Protection Restrictions

	
Property Status

	
Restricted 3D Development Rights

	
3D Transferable

Development Rights






	
Archeological Site Declaration

	
Built land parcel (legally)/fully in declaration area

	
Full property expropriation

	
3D building total volume fragmented to floors




	
Built land parcel (legally)/partial in declaration area

	
Land parcel partition due declaration/partial property expropriation

and remaining

non-exploitable building factor

	
3D building partial volume due to land parcel partition




	
Unbuilt land parcel/fully in declaration area

	
Full property expropriation, including fully non-exploitable official building factor

	
3D building total volume fragmented to floors (visualized)




	
Unbuilt land parcel/partial in declaration area

	
Land parcel partition due declaration/partial property expropriation and

non-exploitable remaining

building factor

	
3D building partial volume due to land parcel partition




	
Listed-building

	
Listed-building/no permissible further construction

	
Non-exploitable remaining building factor

	
3D building partial volume fragmented to upper floors




	
Listed-building/permissible further construction/restrictions due to building regulations (e.g., building land parcel coverage)

	
Non-exploitable remaining building factor

	
3D building partial volume fragmented to upper floors




	
Under cultural protection legislation urban area

	
No listed building/further construction development restrictions

	
Non-exploitable remaining building factor

	
3D building partial volume fragmented to upper floors




	
No listed building over constructed due to precedent building regulation, before cultural protection restrictions enforcement

	
Floor expropriations for cultural heritage promotion

	
3D building partial volume fragmented to upper floors
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Table 3. Building characteristics, block no. 65027, Athens’ historic triangle.
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	Plot/

Building No.
	Characterization
	Construction Period
	Building

Condition
	Number

of Floors
	Constructed

Building

Factor
	Constructed

Building

Surface (m2)
	Constructed

Building

Height (m)





	1
	Listed building
	1880–1920
	Bad
	3
	1.70
	258.42
	12.5



	2
	Listed building
	1880–1920
	Good
	4
	3.90
	592.36
	13



	3
	Listed building
	1880–1920
	Good
	2
	1.89
	157.78
	7



	4
	-
	1960–1970
	Average
	5
	3.33
	453.93
	15



	5
	-
	1970–1980
	Average
	5
	4.76
	558.73
	15



	6
	-
	1960–1970
	Average
	7
	5.50
	2202.26
	22



	7
	Listed building
	1880–1920
	Average
	2
	1.68
	308.16
	10.5



	8
	-
	1970–1980
	Average
	7
	4.76
	876.46
	22



	9
	Listed building
	1880–1920
	Bad
	2
	0.92
	180.82
	12.9
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Table 4. Development Rights, block No 65027, Athens’ historic triangle.






Table 4. Development Rights, block No 65027, Athens’ historic triangle.





	Plot/

Building No.
	Constructed

Building Factor/

Official Maximum Building Factor
	Constructed Building

Height/

Official Maximum

Building Height (m)
	Total Constructed Building

Surface/

Official Maximum

Building Surface (m2)
	Constructed Floors Number/

Official Maximum Floors Number





	1
	−0.30
	1.5
	−46.34
	0



	2
	1.90
	2
	288.86
	1



	3
	−0.11
	−4
	−8.88
	−1



	4
	1.33
	4
	181.51
	2



	5
	2.76
	4
	324.11
	2



	6
	3.50
	11
	1400.86
	4



	7
	−0.32
	−0.5
	−59.06
	−1



	8
	2.76
	11
	508.42
	4



	9
	−1.08
	1.9
	−213.42
	−1
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