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Andrzej Długoński, Diana Dushkova and Dagmar Haase

Urban Cemeteries—Places of Multiple Diversity and Challenges. A Case Study from Łódź
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Editorial

Climate Change and Current Challenges for Landscapes and
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3 Department of Spatial Management and Landscape Architecture, Faculty of Environmental Engineering and
Land Surveying, University of Agriculture in Krakow, Balicka 253 c, 30-198 Kraków, Poland

* Correspondence: jan.kazak@upwr.edu.pl

Landscapes and cultural heritage have faced many challenges over time, including
modifications and degradation that appear with time, overlap with other challenges not
previously observed, and the influence of cities and management [1–3]. One of the most
visible and globally discussed challenges is climate change [4–6]. Therefore, there is an
urgent need to launch initiatives to tackle climate change and other current challenges
from the perspective of landscape and cultural heritage protection. This Special Issue
presents selected papers of studies conducted in the relation to the 28th Conference on
the Series of Garden Art and Historical Dendrology titled “Climate Change and Current
Challenges for Landscapes and Cultural Heritage” that was held on 28 and 29 October 2021.
This collection serves as a platform for the exchange of experiences among researchers
from different scientific domains. It focuses on an important discussion related to the
changing climate around the world, and identifies the current problems and challenges
in maintaining and preserving the cultural heritage of cities, villages, and open spaces.
Raising this issue may significantly increase awareness of the benefits associated with the
protection of historical heritage sites, as well as the vulnerability and hazards of these
monuments [7–9]. This is especially important considering that, in regions dominated
by traditional and historical methods of managing natural resources, local communities’
acceptance of improvements in the field of modern renewable energy sources and climate
protection is relatively low [10]. This links to tangible cultural heritage, which includes
cultural landscapes, historical buildings and gardens, archaeological sites, and historical
sites. It is worth noting that such heritage plays an important role in economic, touristic,
and recreational development, bringing significant benefits at social, environmental, and
economic levels. Urban greenery also plays a significant role in the context of urban areas.
Considering that social activity and the cocreation of common spaces in large cities are
among the most important needs of residents, not discounting projects related to mobility
infrastructure, the issues of preserving and using green areas for recreation and relaxation
are particularly relevant [11].

Climate change affects regions around the world and is associated with changes in
average temperature, climate patterns, and extreme weather events (e.g., storms, floods,
and heat waves). Moreover, an additional factor is the development of urban areas, which
contributes to lowering the quality of water, increasing the number of impermeable sur-
faces, and creating urban heat islands. As the reports of IPCC [12] and ICOMOS [13]
show, unfavorable phenomena may also threaten the survival of cultural heritage in the
future. ICOMOS has been working diligently to improve the integration of culture and
heritage into climate research in general, and the work of the IPCC in particular, and the
International Meeting on Culture, Heritage, and Climate Change represents a significant
step in this direction. The current state of discussion in this domain can be ascertained
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from the scientific outcomes of this meeting [14]; however, in this discussion, there were no
representatives from Central Europe, which highlights the importance of our conference
and this Special Issue. Moreover, there are shortcomings in the policy of adaptation to
climate change for heritage, and shortages of technical guidelines for individual countries,
which may contribute to the loss of valuable landscapes in coming years. As stated in the
March 2021 European Cultural Heritage Green Paper, “we firmly believe therefore that cultural
heritage is a vector for achieving the long-term vision and policy goals of the European Union,
including the European Green Deal. Cultural heritage is not just about preserving our past—it
is about shaping our future”. Taking this into account, this Special Issue focuses on three
main pillars:

• Green infrastructures and gardens responding to climate change and improving hu-
man health [15–19];

• The protection of natural heritage in the context of climate change [20,21];
• Problems and challenges of natural and cultural heritage in terms of landscape [22–25].

Our expectation is that the collection of interdisciplinary research will add real value
to this scientific domain. This approach should generate the attention of experts from
various professions and highlight the need to employ complex strategies when developing
sustainable cities and regions.
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Implementation of Green Infrastructure in Existing Urban
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* Correspondence: dantassgabriel@gmail.com; Tel.: +36-30-113-3678

Abstract: Understanding the resilience of urban forms as a latent force that drives a place’s phys-
ical characterization and social cohesion is essential for defining successful adaptive processes of
pre-existing urban fabrics. Budapest’s ninth district (Ferencváros) is an outstanding example of
transforming a complex historical urban context, which underwent renovation strategies guided
by maintaining and enhancing essential morphological elements. Courtyards have great relevance
in conditioning the well-being in areas of high occupational density, especially in terms of acces-
sibility to urban green infrastructure. In the case of Ferencváros, they were reframed to add new
layers of use and to improve territorial integration by unifying smaller private courtyard unities
into more extensive communal areas, creating a comprehensive urban green network, preserving
urban heritage, and increasing green coverage. This study assesses how this recent re-urbanization
phenomenon is related to political changes in a post-socialist city. The conjuncture found in Fer-
encváros is unique, yet it can be applied in other similar contexts. The methodology applied to this
study is supervised classification for the quantitative analysis of remote-sensing image data with
GIS software assistance—a procedure rarely applied in medium-scale urban analysis. However, it
was verified to be precise and effective in tracking morphological changes. The preliminary results
indicate a significant intensification in greenery in the urban pattern, especially in the core areas of
the blocks: the courtyards. After the intervention, green areas became more predominant, cohesive,
and articulated.

Keywords: courtyard; urban green infrastructure; urban pattern; urban renewal; supervised classification

1. Introduction

More than two-thirds of the population of the countries of the European Union cur-
rently live in urban areas. Despite the growing effort to include the urban development
agenda as a mainstream element of the bloc’s Cohesion Policy, it was only in the period
between 2007 and 2013 that the EU established it as one of its main development guidelines.
At first, the European Commission began to investigate the problems to a conceptual
degree and act on an experimental basis, which later also resulted in intergovernmental
cooperation agreements in the field of urban development in favor of cohesion [1].

On a global level, this was a response to a major paradigm shift: the advent of the in-
tensification of the globalization process, which boosted the strengthening of international
ties, aiming to achieve economic and social prosperity. However, the trend towards global-
ization occurs unequally in different contexts. The developing world countries would have
more opportunities to access exponential growth, while facing difficulties in income distri-
bution and expanding the city’s infrastructure network. Around the world, in Asian and
South American cities, or even in post-Soviet centers, two eminent development patterns
can be identified: peripheral growth (both office spaces and houses) and the participation of
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the private sector in infrastructure provision [2]. Despite the similarities, the socioeconomic
particularities of each region outlined the conditions for the occurrence of this process.
Little has been studied regarding the reverberation of this phenomenon in post-socialist
urban centers, especially concerning adaptive measures for their inclusion in a global urban
network [3].

This scenario was also asymmetric among the countries of the European Union, which
motivated the intensification of isolation and urban segmentation [1]. Post-Soviet countries,
such as Hungary, only joined the political–economic bloc later, and faced challenges left
by the communist legacy, such as deficiencies in urban infrastructure, management of
mass-housing estates, and environmental problems [4].

With the end of the communist regime, the urban centers previously inserted in this
socio–spatial conjuncture went through an initial population shrinkage, marginalization,
and isolation [5]. Public policies played a fundamental role in structuring the privatization
operation and introducing the market-based economy. Cities underwent, therefore, an acute
adaptive procedure through a situation of disturbance of the political and social order [6].
On the one hand, it was essential to create mechanisms to ensure urban resilience, both
in the socioeconomic scope and morphologically, by preserving urban patterns and social
aspects, making cities more attractive and competitive [7]. On the other hand, investments
in green infrastructure to promote urban resilience did not follow the same tendency in
most eastern European cities. The case of Ferencváros stands out in this context, especially
for the centralized coordination between public and private interests to rebuild a sizeable
urban stretch.

Environmental issues are one of the most significant drawbacks to urban development,
considering the interdependence between social, economic, and environmental dimensions
for achieving sustainable urban development [8]. In cities with infrastructural limitations,
such as Budapest, the obstacles in promoting social cohesion are even more significant.
For this reason, mitigating accessibility to green infrastructure can be a tool for territorial
integration and a consequent increase in urban resilience [9].

Vienna is often an analogous example at the urban-structure level when establishing a
comparative framework with Budapest. These cities share numerous similarities due to
their intertwined historical processes. Despite the gradual disconnection they have gone
through since World War II, recently, both have faced a common issue: urban decay and
increasing urban voids [10]. Notwithstanding their divergent political conditions, between
1970 and 1990, several projects targeting the renovation of central areas emerged in those
cities.

One of the biggest obstacles in observing changes in cities is the lack of detailed and
model-ready morphological data at the urban scale. In Vienna, GIS data analysis proved
to be efficient in obtaining the morphological heterogeneity across the urban landscape,
which implies the possibility of using this method to track changes in the infrastructure of
Budapest [11].

The IX District of Budapest is an example of the requalification of an emptied historic
area with heterogeneous territorial occupation, marked by the existence of urban voids
(initially occupied by small- and medium-sized industries) [12]. The voids generated by
restructuring the regional industrial production system contributed to the acceleration of
the urban decay process and territorial fragmentation, making it difficult for the population
to remain in the area [13]. Historic urban morphology, traditionally found in eastern central
European cities, is also found in Ferencváros. Before the intervention, most buildings
had typological characteristics such as continuous and aligned facades and individual
courtyards [14].

In this intervention, the restructuring of the courtyard system was essential for imple-
menting an extensive system of green infrastructure in the region, shaping the intensifi-
cation of green areas in the densely occupied urban fabric. This action took into account
morphological elements characteristic of the site and had a relevant impact on increasing
urban cohesion.
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2. Materials and Methods

The investigation follows a case-study approach, relying on research on evidence of
satellite image processing and map analysis to identify variations in the morphological
structure and the green infrastructure over time. The methodology was drawn on qualita-
tive and quantitative analysis of land-use and land-cover (LULC) mapping, highlighting the
transformations that occurred in the polygonal of the study in historical periods remarkable
in terms of variations in the pattern of urban development [15]. The analysis was carried out
in three different periods, in 2000, 2011, and 2021, in order to obtain parameters to establish
a comparative framework. The input dates were defined based on milestones in the change
in conduct in the management of the urban domain and migration movements—especially
regarding Ferencváros—and the availability of material for investigation.

The study area comprises a specific region within the entirety of the IX District of
Budapest and is located between the geographic coordinates 47◦28′48.82′′ north latitude
and 19◦04′38.91′′ east longitude and has an extension of 71.5403 hectares. The database
used is composed of digital images from orbital sensors made available by Google Earth
Pro on its image catalog by NASA, and were processed in an IACS-compatible environ-
ment, on geographical information system (GIS). The software used in this analysis was
ArcGis version 10.1, using the ArcToolBox tools extension, with components designed
for supervised classification such as Create Sign-nature, Filter statistics, and Maximum
Likelihood Classification [16].

The classes selected to carry out the supervised classification consider artificial and
natural elements that constitute the urban landscape. Land-cover classes are identified
as natural earth resources (e.g., forests, water, bogs, marshlands), while land-use classes
are considered artificial areas (e.g., agriculture, roads, cities) [15]. The classes used for the
supervised classification are vegetation, exposed soil, street, and building. These classes are
essential to identify and follow the pattern of urban development in the region, highlighting
demolitions, new buildings, streets and pedestrian paths, urban voids, and green areas
over time. Twenty sample pixels for each of the classes mentioned before were obtained,
thus enabling measurement on different dates.

Due to the relatively low resolution of the images accessed to perform the procedure,
the results found present a degree of inaccuracy. In addition to that, clouds and shadows
are expected in optical remote-sensor images, decreasing the precision of the analysis.
The occlusion of features is another limiting factor, which reduces the available useful
area of the image, compromising the quantitative analysis [17]. Those factors also made
it unmanageable to obtain images for classification before the 2000s, which were freely
available, and with a satisfactory resolution.

Although some urban areas, mainly in Asia and North America, have been the object
of scientific study with supervised classification, little material is produced on this subject
in Eastern European cities. Furthermore, this methodology is commonly found in studies
covering large territorial portions, often aiming to measure the growth of urban areas
towards rural or natural environments, for example [18]. In the case of this present case
study, the supervised classification is applied to identify changes in the urban morphology
in a segment of the ninth district of Budapest, generating evidence of the renovation
operation performed in this region.

3. Results

The Ferencváros requalification project differs from other initiatives in Budapest
in this field, as it was set up to enhance urban resilience through the maintenance and
improvement of morphological elements of structural importance to the urban fabric, such
as the original layout of blocks, continuous facades, overall height, and plot size (or use
of architectural elements that symbolize the original individuality of each of them, even
when multiple sites were joined for the development of new development) [19]. However,
the courtyards are the most striking feature in the definition and spatial articulation in the
region. These elements were restructured, enabling new layers of use.

7
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The courtyards, initially independent, were primarily devoid of greenery or had poor
and fragmented green areas with restricted access to the building’s residents [20]. The
restructuring proposed the unification of these elements, also encompassing the urban
voids and creating a mesh of public or semi-public pedestrian crossings. The LULC maps
produced from satellite images were used in this study as a tool to define the impacts of
this intervention on spatial conformation.

3.1. Social–Political Conjuncture and the Designation of Input Satellite Images

The first restructuring projects of Frencváros date from the late 1970s and were con-
ceived under modern guidelines of spatial elaboration and articulation, foreseeing the
demolition of most pre-existing historic buildings and emphasizing the creation of new
roads, green areas, and buildings for residential and community use [16]. The project un-
derwent revisions in the 1980s, making it more adaptable to local circumstances, as shown
in Figure 1. The decision to reconfigure the city’s outskirts emerged from the increasing
densification of its agglomeration belt, with the migratory movement from the country-
side to the city, accelerating the demand for rapid housing construction [21]. Despite the
extensive planning, few changes were implemented in the area during this period.

Figure 1. (a) Scheme of a requalification plan from the late 1970s for the Middle Ferencváros. Most of
the historical buildings were set to be demolished and replaced by large prefab residential blocks [10];
(b) Revised master plan from 1982 to 1983. The original street network and the layout of the urban
blocks are redesigned to bear wider streets and more extensive communal courtyards. For the first
time, the intention to implement a public square was indicated in the south–central region of Middle
Ferencváros. New buildings are hatched [14].

The political transition process in Hungary began in the early 1990s, but it was only
around the 2000s that national and international investments in real estate and public
infrastructure expanded [22]. The process of urban sprawl and suburbanization started in
the late 19th century. This escalated in the mid-20th century in Budapest and impacted the
densification of the Ferencváros region, a trend that continues to rise. Table 1 [16] indicates
that the urban sprawl movement grew significantly between 2001 and 2011.
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Table 1. Continuous urban sprawl process in Budapest even after the communist era.

Year/Region 1990 2001 2011

Proper Budapest 2,016,000 1,775,000 1,729,040
Agglomeration Belt 567,000 672,000 805,848
Total Agglomeration 2,583,000 2,447,000 2,534,888

Furthermore, as mentioned earlier, between 2007 and 2013, the EU established urban
development as one of the most relevant factors for its cohesion policy. This decision
boosted more evident transformations in the city’s urban structure, especially in areas with
significant transformative potential and subject to real estate investments, as occurred in
the analyzed district [23]. For the reasons mentioned, the year 2011 was selected as one
of the landmarks for the elaboration of this research. Finally, the third period selected for
sampling was the year 2021, seeking to obtain more recent data that portray the current
situation found in the place.

3.2. Urban Design and the Implementation of Green Infrastructure

At the local level in Budapest, the end of the communist regime implied the return to
self-governance in Budapest, accordingly inferring the two-tier administrative system and
the subsequent shift in decision-making from the city to the district level. This scenario of
increasing the individuality and competencies of the districts has resulted in their ability
to reformulate their social and housing policies, making them capable of launching urban
requalification projects [24].

In the global policies scope, the set of new Sustainable Development Goals (SDG),
established in the post-2015 Development Agenda in September 2015, is defined in the
General Assembly of the United Nations [25]. Among the guidelines mentioned in the
document, SDG 11.7 specifies the following for public spaces:

“By 2030, provide universal access to safe, inclusive and accessible, green and public
spaces, particularly for women and children, older persons and persons with disabilities”.

Regarding accessibility to green and leisure areas, Ferencváros presented deficiencies.
The coefficients of accessibility to those areas in the district until the 2000s (when urban
intervention was not yet consolidated) were below 9 m2 per capita within 15 min of walking
distance stated by the World Health Organization [26]. To achieve these parameters, the
system of integrated green courtyards was designed, in addition to the implementation
of green elements at specific points on the streets—a measure that made the core and the
edges of the blocks greener, also improving the landscape conditions of the place.

To meet the indicators of the World Health Organization and to achieve a better ratio
between population density and accessibility to green open spaces, a new compact urban
park [27] was created from the demolition of some poorly conserved buildings and empty
plots in the south–central region of the polygonal, as shown in Figure 2. The Kerekerdő
park is one of the most significant public elements for the configuration of the green grid
in the area, being a (public) confluence point for the green paths [28]. The same is true of
Ferenc tér, a pre-existing square in the north–central region that also plays the role of a
significant urban green infrastructure element.

Among the benefits achieved by implementing a comprehensive green system are
strengthening social relations, increments in connectivity, improvements in urban cohesion,
and an increase in local economic activities, leading to the resilience of this urban terri-
tory [9]. Ensuring accessibility to green open spaces is a possible response to a healthier
urban environment [29]. In that perspective, the presence of green spaces, pedestrian
paths, and leisure equipment was accomplished by redesigning former brownfields and
residential plots.
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Figure 2. (a) Process of establishing the Kerekerdő park from the agglutination of empty plots and
the demolition of residential buildings [14]; (b) Kerekerdő park already in use in the early 2000s. The
public space was designed to prioritize the integration of the territory and promote accessibility to
green areas and playgrounds [14].

3.3. Supervised Image Classification for Tracking Urban Transformations

As shown in Figure 3, the supervised classification performed in the satellite image of
the 2000s reveals a territory still lacking a comprehensive urban green infrastructure. The
green elements are presented in a fragmented and diluted way, evidencing the typological
characteristics of a historical urban fabric ascended from closed blocks and buildings
developed around relatively narrow and poorly lit courtyards, devoid of green components
capable of significantly impacting the landscape composition and the quality of life for
local inhabitants [30].

Figure 3. (a) Satellite image from the 2000s. It is possible to notice that most buildings have typological
characteristics common to historic structures, which reverberate in the dense urban condition, despite
the existent industrial voids.; (b) The supervised classification reveals urban fragmentation and the
deficiency of green infrastructure in the area.

There are also high rates of exposed soil, indicating, at this time, the prevalence of
urban voids characteristic of deactivated industrial facilities [12]. These idle areas were
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mainly concentrated in the central portion of the study polygonal since the edges (better
served by the public transport network and important mobility hubs), already in this
period, were mostly occupied by residential and commercial buildings.

In 2011, it was already possible to visualize the grid of the green infrastructure defined
in the urban requalification project, as indicated in Figure 4. The reduction in exposed soil
areas is notorious, as are the growth of areas occupied by buildings. This period is marked
by the coexistence of several new residential developments with old historic buildings in a
poor state of conservation, designated for demolition, but most of which had not yet been
demolished or rebuilt—except for a set of buildings located in the vicinity of Kerekerdő
park [31], in the south–central region of the polygonal. In this area, there is a marked
predominance of exposed soil.

Figure 4. (a) Satellite image from 2011. It is clear that the intervention has already reached a certain
degree of consolidation, and the redesign of some urban blocks has already been completed, especially
in the northern region; (b) The supervised classification indicates the first significant advances toward
urban cohesion and green infrastructure begins to emerge.

Despite the prominent involvement of the private sector in the reconstruction process,
this was a project guided by the demands arising from the local public administration. Con-
trary to most districts of Budapest after the political transition, the local government was
able to continue the Middle Ferencváros renovation project, as this area was officially des-
ignated as an “urban rehabilitation site” [16]. For this reason, the stages of development of
the intervention were defined primarily from the perspective of social conflicts, and aimed
to address solutions to the most urgent infrastructural deficiencies. The city designated
the priority areas as “centers of gravity”, and the green infrastructure would establish the
articulation between them. The implementation of Kerekerdő park, for example, was one
of the measures adopted to stimulate the development of one of the regions of the district
with the most significant deficit in infrastructure, landscape conditions, and socio–spatial
cohesion [31].

Based on the 2021 satellite image analysis, visible in Figure 5, it is possible to observe
the consolidation of the greenspace system. The intensification of linear and compact green
elements, implemented in previous stages of the intervention in the planned urban fabric,
is noted. At the same time, simultaneously, new shared courtyards were also established.
At this stage, the proportion between green components and built area is more balanced
than in previous stages of the requalification process, with approximately twice as many
areas occupied by buildings as green areas, as indicated in Table 2.
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Figure 5. (a) Satellite image of 2021. Based on the morphological analysis, it is clear that the
intervention has reached its stage of maturity; (b) implementation of green infrastructure is almost
complete, and there are few areas marked as exposed soil.

Table 2. The total area occupied by each of the respective classes over time. Results were obtained
with supervised classification.

Class Name 2000 2011 2021

Exposed soil 9,193,263 3,964,979 5,005,173
Street 26,787,694 13,280,933 11,864,784

Building 25,055,177 51,467,673 41,295,866
Vegetation 17,627,973 10,004,571 20,546,853

The green areas are also more equidistantly distributed throughout the territory,
bringing the conditions currently existing in the district closer to the parameters established
by the World Health Organization concerning accessibility to urban public green areas [26].
However, there is still a denser strip of occupation where the urban green infrastructure
system still did not reach its full potential, east of Kerekerdő park. This is one of the last
“centers of gravity” among the priority areas for the requalification implementation. There
is still a relatively high percentage of historic buildings that have not undergone renovation
or demolition interventions in this area.

4. Discussion

Changes in the social–political context of post-socialist cities caused challenges in terms
of their ability to persevere as resilient urban forms, leading them to the need to adapt to
the new model of social and spatial structuring. In this context, international public policies,
mediated by the European Union, were designed to assist in the development of these
cities, aiming at cohesion and reducing the gap—especially in terms of infrastructure and
environmental management—that exists between eastern and western European cities [6].

Parallel to these events, the dynamics of suburbanization and urban sprawl also
guided cities such as Budapest to a scenario of social and physical fragmentation (also in
terms of landscape conditions), particularly on the fringes of large metropolitan areas such
as the situation found in Ferencváros [32]. In this sense, green infrastructure is an essential
component in the viability of sustainable urban planning, facilitating social cohesion and
supportive social networks, enhancing equity, and the development of social capital and
promoting a healthier environment [33].
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The partial or total demolition of some historic buildings during the renovation process
raises questions about urban heritage preservation and urban morphology. In that regard,
Kropf (2018) [34] states the following:

“Configuration is an arrangement of parts, and a type is a configuration with a degree of
modularity and integration as a cultural habit. The type is a configuration that is or has
been actively reproduced. While each example of a type might be slightly different, the
configuration remains the same.”

Following that perception, demolition performed in some specific points of the district
and the reconfiguration of the historic courtyards, despite being antagonistic to the preser-
vation of urban heritage and its morphological characteristics, allowed for the revival of
the area’s configuration. This process happened through the typological re-constitution,
providing cohesion to the fragmented urban territory and boosting its resilience [35].

The results reported in this paper show that the urban requalification of Ferencváros
was efficient in improving territorial cohesion through a gradual reduction in urban voids
(represented mainly by the exposed soil class) and the implementation of an extensive
system of green elements. It is relevant to underline that the year 2011, as an intermediate
period of evolution of the urban condition, presents classes with percentages of land use
and occupation different from the general trend seen between 2000 and 2021 (Table 2).
This movement is justified by the fact that this was a transition period, pointing to the
coexistence of sections already restructured with others where the action was still in
progress. The co-consolidation of the transformations was only confirmed in the outcome
of the investigation carried out in the most recent image.

Furthermore, the supervised classification of satellite images has proved to be a robust
method for analyzing the gradual reconstruction activity. The LULC maps produced with
the help of GIS tools provide a detailed report on the development of the different layers
that combined composed the urban fabric over time in the narrowly selected periods [36].
Nevertheless, the relatively low resolution of the images used for the study resulted in
higher misclassification rates because of the spectral similarity, mainly between the exposed
soil and the building materials. The use of higher resolution images (produced by Sentinel-
2, for example) and the employment of Synthetic Aperture Radar (SAR) to extract textural
features could be possible solutions to this issue [37].

As Hammerberg et al. (2018) demonstrated in Vienna, the use of remote-sensing im-
agery to determine morphological features on an urban scale can be beneficial for tracking
urban structure and precisely evaluating the performance of cities at the environmental
level [11]. The classes analyzed in the study proved to be substantially sufficient in the
stratification of land-use information to capture the heterogeneity of the urban landscape
morphology. Similar results were reported by Forget et al. (2018) through the supervised
classification based on manually digitized training samples to frame the heterogeneity
of sub-Saharan African urban areas. The automated approach could reach classification
effectiveness similar to that of manual sampling strategies [37]. In this case study, the
authors identified some inaccuracies related to the attributes of the openly available aerial
images (difficulties also found in the study developed in Ferencváros).

The supervised classification as a method assisted in the correlation of the development
strategies adopted by the public–private initiative with the remarkable historical events
that defined the project’s guidelines. Nevertheless, the impossibility of obtaining older
images of free access conditioned the analysis to periods in which the intervention had
already started, limiting the comparative framework concerning previous periods.
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Abstract: Vernacular heritage is undergoing rapid changes caused by the effects of the changing
climate, such as loss of lands, biodiversity, building materials, integrity, traditional knowledge, and
maladaptation. However, little is known about the causes of deterioration in vernacular heritage
sites under changing climate and landscape conditions from a user perspective. This paper provides
insights into the perceptions of local people on climate change and how it has changed the landscape
in the Fındıklı district of Rize in the Eastern Black Sea area of Turkey. The study proposed analyzing
vernacular architecture as a heritage category for localizing the management of climate change
impacts using field survey, on-site observations, and unstructured interviews with local people. The
results of the shared concerns regarding the changing climate and landscapes from a local perspective
evoke the use of narratives as a tool for local authorities to include local communities in building
resilience of cultural heritage to climate change.

Keywords: climate resilience; vernacular heritage; climate narratives; climate adaptation; climate stories

1. Introduction

Though vernacular is a linguistic term, it represents the “architectural language of
the people with its ethnic, regional, and local dialects” [1]. The simplicity of this folk,
peasant, humble architecture is a product of local builders and artisans that extends beyond
native construction materials, techniques, and details. Vernacular architecture responds to
local conditions, particularly the climate, everyday living, crafts, and culture. Its legacy
is represented by traditional houses from the pre-industrial period that were built by
laypeople [2]. Although vernacular architecture is majorly prominent within its traditional
building systems, the term “vernacular heritage” is used in this paper to describe its value
as not only architectural heritage but also the value of its surrounding landscape and the
intangible assets attached to it.

As a fundamental part of cultural landscapes, the vernacular efforts of buildings,
bridges, countryside dwellings, farmhouses, cottages, mills, and kilns are recognized as
vernacularly built heritage according to the ICOMOS Charter on Built Vernacular Heritage
in 1999 [3]. Through this holistic approach, vernacular heritage helps us to understand tra-
ditional landscapes as a whole and encompasses buildings, land use and cover, vegetation,
biodiversity, water sources, and artisanship.

Local climate has an inextricable role in forming vernacular heritage, as do other
physical, social, economic, and cultural determinants. Rebuilt, restored, and adapted,
vernacular settlements have evolved with the changing climate, cultural practices, com-
munity aspirations, and a gradual influx in modernization and urbanization. Reflecting
our contemporary lifestyle in the construction technique hinders the preservation of local
architectural identity and its valuable heritage [4]. As a result, successive generations have
forgotten the symbiotic relationship between “people”, “land”, and “nature”.

Vernacular heritage fosters a creative way for people to connect themselves with their
culture, customs, and surroundings. The transmission of local knowledge, both formal
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and informal, helps generations to safeguard their vernacular heritage. Since the rise of
industrialisation, the use of “modern” materials and techniques has become widespread
in the maintenance of vernacular heritage [5]. Traditional construction systems were
replaced by contemporary construction elements that are easier to access, quicker, and
cheaper to build than vernacular buildings. Constructing vernacular buildings requires
traditional knowledge, skills, and money to obtain once-surrounding materials such as
timber and stone. Due to these constraints, local communities prefer the use of modern
materials and techniques in the reconstruction of their vernacular buildings. However,
these interventions are often poorly integrated into historic buildings [6] and cause rapid
deterioration, including thermal discomfort [7]. In many cases, vernacular heritage is less
energy-demanding and more environmental friendly than modern construction systems [8].
With today’s environmental concerns, low-cost techniques and environmentally friendly
and energy efficient solutions such as those used in vernacular buildings are in demand
once again [9]. Although it is an underappreciated form of cultural heritage, it has been
highly valued among local communities and local tourists. Recently, the return of people
to their hometowns and the increasing interest in village and organic lifestyles has helped
to boost local economies. Thus, the preservation of these buildings is significant for the
flourishing of the local, city, and regional economies.

Vernacular heritage may have a role in responding to climate, but it is also vul-
nerable to its effects in a wider social, economic, and cultural context. Climate change
multiplies the risks of disasters [10] on vernacular heritage [11] and its interdependencies
on agriculture [12], infrastructure, livelihoods, forestry, and traditional knowledge with
several other pressures from natural disasters [13] and anthropic interventions [2]. Aban-
donment [14], crop failures, desertification, maladaptation, and loss of knowledge and
intangible values [15] are among the risks observed in vernacular landscapes [2]. Although
local vernacular heritage may not be able to respond to present climatic conditions any-
more, climate stories of various sites can disclose resilient places and communities for the
future [16].

Scholars have covered vernacular architecture as a type of heritage under the concepts
of sustainability and disaster-resiliency inspired by its construction in favor of the local
context, e.g., [17]. However, the acceleration of climate change has increased the existing
vulnerabilities of vernacular heritage. It has brought “climate resilience” of the existing
settlements to the attention of practitioners and scholars. In this study, the term climate
resilience is regarded as “the ability of a social or ecological system to absorb disturbances
while retaining the same basic structure and ways of functioning, the capacity for self-
organization and the capacity to adapt to stress and change” [18]. Vernacular heritage
conveys traditional knowledge and practices to improve the resilience of local communities
in the face of climate change-related disasters [19,20].

Local knowledge and skills are not only important sources for the proper maintenance
of historic buildings [21], it is also important for building climate resiliency in both heritage
sites and new settlements. It is argued that the climate resilience of heritage assets can foster
both traditional preservation and transformation by allowing flexibility for the continuity
of the place meaning and heritage values [22,23]. Furthermore, the integration of people’s
attitudes, behaviours, and values has been suggested as a more just and inclusive way
to consider disaster risk management and climate resilience in local communities [24].
Systematic literature reviews focusing on climate change and cultural heritage reveal major
gaps in facilitating “traditional knowledge for preservation and adaptation” and potentially
for building climate resiliency [25,26]. Local knowledge and insights, which hold invaluable
information regarding these low-cost adaptation strategies [27], are often underestimated
in policy and practice [28]. In this regard, local environmental knowledge [29] together
with scientific contributions such as climate modelling and predictions, may complement
climate action and adaptation policies at the regional and national level.

The perceptions, insights, and statements of the locals living in these communities may
highlight the know-how knowledge, failures, and success stories of vernacular heritage
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from past to present. Marcy Rockman stated that “Every place has a climate story” [30],
emphasizing the importance of analyzing “narratives” and “stories” of local people. The
place-based insights of local people can highlight how past societies interacted with their
environment [30,31] to plan vernacular settlements and the present experiences of local
communities due to changing climate and landscapes [32]. Communicating the local
climate knowledge of the recent past and present impact of climate change on vernacular
heritage can improve the response of local communities to future threats. However, there
has been little research regarding the impacts of the changing climate and vernacular
landscapes from a user perspective. Thus, there is a need to understand the local user
perspective of how they emerged in relation to local climate, how they are changing due to
changing climate, and the climate-resilient features of these settlements.

The case of Fındıklı in Rize, Turkey, illustrates vernacular heritage as the production of
past climate knowledge as well as a legacy that is at risk due to climate change. The villages
from major riverside areas are majorly prone to heavy rainfalls, floods, and landslides,
among other risks. This study, using the field survey data from the selected site, aims
to reveal the insights of local people to the localized impacts of climate change and their
response to these changes in the vernacular heritage context. The results of the analysis of
the narratives from local residents on climate change can be embedded into collaborative
works by local stakeholder aiming to build climate resilience.

Literature: Local People’s Knowledge and Perceptions on Changing Climate and Landscape

An overwhelming amount of literature focuses on the local perceptions of climate
change and its associated risks as evidence for climate change vulnerability and impact
assessments. The integration of this “insider knowledge” with climate modelling can
further validate the results better during impact and adaptation studies [33]. The qualitative
analysis of the perceptions that local people have regarding the changing climate in the
case of the Peruvian Andes reveals that there is a conflict between local knowledge and
scientific knowledge as well as the knowledge that is shared among the stakeholders
involved [34]. The translation of local and indigenous knowledge is recognized as the
“downscaling of climate adaptation” [34]. By uncovering their perceptions, insights, and
experiences, indigenous and local communities reclaim their voice as it pertains to their
heritage, landscape, and the global concern for the changing climate [35]. Uncovering
local awareness of the effects of climate change and the analysis of these perceptions
aims to bridge the gap between the stringent climate targets set by national policies and
community-led local actions.

The analysis of local narratives [36] often brings up a complex relationship between
climate change, landscape changes, and livelihoods [37], though it is not specifically men-
tioned. For instance, in the context of rural communities, the respondents of a survey
in southeastern Zimbabwe reveal landscape changes occurring at the local scale due to
forest and vegetation losses [38]. While heritage loss is inevitable and recognized by local
communities [39], a great deal of local knowledge regarding the specific context of these
heritage sites and their growing transformation may serve as an invaluable source for
building climate resiliency [40]. Documentation covering changes in the clime in landscape
are often published from the lens of local stakeholders [41] and should not be overlooked
when generating knowledge on how to build climate resiliency [42]. Thus, it is particularly
important to understand how heritage assets are managed, monitored, and interpreted
along with their surroundings [43]. Embracing diverse voices, stories, memories, and
narratives on the challenges that heritage assets face can activate local participation in
terms of strengthening adaptation efforts [44].

2. Methodology

2.1. Case Study Area

The focus of the present study is Fındıklı, a small coastal town and district in the
province of Rize in the Eastern Black Sea region of Turkey (Figure 1). This area is particularly
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relevant when considering the relationship between climate resilience and vernacular
heritage for two reasons: (1) the province of Rize experiences frequent rainfall, severe
floods, and landslides; (2) Fındıklı is rich in vernacular heritage [2].

Figure 1. The map produced using ArcGIS software shows the location of the Fındıklı district and
boundaries of the city of Rize. Source: Aktürk, G., and Hauser, S. J. (2021).

The province of Rize has the highest annual total rainfall in Turkey, receiving over
2300 mm each year [45]. The annual relative humidity level in the province was higher than
78 percent in 2018, and therefore, there have no drought months reported (Figure 2). In
the future, it is expected that the frequency of floods and landslides will increase following
excessive rainfall events, some of which may exceed 250 mm, such as those that took place
between 2016–2018 (Figure 3), due to the acceleration of the impacts of climate change.
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Figure 2. Annual relative humidity (%) in the city of Rize between 1980 and 2018 from 17,040 stations
in the city centre, which is at latitude 41.0400, longitude 40.5013, and altitude 3 m. The monthly data
were obtained from the 11th Regional Directorate of Meteorology in the province of Trabzon and
were analyzed annually by the first author.

Figure 3. Annual total rainfall (mm = kg/m2) in the city of Rize between 1980 and 2018 17,040 stations
in the city centre, which is latitude 41.0400, longitude 40.5013, and altitude 3 m. The monthly data
were obtained from the 11th Regional Directorate of Meteorology in the province of Trabzon and
were analyzed annually by the first author.

The regional climate varies greatly from the coast to the inland areas of the region. The
coast has a typical oceanic climate, with high humidity and rainfall. There area has a mild
climate, with warm, humid summers and cool and damp winters. In contrast, there is a
transition from an oceanic to continental climate in the hinterlands. Summers are warm
and dry, whereas the winters are cold and humid.
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The Fındıklı district in Rize has a population of 16,678 [46] and covers an area of
409 km2 [47]. Due to its narrow coastal strip, settlements are widespread in the hinterlands
as well as in the valleys and expand towards the Kaçkar mountains. Fındıklı has 23 villages
and 8 neighbourhoods. The Sümer, Arılı, and Çağlayan rivers have shaped the plains
and valleys. Most of the vernacular heritage is concentrated along the Çağlayan and Arılı
valleys. The topography of the selected villages of Çağlayan, Beydere, Hara, and Gürsu
varies (Figure 4). For instance, the altitude of Çağlayan village is 252 m, whereas the village
of Beydere has the highest elevation, with an altitude of 508 m [48].

Figure 4. The boundaries of the Fındıklı district and the locations of the interviews conducted in
Fındıklı created in ArcGIS software Source: Created by the first author.

Villagers have access to farmlands, with the local economy being dependent agricul-
ture and animal husbandry. Recently, due to financial help from European Union projects,
the locals in Fındıklı have switched to organic farming, which is also encouraged by local
institutions for farmers and female workers for the development of sustainable farming
practices. The main cultivation activities include tea, hazelnut, corn crops as well as fruit
growing, fisheries, and beekeeping [49]. Villagers store nuts, corn, and grains in timber
cupboards in their storage houses, which stand on four to six timber pillars. Locals often
search for additional sources of income in addition to harvesting tea, such as the production
of kiwi, citrus fruits, and Concord grapes [50], though the changing climate has forced
them to find other sources of agricultural products.

Aside from the topographic setting, the rivers in the Fındıklı district have also played
a significant role in the formation of forests that are rich in spruce and chestnut trees, which
were used by locals for the construction of houses in the hinterlands. Wood carving and
timber artisanship have become traditional in this region due to lumbering, timber trading,
and the availability of rich forests in the area. Wood carving is used for making boats
and for building storage houses, decorations, and furniture [51]. Along with agricultural
activities, locals in this area have acquired ironworking skills for making reap hooks, slings,
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and knives in order to collect the crops. Coppersmithing, weaving, stonemasonry, wattle-
making, and quilting are among other types of traditional knowledge that are at risk of
being lost [2].

The vernacular landscapes in the area are shaped by the natural heritage of the region,
e.g., Sarıçam [52] and Ihlamurlu [53] forestry; the tangible heritage of stone bridges, mills,
fountains, mansions, and timber mosques [49]; and the intangible heritage of wooden
carvings [51]. Site selection, the layout of pedestrian access, the location and orientation of
houses, the design of building elements, and building typologies are closely connected to
the local environmental context. In relation to the natural surroundings, the buildings were
structured at a variety of scales, including grand mansions, village houses, and storage
houses with fruit gardens and land holdings as a part of the cultural landscape. Privately
owned small land holdings include building plots, arable land, and livestock as part of the
rural landscapes.

Two main types of construction: stacking and framing, have emerged from the local
needs applied to different contexts [54,55]. While timber and stone masonry systems
are under the first category, the latter is the main focus of this article, which comprises
four different types of construction systems, including (1) timber (Figure 5a), (2) stone-
infilled timber-framed (Figure 5b), (3) amulet filling (Figure 5d), and (4) mixed construction
systems (Figure 5c) [56], though the stone-infilled timber-framed is the most common type
of construction not only in this region, but also in Fındıklı. The main differences between
these types are the filling system and frame warping [57].

Figure 5. (a) Timber buildings elevated on stone in Hara village; (b) stone-infilled building in
Çağlayan village; and (c) mixed construction on a building in Hara village. The stone and stone-
infilled technique on the ground floor and the plastered façade of the first floor is an example of the
çakatura technique. Source: Photograph by the first author taken in July 2019. (d) Amulet-filled
building in the district of Pazar in Rize. Source: https://karadeniz.gov.tr//konut-ahmet-sakir-
efendi-konagi/#prettyPhoto (accessed on 8 February 2022).
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Timber and masonry construction systems that do not use studs are common in the
region in forested areas at high altitudes, providing flexibility for building disassembly and
relocating to another location [58]. However, the overexploitation of timber in nearby forests
has led locals to prefer stone-infilled timber-framed construction systems, also known as
eye-filling [59], over timber buildings. A system that emerged after cell-filling houses,
“muskali dolma”, also known as amulet filling, is a timber-framed construction technique
where houses are built with triangular-shaped timber frames filled with small pieces of
stone and mortar. It is more durable to side forces compared to cell-filled buildings [60].

A more recent construction technique known as “çakatura” differs from “muskali
dolma”, as the façade is plastered when this technique is used [58]. This type of construction
system begins to decay faster than other systems. The facade is plastered with lime to
prevent the timber from being exposed to the air [61], but the plaster wears away due to
rainfall, meaning that it can no longer protect the timber. When at least two of four systems
are used in one building, it is known as mixed construction [59]. Although there are rare
examples of buildings combing all of these construction methods, stone-infilled timber
buildings are the most preferable.

Stone-infilled timber buildings are built with stones that are 5–6 cm in width and
23–25 cm in length that are then placed in timber frames. Mortar covers the spaces in
between the frames and stones to weatherproof them and to prevent rain and wind from
penetrating the building [62]. They are generally built as two floors, in which the ground
is used as barn and the first floor is dedicated to the living space. The ground floor is
located partially under the slope that covers half of the surface of the upper floor. However,
Çaglayan village is an exception, as the topography is rather flat, meaning that the ground
floor usually covers the entire area of the first floor. In some cases, there is a walking path
between the slope and the rear façade of the building.

Due to thick snow cover in the past, the roofs of these buildings are supported with
timber thrusts and beams. Although the roofs are not high-pitched, the roofs were built
in a way to bear the weight of snow. “Hartama”—a type of traditional roof cladding—is
often used, and this material is made of 1 cm thick timber from fir, spruce (Picea orientalis
in Latin), or oak or trees 2 cm thick timber from chestnut trees [63]. The board-on-board
roof is installed vertically. During roof construction, the four-ridge structure is preferable
to three-ridged roofs due to their resistance to wind and snow. The roof eaves extend to
150 cm, particularly in Çağlayan village, to prevent the decay of the façade because of the
rainfall. Because of the substantial space between the roof and the windows, the risk of
receiving rainwater in the interior is relatively low.

These traditional houses have two entrances: one main entrance that is elevated with
quarter-circle stone steps and another located on the opposite side next to the toilet. The
main entrance usually faces the north or north-east direction to avoid strong winds from
northwest and west, which usually bring precipitation. Therefore, the façade facing the
prevalent wind direction is usually built with stone [64]. The other entrace was traditionally
used by the landlord to clean himself up after working on the land before presenting
himself to the household or the guests.

There are several implications of climate-induced disasters on vernacular heritage.
To provide an example, Turkey is facing climate migration, particularly among seasonal
farm workers, due to the slow-onset effects of climate change [65]. Climate change puts
pressure on the depopulation of rural areas; as a result, rural populations are forced to
leave their lands, food sources, and houses. Scarcity and loss of lands, water resources,
and crops may lead to abandonment and, following that, to the deterioration of vernacular
landscapes. Anthropic influences such as changes in land-use and -cover in the hinterlands
in Rize aggravate climate-induced risks on vernacular landscapes along with the rapid
urbanization and planning of hydro-electrical power plants.
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2.1.1. Data Collection

This paper draws on a series of unstructured interviews with local people and on-site
observation notes undertaken by the first author during January and July 2019 [51]. The
first fieldwork in the selected case area was conducted for a week in January 2019, while a
second site visit was carried out for two weeks in July 2019 [51]. In total, 16 unstructured
interviews were conducted face to face with 14 individuals from four different villages
and with one person from the administrative centre of the district, Ref. [51] as shown in
Figure 4. As emphasized earlier, the reason behind the selection of these villages is that the
majority of the vernacular sites are located in these areas.

The interviewees were selected using the snowball sampling technique [66]. The
sample size was defined by the saturation point [67], which is described as “the point in
coding when you find that no new codes occur in the data” [68]. In-depth interviews were
carried out on site, mostly at the historic houses, and by walking through the lands. During
the fieldwork, observational notes were taken based on guided tours around the sites.

Table 1 demonstrates that the interviewees were mainly senior citizens and included
five females and nine males who aged from 40 to 84 years old (Table 1) [51]. The majority
of the sample consisted of historic homeowners, as the aim of the present paper is to
analyze the resilience of these buildings from the perception of its end users. Due to the
low number of skilled artisans, only two artisans were selected for the interview process.
Eight were retirees, and four used to be teachers. Interviews were held conversationally
(rather than semi-structured) and were based on the narratives of local people, including
their perceptions, stories, and concerns [69]. This provided flexibility and spontaneity to
the interviewees, as it allowed them to choose the order and nature of the narrative. It also
allows a deeper understanding of the reality and the situation. This method enabled locals
from different educational, cultural, and socio-cultural backgrounds to participate in the
study. The aim of this method is to understand the effects of climate change on vernacular
heritage from the statements of local users, mainly those who own vernacular buildings.
As occupants of these buildings, they experience the challenges of the managing of their
lands, buildings, and crops firsthand.

Table 1. Characteristics of interviewees. Source: adapted from “Remembering traditional craftsman-
ship: conserving a heritage of woodworking” by Gül Aktürk.

Interviewee Gender Relevancy Profession Villages
No. of

Interviews
Date

C.K. Male Homeowner Retired/teacher Hara 3 3 July 2019
F.H. Female Homeowner Retired Çağlayan 1 12 January 2019
G.A. Female Homeowner Retired Hara 1 3 July 2019
H.Ş. Male Homeowner Retired/teacher Çağlayan 1 30 June 2019
M.A. Male Farmer Retired Çağlayan 1 12 January 2019
Ş.S. Male Stone mason Constructor Fındıklı centre 1 14 January 2019
S.T. Female Homeowner Housewife Gürsu 1 2 July 2019
Ş.Ö. Male Homeowner Land registry Çağlayan 1 6 July 2019
S.Ş. Female Homeowner Retired Çağlayan 1 11 January 2019
Y.G. Male Homeowner Retired Çağlayan 1 5 July 2019
Y.Y. Male Project Manager Teacher Fındıklı centre 1 11 January 2019
A.S. Male Stone mason Constructor Beydere 1 11 January 2019
B.U. Female Homeowner Retired/teacher Çağlayan 1 10 January 2019
T.H. Male Homeowner Retired Gürsu 1 2 July 2019

The interviews ranged from 45 min to two hours [51]. All interviews were audio
and video recorded after receiving permission from the interviewees, and they were then
transcribed [51]. The transcriptions were translated by the first author from Turkish to
English while maintaining the meaning of local terms [51].
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2.1.2. Data Analysis

Qualitative data analysis software (Atlas.ti version 8) was used to interpret the data
after the coding of each interview. The verbatim interview transcripts and field notes
were analyzed through inductive or “data-driven” thematic coding as the list of codes
derived from the explanations provided by the locals. The six steps of this method include
(a) familiarizing oneself with the data, (b) generating the initial codes, (c) searching for
themes, (d) reviewing themes, (e) defining themes, and (f) writing-up the findings [70]. In
the choice of coding, attention is given to the themes or concepts, practices, and context. Key
themes and codes were generated to track some of the repeated notions, experiences, and
patterns in understanding the effects of climate change and its associated risks to vernacular
heritage sites. The initial coding revealed that the statements follow a chronological order
of the events. This resulted in the emergence of three specific themes, including (1) past
stories, (2) current problems, and (3) future threats.

Following that, six codes were created based on the inductive analysis of the recurring
issues and patterns that could be observed in the content. The data from the interviews
were qualitatively and quantitatively analyzed. The number of mentions were quantified
and provided in numbers (n) and percentages (%). Drawing on field surveys undertaken
by the first author, we explored the resilience of vernacularly built heritage to the changing
climate and how communities are responding to the changes affecting vernacular heritage.
While the local challenges regarding vernacular heritage preservation are not only limited
to climate change effects, the interviews were analyzed through the themes of the impacts
that climate change has on vernacular heritage and its resilience to the changing climate for
the purposes of this paper.

3. Results

This section analyzes three major themes and six codes. The findings highlight that
the current problems (n = 33, 49%) are the most frequently mentioned themes (Table 2),
whereas past knowledge (n = 17, 25%) and future threats (n = 17, 25%) were equally quoted.
This is due to the loss of past climate stories by the successive generation.

Table 2. The table shows the themes, codes, example quotations, and number of quotations. Note
that the number of quotations shows the number of times the quotes were mentioned.

Themes Codes Example Quotations No. of Quotes

Past Stories Past climate

“It is snowing less now compared to
the past. In the past, the rain was more

excessive, but there is still rain
otherwise the tea crops would

not grow.”

9

Past settlements “In the past, they used to build a house
above the cornfield . . . ” 8

Flooding “When the rivers flooded, no one
is around.” 14

Current Problems Landslide “Here is a landslide zone.” 16

Rainfall
“But what rain, I have not seen

anything like. It again rained like this
last year.”

3

Future threats Climate resilience “The native tiles are water-resistant
and durable.” 17

The knowledge of the past was equally phrased with climate-resilience (n = 17, 25%).
Within the coding for the current problems, the least mentioned issue was rainfall (n = 3, 4%),
whereas the code for climate resilience within future threats was mentioned the most
(n = 17, 25%).
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3.1. Past Knowledge

Past knowledge shapes the life cycle of a building which starts by choosing a site,
followed by construction, and finally, the reuse of the building. In the past, Fındıklı was
not preferred for settlement, particularly the shoreline of the district. Despite of the marine
culture at the coastline, residing at the seaside was not common. Regarding the coastal
settlements, Y.Y.—the project manager for the EU-funded project “Training Masters for
Rural Built Heritage in the Eastern Black Sea Region”— emphasized that “there was a risk
of malaria due to a bite of a swamp mosquito as it was a wetland in the past.” Referring to
the 1600s, Y.G. reflected on that:

“Back then, Fındıklı was a swamp. In other words, no one would have settled in the city
centre due to the mosquitoes and swamps . . . Our grandfather . . . came here . . . built
his home there . . . on the hill across here . . . ”

The rural settlements and village houses along the river valleys are scattered and are mostly
located on top of the slopes with long and narrow strips of land comprising tea plants. The
new settlements, which have been built below the cornfields, are more prone to floods due
to their proximity to the rivers. On the contrary, historic buildings, which are located along
the river valleys, were built on one and a half metres of foundation walls to elevate the
house. C.K. noticed the role of animal husbandry and farmland in the site selection, which
was repeated by Ş.S.:

“Here the houses are distant . . . In the past, the mansions were built on top of the cornfield
so that the rainwater carried the scat of animals down to the slope and fertilized the land.”

The reasons behind this settlement pattern are in close proximity to water sources, provide
exposure to solar radiation in the morning, allow farmland to be manged easily, face
the landscape. When dealing with the micro-climate, local communities were self-reliant
when selecting building sites. Unlike today, strong attachment to the land indicated the
management of private-owned lands at the time.

The past climatic conditions of the district according to the locals reveal that the
snowfall and cover was greater than it is today. It appeared that the local climate also
determined the land use, land tenure, and cropping pattern as well as the vernacular
settlements, as T.H. noted:

“When I saw the first great snowfall in our village in 1948, there was three metres high
snow cover. Two metres and a half. It did not snow in the last two years, including this
year. When there is no snowfall, it does nothing good to agriculture.”

In terms of collective neighborhood relations, H.S. pointed out “1.5–2 m high snow would
cover the village, and villagers would help each other out to shovel the snow on the roofs
with the help of stairs.” Because the roofs in this area are not high-pitched, it is questionable
how the current three to four ridged low-pitched roof structures could carry the snow load.
The timber beams are wide enough to carry the snow weight. Having experienced this
firsthand, T.H. answered:

“Timber trusses hold the roof. In addition, there are timber beams that stand next to each
other to hold the roof tiles. Poles under the trusses carry the full weight. I know with the
help of the neighbor that the snow used to be cleared from the roof when the snow is very
heavy. The neighbors would step in the clearance of snow from the rooftop.”

Past knowledge of the climate and settlements reveals a lot about the climate resilience
of vernacular heritage to a changing landscape. However, the number of the statements
on this theme indicates that the design of these buildings was not merely arbitrary. In
response to the harsh climate, the locals managed their lands and settlements and worked
as a community to deal with the challenges of it. Learning-by-doing and shared knowledge
advanced the coping strategies of locals in the past.
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3.2. Current Problems

More than half of the interviewees mentioned flooding, landslides, and extreme rainfall
as major challenges induced by climate change, whereas the remaining interviewees linked
these events to human intervention and natural disasters. Among the current problems
(n = 33, 49%), landslides (n = 16, 24%) accounted for the most. Following that, flooding
(n = 14, 21%) was mentioned. Issues related to rainfall were reported the least (n = 3, 4%).

3.2.1. Flooding

Flooding mostly happens in the months of March–April and May due to the melting
of the snow on top of the hills and mountains. According to the statement of F.H., historic
building owners do not stay in their houses when floods occur.

Ş.S. explained that deadliest flood occurred 20 years ago and destroyed a house in
the village above, where a mother with two kids lived, was swept away. An 11-year-old
boy who was dragged away in a flood in 2018 has still not been found. Ş.Ö. explained the
life-threatening event:

“There was a flood 50 years or 45 years ago but the most serious one was in 2016 . . . The
damage in the Beydere village was more severe. A child was drowned.”

According to B.U., the Çağlayan river was similarly flooded, and the road to the village
was closed. In the first visit to the field, the locals repeated that Beydere village was a
landslide zone, but the observations during the second site trip revealed that even though
the Çağlayan village was still at a relatively low risk, there is now a higher risk of the river
flooding. Today, there is a flood defense constructed by the Hydraulic Works team along
the Çağlayan river, although the area is relatively safer compared to the other villages. On
the positioning of Caglayan village as a disaster area, H.Ş. described:

“The land facing the rear façade eroded twice. We were affected by it. It eroded two years
ago, and the rear façade degraded twice. North facade . . . There are a lot of landslides
happening here and this why this area of Caglayan village is announced as a landslide
zone . . . An eanormous storage house has gone down below. There are a few storage
houses that went as such, some houses in Aslandere and Beydere villages were damaged
by floods . . . The upper villages were affected more severely.”

Aside from the mansions, the storage houses, which are made of a lighter material,
drifted away in the floods and were destroyed by landslides. According to the statements
of Y.G. and Ş.S., the floods caused the collapse of the biggest storage house in the village
with a double door in the region. M.A. detected the loss of vernacular heritage:

“There was a beautiful old storage house on the side. It [referring to the flooding] damaged
the storage house too . . . They came to us while they [referring to the owner of the storage
house] escaped from the disaster, they sheltered here . . . ”

River flooding occurs frequently in these villages, thus putting rural vernacular build-
ings at high risk. It is also noted that the risk classification of the villages may change
over time along with the severity of the events. The number of the areas that are at risk of
flooding continues to increase and the homeowners are not prepared for the anticipated
risks of flooding.

3.2.2. Landslides

Beydere village, which has a more elevated topography, concurrently appeared in the
mentions of locals as the area that has been affected by floods and landslides the most,
resulting it being named a disaster region due to the frequency of these events. There are
very few original remnants of these historic buildings in this village, and the remaining
ones have been extensively modified (Figure 6). Following statements on Beydere village,
C.K. mentioned Karaali village as a landslide zone where historic buildings were damaged.
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Figure 6. The hazard area of Beydere village with mostly new settlements. Source: Photograph by
the first author.

Public places, such as the school in the village of Çağlayan, was eroded by the landslide
in 2018 according to B.U., and the land was detached. Ş.Ö. recognized the damage of it on
his site:

“The land there was eroded. It shook the storage house but didn’t demolish it. However,
this time, it destroyed the trees . . . There was a landslide at the back of my house, even
though it is not a tea field . . . “

However, even though most of the houses survived these disasters, the rear facades of
some of the houses have become degraded due to landslides (Figure 7). Particularly, in the
case of the house of Ş.Ö., the main door faces the rear façade, the location of the house that
experiences the most damage during landslides. He reacted surprisingly:

“Couldn’t these be thought of when these structures were built? The storage house is
250–200 years old why did they build it here? If I knew, I would dismantle it and rebuild
it in another place . . . I sometimes think whether I should change the position of the main
door this way?”

Most of these buildings are not orientated to face the slopes where landslides pose
a threat; however, the house of Ş.Ö. is an exception. This building was rebuilt with the
remaining materials of a historic building that had been damaged by bombs during the
Russian invasion of the region from 1916 to 1918. Afterwards, successive generations
lost the original building knowledge and experiences of this house built 250 years before.
The differences in generational construction practices present the future threats to local
construction knowledge and experience with the local environment.

Among other changes, the locals observed that there are anthropic interventions to the
landscape, which may have contributed to the frequency and occurrence and climate-risk
disasters such as landslides. One major impact is deforestation for tea plantation, one
of the favoured crops in the region. Forested areas with abundant trees prevent the risk
of landslides and rockfalls. Rockfall is only referred to once by Y.H. Facing a slope of
70 degrees perpendicular to the rear façade of his house, this façade was built with stone to
prevent the risk of rockfall rather than a landslide.
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Figure 7. Site visit of a house in Çağlayan village in Fındıklı on 12th January in 2019. Maladaptation
example of rebuilding the eradicated rear façade with briquette wall after the landslide in 2018.
Source: Photograph by the first author.

Today, the rear façades of the village houses are surrounded by retaining walls. In the
past, there was no need to construct a retaining wall behind these houses, as the walking
pathway behind the buildings did not exceed 1 and a half metres. Together with the opening
of the roads to vehicles between the houses and the slopes, villagers also cleared the slopes
either for tea plantation or for the parking of personal vehicles through deforestation. This
led to a gradual increase in the risk of landslides. In contrast, some locals have experienced
landslides in the areas where there was no deforestation or tea plantations. M.A. recalled
the event:

“Landslide happened this way. It is not because it rained a lot here. Here, a natural water
discharge came and drained the water there. The excessive water maybe came from the
sea as a hose . . . , so the rainwater damages something along the way. But in this case,
there was no place to accumulate water.”

H.Ş. claimed that in the case of these events, the Disaster and Emergency Management
Presidency (AFAD) helps communities to recover. They document and report the damage
to the buildings. If the retaining wall is already built by the house owner, they do not
receive reimbursement from them for it, meaning that they are not responsible for the
construction of a retaining wall. This incentive is only for the preservation of historic
buildings if they are damaged by landslides.

3.2.3. Rainfall

B.U. mentioned the local term of “rotten month” for the month of July, when the area
receives excessive rainwater. This means that the area is rather damp; therefore, the month
of July is known to be the rotten month. The dampness and changes in temperature also
causes crop failures. As a part of this integrated historic environment, Y.G. noted that pears
do not grow; similarly, H.Ş. mentioned that cherries used to grow in the past but that now
only a few grow. Although some of the locals emphasized the effects of chemical fertilizers
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and the construction of dams as external factors, they could not deny the effects of the
changing climate. In relation to the croplands, S.Ş. exemplified:

“Now even the crops are not growing. The environment is decaying. We do organic
farming with pigeon manure, but the weather pattern has changed. For example, orange
drops timelessly, but it should not fall from its tree so early. It has just matured. We
produced the orange in 2017 but it is not ripening this year...But now the fruits do not
mature enough and fall from the trees earlier.”

The locals who were born and raised in the area are well-aware of their local climate.
However, incidents in the area have recently proven that climate change is showing its
impacts more seriously. Ş.Ö. echoed the event:

“We took the car and waited inside the car in the school garden. Rain falls, then the rain
level goes up to 25 cm as if a movie is directed . . . It was raining in the past too, but I
have not seen anything like that. Now that we experienced it, we are afraid.”

C.K.’s house experienced degradation due to rainfall, and the eaves of the roof could
not protect the façade from the rainwater. The roof eaves extend to 150 cm in the Çağlayan
village, but his is house located in Hara village and has 100 cm eaves, which were hit by
the rainwater, leading to the decay of the facades of the upper floor.

As it is closely related to the local climate conditions, the severity and frequency of
rainfall are not observed closely by the locals. The locals emphasized the damage of extreme
rainfall on the historic houses that had been abandoned. If historic buildings are neglected
by the mansion owners, then a drop of water can destroy it according to C.K. Even though
some of these historic buildings have been renovated, they are beginning to decay once
again. He further suggested:

“Both this part of the façade and wooden windows are decayed . . . Çakatura type of
construction technique could not survive.”

3.3. Future Threats

The stories from the individuals in these areas highlight the severity of the issue in
cultural heritage context that are underscored by climate policies. For instance, the Minister
of Environment, Urban Planning, and Climate Change in Turkey, Murat Kurum, announced
the Regional Climate Action Plan for the Black Sea region on 12 July 2019 [71]. He explained
the active role of NGO’s and universities in mitigating the effects climate change. The
15 actions to be taken concerning the city of Rize inter alia include several practices in the
building sector. The most relevant to cultural heritage is the 13th article on encouraging the
use of local materials in construction for climate resiliency [71]. One important implication
of the decision to use local materials and techniques is a legal exemption from any type of
fees or taxes during house construction [71].

The eaves of the historic buildings extend between 80 cm to 180 cm to keep the facade
secure from precipitation and rainfall. Local roofing tiles, known as Ottoman tiles, make
a resilient roof covering. Y.Y. indicated that the native tiles are more water-resistant and
durable than modern replacements. Sheet, ondulin, and European tiles are not accepted for
the restoration of the listed historic buildings. The native tiles were made slightly wider
so that they can cover the roof more efficiently than any other types of tiles. One major
difficulty is renovating the roofs of the village houses, as it costs more money.

The main stakeholders of disaster management only focus on post-recovery, whereas
pre-disaster management falls on the shoulders of the locals. Governmental institutions
such as the Hydraulic Works team reveal issues related to anthropic activities, whereas the
locals provide more insight into climate change. Engaging with local issues such as the
mismanagement and maladaptation of vernacular heritage under climate change can teach
us a lot about tackling climate change in a broader sense.
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4. Discussion and Conclusions

This paper examines climate as a factor that shapes climate change as a challenge
to vernacular heritage sites by assessing the perceptions of local people in Fındıklı, Rize.
The results reveal that landslides pose the greatest risk to vernacular heritage as well
as flooding. Locals are not well-prepared for the increased damage caused by flooding,
landslides, and rainfall. The findings from this study overlap with the results from those
reporting damages on the landscape scale but reveal more lost and damaged sites [2].

Climate narratives and stories of indigenous practices enable access to local knowledge
regarding climate resilience and can be taken as a methodological approach to identify
the risks and damages on vernacular heritage globally. Narratives of climate change and
heritage through the landscape can link different temporalities, people, and places to
encourage more ground-up approaches when managing these sites [44]. Therefore, there is
a need for more ethnographic and storytelling methods to identify local narratives on the
present challenges related vernacular heritage and to incorporate them in climate change
policies [72]. Much of the data mentioned by the members of the local communities in
heritage sites could be gathered, sorted, translated, and analyzed to support the disaster risk
management database. While the method used in this paper is a traditional ethnographic
method used to collect the field survey data, digital and visual ethnography methods in
the form of video, film, and photography also contribute to the field significantly.

The preservation of cultural heritage sites prioritizes the documentation of single
buildings, and inventories lack oral stories, small-scale structures, and landscapes. Al-
though building risk assessment provides significant information on possible decay, the
vulnerability of the cultural heritage sites should be perceived in a larger management con-
text. Consequently, cultural heritage sites cannot be disentangled from their setting. Oral
stories of climate perceptions from local communities were found to be complementary
to the spatial analysis of vulnerable heritage sites [2]. According to the result of a ArcGIS
analysis in a similar study which discusses disaster prone-sites in the context of the case
area, only 3 out of 58 vernacular heritage sites were located in disaster-prone areas [2].
These interviews highlighted more sites that have been damaged and lost during the floods
and landslides. Therefore, the use of oral stories can assist climate risk assessments.

While climate-induced disasters can extend to regional, national, and global borders,
disasters become much more localized relatively sooner than the risks imposed by climate
change [73]. The Localized impacts of climate change may differ in various other geo-
graphical locations; however, there are similar patterns, challenges, and concerns over the
local implications of the impacts of climate change. Thus, it is important to understand the
impacts on heritage assets and knowledge at the local scale and how people are responding
to these disasters. The use of the narrative approach when considering heritage sites in
changing climates is applicable and transferable to other geographical locations.

Through apprenticeship, vernacular buildings and the building knowledge that has
been transformed through observation, information by word, and replication can be handed
down. The construction knowledge from the past shows generational differences in ver-
nacular practices. Every generation interprets its own vernacular heritage in its own
time in response to technological advancements, financial, social, cultural, and individual
needs. In today’s circumstances, changes in the local climate and environmental condi-
tions should be systematically addressed for maintaining, preserving, and adapting the
vernacular heritage.

Manufacturing and industrialisation made the traditional knowledge of vernacular
landscapes less important even though it creates the strongest connection between nature
and culture. Traditional craftsmanship and practical skills go hand in hand. When manu-
facturing imposes a threat on the availability of timber masters, the timber making skill will
be lost. of the preferences that local people have for modern global practices over low-tech
solutions in vernacular settlements degrade the authenticity of these buildings [74].

The knowledge of vernacular heritage goes beyond understanding the material, con-
struction technique and extends to the culture and lifestyles of the users. The characteristics
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of these houses are their modularity, flexibility, adaptability, transformability, and reusabil-
ity in an unfixed nature. The local knowledge of building-resilient constructions can reduce
the effects of new exposures and disasters.

The documentation of vernacular heritage should not only focus on capturing the
authentic state of the cultural asset but also the later interventions, which are essential in
understanding the maladaptation or best practices of climate adaptation. Cultural heritage
is not fixed; thus, heritage professionals should embrace constant change. The proactive
(preventative) or anticipatory approaches in climate adaptation allows for more time to
prepare for the effects of climate change. Reactive adaptation planning responses take place
after disasters hit. Thus, it is often suggested that heritage professionals should move away
from reactive to proactive planning during adaptation, increasing the climate-resiliency of
historic buildings in the future [75].

Decision-making processes need a combination of top-down and bottom-up ap-
proaches. The cultural heritage knowledge network and its interdependencies relies on the
engagement and inclusion of users, artisans, local administrators, and other beneficiaries.
The investigation of indigenous practices from underrepresented communities will enable
access to specific climate knowledge and adaptation practices. The value of this knowl-
edge should not be undermined during the creation of climate policies, as they mention
incentives for the use of local construction materials and techniques.

Author Contributions: Conceptualization, G.A. and H.F.; methodology, G.A.; formal analysis,
G.A. and H.F.; investigation, G.A.; resources, G.A.; writing—original draft preparation, G.A.;
writing—review and editing, H.F.; visualization, G.A. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Oliver, P. Built to Meet Needs: Cultural Issues in Vernacular Architecture; Routledge: London, UK, 2006.
2. Aktürk, G.; Hauser, S.J. Detection of Disaster-Prone Vernacular Heritage Sites at District Scale: The Case of Fındıklı in Rize,

Turkey. Int. J. Disaster Risk Reduct. 2021, 58, 102238. [CrossRef]
3. ICOMOS. Charter On the Built Vernacular Heritage; ICOMOS: Charenton-le-Pont, France, 1999.
4. Al-Mohannadi, A.; Furlan, R.; Major, M. A Cultural Heritage Framework for Preserving Qatari Vernacular Domestic Architecture.

Sustainability 2020, 12, 7295. [CrossRef]
5. Tawayha, F.A.; Braganca, L.; Mateus, R. Contribution of the Vernacular Architecture to the Sustainability: A Comparative Study

between the Contemporary Areas and the Old Quarter of a Mediterranean City. Sustainability 2019, 11, 896. [CrossRef]
6. Gil-Piqueras, T.; Rodríguez-Navarro, P. Tradition and Sustainability in Vernacular Architecture of Southeast Morocco. Sustainability

2021, 13, 684. [CrossRef]
7. Rashid, M.; Ara, D.R. Modernity in tradition: Reflections on building design and technology in the Asian vernacular. Front.

Archit. Res. 2015, 4, 46–55. [CrossRef]
8. Dabaieh, M.; Maguid, D.; El-Mahdy, D. Circularity in the New Gravity; Re-Thinking Vernacular Architecture and Circularity.

Sustainability 2022, 14, 328. [CrossRef]
9. Patidar, S.; Raghuwanshi, B. Vernacular to modern in the search of sustainable development. ITU J. Fac. Archit. 2016, 13, 115–126.

[CrossRef]
10. ICOMOS Climate Change and Cultural Heritage Working Group. The Future of Our Pasts: Engaging Cultural Heritage in Climate

Action; ICOMOS: Paris, France, 2019.
11. Aktürk, G. The Rural Landscape as Heritage in Turkey Under Changing Climate//Le Paysage Rural Turque, un Patrimoine

Soumis au Changement Climatique. In Proceedings of the Rural Heritage—Landscapes and Beyond/Patrimoine Rural: Paysages
et au-delà, Marrakesh, Morocco, 17 October 2019; Volume 4. [CrossRef]

12. Cillis, G.; Statuto, D.; Picuno, P. Vernacular Farm Buildings and Rural Landscape: A Geospatial Approach for Their Integrated
Management. Sustainability 2020, 12, 4. [CrossRef]

13. Shinde, K.A. Disruption, resilience, and vernacular heritage in an Indian city: Pune after the 1961 floods. Urban Studies 2016, 54,
382–398. [CrossRef]

33



Land 2022, 11, 276

14. Güler, K.; Kâhya, Y. Developing an approach for conservation of abandoned rural settlements in Turkey. ITU J. Fac. Archit. 2019,
16, 97–115. [CrossRef]

15. Aktürk, G.; Lerski, M. Intangible cultural heritage: A benefit to climate-displaced and host communities. J. Environ. Stud. Sci.
2021, 11, 305–315. [CrossRef]

16. Fluck, H.; Dawson, M. Climate Change and the Historic Environment. Hist. Environ. Policy Pract. 2021, 12, 263–270. [CrossRef]
17. Dipasquale, L.; Mecca, S.; Özel, B.; Ovalı, P.K. Resilience of Vernacular Architecture. VERSUS: Heritage for Tomorrow, Vernacular

Knowledge for Sustainable Architecture; Firenze University Press: Firenze, Italy, 2014; pp. 65–73.
18. IPCC. Climate Change 2007: Impacts, Adaptation, and Vulnerability. Contribution of Working Group II to the Fourth Assessment

Report of the Intergovernmental Panel on Climate Change. 2007. Available online: https://www.ipcc.ch/report/ar4/wg2/ (accessed
on 6 June 2021).

19. UNESCO. Climate Change and World Heritage. Available online: https://whc.unesco.org/en/climatechange (accessed on 6
June 2021).

20. UNESCO. Vanuatu’s Traditional Architecture Makes a Community More Resilient in the Face of Climate Change-Related
Disasters. Available online: https://en.unesco.org/news/vanuatus-traditional-architecture-makes-community-more-resilient-
face-climate-change-related (accessed on 24 June 2021).

21. Ahmadreza Shirvani, D.; Massimo, S.; Ilenia, P. Climate Change Challenges to Existing Cultural Heritage Policy. Sustainability
2019, 11, 5227. [CrossRef]

22. Seekamp, E.; Jo, E. Resilience and transformation of heritage sites to accommodate for loss and learning in a changing climate.
Clim. Chang. 2020, 162, 41–55. [CrossRef]

23. Aktürk, G.; Dastgerdi, A.S. Cultural Landscapes under the Threat of Climate Change: A Systematic Study of Barriers to Resilience.
Sustainability 2021, 13, 9974. [CrossRef]

24. Ghahramani, L.; McArdle, K.; Fatoric, S. Minority community resilience and cultural heritage preservation: A case study of the
gullah geechee community. Sustainability 2020, 12, 2266. [CrossRef]

25. Fatoric, S.; Seekamp, E. Are Cultural Heritage and Resources Threatened by Climate Change? A Systematic Literature Review. Clim.
Change 2017, 142, 227–254. [CrossRef]
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64. Bayram, Ö.F. Doğu Karadeniz Bölgesinde Geçmişten Günümüze Vernaküler Mimari. Master’s Thesis, Yıldız Teknik Üniversitesi,

Istanbul, Turkey, 2014.
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Abstract: With the advancement of urbanization, the stress on the green infrastructure around the
urban agglomeration has intensified, which causes severe ecological problems. The uncertainty of
urban growth makes it difficult to achieve effective protection only by setting protection red lines
and other rigid measures. It is of practical significance to optimize the resilience of the stressed
green infrastructure. To this end, we explore a scenario simulation analysis method for the resilience
management of green infrastructure under stress. This research applies artificial neural network
cellular automata to simulate the impacts of the Chang-Zhu-Tan urban agglomeration expansion on
the green infrastructure in 2030 in three scenarios: no planning control, urban planning control, and
ecological protection planning control. Based on the analysis, we identify four green infrastructure
areas under stress and formulate resilience management measures, respectively. The results show
that: (1) The distribution pattern of green infrastructure under stress is different in three scenarios.
Even in the scenario of ecological protection planning and control, urban growth can easily break
through the ecological protection boundary; (2) Residential, industrial, and traffic facility land are the
main types of urban land causing green infrastructure stress, while forest, shrub, and wetland are the
main types of the stressed green infrastructure; (3) Efficient protection of green infrastructure and the
management of the urban growth boundary should be promoted by resilient management measures
such as urban planning adjustment, regulatory detailed planning, development strength control and
setting up the ecological protection facilities for the stressed green infrastructure areas of the planning
scenarios and the no-planning control scenarios, for the areas to be occupied by urban land, and for
the important ecological corridors. The results of this study provide an empirical foundation for
formulating policies and the methods of this study can be applied to urban ecological planning and
green infrastructure management practice in other areas as well.

Keywords: green infrastructure; resilience management; biodiversity; scenario analysis; cellular
automata model

1. Introduction

According to the data from the seventh census of China and the national population de-
velopment plan, the urbanization rate of Chinese permanent residents has reached 63.89%
in 2020 and will rise to 70% in 2030, while the figure was only 36.09% in 2000. Each 1%
increase in China’s urbanization rate requires 3459 km2 of construction land [1]. Urban ag-
glomerations, as the key receiving areas for the urbanized population, are expanding faster
than independent cities in general, and therefore, the green infrastructure around them
will be under more serious stress. Green infrastructure refers to the natural ecosystem with
important ecological value, including green space such as forest and grassland, and blue
space such as wetland and water systems, designed and managed to deliver different kinds
of ecosystem services [2–4]. The green infrastructure of urban agglomerations not only has
various functions such as maintaining regional biodiversity, regulating climate, providing
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recreational services, and guaranteeing water supply, but also plays an important role in
promoting urban transformation and enhancing urban development dynamics [5–8]. Be-
cause of the need for construction land in the urbanization process, the green infrastructure
of urban agglomerations is often more vulnerable to stress [9,10]. The green infrastructure
of three major urban agglomerations in China—Yangtze River Delta, Pearl River Delta,
and Beijing-Tianjin-Hebei—decreased by 951 km2, 97 km2, and 212 km2, respectively, from
1992 to 2010 [11]. In this regard, China’s territorial spatial planning system puts forward
the spatial control requirements of “three zones and three lines”, which sets the urban
development boundary, permanent basic agricultural land, and ecological protection red
lines. However, such boundaries do not specify rigid space and flexible space. Therefore,
it is of great practical significance to understand the dynamics of green infrastructure of
urban agglomerations, and to protect the original function of green infrastructure while
meeting the development of urban agglomerations with empirical analysis.

Green infrastructure management can be divided into two categories. One is focused
on meeting urban development, mainly through the method of cellular automata sim-
ulation to delineate the urban-growth boundary (UGB), and the construction of green
infrastructure outside the boundary is prohibited, as represented by Beijing, Huizhou,
and other cities [12,13]. The other category takes green infrastructure protection as the
starting point and delineates the green infrastructure protection boundary mainly through
the evaluation results of ecological suitability, with Wuhan, Chengdu, and other cities as
representatives [14].

Although the two management methods have different focuses, they both implement
static rigid control of green infrastructure. While both cities and green infrastructure are
complex network systems that are constantly changing dynamically, traditional static and
rigid control measures can hardly solve the complex contradictory problems between urban
development and green infrastructure protection [15,16]. This has led to the breakthrough of
the red line of green infrastructure control. The core green infrastructure is difficult to hold,
and different types of ecological protection red lines have been broken one after another.

A resilient urban green infrastructure can help to solve the problem of urban growth
stressing green infrastructure, because of its adaption to a constantly changing environment
dynamically. Resilience as a term was used by physicist Thomas Young in 1807 to describe
elastic deformation in the context of materials science. While the traditional concept of
resilience in ecology was used to describe the persistence of natural systems in response
to changes in external elements and human factors, the concept of resilience has evolved
to focus on “transformational capacity”, i.e., the ability of ecosystems to change, adapt,
and change in response to pressures and constraints. Ecological resilience, on the other
hand, emphasizes the amount of disturbance that an ecosystem can withstand without
changing its self-organizing processes and structure, and refers to the degree to which
an ecosystem can adapt to change in the face of external pressures and before reforming
a stable structural system [17]. The main purpose of optimizing the resilience of green
infrastructure is to enhance the ability of green infrastructure to resist disturbances, cope
with changes and adapt to changes through relevant control measures and strategies to
achieve the harmonious development of urban-ecological systems [18].

Research on ecological resilience has focused on ecosystem resilience evaluation and
construction [19–21], ecological resilience optimization [22,23], and the role of ecological
resilience [24]. In China, the research on ecological resilience is still in its infancy, and
the relevant studies mainly focus on the application [25,26] and the theory of ecological
resilience [27] in the ecological design of resilience, and there is a relative lack of research on
the optimization of ecosystem resilience. Ecological resilience has an important impact on
improving the self-organization capacity of urban ecosystems [28] and plays an important
role in promoting the coordination of multiple objectives between the complex systems
of urban development and green infrastructure protection [15]. While studies on green
infrastructure optimization do exist, they mainly focus on ecological spatial structure [29,30],
governance control measures [31,32], and spatial networks [33,34]. There is a relative lack of
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research on optimization and guiding control strategies for rapidly developing urbanized
areas, especially in the study of ecological spatial toughness control and optimization of
urban agglomerations [35].

Moreover, the development process between urban growth and green infrastructure
protection is less considered, and the relevant optimization measures are still for the
improvement of static rigid control measures. Green infrastructure protection and urban
growth are the results of the joint action of self-organization and other organizations [36],
and the traditional research methods are unable to identify the dynamic diffusion process
of the two types of space. Regarding this issue, the minimum cumulative resistance model
(MCR) can well reflect the intrinsic linkage process of ecological processes [37], and the
self-organizing kernel embedded in the cellular automata model (CA model) can simulate
the spatio-temporal evolution process of urban expansion [38]. Additionally, both of these
methods are widely applied in this field.

To summarize, the current rapid urban development in China has imposed great stress
on green infrastructure which is essential for biodiversity, and the existing controlling
measures have problems coping with the dynamic urban space and green infrastructure
change process. Resilient control measures are desired to protect green infrastructure under
uncertainty. Therefore, this research aims to formulate resilient strategies for the green
infrastructure stressed by uncertain urban growth.

More specifically, to achieve this, the following research questions will be answered:

1. How can the dynamic urban growth stressing green infrastructure under uncertainty
be presented?

2. What are the stressed areas of the green infrastructure and their characteristics accordingly?
3. What are the resilient strategies for the identified stressed green infrastructure based

on their characteristics?

2. Context and Data

2.1. Context

Chang-Zhu-Tan urban agglomeration is located in the central-eastern part of Hunan
Province, including Changsha, Zhuzhou, and Xiangtan cities, which are distributed in
the shape of a triangle along Xiangjiang River, with less than 20 km between them. With
the development of the urban agglomeration, the green infrastructure of Chang-Zhu-Tan
urban agglomeration is seriously reduced [39,40], among which the area of important
green infrastructure is reduced by construction land in Muyun town from 2004 to 2010 by
427.67 hm2 [41]. At this stage, Changsha-Zhuzhou-Tan urban agglomeration is facing the
development of urban integration. The pressure of green infrastructure around the urban
agglomeration is further highlighted. Based on a collection of remote sensing images data,
this study covers the main administrative areas of Changsha, Zhuzhou, and Xiangtan cities
with a total area of 22,104.4 km2, including most of the districts and counties under the
jurisdiction of Changsha, Zhuzhou, and Xiangtan cities, but excluding a few areas such as
Ningxiang City, Shaoshan City, the western part of Xiangxiang City, and Yanling County
(Figure 1).
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Figure 1. Location of the study area and its land-use map in 2018.

2.2. Data Sources

The data used include the following: 30 m resolution satellite image data, DEM data,
and vegetation cover data of Chang-Zhu-Tan Urban agglomeration in 1999, 2008, and 2018
(source: Geospatial Data Cloud, http://www.gscloud.cn/ (accessed on 8 July 2020)), the
Chang-Zhu-Tan Urban agglomeration Regional Plan (2008–2020) (adjusted in 2014) [42], the
Master Plan of Ecological Green Heart Area of Chang-Zhu-Tan Urban agglomeration (2010–
2030) (revised in 2018) [43], the Changsha City Urban Master Plan (2003–2020) (revised
in 2014) [44], the Xiangtan City Urban Master Plan (2010–2020) (revised in 2017) [45], and
the Zhuzhou City Urban Master Plan (2006–2020) (revised in 2017) [46]. Among them, the
satellite image data of Chang-Zhu-Tan urban agglomeration in 1999, 2008, and 2018 were
classified into arable land, forest land, grassland, water area, construction land, and unused
land by using Erdas Imagine supervised interpretation function [47–49]. Additionally,
the color difference of the surface coverage patches shown in different areas is combined
with the Erdas Imagine classification to determine the main landmark elements of the
geographical areas. The decoded data from the three years are then used to compare with
satellite images using visual corrections to obtain the land-use data of the Chang-Zhu-Tan
urban agglomeration. To reduce the number of operations, the final relevant land-use data
are obtained by resampling in 100 m units with the GIS nearest neighbor assignment.

3. Methods

This research follows the following steps: Firstly, the green infrastructure of Chang-
Zhu-Tan urban agglomeration is identified by using the principles of landscape ecology.
Additionally, then the Cellular Automata (CA) model is used to simulate the green infras-
tructure in different control measure scenarios. Finally, the characteristics of the green
infrastructure under stress are analyzed and the relevant resilience control and development
strategies are formulated. The relevant methodological flow is shown in Figure 2.
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Figure 2. Research methodology.

3.1. Integrated Green Infrastructure of Urban Agglomeration Identification and Extraction

The green infrastructure range identification of the Chang-Zhu-Tan urban agglomera-
tion should be integrated with the principle of landscape ecological security patterns [39,50].
Firstly, three representative indicator species representing the main environment character-
istics of the study area are selected, i.e., Chinese pool heron, red-billed leiothrix, and Siberian
weasel, representing medium pheasants living in the wetland ecosystem, small pheasants
living in the forest ecosystem, and mammals inhabiting in multiple ecosystems, respec-
tively. They are used to identify the green infrastructure and species migration ecological
corridors that have important values for species survival and reproduction [51]. Secondly,
key habitats of indicator species need to be identified as green infrastructure of significant
value. Thirdly, the minimal cumulative resistance (MCR) model is used to simulate the
process of the indicator species overcoming spatial resistance to spread out from the habitat,
and the core habitat space range of different species is used as the “source” to identify the
biological migration corridor between different ecological patches [52–54]. Fourthly, the
migration corridors of different species are superimposed. Additionally, the multi-species
migration corridors are treated as primary corridors with a width of 200 m, considering
the conservation of biodiversity [55]. Finally, the whole green infrastructure range can
be obtained by integrating the habitat and ecological corridor. As a result, the ecological
spatial context of the Chang-Zhu-Tan urban agglomeration is obtained comprehensively.

The formula used is:
MCR = f ∑

(
Dij × Ri

)
(1)

where MCR is the minimum cumulative resistance value, which reflects the minimum cost
of indicator species in the process of moving from source to destination; f is a positive
correlation function characterizing the relative accessibility of a path from a source patch
to a point in space; Dij is the spatial distance of the landscape basal plane i traversed by a
species from source patch j to a point in space; and Ri is the relative resistance coefficient of
indicator species (Table 1).
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Table 1. Relative resistance coefficients of indicator species (0–100).

Resistance
Coefficients/Land

Use Type

Chinese Pool Heron
(Ardeolabacchus)

[56–59]

Red-Billed Leiothrix
(Leiothrix lutea)

[60–63]

Siberian Weasel
(Mustela sibirica)

[64–67]

Tillable field 15 5 10
Woodland 5 1 5
Grassland 5 5 5

Waters 5 10 35
Construction land 50 50 40

Unused land 20 10 5

3.2. Simulation of Urban Growth in Different Scenarios

The impacts of the urban growth of the Chang-Zhu-Tan urban agglomeration on the
green infrastructure are simulated with the artificial neural network cellular automata
model in the open source software “Geographic Simulation and Optimization System”
(GeoSOS) [68]. This method is used to simulate the self-organized growth process of urban
construction land expansion in a bottom-up manner and visualize the impact of urban
growth on green infrastructure [69]. Additionally, this approach’s biggest advantage is that
the model information can be obtained by training the neural network, which is especially
suitable for research in the field of complex systems [70], and the used detailed formula is
as follows:

Pt
d,ij =

(
1 + (−1nγ)α)× ∑j wj,i

1

1 + e−netj(k,t)
(2)

where Pt
d,ij is the probability of a cell being developed, γ is a random number between 0

and 1, the value of α ranges from 1 to 10, neti(k,t) is the signal received by the jth neuron of
the hidden layer, and wj,l is the weight between the hidden layer and the output layer [71].
The convertibility between different land uses is shown in Table 2, where 1 represents
convertibility and 0 represents non-convertibility.

Table 2. Convertibility between different land-use types.

Land-Use
Type

Grassland
Tillable

Field
Woodland

Unused
Land

Water
Construction

Land

Grassland 1 1 1 1 0 1
Tillable

field 1 1 1 1 0 1

Woodland 1 1 1 1 0 1
Unused

land 0 0 0 0 0 1

Waters 0 0 0 0 1 0
Construction

land 0 0 0 0 0 1

The spatial variables of the urban growth model are set with the 30 m resolution data
of 2018 [72–77] (Table 3). All the influencing factors are normalized; this is the input into the
artificial neural network CA model in GeoSOS as the parameter affecting the probability of
land conversion, to simulate the urban growth in the year 2018 based on the urban growth
law from the year 1999 to the year 2008. Additionally, after calibration, the simulated
results are compared with the actual maps in 2018. In the simulation setting, α equals
5 and the conversion threshold is taken as 0.8 [78]. The validation results show that the
overall accuracy of the model is 90.87% and the Kappa coefficient is 0.82, which is higher
than the normally applied 0.8 [77]. Therefore, this calibrated model is used as the basis
to simulate the expansion of Chang-Zhu-Tan urban agglomeration in the year 2030 with
different control measures to understand the stress imposed on green infrastructure.
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Table 3. Spatial variables of the urban growth model.

Type Variables Abbreviation Contents

Terrain Digital elevation model DEM Evaluate the impact of topography
on scenario simulation.

Location Distance to the central city DisCentral city
Evaluate the impact of distance

from the administrative center on
scenario simulation.

Transportation

Distance to the road DisRoad
Evaluate the impact of surface road

distance on scenario simulation.
Distance to the railway DisRail

Distance to the highway DisHighway
Distance to the national highway DisNational highway

The spatial expansion of urban growth is a self-organizing process, but other organi-
zational factors such as different development policies and control strategies can have a
significant impact on the development of urban agglomerations [79]. In terms of the driving
factors of other organizations affecting urban growth mainly urban planning and ecological
protection planning have been included, we have analyzed the main influencing factors
on the development of urban agglomerations in China and determined three scenarios of
green infrastructure stress in Chang-Zhu-Tan urban agglomeration with different control
measures, namely, “no planning control”, under control of urban planning, and ecological
protection planning control. The “no planning control” scenario measure does not equal
to the absence of control measures, but the simulation of urban growth with the original
development pattern of urban agglomerations without new planning control measures.
The second scenario is based on ongoing urban planning to predict future urban spatial
development. According to urban planning, different conversion coefficients are assigned
to land use, including urban comprehensive function area (1), urban new town group,
high-tech group of science and education (3), industrial park (5), other non-urban land
function areas (7), the ecological green heart protection area of urban agglomeration (9),
and normalized processing is carried out [42]. The third scenario is to take the existing
green infrastructure as the protection area of ecological planning and simulate its future
situation under the stress of urban construction land. The conversion coefficient of green
infrastructure is assigned 3, and the non-green infrastructure is assigned 7 [80].

3.3. Stressed Green Infrastructure Identification

By superposition analysis of the spatial changes of Chang-Zhu-Tan urban agglom-
eration in 2030 in three scenarios, the conflict areas between urban growth and green
infrastructure in different scenarios are obtained, namely the stressed areas of the green
infrastructure of urban agglomeration. This serves as the area for further analysis.

3.4. Green Infrastructure Stress Characteristics and Resilience Measures

By superimposing and analyzing the green infrastructure under stress in different
areas, we have classified the areas into three categories based on degrees of stress on green
infrastructure: first, the part of green infrastructure that will not be affected by urban
growth in the three scenarios can be divided into the safety zone of green infrastructure;
second, the green infrastructure affected by urban growth in two or one of the scenarios
is under the stress of uncertainty, which requires the adoption of compatible and flexible
management and control measures; third, in the three scenarios, the part of the green
infrastructure to be occupied by urban growth will face the greatest pressure from urban-
ization. The development control measures, taking into account both ecological functions
and construction land functions, should be considered. Therefore, the second and third
parts of green infrastructure are threatened by urban growth and need to be included in
key management zones.

In terms of the main driving force of urban expansion, self-organization growth, and
other-organization planning, an ecological corridor plays an important role in maintaining
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regional green infrastructure [81–83]. The key management zones of green infrastructure
are divided into the following categories (Table 4): (1) external factors that cause changed
green infrastructure with urban planning control and the ecological protection planning
control scenario; these spaces are further divided into stress zones with the urban planning
control alone, with ecological protection planning control alone and joint stress zones
of both; (2) the no planning control self-organizational model developed stressed green
infrastructure, and the area affected by it alone are together classified as the stress zones in
the no planning control, excluding the areas of the next type; (3) in all the three scenarios,
the part of green infrastructure under the stress of urban growth are the zones that will
soon be occupied by urban development land; (4) the biological migration corridor affected
by urban growth is classified as the stress zones of the core ecological corridor.

Table 4. Stressed green infrastructure types and strategies.

Stressed Green Infrastructure
Types

Stressful Situation Strategies

Zones stressed by urban growth
in one scenario

(1) Stressed areas in the urban planning control
scenario Adjustment of planning

(2) Stressed areas in the ecological protection
planning control scenario Strengthening protection management

(3) Stressed areas in the “no planning control”
scenario Formulation ecological protection planning

Zones stressed by urban growth
in two scenarios

(1) Stressed areas in the urban planning control
scenario and the ecological protection planning

control scenario

Adjustment of planning and strengthening
protection management

(2) Stressed areas in the urban planning control
scenario and “no planning control” scenario

Adjustment of urban planning and
formulation ecological protection planning

(3) Stressed areas in the ecological protection
planning control scenario and “no planning

control” scenario

Replacement of urban development land
and control of development intensity

Zones stressed by urban
growths in all three scenarios

Zones that will be occupied by urban
development land

Development compatible landscape
ecological protection measures

The stress zones of green infrastructure may be invaded by urban growth, and there
is great uncertainty in future development and construction, so resilience optimization
measures need to be formulated. To do so, we firstly analyze the causes of stress in different
areas and then the planning and control measures accordingly, such as adjustment of
planning, replacement of land, and control of development intensity are advised, in order
to enhance the ability of green infrastructure to adapt to the change [18,84,85]. On the other
hand, the zones that will soon be occupied by urban development land are the key areas for
future construction activities; control and guidance strategies can be formulated according
to the compatibility of different development land types to different habitats [25,86–88]
(Table 4).

4. Results

4.1. Green Infrastructure and Corridor in the Chang-Zhu-Tan Urban Agglomeration

The green infrastructure of the Chang-Zhu-Tan urban agglomeration is obtained
by identifying the main habitats of different species and superimposing them together
(Figure 3). The green infrastructure of the Chang-Zhu-Tan urban agglomeration has a total
area of 15,690.19 km2, which is mainly concentrated in the western and eastern parts of the
Changsha built-up area, the northwestern and southern parts of the Xiangtan built-up area,
and the eastern and northern parts of the Zhuzhou built-up area. The length of primary
corridors is 363.19 km long and areas are 143.56 km2, and they are mainly concentrated in
the peripheral area of the built-up area of the urban agglomeration and the southern part
of Changsha city, the northern part of Xiangtan city, and the southern part of Zhuzhou city.
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Figure 3. Green infrastructure and corridors in 2018.

4.2. Stressed Green Infrastructure Analysis in Different Scenarios
4.2.1. Stressed Green Infrastructure Characteristics

The simulation results show the patterns of the stressed green infrastructure in the
“no planning control” scenario (Figure 4), the stressed green infrastructure in the urban
planning control scenario (Figure 5), and the stressed green infrastructure in the ecological
protection planning control scenario (Figure 6). The details of the stressed area and their
characteristics are shown in Table 5.

The analysis of green infrastructure under stress in the three scenarios shows that the
stressed zone of green infrastructure is the smallest in the ecological protection planning
control scenario, the second largest in the “no planning control” scenario, and the largest in
the urban planning control scenario. This indicates that when the construction is carried out
according to urban planning, the surrounding green infrastructure is under greater pressure
and the green infrastructure is more affected. Meanwhile, by analyzing the characteristics
of the stressed areas, we find that the green infrastructure in the southwest of Changsha
City, the north and east of Xiangtan City, and the north and west of Zhuzhou City are
under greater pressure in the three scenarios, which also coincides with the development
direction of the city integration and urban agglomeration development strategy of the
Changsha-Zhuzhou-Tan urban agglomeration. The western area of Changsha City, as
the key construction area of Xiangjiang New District, has stressed green infrastructure
in all three scenarios. However, the stressed area in the northern part of Changsha City
in the urban planning control scenario is significantly larger than that in the other two
scenarios, which is also related to the fact that the northern part of Changsha City is
considered the key development area in the urban general planning. Notably, this analysis
proves that the planning and control as “other-organized” measures can only affect urban
growth to a certain extent, but cannot fundamentally change the urban “self-organized”
growth process. Secondly, the three scenarios have different impacts on the local green
infrastructure, indicating that there are areas of the green infrastructure under uncertain
urbanization stress, which are the areas for resilient green infrastructure control.
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Figure 4. Stressed green infrastructure in the “no planning control” scenario in 2030.

Figure 5. Stressed green infrastructure in the “urban planning control” scenario in 2030.
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Figure 6. Stressed green infrastructure in the “ecological protection planning control” scenario in
2030.

Table 5. Characteristics of stressed green infrastructure in different scenarios.

Scenarios Areas Ranges Characteristics

“No planning
control” 202.80 km2

The western and southern
parts of the built-up area of
Changsha, the northeastern
part of the built-up area of
Xiangtan, and the eastern
and western parts of the
built-up area of Zhuzhou.

The urban agglomeration is in a “spread-out”
expansion mode. The western and southern
parts of Changsha, the northeastern part of
Xiangtan, and the eastern and western parts of
Zhuzhou, as areas of high ecological value, have
relatively more stressed green infrastructure.

Urban planning
control 210.35 km2

The western and northern
parts of the built-up area of
Changsha, the northern part
of the built-up area of
Xiangtan, and the
southeastern part of the
built-up area of Zhuzhou.

The expansion of the urban agglomeration to the
north and west is evident, and the relevant areas
are planned as key areas in the urban
agglomeration plan, with urban functional areas
such as new riverfront areas, ecological new
towns, and industrial parks planned for the long
term, exacerbating the state of green
infrastructure under stress.

Ecological protection
planning control 182.64 km2

The western and southern
parts of the built-up area of
Changsha, the eastern and
northern parts of the
built-up area of Xiangtan,
and the southeastern part of
the built-up area of
Zhuzhou.

The extent of the green infrastructure under
stress corresponds to the key development areas.
The western and southern parts of Changsha, as
the key areas for the construction of the
Xiangjiang New District, have been developing
rapidly in recent years, while the eastern and
northern parts of Xiangtan, as the direction of
the development of the integrated city of
Chang-Zhu-Tan Urban agglomeration, have been
under greater pressure of green infrastructure.
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4.2.2. Identification of the Control Area of the Green Infrastructure

A comprehensive analysis of the stressed green infrastructure reveals that in the three
scenarios, the safety zone of green infrastructure, which is not affected by urban growth,
accounts for 98% of the total green infrastructure, while the total stressed zone of green
infrastructure is only 269.86 km2 (Table 6 and Figure 7).

Table 6. Different control areas of the green infrastructure.

Types Characteristics Areas Locations

The safety zone of green
infrastructure

Green infrastructure
without stress 15,420.33 km2

Western and eastern Changsha,
northwestern and southern Xiangtan, eastern

and northern Zhuzhou

Green infrastructure with
alternative future in

multi-scenarios
Stressed green
infrastructure

133.64 km2 Areas to the north and south of Changsha,
northeast of Xiangtan, and south of Zhuzhou

Zones that will soon be occupied
by urban development land 136.22 km2

The western part of the built-up area of
Changsha, the northern part of the built-up
area of Xiangtan, and the southeastern part

of the built-up area of Zhuzhou

 
Figure 7. Different control areas of the green infrastructure.

4.3. Resilient Strategies for the Identified Key Green Infrastructure Control Areas
4.3.1. Identification of Key Green Infrastructure Control Area

By overlaying the stressed green infrastructure patterns and urban land-use planning
maps in different scenarios in GIS, four detailed types of key ecological control spaces are
identified. The detailed information is shown in Table 7.
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Table 7. Identification of key green infrastructure control areas.

Types Area Location
Stressing Urban

Development
Land

Stressed
Ecosystem

Disturbed Species

Stressed area in
the planning

scenario
67.12 km2

North and west of the
built-up area of Changsha,

north of the built-up area of
Xiangtan, and south of the
built-up area of Zhuzhou

Residential land,
industrial land,

and public service
land

Forest, shrub,
and wetland

Small pheasant
species, small

mammal species,
and wetland

medium-sized
pheasant species

Stressed area in
the “no

planning
control”
scenario

23.00 km2

The western and southern
parts of the built-up area of
Changsha, the northeastern

part of Xiangtan, the western
and southeastern part of

Zhuzhou

Residential land,
public green land,

and industrial land

Forest, shrub,
and meadow

Small pheasant
species and small
mammal species

Zones that will
soon be

occupied by
urban

development
land

43.52 km2

North and west of the built-up
area of Changsha, north of the

built-up area of Xiangtan,
northeast, and south of the
built-up area of Zhuzhou

Residential land,
public service land,
and land for roads
and transportation

facilities

Forest, shrub,
and wetland

Small pheasant
species and

wetland
medium-sized

pheasant species

Stressed area of
core Ecological

Corridor
19.54 km2

Biomigratory corridors in the
north of Changsha and the

east of Xiangtan

Residential land,
public green land,
and land for roads
and transportation

facilities

Forest, shrub,
and wetland

Small pheasant
species, small

mammal species,
and wetland

medium-sized
pheasant species

4.3.2. Resilience Management Strategies of the Stressed Green Infrastructure

The protection measures in Table 4 are applied to the stressed green infrastructure in
the empirical case, and resilience management strategies are formulated according to the
stress characteristics of the four key control areas of green infrastructure (Table 8).
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Table 8. Measures to improve the resilience of the stressed green infrastructure.

Types Resilience Management Strategies

Stressed area in the
planning scenario

Residential land: The planning of urban residential land should be adjusted, the important
forest and wetland ecosystems should be retained, the scale and intensity of residential area
construction should be strictly restricted, and the interference with the existing green
infrastructure should be reduced in combination with the construction of community parks and
residential green space.
Industrial land: Adjust the planning of urban industrial land, change the industrial land within
the region to non-construction land, or change it into urban park green space.
Public service land: Adjust urban public service land planning to preserve important
ecosystems; restrict the type of land used for low-density education, culture, and sports facilities,
and strictly control their scales.

Stressed area in the “no
planning control” scenario

Residential land: It should be included in the scope of urban ecological protection planning and
control of detailed planning to avoid development as residential land.
Public green land: Special planning for urban public green space has been formulated; the
original forest and wetland ecosystems should be retained, and local plants should be used to
construct parks. The construction intensity of urban hard squares should be strictly controlled.
Industrial land: The key monitoring areas included in the urban ecological protection planning
shall be strictly monitored and managed, and the industrial construction projects shall be guided
to be replaced with industrial parks in non-stress areas.

Zones that will soon be
occupied by urban
development land

Residential land: Priority should be given to the formulation of detailed control planning, strict
restrictions should be given to building density and floor area ratio, and important woodland
patches and wetland patches should be reserved as residential park green space.
Public service land: Priority should be given to the preparation of a detailed control plan, strictly
limiting the building density and plot ratio, and retaining important ecological patches as public
green space inside the park.
Land for roads and transportation facilities: Priority should be given to the compilation of
detailed control planning, and the construction of road traffic attached green space should be
combined with the requirements of urban ecological protection planning to avoid aggravating
habitat fragmentation of protected species.

Stressed area of core
Ecological Corridor

Residential land: Priority should be given to the preparation of a detailed control plan and the
corridor area should be designated as a residential green space to avoid the layout of residential
buildings interfering with biological migration activities.
Public green land: Priority should be given to the formulation of detailed control planning, and
local plants should be strictly used in the construction of green space in the park while ensuring
the width of the biological migration corridor.
Land for roads and transportation facilities: Priority should be given to the preparation of
detailed control plans and the construction of underpass culverts or ecological bridges for
protected species to cross, to avoid roads interrupting the migration process.

5. Discussions

The research on urban growth and ecological resilience focuses on the representation
of their feature of coupling relations [25,28,32,35] but there is a lack of comprehensive
analysis in the context of urban growth uncertainty. Both cities and green infrastructure
are complex network systems that are constantly changing, and traditional static and
rigid control measures can hardly solve the complex contradictory problems between
urban development and green infrastructure protection [15,16]. Uncertainty exists in
organizational drivers, such as planning policies and their implementation, leading to
different future patterns of urban growth. Therefore, this study proposes a scenario-analysis
approach by combining the minimum cumulative resistance model (MCR) with cellular
automata (CA) to reflect the intrinsic dynamic linkage process of ecological processes under
uncertainties [37,38]. Based on our simulation results, urban land expansion in urban
agglomeration is a self-organizing growth process under the influence of organizational
planning measures which are also consistent with other studies [17,28,36]. The distribution
pattern of green infrastructure under stress is different in three scenarios. Even in the
scenario of ecological protection planning and control, urban growth can easily break
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through the ecological protection boundary. The applied artificial neural network CA
model can be used to predict the uncertain future of urban growth scenarios, and it could
be more conducive to solving the practical problems that may be faced by the stressed
green infrastructure [89,90].

Furthermore, most of the existing studies on the ecosystem resilience assessment
and management are limited to the evaluation and improvement of indicators [20,22–24]
and ignore the difference in the diversification pattern caused by the spatial game of the
future urban growth. The validation and calibration process and results confirmed our
hypotheses that the process of urban growth stressing green infrastructure in various
scenarios could be simulated and the stressed green infrastructure could be identified with
different characteristics. Residential, industrial, and traffic facility land are the main types
of urban land causing green infrastructure stress, while forest, shrub, and wetland are
the main types of the stressed green infrastructure in our case. The green infrastructure
stressed by urban growth is mainly concentrated around the urban built-up area, but the
distribution pattern of the stressed green infrastructure varies with different scenarios. This
is because the driving factors of urban self-organization determine the main trend of urban
growth. For instance, the urban population of Chang-Zhu-Tan urban agglomeration is
about 10.2 million in 2020, and it will rise to 14 million in 2030 as compared. Even in the
scenario of ecological protection planning control, urban land use is easy to break through
the protection boundary. The identification of stressed green infrastructure in various
scenarios and the detailed analysis of their characteristics help identify the diversities and
form resilience optimization measures for the stressed green infrastructure afterwards.

The importance of resilience for the green infrastructure has been discussed in the
case study of Detroit in America [91] and in the review on relative research of America
and Europe [92] but still in its infancy in China. The analysis results have proved clearly
the hypothesis that the current rigid measures cannot cope with the dynamic, complex,
changing processes of urban land use and green infrastructure, which, on the other hand,
confirms that resilient measures are needed to improve the green infrastructure resilience
for urban agglomerations in China. In contrast with the more frequent design proposals for
green infrastructure protection, which almost exclusively gives static and rigid conserva-
tion boundaries, our approach provides alternatives for changing the landscape of urban
agglomeration with more resilience. The in-depth analysis proposes that the resilience of
green infrastructure could be achieved by resilient management measures, such as urban
planning adjustment, regulatory detailed planning, development strength control, and
setting up the ecological protection facilities for the stressed green infrastructure.

To summarize, this study has successfully formulated an effective methodology that
provides a scenario analysis approach to identify the stressed ecological spatial patterns
and form resilient measures for urban agglomerations in China. We comprehensively
analyze the dynamic game process of the urban growth stress green infrastructure and
identify the different types of stressed green infrastructure. This approach helps formulate
efficient green infrastructure resilience control strategies according to the uncertainty of
urban growth, ensuring that stressed ecosystems can resist disturbance, respond, and adapt
to changes in different scenarios.

Nevertheless, this study has some limitations. The application of the resilience concept
in green infrastructure is still in the exploration stage, and the future of urban growth under
the influence of multiple driving forces is more complex than the scenario hypothesis in
this research. The research on the stress impacts and resilience response of different urban
land-use types on different green infrastructure needs to be further studied.

6. Conclusions

The resilience optimization of green infrastructure in rapidly developing urbanized
areas, as a key yet difficult point in the ecological construction of urban agglomerations, has
not received sufficient attention in relevant studies. The uncertainty of urban growth leads
to the uncertainty of urban agglomeration green infrastructure. As it is difficult to adapt
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to such uncertainty, the previous planning measures for green infrastructure protection
based on the demarcation of rigid protection red lines are easy to fail. To solve this problem,
we have proposed a scenario simulation analysis method to identify the types of stressed
green infrastructure and conduct resilience management based on the characteristics of
self-organization growth of urban land and other-organization growth of urban planning.
In this method, the cellular automata model of urban growth has been constructed by
using an artificial neural network, and four types of green infrastructure under urban
growth stress have been identified in three scenarios. Resilience management strategies
have been proposed to adapt to the alternative futures of urban growth in detail based on
land-use types.

Currently, China is still in a period of rapid urbanization, and the research on the
optimization of the resilience of the stressed green infrastructure not only helps to solve
the conflicts between urban expansion and ecological protection but also contributes to the
construction of an ecological city. Through the study on the optimization of the resilience
of the stressed green infrastructure of Chang-Zhu-Tan urban agglomeration, it is found that
the strong urban self-organizing driving force dominates the future urban growth process,
while the other organizing driving force of planning affects the future urban growth pattern
to a certain extent. Although the protection planning of green infrastructure has a certain
constraint effect on urban growth, its protection boundary is easily breached by urban
land use. The identification of four types of stressed spaces in Chang-Zhu-Tan urban
agglomeration and their resilience management is beneficial to improving the conservation
efficiency of green infrastructure and the management efficiency of the urban-growth
boundary by targeting the most suitable measures for the spaces with resilient potentials.
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Abstract: The aim of this study was to analyze urban sensory gardens containing aromatic herbs in
terms of the plants used in them. The analysis considered the impact of climate change, particularly
of higher temperatures, which may affect the character of contemporary urban gardens. The study
was planned primarily in the context of the gardens’ therapeutic significance to their users. An
important part of the work was to analyze how particular aromatic plants are perceived and received
by the inhabitants, using the example of one of Poland's largest cities, Kraków, to assess whether
they can have an impact on the inhabitants’ positive memories and thus improve their well-being.
Initially, the plant composition of gardens located in Poland that feature aromatic herbs was analyzed.
This was followed by a survey and an analysis of therapeutic gardens using the Trojanowska method
as modified by Krzeptowska-Moszkowicz et al. The plant composition analysis of sensory gardens
featuring herbs demonstrated that vulnerable plants in the Central European climate are being
introduced to urban sensory gardens. In terms of major aromatic plants, it was found that almost
every respondent reported the existence of scents that had some form of essential significance
associated with personal memories. Considering the important sensory impact of water elements in
therapeutic gardens, as well as problems related to the acquisition of drinking water or water used in
agriculture or horticulture, the paper also addresses this topic. It was found that the city dwellers
who filled in the questionnaire strongly preferred the introduction of more ecological solutions in the
gardens related to water use—to collect and use rainwater, e.g., for watering, instead of piped water.

Keywords: sensory gardens; climate change; urban green spaces; aromatic herbs; plant smell memory;
stress; human wellbeing in urban areas; restorative environments

1. Introduction

1.1. Sensory Gardens with Herbs as Therapeutic Places in the Urban Tissue

Publicly accessible sensory gardens are a part of urban public greenery [1]. Similarly
other well-designed green areas in cities, they can act primarily as restorative gardens if
they guide the user to achieving an internal bodily balance (homeostasis) [2], which results
in an improvement in one’s emotional and physical fitness, even if by merely reducing
stress. A sensory garden is a special type of garden, listed among therapeutic gardens, and
as such has significant use in therapy [3]. Such gardens should be designed so that humans
are able to experience them from up close [4]. Although the primary function of a sensory
garden is to affect its users’ senses, it is defined in various ways in the literature, with
listings of commonly used definitions provided by Husein [5], Krzeptowska-Moszkowicz
et al. [6], Wajchman-Świtalska et al. [7]. To us, the sense of a publicly accessible urban
sensory garden is expressed most precisely in the definition of the British Sensory Trust,
which states that a garden is: “a self-contained area that concentrates a wide range of
sensory experiences [ . . . ], such an area, if designed well, provides a valuable resource
for a wide range of uses, from education to recreation” [8]. In an urban setting, sensory
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gardens can be established for various types of users and are thus intended for different
forms of activity [6].

Sensory gardens should be designed with special care so that they can fulfil their
assigned therapeutic tasks [3,4,9,10]. Plants are a crucial component of these gardens, with
aromatic herbs being particularly of value [3]. Herbs are defined as “any plant with leaves,
seeds or flowers used for flavoring, food, medicine, fragrance production, etc.” [11]. In
ages past, herbs also held spiritual significance—they had a religious, ritual, or symbolic
value [12]. This highlights their important and wide ranging effects on people. Many herbs
that appeared in Central and Eastern Europe by the Middle Ages and arrived through
convents and monastic gardens, were originally prevalent in warmer areas of Europe and
Asia [12–14]. They made their way from monastic gardens to lay ones, and to the collective
conscious as part of medicinal preparations, seasoning for meals, or in various types of
ceremonies, which contributed to their widespread recognition [12]. Accounting for the
origins of many such plants, it was not always possible to cultivate them in the soil in the
climate of Poland. However, the currently observed climate change could visibly alter the
appearance and extend the significance of gardens that feature herbs.

At present, herbs are desirable element of contemporary gardens and play a crucial
role in selected therapeutic programs [3]. This is due to the influence of the scent of aromatic
herbs on the sense of smell that does not limit itself to the flowers of such plants, as it
also includes their vegetative elements, which extends their application scope. A study by
Zajadacz et al. [15] noted that scents play a greater role in the spatial orientation of blind
people in sensory gardens than they do outside of them. Arslan et al. [16] also discussed
the general matters of the application of aromatic herbs in therapeutic gardens. Aromas,
including herbal ones, are also crucial for another reason, as the key significance of scents
in stimulating memory-dependent bodily functions was observed, allowing us to “transfer
the past into the present” [17,18] and to build certain new relations based on previous
experiences. This is used in practice in, among other places, sensory gardens near special
education facilities—in children’s therapy, where a familiar plant scent, especially one
associated with home and family, contributes to better performance in spatial orientation
tasks and building self-confidence and autonomy [4].

1.2. Climate Change, Greenery, and Human Health

Global climate change results in local phenomena that affect specific regions and
countries [19]. Rising temperatures affect people who live in cities in an especially negative
way, with high summer temperatures having a profoundly negative impact. This problem
is further compounded by the so-called urban heat island effect that occurs in urbanized
areas [20]. Heat waves, describing long periods of elevated temperature, are another
compounding effect of climate change, and were found to have a particularly detrimental
effect on human health and wellbeing, especially in seniors [21,22]. Such phenomena have
been observed in Kraków, one of Poland’s largest cities, among others [23].

The presence of urban greenery can alleviate the negative consequences of high temper-
atures, for instance by plant transpiration or through the visibly lower heat accumulation
of plant-occupied surfaces in comparison to paved surfaces or open areas [24,25]. A green
environment can also positively affect the health and wellbeing of urban residents, even
via its passive observation [26]. Numerous studies found that humans desire contact with
nature and display a preference for a green setting instead of a typically urbanized one
when choosing a place to regenerate after mental exhaustion. Being present in a greenery-
rich environment was found to facilitate psychological renewal [27,28]. As opposed to
stress and the rapid pace of urban life, a garden offers a slow rhythm and an absence of
disruptiveness via its changing plants, which is noted by its users, and brings calmness
and peace [29]. Studies performed in Great Britain found that, in a big-city setting, visiting
urban green areas led to different types of wellbeing benefits than strolling outside the
city. It was found that it reduces anxiety [30]. The positive impact of green spaces on
various health-related human problems was investigated in numerous studies, which were
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collected and briefly discussed by Chiabai et al. [31]. Papers that describe its impact on
the mental wellbeing of adults were summarized by Houlden et al. [32]. Urban greenery
positively affects the residents of urban areas and can remediate the negative consequences
of climate change, yet it is also impacted by such consequences. Positive phenomena in this
respect include an extension of the vegetation period both in Poland and other European
countries [33], which contributes to gardens appearing attractive for longer periods, and in
the case of therapeutic gardens, extends the season during which they can affect their users.
In the light of climate change, a simulated temperature increase of 1 ◦C relative to the final
three decades of the twentieth century was performed and showed a significant decrease in
the temperate cool region’s reach, and an increase in the area of the temperate warm region,
along with the appearance of a warm region [19], which can contribute to changes in the
composition of species introduced into green areas in individual territories, and can lead
to the spread of thermophilic flora, especially in cities [34,35]. The estimated temperature
increase is expected to lead to an increased water deficit [21], which is a climate-change
consequence that negatively affects plants and gardens.

1.3. Goal of the Study

The purpose of the survey study among the residents of a large city was to investigate
the way respondents perceived the smells of various herbs and to reach deeper to determine
whether specific herbs had positive memory-dependent significance to respondents. The
practical applications of the answers to these questions may aid in better understanding
the restorative and therapeutic impact of sensory gardens featuring herbs on city residents.
Therefore, the study also featured an analysis of the therapeutic potential of existing Polish
gardens with sensory features which primarily targeted the sense of smell. The outcome
of this analysis was to indicate how their therapeutic scope can be extended. Problems
associated with climate change were also investigated. Our work also takes into account
the problems associated with climate change, particularly that of rising temperatures in
cities, which may affect existing urban gardens.

2. Materials and Methods

2.1. Research Sites

The study investigated six publicly accessible urban gardens located in Poland (Table 1).
The gardens were selected due to aromatic herbs being their major component, in addition
to being intentionally designed as fragrant gardens. The selected gardens were relatively
well-known domestically, as they had either already appeared in studies on therapeutic
gardens, were featured in garden trails, or were located in areas frequently visited by
people from various areas of Poland and abroad. Some of the gardens directly referenced
the Middle Ages or the Renaissance, periods when the sense of smell was held in high
regard. All of the analyzed gardens were contemporary, although some of them were
located in areas previously occupied by historical gardens.

Publicly accessible gardens are defined as gardens that are accessible to all visitors
and can be visited either during specific hours or are always open. The following urban
gardens with sensory features and located in Poland were selected for the study:

1. Frombork: Herbal garden near a historical medieval hospital building belonging to
the Holy Spirit Hospital—currently a museum;

2. Kamień Śląski: The S. Kneipp herbal garden—near a Kneipp Institute therapeutic
facility [10];

3. Kraków: The herbal garden of the Czapski Pavilion—a museum;
4. Sandomierz: The Garden of Marcin of Urzędów—a garden referencing a medicinal

Renaissance garden [36];
5. Kraków: Zapachowo fragrance garden and sensory path at the S. Lem Science

Garden [7,37];
6. Solec Zdrój: Educational Path—Aromatherapeutic Avenue—a fragrant garden built

by the Solec Zdrój Municipality.
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Poland is in Central Europe, in a temperate climate zone. Poland is noted to have a
transitional climate influenced by Western Europe’s marine climate and Eastern Europe’s
continental climate. Additionally, due to the influx of a diverse range of air masses, the
Polish climate is characterized by a degree of variance. Poland’s territory can be divided
into subregions that differ in temperature, the course of the seasons and amount of rainfall
that occurs [19,38]. Temperatures, especially temperature extremes, and particularly those
in winter, have a significant impact on the plant types cultivated in gardens. Therefore,
so-called frost-resistance zones are delineated, with three such zones in Poland, which are
taken into consideration during species-composition formulation for gardens. See Figure 1.

Figure 1. This illustration shows a map of Poland with the location of the herb gardens analyzed in
this work. Colors and numbers with letters: 5B, 6A, 6B, 7A, 7B indicate frost zones of plants in Poland.

2.2. Methods

At the start of the study, the selected plant material present in the gardens was
analyzed, with a focus on species that provide olfactory stimulation. This was achieved
using the available species lists and with surveys performed in all the gardens. A list of
aromatic herbs used in the gardens was compiled. In addition, the species that were listed
in the literature as struggling to survive winters in the Polish climate or unable to survive
them while planted in the soil were enumerated. The frequency of using temperature-
sensitive plants in the sensory gardens under study was investigated, as well as the ways
the most vulnerable plants are able to survive winter in urban conditions in the current
Polish climate.

A survey study was used to investigate how the individual herb fragrances present in
such gardens were perceived by the residents of a large city—Kraków. The survey sample
consisted of 73 people. The sample group was small and therefore cannot be considered
representative, but in our opinion it is sufficient for the preliminary study described. In
future research, the target group of respondents will be expanded.

Seeing as sensory gardens are often dedicated to specific groups of city-dwelling
users [6] with distinctive needs, the respondents were divided into the following three
age groups: group A—young people between 18 and 29 years of age, typically students
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or engaging in first-time employment; group B—people between 30 and 59 years of age,
either employed or active in their respective families, group C—seniors aged 60 and above.
The respondents were asked six questions, with three concerning aromatic herbs and the
remaining three concerning water in herbal gardens. Those aromatic herbs that appeared
the most often in Polish gardens with sensory features associated with the sense of smell as
well as species sensitive to low temperatures were selected for this study. Concerning water
in herbal gardens, the questions in the survey asked whether respondents found it to be
significant in herbal gardens, its significance in those gardens and whether the respondents
found where said water was sourced from to be significant.

In the first stage, an analysis of the gardens’ therapeutic potential was performed
using the Trojanowska method [39,40], as adapted to gardens with sensory features by
Krzeptowska-Moszkowicz et al. [6]. The method is based on an assessment of the gardens’
attributes, whereby an attribute is understood as “a feature of space or the presence of
features” [39]. In this method, as the number of attributes increases, so does an area’s
therapeutic potential. It is a method that has, upon suitable adaptation, been successfully
used to analyze therapeutic areas of various sizes, such as sensory gardens [4], parks [39,40]
and large areas such as a seacoast fragment with natural and cultural value [41].

The attributes were grouped into design stages as follows: (1) functional program,
(2) functional–spatial structure, (3) the design of internal spaces and architectural form,
(4) placemaking, (5) accounting for sustainability requirements [39]. The last group of
attributes, namely sustainability requirements, is essential for two reasons. First, it brings to
mind the problems that appear in green areas, including in response to climate change, and
the proper management of natural resources by humans. The second crucial aspect concerns
the associated properties of a sensory garden that determine its perception by users.

3. Results

3.1. Aromatic Herbs in the Gardens with Sensory Features

Table 2 shows the species used in the gardens under study and how often they
appeared. The listing includes plants from warmer areas of the world, which are vulnerable
during winter, and thus are interesting from a climate-change standpoint. Furthermore, two
species of aromatic herbs that appeared less often in these areas while being well-known in
Poland were of note (Levisticum officinale W.D.J. Koch and Melissa officinalis L.). The nine
species identified were later featured in the survey intended for later stages of the study.

True lavender appeared in all the gardens, in addition to Salvia officinalis L. or other
species of salvia. Both Nepeta × Faasenii Bergmans ex Stearn and Origanum vulgare L. were not as
prevalent, but still common, as they were present in five cases. Mint, Mentha x piperita L., was
also used relatively frequently, but mostly peppermint, in addition to Hyssopus officinalis L.,
which was noted in four of the six analyzed gardens. Melissa officinalis L., lemon balm,
as well as a number of herbs used as dried seasoning in cooking, were rarer, present in
only a half of the gardens, which is why they were not included in the survey. Our study
showed that other aromatic herbs were only present in gardens in singular cases, and as
such cannot be said to be popular as plants used in publicly accessible urban herbal and
fragrant gardens.

The group of aromatic herbs that were previously considered not to winter in the soil or
only partially winter this way includes as many as four species found in the gardens under
study. Interestingly, plants from the following three genera: Lavandula, Salvia and Hyssopus,
are very popular in these gardens and were found in either all or nearly all the gardens.
Even rosemary, Rosmarinus officinalis, which is highly sensitive to low temperatures and was
seen as a plant that does not winter in Poland, was present in two gardens. Therefore, it can
be stated that sensitive plants were boldly introduced into contemporary urban gardens.
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Table 2. Presence of aromatic herbs in the gardens under study. The plants typically used in these
gardens, as well as more vulnerable plants originating from warmer areas of the world. V is a stamp
which should be read as “yes”, in this case a confirmation that the plant is in the assigned garden.

PLANT
RESILIENCE/WINTERING IN

POLAND
GARDENS FEATURING

HERBS
NUMBER OF

GARDENS

1 2 3 4 5 6

PERENNIALS THAT WINTER IN
POLAND

Nepeta × Faasenii Bergmans ex Stearn perennial v v v - v v 5/6

Origanum vulgare L. perennial v v v v v - 5/6

Mentha × piperita L. perennial v v v - v -
4/6

Other species and varieties: Mentha sp. - v v - v -

Melissa officinalis L. perennial v v - - v - 3/6

Levisticum officinale W. D. J. Koch perennial v - v - - - 2/6

VULNERABLE SPECIES FROM
WARMER REGIONS

Lavandula angustifolia Mill. prostrate shrub/partially winters v v v v v - 5/6

Salvia officinalis L. subshrub/partially winters v v v - v -
6/6

Other species: Salvia sp. - - - v - v

Hyssopus
officinalis L. subshrub/partially winters v v - v v - 4/6

Rosmarinus
officinalis L.

wintergreen prostrate
shrub/winters poorly v - v - - - 2/6

3.2. Kraków’s Residents’ Associations with the Smell of Herbs

The results of the survey performed as a part of this study showed that the vast
majority of aromatic herbs and their smells were positively perceived by the respondents—
residents of Kraków (Figure 2). Although, the smell of catnip Nepeta sp. and lovage
Levisticum sp. were indicated as liked by a smaller group. A number of respondents
identified the smell of lovage Levisticum sp. as one they did not like, with a similar sentiment
expressed for lavender Lavandula sp. and salvia Salvia sp. An altogether different result in
comparison to the previous herbs was returned for the smell of hyssop Hyssopus sp., with
the majority of respondents reporting this smell to be either completely unknown to them
or that it was neither pleasant nor unpleasant. This can mean that although it is a generally
well-known plant, as a plant mentioned in the Bible, it was not known to the respondents
from direct experience, due to its infrequent use in private or public gardens in Poland.

Almost all of the respondents reported having a favorite aromatic plant, whose smell
they saw as particularly pleasant and bringing to mind positive associations. The most
important plants to which the respondents ascribed such significance were herbs such
as lavender Lavandula sp. and mint Mentha sp. (Figure 3). There was a slight difference
according to the respondents’ age. Among young persons between 18 and 29 years of age,
the highest number of respondents pointed to lavender Lavandula sp., followed by mint
Mentha sp., which was in turn followed by lemon balm Melissa sp., oregano Origanum sp.,
and rosemary Rosmarinus sp., which were picked much less often. Among older persons,
aged 30 and above, the greatest number of respondents listed their most liked and posi-
tively associated herbs as mint Mentha sp., followed by lavender Lavandula sp., rosemary
Rosmarinus sp., and lovage Levisticum sp., respectively.
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Figure 2. Results showing the perception of the smell of each herb as reported by respondents.

Figure 3. Results presenting associations with a smell that held particular significance to respondents
divided into two age groups—young people up to 29 years of age (group A) and aged 30 and above
(groups B and C).

The respondents reported that the smells in question brought clearly positive asso-
ciations, primarily linked with home and family, often simultaneously with childhood
and youth, the vacation season, as well as memories of exceptional travels, mostly during
summer (Table 3). In every age group, positively perceived smells carried at least one of
the above meanings. However, a difference in the percentage shares in their ascription to
each meaning was observed. In the group with the youngest respondents (group A), the
greatest significance was found for associating the smell of one’s favorite herbs with home
and family (70%), the middle-aged group saw smells associated with home, travel, and
summer as equally important, while seniors reported positive associations mostly with
home and family (60%).
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Table 3. Specific associations with past events listed by respondents as tied with preferred aro-
matic herbs.

ALL
GROUPS

AGE
GROUP A

AGE
GROUP B

AGE
GROUP C

Home, family (%) 60 70 37 60

Exceptional travels—often during
vacation season, the vacation

season (%)
26 21 43 10

Other—typically described as a
personal preference or

non-descript (%)
14 10 20 30

In terms of the specific significances that respondents ascribed to the smell of individ-
ual herbs (Table 4), most respondents across all age groups reported that it was the smell
that was the most important, yet a large group of respondents tied it with the addition of
a given herb to a specific beverage or meal. The significance of the application of a given
herb as a home remedy and the association of its smell with a preparation intended to aid
in minor health disorders was reported to be smaller, yet still substantial.

Table 4. The significance of favorite herbs and their smell.

ALL
GROUPS

AGE
GROUP A

AGE
GROUP B

AGE
GROUP C

The smell of the plant itself (%) 56 61 50 40

The smell of herbs added to
beverages or meals (%) 30 27 32 40

The smell of a plant as a
homemade medicine (%) 9 9 7 20

The smell of a plant used as an
anti-insect agent (%) 3 1 7 0

Symbolic plant with spiritual
significance (%) 2 1 4 0

3.3. Therapeutic Potential of Gardens Featuring Aromatic Herbs

The results of the analysis of the therapeutic potential of the gardens under study
are presented in Tables 5 and 6 and are graphically illustrated in Figure 4. Most gardens
with aromatic herbs were rated to have a potential of around 50%, with the range being
46–59%. Only one garden, near the J. Czapski pavilion, was found to have a slightly higher
therapeutic potential of 66%.

50%

54%

66%

59%

50%

46%

0%

10%

20%

30%

40%

50%

60%

70%

I II III IV V VI

Figure 4. Overall results of the therapeutic potential analysis of the gardens under study.
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3.4. Water in Sensory Gardens Featuring Herbs

Due to global warming and the existence of the urban heat island effect, along with
the occurrence of various associated problems concerning urban greenery and their impact
on human health and wellbeing, we investigated the role of water in city gardens. This is
why the survey performed as part of this study included questions on whether water and
its sound can have a positive impact on the perception of gardens that include herbs and
the significance it could have. Most respondents reported that it can have a positive impact
to humans and city-dwelling animals—see Table 7.

Table 7. Problems associated with water in sensory gardens—survey responses.

Respondent Responses

-Is the presence of water in a garden, e.g., as a
fountain, important?

Yes—62
No—5

I have no opinion—6

-What does the presence of water mean to you?

Relaxation—26
Humidification—5

Relaxation and humidification—25
Water source for birds and insects—2

Others—3
It does not mean anything—8

-Where should the water used in a garden
come from?

Harvested stormwater and rainwater—62
From the grid—2
It is irrelevant—9

In the light of the problems caused by water deficits and those of cities, the respondents
were asked whether they found the source of water used in a garden to be significant. The
majority of the respondents replied that they found it significant and that they believed
that rainwater and stormwater should be the main source of water used in gardens.

4. Discussion

In gardens with sensory features, especially those that feature aromatic herbs, the
impact of climate change, and especially global warming, has already become somewhat
noticeable. Plants that were rarely seen in urban spaces in the twentieth century due to
their possible freezing in the Polish climate [42] are currently more often encountered in
cities. One such case is true lavender Lavandula angustifolia Mill., which in Poland was
first introduced into private gardens, and in recent years it has increasingly been planted
in public gardens, near parking lots and on church grounds. It was observed that this
species was present in all of the herbal gardens investigated in this study. Rosemary
Rosmarinus officinalis L. is another such example. It was seen as a pot plant in the Polish
climate, originally present on the edges of the Mediterranean Sea, and is typically culti-
vated in European countries with mild winters [43]. This species has only recently been
introduced in Polish public spaces, on a much smaller scale than lavender, as it is a more
sensitive species. Rosemary was introduced into the garden near the J. Czapski Museum,
which has sensory garden features. In Kraków’s city center, the urban heat island effect has
been observed, while along the area’s edges, temperatures are not always higher than in the
surrounding rural areas. This depends on a range of factors [23]. The aforementioned area
near the Museum is located in the heart of the city, where temperatures are the highest. In
terms of aromatic plants, high temperatures make the fragrances produced by them more
intense. The area is also shielded from cross-ventilation by buildings, while from the north
it is fenced by an insolated garden wall that is warmed by the sun. These are factors that
contribute to the presence of favorable conditions for sensitive plants, including in winter.
Rosemary is able to survive winter in such a setting without cold protection, which was
observed for several consecutive years. As an evergreen plant, it greatly enlivens garden
spaces with its vivid green color. Shanahan et al. argued that the visual features of a green
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environment and the biophysical parameters of greenery, stemming from the features of
plant structure and physiological activity, both play a part in affecting human health [25].

Expanding the set of plants used in sensory gardens to include species that were previ-
ously seen as vulnerable, and which are familiar to and liked by city residents can enhance
health benefits. A study by Bengtsson and Grahn [9] demonstrated that a significant role in
rehabilitation and convalescence is played by high species diversity in therapeutic gardens,
especially during the later stages of the process. These observations can also be applied
to city parks, which is why apart from plants introduced by people, it is important to
note factors that can contribute to the diversity of domestic species in park cover [44,45].
Many domestic plants or aromatic herbs are attractive to insects and observing animals in
therapeutic gardens enhances the scope of sensory stimuli [46] and supports therapy [47].
A study by Cooper Marcus et al. [48] also showed just how important the inclusion of
animals is in improving wellbeing. It presented how observing wildlife, including insects
and birds, was identified as a major activity among hospital gardens.

The findings indicate that most city residents can be said to positively perceive the
smells of various herbs. In addition, regardless of age, many residents expressed that they
preferred herbal smells and reported that such smells elicited personal and highly positive
associations. In our study, the respondents’ favorite aromas were typically associated
with the home, childhood, as well as the vacation season, representing a time of rest and
relaxation. Winterbottom and Wagenfeld argued that bringing to mind pleasant past
experiences can be significant to people who have had to leave their place of residence for
various reasons such as illness, homelessness, as well as for people who find themselves in
a completely alien environment [3]. The period of childhood, linked with nature or specific
plants, remains strongly embedded in a person’s memory, as observed by Lohr et al.,
who observed that childhood experiences can impact one’s attitude towards wildlife and
gardening in adulthood [49]. Other researchers also pointed to the significance of memories
tied with garden settings, as memories of previously encountered gardens were observed
in the elderly [17]. The results of our survey clearly showed that aromas can also bring to
mind summertime relaxation and pleasant memories of vacation trips. The application
of plants such as lavender or rosemary in Central European climate conditions, despite
previously not being recommended, can stimulate these distinct memories, especially of
travel to warmer areas of Europe.

Smells that bring to mind positive associations, when accounting for clearly pleasant
memories, can improve the mood and sense of wellbeing of those who experience them. In
our survey, a significant percentage of respondents, who were big-city residents, associated
smells with good memories, which means that it can be argued that sensory gardens that
stimulate the sense of smell of residents of big cities can improve the quality of life for
individuals in a city and their overall wellbeing. Winterbottom and Wagenfeld [3] observed
that the smell of lavender Lavandula sp., rose Rosa sp. and salvia Salvia sp. improved
mood and eased stress, while the smell of mint Mentha sp. and citruses were perceived as
invigorating or overwhelming. Lavender and mint were often identified in our study as a
respondent’s preferred plant, which brought to mind highly positive associations. However,
salvia, despite reactions to its smell being reported as either positive or indifferent, was
identified as personally significant or bringing to mind special memories by very few
respondents. These results are important indicators for designers of therapeutic sensory
gardens intended for construction in urban settings.

Based on the survey’s results, we also noted that a significant portion of the respon-
dents tied their favorite smells with beverages and food overall. This may indicate that
adding such herbs to meals served in cafes operating alongside sensory gardens can en-
hance and extend the positive effect that appears as a result of a good memory and can
thus result in greater therapeutic benefits and an elevated sense of wellbeing. Trojanowska
argued that access to food and drink should be an attribute of a park with therapeutic
features [39]. There are cases of Polish sensory gardens that feature a coffee shop, such as
the garden near the J. Czapski Museum in Kraków.
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Our analysis of Polish herbal gardens with sensory features using the Trojanowska
method [39,40] as adapted by Krzeptowska-Moszkowicz et al. [6] demonstrated that such
gardens have a medium therapeutic potential. It also revealed their limitations. One
major problem in cities may be the existence of poor-quality greenspaces, which is a
factor that contributes to human health, as it was observed that in urbanized areas such
greenery, despite being present, may not impart as many health benefits as good-quality
greenspace [50]. The higher adaptability of such gardens to disabled persons (attribute 1:
D-5) is also notable, as sensory gardens can be visited by this demographic. The potential
personalization of space (attribute 4: A-1) was also found to be overlooked and may prevent
visitors from forming a deeper connection with a garden.

In the herbal gardens under analysis, the absence of water features was a major
problem (attributes 3: A-3 and 5: A-2). Panel paintings depicted medieval European
gardens as equipped with fountains, including in settings with aromatic plants [51]. Water
is a significant element in therapeutic gardens and its application, particularly when it
is in motion, greatly enhances their therapeutic potential [3,48]. Water is an excellent
tool of expanding sensory stimuli, especially auditory, visual, and tactile ones [3]. Most
respondents were of the opinion that in a garden with aromatic plants, sounds associated
with water, e.g., produced by a small fountain, would be perceived positively. They also
noted the positive impact of water on a garden’s microclimate, e.g., by humidifying the
air and lowering temperature. In our opinion, this highlights the existence of a need for
flowing water among city residents and shows that water can positively affect people
during periods of high temperature that occur in cities during summer.

The growing water deficit linked to climate change and progressively increasing global
warming and water evaporation leads to the problem of supplying plants with water in
agriculture and horticulture, and it is not limited to Poland [21]. It also concerns urban
sensory gardens, wherein the urban heat island effect further escalates the situation [23,52].
Our survey revealed that the majority of the surveyed residents of a big city, in this case
Kraków, found the source of water used to irrigate gardens to be a significant issue. Most
respondents expressed the opinion that harvesting stormwater and rainwater for this
purpose would be preferable to the use of grid-sourced water. This may indicate that city
residents have an awareness of contemporary water-accessibility problems, the significance
of water overall and pro-environmental solutions in this regard.
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Abstract: Gardens of historic psychiatric institutions represent a special type of heritage garden that
possess both aesthetic and therapeutic purposes. Their existence and current state are affected by
changes in the organisation of mental treatment. The article focuses on the possible use of these
gardens as places of modern green therapies carried out in, and connected with, nature. Taking
into account the state of the art on the beneficial influence of nature on human health and well-
being, the paper provides an overview of historic and modern nature-based activities considered
therapeutic. Subsequently, three case studies of contemporary psychiatric facilities operating in
historic mental hospital sites are examined. Many activities linked to nature exercised historically in
those gardens bear similarities to a contemporary spectrum of ecotherapies. An analysis of historic
and contemporary plans of the sites and gardens and a description of the therapeutic activities carried
out in nature are provided. Results prove that their potential is promising, but not yet used to its
full extent because of organisation and financing within the context of health care systems. Using
those gardens for the spectrum of green therapies may bring benefits for patients and the historic
substance alike.

Keywords: historic psychiatric hospitals; therapeutic landscape; green therapy; horticulture therapy

1. Introduction

1.1. Historic Psychiatric Hospitals and Their Gardens—From Lunatic Asylum to Contemporary
Mental Health Centres

Historic psychiatric hospitals were built in the early 19th century as specific places
of treatment of manifold disorders described usually as ‘lunacy’, during the era of psy-
chiatry’s beginnings as a distinct medical specialization. Lunatic asylums—as they were
called—represented special types of buildings and landscapes, which were designed ac-
cording to the theoretical works of medical doctors and took into account their experiences
gathered while managing those institutions and collected during study travels undertaken
to visit model institutions. With time, these institutions evolved just like psychiatry de-
veloped. At the beginning of the 19th century, a significant advance was brought by the
writings and practice of Pinel in France and Chiarugi in Italy [1,2], and the introduction of
moral treatment practised in England in a private Quaker institution called The Retreat and
led by William Tuke, who handed it to his grandson Samuel, who contributed greatly to
publicizing his achievements [3]. The humane attitude implemented at this small establish-
ment was widely propagated and treated as a model for many following decades. It was
based on the assumptions that the asylum’s interior and surroundings should be pleasant
to distract the troubled mind, and that appropriate daily routine, diet, and occupation
contributed to healing.

The structure of the asylum and its landscape was similar to an English country
house estate [4], but it had a clear therapeutic function. Although asylums evolved, some
principles remained the same. Gardens of historic psychiatric institutions represent a special
type of historic garden that served not only aesthetic but also therapeutic purposes [5,6]. At
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the turn of the 19th and 20th centuries, psychiatric hospitals were aspiring to be more than
just institutions of isolation, aiming at providing a truly restorative setting with countryside
locations, and accommodating patients in detached pavilions instead of large corridor
buildings. In addition, occupational therapy was widely introduced along with agricultural
and horticultural activities on hospital farms. Various types of physical activities, such as
‘tennis, bowls, badminton, football and amusements’ (such as the three-legged race) were also
considered beneficial and advertised in theoretical writings [7] (pp. 100–114).

Interestingly, radial plans of several mental institutions from the beginning of the 20th
century in Europe visually resemble a diagram of garden cities as presented in the writings
of Ebenezer Howard (Figure 1). While no direct inspiration for the design and building
process is usually found in historic sources [8], this type of circular plan and similarities
to garden cities contributed to these institutions being described as ‘garden cities for the
insane’ [9].

  
(a) (b) 

Figure 1. Similarities in plans between the garden city diagram and the plan of a mental asylum
of the early 20th century: (a) Diagram No. 3 by Ebenezer Howard showing the ward and centre of
the garden city (from Howard, Ebenezer, To-morrow: A Peaceful Path to Real Reform, London: Swan
Sonnenschein & Co., Ltd., 1898; source: [10] public domain, (b) The plan of the Kingseat Asylum in
Scotland, built from 1900 to 1904, as pictured on the Ordnance Survey Map from 1944; source: the
collection of the National Library of Scotland, CC-BY (NLS).

Despite all these efforts and the therapeutic regime implemented by early psychiatrists
working there, asylums were heavily criticized by the advocates of clinical treatment, which
was considered more effective than alienists’ work. Finally, large institutions were defeated
by numbers, because in an institution that sometimes holds as many as 2,000 patients,
any therapy was condemned to failure [11]. The first three decades of the 20th century
brought an almost double increase in the number of psychiatric patients in Britain [12].
Despite the introduction of brain surgery and electric shock treatment, psychiatric patients
demonstrating socially unacceptable behaviour were administered sedatives, and the
era of confinement in large psychiatric institutions lasted until the 1950s. A significant
breakthrough in the treatment of mental disorders was achieved with the humanitarian
effect of antipsychotic drugs. This, combined with a strong antipsychiatry movement [13],
contributed to the process of change and closure of the asylums.

In the UK, the decision to close Victorian asylums was strongly linked with the
famous ‘Water Tower speech’ delivered by the minister of health, Enoch Powell, at the
annual conference of the National Association for Mental Health in March 1961. Referring
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to specific elements of asylum sites, he described these institutions as ‘isolated, majestic,
imperious, brooded over by the gigantic water-tower and chimney combined, rising unmistakable
and daunting out of the countryside’ [14]. Services provided by psychiatric hospitals were to
be delivered by special acute-care psychiatric wards of general hospitals and community
care. This resulted in the dissolution of the asylums and plans to reduce the number of
mental health beds. This policy, in terms of patient comfort and quality of mental healthcare
services, has brought mixed results [15]. While, generally, large-scale institutions were
heavily criticized for their overcrowding and scandalous cases of violent treatment of
patients, and community care had its evident benefits, the fate of the elderly and patients
requiring long-term treatment, who were permanent residents of old institutions, became
difficult [16]. This wave of asylums’ closures was called deinstitutionalization, and led, in
many cases, to the complete demolition or redevelopment of numerous Victorian asylum
sites. Many of them stayed vacant for a long time, because it was difficult to obtain planning
permission for redevelopment, which significantly increased the value of the area [17,18].
Many were irreversibly destroyed and demolished, while numerous sites were turned into
up-market housing developments where all traces of the old asylum were often deliberately
obliterated [19,20]

Deinstitutionalization of psychiatric hospitals affected not only UK institutions, but
also historic asylums located in Italy, the United States, Australia, and New Zealand [21,22].

Redevelopment strategies for former asylum sites’ conversion usually focus on their
attractive locations (on the edge of the city, with pleasant views, and greenery in abundance)
and they often lead to the process of strategic forgetting of the past, or to selectively
remembering it to repackage the asylum as housing [23].

Yet, some contemporary mental health centres still operate in historic psychiatric
hospitals in several European countries, such as France [24], Switzerland [25], Germany [26],
and Poland [27]. They offer the most up-to-date treatment in the renovated buildings
surrounded by historic green spaces and parks.

The existence and current state of historic mental hospital gardens is inevitably bound
to changes in the organisation of mental therapies and treatment. What is more, like many
other historic gardens, they are nowadays facing numerous challenges linked with the need
for proper maintenance and issues connected to climate change, along with the ageing of
the original planting. The potential use of their gardens for the spectrum of green therapies
seems to bring benefits for patients and the historic substance alike, although it is not
fully used.

1.2. Aim of the Study

The article presents the therapeutic potential of historical gardens and parks of former
psychiatric hospitals, indicating the possibilities of using these gardens to conduct green
therapies. Furthermore, it explores some problems related to the maintenance of historical
vegetation, focusing primarily on the main benefits of nature-based interventions.

Links between nature and health have been explored since ancient times dating
back to Hippocrates, who in On Airs, Waters, and Places referred to ‘the body [which] was
inseparable from inquiry into places and directions, seasons and winds [ . . . ] human being was
being embedded in a world’ [28] (p.661). Early research was based on several theories that refer
to medical geography. The most important of them focus on the concept of therapeutical
landscapes [29,30] and evolutionary perspectives that encompass the prospect-refuge
theory [31], the functions-evolutionary model [32,33], and the psychoevolutionary model
of R. Ulrich [34–36].

Recently, numerous studies have explored not only the historical and modern paradigms
(of the various disciplines) which determine the discourse of nature concerning human
health and well-being research [37], but have referred to a multitude of particular aspects
connected with these issues. While gardens have always been an appreciated element [38]
of historic cities, providing public green leisure areas such as commons, pleasure grounds,
and public parks [39], they have nowadays become a vital part of green infrastructure
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(GI) [40] which may provide, among other services, therapeutic functions. Historic gar-
dens, along with other types of garden spaces [41,42], may be treated as resources in
sustainable urban development in a time of accelerating densification and climate change.
Relationships between green infrastructure and ecosystem, and human health, construc-
tion, evaluation and management of green infrastructure, and analysis of a special aspect
of green infrastructure are research topics in the field of landscape planning and urban
studies that are of great importance recently [43]. Many studies explore the benefits of
nature [44–46] and sustainable urban living spaces that are vital in an urban context, as the
population of urban dwellers grows on a global scale and is confronted with the climate
crisis [47,48]

Apart from the studies focusing on physical health [49], there is a growing body of
research that focuses on a positive association between urban green space and attention,
mood, and physical activity [50]. Other research aims at measuring the impact on mental
health of relations to, and activities carried out in, natural environments [51]. They often
examine the link between visiting green spaces and well-being [52], indicating that more
time spent in green spaces is associated with better mood [53] and higher scores on mental
health and vitality scales, independent of cultural and climatic contexts [54]. An important
role is especially attributed to physical activity during leisure in green space [55], and
interactions with nature, such as walking [56], which are likely to bring numerous benefits,
especially for people with mental issues such as depression [53].

Research on various nature-based interventions (NBIs) is of vital importance, as mental
disorders are increasingly diagnosed in recent years. For this reason, therapeutic measures
connected with nature are gaining importance. The WHO states that in 2019, one in every
eight people, which equals nearly 970 million people around the world, were living with a
mental disorder [57], and estimates that the COVID-19 pandemic contributed to an increase
in anxiety and major depressive disorders in only one year [58]. In the United States,
19.86% of adults are experiencing a mental illness, which is equivalent to nearly 50 million
Americans [59].

Because natural healing powers are particularly relevant in the case of stress reduction,
a wide spectrum of NBIs seem to present promising opportunities to support not only
treatment, but also the prevention of several mental disorders. Various stress-related
disorders [60] may be caused by psychosocial stress, such as fatigue, burnout, exhaustion,
depression, anxiety, or adjustment disorder [61].

While most of the research referring to horticultural therapy was carried out to examine
the impact of gardening on vulnerable groups, such as the elderly [62], children and
youth [63], patients with mental illness [64] or particular problems such as depression and
related issues [65], PTSD [66–69], and dementia [70,71], only some attention was paid to
the setting in which the therapy was conducted [72]. Of course, the features that define a
therapeutic garden [73–75] and park [76] are formulated, but they are applied mostly to
newly established environments.

There are no studies on therapeutic activities supporting psychiatric treatment carried
out in the parks and gardens of historic psychiatric hospitals, and relations between their
heritage values and composition. Therefore, this study aims to describe relations between
the landscape and garden composition of heritage mental hospital sites and a spectrum of
green therapies in the past and nowadays. Green-based interventions in those particular
places will be examined with reference to historic sources, the contemporary literature, and
research. In addition, three selected case studies of contemporary mental health centres
operating on historic psychiatric hospital heritage sites will be examined.

2. Materials and Methods

To explore the links between the historic mental hospital landscapes and contemporary
green therapies supporting mental health and well-being, the study employs a mixed-
methods approach and is based on secondary desk research and structured interviews,
which together contribute to case study analyses and provide data for discussion.
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Firstly, the connections to nature offered in the past, in former asylums from the
beginning of the 20th century, are explored. This part of the paper is based on historic
materials and included primary sources, such as writings of medical doctors and asylum
superintendents summarised previously in secondary sources, including the previous body
of research on the landscape composition and arrangement of historic asylums and their
gardens in Europe [6,77].

Subsequently, the contemporary spectrum of green therapies widely described in
recent reviews is analysed with reference to the historic use of green spaces and activi-
ties carried out in historic psychiatric hospitals, and possible implementation within the
historic model.

The last stage is an exploratory case study based on structured interviews carried
out in three mental health facilities which operate in historic buildings located in a park
setting. It describes the location and brief history of each particular hospital and provides
information on the contemporary spectrum of green therapies conducted in those selected
sites. Structured in-depth interviews were used to collect relevant source data to obtain
comparable materials and qualitative information on the types of green therapies conducted
and their relation to the heritage park site. It was particularly important if nowadays historic
landscape features were intentionally used. Interviews are an acknowledged method of
data collection in many research fields [78–80] including heritage science [81] and medicine
alike [82]. As an interactive method, an interview enables mutual learning and allows the
researcher to focus on the issues that the interviewer might not have previously considered
important [83].

In the discussion, reference is made to other relevant examples of historic hospi-
tal settings and their therapeutic use, although these may not exactly match the case
study criteria.

Case Study Choice and Location

Although numerous contemporary institutions still operate in historic buildings and
sites of old psychiatric hospitals across Europe, three were chosen for this study. The case
studies were selected to present the most developed places where all possible elements of
the functional programme were implemented at the stage of the design. For this reason,
mental hospital sites which were built in 1900 or later were chosen. In addition to this,
selected hospitals represent institutions built in pavilion style on a circumferential plan
resembling the garden city diagram—an example of harmonious development which
resembles a small community—and which still operate nowadays. In addition, they are of
comparable size in terms of surface. The original plans of those establishments were well
preserved and accessible. All three institutions declare that they appreciate their historic
setting and try to make contemporary use of historic green spaces, and that they adapt
heritage buildings to current treatment and patients’ needs. The following mental health
institutions (Table 1) were selected for investigation of the contemporary green therapies
actions in a historic setting:

1. The Babiński Specialized Hospital in the southern suburb of Kraków, former second
National Institute for the Nervous and Mentally Ill, Kraków-Kobierzyn (Małopolska
Voivodeship, Poland);

2. The Voivodeship Mental Hospital Lubiąż, former Provincial Hospital for the Ner-
vously and Mentally Ill (so-called ‘New Institution’, to differentiate it from the old hos-
pital situated in a former Cistercian abbey), Lubiąż (Lower Silesia
Voivideship, Poland);

3. Klinikum am Weissenhof Centre for Psychiatry Weinsberg, former Königliche Heilanstalt
Weinsberg, Staatliche Irrenanstalt, Weissenhof-Weinsberg (Baden-Würtemberg, Germany).
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Table 1. An overview of the historic mental hospitals and their gardens under study.

Kraków-Kobierzyn Lubiąż
Weissenhof-
Weinsberg

Historic name

The second National
Institute for the

Nervous and
Mentally Ill

Provincial treatment
and care facility in the

town of Lubiąż

Königliche
Heilanstalt

Weinsberg, Staatliche
Irrenanstalt

Contemporary
surface in ha 48 ha 21 ha 45 ha

Construction dates 1909-1919 1902-1910 1900-1903

Architects involved Władysław Klimczak Eduard Blümner Carl Hees

Landscape architects Wiktor Żochowski nn Albrecht Lilienfein
und Sohn

3. Results

Activities in nature have been used as means of therapy in the past, and they were
taken into account as important features to be considered when establishing an asylum
from the turn of the 19th and 20th centuries.

This section provides an overview of links to nature-based activities in the past and
a broad spectrum of contemporary opportunities for green therapies, and places them in
the context of historic mental hospital landscapes. Subsequently, three case studies are
described with particular attention to their landscape composition and layout, and green
therapies conducted nowadays.

3.1. An Overview of Connections to Nature and Green Therapies Historically Used in Mental
Hospitals from the Turn of the 19th and 20th Centuries

Firstly, the setting of the institution was important: on the outskirts of the city, in the
country, and preferably on a hill [84] with beautiful views to ease the troubled mind and
isolate the mentally ill from harmful industrialised and overpopulated cities [85]. Gardens
often used borrowed views from elevated mounds to secure the pleasant, picturesque
views for patients without being seen [86] (pp. 191–192). To restrict the visibility of curious
onlookers, the institutions were surrounded by fences and walls often constructed as ha-
has [87] (p. 185). Water was also important, and was presented as a fountain or a well in
the middle of the rectangular inner court or garden [88] (pp. 114–115).

A range of activities was encouraged and carried out on the hospital grounds. Walking
took place in airing courts; however, it was restricted to the wards for agitated and criminal
patients. In Brislington House, which was located in the vicinity of the Avon River, therapy
included walks in nature [89], and some institutions even organised excursions for patients
(such as Hanwell Asylum [84], or Illenau, near Achern, in Germany [88]).

Physical exercise was encouraged in the airing courts and on the hospital grounds
(battledore, shuttlecock, football, and cricket). In many places there were special amenities
designed within the parks, such as a bowling green and football pitch, and even tennis
courts for upper-class patients (as reported by the director of the Kobierzyn institution in
the 1920s [90]).

More sophisticated activities were often aimed at and exercised by educated, wealthy,
and noble patients. An interesting collection of drawings and paintings by Charles Alta-
mont Conan-Doyle (father of Sir Arthur Conan-Doyle), who spent several years in Montrose
Asylum in Scotland, is well known [91].

John Conolly, who introduced occupational therapy while acting as superintendent
in Hanwell Asylum, admitted that gardening was one of the meaningful occupations for
patients, who took care in turning airing courts into gardens and made representative
entrance areas beautiful. He wrote:
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The cultivation of the gardens, and of the ground called the farm, as well as of the extensive
ornamental ground in front of the asylum, is entirely effected by the labour of numerous
male patients, superintended by gardeners, or by steady workmen. The cheerfulness
with which their work is performed, and the satisfaction with which, at stated hours,
they assemble for their allowance of beer, sufficiently attest that calming and remedial
influences are thus exercised [84] (p. 51).

Many other asylums employed some of the patients in agricultural work. Obviously,
nowadays a strong tension can be observed between the primary therapeutic aim of these
activities and the economic necessity to provide the institution with its fruit, vegetables, and
dairy products. The numbers of patients involved in the work on hospital farmland or in
so-called ‘agricultural colonies’ varied. As Sarah Rutherford discovered, it was on average
up to 30%. But there was an intention that regular work in the open air was not only to keep
patients busy with the purposeful work, but also to provide them with visible satisfaction
from the results of their work, physical exercise, and fresh air. Interestingly, hospital
records cited by Rutherford show that the productivity of hospital farms was higher in
the Broadmoor institution, which was a criminal asylum, than in less corrective asylums
such as Hanwell [4] (pp. 226–228). While some doctors advising on the theory of insane
asylum construction primarily considered an asylum farm as an important element of the
institution’s functioning, some indicated that animal keeping could also evoke positive
feelings and cheerfulness, and mentioned that some animals could be kept for pleasure
and entertainment including, among others, ‘rabbits, sea-gulls, hawks and poultry’ [3] (p. 63).

All those activities were conducted in separated male and female groups, taking into
account social norms and cultural habits attributed to some of them, especially to men or
women. Women were employed in all types of housework in the kitchen and vegetable
kitchen garden, in addition to lighter work in the fields, gardening, washing, and repairing
laundry. Other types of occupational therapy included wickerwork and linen production.
Men were involved in heavier agricultural, building, and construction work, often helping
to complete the asylum complex, which saved large sums of money, as in the case of
Brassens in France [92] (p. 62).

In institutions which also admitted tuberculosis patients, there were often verandas
and special sunny terraces or so-called ‘Liegehallen’ [93] that facilitated passive rest with a
view of the garden for those suffering from pulmonary problems.

3.2. Nature and Green Therapies Supporting Mental Health and Well-Being Nowadays

Therapeutic activities which use nature and natural materials or natural settings, also
referred to as nature-based interventions (NBIs), were often traditionally employed as
calming and relaxing activities in historic asylums. In the last 50 years, they fall under
two most frequently used umbrella terms: green therapies and ecotherapy. While green
therapies and NBIs describe a range of outdoor activities which use plant material, planted
garden settings, or natural environments, ecotherapy results from the deeper philosophical
concept of exploring particularly strong bonds and mutual relations between humans and
nature [94]. Ecotherapy is sometimes referred to as ‘a forgotten ecosystem service’ [95] and,
as such, is considered as offering a range of therapeutic programmes based on NBIs [96],
which support conventional treatment by reducing the number of pharmaceuticals [97]
and preventing mental health problems.

Ecotherapy is often defined as therapeutic treatment consisting of regular structured
activity, led by trained professionals, taking place in a green environment, focused on
performing an activity, and relating to exploration and appreciation of nature in its various
forms and aspects. It often involves social contacts generated by spending this time with
other people, although the interactions are never forced. It includes a few main groups of
programmes (see Figure 2), such as:

• Social and therapeutic horticulture (passive: simply spending time and admiring
gardens and plants; or active: focused on gardening, tending the food-growing plants.
May also take place indoors, in greenhouses);
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• Green exercise therapy (doing exercise in green spaces: yoga, walking, running,
or cycling);

• Care farming (the therapeutic use of agricultural landscape and farming practices such
as growing crops, looking after farm animals, or helping to manage woodland);

• Animal-assisted interventions (spending relaxed time in contact with animals in spaces
like farms, especially introduced in groups of young patients);

• Animal-assisted therapy (meant as building a therapeutic relationship with animals,
especially dogs and horses);

• Environmental conservation (activities focused on protecting and caring for natural
spaces, often combining physical exercise with conservation tasks);

• Nature arts and crafts (creating art in green spaces, or with nature and natural materi-
als, such as painting, sculpture, and creating land-art, and also referring to use of the
environment as inspiration);

• Adventure therapy (focused on adventurous physical group activities like rafting or
rock climbing);

• Wilderness therapy (spending time in the wild and in remote locations, performing
activities together in a group, such as making shelters and hiking) [98,99].

Figure 2. A variety of ecotherapy programmes, own elaboration based on a paper by MIND [98,99].

3.3. A spectrum of Green Therapies Conducted in Selected Contemporary Facilities Operating
within the Walls of Historic Psychiatric Hospitals
3.3.1. Kobierzyn, Krakow

The Babiński Specialized Hospital in Kobierzyn was established as the second National
Institute for the Nervous and Mentally Ill in the western part of Galicia, a province of the
Austro-Hungarian monarchy at the beginning of the 20th century. In 1903, a provincial diet
decided that a suitable plot for building a 500-bed institution for the nervously and mentally
ill should be found, and initial plans, along with cost estimates, should be prepared within
a year. For several reasons, the process was delayed and a final resolution on building the
hospital was passed by the parliament in the of autumn 1907. Doctor Jan Mazurkiewicz, a
recognized specialist, was appointed as the director. The plan for the Kobierzyn hospital
was initially prepared in Lviv under the supervision of Władysław Klimczak, a professor
of the Lviv Polytechnic University, appointed as the construction manager. In April 1910,
however, the entire hospital planning office was moved to the site at Kobierzyn, and
construction of the pavilions began. The setting on the southern outskirts of Kraków offers
distant views to the south, in the direction of Beskidy mountains, and to the north, on the
valley of the Vistula, the city, and the woods of the so-called western green-wedge, with
the hills of Sikornik topped with Kościuszko Memorial Hill. The hospital buildings and
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their gardens occupy more than half of the whole hospital area which covers about 48 ha.
The hospital was constructed in the pavilion style and all units were immersed in the vast
park. The hospital also had its farm and arable land (on the southern side), and a cemetery
in the vicinity (apart from the main hospital area to the north). The hospital was built
to accommodate 550 patients, with a possible extension to handle up to 800. Because it
was built within the firing range of the southern front of the Krakow Fortress, it was in
danger of being demolished in 1914, and it was only in early 1918 that the first patients
were admitted [100].

Regarding landscape design, the hospital possesses the plan of the gardens and park
from 1909, signed by Wiktor Żochowski, a co-owner of a gardening company operating
in Kraków (Figure 3). This design was only partially implemented in a much-simplified
form. While the main alleys, very simplified roundabout parterres, and geometric ward
gardens are visible on an aerial picture taken in 1917, the rest of the landscaping was done
after World War I, as mentioned in reports of the next director in 1925. Most of the trees
that form the historic garden layout date from this time. During World War II, the hospital
was under national socialist occupation and many patients were exterminated. The facility
reopened after the war, and the number of patients increased significantly. The institution
experienced some interventions in its main composition and structure, but still operates
as a psychiatric hospital. Although agricultural work and land cultivation were carried
out for a long time, they were finally abandoned as unnecessary for the continuation of
the medical mission. Since 1988, the ensemble has been listed as a registered monument.
Over the last 25 years, restoration of buildings has been intensified as necessary to improve
conditions and the comfort of patients, and numerous treatment programmes reduced the
number of patients requiring long-term stays on the wards [101].

 

Figure 3. A plan of the establishment of a park and orchard around the National Institute for the
Nervous and Mentally Ill in Kobierzyn, Kraków, 1909, drawing by Wiktor Żochowski; source: the
archive of the Babiński Clinical Hospital.
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Therapeutic gardening sessions in Kobierzyn hospital are carried out regularly once
or twice a week in each ward, and they usually last one hour. The number of patients
taking part in therapeutic gardening varies from 3 to 26 people, depending on the condition
of patients in a given ward. Monthly, from 200 to 570 people participate. Since 2014, the
number of patients involved in therapeutic gardening grew systematically from 11.2% to
29.5% in 2018 [102].

Within the framework of the garden therapies, two main types of sessions are offered.
The first ‘active’ type is conducted in the ward gardens if the weather allows it. It covers
the full range of activities performed to set up and maintain the gardens. If the gardens
require revitalization or re-establishment (e.g., after a general renovation of the building),
the ground for decorative flower beds is prepared by the patients acting together, and
covered with garden cloth. Ornamental plants are planted and bark is laid down to
prevent weeds.

Patients also regularly maintain the flowerbeds, undertaking care consisting of system-
atic weeding, pruning, fertilizing, and preparing beds for winter (covering plants to protect
them from frost). Therapeutic gardening is also conducted in a greenhouse, which belongs
to the Social Cooperative ‘Kobierzyn’ (social enterprise). In the greenhouse, patients learn
to produce seedlings of vegetables and ornamental plants, and to make cuttings from
ornamental shrubs. Garden therapy also includes dendrological walks, which aim to show
patients the species of trees and shrubs that grow in the historic hospital park. Patients also
collect and dry flower petals, which they use later during creative workshops in winter to
create artwork and pictures. On the other hand, in winter and when it rains, hortitherapy is
conducted in a ‘passive way’, via multimedia content on topics connected to the history of
gardens and gardening issues. Patients become acquainted with the examples and pictures
taken in the most beautiful gardens in Poland and abroad. Presentations also cover the
issues of the health properties of various types of fruits and vegetables, along with the
wealth of ornamental plant species, as well as birds and animals visiting the gardens. In
addition, in winter, the seeds collected in autumn are cleaned and sorted to be used in the
next year to create flowerbeds in the gardens of the wards. In addition, the garden therapist
runs workshops for patients on designing decorative flower beds and herbal gardens.

Patients appreciate the historic park while taking walks and admiring nature, which
helps them to relieve stress and escape from trauma. In the gardens of the wards, they
organize barbecues during the warm time of the year. This is also a place to sit during visits
by family and friends, in the case of a closed ward patient. Depending on the weather,
patients spend several hours a day in these gardens. Most of them are on the southern side
of unit buildings and are equipped with benches and tables, while a few have pavilions
protecting against sun and rain [103].

The therapists are particularly fond of the gardens adjoining the wards as daily
accessible green spaces and are happy to consult the experienced gardener and provide
guidance on professional tools and equipment.

The sports ground is used occasionally for the annual sports celebration (meeting). In
2019, open-air gyms with some equipment were installed, and a chess table, which can be
used by all visitors to the hospital grounds (two locations).

During the COVID-19 pandemic, some spaces were used. The unit gardens were
treated as an extension of the ward and patients used them. During the first lockdown
phase (from March to May 2020), no visitors were allowed to the park and patients did not
go for any walks. In addition, the therapeutic gardening groups were suspended, but the
therapists looked after the gardens, which they appreciated as a beneficial activity helping
them to regenerate after work.

3.3.2. Lubiąż

The construction of the Provinzial heil- und Pflege-Anstalt Städtel Leubus (provincial
treatment and care facility in the town of Lubiąż) was approved by the Parliament of
the Province of Silesia in the early spring of 1901. It was supposed to be a new facility
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(often later called ‘das Neue Anstalt’) located approximately two kilometres from the facility
established in 1830, and operating in a secularized post-Cistercian Baroque monastery
complex. The selected plot was located on a low moraine hill on the outskirts of the
small town of Lubiąż, near the old crossing on the Odra River, with good access to the
main road leading to the town and the monastery. There was, however, one disadvantage
of the location: the nearest railway stations were 8, 9, and 15 km away. The author
of the project was Eduard Blümner, an architect and building construction counsellor
(Baurat) from Wrocław specializing in public facilities (and hospital and care buildings).
About 30 buildings were located in the initial area of 151.6 ha, which could serve nearly
1000 lower-class patients as well as employed doctors and staff. Construction began in 1902,
the first patients were admitted in 1906, and the institution was completed in 1910 [104]. Now,
the surface of the facility is significantly smaller (ca. 21 ha), since arable land was excluded.

The hospital buildings were arranged in a geometric, central-axial layout, and the
pavilions for patients built on the peripheral alley were oriented in such a way that the
patients’ rooms and day rooms had windows opened to the southwest, and the verandas
and terraces extended towards the pavilion gardens. The main axis of symmetry ran
from the gatehouse at the entrance, then between the doctors’ house and the admissions
pavilion and the clerks’ house, and up to the round lawn with a flower bed, in the centre
of which stood the Festsaalgebäude—a building that served as a theatre, playroom, and
concert hall. Behind the theatre, there was a kitchen and an ice cellar, and the axis was
closed by the contagious pavilion, preceded by the symmetrical bipartite garden. The axis
also divided the hospital complex into sections for women and men. On the female side,
from the southeast, apart from the main part of the complex, there was a boiler room, a
laundry room, and another house of doctors, while on the northwest side there was a farm
outside with the inspector’s house and livestock buildings (stables, pigsties, and cowsheds).
Outside the layout, on the eastern side there was a water intake with a reservoir and a
cemetery with a chapel (Figure 4).

 
Figure 4. A historic plan of the provincial treatment and care facility in the town of Lubiąż;
source: [105] public domain.
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During World War II, the institution was under Nazi occupation and psychiatric
patients of Jewish nationality were partially relocated there and killed during Aktion T4
in unexplained circumstances [106]. From 1942 to 1945, the site was used as a sanatorium
for the troops returning from the front. After WWII, it was used for a short time as a field
hospital for the Soviet army and later, buildings devastated by war activities were handed
over to an organization dealing with agricultural education. The facility was turned into
an agricultural mechanization training centre. It was not until 1957 that the institution
again became a state-owned psychiatric treatment hospital. Nowadays, it is the most
important stationary psychiatric institution for the Lower Silesia region, with seven wards
(general and forensic wards and enhanced security wards for adults and adolescents) and
a treatment and care facility for the elderly [107].

Nowadays, the time patients spend outside depends on the season and the weather.
Most often, it is about an hour a day. There are usually organized group walks accompanied
by therapists. During a pandemic, patients are not allowed to leave their unit building
unaccompanied. In addition to two general departments, the hospital has two wards with
enhanced security (juvenile and adults), two forensic departments, and a long-term care
and treatment facility.

Closed wards have their own separate gardens. These areas are separated from each
other, and walks are organized according to a fixed schedule. The other gardens are open,
without any fences, and not regularly maintained. However, there are only a few benches
in the park, and no gazebos or tables. Despite this fact, patients benefit from walks and
report that these relax them, calm them down, and improve their mood.

The hospital does not conduct hortitherapy, but organizes artistic therapeutic classes,
during which plant elements are used. During the walks, the patients collect flowers and
leaves, with which they later make bouquets and paste into compositions on paper. The
three-dimensional works are made of cones from the trees that grow in the park. Natural
materials work well in occupational therapy because they offer more possibilities and
sensory experiences than expensive plastic and stationery materials. Personal creativity
provides patients with a great amount of satisfaction, allowing them to focus on something
positive and celebrate their achievements when their works are displayed.

The green areas around the pavilions and the layout of the hospital are definitely an
advantage, allowing for relaxing walks and enjoyment of the benefits of nature. Despite the
transformations and the history of detrimental military use during World War II and the
period directly after, a part of the oldest tree stand (plane trees, chestnut trees, and spruces)
has survived and is inhabited by many birds. Both patients and staff appreciate it [108].

3.3.3. Weissenhof Weinsberg Klinikum

Klinikum am Weissenhof (nowadays: Zentrum für Psychiatrie Weinsberg) was built
from 1900 and opened in 1903 as the fifth state-owned psychiatric institution in the province
of Württemberg, initially aimed at providing treatment for 500 patients. To accommodate
some separate wards and auxiliary buildings arranged on an organic plan with a cir-
cumferential road (Figure 5), the public domain of Weißenhof, a century-old estate, was
chosen [105]. The plot was situated in a country area and offered magnificent views of
the woody landscape to the southwest, with the romantic Burgruine Weibertreu on the
hill. The setting was rural; however, the nearest railway station in Weinsberg was only two
kilometres away and the historic city of Heilbronn was just six kilometres afar.
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Figure 5. A plan of the park and gardens surrounding the institution in Weissenhof-Weinsberg,
planned and implemented by A. Lilienfein and son, garden architects in Stuttgart from 1903–1904;
source: courtesy of the archive of the Zentrum für Psychiatrie Weinsberg.

The last building of the pavilion system hospital was the institutional church, com-
pleted between 1913 and 1915. During the World War II, like many psychiatric hospitals
under the national socialist regime in Germany, Aktion T4—a campaign to exterminate
psychiatric patients and the mentally ill—took place here. Altogether, around 2000 patients
lost their lives, transported to euthanasia centres from Weissenhof. After the war, the
institution at Weissenhof-Weinsberg resumed its medical activity and was in part rebuilt.
In 2003, a new forensic psychiatry department was built [109].

However, the overall composition remains still clearly visible, including the main lon-
gitudinal axis formerly dividing the ensemble into men’s and women’s sections. Nowadays,
the clinic at the Weissenhof also offers treatment for patients other than psychiatric patients,
and has 522 stationary beds, which is close to its historic capacity, while only limited cases
need long-term stays. Several departments are located in a total of 97 buildings in the 43 ha
park. At the time of construction, the park was laid out by a landscape architect, and apart
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from the common parts, farm, arable land, a cemetery, and ornamental grounds, each unit
had its own garden enclosed by a fence and hedge.

The subjects of pride and care are 3800 trees, some of which are ageing and particularly
vulnerable to weather and climate conditions, requiring supplementation, in recent years,
by new and resilient species [110].

The historic park is used therapeutically in very different ways with the patients.
Many activities within occupational therapy are carried out in the park. On weekdays, the
care of the park is taken care of by the patients acting together. These tasks can range from
raking leaves to cutting hedges and trees, and are always performed under the guidance
and supervision of specialist staff. A small group of patients is also assigned to the animal
enclosure within the former hospital farm. On average, 25 patients (divided into several
small groups) are present on the site. The patients are usually employed in the park, either
in the morning or in the afternoon, for 3 h each time, and always with a break.

A major advantage of occupational therapy in the park is that the result can usually
be seen and experienced directly, and this gives patients a direct sense of achievement.
In addition, the patients very often receive praise and recognition from passers-by. Since
the clinic area has opened, there are many visitors and walkers around, in addition to
employees of the clinic, who stop briefly when they pass, and happily let the patients know
how beautifully the park has become thanks to the patients’ work and involvement.

During the work, the age of the clinic and its park, as well as its history and its change
over time, are regularly discussed in conversations. Both the changes in the flora and the
park architecture, as well as the political past, are often topics of conversation and arouse
the interest of the patients [111]. The dominant feature of the historic park landscape is the
division into ‘left’ and ‘right side’, because at the time of construction all female patients
were treated on one side and all male patients on the other side. It was, therefore, possible
to draw a vertical line through the former park as a boundary between women and men,
which is not valid anymore, but still can be seen in the overall layout of the site.

There are also many additional therapeutic activities carried out regularly in the
park. These include exercise therapy, therapeutic walks (accompanied by professionals),
and therapeutic farming. However, it is difficult to assess exactly how many patients
are involved altogether in these practices, because several smaller care units which enjoy
independence within the institution as a whole operate on the site, and no overall records
concerning all therapies related to nature are kept.

4. Discussion

According to the American Horticultural Therapy Association (AHTA), horticultural
therapy (HT) is a specialized type of therapeutic gardening programme. If one compares
actions described in the case studies with the AHTA position paper on horticultural ther-
apy [112], cases from Kobierzyn and Weinsberg are close to the definition. They offer
voluntary regular activities focused on gardening tasks with a therapeutic aim. Weissenhof
also offers additional programmes in the range of ecotherapy, such as exercise therapy,
therapeutic walks (accompanied by professionals), and animal based-interventions within
the hospital farm. Kobierzyn also attempts to introduce bee-therapy (apitherapy). In the
case of Lubiąż, activities from the spectrum of nature arts and crafts are offered, and staff
complains about the insufficient employment of qualified nature therapists.

There is, however, little known about the therapeutic reflection on those particular
programmes or a systematic assessment of the well-being of the participants. Moreover,
AHTA has its own system of certification and training, which is not a common training
scheme for European countries that only, to some extent, have their own associations of
horticultural therapists, such as those operating in Germany (Internationale Gesellschaft
Gartentherapie e.V.) [113] and Switzerland (Schweizerische Gesellschaft Gartentherapie
und Gartenagogik, SGGTA) [114].

One of the main advantages of the use of gardens in historic mental hospitals is that
their landscape is perceived in a wider context of the whole institution. It is designed in a
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manner such that the whole area resembles an independent settlement, often referred to as
a ‘garden city’, and a world in itself. Therefore, patients can work during their therapeutic
gardening sessions in smaller enclosures where the results of their efforts are easier to
notice and can be observed daily, which can contribute to their satisfaction by showing
their impact on the reality of the garden. Successful shaping of a direct environment can
contribute to the improvement of their mood. All the interviewees stressed that the lush
greenery of the historic hospital site is an asset of the institution. They also indicated the
challenges which result from the age of the trees and the necessary respect for the historic
substance of the buildings and its network of paths.

Current research is very much engaged in creating guidelines for designing therapeutic
green areas and gardens. Grahn’s triangle of supporting environments [115] refers to
aspects of both passive and active engagement with nature. This model can be applied
in the context of the gardens in historic mental hospitals, indicating that patients with a
subjective experience of low well-being are likely to manage inward-directed engagement
and take part in more contemplative activities in hospital gardens. This can be a good
guideline for the prevalent type of activities in the ward gardens. Consequently, those
gardens would be the closest area enabling relaxation and contemplation.

Trojanowska offers a framework to be applied to public park design as an important
element of public open spaces (POS) which can promote health and well-being [116]. While
all these methodologies are established for the purpose of contemporary landscape and
garden design, they can be to some extent useful when assessing therapeutic features of
heritage gardens in historic mental hospitals. It is necessary, however, to be aware that
those gardens were sometimes created more than 100 years ago and require a balanced
approach respecting their cultural value. In addition, they were the product of an outdated
understanding of mental disorders and they resulted from certain social circumstances.
Nonetheless, they offer a good frame for the whole range of green interventions supporting
the mental health and well-being of patients and several sustainable practices to be per-
formed. What is more, some solutions connected with enhancing biodiversity or reducing
intensive maintenance of undergrowth to secure bird habitats in historic parks can be
problematic from the point of view of patients’ subjective security perception. One of the
challenges is protecting long-distance vistas, a feature indicated as vital in both historic and
contemporary studies. Keeping them clear is one of the most difficult aspects to control,
especially in those places where urban sprawl reached mental health hospitals once located
on the outskirts of the city, because it does not depend on the institution administration
only, but requires sensible urban planning regulations.

An important issue seems to be the need for specialist horticulture skills intended
for historic garden maintenance, if it is to be treated as an occupational therapeutical
gardening therapy programme. Social enterprises, which employ people suffering from
mental disorders, attempt to fill that gap and already operate on some sites of historic
mental hospitals, such as in Trieste (La Cooperativa Agricola Monte San Pantaleone [117])
and on the premises of the former Waldhaus Klinik Chur [118]. The latter case is particularly
interesting because it offers jobs to adults with mental disabilities and provides them with
professional training to become florists and gardeners for ornamental plants within the
framework of the sheltered workshop of Graubünden Psychiatric Services (Psychiatrischen
Dienste Graubünden-PDGR). The company, apart from other activities, maintains the
park and the grounds of the historic Waldhaus Clinic in Chur (Figure 6), which includes
cultivating 1159 square meters of flower beds on the premises, mowing, trimming, and
scarifying the entire lawn, trimming the hedges, maintaining the flower beds’ seasonal
flower arrangements, watering, or removing weeds. The company is also responsible for
many cleaning tasks in the garden and park, such as emptying the rubbish bins on the
site, collecting what has been left behind, cleaning the large water basins, and collecting
and disposing of leaves and branches from the trees on the site. The company also offers
minor gardening tasks on a contractual basis for private customers from the area [119].
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This approach marks an important future research direction, but these cases need further
structured analysis that takes into account the long-term impact on patients’ lives.

(a) (b) 

Figure 6. (a) Chur, Waldhaus Psychiatric Clinic, 1.9.1947, aerial photograph by Werner Friedli; source:
ETH-Bibliothek Zürich, [120] CC BY-SA 4.0; (b) Contemporary view of Klinik Waldhaus (2011), photo
by Cloot, CC BY-SA 4.0; source: [121].

Ecotherapy Programmes and Their Relation to a Historic Mental Hospital Therapeutic Landscape

As described above, landscapes and gardens and their use had and still have an
important role to play in the construction of the former asylum sites and the well-being
of patients. Many connections to nature present in historic mental hospitals still exist,
while some of them changed their character because of various reasons, including urban
development of the surroundings and significant changes in psychiatric care organisation,
to name only two of these reasons.

Table 2 provides a comparison of types of nature connections in historic mental
hospitals in the past and nowadays.

Table 2. Comparison of the types of connections to nature and gardens in historic mental hospitals in
the past and nowadays; source: author’s elaboration.

Connection to Nature in Historic Mental Health Institutions

In the Past Nowadays

The garden setting of the asylum, located
beyond city boundaries, is considered a space

of mental escape from illness, and an
environment supporting recovery.

Location on the outskirts of cities still
considered as pleasant, but often surrounded

by residential areas and urban sprawl.

Distant views from the institution showing
picturesque landscapes.

Views become limited because of contemporary
urban development—nevertheless, the most

important can be preserved.

Gardens as places of physical exercise
(gymnastics and walks);

daily routine in utility and kitchen gardens;
places of occupational therapy;

terraces in the sun as therapy for tuberculosis.

Meditation and rest in the gardens;
gardening therapy in the ward gardens;

social activities—talks and therapeutic group
meetings in the open air;

therapeutic walks in the parks and woods
surrounding the institution.

Orchards and arable land for food production
as therapeutic work and an economic necessity.

Limited therapeutic farming/agricultural
activities and animal tending.

Private gardens of the employees of the
institution who lived onsite.

Hospital gardens as sites of regeneration
during short breaks for employees.
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While contact with nature and activities in the gardens are generally appreciated, there
are sometimes concerns about the need for maintenance of the hospital grounds in the
aspect of specialist care. The issue of ancient heritage trees and their resistance to climate
change-related extreme weather conditions seems particularly demanding [102,111].

Taking this into account, and based on desk research and selected case studies, con-
temporary ecotherapy programmes can be assigned to particular areas constituting the
composition of historic mental hospital gardens today(Table 3). This attribution indicates
the potential contemporary use of landscapes for various ecotherapy programmes. While
Table 3 presents all possible elements of the typical heritage asylum landscape, implemen-
tation of assigned ecotherapy programmes depends on the state of the preservation and
integrity of particular sites. In hospital complexes where farming activities were abandoned
a long time ago and the arable land was sold, restoring activities aimed at this landscape
might be impossible.

Table 3. Distinctive elements of the composition of historic mental hospitals, their sites, and their
potential therapeutic use for ecotherapy programmes; source: author’s elaboration.

Ecotherapy Programme Opportunities in Historic Mental Hospitals

Elements of Landscape Composition of
Historic Mental Hospital Sites

Potential Therapeutic Use for Ecotherapy
Programmes

Gardens at the wards.
Social and therapeutic horticulture;

nature arts and crafts;
green exercise therapy (yoga and open-air gyms).

Ornamental grounds and representative
entrance areas.

Social and therapeutic horticulture;
nature arts and crafts.

Landscape park.
Environmental conservation;

nature arts and crafts;
green exercise therapy (walking).

Hospital farm.
Care farming;

animal-assisted interventions;
animal-assisted therapy.

Former kitchen garden (including historic
and new glasshouses), orchards, and

arable land.

Social and therapeutic horticulture;
nature arts and crafts;

care farming.

Private gardens of the employees of the
institution who lived onsite.

Social and therapeutic horticulture;
nature arts and crafts.

On the contrary, gardens adjoining particular ward buildings are easier to restore and
offer many opportunities because of their smaller size and direct link to the building where
patients spend time. Their composition was less sophisticated than the outline of historic
parks surrounding the institution and their maintenance requires mostly basic gardening
skills. There is not much historic planting material, apart from a small number of old trees,
that require specialist arborist care. The use of annuals, perennials, and herbaceous plants
offers an opportunity for engaging all the senses, and creates sensory gardens, which are
an acknowledged type of therapeutic garden [122] and can help provide pleasant and
meaningful passive restoration.

While the results of the study enable a rough framework for possible ecotherapy pro-
grammes’ attribution to the distinctive elements of the historic mental hospital landscape,
the study has some limitations resulting from the chosen methodology.

It relies on the researcher’s interpretation of data provided by interviewees. Here,
conceptualizations are based on the lens of an architect with a special research focus and
background in historic conservation and the history of gardens. Therefore, further qualita-
tive and quantitative research involving in-depth psychological and medical perspectives
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of both patients and therapists is necessary to evaluate the therapeutic effect and clinical
significance of ecotherapy conducted in the context of historic mental hospital gardens.

This marks a significant direction for future research, which should be a systematic
evaluation of green therapies carried out in institutions located in heritage psychiatric
institutions with gardens and parks.

5. Conclusions

Therapeutic gardening might be widely propagated as support for other therapies
carried out in historic mental hospitals that nowadays house modern mental healthcare
facilities. There is an abundance of evidence that therapeutic gardening may improve
physical, psychological, and social health, and contact with nature prevents numerous
mental health issues facing today’s society. However, much still must be done to include
green therapies in psychiatric care and encourage the training of professionals to increase
people’s opportunities and motivation to engage in gardening activities [123].

The main advantage of historic gardens and parks surrounding psychiatric care
institutions located on heritage asylum sites is that they can make use of the existing
landscape and gardens and parks, instead of waiting for newly planted material to grow
around even the most innovative new hospital units built from scratch. This would be
benefit historic parks, which are usually listed in monuments’ registers as an integral part
of the protected heritage buildings of the hospital. In addition, many sustainable gardening
practices, which require manual work and specific individual solutions, can be introduced
as green therapies. However, this approach, although promising, has some limitations.

Historically, occupational therapy, which included programmes from the spectrum
of contemporary green therapies, was usually imposed on patients. In former asylums,
patients had to subordinate to doctors’ prescriptions concerning their activities and could
not decline the imposed work. What is more, patients did not get paid. For this reason,
the institution could maintain its often-extensive grounds by relying mostly on their work.
This, naturally, does not prevent possible therapeutic outcomes, but today is considered
an ambiguous practice and is associated with the exploitation of the patients treated as an
available workforce. Nowadays, it is forbidden to employ patients without remuneration.
All activities within the therapeutic treatment model are voluntary and take into account
patients’ independence and preference. Therefore, it would be difficult to rely only on the
patients’ sometimes irregular or fluctuating participation in garden maintenance to take
appropriate care of the historic garden, which requires certain skills and regularity.

However, the example of a social enterprise (or protected workshops) is a particularly
promising opportunity for patients recovering from the acute stage of their illness and on
their way to independent living. This example offers the possibility of a meaningful occu-
pation and goes beyond the simplest gardening tasks into the direction of specialization,
particularly in the maintenance of historic gardens, which require specialist care. Patients
working in social enterprises may have financial motivation combined with a sense of
gaining independence and self-development.

Taking into account the beneficial outcomes associated with green therapies relying
on restoring human connection to nature, and with maintaining the landscape values
of historic mental hospital gardens, implementation of ecotherapy may be considered a
step toward improving the well-being of the patients and the care for heritage gardens.
Ecotherapy also offers an opportunity to involve local communities from the neighbouring
housing areas in nature-based interventions on former asylum sites that could benefit from
it, as they are often the nearest green space [124]. This could contribute to a sense of place
and place attachment to those sometimes difficult and little-known heritage sites. This way,
their mental health and well-being can also be improved, by improving their connection to
the heritage [125] park and garden of the historic mental hospital.
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77. Staniewska, A. Obłędne Ogrody: Idea Krajobrazu Terapeutycznego w Kompozycji Zespołów Szpitali Psychiatrycznych XIX i Początku XX
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103. Bóbr, E.; Babiński Clinical Hospital, Kraków, Poland. Personal communication, 2021.
104. Kiejna, A.; Wójtowicz, M. Prowincjalny Psychiatryczny Zakład Leczniczo-Opiekuńczy w Lubiążu 1830–1912/Provinzial Heil- und
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Abstract: Based on the landscape architecture of traditional settlements in southern China, this study
takes water as a vital element through field investigation and model analysis to explore the water
management strategies of two traditional villages in Xiangjiang River Basin, Hunan Province. We
have found that traditional settlements are located between rivers and mountains. The community
of the settlement has a strong interaction with the water environment. The water management
system consists of two parts: the rainwater collection and storage system of a single building
and the settlement’ s water collection and drainage system. Through calculation, we found that
the amounts of water collected (per year) between the two villages are different: ZhangGuYing
(Z village) = 5.73 million L, ShangGanTang (S village) = 1.784 million L, in spite of the fact that water
management strategies of the two settlements are similar. Further analysis shows that the difference
is related to the adaption of the precipitation and topography of the surrounding areas. The above-
mentioned systematic management strategy of water resources has been used until currently, with
adaptability, low cost, and sustainability. It has outstanding significance for the current demand for
sustainable development from both resource management and cultural aspects.

Keywords: historical commons; human cultural heritage; local development; landscape values;
rainwater management

1. Introduction

Traditional settlements, as part of the landscape, where people have lived in compact
communities throughout history [1], are similar to modern settlements. Our lifestyles are
based on the development and distribution of resources [2,3]. However, because of the lack
of advanced production tools and productivity, traditional settlements are more dependent
on a stable and suitable ecological environment [4], including climate, topography, soil,
water resources, and other basic natural conditions [5]. Therefore, the traditional ecological
knowledge of how to achieve and maintain sustainable development of a settlement has
gradually accumulated in different places all over the world [6]. Due to the importance
of water for human beings, ancient civilizations around the world have accumulated
their own water management technologies and strategies [7] —for instance, the canals
in ancient Rome, which realized the spatial distribution of water resources. Ancient
Greece also realized the reuse of water resources in the Mediterranean region through the
design of urban water pipes and public facilities and solved the problem of uneven time
distribution of water resources [8]. Ancient Egypt took advantage of the seasonal changes
of the Nile to achieve agricultural prosperity [9]. Although the traditional ecological
knowledge is effective, some of it no longer matches the current situation [8]. Therefore, it
is particularly important to study the traditional strategies and internal mechanisms of the
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ecologically sustainable settlements which have survived to this day. Unlike other ancient
civilizations, some of the ancient Chinese settlement/facilities are still functioning well
until today [10]. The traditional Chinese agricultural landscape is highly dependent on the
stable natural environment [11], so the location of settlements [12] and the management
and distribution of local resources -especially the water—are prerequisite conditions for
the local sustainable development [13].

Based on experience (or observation), traditional knowledge is tentative and proba-
bilistic and will be constantly revised and falsified [14]. Thus, as the ecology of small-scale
(settlements) can be continuously adapted iteratively to finally realize a sustainable system
of self-sufficiency [15], and at the same time, a highly stable local economy with families as
its basic units can be realized [16], which is characterized by high-level social coordination,
organized division of labor, and effective autonomy [17]. On the basis of a farming economy
that relied on natural resources, ancient Chinese ancestors summed up and developed a
set of systematic management theories based on nature for the selection and planning of
ecological settlements and management of natural resources [18].

The goal of this study is to reinterpret the accumulated experiences and theories in
history from a sustainable perspective for the urban landscape, with a special emphasis
on today’ s increasingly obvious water resources problems [19]. From the experiences and
strategies, we can learn how human–environmental interactions changed through time and
space and further discuss how to extend its value [20].

The current research on traditional water resources is mainly qualitative research,
which explains the experiences, methods, and technologies of traditional water manage-
ment in some developing regions [21–23] and tries to apply the simple logic and low-cost
strategies to other regions [24]. In addition, there are also studies on the application of
rain harvest to agricultural production [25]. The roof rain harvest function in a settlement
has potential value [26] but is limited by the data validity [27]; the quantitative analysis
based on specific studies cannot be carried out to provide more convincing conclusions
for the implementation plans [28]. Some quantitative analysis of rainwater collection has
implications for this study [29], especially the analysis and comparison of the changes in
precipitation amount and distribution on water resources [30].

In addition to the research on low-cost rainwater harvesting in traditional settlements,
the research on traditional settlements’ response to floods also has implications for urban
stormwater management under today’ s climate change situation. [31,32]

Some other studies take the perspective of the functionality of the architecture itself, the
water resources management as the main research topic [33], and combine the quantitative
analysis and qualitative analysis to research the sustainability and cross-regional application
potential of traditional water management [34,35], which can explain the mechanism of
traditional ecological knowledge [36], but it does not directly prove the effectiveness of its
mechanism and the details of its dynamic changes [37–39].

This study will explore water-related data from the perspective of water management
to prove how traditional settlements can achieve adaptability across time and space scales.
The research focuses on analyzing the background, logic, and action mechanism of the
traditional water management strategies, and finally provides solutions for urban landscape
planning and water resources management in the new period.

2. Materials and Methods

Through field investigation, on-site interview, and photogrammetry, this study col-
lected, analyzed, and compared the basic data related to water management in two tradi-
tional settlements so as to obtain the operation mechanism of a traditional settlement water
management system and further discuss the possibility of its wider application.

2.1. Study Area

The two villages involved in the research are located in Southeast China, Xiangjiang
River Basin (Figure 1a).
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(a) 

 
(b) 

Figure 1. (a) Location of the two villages in Xiangjiang River Basin, Southeast China. (b) The water
collection system used in the villages.
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The ZhangGuYing village of YueYang City (29◦00′36” N; 113◦128′30” E) has a popula-
tion of 2169 inhabitants (data from year 2000, newer official data are not available). The
ShangGanTang village of YongZhou City (25◦09′09” N; 111◦10′57” E) has a population of
1865 inhabitants (data from year 2000, newer official data are not available) are located
in Hunan Province in terms of administrative division. In terms of geographical location,
the two settlements are located in the upper and lower half of the Xiangjiang River Basin.
They belong to the subtropical monsoon climate area, but according to the data of the local
weather station, the precipitation, humidity, and annual average temperature of the two
settlements are different, as shown in Table 1.

Table 1. Meteorological data of the two villages.

Annual Average
(1981–2010)

Precipitation Temperature Humidity

ZhangGuYing 1353 mm −5.9–39.2 ◦C 77%
ShangGanTang 1426 mm −5.2–40.3 ◦C 78% 1

1 Meteorological Data website [40].

The rainwater collection and storage system mainly have three parts:

1. The rain harvesting roof
2. The patio and underground pipe connection (the patio has an average water capacity

of 2.4 m3)
3. The water storage pool (The pool capacity for Z village is unavailable yet; for S village,

the water storage capacity is 73.43 [10])

As we can see from Figure 1b, the rainwater was collected by the roof from 4 directions,
falling down to the patio, each patio being connected by the underground pipe system, and
a bigger amount of water drained into the river; less water was stored in the pool. Some
part of the water after infiltration goes down (underground), and the water which was left
on the patio can be used for daily purposes (for washing, for microclimate amelioration of
the courtyards, etc.). Less is used for drinking, as far as the drinking water obtained from
the well. Due to the traditionally used wooden construction materials of the villages, the
water from the pool is also used in case of accidental fire.

The villages are located in rural landscapes, representing the organic part of the
landscape, which has as its main use paddy rice production. The rice field has a totally
independent water supply system called the rice canal, which is connected to the river. For
the whole research area, this study will explain the function of the different parts of the
water management system used in the village. The data analysis will only focus on the rain
harvest part to calculate the amount of water collection and compare the two villages for
the similarities and differences in water management strategies.

2.2. Tools and Models

The settlement image data was collected by DJI phantom3, and the 3D model was
rendered by the Contextcapter software. Surface measurements and linear regression
analysis were performed by Acute3D viewer. Topographic data were collected through
Google Earth, and topographic maps and cross-sections of settlements were processed by
Surfer software (Figure 2).

2.3. Data Collection and Calculation

Drone photogrammetry was performed on the two urban landscapes in the Xiangjiang
River Basin, and the drone routine collection data was entered into the Contextcapture
software for processing in order to obtain 3D models of the two settlements. The 3D
model was then measured to obtain the catchment area of the patio and roof (Table 2). The
regression analysis of the patio and roof area of the buildings showed that there was a
linear correlation between the patio and roof area of the two settlements.
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Figure 2. Conceptual framework of the research process.

Table 2. The table of the 3D model water catchment area measurement.

Patio1
(m2)

Roof1
(m2)

P/R1
(ShangGanTang)

Patio2
(m2)

Roof2
(m2)

P/R2
(ZhangGuYing)

1
2.78 36.58 0.0759978 3.83 102.15 0.0374939
5.96 30.73 0.1939473 2.45 112.11 0.0218535
1.4 13.38 0.1046338 7.5 127.19 0.0589669

4
2.83 33.44 0.0846292 1.22 74.57 0.0163605
4.67 32.96 0.1416869 12.72 105.62 0.1204317

6

1.4 18.9 0.0740741 2.54 90.09 0.028194
4.11 25.97 0.1582595 5.79 107.59 0.0538154
2.77 41.97 0.0659995 5.51 124.05 0.0444176
3.61 23.92 0.1509197 4.69 149.82 0.0313042

10
4.54 42.82 0.1060252 3.24 116.58 0.0277921
4.56 38.98 0.1169831 6.64 140.97 0.0471022

12 6.6 64.61 0.1021514 5.75 158.77 0.0362159

13
1.65 26.11 0.0631942 6.45 182.72 0.0352999
3.32 32.22 0.1030416 6.22 140.33 0.0443241
7.65 67.93 0.1126159 49.62 277.82 0.1786049

16
2.16 34.76 0.0621404 3.83 104.36 0.0366999
2.02 28.81 0.0701145 2.79 126.12 0.0221218
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Table 2. Cont.

Patio1
(m2)

Roof1
(m2)

P/R1
(ShangGanTang)

Patio2
(m2)

Roof2
(m2)

P/R2
(ZhangGuYing)

18

1.96 34.41 0.0569602 7.75 137.15 0.0565075
2.5 27.92 0.0895415 9.62 172.15 0.0558815

3.18 36.98 0.0859924 8.49 148.07 0.0573377
1.11 27.07 0.0410048 3.99 96.76 0.041236

22
3.18 24.53 0.1296372 3.93 105.75 0.0371631
6.71 36.03 0.1862337 5.58 122.95 0.0453843

24 2.36 44.83 0.0526433 3.31 97.23 0.034043

25
5.97 50.87 0.117358 2.24 67.91 0.0329848
2.49 25.91 0.0961019 2.68 80.23 0.033404
9.12 42.62 0.213984 7 138.04 0.0507099

28
2.74 27.76 0.0987032 8.67 163.41 0.0530567
5.09 35.4 0.1437853 8.53 149.18 0.0571792

30

2.85 30.74 0.0927131 2.72 123.34 0.0220529
1.8 33.37 0.0539407 0.59 89.85 0.0065665
5.1 29.06 0.175499 5.88 106.79 0.0550613

5.09 26.37 0.1930224 5.85 105.39 0.0555081

34 28.22 123.09 0.2292631 6.44 97.19 0.066262
SUM 151.5 1251.05 0.1210983 224.06 4242.25 0.0528163

Average 4.4558824 36.795588 0.1130235 6.59 124.77206 0.0470982

Combining precipitation data, the catchment area of the roof, patio, and the measured
area were calculated. With data and interviews, the similarities and differences in water
management mechanisms of the two settlements were further compared.

Through Surfer software and Google Earth data, the topography of the two settlements
was modeled and profiled to obtain the direction of surface runoff, the topographic relief,
and a spatial overview of the site.

Finally, the analysis of precipitation and water retention was combined with the logic
of village planning and its related adaptive mechanisms (Figure 2).

3. Results

3.1. Regression Result

As we can see from Figure 3, the regression formula is:

Y1 = 6.3367X1 + 86.638 (ZhangGuYingP/R2)
Y2 = 3.4467X2 + 21.23 (ShangGanTangP/R1)

(1)

Y1: ZhangGuYing village rainwater harvesting roof area
Y2: ShangGanTang villages rainwater harvesting roof area
X1: ZhangGuYing village patio area
X2: ShangGanTang village patio area
The median of the patio area from 68 dwellings is 3.9 m2

Bring the median of the patio area into Equation (1):

Y1 = 111.35 m2 and Y2 = 34.67 m2

As the equations show, the two ratios of the roof catchment area to the patio area
are close: in the case of ZhangGuYing (Z) 6.3367 and in the case of ShangGanTang (S)
3.4667. Both the R2 values are greater than 0, and the area of the roof and patio are
positively correlated; that is, the area of the roof (rainwater harvesting) and the area of the
two settlements are related to the patio (water storage) area. There is a linear correlation
between the roof and the patio (Figure 3).
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Figure 3. The linear regression of roof and patio surface areas of the two villages.

This is in line with the design language patterns of traditional Chinese architecture;
that is, each component of the building is designed according to strict, designated pro-
portions [41]. This design logic has two reasons: one is the standardization of traditional
architectural theory, and the other is that it can be combined or adapted to local conditions.
It involved adaptive adjustment of the scale and function of the landscape to different
situations [42]. From the regression analysis results, we can indirectly conclude that the
water management logics of the two traditional settlements are very similar. Meanwhile,
the difference is obvious from Table 2: the total roof area of 34 buildings in Z village is
4242.25 m2, and in S village is 1251.05 m2. As we can see from Figure 2, the architectural
design and structure of the two villages is different: the Z village design is called “DaWu”
which means the members of the whole village live as a clan family in one big house. The S
village is in the same clan clustering situation, but DaWu is a special form to emphasize
the unity between the family members; it is reflected in the design by connecting the roof
of each dwelling together. Both villages belong to the logic of clan settlement, but the
architectural expression is different. This is the explanation from a cultural perspective.

More importantly, for water management purposes, here we assume that the differ-
ences are caused by the adaptation to the environment and topographical conditions of the
two settlements. The hypothesis was interpreted in combination with the local interview,
topography analysis, and meteorological data.

3.2. Meteorological Analysis

Rainwater amount collection
S village yearly average precipitation (roof) 1426 mm/m2 * 1251 m2 =1.784 million L
August (max): 255 mm/m2 = 0.319million L
Z village yearly average precipitation (roof) 1353 mm/m2 * 4242 m2 = 5.739 million L
August (max): 172.9 mm/m2 = 0.733 million L
Based on the average annual precipitation and the surface area of the settlements, the

annual water quantity collected by the roofs of S Village is 1.784 million L, while in the Z
village it is 5.73 million L. In Table 3, using the Acute3D measurement tool, we selected the
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study area including 34 dwellings and a part of the river that flows through the settlement
as the total area, and compared the river area with the selection area of the study area.

Table 3. The table of 3D model water catchment area measurement.

Total Area (Selection) River Area River Area Ratio Max Altitude

ZhangGuYing 16,334.39 m2 1125.23 m2 6% 150 m
ShangGanTang 34,174 m2 3745.28 m2 10% 280 m

ShangGanTang has 367 traditional dwellings in total; we selected 34 buildings, where
the rain harvest function is still working, and this traditional way reusing the rainwater is
still used and maintained by the villagers.

ZhanGuYing has 1062 traditional dwellings in total, due to the long-term expansion.
The village mainly has three parts: DangDaMen (422,1593DC); WangJiaDuan (468,1802DC),
and ShangXinWu (172,1803DC). We only choose 34 buildings, which were built in same
period in the WangJIaDuan part of the village, all these buildings having similar rain
harvest functions. The total area was selected through surface measurement tools. We used
the 367 buildings and the river surface area, which go through the village as the selected
area for ShangGanTang village (34,174 m2), and 468 building areas of WangJiaDuan part
and river surface area, which go through the village as the selected area for ZhanGuYing
village (16,334.39 m2). We found that the river area ratio in Z village is 6%, much smaller
than that in S Village at 10%, and the precipitation in Village Z 1353mm is lower than that in
S Village 1426mm, so the theoretical water collection in Z village can increase significantly
more than in S Village. Combined with local interviews, the number of floods in the village
was also higher in S than in Z village. For S villages, the flood control function is more
important, so the patio and roof are smaller than in Z villages; thus, the meteorological
analysis supported the hypothesis.

3.3. Topography Analysis: The Art of Choosing a Location

According to Figure 4, we can see that both Z and S villages are located on flat ground
between hills and rivers.

In the process of the landscape development of the traditional Chinese settlement, the
most important step is the positioning of the settlement [43], which can also be understood
as the choice of an adequate living environment [44]. Just like in the case of painting [45],
the choice of location is equivalent to the painter’s first stroke on the canvas, followed by
the construction and management of the surrounding environment of the selected location,
that is, landscape transformation [46].

In terms of location selection, Chinese landscape architects need to consider many
factors, and they also gradually develop a systematic Feng Shui theory in the process of
practice [47]. According to the positioning in Feng Shui, the most beneficial settlement
location is the “Livable” position [46]. In the Chinese classical philosophy system, “qi” is
divided into two kinds: Yin and Yang, which are reflected in the landscape as a mountain
(Yang) and water (Yin) [48,49]. Therefore, in ancient times, Feng Shui chose the positions
between mountains and rivers to build settlements [50]. From the artistic perspective, this
site selection layout is conducive to borrowing scenery, that is, using mountains and rivers
to create visual order and a sense of harmony [51,52]. This type of selection and location is
also enlightening from the perspective of contemporary science:

1. The thermal circulation generated between the mountains and rivers meets the
needs of heat dissipation and ventilation.

2. The wind direction of the monsoon climate is conducive to cooling in summer and
avoiding cold air intrusion in winter.

3. Meets the needs for water use and avoids floods.
4. Uses the change of topography to create the layering of the landscape.
5. Layout of the settlement along the river to alleviate spatial and social conflicts.
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6. Uses the change of topography combined with the water collection facilities for the
sponge effect [10].

 
(a) 

 
(b) 

Figure 4. The topography and cross-section of (a) ShangGanTang village; (b) ZhangGuYing village.
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The location of the settlement is part of the adaptive to topography strategies. The
surface runoff was considered during the settlement planning. ZhangGuYing Village
is relatively flat, while ShangGanTang Village is a typical traditional Feng Shui layout,
surrounded by hills on three sides and a river on one side. In this landscape setting, the
planners of the traditional settlement fully considered the water management strategies.

For ShangGanTang Village, due to the proximity to the river, the river flow is high, and
the surface runoff path of the mountain needs to pass through the settlement. Analyzing
Figure 4, it is clearly understandable that the adjustment of the collection capacity of
rainwater is low, which is conducive to preventing waterlogging. For Zhanguying Village,
the altitude is lower (Table 3). The average annual precipitation is low, the surface runoff is
slow, and the settlements are distributed along the two sides of the stream so that the water
collection function can be maximized.

3.4. Summary

It can be seen that, according to different environments, the water collection and
storage of each building in different settlements has the same logic but with different
capacities. The water collection volume is adjusted according to the precipitation, the
size of the river, and the topographic characteristics of the landscape. In other words, the
strategies are the same but adapted to the specific environment. (Table 4.)

Table 4. The comparative analysis of two village.

Precipitation River Size
Topography

(Height)
Water Collection

Capacity

ZhangGuYing 1353 mm 1125.23 m2 150 m 5.739 million L
ShangGanTang 1426 mm 3745.28 m2 280 m 1.784 million L

For Z village, the precipitation is 1353mm, lower than S village, and the river size
is 1125.23 m2. It is also smaller than S village, as the highest point is around 150 m,
lower than S village; thus, the Z village adjusted the roof size, maximizing the rainwater
collection function.

In addition to the roof–patio rainwater harvesting system based on residential buildings,
the location of the settlement also plays an important role in water management. Taking
ShangGanTang as an example, the site selection of the settlement conforms to the principle of
the traditional Feng Shui theory: the settlement faces the water/river and has the mountain
at its back [53]. Such a site selection can combine the water collection and storage systems
of single buildings to participate in the water cycle during the formation of precipitation
and runoff and has a similar function of regulating water bodies as sponge cities [54].

The integrity of ZhangGuYing Village is more obvious. The roof and patio are linked
to each other, which can maximize the collection and storage of rainwater. In addition, the
patio and the stream are also connected, and there is a water outlet to control the flow and
thus actively adjust the storage capacity. (Figure 4)

4. Discussion: Systematic Water Management Strategies and Sustainable Trends

From the above analysis, we can find that the water management strategies of the two
villages are logically similar.

From the point of view of landscape pattern, the two traditional settlements are
represented by three parts: dwellings–settlement–landscape (surrounding environment) in
terms of water management. The three parts are independent but interconnected. It can
be said that the traditional settlement uses landscaping and architecture to achieve less
interference with the natural surface runoff and underground runoff.

These functions can be interpreted from an ecological perspective today, but in traditional
Chinese society, they are better interpreted in terms of culture, practice, and meaning [55].

According to traditional Chinese culture, man, as a part of nature [56], also has natural
attributes [57], while Feng Shui in the traditional landscape literally means Feng: wind
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(air flows) and Shui: water flows [58]. Air and water are also common fluids in nature,
with the attributes of circulation and movement. On the human side, it is more important
to enable people and culture to flow continuously, like wind and water. This makes the
Chinese traditional water management strategy more disseminated and sustainable at the
cultural level [59,60].

In other words, in traditional society, the sustainability of material resources is also
culturally combined with the trend of material sustainability. This sustainable strategy
has an important impact on today’s material resources and spiritual culture. What human
beings need is not only the sustainable demand for resources and materials but also the
support of sustainable ideas and culture rooted in human consciousness beyond resources
and materials.

5. Conclusions

This research proved the importance of the Chinese traditional cultural heritage in
rainwater management through the design of the settlement and dwelling architecture
(structure, form, and size). From a heritage point of view, sustainable water management
strategies also have their cultural roots in the local community. Some future studies are still
needed, in order to focus on some practical issues, such as the contemporary adaptabilities
of traditional rain harvesting methodologies from a global perspective. The new challenges
of climate change and urban sustainability raise the importance of such traditional methods
in the collection and use of rainwater, especially in the urban environment. In a European
context, there are similar urban and landscape structural systems, which can be improved
using the oriental traditions. This is expected to mitigate, among other positive effects, the
urban flooding from climate change as well.
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Technology, 85-796 Bydgoszcz, Poland; Monika.Trojanowska@pbs.edu.pl

Abstract: Climate change may affect cultural heritage in at least two ways: direct physical effects on
the site, building, or structure and effects on social structures. Creating urban parks with therapeutic
landscapes can mitigate some of these detrimental effects. This paper presents the revitalization of
the former water forge, located in the center of Rumia, near the Tri-City agglomeration. The study
focused on the history of the site and the historic manor house called “Dwór pod Lipami” and the
preservation efforts. The social engagement, which led to the development of the landscape park and
the construction of a talent playground, was an essential factor in the renewal process. The second
part of the work presents an assessment of the therapeutic and recreational values of the new urban
park using the Universal Standard for Health-Promoting Places, Community Park Audit Tool (CPAT),
and mapping the users’ preferences. This operation of urban renewal resulted in creating a popular
park that helps promote the health and well-being of the local community.

Keywords: climate change mitigation; cultural heritage; urban renewal; urban parks; therapeu-
tic landscapes

1. Introduction

Climate change is a global issue that is important to everyone. The large industrial
areas and smaller towns are facing new challenges.

The research question was: What can we do to mitigate climate change in case of the
cultural heritage of post-industrial origin located in the town’s center to promote the health
and well-being of the local community?

The revitalization of a historic post-industrial old village on the banks of Zagórska
Struga in the town of Rumia in the vicinities of Tri-City in Poland can serve as a case
study. The neglected post-industrial site underwent an urban renewal process to become a
favorite recreational site for the city’s inhabitants. A public park created around historical
monuments and reconstructed water pond became popular among all age groups. The
historical building of the “Manor under the linden trees” was reconstructed and today is a
local cultural center. The new open-air theatre serves to organize social events and festivals.

A new public park brought cultural and social benefits regarding place identity and
place attachment. The local community actively participated in park development. Nivea
company funded the new playground because of local citizens’ involvement.

The space of the new park with all amenities is an example of a well-developed public
space. This study focused on assessing the new park’s therapeutic qualities and mapping
the users’ activity.

The construction of a new urban public park and reconstruction of historic water
ponds and waterworks was significant because of local culture and cultural identity, and
helped moderate the local climate.

2. Climate Change Risks

Climate change can affect cultural heritage in at least two ways: direct physical effects
on the site, building, or structure and the effects on social structures. It may impact
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communities changing the way they live, work, worship, and socialize in buildings, sites,
and landscapes. What can be anticipated is abandonment with the eventual loss of cultural
memory [1].

According to UNESCO Report temperature increases (‘global warming’), changes in
precipitation patterns, and increased frequencies of extreme weather events, i.e., intensity
and seasonality of droughts, is exerting considerable impacts on our environment and
biodiversity [1–4].

The biodiversity loss is a risk. The growing season of plants is lengthening, and the
threat of invasive alien species increasingly impact indigenous species. The small and iso-
lated areas are especially at risk when the grid of green infrastructure connections is broken.
Wetlands are especially vulnerable to climate change and have limited adaptive capacity.

The physical substance of cultural heritage buildings is also exposed to threats, like
changes in temperature, precipitation and atmospheric moisture, and wind intensity. His-
toric buildings were designed for a specific local climate. They have a different relation
with the ground than modern ones, as they are more porous. Changes in water-table levels
and changes in soil chemistry are responsible for destruction of original historic tissue [1].
There is a plethora of research on climate change and its impact on cultural heritage [1–5].
Among those which might affect the case study location in Central and Northern Europe
are the following risks:

• Increase in corrosion of built heritage materials
• Increase in salt crystallization
• Material erosion caused by wind and wind-driven rain [2]

Cultural heritage assets such as historical buildings are a legacy that lend a sense
of place and identity to local populations. In Rumia, the historic building of the “Manor
under the linden trees” is one of only a few historic monuments. It is important to preserve
it not only for cultural reasons, but also to promote the sense of place attachment and
place identity. The decision to revitalize the historic waterworks and create the urban park
helped to preserve the biodiversity and local microclimate.

2.1. Possible Interventions or Adaptive Responses to Counteract Climate Change Threats

UNESCO proposes a specific approach to natural World Heritage sites at risk [1]. A
two-pronged approach is required: first, the site’s vulnerability should be assessed, and
specific site-level mitigation and adaptation strategies should be designed and implemented
in partnership with relevant stakeholders. Second, site managers need to look beyond the
individual site level and develop and implement regional and transboundary mitigation
and adaptation strategies that reduce the site vulnerability in a larger landscape context.
That approach may be applied to any cultural heritage site.

The critical question is why the cultural heritage site is sensitive and vulnerable to
the pressures of climate change and what could be done to remedy the current situation.
Responses in the case of World Heritage sites may include monitoring, maintaining, and
managing [1]. In the case of cultural heritage, it might also include urban renewal and
adaptation to new functions, if possible, without causing any damage to the original tissue.

When the social and cultural aspects are considered, informing the public about these
issues is the most critical strategy. It is vital to emphasize satisfying the public interest and
ensuring the participation of the individuals, authorities, and site managers. It is crucial to
promote educational activities to raise public awareness [3]. In the case of urban renewal
strategies concerning the cultural heritage sites is the entitlement of any given generation
to these assets and their right to adapt them to meet contemporary needs with the consent
of the larger public [4].

Today, the landscapes are fragmented and subject to human pressures. However,
the Kyoto Protocol identifies significant opportunities for mitigating climate change and
adapting to climate change while enhancing the conservation of biodiversity. The ecosystem
approach is essential [1].
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The urban renewal of the historic forge in Rumia was a community-led effort. Nu-
merous uproot initiatives, satisfying the public interest, and ensuring the participation of
the individuals, authorities, and site managers was the driving force behind creating this
landscape park.

2.2. Climate Change and Human Well-Being. Urban Parks and Therapeutic Landscapes

Some researchers stipulate establishing recreational facilities on poor lands unsuitable
for agricultural purposes [3]. The construction of a new urban park can result in the
provision and use of new green infrastructure, promoting active forms of travel, thus
reducing exposure to air, water, and soil pollutants—climate change impacts in the long
run [6]. Public parks offer numerous possibilities of physical and mental restoration,
physical activities, and social contacts [7].

Parks, forests, and waterways can be spaces of refuge from brutal and chaotic urban-
ization. Moreover, public open green spaces offer symbolic ownership of a place to local
community members and democratization of access to land, which is crucial to prevent
social exclusion, spatial deprivation, and environmental injustice [6]. Engaging residents in
the management of urban parks boosts their participation and willingness to use them [5].

Today, we need more complex socio-environmental systems to improve the quality of
life in a socially friendly and climate-neutral build environment maintaining achievements
of previous generations and cultural heritage [8]. The story of the urban renewal of the
public park in Rumia is an excellent example of such an approach.

2.3. Case Study. Park Starowiejski in Rumia, Poland

Rumia (54◦34′14” N 18◦23′16” E) is a city in the Eastern Pomerania region of north-
western Poland in the Kashubian region (Figure 1). The altitude is 7–169.4 m in height above
sea level. The area of the city is 30.10 km2, and the urban density is 1600/km2. The city has
almost fifty thousand inhabitants, but eventually is a prolongation of a linear conurbation
of the Tricity—Gdańsk, Gdynia, and Sopot, which has over one million inhabitants. The
proximity to the urban center (metro area) is 130,000. The time zone is UTC+1 (CET).

Rumia’s climate is classified as Cfb by the Köppen—Geiger system. The average
annual temperature in Rumia is 8.7 ◦C. The average annual rainfall is 550–792 mm, with
heavy rain present in all seasons [9].

(a) (b) (c) (d) 

Figure 1. Case study location—Park Starowiejski in Rumia, Poland (a) Map of Poland, source: [10],
(b) Map of Gdańsk Bay, source [11], (c) Map of Rumia, source [12], (d) map of Park Starowiejski in
Rumia, source [12].

Park Starowiejski is located in the center of Rumia along the banks of Zagórska Struga—
a river which flows out of Marchowo Lake, located at an altitude of 154 m above sea level in
the Szemud municipality. It then crosses the Kashubian Lake District upland and continues
to the valley surrounded by forests of the Tri-City Landscape Park (TPK), to the alluvial
fan forming the city of Rumia and the Łyski Canal, and finally enters the Baltic Sea in the
Puck Bay. The length of the river is almost 29 km, and the average longitudinal slope is
5.6 ‰ [13].

The streets Starowiejska, Adama Mickiewicza, Dębogórska, and Józefa Wybickiego
are marking the borders of the park (Figures 1 and 2).
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(a) (b) 

Figure 2. Park Starowieski on orthophotomaps, 2021 (a) aerial photo, (b) 3D map source: [12].

3. The Story of Water Forge—The Most Important Industrial Plant in Rumia

The village of Rumia dates back to ancient times. In 1950 and 1960 in the case study
area—Starowiejska and Mickiewicza streets, on both sides of the Zagórska Struga River
(Figure 1), over 300 graves were discovered from the ancient time of early Roman influence
on the Pomeranian culture [14]. Old stoves for iron ore smelting were found there [15].
The oldest documents mentioning the industrial water facilities in the old village of Rumia
date back to the second half of the 16th century. The natural water fault creating a small
waterfall was used to move the water wheel of the forge. It is believed that the first water
smithy belonged to Cistercian Monks from Oliwa.

The water smithy was the largest industrial plant in Rumia, of great economic impor-
tance until the 19th century [15]. (Figure 3)

At the beginning of the 19th century, the Napoleonic wars and the continental blockade
disrupted the activity of the forge. It was closed in 1887 and replaced by a woodworking
plant that produced thin veneers of wood to make matchboxes. After installing a water
turbine to produce electricity, it was powered by electricity [16,17].

During World War II, material to make parachutes was produced in the hall erected on
the granary site. This facility was demolished in 1995 due to poor technical conditions. After
WWII, the site was owned by PSS Społem and served as a place to store metals and fuel. In
the mid-1950s, a butcher’s shop in the rebuilt facilities of the plant was organized [17].
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(a) (b) 

Figure 3. The case study area: (a) in the XIX century—a manor house from the second half of the 18th
century, a residential house from the first half of the 19th century (demolished in the 1970s), a granary,
a barn, a pigsty, and a stable next to Mickiewicza Street, and further away—a factory building, a
factory office, an oven, a farmhouse, and a pond designated as “public water” Source: author drawing,
according to A. Sadłowski [15] and historic map from 1829/66/664—Königl. Domänenrentamta in
Brück zu Zoppot, Wojewodzkie Archiwum Państwowe w Gdańsku; (b) today—there is only one
building remaining from that period—the manor house and a new building constructed next to the
pond, designed to resemble historic watermills, orthophoto map, source: [18].

4. Creation of New Identity—Municipal Centre of Culture and Public Park

In the second part of the XVIII century, a residential house was built, later referred
to by the local community as a manor house “under the linden trees.” After the cease of
industrial use in the 1950s, the poorly maintained manor house slowly fell into disrepair
until the municipality took it over (Figure 4).

  
(a) (b) 

Figure 4. The manor house “Dwór pod lipami” from the second half of the 18th century; (a) before
the renovation, source: [16]; (b) and after (picture from the summer of 2021), source: author.

The reconstruction of the manor house started in 1995. Some additions were de-
molished to restore the original functional plan changed to accommodate the offices on
the first floor and apartments on the second floor. Only the foundation, basement walls,
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exterior walls, and some of the interior partitions were preserved. All the floors, stairs, and
roof construction needed to be removed and replaced. New foundations under the new
construction walls and a chimney were added. The original walls needed to be cleaned,
and the destroyed bricks were replaced.

The monument bears visible traces of arches and vaults preserved in its walls. The
arched slab over the basement was renovated. Locally, a layer of reinforced concrete was
added from above in inevitable places. The stairs and the slab of the first floor were
reconstructed using reinforced concrete. The steel beams support the slab. The second floor
and the roof were carefully reconstructed using wood. It is a hipped Mansard roof with
a collar-and-purlin wooden structure with a ridge purlin in the axis of the building. The
new lintels are made of reinforced concrete or steel. The exterior walls were insulated with
mineral wool—7 cm.

The windows were reconstructed with triple glazing. The interior decoration was
preserved, renovated, or reconstructed if necessary [19].

The local law protects the manor as cultural heritage. It is inscribed into the communal
register of monuments (Gminna ewidencja zabytków -Zarzadzenie Nr 1716/95/2018 z
dnia 12 marca 2018 roku) together with the park [20].

In 1996, the manor became the new seat of Municipal Cultural Centre—MDK.
The area between the streets Starowiejska, Adama Mickiewicza, Dębogórska, and

Józefa Wybickiego gradually become a public park. The schematic design was prepared
by Autorska Pracownia Projektowa “Kwadrat”. In 1998, the pond of the former forge and
its weir were reconstructed. The historical maps evidence the pond’s changes in location
and size (Figure 5). Its size and shape vary on different maps, however. That may result
from the changes in water level due to seasonal droughts or man-induced enlargement and
deepening (Figure 6).

The historic airplane photographs from the WWII period show that the pond was
dried. It was more of an open green area until the 90s.

In the place of the historic forge, in 2002, a water mill was built—today, the seat of
the Kashubian-Pomeranian Association (Stowarzyszenie Kaszubsko-Pomorskie) and a
restaurant with a name in the Kashubian language “Svantopołk” (Figure 7). Protection of
Kashubian cultural heritage is vital. Next to the mill, the grinding wheel was reconstructed.
The park became the place for education about the local history and heritage.

   
(a) (b) (c) 

Figure 5. Cont.
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(d) (e) (f) 

Figure 5. Location of water smithy and ponds: (a) map from XIX century, source: digital archives [21];
(b) map from 1938, source [22]; (c) historic airplane photo from the IIWW, source [23]; (d) historic
orthophoto map from 1997, source [23]; (e) 2005, digital archives of the city of Rumia, source [23];
(f) today, orthophoto map, source: [12].

 
(a) (b) (c) 

Figure 6. The reconstructed pond seasonal changes in water level (a) during summer (b,c) winter.
Source: author.

  
(a) (b) 

Figure 7. The water mill—a restaurant in the place of historic forge. (a) View from the riverside.
Source: author; (b) View of the restaurant garden. Source: author.

Gradually the park was developed to become one of the favorite places of local
inhabitants. It resembles the XIX century picturesque landscape parks created next to
village mansions. The renewal ideology was to restore the references to the past and add
new elements. Therefore, new visual connections were added. In 2017, along the Zagórska
Struga, from the park to Dębogórska Street, a walking and cycling path was led, which
became another attraction of Rumia. It was designated to take part in the competition for
the best revitalization project in 2017 [24].
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5. Community Engagement

As the park was developed gradually, it became a place for education about local
culture, history, and ecological issues—the importance of biodiversity and local insect
and bird species. A park is also where children can discover nature and learn using the
talent playground.

5.1. A Talent Playground

Over forty-two thousand Rumia inhabitants voted to build a talent playground in
the park. They voted for Rumia in a championship organized by the Nivea company,
which promised to install a playground called “podwórko Nivea”, worth 250,000 PLN in
town, which obtained the largest number of votes. It is a fascinating example of social
participation and proof of inhabitants’ place attachment. The playground has three zones:
sports, science, and art. The recreational infrastructure aims to bridge the intergenerational
gap and develop various skills [25–27] (Figure 8).

  
(a) (b) 

Figure 8. The talent playground in the summer of 2021 (a,b), source: author.

5.2. Educational Gardens

Two educational gardens were installed in the park, a popular place among schoolchil-
dren. One, themed on biodiversity protection, is placed next to fencing and a small parking
lot adjacent to the manor house—today MDK (a). It has an insect hotel with educational
tables teaching children and adults about the importance of pollinators. The other, themed
“from children to children”, is placed against the sports hall wall, next to recreational
infrastructure and pedestrian path meandering along the banks of Zagórska Struga—local
river and the fenced area of a local team soccer field. It offers a flower bed and educational
tables (Figure 9).

  
(a) (b) 

Figure 9. The 1st educational gardens in the summer of 2021 (a,b), source: author.
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5.3. Educational Tables—How to Feed the Birds

The reconstruction of historic ponds created a bird-friendly environment. However,
the birds’ stomachs are not prepared to digest bread and cakes. Therefore, special vending
machines with birds’ food were placed strategically where bird feeders usually gather.
They are instructions explaining which grains can be given to feed the birds. They are
selling a handful of mixed grains for a small amount of money (Figure 10).

  
(a) (b) 

Figure 10. The 2nd educational gardens in the summer of 2021 (a,b), source: author.

5.4. Educational Tables—Local History

In front of the manor house, next to the main entrance, is a permanent table with a
short description of the park’s history and a few historical images. The lawn in front of the
manor serves temporary exhibitions dedicated to local history (Figure 11).

  
(a) (b) 

Figure 11. Educational tables in front of the manor house (a) permanent table with a short description
of the history of the park; (b) temporary exhibition dedicated to local history, source: author.

6. Methods. Assessment of the Park Therapeutic and Recreational Qualities

Two different methods of assessment were used—the Universal Standard for Health-
Promoting Places (Table 1) [28,29] and Community Park Audit Tool (CPAT) [30]. The author—
a professional researcher with a degree in architecture and urban design—performed the
evaluation during numerous visits to the park at least once a week on various hours and
days (weekdays and weekends) over two years in 2020 and 2021. Site observation, mapping
the presence of users, and unstructured anonymous interviews were used to evaluate the
therapeutic qualities of the park.
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6.1. Assessment of the Therapeutic Qualities of the Public Park Using the Universal Standard for
Health Promoting Places

The first assessment was performed using the Universal Standard for Health-Promoting
Places [28,29,31]. It is a set of criteria connected to health promotion. The tool was devel-
oped after a long-term study of over 100 public parks and gardens in Europe and the United
States triangulated with literature research [29]. The criteria are divided into five categories:
1. Sustainability, 2. Accessibility, 3. Amenities, 4. Design, and 5. Placemaking. For better
clarity, the five categories were split into five separate tables (Tables 1–5) with columns for
individual assessment remarks. The detailed assessment required a written explanation
of why the researcher thought the attribute was present [28,29,31]. The assessment results
were inscribed into the five tables representing five sections of the universal standard.
(Tables 1–5).

Both a thick binary and a detailed assessment were performed when applicable.
The thick binary assessment has two categories (0, 1):
No, not observed—0
Yes satisfactory—1
Data n/a stands for data not available.
There are some criteria where the points count is not applicable.
An additional column was added to five tables representing five sections of the

universal standard to accommodate the binary assessment. The points were added to
represent the score and facilitate comparison with maximal values (Tables 1–5).

Table 1. Assessment of Public Park in Rumia—part 1, source: author.

Public Park in Rumia—part 1 POINTS

1. SUSTAINABILITY 12/12

1.1 Place Not applicable

Area Approx. 10 ha (counted with adjacent private gardens) Not applicable

Location

Rumia is a small town located in the north of Poland, near the
cost of the Baltic Sea in the Kashubian Region. The park is located
centrally in the oldest part of the town, called old village or old
Rumia.
The average temperature in January on the coast is −1 ◦C, the
average temperature in July is +18 ◦C. In addition, there are long
transitional periods between summer and winter and clearly
cooler spring than autumn. Annual precipitation amounts to
about 550–792 mm. The average altitude is approx. 20 m over the
sea level [9,32].

Not applicable

Surrounding urban pattern Low density residential urban tissue with small-scale retail
and services Not applicable

1.2 Environmental characteristics 6/6

Soil quality Sufficient for recreational use [32]. 1

Water quality

The river—Zagórska Struga has qualities similar to mountain
creeks with many meanders and cascades. The quality of water is
sufficient for recreational use, but no bathing or swimming in the
ponds is allowed.

1

Air quality Good, Measured on 5 October 2021:
PM 10; 21.2 μg/m3 / PM 2.5; 19.7 μg/m3 Source: [33] 1

Noise level Low to moderate noise level in areas close to traffic routes [3]. 1

Forms of natural protection National heritage registers—manor house, Old monumental trees
protected by local law. 1

Green and Blue Infrastructure Important part of the green and blue infrastructure, especially the
corridor along the river—Zagórska Struga. 1
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Table 1. Cont.

1.3 Biodiversity protection 3/3

Parts of open green space not available
to visitors Artificial island on the pond. 1

Native plants
Planting is a combination of native and non-native species, a
couple of patches of invasive plant (Reynoutria japonica) were
noted.

1

Native animals Both native and foreign species were observed. 1

Natural maintenance methods Data n/a Data n/a

1.4 Sustainable water management 1/1

Rainwater infiltration Porous, permeable surfaces. 1

Irrigation with non-potable water Data n/a Data n/a

1.5 Parks of Second (New) Generation 1/1

The park has no boundaries, it spreads to join the green
infrastructure and it can be regarded as park of new generation. 1

1.6 Urban metabolism 1/1

Receptacles for waste segregation and collection are located in the
park. 1

1.7 Ecological energy sources Data n/a

Data n/a Data n/a

The park was evaluated as sustainable open green and blue area. The result was 12 out
of 12 available points, because there was no evidence about natural maintenance methods,
irrigation with non-potable water, or ecological energy sources. However, those issues can
be resolved by local authorities and park management.

Table 2. Assessment of Public Park in Rumia, Poland—part 2, source: author.

Public Park in Rumia, Poland—part 2 POINTS

2. ACCESSIBILITY—assessment of walkways to park 24/26

2.1 Distance to park 1/1

It was observed that most of users either walk or cycle to the park.
There are few parking spaces. Bus stops are located next to the park. 1

2.2 Sidewalk Infrastructure- 5/5

Width of sidewalk Sufficient 1

Evenness of surface Good 1

Lack of obstructions Majority of terrain is accessible. Private gardens are fenced. 1

Slope Flat, no significant slope 1

Sufficient drainage Sufficient drainage 1

2.3 General conditions of walkways 6/8

Maintenance The park is well-maintained. No visible traces of litter. 1

Overall aesthetics Good 1

Street art None 0/1

Sufficient seating Some benches along the walking path. 1
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Table 2. Cont.

Perceived safety Walkways are perceived as a safe and well-maintained. 1

Buffering from traffic The planting is providing buffering from the traffic, creating enclosed
green interiors. 1

Street activities Yes, e.g., seasonal decorations 1

Vacant lots No 1

2.4 Traffic 5/5

Speed Slow to moderate 1

Volume Low to moderate 1

Number and safety of crossings Numerous possibilities for safe crossing of the street. 1

Stop signs Yes 1

On-street parking Yes 1

2.5 User Experience 5/5

Air quality Good 1

Noise level Low to moderate in places close to traffic lines 1

Sufficient lighting Sufficient lighting along the walking routes 1

Sunshine and shade Yes, adequate number of trees providing shade (Figures 3 and 4) 1

Visibility of nearby buildings Part of area has good visibility of nearby buildings, but there are
parts of the green space buffered from the street. 1

2.6 Public transports stops 1/1

Bus stops next to the park 1

2.7 Sufficient Parking 1/1

Yes, there are few parking spots and on-street parking. 1

The park was assessed as universally accessible to people in every age and special
needs 25/26. The only point which was missing was street art.

Table 3. Assessment of Public Park in Rumia, Poland—part 3, source: author.

Public Park in Rumia, Poland—part 3 POINTS

3. AMENITIES 14/15

3.1. Psychological and physical rejuvenation 5/5

Natural Landscapes Combination of planting around open green spaces give an
impression of a natural landscape. 1

Green open space Numerous extensive grass-covered grounds (Figures 3 and 4). 1

Presence of water Zagórska Struga river, artificial ponds (Figure 4). 1

Places to rest in the sun and shade Multiple places including picnic and play areas. 1

Places to rest in quiet and solitude Multiple places to rest in quiet and solitude. 1

3.2. Physical Activity Promotion 4/4

Sports infrastructure Bicycle paths, cross-fit stations, sport field (soccer field of local team) 1

Recreational infrastructure Recreational infrastructure for all age groups 1

Community gardens Yes, educational gardens 1

Addressing the needs of people with
disabilities

Pathways are wide and even, majority of the park area is accessible
(there is small cobbled area). 1
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Table 3. Cont.

3.3. Catering for basic needs 5/6

Safety and security (presence of guards,
cleanliness, maintenance, etc.) Assessed as a safe place during daytime. 1

Places to sit and rest Benches in the most popular areas, tables and seats in the restaurant
garden, garden pavilions. 1

Shelter

Visitors may find shelter under tree canopies, garden pavilions, or
inside buildings, e.g., manor house, reconstructed
watermill—restaurant, etc. Provisional temporary structures provide
shelter during organized events.

1

Restrooms Provisional restrooms are placed during organized events. 1

Drinking water No 0

Food (possibility to buy food in the park
or close vicinity) There is restaurant in the reconstructed watermill. 1

The recreational infrastructure was assessed as satisfactory except for the drinking
water fountain. Almost all the possible points were present on 14/15.

Table 4. Assessment of Public Park in Rumia, Poland—part 4, source: author.

Public Park in Rumia, Poland—part 4 POINTS

4. DESIGN 19/20

4.1. Architectural design 9/9

Human scale Park is designed to fit human scale. 1

Focal points and landmarks Recognizable landmarks—historic manor, monumental trees, field
exhibitions. 1

Structure of interior connections A clear structure of interior connections 1

Framed views Natural frames are created by mature trees and meandering
pathways. 1

Long vistas (Extent) Park offers numerous extensive vistas. 1

Pathways with views Many paths offer interesting views. 1

Invisible parts of the scenery (Vistas
which engage the imagination) Numerous designed vistas which engage the imagination. 1

Possibility to observe other people Yes, events organised on the stage, festivals, etc. 1

Possibility to observe animals Plenty of places to see wildlife from a distance. Possibility of bird
feeding. 1

4.2. Salutogenic design 5/5

Optimal levels of complexity Yes, park offers optimal levels of complexity. 1

Engaging features

Multiple elements attract attention: planting, animals, insects, and
bridges with colorful handrails. The presence of monuments,
temporary exhibitions, colorful playground infrastructure draw the
attention of users (Figure 12).

1

Controlled Risk Several elements offer a subjective feeling of overcoming controlled
risk, e.g., bridges. 1

Mystery/Fascination
There are elements of the scenery which are hidden and revealed
only when approached, e.g., meandering river views. It provides soft
fascination.

1

Movement Zagórska Struga river, choice of planting which gives impression of
movement in the wind. 1
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Table 4. Cont.

4.3. Sensory stimuli design 5/6

Sensory stimuli: Sight Colorful leaves in the autumn, flowering trees in the spring 1

Sensory stimuli: Hearing Sound of meandering river, cascades 1

Sensory stimuli: Smell Flowering trees in the spring 1

Sensory stimuli: Touch Trees, water 1

Sensory stimuli: Taste Restaurant in the reconstructed mill 1

Sensory path No 0/1

The results of the DESIGN section are excellent 19/20 points.
Only one point was missing—a sensory path, which could enhance the sensory experience.

Table 5. Assessment of Public Park in Rumia, Poland—part 5, source: author.

Public Park in Rumia, Poland– part 5 POINTS

5. PLACEMAKING 14/14

5.1 Social Contact Enhancement 2/2

Organization of events Multiple events, cultural festivals, sport events, soccer
championships, etc. 1

Meeting places for groups
There are multiple places for group meetings—benches, restaurant
garden, Cultural Center, garden pavilions. The open-air scene is used
by teenagers as a place for gathering (Figure 13).

1

5.2 Human perception—spiritual & symbolic 6/6

Sacred places Nearby churches 1

Works of Art 1

Monuments Historic manor (Figure 6) 1

Culture and connections to the past Reconstruction of water mill in the place of historic forge, temporary
open-air exhibitions. 1

Thematic gardens Yes, educational gardens dedicated to biodiversity. 1

Personalization Yes, the users can personalize and directly take part in creating the
park’s landscape. Good examples are educational gardens. 1

5.3 Community Engagement 6/6

Personalising the architectural process
Yes, the names of people responsible for the park design and
maintenance are publicly known, e.g., persons who organized the
competition for talent playground.

1

Participation of all stakeholders,
including inhabitants and users Yes, e.g., the competition for talent playground. 1

Determining the rules of conduct and
self-management

Yes, the rules of conduct are determined, written, and put on public
display. There are tables in the park with rules of conduct. 1

Space for social contact
Yes, numerous places with equipment can facilitate social contacts
(friendly engagement between strangers), e.g., gazebos,
playgrounds, benches.

1

-third places
Some places can become the third most important place after home
and work, e.g., MDK Municipal Cultural Centre, Restaurant,
and park.

1

-fourth places Park is being used as a fourth place—to spend time in between other
engagements, e.g., open green space, seating places. 1
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The aspect of placemaking is very important. The maximum of 14 out of 14 points
were awarded.

  
(a) (b) 

Figure 12. (a) There are some points of interest to facilitate the creation of mental maps and wayfind-
ing. The bridge railing cutouts resemble the Kashubian embroidery style. Source: author; (b) The
paths in the park are comfortable, have even surfaces, and provide interesting views with long vistas.
Source: author.

  
(a) (b) 

Figure 13. Open-air scene. (a) During organized event. Source: author; (b) As seen every day in the
summer. Source: author.

6.2. Assessment with Community Park Audit Tool (CPAT)

The Community Park Audit Tool (CPAT) is a user-friendly tool for evaluating the
ability of parks to promote youth physical activity that would enable diverse commu-
nity stakeholders to audit local parks. The CPAT is a comprehensive yet user-friendly
instrument that is six pages long and contains four sections: park information, access and
the surrounding neighborhood, park activity areas, and park quality and safety. It has
demonstrated a high degree of inter-rater reliability with percent agreement for the vast
majority of the items in the tool between 80–90% [26].

The park was evaluated using the CPAT tool and scored in all categories, except for the
off-leash dog park and skate park. The swimming pool and tennis courts are within walking
distance from the park [26]. Therefore, it may be presumed that the park Starowiejski in
Rumia is a place that promotes youth physical activity.

6.3. Mappig the Users Activity

The users’ activity was observed over summer 2021 by one researcher during nu-
merous visits conducted during various times of day on weekdays and weekends. Main
gathering points identified included:
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1. pedestrian path along the stream,
2. sports field,
3. benches along the pedestrian path,
4. open-air stage,
5. talent playground,
6. tot lot.

Among the other most popular gathering spots, the open-air stage was a favorite
gathering spot for teenagers on weekdays when it was not used for events (Figure 13).

7. Results and Discussion

These study results are highly satisfactory. When assessed with Universal Standard
for Health-Promoting Places, the park scored 84 of 87 points. There were only a few
missing points, such as a sensory path and street art, which the local community could add
if needed.

The assessment with CPAT demonstrated a well-functioning and well-equipped public
park which may promote youth physical activity. The park scored in all categories, except
for the off-leash dog and skate parks, which are possible to construct if the local community
wishes to.

The mapping of user activity demonstrated that activity pockets were aligned with
the recreational infrastructure. Main gathering points were: the well-frequented pedestrian
path along the stream, sports field of a local soccer team which gathered spectators and
players on assigned days, wooden benches along the pedestrian path, open-air stage used
for organized events, as well as by local teenagers during weekdays as a favorite gathering
point, talent playground used by the children and their parents, tot lot frequented by the
youngsters with their babysitters.

7.1. Preventing the Nocive Effects of Climate Change and Urban Heat Islands

The revitalization of the post-industrial site brought back and revived the historic
pond, which is a valuable asset to mitigate heat waves. The green cover of open green
areas and the green canopy of mature trees are helping to prevent the detrimental effects of
climate change. Existing trees are well-maintained, and new ones are added. People choose
to stroll along the stream or cycle to do their everyday errands, and some of them opt to do
so and not to use their cars. Creating the public park was an important step to improve the
local microclimate. People can reach this area to escape the heat urban island effect.

7.2. Promotion of Social Life

The revitalization of the former industrial site brought additional benefits. The engage-
ment of the local community was manifested during the voting for the talent playground.
Place identity is enhanced by events organized in the park and open-air exhibitions. A park
is also a place for ecological education. Numerous events which promote social contacts
are held in the park. It is a favorite public open green space.

8. Conclusions

The case study of the park in Rumia constructed on the post-industrial site is an exam-
ple of good practices. On a previously neglected industrial lot, a public park provides joy to
the people. A necessary revitalization process was done, with excellent results, providing
green space with adequate infrastructure and maintenance for people’s enjoyment. The
difference between the previous and the current situation lies in how people can now safely
and meaningfully enjoy the park [34].

The revitalization of the old manor house, which was turned into the local cultural
center, was essential for success. The old monument houses a new function and therefore
is well-maintained as it has a new owner.

The assessment of therapeutic qualities and using the CPAT tool demonstrated that
the post-industrial cultural heritage site could be turned into a health-promoting urban
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place. Mapping the users’ activity confirmed that a park is a popular place. The presence
of people was noted all day long, and the pockets of activity were formed in places with
recreational infrastructure.

Additional benefits of creating a well-functioning public park were attachment and
identity enhancement demonstrated during voting for the talent playground. The public
park in an old village in Rumia demonstrates that it is possible to create a health-promoting
place in place of a post-industrial site, revitalize the cultural heritage, and mitigate climate
change at the same time.
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Abstract: Climate change and intensified human activity have altered the landscape pattern of nature
reserves and are expected to induce persistent changes in habitat quality. Using GIS technology and
landscape ecological theories, we quantitatively analyzed landscape fragmentation characteristics
and the driving factors for the interior and peripheries of the Qinling–Daba Mountains nature re-
serves during 2010–2017. Using spatial principal component analysis, landscape pattern indices, and
Geodetector, we evaluated the habitat quality status of different nature reserve types in different
regions and the impacts of human disturbance on these areas. The results are as follows: (1) Most
national nature reserves in the Qinling–Daba Mountains were moderately or highly fragmented dur-
ing 2010–2017, and the fragmentation degree of a few reserves exhibited a decreasing trend. (2) The
fragmentation degree of landscape patches from the core areas to the experimental areas of the inner
nature reserves showed a trend of being low in the middle and high in the surrounding area; the level
of landscape fragmentation gradually decreased from the edge of 1 km (M-1) to 5 km (M-5). (3) There
was spatial differentiation in the intensity of landscape fragmentation among the nature reserves;
human activity intensity, land-use degree, elevation, slope gradient, and topographic relief were
the factors influencing the spatial differentiation of landscape fragmentation, and the contribution
of anthropogenic factors was significantly greater than that of natural factors. Human activities,
such as the construction of network infrastructures, irrational partition management, expansion of
agricultural and industrial production activities, were the main reasons for the spatial differentiation
of landscape fragmentation in the nature reserves. These results can provide significant scientific sup-
port for ecological restoration in the nature reserves and contribute to the coordinated development
between socio-economic system and ecological environment in the exceedingly impoverished areas.

Keywords: nature reserves; landscape fragmentation; north–south transitional zone; spatial differen-
tiation; Qinling–Daba Mountains; habitat quality

1. Introduction

Landscape fragmentation is an intrinsic driver of habitat quality deterioration and a
major cause of ecosystem degradation and biodiversity reduction [1,2]. The reduced patch
size, increased habitat isolation, greater edge distances, and lower connectivity caused
by this fragmentation leads to changes in interactions among ecosystem components and
alters species’ growth environments. The effects of landscape fragmentation on habitats
are continuous, detrimental, and unpredictable. The process and effects of landscape
fragmentation can be identified by the reactions of many organisms [2,3]. When habitats
are highly exposed to anthropogenic activity, their structures and function exhibit long-
term changes [4], which is of great significance for research on the spatial structure and
characteristics of landscape fragmentation under different land-use scenarios and their
impact on habitat quality.

Land 2021, 10, 1124. https://doi.org/10.3390/land10111124 https://www.mdpi.com/journal/land
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Nature reserves have been regarded as an important tool for protecting habitat in-
tegrity and species diversity. The landscape integrity and ecological benefits of reserves
play an essential role in maintaining the human–land relationship [5]. Although systematic
research on the effectiveness of nature reserves is still in its infancy, the effectiveness and
suitability of the range of nature reserves remain to be explored, as only 20–50% of global
nature reserves are effectively managed [6]. The landscape ecosystems of nature reserves
bordering densely populated areas have undergone significant changes, thus affecting
the balance of ecosystem diversity; landscape fragmentation is the main cause of these
changes [7]. Effective and precise conservation is a critical method for avoiding biodiversity
loss and maintaining ecosystem balance [8]. In the face of potential threats due to the
presence of multiple internal and external environmental factors, the timeliness of the
scope of nature reserves and the sustainability of the related policy and regulations requires
substantial research support, especially in developing areas where coordinated develop-
ment and ecological protection are the top priorities. In recent years, the number of nature
reserves in China has increased rapidly, but conservation benefits have not improved [9].
Therefore, it is necessary to study the fragmentation of landscape in typical national nature
reserves in depth.

Island biogeography theory is fundamental for studying the ecological succession pat-
tern of landscapes and has been widely used by domestic and international scholars in the
research of habitat fragmentation and landscape renovation [10,11]. Landscape-based habi-
tat quality evaluation is mainly applied to regions, such as small watersheds, mountains,
plateaus, and cities [12–14], with relatively broad research areas. The study of terrestrial
surface landscapes and habitat fragmentation based on land cover is currently mainstream.
Land cover change can directly affect species’ habitats and the ecosystem’s functions and
services [15], leading to significant alterations in the ecological linkage between habitat
quality and land-use intensity [14,16]. In addition, the loss, degradation, and fragmentation
of natural habitats caused by land-use change are the dominant anthropogenic drivers of
biodiversity change [17]. Studies have shown that 70% of remaining forests are located
within 1 km of forest edges, 50% of forest fragments are within 500 m of the forest edges,
20% of the remaining forests are located within 100 m from the edges, and most remaining
forest patches are less than 10 hm2 in size [18]. This edge effect of vegetation primarily
reflects the degree of landscape fragmentation within the ecosystem, the effects of which
are persistent [3,19–21]. Therefore, investigating landscape fragmentation and its effects
on habitat status based on land cover was the focus of this study. We selected ten na-
tional nature reserves of different types in China’s north–south transitional zone and the
Qinling–Daba Mountains as the research objects because this area is relatively sensitive to
changes in the surrounding ecological environment. Based on land use and land cover data,
we explored the variation characteristics of habitat fragmentation in different landscapes
and their spatial differentiation using landscape patch indices and the spatial principal
component analysis method. Then, we investigated the critical drivers of fragmentation
using Geodetector. This study aimed to provide a reference for the precise management of
nature reserves in China’s north–south transitional zone affected by climate change and
anthropogenic activities. Moreover, by revealing the habitat quality status and landscape
ecological patterns of the nature reserves in the Qinling–Daba Mountains, we can provide
theoretical support for these nature reserves’ sustainable development and ecosystem
optimization.

2. Study Area and Methods

2.1. Overview of the Study Area

The Qinling–Daba Mountains are located between 30◦–36◦ N and 101◦–114◦ E, span-
ning Sichuan, Gansu, Shaanxi, Chongqing, Hubei, and Henan provinces. This region
has a width of approximately 300 km from north to south and a length of approximately
1000 km from east to west, with a total area of around 300,000 km2 and an altitude range
of 13–5528 m (Figure 1). The Qinling–Daba Mountains sit in the transitional region from
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the northern subtropical zone to the warm temperate zone, serving as an essential eco-
geographical transition zone and a natural dividing line of climate in China. Within this
transition zone, the topography varies significantly, and its natural geographical location
has led to complex horizontal and vertical distribution patterns of vegetation coverage.
The northern slope of the Qinling Mountains is mainly covered by warm–temperate decid-
uous broadleaved forests, while evergreen–deciduous, broadleaved mixed forests cover
the southern slope. The northern slope of the Daba Mountain is connected with the south-
ern slope of the Qinling Mountain, and the vegetation types on these slopes are similar.
The southern slope of the Daba Mountains is covered by subtropical evergreen broadleaved
forests. The regional vegetation and temperature change with altitude, showing obvious
vertical zonality [22,23]. The Qinling–Daba Mountains are one of the 17 vital Biodiversity
Ecological function zones identified in the National Major Function Zone Planning of
China. The region has a large population with a scattered distribution, and the mountain-
ous area between the Qinling and Daba Mountains is economically under-developed and
has prominent problems with poverty, making it an important concentrated contiguous
special hardship area in China. Effective management by local governments has led to the
integrated development of land resources, but the partition management mode has made
the natural habitat more fragmented. By the end of 2015, there were 26 national nature
reserves in the Qinling–Daba Mountains, with a total area of approximately 1.47 × 104 km2

accounting for 5% of the entire land area of the Qinling–Daba Mountains, and 43 local
nature reserves with a total area of 1.09 × 104 km2 accounting for 3.6% of the land area,
which is lower than the global average (12%). In this study, we selected ten national
nature reserves according to the division of land-use types and their indicative levels in the
north–south transitional zone [24,25] as shown in Figure 1.

Figure 1. Distribution of national nature reserves in the Qinling–Daba Mountains.
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2.2. Data Sources and Processing

The 2010 and 2017 land-use type data used in this study were obtained from the
Globeland30 data set developed and improved by the National Geomatics Center of China
(http://ngcc.sbsm.gov.cn/ngcc/) (accessed on 20 September 2020) for the National High-
Tech Research and Development Program (863 Program), with a spatial resolution of 30 m.
Supported by ArcGIS 10.3 software, we preprocessed the data by cropping, mosaicking, and
resampling and reclassified the land-use types into nine categories including agricultural
land, grassland, forest, shrubland, wetland, water area, land for facilities, bare land, and
snowfield, according to the land-use/cover type classification standards of the Resource
and Environment Science and Data Center (RESDC), Chinese Academy of Science (http:
//www.resdc.cn/) (accessed on 16 September 2020). Then, we verified the distribution
pattern of these land-use types with reference to the 1 km land-use data set from the
RESDC website. Information from the nature reserves was obtained from the functional
zoning maps provided on the website of the Ministry of Environmental Protection of China
(http://www.zhb.gov.cn/stbh/zrbhq/) (28 July 2020), and the nature reserves’ boundaries
in the maps were vectorized to obtain layers for the whole study area.

DEM data were derived from the NASA_SRTM data set with a 30 m spatial resolution.
The elevation and slope gradient information were first extracted using ArcGIS, and the
topographic relief of the entire Qinling–Daba Mountains was obtained by the mean change-
point analysis method. Referring to the other region extraction method applied to the study
area [26], we classified the topographic relief of the Qinling–Daba Mountains into six levels:
flat ground (<30 m), terrace (30–70 m), hills (70–200 m), low-relief mountains (200–500 m),
medium-relief mountains (500–1000 m), and high-relief mountains (>1000 m) [26].

2.3. Study Methods
2.3.1. Construction of a Composite Landscape Fragmentation Indicator

To investigate the overall landscape fragmentation pattern of the selected ten nature
reserves in the Qinling–Daba Mountains, in this study, we calculated the landscape in-
dices using the Patch metric module in FRAGSTATS 4.2 software to analyze the landscape
fragmentation with the comparative method quantitatively. Considering the local situa-
tion of the Qinling–Daba Mountains, we selected the patch area (PA), patch shape index
(PSI), fractal dimension index (FRAC), contagion index (CONTIG), and Euclidean nearest
neighbor distance (ENN) to characterize the degree of landscape fragmentation in different
regions [27,28]. The algorithm and ecological significance of each landscape index are
explained in related literature [29]. Because the information of landscape fragmentation
reflected by the selected landscape patch indices may exhibit overlap, we used the principal
component analysis method to reorganize the selected indices into a set of independent
synthetic variables. By characterizing the degree of regional landscape fragmentation using
this method, redundancy can be avoided. These synthetic variables were then used as the
analysis variables of the Geodetector to explore the influencing factors. The results of the
principal component analysis are listed in Table 1.

The formula for a composite indicator of landscape fragmentation is as follows:

Zi = PCn{ f (PA, PSI, FRAC, CONTIG, ENN)} (1)

where Zi represents the degree of landscape fragmentation; i denotes the nature reserve
type in the study area; PCn represents the principal component scores of n indices; PA, PSI,
FRAC, CONTIG, and ENN represent the patch area index, patch shape index, patch fractal
dimension index, contagion index, and Euclidean nearest neighbor distance, respectively.

138



Land 2021, 10, 1124

Table 1. Results of principal component analysis of landscape indices.

Year KMO
Bartlett’s
Test (sig)

Nature
Reserve

Common Factor
Variance

Cumulative
Variance

Contribution Rate /%

Number of
Principal

ComponentsInitial Value

2010 0.590 0.000 Baishuijiang 1.000 87.196 3
0.589 0.000 Dabashan 1.000 72.862 2
0.620 0.000 Shennongjia 1.000 73.957 2
0.552 0.000 Micangshan 1.000 72.815 2
0.569 0.000 Taibaishan 1.000 72.905 2
0.538 0.000 Xuebaoding 1.000 73.773 2

0.623 0.000 Danjiang
Wetland 1.000 71.791 2

0.597 0.000
Hanzhong

Crested
Ibis

1.000 90.134 3

0.578 0.000 Baishuihe 1.000 76.367 2
0.630 0.000 Lianhuashan 1.000 72.279 2

2017 0.578 0.000 Baishuijiang 1.000 72.176 2
0.550 0.000 Dabashan 1.000 74.043 2
0.596 0.000 Shennongjia 1.000 71.768 2
0.561 0.000 Micangshan 1.000 73.891 2
0.586 0.000 Taibaishan 1.000 72.162 2
0.576 0.000 Xuebaoding 1.000 72.302 2

0.586 0.000 Danjiang
Wetland 1.000 71.797 2

0.621 0.000
Hanzhong

Crested
Ibis

1.000 73.027 2

0.547 0.000 Baishuihe 1.000 74.583 2
0.592 0.000 Lianhuashan 1.000 71.319 2

The path metrics and Class metrics modules in the FRAGSTS 4.2 software were used
to calculate the landscape indices of different nature reserve types in the Qinling–Daba
Mountains in 2017 with the aim of generating synthetic variables to characterize the
degree of fragmentation. The results are shown in Figure 2. To investigate the spatial
differentiation pattern of landscape fragmentation from the core to the edges of each nature
reserve, we selected the functional partitions of the nature reserve and a 5 km buffer zone
on its periphery as the research objects, which are (from inside to outside): the interior
(core area, buffer area, and experimental area) and edge areas of 1–5 km (M-1, M-2, M-3,
M-4, and M-5). The edge areas were divided according to the Euclidean distance of 1–5 km
from the boundary to the core area, respectively, and the landscape fragmentation of the
nature reserve was studied on this basis.

2.3.2. Determination of Factors Influencing Landscape Fragmentation

Factor detection and interactive detection methods in the Geodetector model were
employed to investigate the relationship between landscape fragmentation in the Qinling–
Daba Mountains nature reserves and its driving factors to quantitatively analyze the factors
influencing regional landscape fragmentation [30]. First, the explanatory variables were
constructed with the ArcGIS platform, and 2000 random points were created to extract the
synthetic variables of landscape fragmentation, topographic relief, land-use type, human
activity intensity, elevation, and slope gradient. Then, these explanatory variables were
discretized into categorical variables, and the natural breakpoint method and land-use
classification criteria were applied for partitioning. The basis of Geodetector is that if an
independent variable had a significant effect on a dependent variable, then the spatial
distribution of these two variables should be similar [31]. The model is as follows:

q = 1 − 1
Wαi

2

n

∑
i=1

Wiαi
2 (2)
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where q is the spatial heterogeneity of each indicator, and q ∈ [0,1]; W is the sample size of
all indicators in the study area; α2

i is the variance of sub-regional indicators; i = 1, 2, . . . ,
n, i denotes the partition of each indicator, and n represents the number of all partitions.
The magnitude of q reflects the degree of spatial heterogeneity of each nature reserve in
the Qinling–Daba Mountains. The larger the q value, the higher the spatial heterogeneity,
and the greater the influence of partitioning factors on the spatial distribution of regional
landscape fragmentation. The smaller the q value, the stronger the randomness of spatial
distribution. Specifically, q = 0 indicates that the landscape fragmentation in the study
area is absent of spatial heterogeneity, and q = 1 means that the indicators have perfect
spatial heterogeneity.

Figure 2. Cont.
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Figure 2. Fragmentation of core–edge landscapes in Qinling–Daba Mountains nature reserves.

In this study, topographic relief, elevation, slope gradient, land-use degree, and hu-
man activity intensity were chosen as the explanatory variables reflecting the landscape
fragmentation. The factor detection method can reveal the extent to which each driv-
ing factor explains the spatial variation of the dependent variable in the Qinling–Daba
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Mountains nature reserves [30]. Interactive detection allows us to explore whether the
interaction among multiple driving factors has increased or decreased the explanatory
power of synthetic variables on the dependent variables in the nature reserve [30].

Based on the results of principal component analysis for landscape patch indices, we
extracted synthetic variables to characterize the degree of landscape fragmentation and
chose the Hanzhong Crested Ibis nature reserve, which has a large KMO and cumula-
tive variance contribution rate, as the research object to explore the influencing factors
of landscape fragmentation in the nature reserves. The synthetic variables were input
into the Geodetector for the analysis. In the partitioning process, which was conducted
simultaneously, topographic relief classification was performed following the specified
criteria, but the other driving factors were subjected to the systematic classification method
of ArcGIS and the natural breakpoint method.

2.3.3. Quantitative Indices of Human Activity Intensity

To characterize the impact of regional human activity intensity on the degree of
landscape fragmentation, we took the artificial land surface as the basic feature and used the
intensity of land surface development and utilization and the level of human disturbance
as the quantitative standard for human activity intensity considering the land-use intensity
data from ten national nature reserves in the Qinling–Daba Mountains. Based on the
regional land-use/cover variation data, we estimated the quantitative disturbance intensity
of each nature reserve as the intensity of human activities [32]. The quantitative model of
human activity intensity can be calculated by the following equations:

HMI =
SCV

S
× 100% (3)

SCV =
n

∑
i=1

SVi × Gi (4)

where HMI is the intensity of human activities in a nature reserve; SCV is the converted
equivalent area of impervious surface; S is the total area of the region; SVi is the area of the
land-use/cover type i; Gi is the conversion coefficient for the impervious surface equivalent
of the land-use/cover type i; n is the number of land-use/cover types in the region. SCV is a
quantization unit that compares the degrees of influence of different human activity modes
on surface land use and their reflections in each land-use type. Gi is the index weight of
each land-use type and surface vegetation characteristic in response to human activities.
It is converted into a conversion coefficient for the artificial impervious surface equivalent
according to human activity intensity.

For land-use/cover types with different impact degrees, the variation characteristics of
the surface’s natural attributes can serve as a basis for determining Gi values. With reference
to the relevant study of Xu, Y., et al. [32], the conversion coefficients were determined by
considering the conservation objectives of different nature reserves. The results are shown
in Table 2.

Table 2. Conversion coefficients of impervious surface equivalents for different land-use types.

Land-
Use/Cover

Type

Agricultural
Land

Woodland
and

Shrubland
Grasslands

Wetland
and Water

Areas

Land for
Man-
Made

Facilities

Bare Land
and Snow-

fields

Conversion
coeffi-
cient

0.2 0.0 0.067 0.6 1.0 0.0
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3. Analysis of Results

3.1. Variation Characteristics of Landscape Fragmentation in Different Types of Nature Reserves

The variations in landscape fragmentation in the studied nature reserves in the Qinling–
Daba Mountains from 2010 to 2017 show that landscape fragmentation had an overall
decreasing trend. The degree of landscape fragmentation declined in seven nature reserves
and increased in the remaining three reserves. From the results of landscape indices
presented in Table 3, we can see that the PA and CONTIG of the Baishuijiang, Dabashan,
Xuebaoding, and Lianhuashan nature reserves had an obviously decreasing trend from 2010
to 2017, indicating that the landscape patch areas in these nature reserves were becoming
smaller, and the patches were gradually dispersed. Moreover, the increasing trend in
FRAC suggests that the regional landscape patch structure tended to be complicated, and
the degree of landscape fragmentation exhibited a rising trend. The PA and CONTIG
indices of the Shennongjia and Micangshan nature reserves also had a downward trend,
indicating that the area of the patches in these regions shrank and the degree of spatial
aggregation decreased; the PSI and FRAC indices slightly increased, showing that the shape
of the landscape patches developed from regular to irregular, and the degree of landscape
fragmentation in these regions had a slight rise. The variation trends of PA, FRAC, and
CONTIG of the Baishuihe nature reserve were consistent with those of Shennongjia and
Micangshan, with larger magnitudes. Their ENN index increased, indicating that the
patches became more dispersed and poorly connected, and the regional landscapes were
increasingly fragmented. The Danjiang Wetland and Hanzhong Crested Ibis nature reserves
had significant changes in CONTIG and ENN, and their variation trends were consistent;
their PSI index decreased, indicating that the degree of landscape fragmentation in these
two regions improved from 2010. Similarly, the Taibaishan nature reserve also had gradual
improvement in its landscape fragmentation degree. Its PA and FRAC values increased,
and there were more large patches which had shapes that became more regular.

Table 3. Landscape type index of each nature reserve in the Qinling–Daba Mountains.

Year
Patch
Index

Baishuijiang Dabashan Shennongjia Micangshan Taibaishan Xuebaoding
Danjiang
Wetland

Hanzhong
Crested

Ibis
Baishuihe Lianhuashan

2010 PA/ha 143.55 111.20 50.70 21.15 18.40 47.22 4.77 11.06 21.98 7.20
PSI 1.38 1.34 1.13 1.23 1.22 1.60 1.43 1.42 1.59 1.54

FRAC 1.24 1.25 1.20 1.18 1.23 1.13 1.17 1.25 1.12 1.16
CONTIG 0.96 0.94 0.96 0.96 0.91 0.99 0.79 0.74 0.99 0.94
ENN/m 65.79 71.84 67.02 66.18 67.93 676.98 97.76 100.85 69.26 76.43

2017 PA/ha 132.97 107.5 49.63 14.33 35.62 30.20 3.95 12.20 2.62 5.77
PSI 1.23 1.22 1.31 1.25 1.20 1.21 1.30 1.17 1.25 1.25

FRAC 1.25 1.30 1.22 1.27 1.20 1.28 1.14 1.27 1.18 1.22
CONTIG 0.87 0.87 0.94 0.77 0.83 0.80 0.80 0.79 0.49 0.75
ENN/m 59.75 64.19 64.75 68.95 80.21 68.35 55.65 76.93 74.73 70.34

The synthetic variables of the landscape indices of the Qinling–Daba Mountains nature
reserves from 2010 to 2017 show that most nature reserves were significantly fragmented
(Figure 3). The degree of fragmentation varied among the different types of nature re-
serves. Its order from high to low in 2010 was Baishuihe > Xuebaoding > Lianhuashan >
Danjiang Wetland > Micangshan > Hanzhong Crested Ibis > Shennongjia > Taibaishan >
Dabashan > Baishuijiang, and Baishuihe and Xuebaoding exhibited more severe landscape
fragmentation than the other nature reserves. In 2017, the greatest to least fragmentation
was observed as follows: Danjiang Wetland > Lianhuashan > Baishuihe > Hanzhong
Crested Ibis > Micangshan > Shennongjia > Taibaishan > Xuebaoding > Baishuijiang >
Dabashan. The landscape fragmentation was particularly significant in Danjiang Wetland
and Baishuihe, and the fragmentation degree was the lowest in Dabashan. After 2010,
the degree of fragmentation decreased in Taibaishan, Danjiang Wetland, and Hanzhong
Crested Ibis in the order of Danjiang Wetland > Hanzhong Crested Ibis > Taibaishan.
The fragmentation in their different types of landscapes was improved to a certain extent.
In summary, the overall landscape fragmentation in the Qinling–Daba Mountains nature
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reserves became more severe during the seven years, but the fragmentation in some nature
reserves was mitigated.

(a)

(b)

Figure 3. Proportion of the comprehensive variable scores of the landscape patch index in 2010 (a)
and 2017 (b).
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The spatial distribution of landscape fragmentation in major nature reserves in the
Qinling–Daba Mountains is demonstrated in Figure 4. In 2010, the highly fragmented areas
of the Baishuijiang nature reserve were mainly concentrated in its northwest, southwest,
and some marginal areas in the northeast; in 2017, the range of the highly fragmented re-
gions remained the same, but the degree of fragmentation became higher, and the fragmen-
tation gradually spread to the core area. The spatial distribution pattern of fragmentation in
the Dabashan nature reserve during 2010–2017 was not apparent. Sporadic fragmentation
mainly occurred in the north and southwest and was rarely distributed in the central area;
the broken topography made the landscape more isolated and fragmented. The moder-
ately and highly fragmented regions in Shennongjia were dispersed in its interior, and the
fragmentation degree of the edges was relatively low. In 2010, the landscape of the Mi-
cangshan nature reserve was dominated by low to moderate fragmentation, and the highly
fragmented regions were scattered in the central and western areas; by 2017, fragmentation
became more severe at the edges of the entire nature reserve and had spread to the interior.
The distribution of landscape fragmentation in Micangshan is closely related to topography
and rivers. The dramatic topographic relief and convergence of river tributaries have cre-
ated diverse landscapes. In 2010, the highly fragmented regions in the Xuebaoding nature
reserve were concentrated in its western, northern, and southern border areas; by 2017, the
fragmented regions had gradually developed to the central area with an increased number
of patches, forming a continuous belt. The landscape fragmentation in the Baishuihe
nature reserve is particularly significant. Baishuihe exhibited the most serious landscape
fragmentation in the watershed. In 2017, the moderately and highly fragmented regions
were concentrated in its edges, and the mildly fragmented regions were alternated with
moderately to highly fragmented regions in its central area. In the Lianhuashan nature
reserve, the moderately and highly fragmented regions were distributed from the southern
periphery to its edges. The fragmentation at its northern borders was more serious than
in its southern area, and the fragmented regions gradually expanded from the edges to
the interior of the nature reserve. In comparison, the Taibaishan, Danjiang Wetland and
Hanzhong Crested Ibis nature reserves were the focus of national environmental poli-
cies [33], and human disturbance was gradually reduced in these regions. From 2010 to
2017, the degree of fragmentation gradually decreased in the entire region, and most of
this area was dominated by medium to high fragmentation, with the highly fragmented
regions concentrated at the edges. In summary, from the spatial and temporal distribution
characteristics of landscape fragmentation in the ten nature reserves in the study area
from 2010 to 2017, we can find that the fragmentation degree had an upward trend in
most nature reserves. Moreover, the moderately and highly fragmented regions were
concentrated at the edges, and the fragmentation degree was reduced in only a few nature
reserves. The highly fragmented nature reserves were all subjected to different levels of
disturbance in their interior. The anthropogenic disturbance was relatively significant, and
the fragmentation tended to develop from the edges to the core areas.
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Figure 4. Spatial distribution of landscape fragmentation in different types of nature reserves.
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3.2. Core–Edge Spatial Differentiation of Landscape Fragmentation among Nature Reserve Types
3.2.1. Analysis of Landscape Fragmentation in the Interior of the Nature Reserves

The kappa coefficient was 0.83, and the classification results were applied to the
entire study area. Most nature reserves in the study area exhibited a high degree of
landscape fragmentation in their interior, with significant differences in spatial distribution.
The fragmentation degree mainly decreased from the core area to the experimental area.
According to Figures 2 and 4, the fragmentation was the most severe in the Danjiang
Wetland nature reserve, with an overall fragmentation score of less than 1.5 for the entire
nature reserve. The average scores for shrubland and wetland were much lower than 0,
the scores for grasslands, wetland, and water areas gradually decreased from the core
area to the experimental area, and the general fragmentation level was high. Changes
in the fragmentation degree of the internal functional areas were the most drastic in the
Lianhuashan nature reserve, where the average fragmentation degree was the highest for
shrubland, wetland, and snowfield landscapes, and the average scores for shrubland and
snowfield were lower than 0.8. The fragmentation variations in the landscape patches
of the internal forest and water areas were relatively large. From the core area to the
experimental area, the fragmentation degree increased first and then decreased, and the
spatial differentiation of landscape fragmentation was evident in the three main functional
areas. The variations of the fragmentation curves of the Baishuihe nature reserves were
generally consistent with few fluctuations. The fragmentation levels of the forest and
shrubland patches in the core area were higher than the average values of 1.28 and 0.95,
indicating a low degree of fragmentation. However, the fragmentation degree of the
forest and wetland significantly increased in the experimental area, showing a prominent
edge effect. The Hanzhong Crested Ibis nature reserve had dramatic changes from the
buffer area to the experimental area. The fragmentation degree showed a downward
trend in the forest, bare land, and shrubland. The fragmentation of the shrubland patches
was the most severe, and the fragmentation levels of the agricultural land and man-
made facility patches rose rapidly in the experimental area. The overall fragmentation
of patches in the Micangshan nature reserve first decreased and then increased, with
relatively significant variations observed in the patches of shrubland and man-made
facilities. The fragmentation degree of shrubland, wetland, and water area landscapes was
below –0.6, and the overall fragmentation was significant. The variations of landscape
fragmentation in the Shennongjia nature reserve were also drastic, especially for the forest,
grassland, and bare land, and the magnitude of the changes was between 0.4 and 0.6.
The fragmentation degree of the wetland patches was generally high, with intense human
activities on their peripheries. The landscape fragmentation characteristics and variations
of the interior of the Taibaishan and Xuebaoding nature reserves were generally consistent.
The fragmentation degree of shrubland was significantly higher than that of other types
of patches, but the overall fragmentation magnitude of Xuebaoding tended to level off.
The Baishuijiang and Dabashan nature reserves had a relatively low fragmentation degree,
and the landscape fragmentation in these two regions was the most prominent in shrubland
and snowfield, respectively. The overall score of the water area patches had great variations,
and the fragmentation level of the internal man-made facility patches decreased first and
then increased. The comparison of the nature reserves revealed that although the matrix
landscapes were generally forest and grassland, the number of matrix patches increased
while the core area was reduced. The matrix at the edges of most nature reserves became
more fragmented, and a trend in habitat loss emerged. Some of the agricultural land
patches of protected areas appear in the core area and even have a tendency to expand
towards the core area, and the expansion of construction land also follows this pattern.
The region is mostly a concentration of poor people, and the pattern of cultivation is
rougher, and the negative impact of the management model accelerates the trend in
landscape fragmentation within the protected areas. These findings indicate that ecological
protection is essential in the Qinling–Daba Mountains. Some landscape ecological types
that urgently require conservation are not protected. On the contrary, their area is shrinking
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under the disturbance of intense human activities, and the landscapes have been further
fragmented.

3.2.2. Analysis of Landscape Fragmentation at the Edges of Nature Reserves

Variations in the landscape fragmentation on the peripheries of the nature reserves
were relatively minimal across the study area, excluding those around M-1, and the frag-
mentation level of the landscape patches around M-1 was relatively high. The magnitude
of landscape fragmentation variations on the peripheries of the Baishuijiang, Xuebaoding,
and Lianhuashan nature reserves was also relatively high. Specifically, the forest patches
around Xuebaoding had the most prominent variation magnitude of 0.8. The fragmen-
tation degree of forest patches gradually increased from M-1 to M-5, while the variation
trends of grassland, water areas, and shrubland were the opposite. All landscape types
between M-1 and M-2 of Baishuijiang and Lianhuashan had the most remarkable variations
(0.55). Particularly, the cross impacts between agricultural land and vegetation landscapes
were significant, and the patches of major habitats were unstable. The greatest landscape
fragmentation variations on the peripheries of the Shennongjia and Hanzhong Crested Ibis
nature reserves were observed in M-1 (0.67), and as the distance from the nature reserves
increased, the variation curves flattened. For the Taibaishan, Micangshan, and Baishuihe
nature reserves, the fluctuations in the variation curves were mildest within M-5, but the
agricultural land and man-made facilities exhibited significant variations. The degree of
landscape fragmentation in this area gradually decreased, the patches were concentrated,
and the anthropogenic disturbance was greater than natural disturbances. The fragmenta-
tion fluctuations of the forest, grassland, and wetland landscapes on the periphery of the
Taibaishan nature reserve were lower than other areas, and the level gradually increased
from M-5 to the boundary of the nature reserve, which was considered to be closely related
to human activity at the edge of this area. Landscape fragmentation at the edges was more
obvious than at the interior, where the landscape matrix gradually loses its dominance,
biological habitats undergo potential migration, and external patches gradually replenish
the missing habitats, causing the destruction of the original habitats, leading to fragmenta-
tion in terms of biological processes and, more importantly, the addition of external human
factors dominates this fragmentation process.

In summary, the degree of landscape fragmentation in the interior and exterior of all
nature reserves in the study area differed significantly. The most significant differences
occurred at the edges of the nature reserves and their peripheries, and the fragmentation
degree of the core areas rose under the impact of the edge areas. With the increasing
severity and breadth of human impact, anthropogenic directional selection has led to the
clustered distribution of agricultural land and man-made facility land patches. These land-
use types are interspersed among natural habitats, increasing the degree of landscape
fragmentation. Changes to landscape patches, forest, grassland, shrubland, and wetland
areas were generally reduced, especially in the core areas of nature reserves and at the
edges, while that of agricultural land and man-made facility areas demonstrated increasing
trends. For different types of landscapes, the area of some anthropogenic landscapes is
expanding, and the patches were distributed in a contiguous region, with a decreased
degree of fragmentation. Particularly, the area of agricultural land was expanding, and
the old and new farmlands were overlapping and complementing each other, forming a
contiguous area, making agricultural land the dominant landscape type in certain regions.
Internal landscape habitat processes and external environmental changes provide the con-
ditions for landscape fragmentation in protected areas. Agricultural production activities
and zoning management of protected areas continually partition essential ecological land-
scapes, resulting in the fragmentation of native forests, grassland, shrubland, and wetland.
These landscape patches exhibited a mosaic distribution pattern. The dominance of these
landscapes is gradually decreasing, and their fragmentation degree is rising. Thus, species
have to migrate due to the shrinking habitats, and biodiversity is reduced.
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3.3. Analysis of Influencing Factors

The detection results for the driving factors in the Hanzhong Crested Ibis nature
reserve are listed in Table 4. It is shown that the q-statistics of land-use type and human
activity intensity were 0.478 and 0.384, respectively, both indicating significant spatial
differentiation and high influence strength; the explanatory power of slope factor on
regional landscape fragmentation was 0.254, with the least influence. The strength of
the influencing factors on landscape fragmentation in the nature reserve ranks in the
following order: land-use intensity > human activity intensity > elevation > topographic
relief > slope gradient. All influencing factors passed the significance test. Although the
overall intensity of human activity in nature reserves exhibited a decreasing trend during
2010–2017 (Figure 5), the explanatory power of human disturbance factors on landscape
fragmentation was still more dominant than that of natural factors. The results reveal
that the gradual reduction of the natural vegetation area of the forest and grasses was
accompanied by an increase in the amount of built-up land and population in the area
that had affected the spatial differentiation of the landscape pattern. Therefore, lowering
the intensity of human activity within and around nature reserves is crucial for protecting
ecological landscape patterns and reducing landscape fragmentation.

Table 4. Factor detection results.

Influencing
Factor

Human
Activity
Intensity

Topographic
Relief

Land-Use
Type

Slope
Gradient

Elevation

q-statistic 0.384 0.323 0.478 0.254 0.351
Significance q 0.000 0.000 0.000 0.000 0.000

Figure 5. Intensity of human activities in the Hanzhong Crested Ibis nature reserve.
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Table 5 shows that the combination of any two factors had a more significant impact
on the degree of landscape fragmentation in the nature reserve than any individual factor,
and the factors with relative significant influence exhibited a relatively significant effect of
double-factor enhancement. In terms of the interaction degree of the influencing factors of
fragmentation, the order of their explanatory power is as follows: human activity intensity
∩ land-use type > topographic relief ∩ land-use type > elevation or slope gradient ∩ land-
use type > elevation ∩ human activity intensity > topographic relief or slope gradient ∩
human activity intensity > topographic relief or slope gradient ∩ elevation > topographic
relief ∩ slope gradient. Moreover, the explanatory power of the interaction of any two
factors is greater than that of a single factor. Therefore, it can be seen that the effect of
a single natural factor on landscape fragmentation is limited, but after interacting with
an anthropogenic factor, the influence can become more prominent. This means that the
synthetic effect of anthropogenic factors had a more significant impact, which is crucial for
explaining the landscape fragmentation in nature reserves.

Table 5. Interactive detection results.

Influencing
Factor

Human
Activity
Intensity

Topographic
Relief

Land-Use
Type

Slope
Gradient

Elevation

Human Activity
Intensity 0.384

Topographic
Relief 0.442 0.323

Land-Use Type 0.681 0.576 0.478
Slope Gradient 0.450 0.364 0.527 0.254

Elevation 0.471 0.392 0.549 0.373 0.351

4. Conclusions and Discussion

4.1. Conclusions

In this study, we took ten typical national nature reserves within the Qinling–Daba
Mountains as research objects to explore the degree of landscape fragmentation and its
influencing factors in the Qinling–Daba Mountains from 2010 to 2017. The results are
as follows.

The landscape pattern of most nature reserves in the Qinling–Daba Mountains exhib-
ited a trend of increasing fragmentation, although the degree of landscape fragmentation
in some of the evaluated nature reserves was decreasing. From 2010 to 2017, the land-
scape fragmentation level was the highest in the Danjiang Wetland and Baishuihe nature
reserves, and Dabashan had the lowest degree of fragmentation. The fragmentation degree
in the Taibaishan, Danjiang Wetland, and Hanzhong Crested Ibis nature reserves gradually
decreased, and the habitat conditions improved.

The degree of landscape fragmentation from the core areas to the experimental areas
in the interior of the Qinling–Daba Mountains nature reserves was low in the middle and
high in the surrounding areas. The level of landscape fragmentation gradually decreased
from the edge of 1 km (M-1) to 5 km (M-5). Human activities were relatively intense
around the edges at 1 km (M-1), and the degree of landscape fragmentation in these areas
was found to be high. The spatial distribution of fragmented landscape patches in the
nature reserves were differentiated. The high-value areas appeared in the regions with
intense human activities, and the low-value areas were located in the regions with mild
topographic relief.
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The land-use degree, human activity intensity, elevation, slope gradient, and topo-
graphic relief significantly affected the spatial differentiation of landscape fragmentation in
the Qinling–Daba Mountains nature reserves, and anthropogenic activities play a leading
role. Human disturbance was the main cause of the fragmentation of ecological land-
scapes in the Qinling–Daba Mountains nature reserves. In particular, the construction of
network infrastructures, irrational partition management, and expansion of agricultural
and industrial production activities are the three most important factors that lead to the
fragmentation of landscapes in nature reserves.

4.2. Discussion

The global climate is undergoing unprecedented changes. The distribution of species
diversity is restricted by the changing climate and is sensitive to climate change’s effects.
The impact of climate change on the functional structure of landscape ecosystems will
be a major cause of biodiversity loss in the future [34]. Many studies on the influence
of climate change on habitat status and biodiversity have revealed the significant effect
of climate change on the reduced suitability and spatial distribution of nature reserves.
Climate change also has considerable potential impacts on habitat quality [35–37]. In this
study, we analyzed the landscape fragmentation in nature reserves from the aspects of
topographic and anthropogenic influencing factors, not involving the effects of climate
variables on the suitability of nature reserves. The Qinling–Daba Mountains are a climatic
transition zone. It may be necessary to explore the impact of climate change on habitat
fragmentation in nature reserves in further studies to elucidate climate change-induced
variations in the ecological landscape patterns in the Qinling–Daba Mountains.

In addition, since most nature reserves are small, with varying shapes and distribution
scales, the use of low-resolution data may lead to the mismatch of spatial scales, thus
affecting the accuracy of the findings presented herein. Therefore, it is necessary to reveal
the landscape fragmentation of each nature reserve from the entire region of the Qinling–
Daba Mountains. The present study’s results also indicate that the interiors of some
nature reserves are still affected by human activities, especially the nature reserves which
have peripheries that are densely populated and highly urbanized. The influence of
anthropogenic factors on landscape fragmentation in nature reserves is greater than that of
natural factors, basically in agreement with Zhang, J.Q., et al. [38].

The expansion of rural development may damage nearby nature reserves. Human ac-
tivities inside nature reserves are becoming increasingly frequent, mainly including the
networking of tourist facilities and transportation infrastructure, illegal deforestation and
land clearing, inappropriate production methods, and destructive living habits (Figure 6).
Various types of anthropogenic disturbances are combined, jointly leading to significant
edge effects in nature reserves, basically in agreement with Jin, C.P., et al. [39].

Human activities are more intense within 1 km of the peripheral area. The expansion
of agricultural economic development has made land-use types more differentiated and
landscape patterns more complex and fragmented. There are a large number of poor
populations in the region, and slow economic development hinders the transformation and
upgrading of the management model of nature reserves. Excessive intervention by policy
measures and unreasonable zoning management measures have accelerated the trend
of landscape fragmentation in nature reserves [40]. From the perspective of sustainable
development, strict protection measures suitable for the local area should be formulated to
properly control the human activities in the national nature reserves and precisely manage
the ecological and environmental problems in these areas.

Landscape fragmentation is often accompanied by widespread habitat fragmentation,
whereas the effects of habitat fragmentation are two-sided. Although it can cause habitat
loss through species migration lag [41] and extinction debt [42], it also strengthens the
functional linkage among species habitats, brings positive edge effects, decreases popu-
lation competition, and enhances landscape complementarity [41]. Habitat restoration is
most effective when carried out by natural mechanisms, but anthropogenic conservation
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measures can also improve the overall habitat quality. Therefore, although the impacts
of habitat fragmentation within the landscapes are negative in some specific cases, these
impacts cannot be treated as the same in all contexts. The results of these impacts must
be analyzed in detail with species distribution models, such as ecological niches, to pro-
vide theoretical support for the effectiveness of nature reserves based on biodiversity and
eco-environmental quality.

At present, nature reserves are established to conserve internal biodiversity and
protect the natural environment. Conservation means have also been increasing in recent
years. For example, through the reconstruction of specific habitats and corridors, the
connectivity among the fragments increases, and the negative effects of fragmentation
are thus mitigated [43]. However, the habitats within nature reserves are simultaneously
affected by natural factors and human activities. It is impossible to assess the rationality
of the nature reserve design based on available technical tools, and the time lag of nature
reserves cannot be evaluated [44]. Distinguishing between the contribution of natural
and anthropogenic disturbances is the key to judging the suitability of nature reserves.
This can help develop conservation policies flexibly, thereby contributing to the sustainable
development of nature reserves. In this study, we used land-use data to analyze habitat
fragmentation among different landscape types. Our work was limited in that we were
neither able to study habitat quality nor evaluate the suitability of the studied reserves.
As climate change and human activity continue to impact global ecosystems, the spatial
changes in nature reserves ought, with time and the functional partitioning from core to
edge, to warrant deeper investigation [45]. Different types of nature reserves have different
protection objects and roles, and research on habitats should be specific in its focus to yield
suitably detailed findings. Multi-dimensional and multi-perspective exploration of internal
habitat statuses will be a key approach for future research.

Field photos taken in 2020 showing the trend in landscape fragmentation in the inner
and marginal areas of the Qinling–Daba Mountains nature reserves:

Figure 6. Field research photos of the Qinling–Daba Mountains nature reserves.

Author Contributions: Conceptualization, L.Z., H.Y. and Y.Z.; methodology, Y.Z. and H.Y.; software,
Y.Z. and H.Y.; validation, L.Z., Y.Z. and C.M.; formal analysis, Y.Z.; investigation, Y.Z. and H.Y.;
resources, L.Z. and C.M.; data curation, H.Y.; writing—original draft preparation, Y.Z. and H.Y.;
writing—review and editing, Y.Z., H.Y., L.Z. and C.M.; supervision, L.Z. and C.M.; project adminis-
tration, L.Z. and C.M.; funding acquisition, L.Z. and C.M. All authors have read and agreed to the
published version of the manuscript.

Funding: This research was funded by the National Natural Science Foundation of China, grant
number 41430637, and the Special Investigation of Basic Science and Technology Resources, grant
number 2017FY100902. The National Natural Science Foundation of China is funded by the National
Natural Science Foundation of China (NSFC), and the Special Investigation of Basic Science and

152



Land 2021, 10, 1124

Technology Resources is funded by Institute of Geographic Sciences and Natural Resources Research
(CAS).

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Data sharing not applicable.

Acknowledgments: The authors are particularly grateful to Baiping Zhang, researcher and PhD
supervisor of the University of Chinese Academy of Sciences, who presides over the “Comprehensive
Scientific Investigation of China’s North–South Transition Zone” project. As members of the research
group for the project (funding number 2017FY100902), we thank Quantong Chen, Pingping Zhang,
and Qingdong Dong for their contributions during field trips and raw data collection. The authors
are also very grateful to the editors and reviewers for their comments and suggestions on improving
this study.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Ding, L.; Xu, G.; Lu, J.; Zhang, D.; Fang, B. Landscape fragmentation and its effect on biodiversity. J. Jiangsu For. Sci. Technol. 2005,
32, 45–49.

2. Evans, M.J.; Banks, S.C.; Driscoll, D.A.; Hicks, A.J.; Melbourne, B.A.; Davies, K.F. Short- and long-term effects of habitat
fragmentation differ but are predicted by response to the matrix. Ecology 2017, 98, 807–819. [CrossRef] [PubMed]

3. Haddad, N.M.; Brudvig, L.A.; Clobert, J.; Davies, K.F.; Gonzalez, A.; Holt, R.D.; Lovejoy, T.E.; Sexton, J.O.; Austin, M.P.; Collins,
C.D.; et al. Habitat fragmentation and its lasting impact on Earth’s ecosystems. Sci. Adv. 2015, 1, e1500052. [CrossRef] [PubMed]

4. Lindenmaver, D.; Fischer, J. Habitat fragmentation and landscape change: An ecological and conservation synthesis. Austral Ecol.
2010, 32, 477–478.

5. Geldmann, J.; Barnes, M.; Coad, L.; Craigie, I.D.; Hockings, M.; Burgess, N.D. Effectiveness of terrestrial protected areas in
reducing biodiversity and habitat loss. Biol. Conserv. 2013, 161, 230–238. [CrossRef]

6. Watson, J.; Dudley, N.; Segan, D.B.; Hockings, M. The performance and potential of protected areas. Nature 2014, 515, 67–73.
[CrossRef]

7. Zhao, R.; Jiang, P.; Zhao, H.; Fan, J. Fragmentation process of wetlands landscape in the middle reaches of the Heihe River and its
driving forces analysis. Acta Ecol. Sin. 2013, 33, 4436–4449. [CrossRef]

8. Pressey, B.; Mccauley, D.J.; Morgan, L.; Possingham, H.P. A to–do list for the world’s parks. Nature 2014, 515, 28–31.
9. Wang, Y.; Gao, J.; Wang, J.; Gao, F. Study on ecosystem service values in national nature conservation areas in Guangdong

Province from 2000 to 2010. Res. Environ. Sci. 2014, 27, 1157–1163.
10. Langlois, L.A.; Drohan, P.J.; Brittingham, M.C. Linear infrastructure drives habitat conversion and forest fragmentation associated

with Marcellus shale gas development in a forested landscape. J. Environ. Manag. 2017, 197, 167–176. [CrossRef]
11. Collins, C.D.; Holt, R.D.; Foster, B.L. Patch size effects on plant species decline in an experimentally fragmented landscape.

Ecology 2009, 90, 2577–2588. [CrossRef]
12. Moreiraa, M.; Fonsecabc, C.; Vergílioc, M.; Caladod, H.; Gile, A. Spatial assessment of habitat conservation status in a Mac-

aronesian island based on the InVEST model: A case study of Pico Island (Azores, Portugal). Land Use Policy 2018, 78, 637–649.
[CrossRef]

13. Zhu, J.; Gong, J.; Li, J. Spatiotemporal change of habitat quality in ecologically sensitive areas of eastern Qinghai-Tibet Plateau: A
case study of the Hehuang Valley, Qinghai Province. Resour. Sci. 2020, 42, 991–1003.

14. Yin, K.; Zhao, Q.; Wen, M.; Hua, L.; Lin, T.; Shi, L. Assessment of landscape pattern effect and ecosystem service of island urban
forest. Remote. Sens. Land Resour. 2014, 26, 128–133.

15. Cerrillo, R.M.N.; Vieira, D.J.E.; Ochoa-Gaona, S.; De Jong, B.H.J.; Delgado-Serrano, M.D.M. Land cover changes and fragmentation
in mountain neotropical ecosystems of Oaxaca, Mexico under community forest management. J. For. Res. 2019, 30, 143–155.
[CrossRef]

16. Wu, J.; Cao, Q.; Shi, S.; Huang, X.; Lu, Z. Spatio-temporal variability of habitat quality in Beijing–Tianjin–Heibei Area based on
land use change. Chin. J. Appl. Ecol. 2015, 26, 3457–3466.

17. May, F.; Rosenbaum, B.; Schurr, F.M.; Chase, J.M. The geometry of habitat fragmentation: Effects of species distribution patterns
on extinction risk due to habitat conversion. Ecol. Evol. 2019, 9, 2775–2790. [CrossRef]

18. Pfeifer, M.; Lefebvre, V.; Peres, C.; Banks-Leite, C.; Wearn, O.; Marsh, C.; Butchart, S.H.M.; Arroyo-Rodríguez, V.; Barlow, J.;
Cerezo, A.; et al. Creation of forest edges has a global impact on forest vertebrates. Nature 2017, 551, 187–191. [CrossRef]

19. Pfeifer, M.; Lefebvre, V.; Gardner, T.A.; Arroyo-Rodriguez, V.; Baeten, L.; Banks-Leite, C.; Barlow, J.; Betts, M.G.; Brunet, J.; Cerezo,
A.; et al. Supporting information for “BIOFRAG—A new database for analyzing biodiversity responses to forest fragmentation”.
Ecol. Evol. 2014, 4, 1524–1537. [CrossRef]

153



Land 2021, 10, 1124

20. Barlow, J.; Lennox, G.D.; Ferreira, J.; Berenguer, E.; Lees, A.C.; Nally, R.M.; Thomson, J.R.; Ferraz, S.F.d.; Louzada, J.; Oliveira,
V.H.F.; et al. Anthropogenic disturbance in tropical forests can double biodiversity loss from deforestation. Nature 2016, 535,
144–147. [CrossRef]

21. Rosa, I.M.D.; Smith, M.J.; Wearn, O.R.; Purvis, D.; Ewers, R.M. The environmental legacy of modern tropical deforestation. Curr.
Biol. 2016, 26, 2161–2166. [CrossRef]

22. Zhang, B.; Zhou, C.; Chen, S. The geo-info-spectrum of montane altitudinal belts in China. Acta Geogr. Sin. 2003, 58, 163–171.
23. Zhou, Z.; Ren, Z.; Li, J. Study on the ecological value of soil conservation of vegetation in the Qinling-Daba Mountains. Arid.

Zone Res. 2006, 1, 144–148.
24. Li, Y.; Liu, G.; Liu, D.; Qin, Y. Geographical expression and quantitative exploration of the China’s north-south transitional zone.

Geogr. Res. 2021, 40, 1857–1869.
25. Zhao, F.; Zhang, B.; Zhu, L.; Yao, Y.; Cui, Y.; Liu, J. Spectra structures of altitudinal belts and their significance for determining the

boundary between warm temperate and subtropical zones in the Qinling-Daba Mountains. Acta Geogr. Sin. 2019, 74, 889–901.
26. Zhang, J.; Li, Y.; Zhu, L. Relief amplitude based on county units in west Henan Mountain area and its correlation with distribution

of population and economic activities. Areal Res. Dev. 2019, 38, 55–60.
27. Tang, J.; Tan, F.; Zhou, L. Analysis on the influence of landscape fragmentation on species diversity. J. Green Sci. Technol. 2018, 24,

158–161.
28. Dong, Y.; Liu, S.; An, N.; Yin, Y.; Wang, J.; Qiu, Y. Landscape pattern in Da’an City of Jilin Province based on landscape indices

and local spatial autocorrelation analysis. J. Nat. Resour. 2015, 30, 1860–1871.
29. Wu, J. Landscape Ecology: Pattern, Process, Scale and Hierarchy; Higher Education Press: Beijing, China, 2007.
30. Wan, J.; Xu, C. Geodetector: Principle and prospective. Acta Geogr. Sin. 2017, 72, 116–134.
31. Xie, Y.; Gong, J.; Qi, S.; Zhang, Y.; Guo, J. Assessment of ecosystem food production and its spatiotemporal heterogeneity in the

Bailong River Watershed, Gansu. Acta Ecol. Sin. 2017, 37, 1719–1728.
32. Xu, Y.; Xu, X.; Tang, Q. Human activity intensity of land surface: Concept, method and application in China. J. Geogr. Sci. 2016,

26, 1349–1361. [CrossRef]
33. Sun, B.; Duan, W.; Ding, H.; Feng, Y.; Wen, Y. Preference analysis of household ecological compensation in Crested Ibis protected

area in Hanzhong, Shaanxi based on choice experiments. Resour. Sci. 2017, 39, 1792–1800.
34. Pereira, H.M.; Leadley, P.W.; Proençarob, V.; Scharlemann, A.P.W.; Fernandez-Manjarrés, J.F.; Araújo, M.B.; Balvanera, P.; Biggs,

R.; Cheung, W.W.L.; Chini, L.; et al. Scenarios for global biodiversity in the 21st century. Science 2010, 330, 1496–1501. [CrossRef]
[PubMed]

35. Staudinger, M.D.; Carter, S.L.; Cross, M.S.; Dubois, N.; Duffy, J.E.; Enquist, C.; Griffis, R.; Hellmann, J.J.; Lawler, J.J.; O’Leary, J.;
et al. Biodiversity in a changing climate: A synthesis of current and projected trends in the US. Front. Ecol. Environ. 2013, 11,
465–473. [CrossRef]

36. Morgine, M.; Jetz, W. The effect of range changes on the functional turnover, structure and diversity of bird assemblages under
future climate scenarios. Glob. Chang. Biol. 2015, 21, 2917–2928.

37. Araújo, M.B.; Alagador, D.; Cabeza, M.; Nogués-Bravo, D.; Thuiller, W. Climate change threatens European conservation areas.
Ecol. Lett. 2011, 14, 484–492. [CrossRef]

38. Zhang, J.Q.; Gong, J.; Liu, D.Q. Dynamics and driving factors of landscape fragmentation based on Geodetector in the Bailongjiang
watershed of Gansu Province. Sci. Geogr. Sin. 2018, 38, 1370–1378.

39. Jin, C.P.; Wang, C.; Wen, R.H.; Hou, P. Analysis of land cover change in Danjiang Wetland National Nature Reserve and its inner
and outer areas from 2000 to 2015. Environ. Monit. Early Warn. 2019, 11, 8–13.

40. Yan, W.W. Study on the status quo and management measures of ecotourism in Taibai Mountain Nature Reserve. J. Green Sci.
Technol. 2020, 21, 214–217.

41. Jackson, S.T.; Sax, D.F. Balancing biodiversity in a changing environment: Extinction debt, immigration credit and species
turnover. Trends Ecol. Evol. 2010, 25, 153–160. [CrossRef]

42. Tilman, D.; May, R.M.; Lehman, C.L.; Nowak, M.A. Habitat destruction and the extinction debt. Nature 1994, 371, 65–66.
[CrossRef]

43. Damschen, E.I.; Drudvig, L.A. Landscape connectivity strengthens local–regional richness relationships in successional plant
communities. Ecology 2012, 93, 704–710. [CrossRef]

44. Zhu, P.; Huang, L.; Xiao, T.; Wang, J. Dynamic changes of habitats in China’s typical nature reserves on spatial and temporal
scales. Acta Geogr. Sin. 2018, 73, 92–103. [CrossRef]

45. Dobrowski, S.Z.; Littlefield, C.E.; Lyons, D.S.; Hollenberg, C.; Carroll, C.; Parks, S.A.; Abatzoglou, J.T.; Hegewisch, K.; Gage, J.
Protected-area targets could be undermined by climate change-driven shifts in ecoregions and biomes. Commun. Earth Environ.
2021, 2, 198. [CrossRef]

154
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Abstract: This article presents a pilot study investigating the multidimensional diversity of cemeteries
as an important element of cultural heritage and green infrastructure within the urban landscape.
We studied the state and diversity of nature, perceptions, and activities of visitors. As religion is an
important aspect that differentiates cemeteries from each other, we studied a sample of four multi-
confessional urban cemeteries in Łódź (Poland) and Leipzig (Germany) by using site observation and
a questionnaire survey. We found that cemeteries are far undervalued as public green resources that
can perform important functions in sociocultural life and the mental well-being of the general public,
as the perceptions of silence- and contemplation-seeking visitors tell us. The perception of cemeteries
depends on the level of secularization, varying from a sacrum sphere up to specific recreational and
touristic opportunities; findings that should be considered by town planners when optimizing the
cultural ecosystem services of green spaces.

Keywords: ecosystem services (ES); urban cemeteries; biocultural diversity (BCD); urban green
infrastructure (UGI); questionnaire survey; Leipzig; Łódź

1. Introduction

The increasing number and size of urban areas and the continuous transformation
of urban landscapes pose big challenges for urban environments, such as the decline
in the quality and quantity of green space, loss of biodiversity, ecosystem degradation,
and citizens’ disconnection from nature, which affect their health and well-being [1,2].
In this regard, it becomes highly important that green spaces in cities are appropriately
designed to become multifunctional to meet the various needs of the urban population.
A review of existing research on urban green spaces and ecosystem services (ES) shows
that in most cases, scientists focus on urban forests, street trees, parks, and gardens, while
cemeteries remain overlooked. Moreover, a vast literature deals extensively with the
definition of green space that is rarely based on urban atlas classification, namely, “forest”
and “green urban areas”. It includes different land uses in one class, and important urban
green spaces such as cemeteries are not included. As cemeteries are defined differently in
different areas (or entirely overlooked), there is no shared understanding of their role
and function in wider built environment networks. In addition, current research on
cemeteries has rarely used an interdisciplinary approach, and there are few studies that
are based on both concepts of ES and biocultural diversity (BCD) that are of an interdiscip,
linary nature. This is because cemeteries, even when included in the concept of urban
green infrastructure (UGI), are not ascribed qualities similar to those ascribed to public
green spaces such as parks, forests, street trees, green roofs, and gardens; instead, most
qualities are related to cultural history [3–5]. To date, research on cemeteries has been
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preliminarily restricted to biodiversity and conservation aspects, including research on their
vegetation and fauna [6–10], restorative components and compatibility [5,11], historical
and cultural (e.g., cultural heritage and cultural encounters) [12–15], and aesthetic, spiritual
and recreational [5,14,16–22] aspects. However, some current studies have also highlighted
the big potential of cemeteries as an element of a city’s greenery, being of multifunctional
use with different uses and meaning [3–5,14,16,23].

In this context, this paper aims to fill the knowledge gap by examining the contribution
of the urban cemetery as neglected green space to UGI and ES. We suggest the application
of a multidimensional set of indicators to assess urban cemeteries as an important element
of UGI, which can provide a specific range of ES. We empirically studied this new phe-
nomenon by using a sample of four multi-confessional cemeteries in Leipzig (Germany) and
Łódź (Poland) through site observation and a questionnaire survey. Additionally, this study
also applied the concept of biocultural diversity (BCD) which gives acknowledgement to
the diversity of understandings and appreciation of urban nature, and promotes alternative
ways of living and being within cities [24,25]. Because there is neither specific literature
on the large BCD of cemeteries nor any empirical studies, we had to work creatively with
different sets of literature to produce our own synthesis. To the best of our knowledge,
no study has addressed this overlap of processes (ES provided by urban cemeteries as an
element of UGI of multifunctional use and meaning, resulting from a BCD approach) to
date, in a spatially explicit manner. In the four different sets of literature (e.g., biodiversity
aspects of cemeteries, cemeteries as cultural heritage including its historical and cultural
values, recreational and restorative values of cemeteries, cemeteries as an element of a
city’s greenery) that we analyzed, there was a lack of research of the following perspectives:
(a) diversity in a double sense, (b) multifunctionality, (c) multiculturality, and (d) integration
of neglected social groups. From these perspectives, we developed our research questions
to explore cemeteries as repositories of natural and cultural diversity, highlighting their
huge potential for UGI and ES provision, and to introduce a framework for enhancing
ecosystem processes and human uses in urban cemeteries. In doing so, we focused on
viewpoints of utilization of the cemetery space and visual impact of the cemetery to people.
We aimed to learn the perceptions of people who visit cemeteries, because they can provide
everyday observations and perspectives related to those cemeteries. In order to achieve
this goal, a pilot study was carried out to observe the sites (determination of the extent of
ES and visitor’s activities in given cemeteries) and by conducting a questionnaire survey
among users.

We proposed five working research questions and objectives that help to better con-
ceptualize possible future trends in the development and use of cemeteries as elements
of UGI:

1. Do cemeteries have specific socio-ecological potential and fulfil ecological functions
(e.g., climate regulation, habitat sphere, niche, original species niche) that differ from
other urban green spaces?

2. What ES are provided by urban cemeteries? Do they differ in selected cases from
Łódź and Leipzig?

3. Do cemeteries serve specific groups of urban population (neglected people) that are
significantly different from those groups that use other green spaces within the city?

4. Is there a difference in the opinions of cemetery visitors within nations (German
and Poles)?

5. What are the specific and informed recommendations for better integration of ceme-
teries in urban GI planning?

These five questions are of an integrative heuristic nature because, to date, theoretical
considerations or solid empirical research findings on this topic barely exist. They are
derived from the recent literature mentioned above and from pre-surveys conducted by the
authors in April and June 2017 and 2018, in both case study cities [26,27]. These questions
not only describe trajectories of future development of cemeteries as an element of UGI,
but also provide an important conceptual starting point for our empirical research.
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2. Materials and Methods

Methodically, the study used a four-step process, starting with preliminary research
and identification of the research gap, research design and methodology for data collection
(step 1), collecting data using site observation and a questionnaire survey among cemeteries’
visitors (step 2), processing and analyzing data by applying spatial analysis and statistical
analysis of the data obtained (step 3), and finally, data interpretation and alignment with
previous studies (step 4).

Considering the five working research questions and objectives mentioned above, we
developed a research framework which incorporates all steps 1–4 (Figure 1). It consisted of
three main elements: cultural diversity, biological diversity, and biotic features and grey
infrastructure, which aimed to explore and better conceptualize cemeteries as elements
of UGI, reveal a set of ES provided by cemeteries, and investigate different ways of using
cemeteries in daily life and visitors’ activities, so as to understand people’s opinions
about these activities. This should enable a better understanding of the current role of the
cemeteries within the urban fabric, not only for GI planners and scientists, but also for
neglected groups of people who need other types of recreation which cannot be provided
by certain crowded public parks or gardens.

Figure 1. Research framework. Source: authors.

2.1. Study Area

We studied a sample of four multi-confessional cemeteries—two in Leipzig (Saxony,
Eastern Germany), and two in Łódź (Łódzkie Voivodeship, Central Poland). The cities are
similar due to their historical background as cities with factories which developed in the
19th century (Figure 2).
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Figure 2. Study areas and site locations in Leipzig, Germany (A1 and A2) and Łódź, Poland (B1 and
B2). Author: A. Długoński, based on [28,29].

Two different cemeteries in Leipzig, South Cemetery (Südfriedhof) and Old Jewish
Cemetery (Der alte jüdische Friedhof), were chosen for the pilot study, to compare with
Ogrodowa Street Cemetery (Stary Cmentarz) and Jewish Cemetery (Cmentarz Żydowski)
situated in Łódź (Figure 3). The rationale for case sites’ selection relates to several rea-
sons. Firstly, these cemeteries have similar confessions (Christianity and Judaism), the
highest recreational and tourist potential, and the most representative function of existing
cemeteries in both cities. Secondly, they have strong traditions derived from other cultures
and different genius loci (the spirit of the place). Thirdly, the size and shape of the areas,
in addition to the same annual seasons and comparable bio-regions, provided important
constants, which are key in such a comparison. For each city, two cemeteries were selected
which are different in terms of their form and size, and canopy cover (high/low), and
thus show a maximum variability. The selected cemeteries are unique, have multicultural
characteristics, and are places of memory or remembrance of important people who were
directly involved and have contributed to the creation of these two similar cities in Central
Eastern Europe in their time. Moreover, the selection of the study sites included practical
aspects such as good accessibility for the researchers and the experience of working in this
study area, and thus the discussion benefited from this embedded knowledge. Cultural
familiarity of the researchers with the religions of the cemeteries enabled the field study to
be sensitively conducted, acknowledging all ethical aspects and tacit behavioral rules at
the sacred places.
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Figure 3. Maps with location of case studies (black line—boundary of given cemetery) with neigh-
borhood: (A)—Old Jewish Cemetery in Leipzig (Germany), (B)—Südfriedhof Cemetery in Leipzig
(Germany), (C)—Jewish Cemetery in Łódź (Poland), (D)—Ogrodowa Street Cemetery in Łódź
(Poland). Author: A. Długoński, based on [28].

The analyzed cemeteries are located in densely built-up cities. Südfriedhof Cemetery
in Leipzig is located in the southern part of the city, and the Old Jewish Cemetery in the
city center. Ogrodowa Street Cemetery is in the central part of Łódź city, and the Jewish
Cemetery is in the northeastern part of this city. Although in the past, cemeteries were
located on the outskirts of cities, with time the cities grew, and cemetery facilities began to
adjoin multi-family buildings, industrial and communication infrastructure, and less often
with open areas. Currently, all analyzed objects are surrounded by multi-family buildings,
some of which are located in close proximity to other green areas (allotment gardens—
Ogrodowa Street Cemetery; or parks—Südfriedhof; or other religious cemeteries—Old
Jewish Cemetery), in addition to important communication routes (main city roads—both
Jewish or railroad cemeteries—Old Jewish Cemetery, Ogrodowa Street Cemetery) thus
providing easy access or travel to visiting people (Figures 2 and 3).

2.2. Data Collection

On the basis of TEEB classification of ecosystem types [30] and the framing provided
by Common International Classification of Ecosystem Services (CICES) V5.1 [31], we
elaborated the classification scheme of cemeteries’ ecosystem services’ research, extending
it by our own developed approach which was applied by us in previous studies of ES of
different urban green areas [1,25,32,33]. Because this study is geared toward fundamental
research in the (new) overlapping field that incorporates the concepts of UGI, BCD, and
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ES [1,3,24,25,30,31,34] for green spaces, we used a literature review on ES provided by
urban cemeteries and analyses of data on UGI based on different techniques developed
and applied by us in previous research [35–42]. Other methodological approaches such
as site observation, photo documentation, field notes, and non-participatory observation,
were also applied [43–45].

2.2.1. Literature Review on Ecosystem Services Provided by Cemeteries

Using the above-mentioned framework adapted from [32,33], we explored the poten-
tial ecosystem services that may be provided by cemeteries in general, and later linked
them to the ES supply by the selected cemeteries. It focused on provisioning (e.g., water
for drinking, cultivated plants), regulating (e.g., mediation of wastes, flood protection)
and cultural ecosystem services (e.g., experiential and physical use, education), although
acknowledging that these are underpinned by “supporting” conditions (e.g., primary pro-
duction). We examined the potential ecosystem services provided by cemeteries through a
review of the literature related to cemetery design, management and use, further spatial
analysis of the OS Open Greenspace data, and surveys of four studied cemeteries in Leipzig
and Lodz. The results of the literature review are further provided in the results section
and linked to the supply of ecosystem services by the selected cemeteries (Table 1).

2.2.2. Site Observation Using Non-Participatory Observation, Photo Documentation and
Field Notes

Based on the approach of Bryman 2016 [43], site observation was first used to form
a research hypothesis, and later, to gain data concerning a burial practice and visitors’
behavior. This method was chosen as most probable to provide the initial understanding of
cemeteries’ functions. Furthermore, observation of the sites provided an understanding
of how selected burial sites looked, and observation of people visiting the sites provided
information on how these burials were treated within German and Polish societies. Ob-
servation of these cemeteries was conducted as non-participatorily and non-obstructively
as possible. Field notes were taken immediately on the site, and were expanded upon in
the evening of the same day, in addition to later being discussed. The notes included a
description of location, structure of visitors, the purposes and length of visits, date and
time of the day, characteristics of burial ground and its design, etc.

Photo documentation and field notes were also used to explore the local context before
starting the site observation and survey, but later they helped to support (and in some
cases better interpret or provide more details to) the results from the questionnaire survey
and spatial analysis. In particular, we applied the approach of Emerson et al. (2011) [44]
to writing ethnographic field notes in order to produce data that could be analyzed to
gain insight and advance our knowledge. Following the approach of Holm (2014) [45],
we conducted visual documentation by creating images that documented and answered
specific research questions.

2.2.3. Questionnaire Survey and Pre-Survey

Survey data were collected using an on-site questionnaire distributed simultaneously
in four selected cemeteries of Leipzig (Südfiedhof Cemetery and Old Jewish Cemetery) and
Łódź (Ogrodowa Street Cemetery and Jewish Cemetery) in June–August 2019. As a starting
point for the survey, pre-surveys were conducted by the authors in April–September 2017
and 2018 in both case study cities [26,27]. The sample was restricted to visitors of the
selected cemeteries. This pre-survey not only helped to explore the key issues of cemeteries
as an element of UGI, but also provided an important conceptual starting point for our
empirical research and to describe trajectories for future development.

A total of 122 individuals (37 men and 41 women from Łódź; 18 men and 26 women
from Leipzig) participated in the questionnaire survey in the summer of 2019.

The survey consisted of two parts. In the first part, the respondents were asked their
basic data (gender, age, education, marital status) in order to assign them to a group of
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respondents. In the second part of the questionnaire, consisting of five main questions
written in the respective local language (German or Polish), respondents were asked about
the uses of cemetery spaces. This part of the questionnaire focused on their viewpoints
of the utilization of the cemetery space and the visual impact of the cemetery on people.
However, the survey also aimed to explore the perceptions of people who lived in the
surrounding area of those cemeteries, because they could provide everyday observations
and perspectives to those cemeteries. All questions were provided with several fixed
responses (from three to five options to select) and explanation where needed. The questions
included the issue of cemetery use, its further development and management, potential for
the cemetery to become a space for recreation, and opportunities cemeteries can provide
for recreation (Figure 4).

Figure 4. Questionnaire template (Source: authors).
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2.3. Data Analysis
2.3.1. Statistical Analyses

Statistical analysis using the chi-quadrat test was undertaken to analyze the data of
the questionnaire survey conducted during the pilot study, in order to determine future
spatial and societal trends in urban development, and to draw conclusions. All selected
data are expressed in tables showing the number and percentage of responses by visitors in
each nation (separately for Poles and Germans). Statistical comparisons of response rates
between respondents by nationality in selected questions (Q1–Q5) of the questionnaire
survey were performed using the chi-quadrat test. Values of p ≤ 0.05 were considered to be
statistically significant. All statistical analyses were performed with Statistica 13.0 (statSoft)
software [46].

2.3.2. Spatial Analyses

Maps illustrating the location of selected cemeteries in the neighborhood and fore-
ground of a given city were elaborated based on geographic information systems (GIS) in
QuantumGIS (version 3.12) software (Mountain View, CA, USA), and OSMStandard by
OpenStreetMap GIS portal [28] and Urban Atlas [29].

3. Results from Pilot Study

3.1. Ecosystem Services Provided by Urban Cemeteries

The observations showed that the selected cemeteries from Leipzig and Łódź have
specific recreational, cultural and natural potential that differ from other urban green spaces.
The explanation for this is their urban location: the selected cemeteries are typically located
within the cities and are (as in the case of Südfriedhof and Ogrodowa Street cemeteries)
larger and older than many municipal parks. From this urban perspective, cemeteries
play a key role in contributing to the UGI and delivery of a wide range of ES (Table 1).
Not underestimating the value of urban cemeteries to deliver provisioning ES, in our pilot
study we mostly focused on their supporting, regulating and cultural ES. Cemeteries have
multiple specific biodiversity, and serve as habitats for unique species of urban flora and
fauna (supporting ES) (see Section 3.2). This is mostly due to the fact that, in comparison
with other green spaces in Leipzig and Łódź, selected cemeteries are not such dynamic
landscapes: once constructed, they remain as burial space with appropriate low-impact
management and maintenance in naturalistic style, without radical change (they were never
transferred to a built-up or sealed area). The selected cemeteries also make substantive
contribution to delivering a range of regulating ES (e.g., climate regulation, habitat sphere,
and green corridors) that help to mitigate the effects of urban heat island, flooding, air and
water quality, and loss of biodiversity, which was revealed within the previous research
of the authors [36–39,41,42]. Our pilot study also revealed a wide scope of cultural ES
delivered by cemeteries (see Section 3.3). Among them are the therapeutic role of cemeteries
as places for psychological regeneration and for rebuilding the body spiritually, which
seems to be especially important in hectic or dense urban spaces such as Leipzig and
Łódź, where there is a high stress level during/after working hours and lack of place for
(self-)reflection. They are areas with historical significance, telling the history of culture
and religion and people who developed and built the historical heritage objects in both
cities. This creates an opportunity for developing thanatourism (sightseeing of cemeteries),
observed especially strongly in both Jewish cemeteries, as a narrow range of tourism. The
selected cemeteries were also characterized as sites with multiple diversity, with a cultural
display for visitors and offering selected recreational activities. Within the pilot study, we
realized that cemeteries are important spaces for “passive” recreation (e.g., to accommodate
low-impact activities such as walking or bird watching, or provide an area for visual release)
for some specific (neglected) social groups who need places for silence and self-reflection
which cannot be provided by urban parks, gardens, etc.
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Table 1. Characteristics of ES provided by selected cemeteries in Leipzig and Łódź considering the
results of a literature review on the respective ES of cemeteries. Legend: A—Old Jewish Cemetery in
Leipzig (Germany), B—Südfriedhof Cemetery in Leipzig (Germany), C—Jewish Cemetery in Łódź
(Poland), D—Ogrodowa Street Cemetery in Łódź (Poland).

ES
Category

ES Characteristics
Studies

Confirmed
A B C D

supporting

provide habitat for unique species of
urban flora and fauna [6–10,12] x x x x

soil formation, photosynthesis, primary
production, nutrient and water cycling [16,47] x x x x

provisioning
landscape of consumption and use

which is incrementally changing with
each new burial

[5,13,20] x x x x

regulatory
help to mitigate the effects of the urban
heat island, flooding, air and water pest

and disease
[16,47,48] x x x x

cultural

provide special type of recreation [5,11,14,18,
19,22] x x x x

potential benefits for mental health and
well-being

[14,16,22,
47] x x x x

role as sacred places [5,17,20,49] x x x x

help in preserving and enhancing the
character and cultural identity of the

cemetery landscape

[14,15,47,
50] x x x x

tell diverse stories of the city and
represent intangible notions of the

character of giving place

[15,19,51–
54] x x x x

cognitive development, spiritual
enrichment, educational-civic function [17,48] x x x x

aesthetic value and experience [17,47,52,
55,56] x x x x

multiple
type of urban green providing a variety

of ES, place of biological and
cultural diversity

[3,4,47,50,
56] x x x x

ES
disservices

“disservices” such as allergens,
invasive/dangerous/poisonous species,

and the degradation of
groundwater quality

negative social perception of cemetery as
a space for recreation and the ecosystem

in which the cemetery exists

[16,47,50]
[51–58] x x x x

Legend: x—the occurrence of a given feature was observed in the given cemetery.

To sum up, all four cemeteries in Łódź and Leipzig, regardless of their multidimen-
sional diversity and several characteristics (size, history, use intensity, structural diversity,
etc.), deliver all categories of ES, which leads to the conclusion that they offer fundamental
ecological functions in terms of the benefits they provide to society as human well-being,
which are similar, in this term, to other areas of UGI (Table 1).

3.2. Wild Nature in Cemeteries

All four selected cemeteries contain nature elements, including: old symbolic and
valuable trees and shrubs (e.g., birch, lime, ash, spruce, yews, etc.) and creepers (e.g., ivy);
different animals (e.g., squirrels, bugs, wildcats, hedgehogs, etc.), birds (e.g., thrushes,
woodpeckers and towers, etc.) and insects (e.g., beetle, ants, etc.); and cultural–historical
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elements (gravestones, sculpture). Because of the high potential to serve as refuge areas
(e.g., surface for retreat) for flora and fauna in terms of biodiversity, they provide cities with
habitat for native wildlife (Figure 4). The landscape of the Südfriedhof is structured, and
resembles a city park. It is similar to the Ogrodowa Street Cemetery, where trees are planted
with avenues modelled on the park cemetery, such as the French Père-Lachaise Cemetery.
A different situation was observed in both Jewish cemeteries. Cmentarz Żydowski in
Łódź is dilapidated and densely overgrown, with an undergrowth of old trees and ruderal
vegetation that overgrow cemetery quarters. Only a small part of the Jewish Cemetery in
Łódź is covered with grass (ghetto area), which is closer to the design of the Old Jewish
Cemetery in Leipzig (Figures 5 and 6).

Figure 5. Wildlife and tombstones in Jewish cemeteries in Łódź and Leipzig. Legend: (A)—sequel,
(B)—two examples of insect groups, (C)—creepers Hedera helix. Photographs: A. Długoński.

Figure 6. Views on case studies (site observation): (A)—Old Jewish Cemetery in Leipzig (Germany),
(B)—Südfriedhof Cemetery in Leipzig (Germany), (C)—Jewish Cemetery in Łódź (small photo:
ghetto area), (D)—Ogrodowa Street Cemetery in Łódź. Photographs: A. Długoński and D. Dushkova.
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The pilot study revealed that all four cemeteries have a large variety of tree species,
especially when compared with the adjacent/neighboring area. Both young and old,
single and groups of trees were recorded. Tree-lined paths were also mapped. Many
different hedges and shrubs were also revealed. In some parts of the Südfriedhof and
Ogrodowa Street cemeteries, a densely wooded area similar to relict nature was recorded.
On the partly cultivated and partly natural meadows, a large number of different ground
covers and meadow plants, together with diverse spontaneous vegetation, was revealed.
Along with such natural hotspots of biodiversity, in several parts of Südfriedhof and
Ogrodowa Street cemeteries, a wide variety of plantings on the graves and flowerbeds was
revealed, that additionally contributed to a great diversity of flora within the cemeteries’
landscape. According to site observation, there was no infrastructure revealed for active
recreation, for example, cycle paths, playgrounds, sports fields or tennis tables. Only
infrastructure elements for low-impact recreation such as benches, pavilions, monuments,
statues, memorial plaques and a mourning café were identified. Public sanitary facilities
and a lighting fixture were also present in the southern cemetery. Altogether, it again
underlined the contribution of burial sites to biodiversity support in urban landscapes.

3.3. Utilization of Cemeteries: Visitors’ Activities and Potential for Recreation
3.3.1. Results from Site Observation

Site observation analyses of the four cemeteries showed that most activities that
occurred were for visiting the graves of relatives, sightseeing (for tourism purposes or
observing places of historical value such as thanatourism), walking and contemplating,
spending time with children, and relaxing (Figure 7).

For the Südfriedhof Cemetery, additional activities included reading books and enjoy-
ing nature, because this landscape is similar, as stated earlier, to an urban park. Activities
such as cleaning graves, cycling, sitting on benches, resting, and participation in funerals
were rarely observed at Südfriedhof and Ogrodowa Street cemeteries.

We observed that Leipzig visitors mostly went to the cemetery for walking, running,
inhaling fresh air, meeting friends, or contemplating. Łódź visitors, however, mostly
went to the cemetery for a concrete reason (visiting the grave of relatives), or sometimes
the reason for visiting was to contemplate or observe wild nature. This is due to urban
planning associating the idea of cemeteries to “city parks.” This issue was also apparent in
Südfriedhof Cemetery in Leipzig and Ogrodowa Street Cemetery in Łódź. Germans often
treat cemeteries as part of urban green public places (Südfriedhof), compared with Polish
people who regard cemeteries as sacred/holy places that need to be separated from the city
and protected, by maintaining silence and using only for the purpose of resting.

We also observed different activities occurring at the studied Jewish cemeteries (Cmen-
tarz Żydowski and Old Jewish cemetery) of both cities. Observations showed that these
places were visited mostly by tourists, rather than by relatives. This is also due to the his-
torical background of citizens and past times of these sites. Therefore, it can be concluded
that Jewish cemeteries are more often visited for thanatourism due to their historical and
cultural meaning, or human curiosity.

In Łódź’ cemeteries, some activities (cycling and running) were prohibited, whereas
in Germany, more of these physical activities were not allowed but they are sometimes
practiced (Südfriedhof). However, physical activities were strictly prohibited in the Old
Jewish Cemetery because of culture and religion. This difference is not only due to the
different cultural approaches of Christian and Jewish communities but also because of
their nationalities.

The above-discussed examples of activities at cemeteries could be divided into three
groups in terms of their level of effort: as active recreation, semi-active recreation, and
passive recreation; and undiscovered activities that could be added to each group in terms
of religion and specific development of the given cemetery Active recreation included
cleaning graves, cycling, or running (not allowed but observed only in Südfriedhof cemetery
as a “park place” in main transit roads of the object); semi-active recreation included
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thanatourism and observation of sculptures, while passive recreation included reading
books, contemplating, sitting on the bench, and walking (Figure 8).

Figure 7. The most common activities carried out in the cemeteries in Łódź and Leipzig. Legend:
1—visit to the graves of relatives, 2—sightseeing (for tourism purposes or observing places of
historical value: thanatourism), 3—walking and contemplating, spending time with children, relaxing
(on benches) Photographs: A. Długoński and D. Dushkova.

Figure 8. Relationship of overlapping fields of active, semi-active, and passive recreation in cemeteries
observed during site observation research in cemeteries in Poland and Germany.
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3.3.2. Results from Questionnaire Survey

As already mentioned, considering the perceptions of people, we asked them first
about their gender, age, education, and marital status. In the second set of questions, we
collected their opinions toward cemetery use and potential as follows:

� Q1: What was the reason for your visit to the cemetery?
� Q2: What is your opinion on the management of cemeteries?
� Q3: What kind of recreational uses do cemeteries provide?
� Q4: Should cemeteries be part of the city’s recreational inventory?
� Q5: Are the cemeteries accessible to you?

According to the first question (Q1), most respondents visited the cemetery pragmat-
ically, to place a candle on the grave of a loved one (Poles: 50 visitors, 64.1%; Germans:
26 visitors, 59.1%). Another set of visitors visited for tourist purposes such as walking,
contemplating, a family trip, sightseeing (Poles: 17 visitors, 21.8%; Germans: 11 visitors,
25%) or to participate in a funeral, cleaning the graves, observing nature and sculptures,
research, etc., (Poles: 11 visitors, 14.1%; Germans: 7 visitors, 15.9%) (Table 2).

Table 2. Reasons for visiting the studied cemeteries in Poland and Germany.

Q1. What was the Reason for Your Visit to the Cemetery?

Poles Germans

A Putting a candle 50 (64.1%) 26 (59.1%)

B Tourist purposes 17 (21.8%) 11 (25%)

C Others 11 (14.1%) 7 (15.9%)

Total 78 (100%) 44 (100%)

Regarding the second question (Q2), most respondents from Poland responded that
they lacked knowledge about the management of urban cemeteries (57 visitors, 73.1%). The
results presented a completely different situation for Germans, who found that cemeteries
were well managed in their opinion (18 visitors, 40.9%). Some Poles also paid attention
to lack of organization (9 visitors, 11.5%) and integration with other organizations or
communities of interest (5 visitors, 6.4%). Few found that cemeteries were well managed
(2 visitors, 2.6%), or, on the contrary, they claimed that these areas were neglected places
(3 visitors, 3.8%) and had improper plant selection in their management (2 visitors, 2.6%).
For Germans, other replies were distributed as follows: 15 visitors (34.1%) noted that
they lacked knowledge about the management of urban cemeteries, 5 visitors (11.3%)
thought that cemeteries were neglected places, 4 visitors (9.1%) noted a lack of integration
of interests, 1 visitor (2.3%) highlighted a lack of organization, and also 1 visitor (2.3%)
noted improper plant selection in cemetery management (Table 3).

Regarding the third question (Q3), less than half of the respondents in Łódź (38 visitors,
48.7%) disagreed with the idea that cemeteries should be used for recreational uses. One
third of the respondents from Łódź said that cemeteries have a historical meaning (23 visi-
tors, 29.5%), and that they know some people who use the space for recreational purpose
but they personally do not practice it (17 visitors, 21.8%). In Leipzig, 43.1% (19 visitors)
claimed that they knew people who practice recreation on cemeteries, but they did not
refer to them, while 36.4% of respondents (16 visitors) disagreed that cemeteries should be
used for recreation, and only 20.5% (9 visitors) noted that the cemeteries have historical
meaning (Table 4).
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Table 3. Respondents’ opinion on management aspects of selected cemeteries in Łódź and Leipzig.

Q2. What is Your Opinion on Management in Cemeteries?

Poles Germans

A. Lack of knowledge about management of cemeteries 57 (73.1%) 15 (34.1%)

B. Improper plants 2 (2.6%) 1 (2.3%)

C. Lack of organization 9 (11.5%) 1 (2.3%)

D. Well managed 2 (2.6%) 18 (40.9%)

E. Lack of integration of interests 5 (6.4%) 4 (9.1%)

F. Neglected place 3 (3.8%) 5 (11.3%)

Total 78 (100%) 44 (100%)

Table 4. Respondents’ opinion on selected cemeteries’ usage in Łódź and Leipzig.

Q3. What Kind of Recreational Uses do Cemeteries Provide?

Poles Germans

A I know that people use it but not me 17 (21.8%) 19 (43.1%)

B Historical meaning 23 (29.5%) 9 (20.5%)

C I disagree that cemeteries should be used for recreation 38 (48.7%) 16 (36.4%)

Total 78 (100%) 44 (100%)

With regard to the recreational potential of the cemetery (Q4), half of the respondents
from Germany (22 visitors, 50%) mentioned that cemeteries should be a place of recreation,
mainly because of the lack of such sites in the neighborhood. However, one third of German
respondents (16 visitors, 36.4%) replied “no”, due to the sacral character of such places,
4 visitors (9.1%) were not sure (they doubted it was a good idea), and 2 visitors (4.5%) would
rather deny, but saw some possibilities of the use of such places for walking (especially for
people living nearby). In the case of Poles, two thirds of respondents (47 visitors, 60.3%)
claimed “no” due to the character of such places “designated only for funerary uses”,
16 visitors (20.5%) were not sure (they doubted it was a good idea), 15 visitors (19.2%)
would rather deny, but saw some possibilities of the use for walking (especially for people
who live nearby). Interestingly, none of the Poles answered “yes” to this question, either
because of the occurrence of some recreational places in the cemetery’s surrounding area
(0 visitors, 0%), or that they did not think that the given cemetery should be relocated
or removed from this area to provide space for organizing more activities (0 visitors, 0%)
(Table 5).

Table 5. Respondents’ opinion on the studied cemeteries as part of the city’s recreational inventory
of Lodz and Leipzig.

Q4. Should Cemeteries be Part of the City’s Recreational Inventory?

Poles Germans

A No 47 (60.3%) 16 (36.4%)

B Doubts 16 (20.5%) 4 (9.1%)

C May be for walking 15 (19.2%) 2 (4.5%)

D Not needed anymore 0 (0%) 0 (0%)

E Yes, due to lacking other recreation sites 0 (0%) 22 (50%)

Total 78 (100%) 44 (100%)

With regard to accessibility of cemeteries (Q5), most respondents from Łódź (68 visitors,
87.2%) in addition to half of the respondents from Leipzig (22 visitors, 50%) found that
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cemeteries were accessible. They claimed that actually a lot of people used it (“you can
see a lot of cars driving through, also people walking”). Other visitors, both from Leipzig
(14 visitors, 31.8%) and Łódź (6 visitors, 7.7%) believed that they had difficulties with
finding the entrance to the cemetery, or a place for parking, or how to travel by public
transport, or did not expect all the rules for being in the area of cemetery, or were not aware
about the opening hours. The rest of the respondents believed that the cemeteries were not
accessible to them, as stated by eight visitors (18.2%) in Leipzig, and four (5.1%) in Łódź.
Respondents based their opinions on the fact that they did not want to go there because the
given cemetery was unpleasant, or a horrible and overwhelming space for them (Table 6).

Table 6. Respondents’ opinion on accessibility of the studied cemeteries in Łódź and Leipzig.

Q5. Are the Cemeteries Accessible to You?

Poles Germans

A Yes 68 (87.2%) 22 (50%)

B Not sure 6 (7.7%) 14 (31.8%)

C No 4 (5.1%) 8 (18.2%)

Total 78 (100%) 44 (100%)

The next part of the survey consisted of a statistical comparison of the results of the
response rates between subjects by nationality in the selected five questions (Q1-Q5), of
respondents from Poland and Germany. The results of this analysis, with information about
p < 0.05 (statistically significant value) and p > 0.05 (statistically insignificant value), are
presented in Appendix A1 (Table A1). Regarding the first question (Q1), which related
to the purpose of visiting the cemetery, the chi-square test showed no significant factor.
From the analysis, we can conclude that the remaining questions of the questionnaire
survey (Q2–Q5) were statistically significant. The chi-square test thus showed statistically
significant values in the responses of different nationalities of the respondents, which were
related to their opinions on the management, recreational uses of cemeteries, understanding
cemeteries as part of the city’s recreational inventory, and accessibility of cemeteries in
Łódź and Leipzig.

4. Discussion

4.1. Reflection on Pilot Study

Although contemporary literature mostly embeds ecosystem services and functions
provided by cemeteries such as biodiversity support and regulating ES, it neglects the
experience-rich potential of cemeteries as cultural products. However, it has already
been confirmed [5,14–16,19] that cemeteries offer both nature-based and cultural activities.
It is worth noting that some specific social groups who need passive recreation which
cannot be provided by urban parks, gardens, etc. can be perceived as neglected in terms
of not being able to find an appropriate place for recreation. Within the urban context,
cemeteries can play a key role in contributing to the UGI and delivery of a wide range
of ES (supporting, provisioning, regulatory, cultural ES). It is essential to highlight the
multiple benefits provided by cemeteries being a part of UGI. On one hand, they are
habitats for unique species of vegetation and animals (supporting and provisioning ES);
and on the other hand, they present a type of urban green, as one of the important elements
of a city’s greenery which provides a special type of recreation (cultural ES) [4,16,47].
Cemeteries could once again make a more substantive contribution to delivering a range of
regulatory ES that help to mitigate the effects of urban heat island, air and water quality,
and loss of biodiversity [47]. Cultural ES provided by urban cemeteries refers to the fact
that natural burial landscape might also help in preserving and enhancing the character
and cultural identity of the cemetery landscape [15,19,48,58]. Whilst the potential benefits
for mental health and well-being that can be derived from urban green spaces are well
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documented [59,60], only a few research papers focus on the unique opportunity provided
by the urban cemetery to deliver cultural ES, especially those supporting human health
and well-being [14,16,21–23,55]. It is important to analyze what qualities correspond to
societal changes and landscape design history [24,25]. At the same time, the research often
relates to burial landscape as nature, architecture and art, while individuals’ use of the
cemetery as a place for memory and meaning-making remains overlooked. Moreover, it
would be of great importance to explore how they do relate to the fact that death becomes
an area for negotiation between different cultural, religious and individual opinions or
needs, and social norms/rules, especially in relation to the intentions for recreational
use [48–56]. Thus, further research is needed in order to highlight certain tendencies in
place-making strategies.

4.2. Cemeteries as Places of Multiple Diversity and Mental Barriers

The results indicate that urban cemeteries now witness a variety of usages and are not
limited to commemoration practices. However, the social acceptance of nonconventional
activities on cemetery sites is still debatable [51,52,54,55]. Further research on this issue
should investigate different ways of using cemeteries that are clearly evident to be part
of the cemeteries’ daily life, to explore different activities, and to understand people’s
opinions about these activities (as was explored within the pilot study). There is also a need
for research to prove the functions of urban cemeteries in comparison with other elements
of UGI and their potential for accommodating a variety of functions. In the context of
increased urban development, a better understanding of the current role of cemeteries
within the urban fabric appears to be highly relevant not only for UGI planners and
scientists, but also for the neglected groups of people who need other types of recreation
that cannot be provided by crowded public parks or gardens. This includes cultural ES
that gives potential benefits to users in terms of mental health and well-being. Additionally,
cemeteries also play a role as sacred places with “spatial vessels of civic identity, telling
diverse histories of the city, and representing intangible notions of the characteristics of a
given place” [19].

The pilot study presented in the article shows that cemeteries might be understood as
“slow places” in hectic cities. First of all, they have high potential as refuge areas (e.g., place
for retreat) for flora and fauna in terms of biodiversity, and they provide cities with habitat
for native wildlife. Secondly, cemeteries are repositories of natural and cultural diversity,
and they are also unique places with their own ecological sanctuary and an ecological
niche. Therefore, they serve as a “peace of mind” refuge area for humans who visit the
graves of relatives; for tourism goals or so called thanatourism (e.g., observing historical
values of city and past city’s citizens’ history) [3]; for spending time with family—relaxing
and enjoying urban fauna; and also for those people (e.g., elderly, disabled, depressive,
or hypersensitive individuals) who are looking for perfect peace and silence amidst the
buzz and noise of a city area. All these factors make those places ecologically, culturally
and historically different than other urban green spaces such as parks, pocket parks or
forests [4,16,23].

In Łódź city, some activities (cycling and running) are prohibited in cemeteries,
whereas in Germany, more physical activities are also not allowed but are acceptable (Süd-
friedhof). However, physical activities are prohibited in both Jewish cemeteries because of
its culture and religion. This difference is not only due to different cultural approaches of
Christian and Jewish communities but also because of their nationalities. Germans often
treat cemeteries as part of urban green public places (Südfriedhof), compared with Polish
people who perceive cemeteries (Ogrodowa Street Cemetery) as sacred/holy places that
need to be separated from the city and protected by maintaining silence and using only for
the purpose of resting.

As mentioned earlier, cemeteries make a fascinating cultural display for visitors by
offering both nature-based and cultural activities [19]. They present one of the important
elements of a city’s greenery that provide a special type of recreation. This recreation is
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closer to passive (low-impact) recreation, which differs from jogging, picnic or ball games,
but mostly relates to observing nature and exploring the history of the place, contemplation
and sightseeing (thanatourism) [3]. On one hand, cemeteries are specific areas with certain
rules, but have barriers that enclose visitors to spend more time in these areas. All of
the studied cemeteries were available at certain times, which organized and imposed
certain activities on the cemetery. Even more difficult were the (Old) Jewish cemeteries in
Leipzig and Łódź, which were much more difficult to access than the Christian cemeteries
(Südfriedhof and Ogrodowa Street cemeteries). As a rule, their entrance was from a side
street and was not exposed. Some, such as Jewish cemeteries, have special rules, usually
determined by rules or religions (e. g. obligatory wearing of headgear for male visitors
of cemetery). On the other hand, they are places of great potential for a selected group
of people (neglected people) who, due to difficult urban conditions or noise pollution in
other green areas such as parks, forests and boulevards, need sacred tranquility or silence.
However, these are only places for people who want to relax and enjoy this specific green
space in peace and silence (Figure 9).

Figure 9. Barriers and restrictions to access the cemeteries in Łódź and Leipzig: Legend: (A,B)—cemetery
regulations in Südfriedhof, (C)—side entrance to the premises of the Jewish Cemetery in Łódź,
(D)—opening hours of the Old Jewish Cemetery in Leipzig, (E)—obligatory wearing of headgear
by men at Jewish cemeteries with regard to rules and religion. Photographs by: Długoński A.,
Dushkova D.

4.3. Synthesis of Questionnaires Survey

The questionnaire survey showed some differences in the perception of the cemetery
space by Poles and Germans. Poles treat cemeteries as a sphere of the sacred, while
Germans more often see these places as recreational and touristic places of high historical
and cultural importance. The knowledge about cemetery management and belonging to
the green infrastructure system is much broader among Germans. Most of the respondents
from Poland (73.1%) had no knowledge about the management of the cemetery, while
Germans (40.9%) found that cemeteries were well managed. In addition, there were
minority responses both from Germans and Poles that the cemeteries were neglected, with
lack of integration of interests or usage of improper plants in land use of the given area.
The users of the cemeteries in Łódź indicated that the historical cemeteries, although still
in use, were already used as recreational places (19.2%), mainly for walking purposes
or watching/observing nature. In Germany, the proportion was 4.5%. In total, 29.5% of
Poles and 20.5% of Germans drew attention to the historical value of cemeteries. The
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proportion of respondents from Łódź who did not see a recreational potential of historical
cemeteries was much higher (48.7%), compared with only 36.4% of respondents from
Leipzig. Cemetery users in Poland and Germany were also asked if they thought the
cemetery area should be integrated into UGI and used for recreational purposes. The
majority of the respondents recognized cemeteries as memorial sites and not places for any
activity other than walking, contemplating and sightseeing/leisure activities.

4.4. Possibilities for the Future Development and Challenges in Research on Cemeteries

Understanding how the different elements of UGI and especially urban ecosystems
presented by cemeteries work in addition to multifunctionality and multiculturality pro-
vided by urban ecosystems is an important issue for both science and management/practice
of cemeteries. With regard to research on cemeteries, there is acknowledgement that they
perform important functions in personal, familial and community life [4,5,16,19]. How-
ever, this issue of social function needs to be examined in more detail in the direction of
current policies (for maintenance, security and possible re-use) that sustain the nature
of cemeteries and contribute to the renewal of cemetery life [47–50]. All this requires a
careful understanding of the historical, cultural, religious, legislative, economic, but also
ecological and social roles of cemeteries, for a wide range of visitors, and an issue of public
acceptance here, plays an important role [51,52,54,55]. Moreover, exploring the visitor
(user) perspective can provide first-hand understanding of underlying meanings and uses
of cemeteries for different cultural and ethnic groups, for which the cemetery landscape is
ever present as the material outcome of sets of interests.

The results of this study can be used as a background and essential element for elab-
oration of the framework/guidelines to inform urban management and decision makers
from the field of urban cemeteries, on how to best integrate the natural environment and
human needs, by applying the methodical approach from the concepts of UGI, ES and BCD.
For this purpose, the next step will be to broaden the research including more cemeteries in
the two cities, to repeat the study and to make the findings more robust, e.g., to uncover
other categories of ES provided by cemeteries and identify further trends in cemetery use,
by analyzing the preferences among users (local residents and touristic visitors) in terms of
the perception, use practices and management of UGI. Based on this fundamental knowl-
edge on the interrelations of ES provided by cemeteries and the identification of particular
types of cemetery use practices, we could implement a more in-depth study to determine
ecological and cultural properties and performance of ES of urban cemeteries for cities, in
addition to exploring how these types are allocated and distributed in urban space, and if
the differences within a city are more than those between studied cities. Another direction
for future research can be seen in broadening the choice and sample of test sites including
other cities and other religions (we had already started with one Orthodox and one Muslim
cemetery in Berlin, some years ago, as a test). Using an innovative approach (multi-mixed
method of cemeteries’ assessment as suggested by research framework, Figure 1) can bring
together academia, city governance, and civil society, aiming towards the co-production
of usable knowledge in the form of a transferable framework that can guide managers
through the processes of evaluating sociocultural and biophysical conditions, determining
desired future conditions, and assessing how to progress from the present to desired future
conditions through collaborative creation and implementation of a management plan for
future cemetery use.

5. Conclusions

Cemeteries are an important element of cultural heritage and landscape of cities,

and have a specific biodiversity potential for native species and respective niches.

1. Cemeteries are a space of silence and contemplation in dense cities;
2. Cemeteries have specific ecological potential and deliver a bundle of ecosystem

services that differentiates them from other urban green spaces;
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3. Cemeteries serve also specific groups of population, in particular, neglected peo-
ple and ‘invisible groups’ such as elderly, disabled, depressive, or hypersensitive
individuals who:

a. sometimes do not find space in other types of UGI;
b. are searching for safe and silent places in dense cities, because they are sig-

nificantly different from groups that use other green spaces within the city
in terms of multifunctionality, and multiculturalism being a characteristic for
urban cemeteries;

Biocultural diversity of cemeteries of different religions (Christian, Jewish) differs

considerably within one city, in addition to land cover and management.

4. The perception of cemeteries by nationalities varies and depends on the level of
secularization of the society. For Poles, a cemetery is mostly a sacrum sphere, for
Germans, it is an open place with remembrance of relatives but also some selected
recreational and touristic opportunities;

5. Cemeteries are thus far undervalued as public green resources that can perform
important functions in the sociocultural life and mental well-being of the general
public; however, this issue of social function needs to be examined in more detail
in the direction of current policies. Users’ perspectives related to cultural practices,
management aspects, or usage are of special importance for sustainable living in ever
more multicultural societies;

6. As land demand in cities everywhere increases, cemeteries are considered as an
open space to accommodate passive recreational activities such as walking, nature
observation or sightseeing, and provide an area for visual satisfaction;

7. Further research on urban cemeteries should:

a. Highlight certain tendencies in place-making strategies based on the fact that
the cemetery is an area for negotiation between different cultural, religious and
individual opinions or needs;

b. Specify the role of cemeteries to safeguard local (native) biodiversity, act as
specific niches for local ecosystems and thus a local gene pool;

c. Investigate different ways of using cemeteries which are already a clearly ev-
ident part of the cemeteries’ daily life, to explore different activities, and to
understand people’s opinions about these activities;

d. Determine the desired future conditions of urban cemeteries, and assess how to
progress from the present to the desired future conditions through collaborative
creation and implementation of a management plan.
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Appendix A

Table A1. Comparison of response rates between respondents by nationality (chi square test).

Question Answer Poles Germans Chi Square

Q1
Putting a candle 50 (64.1%) 26 (59.1%)

0.8600 2Tourist purposes 17 (21.8%) 11 (25%)
Others 11 (14.1%) 7 (15.9%)

Q2

Lack of knowledge about
management of cemeteries 57 (73.1%) 15 (34.1%)

0.00001
Improper plants 2 (92.6%) 1 (2.3%)

Lack of organization 9 (11.5%) 1 (2.3%)
Well managed 2 (2.6%) 18 (40.9%)

Lack of integration of interests 5 (6.4%) 4 (9.1%)
Neglected place 3 (3.8%) 5 (11.3%)

Q3

I know that people use it but not me 17 (21.8%) 19 (43.1%)
0.0449 1Historical meaning 23 (29.5%) 9 (20.5%)

I disagree that cemeteries should be
used for recreation 38 (48.7%) 16 (36.4%)

Q4

No 47 (60.3%) 16 (36.4%)

0.0000 1
Doubts 16 (20.5%) 4 (9.1%)

May be for walking 15 (19.2%) 2 (4.5%)
Not needed anymore 0 (0%) 0 (0%)

Yes, due to lacking other
recreation sites 0 (0%) 22 (50%)

Q5
Yes 68 (87.2%) 22 (50%)

0.0000 1Not sure 6 (7.7%) 14 (31.8%)
No 4 (5.1%) 8 (18.2%)

Note: Q1. What was the reason for your visit to the cemetery?; Q2. What is your opinion on management in
cemeteries?; Q3. What kind of recreational uses do cemeteries provide?; Q4. Should cemeteries be part of the city’s
recreational inventory?; Q5. Are the cemeteries accessible to you? 1 If p < 0.05, the association is significant (which
implies that the analyzed factor influences the phenomenon being investigated). 2 If p > 0.05, the association is
not significant.
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Abstract: For over more than 20 years, Transylvanian ensembles, gardens and parks have been
investigated, described and analysed by a research group from Hungary, led by Albert Fekete. The
goal of this study of Transylvanian ensembles is to get background information, insight for developing
a strategy for landscape preservation and development in the long run that comprises the cultural
and historical values and the demands from society on what to do with them in the contemporary
context. The goal of the article is to give an overview of what is already known and what could be
done from the viewpoint of protection, planning and design. The research methods are mixed, but
are largely based on the case study approach, supplemented by experimental design, fieldwork and
research by design. The conclusion is that, given the state of what is left over from these historical
artefacts, restoration in the strict sense will be impossible. This will be a major challenge for landscape
architecture to take into account the historical values, integrate them with new functions and use and
the recent demands of improving water management, energy transition and the creation of comfort
and healthy living environments for people.

Keywords: history of gardens; castle garden; goosefoot avenue; star-shaped garden layout; Austro-
Hungarian Empire; Transylvania as part of Romania

1. Introduction

The Carpathian Mountains are not only geographically but also culturally a crucial
part of Europe’s history. The multi-confessional zones along the fault lines of the Orthodox–
Catholic (east–west) schism of 1054 and the Protestant–Catholic (north–south) schism of
1517 meet in the Carpatho–Pannonian region [1]. Regarding its geography, the Carpathian
Basin is a coherent entity, while it is one of the most characteristic transition areas in Europe
in terms of its spatial structure from political, economic and religious aspects [2]. In this
landscape and regional context, Hungary and its neighbouring countries are interdependent
not only geographically but also historically and culturally. For centuries, Hungary has
played a leading role in this coexistence. From the conquest to the present day, the history
of Transylvania is linked to the history of Hungary. For centuries, it existed either as part
of Hungary or as an independent principality closely linked to Hungary, and in broad
cultural and historical terms it can be interpreted as the easternmost bastion of Europe.
The national unity, the intertwined history and the context of the single landscape unit
also make it clear that the research of Hungarian garden art can and should be carried out
comprehensively, covering the entire Carpathian Basin, and that the Transylvanian gardens
from the modern period can be interpreted as some of the easternmost sites of the European
garden styles from the 17th century onwards. In the history of Transylvanian gardens,
the 18th century Baroque gardens that followed the late Renaissance gardens were mainly
developed in connection with the residences of the local aristocracy and the ecclesiastical
centres of the Roman Catholic Church (bishoprics, major monasteries). Accordingly, the
main goal of the present study is to focus on research of the Baroque castle gardens of the
region, highlighting their most important compositional aspects. Accordingly, the research
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summarises, classifies and introduces the types of the Baroque gardens surveyed through
specific examples, providing information on their role and significance in Hungarian and
European garden art.

2. Historical Background

After the conquest (896), Hungarian history can be divided into several periods and
this division is important for the historical, economic and social aspects of the region.
Figure 1 shows the most important historical periods of the Kingdom of Hungary and, in
this context, of Transylvania. According to this historical division, until the collapse of the
Austro-Hungarian Empire the most significant and prosperous period of the kingdom was
the third period (Figure 1c), which started after the Mongol Invasion of 1241, and lasted
until the Battle of Mohács in 1526. During this period, the medieval Kingdom of Hungary
became a regional power; its position in international policy was the most favourable
possible and its internal legislative and administrative reforms reflected a fair spirit and a
strong sense of justice [3–5].

Figure 1. Graphical representation of the major historical periods of the Kingdom of Hungary. Source:
prepared by the authors.

The Battle of Mohács, which resulted in an Ottoman victory, caused a major rupture
not only in the history of Eastern Europe but also in its culture and landscape history. After
the Ottoman rule following the Battle of Mohács, for a hundred and fifty years Western
Hungary, Upper Hungary and Transylvania became the last bastions of the spiritual and
material heritage and continuity of the European Christian culture in the region.
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The fourth stage of the periods shown in Figure 1 includes the “golden age” of the
independent Principality of Transylvania, 1613–1683, when Transylvania, although a vassal
of the Porte, was economically prosperous, strengthened and flourishing [6–9]. During
this period, Transylvanian garden culture in the late Renaissance reached a high level of
excellence. At least 60 important Renaissance gardens are authentically mentioned and/or
described in archival sources and in some of them it is still possible to detect Renaissance
monuments and garden elements of the period [10–15].

The fifth historical period is particularly significant for the present study, as the period
of absolutism following the final defeat of the Rákóczi War of Independence in 1711 marked
the emergence and completion of the Baroque period in Hungary and Transylvania. From
1712, the supreme governing authority of Transylvania, the administrative and the judicial
body of the region was the “Gubernium”, directly subordinate to the Viennese court. Under
the new balance of forces, Transylvania lost its autonomy and played a strongly subordinate
role in the Habsburg Empire, both economically and politically, until the Compromise of
1867. The battles with the Ottomans or the Habsburgs, the political dependency of a once
prosperous and powerful Transylvania in the 17th century, the division of the Transylvanian
aristocracy and the decline of economic capabilities all contribute to the fact that the 18th
century can be considered one of the darkest periods in Transylvanian history [16–19].

3. Materials and Methods

3.1. Timelines of Key European Garden Styles

When examining the characteristics of Transylvanian Baroque garden art, it is not
only necessary to know the geographical and spatial location of the area under study as
well as its historical background, but it is also important to know the exact chronological
boundaries of the subject under study: the Baroque period of garden history. This temporal
definition should be done in a European context [20–31], taking into consideration the
well-known baroque garden examples and studying their compositional and functional
characteristics. In this aspect the gardens from Versailles (FR), Vaux le Vicomte (FR),
Montalto (IT), Hampton Court (UK), Het Loo (NL), Frederiksborg (DK), Herrenhausen
(D), Nymphenburg (D), Schönbrunn (AU), Peterhof (RU) represent a comprehensive and
relevant European pattern.

The development of gardens is always closely linked to the historical and economic
development of a country or region. The analysis of the comparative table (Figure 2)
shows that, until the national tragedy of Mohács, Hungarian garden art was on a par with
European gardens. However, after the Battle of Mohács, during the 150 years of Ottoman
occupation, it fell back considerably, and even after the expulsion of the Ottomans it took a
century and a half to catch up the cultural delay. In the 19th century it came close to the
ideas of Western European garden culture, but in terms of its overall spectrum it was only
after the economic boom following the Compromise that it managed to catch up with this
time lag that originated from the 16th century history [32,33]. Accordingly, Fatsar links the
emergence of Baroque garden art to the appearance of the goosefoot-pattern avenues and
the gradual abandonment of the orthogonal layout, which occurred at the turn of the 16th
and 17th centuries [34] (Table 1).

In comparison with French or German Baroque, the transition from Renaissance to
Baroque in Transylvania is much longer, and the Baroque style spread here about a hundred
years later in the middle and second half of the 18th century. By this time, the connection
between Western civilisation and Transylvania, which led through Hungary, had opened
up. With the spread of the imperial Baroque, several western European architects and
sculptors employed initially in Austria were invited to Transylvania by local aristocracy and
as a result Transylvanian 18th-century architecture became an integral and representative
part of the Baroque art of the monarchy [35,36].
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Figure 2. Spatial distribution of Transylvanian Baroque gardens and their relation to the pre-Baroque
late-Renaissance Transylvanian garden art; the locations of the Baroque gardens marked on the map
can be identified by the numbering assigned to them (B1–B50) using Table 2. Source: prepared by
Albert Fekete.

Table 1. Comparative analysis of the periods of major garden styles between Western Europe and
Transylvania. In the last column the delayed style periods are marked with dark background. Source:
prepared by Albert Fekete based on [14,37–40].

Garden Style Western Europe Transylvania Comments
EARLY RENAISSANCE G 14–15th century Mathias Corvinus’ age (1443–1490) SIMILAR

LATE RENAISSANCE G 15–16th century The “Golden Age” of Transylvania
(1613–1690) CCA 100-150 YEAR DELAY

BAROQUE G 17–18 century (from 1630s) 2nd part of 18th c. CCA 100 YEAR DELAY
pictoresque from 1720s beg of 19th c. to mid 19th c. CONSIDERABLE DELAY

gardenesque from 1830s mid 19th c. SMALL DELAYENGLISH LANDSCAPE G
romantic from mid 19th c. mid 19th c. to 2nd part of 19th c. ALMOST SIMILAR

MODERN G

early modern, art nouveau turn of 19/20th c. turn of 19/20th c. SIMILAR

modern from 1930 to 1950 from 1930 to 1950 SIMILAR

postmodern from 1950 to 1970 from 1950 to 1970 SIMILAR

CONTEMPORARY G from 1970s from 1970s SIMILAR

3.2. Research Methodology

Unfortunately, no Transylvanian garden has survived to this day in its original design.
In a few places (e.g., Bonchida/Bonţida, Felek/Avrig) the main Baroque compositional
elements of the gardens, such as paths, earthworks, alleys, garden structures, etc., can still
be seen, but most of the Transylvanian Baroque gardens have been destroyed.

The research is therefore based on archival material and a review of the literature on
Transylvanian Baroque garden art. The methodology of the archival research is known.
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However, the archival source material on Transylvanian castle gardens is poor. Much of
the material has been destroyed, and detailed research of any existing archival material
may take a long time due to the lack of proper filing and accessibility of the archives.

The research methodology of Transylvanian baroque gardens was based on the prin-
ciple that the sites concerned may, and therefore must, be interpreted in context with the
related settlements and landscapes as the only way to understand their historic importance
and current value [41–43].

For a systematic survey we established the following theoretical framework:

- Identification of all potential sites;
- Thorough garden history research of the sites;
- General landscape assessment of the present conditions of the sites;
- Survey and assessment of the spatial layout and landscape composition.

The goal of the historic research of primary and secondary sources found (archives, li-
brary and museum materials, map and postcard collections, thematic bibliography reviews,
internet sources, etc.) is to provide a clear idea of the establishment and development of the
gardens. It comprises the role the sites play in the landscape and the urban character and
layout, and the landscape scale relationships that served as a basis for the establishment of
the manor garden and determined the character of the surrounding landscapes to a great
extent. The garden history research also deals with the architectural history of the manor
house and the family history of the owners.

The site survey precisely records the actual conditions of each garden (sketches,
minutes, GPS coordinates, geodetic surveys, plant inventory, digital photographs, etc.)
as well as the valuable existing features that are possible to preserve, and thus it serves
as a status report and a basis for comparison for conservation strategies and any future
restorations. A topographic map (e.g., land registry map) provides the basis for the survey
of the general conditions and valuable landscape features.

The garden analysis based on compositional principles helps to define the most impor-
tant structural types of Transylvanian Baroque gardens, which can serve as a comparison
basis for further garden and landscape historical research.

Regarding the literature, we must rely on the works of two of the most dedicated
and well-known personalities of Transylvanian architecture and, accordingly, of Baroque
garden art, József Biró and Margit B. Nagy.

József Biró examined the palace and the palace garden as a whole in numerous relevant
studies [44–46]. In his main work Transylvanian Castles, published in 1943, he devotes a
separate chapter to the historical aspects of castle gardens (including the Baroque estates),
as well as to the description of their contemporary condition, making it an important source
document [47].

Margit B. Nagy primarily researches the architectural heritage of Transylvania, but in
her works [11,37,38] she also publishes and processes inventories from the 17th and 18th
centuries that contain valuable references to contemporary garden elements and archival
source materials presenting them.

Apart from them, several well-known writers in the professional literature and local
historians also evoke some aspects of the Transylvanian Baroque garden art [48–54], how-
ever, their works are less comprehensive, mostly referring to a single site or detail, and in
several cases they refer to the works of Biró or Nagy.

4. Research Results

4.1. Baroque Works and Their Masters

The masters of gardens belong to two groups. The first group is made up of the noble
families, i.e., the owners of the palaces, who in many cases are directly involved in the
design and transformation of parks, gardens or individual garden elements. The owners
are the source of the spirit and cultural content necessary to create the genius loci, the
identity of the place and to develop the residential gardens. In many places, the owners

181



Land 2022, 11, 949

have designed the gardens according to their own ideas or have directly influenced their
design, so in a sense they can be considered as designers.

The second important group of masters is that of professionals, artists and craftsmen.
With the help of archival material and other secondary sources, it has been possible to
identify several architects, engineers, stone masons, sculptors, gardeners, hydraulic engi-
neers and other professionals who played an important role in the design, construction and
transformation of certain Transylvanian castle gardens or their specific elements (Table 2).

Table 2. List of professionals and estate owners contributed to the design of the significant Baroque
gardens in Transylvania. Source: prepared by Albert Fekete based on research of archives and the
literature [7,12,44,54,55].

Name of Professional The Castle Garden Where He Worked Year of Activity Owner Family

Blaumann Johann Eberhardt
Bonchida (Bont,ida), Bánffy Castle Garden
Zsibó (Jibou), Wesselényi Castle Garden
Felek (Avrig), Bruckenthal Castle Garden

1776–1783
1780s
1784

Bánffy
Wesselényi
Bruckenthal

Bode György Nagykároly (Carei), Károlyi Castle Garden 1790s Károlyi

Böhm Anton Görgényszentimre (Gurghiu), Rákóczi-Bornemisza
Castle Garden 1790 Bornemisza

Burey Francois Erdőszentgyörgy (Sângeorgiu de Pădure), Rhédey
Castle Garden from 1800 (36 year long) Rhédey

Damm Florian Nagykároly (Carei), Károlyi Castle Garden 1783 Károlyi

Erras Johann Christian Bonchida (Bont,ida), Bánffy Castle Garden 1750s Bánffy

Gindtner Franz Hadad (Hodod), Wesselényi Castle Garden 1770 Wesselényi

Hanek Nicolas Philip Gernyeszeg (Gorneşti), Teleki Castle Garden 1783 Teleki

Hartmann Gottfried Kolozsvár (Cluj-Napoca), Bánffy Palais from 1774 to 1783 Bánffy

Hoffmann János Kendilóna (Luna de Jos), Teleki Castle Garden 1744 Teleki

Jarschel Frantz Mezőmadaras (Mădăraş), Bethlen Castle Garden 1784 Bethlen

Kopmann Andreas Sáromberke (Dumbrăvioara), Teleki Castle Garden 1782 Teleki

Kováts Sámuel
Zsibó (Jibou), Wesselényi Castle Garden
Cege (T, aga), Wass Ádám Castle Garden
Cege (T, aga), Wass Jenő Castle Garden

turn of 18/19 c.
Wesselényi

Wass
Wass

Leder Josef Hadad (Hodod), Wesselényi Castle Garden 1787 Wesselényi

Leerch Ferenc

Görgényszentimre (Gurghiu), Rákóczi-Bornemisza
Castle Garden

Sáromberke (Dumbrăvioara), Teleki Castle Garden
Kendilóna (Luna de Sus), Teleki Castle Garden

1782
1783–1784

1780s

Bornemisza
Teleki
Teleki

Luidor Jean Koronka (Corunca), Toldalaghi Castle Garden after 1770 Toldalaghi

Nachtigall János Bonchida (Bont,ida), Bánffy Castle Garden
Zsibó (Jibou), Wesselényi Castle Garden

1750s
1760s

Bánffy
Wesselényi

Rosenstingl Franz Nagykároly (Carei), Károlyi Castle Garden 1783 Károlyi

Schuchbauer Antal Bonchida (Bont,ida), Bánffy Castle Garden 1750s Bánffy

Serbán Sándor Gernyeszeg (Gorneşti), Teleki Castle Garden 1795 Teleki

Überlacher Anton Hadad (Hodod), Wesselényi Castle Garden 1790s Wesselényi

Wrabetz Franz Zsibó (Jibou), Wesselényi Castle Garden from 1786 to 1800 Wesselényi

“bécsi Inschíner Kapitán”
(engineer from Vienna) Bonchida (Bont,ida), Bánffy Castle Garden 1767 Bánffy

“abafáji német kertész”
(German gardener) Gernyeszeg (Gorneşti), Teleki Castle Garden 1792 Teleki

“felső-magyarországi kertész”
(gardener from Upper Hungary) Gyulafehérvár (Alba Iulia), Princely Castle Garden 1680s Principality of

Transylvania

“wiener Gartner (der zuvor bei
Graf Lacy beschaftigt war)”

(gardener from Vienna, working
earlier for Count Lacy)

Felek (Avrig), Bruckenthal Castle Garden 1774 Bruckenthal
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4.2. Main Types of Baroque Gardens in Transylvania

Imre Ormos describes the four main types of Baroque gardens, which are defined in
the literature on garden history on the basis of the compositional relationship between
garden and building [32]. However, the division of the main Baroque garden types is not
so obvious. Several interpretations of the main Baroque garden types exist in the literature,
which also classify the main Baroque garden types according to a plausible logic based on
different classification criteria (e.g., relief, open or closed main axis, main axis perpendicular
or parallel to the axis of the palace, etc.) [34,55–64].

In the course of our research on the history of gardens, we have managed to identify a
total of 50 sites in Transylvania, where we can assume the presence of Baroque garden art on
the basis of mention, detailed description or representation (layout, design, painting, etc.),
or can clearly establish it on the basis of surviving garden fragments and garden elements.
The majority of the gardens surveyed (forty-three sites) served secular representational
purposes associated with the palaces of the aristocracy, while a smaller proportion of the
gardens (seven sites) were ecclesiastical (ornamental gardens of religious orders) (Table 3).

Table 3. The list of Transylvanian Baroque gardens surveyed, classified by the type of sources used.
Source: prepared by Albert Fekete based on research of archives, the literature and site visit.

Only Mention of Castle Garden
(18 Cases)

Detailed Description of Castle Garden
(13 Cases)

Detailed Garden Description, Graphic Representation and/or Surviving
Garden Features on Site

(12 Cases Castle Gardens) (7 Cases Monastic Gardens)

B1. Sáromberke
(Dumbrăvioara)—Teleki

B19. Görgényszentimre
(Gurghiu)—Rákóczi-Bornemisza

B32. Erdőszentgyörgy
(Sângeorgiu de

Pădure)—Rhédey

EB44. Püspökfürdő (Băile 1 Mai)
—Nagyváradi Bishop’s possession

B2. Vajdaszentivány
(Voivodeni)—Zichy

B20. Kerelőszentpál
(Chirileu)—Haller

B33. Gernyeszeg
(Gorneşti)—Teleki

EB45. Kaplony (Căpleni)—Garden
of Franciscan monastery

B3. Nagyernye
(Ernei)—Bálintitt

B.21. Torockósztgyörgy
(Colţeşti)—Thoroczkai-Rudnyánszki

B34. Marosújvár (Ocna
Mureş)—Teleki-Mikes

EB46. Máramarossziget (Sighetu
Marmaţiei)—

Garden of Piarist monastery

B4. Kelementelke
(Călimăneşti)—Simén

B22. Fehéregyháza
(Albeşti)—Haller

B35. Bonchida (Bont,ida)
—Bánffy

EB47. Bocskó (Bocicău)—
Parish garden

B5. Kutyfalva
(Cuci)—Degenfeld

B23. Csombord
(Ciumbrud)—Kemény B36. Felek (Avrig)—Bruckenthal EB48. Nagyvárad

(Oradea)—Garden of Jesuit monastery

B6. Szilágybagos
(Boghiş)—Bánffy

B24. Dédács
(Simeria)—Gyulay–Fáy–Ocskay

B37. Nagykároly
(Carei)—Károlyi

EB49. Biharpüspöki (Episcopia
Bihor)—

Bishop’s pheasantry

B7. Szilágynagyfalu
(Nuşfalău)—Bánffy B25. Cege (T, aga)—Wass György B38. Szentbenedek

(Mănăstireni)—Kornis
EB50. Alvinc (Vintul de

Jos)—Garden of Franciscan monastery

B8. Zsibó (Jibou)—Béldi B26. Cege (T, aga)—Wass Ádám B39. Magyarfenes
(Vlaha)—Jósika

B9. Hadad
(Hodod)—Wesselényi B27. Zsibó (Jibou)—Wesselényi B40. Csákigorbó

(Gârbău)—Haller-Jósika

B10. Sarmaság
(Sărmăşag)—Kemény B28. Kerlés (Chiraleş)—Bethlen B41. Szurdok (Surduc)—Jósika

B11. Abafája
(Apalina)—Huszár B29. Árokalja (Arcalia)—Bethlen B42. Radnót (Iernut)—

Kornis-Rákóczi-Bethlen

B12. Marosugra (Ogra)—Haller B30. Déva (Deva)—Bethlen (Magna
Curia)

B43. Soborsin
(Săvârşin)—Nádasdy-Forray

B13. Kapjon (Coplean)—Haller B31. Váralmás (Almaşu)—Csáky

B14. Mezőörményes
(Urmeniş)—Rákóczi-Bethlen

B15. Kővárhosszúfalu
(Satulung)—Teleki

B16. Koltó (Coltău)—Teleki

B17. Fiatfalva (Filiaşi)—Ugron

B18. Mezősámsond
(Şincai)—Bethlen
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As we observe in Figure 2, many of the gardens are located close to rivers, which
serve not just as water supply sources but as important traffic and transportation corridors
as well. The spatial distribution of the baroque gardens follows the location of estate
centres, related mainly to urban environments or to main communication and service
corridors (roads).

The typological analysis of the Transylvanian Baroque gardens is based on their
compositional characteristics, with particular emphasis on the path system and plant
composition that determine the layout of the garden. On this basis, I have classified the
gardens into five main groups.

4.2.1. Gardens with Goosefoot-Pattern Avenues

The goosefoot-pattern avenues are a typical element of Baroque spatial composition
and garden layout. It is a combination of avenues running in the extension of the central
axis of the main building and in a symmetrical ‘V’ shape along the axis and terminated by
a prominent feature or scene. Although the goosefoot pattern of the avenues can be traced
back to the front garden of the Roman Villa, Moltanto at the end of the 16th century, the
exemplar of hierarchical organisation of space based on the goosefoot avenues radiating
from the main axis of the palace was the gardens of Versailles, which were developed over
several decades from the 1660s onwards [34].

However, the goosefoot avenue in France was used not only in Versailles but before
in the gardens of Le Notre, starting with Vaux-Le-Vicomte (Richelieu Gardens, 1627). In
Versailles it was taken to its maximum expression, and, above all, it was also used for the
organisation of urban space.

There are also several earlier examples with radial space compositions outside of
France, for instance, Il Tridente di Roma (beginning of the 16th century) or Villa Medicea di
Pratolino (Bernardo Buontalenti, 1568). In fact, the radial layout as a mechanism of spatial
organisation and landscape definition was used earlier in Spain: Palacio de Aranjuez y las
Huertas del Picotajo (Juan bautista de Toledo, 1553). In the Baroque period, this type of
layout had a much deeper meaning, as it was usually used to cover the large scales in the
forest areas and surrounding territories. It was thus contrasted with the orthogonal layout
associated with the palace area. In fact, above both types of layout (radial and orthogonal),
a superstructure of compositional axes was superimposed in relation to the axis of the
palace. This superstructure dominated the arrangement of the entire layout.

The first simplified Transylvanian version of this classical spatial structure is the
Bonchida palace and garden, developed between 1748 and 1752 by Count Dénes Bánffy,
which is also the most important Baroque residence in Transylvania [44]. In addition to
a pheasantry, the 400-acre estate of Bonchida (Bonţida) also included the most typical
Transylvanian Baroque goosefoot-pattern French garden.

From the western facade of the palace, located on the plain of the Small Szamos River,
three radial linden alleys extended, each approximately 1000 m long. The starting point of
the alleys is the bridgehead built on the main axis of the palace. In addition to the three
linden alleys, a fourth shorter horse chestnut alley ran to the north, following the water
channel perpendicular to the main axis of the composition [44,47] (Figure 3).

Source: compiled by Albert Fekete, based on Dávid, Gy. [49] and the First Ordnance
Survey of Transylvania (1769–1773) [65].

4.2.2. Gardens with Mixed (Orthogonal–Goosefoot) Layout

The most typical Transylvanian example of the layout combining elements of both the
orthogonal parterres and the goosefoot-pattern walkways is the Bruckenthal Palace Gardens
in Felek (Avrig, RO), which was begun to be built between 1761 and 1764 by General Adolf
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von Buccow, later governor of Transylvania. After the governor’s death in 1764, the estate
became the property of Baron Samuel von Bruckenthal, who used it as a summer residence
and began to develop the Baroque park of about 6 ha [66]. The ornamental garden, terraced
and enclosed by a stone wall because of the considerable differences in levels, is essentially
orthogonal in layout, but from the water feature located in the third of the main axis away
from the castle, the paths no longer run transversely but five radial walkways start, dividing
the southern part of the garden into regular sections (Figure 4).

 

Figure 3. Map-based analysis of the goosefoot-pattern Baroque garden in Bonchida.

4.2.3. Gardens with Orthogonal Layout

The most common layout type of Baroque garden in Transylvania is the orthogonal
garden. Its prevalence is also due to its relatively simple transparent layout, similar to a
Renaissance parterre garden. It consists mostly of square, or occasionally rectangular or
irregular square, compartments, sometimes intersected by diagonal or oblique paths. In
the composition of the orthogonal gardens, the structural hierarchy typical of the Baroque
(e.g., positioning in relation to the main building, side paths subordinate to the main walk)
is only rarely present.

Source: compiled by Albert Fekete based on Feyer (2006), the First Ordnance Survey
of Transylvania (1769–1773) [61] and “Mappa prima der neuen Land- und Post-Strassen von
Hermanstat bis Cronstat Mappa secunda” [67]

The subordinate Baroque composition in the hierarchy of the network of paths or the
use of the hedges is clearly visible, for example, in the Baroque garden plan of Franz Anton
Hillebrandt from 1783 in Nagykároly (Carei, RO) (Károlyi Castle, Figure 5b). The same
Baroque gesture of spatial organisation is much more nuanced in the Baroque garden of
the Jesuit monastery in Nagyvárad (Oradea, RO), where only the two ornately designed
central embroidered parterres emphasise the composition (Figure 5a).
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Figure 4. Map-based analysis of the mixed-layout Baroque garden in Felek.

Figure 5. Source: compiled by Albert Fekete. (a). The Baroque garden plan of Hillebrandt from 1783
for the Károlyi Castle in Nagykároly (Carei, RO) based on “A tervezett nagykárolyi kastély” [68]. (b).
The Baroque garden plan from 1773 for the Jesuit monastery in Nagyvárad (Oradea, RO) based on
“General Plan von dem gantzen Grunde den der Jesuiten Orden vormals zu Groswardein besessen hat” [69].

The manuscript map of the Rákóczi-Bornemisza Castle in Radnót (Iernut, RO), which
was the seat of the prince in the 17th century, shows two very simple orthogonally divided
geometric gardens on the west and south-west sides of the castle in the early 19th century.
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Neither of these gardens form a Baroque composition with the four-cornered bastion castle
building of Renaissance origin.

An aerial photograph showing the current state of the castle and garden shows the
outlines and layout of a garden of a similar geometry and size to the gardens on the
manuscript map and the ruins of the Baroque gatehouse (Snake House) built on the main
southern axis of the castle (the location of the gate is marked by a red circle).

By superimposing the manuscript map and the aerial photograph, it can be seen that
the georeferencing does not support the idea that the orthogonal garden (yellow dotted
rectangle) shown in the aerial photograph on the main axis connecting the castle and
the gate house would have the same size and location as the old garden depicted on the
manuscript map (Figure 6).

 

Figure 6. Historic analysis of the surroundings of the princely castle in Radnót (Iernut, RO).

Source: compiled by Albert Fekete based on “Geometrischer Plan des Radnoter Dominal-
grundes” [70], based on a Google Earth image from 2021 and on own photographs.

4.2.4. Gardens with Radial Walkways (Star-Shaped Layout)

Radial walkways (star-shaped layout) are a typical compositional feature of the
Baroque garden layout, with walkways spreading symmetrically around a central fea-
ture (structure, fountain, square). The focal point of the walkways may be located both
near to the castle or at a greater distance [60–64].

Instances of radial walkways located near the castle are in Nagykároly (Carei, RO;
Figure 7b), Soborsin (Săvârşin, RO; Figure 8) or in Alvinc (Vinţul de Jos, RO). Franz Rosen-
stingl’s 1789 plan of the castle garden in Nagykároly shows a square ornamental garden
fitted to the building, with a completely symmetrical layout divided into eight sections with
a parterre (or radial walkway) in the middle, which is supplemented by further geometric
ornamental garden sections along a garden axis parallel to the longitudinal axis of the castle.
The plan shows a subtle redesign of the Baroque garden depicted in the first military survey.
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Figure 7. Source: compiled by Albert Fekete. (a). Steel engraving of the Rhédey castle garden in
Erdőszentgyörgy from 1817 [47]. (b). Franz Rosenstingl’s 1789 plan of the castle garden in Nagykároly
(Carei, RO) based on “A nagykárolyi (Szatmár m., ma Carei, RO) régi kastély, lovarda és kert, valamint
a tervezett új kastély” [71].

In the case of the castle garden in Alvinc (Vinţul de Jos, RO), a feature of radially
shaped walkways in the ornamental garden is mentioned in an inventory from 1676, that
is, from the late Renaissance period in Transylvania: “The ornamental garden was spread out
beyond the moat, east of the bridge. Divided by paths in a radiating shape, the flower and vegetable
compartments enclosed a gazebo built over the fishpond, which was the centre of an obviously
symmetrical composition.” [37].

A good example of the radial walkways set further away from the castle building is the
garden of the Rhédey Castle in Erdőszentgyörgy (Sângeorgiu de Pădure, RO; Figure 7a). It
is special due to its “mixed” character, which supports Anna Zádor’s observation that 19th
century English gardens in Transylvania “often retained something of the previous garden design,
thus showing a somewhat mixed style, adhering to the old and the traditional” [72], as happened
in many renaissance–baroque, baroque–landscape and landscape–Victorian gardens.

From the castle in Erdőszentgyörgy (Sângeorgiu de Pădure, RO) a staircase runs down
the terraced hillside to the lower garden and at the bottom of the hill is the bosque, divided
by radial walkways with a fountain in the middle shooting high water jets [47].

Source: compiled by Albert Fekete based on “Situations Plan Der Marosch Fluss Laage
bey Valliemare und jenseithts/!/bey Soborsin” [73] and own photographs.

4.2.5. Baroque Gardens of Local Character

We have descriptions and depictions of several gardens in Transylvania that present
Baroque gardens of a specific layout. Among these, one of the most characteristic and
unique is the design of the Teleki Castle Garden in Gernyeszeg (Gorneşti, RO), dating from
the time of Count József Teleki (I) (Figure 9).
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Figure 8. The Forray–Nádasdy Castle and its garden in Soborsin (Săvârşin, RO) in 1782.

 

Figure 9. The Baroque garden design for the Teleki Castle Garden in Gernyeszeg (Gornesti, RO) from
1792. Source: compiled by Albert Fekete based on “A gernyeszegi francia kert tervrajza” [33].

The count’s fascination with gardens is well known. During his youthful travels in
Western Europe, he visited the famous gardens of his time and, like all works of art, he
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showed a keen interest in them. Between 1759 and 1761, he travelled through Austria,
Bavaria, Switzerland, the Rhineland principalities, the Netherlands and France. In Germany,
he visited the gardens of Rastatt, Karlsruhe, Mannheim and Augustusburg in Brühl, and in
the Netherlands he visited the castle and park of ten Bosch, among others [41].

In the 1780s he decided to undertake a major garden renovation in Gernyeszeg
(Gorneşti, RO), and thus the plan of 1792 by the “German gardener from Abafája” was born,
the design of which was inspired by motifs of local folk decoration. Despite the interesting
design elements, the count was not entirely impressed by the design, considering it to be
lacking the characteristic elements of the landscape gardens that were then fashionable in
Europe. [74].

Following the French Baroque garden pattern, water surfaces (the aquatic element
was essential in the French Baroque and was in fact a French addition when the classical
gardens were imported to France) were popular elements in some of the Transylvanian
Baroque castle gardens and their placement in the geometric Baroque composition also
led to specific solutions. In addition to the Haller Castle Garden in Fehéregyháza (Albeşti,
RO) and the Bethlen Castle Garden in Kerlés (Chiraleş, RO), there are references in the
case of the Thoroczkay–Rudnyánszky Castle Garden in Torockószentgyörgy (Colţeşti, RO)
to a large water basin, which could be used as a fish pond, giving the garden a unique
character: “The large canal pond is an old Transylvanian tradition, as the fish pond in the former
ornamental garden of the Count’s castle in Torockószentgyörgy, for example, is even associated with
a legend” [44].

5. Discussions

In the garden history of Transylvania, the Baroque style was almost one hundred
years late in spreading compared with other parts of Europe. In terms of the number of
gardens in Transylvania, the Baroque cannot be called the leading garden style in this part
of the country. The number of Baroque gardens is much lower than the number of earlier
Renaissance or later Landscape Gardens (Figure 10). This is a consequence of the forced
political and economic dependence of Transylvania in the 18th century.

 

Figure 10. The number of Renaissance, Baroque and Landscape Gardens in Transylvania. Source:
compiled by Albert Fekete.

The majority of the Baroque gardens realised in Transylvania were of modest design,
reflecting the financial constraints of an economically underdeveloped part of the country.
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Nevertheless, many foreign masters (gardeners, sculptors, architects, painters, jacks-of-all-
trades) of Austrian, German, French, Walloon, Flemish, Czech and Polish origin worked
on the design and construction of Baroque gardens of the 18th century Transylvanian
noble residences. Their presence proves that Transylvanian Baroque garden art, although
geographically marginalised, did not exist in isolation, but was linked to the centre of ideas
through its creators and designers. The owners of the estates were aware of the European
examples to follow and their artistic qualities.

Somewhat more representative Baroque gardens were developed at the residences
of noble families with close ties to the Viennese court and of the dignitaries in the Roman
Catholic Church.

The Transylvanian Baroque garden history is mainly about ornamental gardens, al-
though in many places various kinds of kitchen and vegetable gardens or orchards were
also part of the Baroque garden. In terms of their compositional characteristics, Tran-
sylvanian Baroque ornamental gardens are largely integrated into the general European
system. They followed the models, sometimes as simplified small-scale paraphrases of
them, but there are also examples that have specific local characteristics (in ethnographic
and topographic terms or in plant use).

Given the state of what is left over from these historical artefacts, restoration in the strict
sense is almost impossible in the majority of the locations. Devastation, missing archival
sources, changing ownerships and sustainability reasons make the restoration work even
harder. During the investigation, the analysis and the fieldwork of the Transylvanian
ensembles, we had ample contact with local stakeholders, politicians, owners, NGOs,
users and other people related to the Transylvanian ensembles. The core of the problem
is concentrated around two poles: one of heritage and cultural meaning, the other on the
search for new functions and uses. These two are often contradictory and conflicting; they
can be categorised in the polarity between development and conservation. In all landscape
architectural projects this contradiction plays a role, but in the case of historical phenomena
they are even more pronounced and demand special attention [41–43,75].

This will be a major challenge for landscape architecture to take into account the
historical values and to integrate them with new functions and use and the recent demands
of improving water management, energy transition and the creation of comfort and healthy
living environments for people.

6. Conclusions

Landscape architecture is an applied science. According to the guidelines on the
preparation of scientific publications in garden history, the results of our research are based
on general preliminary studies of garden and landscape history, the research results and
experiences of several decades, the exploration and analysis of authentic historical sources
and the site surveys and assessments. The most important findings of the research are the
following:

- Baroque castle gardens are part of the most significant garden heritage assets in

Transylvania. This finding is supported by the history and the relation to the land-
scape of dozens of European, Hungarian and Transylvanian castle gardens examined
during our preliminary studies and earlier research [33–55], and also by the results of
our research based on the survey of 50 Transylvanian baroque gardens introduced in
detail in the paper. Due to their compositional characteristics and integration with the
surrounding landscape, the baroque gardens have a complex importance as heritage
assets.

- The baroque castle, the garden and the surrounding landscape together represent

a single artistic and compositional unit. Neither the castle nor the garden should be
interpreted independently. They are a single unit, and all the man-made and natural
elements of the garden and often specific elements beyond the garden boundaries,
make part of this unit. The castle and the garden together represent a composition
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that is an integral part of a complex system developed on artistic, cultural, historical,
ecological and economic bases.

- Due to the scarce sources in garden history, garden restoration is rarely a feasible

option in Transylvania. In Transylvania, the current conditions of Baroque gardens
and the availability of historical sources (often still uncatalogued, inaccessible and
incomplete) in most of the cases do not allow for a full restoration of the original
design. Nevertheless, the gardens still represent a part of the garden heritage that is
possible to restore in the most authentic way on the basis of the features preserved
and the data available on the actual conditions.

In summary, it can be said that the Transylvanian Baroque garden is considered an
integral part of Hungarian garden history, although its instances are of lower quality than
the Hungarian and European averages. Their importance in the field of garden history is
due to the fact that Transylvania is the easternmost location of the typical garden styles
of early modern Europe, and the Baroque castles and gardens created in Transylvania,
mainly on the model of Western Europe, represent some of the easternmost examples of
18th century European garden design.
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Abstract: Cultural heritage conservation is a constant process of preserving the valuable historical
legacy and transferring it to future generations. The ability to adapt the matter under conservation
to changing needs and environmental conditions is an essential element of this process. In this
context, climate change and its consequences are a growing challenge, requiring innovative and often
simultaneous efforts. This study was conducted in response to the discovery of previously unknown
documents on nineteenth-century impoundment structures of the Krakow Fortress’s defensive
system. At present, the facilities are almost entirely ruined, yet the need to restore and preserve the
memory of their culturally valuable legacy merits investigation. The conditions and requirements
of the management of Krakow’s changing hydrological environment became a vital component of
this study. The uncovered archival documents were subjected to historical-interpretative analysis.
Virtual modeling contributed to identifying the original scope of the dams’ impact. Analysis of
the city’s spatial planning documents pointed to their contemporary potential. The entirety of the
material collected aided in determining the framework in which protective measures targeting this
dying heritage are currently possible. This study features a proposal for a new form of recreating the
structures under investigation by assigning them a range of possible simultaneous uses. Thus, the
presented research proposal is a form of concern for preserving this historical legacy and an attempt
at rising to contemporary challenges posed by an intensively changing environment.

Keywords: water dams; Krakow fortress; climate change; environmental management; cultural
heritage conservation

1. Introduction

Military engineering structures have always been an essential element of cultural
heritage and have had a key impact on the development of civilization. The technical
means they featured by shaping defensibility often significantly affected the natural and
cultural landscape of the area they protected [1].

Along with technological advancement, changing needs, and intensive urbanization,
many such structures were (and still are) altered in numerous ways, and many have
irreversibly disappeared [2,3].

Therefore, the issue at stake is the ability to protect this heritage, especially where its
value is undeniable. Equally essential is the ability to transfer this knowledge to successive
generations while understanding dynamically changing conditions and accounting for
environmental changes and sustainable development [4]. It can be observed in recent years
that due to climate change the frequency and magnitude of extreme climate events such
as heavy rains, flooding, and drought is increasing throughout Europe (Linnerooth-Bayer,
Dubel and Sendzimir, 2015) [5]. Different risk management strategies are currently enforced
in Central Europe, dealing with challenges of potential resilience-building measures and
protection of cultural heritage against floods or fire (Cacciotti, Kaiser, and Sardella, 2021) [6].
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The concept of heritage itself has evolved. It began with UNESCO’s 1962 recommen-
dation, raising the need to protect landscapes, natural and cultural environments that
form a natural, harmonious whole. In the 1972 UNESCO Convention on the Protection of
Heritage, “cultural heritage” appears, encompassing monuments and sites of outstanding
universal value (Vecco, 2010) [7].

There has been some critical discussion of value typologies for heritage conservation
and management in light of a review of published literature on heritage values (Fredheim
and Khalaf, 2016). Considering the specificity of typologies derived from a particular
context, a broad framework for assessing and communicating this meaning is proposed.
This approach prevents the false division and separation of heritage into cultural and
natural or tangible and intangible [8].

Another nuance is that the future of heritage is also loaded with our contemporary
perceptions of the past. Given the relationship between attachment to a physical place, a
sense of belonging, and the resulting importance to community life, heritage places suffer
if the community does not feel connected to them. This results in neglect and vandalism
(Spennemann 2011) [9].

This study was based on a separate query (performed by one of the authors) of archival
documents concerning the original functioning of the Krakow Fortress. This extensive and
culturally valuable complex that surrounds the city of Krakow, Poland, was built in the
nineteenth century on the order of Emperor Franz Joseph I and is an element of numerous
academic studies [10–12].

The original investigation conducted in the years 2014–2020 focused on the linkages
between the city and its fortifications [3,13], urban structure revitalization, heritage site
revitalization, and the role of modern-period fortifications in urban space, which accurately
aligned itself with the scope of this study.

As a result, archival photographic and cartographic documentation was collected,
presenting three poorly known water damming structures that had once been an element
of the fortress’s defensive system. Their general location has been shown on a plan of
contemporary Krakow (Figure 1).

 

Figure 1. Diagrammatic plan of the Krakow Fortress with the locations of previously unknown impoundment structures
marked in dark brown, accompanied by the boundaries of defensive areas I through VIII.

This study was based on documentation that includes the historical maps of Krakow’s
fortification system (drawn to a scale of 1:10,000, sheets: no. 16 “Rakowice,” no. 20
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“Olszanica,” no. 33 “Opatkowice”) [14], extension plans from the First World War (drawn
to a scale of 1:10,000), and unpublished archival photographs from 1915.

In the literature on the fortress, most studies have a cross-sectional and synthetic
character and refer to its history as one structure. The use of water obstacles in Krakow’s
defensive system has not been previously investigated. Thus, the archival materials found
have supplemented the knowledge resulting mainly from the war manuals and historical
standards, including an Austrian instruction for engineering and sapper forces [15,16], an
Austrian permanent fortifications manual [17], and a Polish field fortifications manual [18].

These materials also provided a basis for evaluating the contemporary management
of the city’s aquatic environment in the context of current challenges and needs, including
heritage conservation. The fortification elements studied had long lost their defensive
significance, and despite the hypothetical protection afforded to historical monuments,
became utterly forgotten. However, it appears that they can and should find a new appli-
cation under current environmental conditions, restoring the invaluable memory of their
operation in the cityscape. Based on the collected archival material and recent planning
documents, this study reports on an investigation of solutions that can be best suited to pre-
serve the disappearing heritage while also serving the goals of sustainable development.

2. Materials and Methods

An archival query was performed in search of source documentation. The study was
divided into stages, and began with historical-interpretative research. The use of archival
materials, iconographic sources (primarily photographs), and field research demonstrated
the link between the structures identified during the query with their spatial context and
relevant past events.

The authors also performed a simplified military site analysis. With this tool, hidden
under the acronym KOCOA (meaning Key Terrain Observation and Fields of Fire, Cover,
and Concealment, Obstacles, Avenues of Approach), it is possible to read the broad back-
ground of design and construction decisions [19]. The results of this analysis are included
in the illustrations of the existing condition, provided further in the text. The location of the
forts, the range of fire and mutual fire support, the blind spots, the course of wire obstacles,
the relief of the terrain making observation difficult, and the expected attack directions
were read from staff maps. All these elements, when superimposed, showed a rather broad
approach to be dangerous for the defenders in the area of the Wilga, Dłubnia, and Rudawa
river valleys.

The investigation of the context included an inspection of selected sites and the
collection of photographic documentation. A literature review was performed during the
comparative analysis of damming structures to other Austrian fortifications across Europe.
Furthermore, spatial and environmental policy documents for Krakow were analyzed,
especially in their relationships with the areas under study and the role they assigned
to them.

Initial virtual modeling was applied in the study. Sections of the site in the vicinity of
the former dams were modeled by CAD software. Since relief and land use have changed
over the centuries, contours from historical maps were used as input data. An attempt was
made to present the damming result in its original state and in a form that can currently be
reconstructed. The work was carried out in three stages.

2.1. Analysis of Documentation Content—The Past Significance of the Structures

During the first stage, the archival documentation was analyzed. The technical details
of the damming structures were excluded from the study as a separate problem related
to heritage conservation rather than landscape planning and the environmental impact of
fortifications.

During the investigation, an attempt was made to estimate the area and depth of the
flooding area that resulted from impoundment during the period when Krakow’s fortifica-
tions had been in active use. This analysis also concerned the potential consequences of
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these effects. Analytical work was based on similar studies by other teams of researchers.
In the Polish literature, similar research was performed by a group of academics from
Wrocław [20,21]. The subject of this study covered light fortifications erected at the turn of
the twentieth century and linked with Wrocław’s contemporaneous fluvial network. This
research involved the modelling of historical flows and recreating the scope of flooding on
the Ślęza and Widawa rivers caused by impounding the water with military dams. Based
on the data collected, it also became possible to build a hydraulic model of water damming
by historical weirs of the Wrocław Fortress [20].

The publications presented above became an inspiration for this study, as they covered:

• Identification of impoundment functioning and impact in the original period;
• Investigation of the obtained information’s significance about state of the art.

2.2. Analysis of the Existing State and Applicable Formal and Legal Documents—Heritage in the
Present Day

The insight gathered during the first stage was confronted with the current functioning
of the structures or their remains. The second stage of the study began with a site visit. The
investigation also focused on the role and possible significance of the facilities under study
in Krakow’s applicable spatial development policy documents.

The investigation included:

• A survey of the current state of the structures and an identification of changes in local
development (relative to the original form);

• An assessment of the significance of the structures in currently applicable frameworks
of local management and development policies and reference to the threat posed by
climate change.

2.3. Synthesis of the Information Collected in the Context of the Potential for Contemporary
Conservation and Use of Disappearing Cultural Heritage

During the final stage, the information collected during the previous stages became a
basis for an in-depth discussion of the contemporary potential for preserving the heritage
under study against Krakow’s dynamic development background. Thus, key elements of
phase three were:

• An identification of possible weaknesses in the policy formulated by the municipality
(especially in the light of the archival materials uncovered);

• A search for directions of integrating efforts towards sustainable development, includ-
ing the conservation of a disappearing cultural heritage and its incorporation into
contemporary forms of use and countering climate change.

3. Results and Discussion

3.1. Results of the Analysis of the Collected Documentation and Its Application Potential
3.1.1. General Overview of the Three Artificial Dams

Nineteenth-century defensive doctrines assumed organizing most fortresses as ring-
type structures, with an external ring of forwarding forts located in the foreground and
an internal ring of continuous fortifications in direct proximity to the city they defended.
Considerable tracts of land were used for defensive purposes and occupied by defensive
structures (divided into covers, emplacements and obstacles) [22]. Construction bans
were enacted around cities to leave a free field of fire and facilitate observation. Further-
more, military doctrine assumed supplementing the permanent fortification strip (forts
and batteries) with field fortifications, necessary during a state of immediate threat and
mobilization [17,22] (Figure 2).
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Figure 2. Fragment of the original plans from 1915 concerning field fortifications, an obstacle course, and a water damming
on Dłubnia. From the authors’ private collection.

Adaptive means and actions mainly involved “clearing the foreground” which en-
tailed clearing forests, demolishing buildings, land leveling, etc. A constant readiness to
quickly destroy bridge crossings was maintained. The potential for using water bodies
and waterways for local impoundment was noted, as it would flood specific areas and
make them impassable. Sapper instructions [16] highlighted the potential use of wide
riverbeds and other terrain fortifications as obstacles. A watercourse could be turned
into an obstacle by building hydraulic structures that formed artificial wetlands, block-
ages (weirs), or flooding. Depending on local conditions, they were either makeshift or
comprehensive structures.

In the Krakow Fortress, the first and second defensive circuits were formed by the
cities of Krakow and Podgórze, respectively, separated by the Vistula River. The borders of
the remaining defensive circuits included water divisions. In the north, the third circuit
stretched between the Vistula and Rudawa Rivers, the fourth from the Rudawa to the
Białucha, the fifth from the Białucha to the Dłubnia, and the sixth from the Dłubnia to
the Vistula. In the south, the fortification ring ran from east to west, towards the Vistula
and was divided by the Wilga River into two defensive circuits [23]. With defensibility
in mind, at the junction of the circuits mentioned earlier (Wilga, Rudawa, and Dłubnia),
hydraulic structures were designed and built in 1914, enabling the creation of artificial
inundation areas parallel to the frontline. The quality and effectiveness of these obstacles
were defined using “storm resistance” ratings (originally called Sturmfreiheit in German).
The mild or heavy flooding and wetlands created with them were to become a significant
terrain obstacle [16].

Design operations preceded the process of creating such obstacles. The borders of
future inundation areas were delineated, and the potential associated costs were assessed.
The evaluation covered the profile of a river or channel, soil characteristics, bank incline
parameters, water velocities, and information about pre-existing structures (bridges, levees,
sluices, etc.). The sites for the newly designed crossings were also marked in the field,
while accounting for the apparent optimization of means and resources [18].
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Similar operations concerned the construction of the three dams on Dłubnia, Wilga,
and Rudawa.

The Dłubnia River was impounded by improvising a blockage of the clearance under a
bridge, with the concrete abutments simultaneously constituting the abutments of the weir
(initially named the Dłubnia Stauanlage). These abutments featured vertical niches visible
in the figure below, used to fasten a flat barrier (Figure 3). The dam was located along a
road that connected Mogiła with Krakow. The nearest known and surviving fortification is
Fort 49a Dłubnia, situated around 1 km to the north.

The Wilga’s waters were dammed using a particular complex of buildings and devices.
Its course could be closed using the fortress’s valve weir and a second levee across the river
valley (originally named Wilga Schleuße, Staudamm a.d. Wilga). They formed an extensive
hydraulic structure dedicated strictly to military needs (Figure 4). Relatively near the weir,
at around 0.5 km to the west, is the surviving Fort 52a Jugowice-Łapianka.

Water impoundment in the Rudawa river valley was performed between two water-
ways, namely between the Rudawa and its millrace, the Młynówka. It was located around
0.5 km to the south of Fort 41a Mydlniki. The impoundment was possible by building
an earthen levee across the valley along with the channel connecting both waterways
(originally named Rudawa Inundationsdamm). The inundation channel along with an em-
bankment between the Rudawa and Rudawa’s millrace were built in an agricultural area.
An archival photograph shows a fragment of the structure with the completed earthworks
and the reinforcement of the levee bank using a layer of stone. The bed of the channel had
a circular cross-section, typical for structures from the beginning of the twentieth century.
The photograph also shows the reinforcement of the bank zone with a system of fascines,
further strengthened by fences from wooden posts and wicker. From the side where attacks
were to take place, a strip of obstacles from wire on barrier rods was built (Figure 5).

 

Figure 3. View of a bridge on the Dłubnia, archival photo from 1933. Note the massive concrete
abutments that were also used by the weir. From the collection of the Polish National Digital Archives,
signature no. 3/1/0/8/3240.
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Figure 4. View of the damming wall of the Wilga-Schleuße fortress weir, seen from the side of the
inundation area. Archival photograph from 1915. From the author’s collection.

 

Figure 5. View of the levee and inundation channel from the side of the Rudawa millrace. Archival
photograph from 1915, from the author’s collection.

3.1.2. Overview of the Size and Depth of the Inundation Areas under Study

The material collected allowed for an in-depth analysis of the size of potential inun-
dation areas. The literature (Biesiekierski, 1922) [18] points to the application of needle
dams [24] with a maximum restriction level set at around 1.8 m. By analogy, this level was
also assumed for the structures under analysis.
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Archival maps drawn to a scale of 1:10,000 from 1899–1902 and 1914–1915 were used,
as they contained a sufficient amount of information to complete the investigation. The
authors determined the flood zones based on the analysis of the topographic layout of
the area. The contour lines existing on the historical map were taken into account. The
assumed maximum possible level of water accumulation (approx. 1.8 m) and the contour
lines indicated the range of potential inundation zones.

In the case of archival maps from the end of the nineteenth and the beginning of the
twentieth century, the investigation encountered obstacles in identifying permanent points
(objects) that could be referenced to contemporary landmarks. In most cases, only the
forts that have survived to the present day provided an anchor. The historical maps were
overlaid on the existing maps of spatial development plans and the current topographic
maps to identify the relation between the historical flood zones and the recent development
of the analyzed areas.

Throughout the investigation concerning the Dłubnia weir, it was possible to deter-
mine the old inundation area as potentially being up to 62.2 ha (Figure 6). The inundation
surrounding Fort Dłubnia from the west strengthened the designated division between the
defensive districts.

Figure 6. Reconstruction of the Dłubnia inundation area for the state from 1915. The watercourse
was blocked by an improvised blockade under a bridge clearance. The water flowing downstream
(due south) spilled successively into the river valley. Markings: A. location of the levee, B. inundation
area, C. wire obstacle strip; 1. Fort Dłubnia, 2. Earthwork 1/Dłubnia, 3. Fort Mistrzejowice, 4. Fort
Batowice, and 5. Fort Sudół. The expected avenues of attack are marked with arrows.

As a result of the impoundment of the Wilga with a fortress levee, an inundation
was produced that was confined by a railway embankment from the west and the natural
terrain layout from the east (Figure 7). The estimated total area of the historical inundation
is around 29.7 ha.

Fort Mydlniki and its foreground were protected using a levee that closed a histor-
ical inundation and its accompanying parallel channel. The inundation area closed off
by the levee, estimated based on historical maps and calculations, was approximately
17.9 ha (Figure 8).
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Figure 7. Reconstruction of the Wilga inundation area for the state from 1915. The watercourse was
blocked by the fortress weir. The water flowing downstream (due north) spilled successively into
the river valley. Markings: A. location of the levee, B. inundation area, C. wire obstacle strip; 1. Fort
Borek, 2. Fort Jugowice (a.k.a. Łapianka), and 3. Fort Wróblowice. The expected avenues of attack
are marked with arrows.

Figure 8. Reconstruction of the Rudawa inundation area for the state from 1915. A channel was
made connecting the river bed with the millstream (Młynówka). The water current filled the flat area
between the two flows. Markings: A. location of the levee, B. inundation area, C. wire obstacle strip;
1. Fort Bronowice Małe, 2. Fort Mydlniki, and 3. Earthwork 1/Olszanica with batteries 1/Olszanica
and 2/Olszanica. The expected avenues of attack are marked with arrows.

3.2. Subject of the Study in the Present Day
3.2.1. Site Inspection Results and Their Confrontation with Archival Materials

The investigation was located in the inundations in the contemporary structure of
Krakow. A detailed site inspection was performed to search for any remains.

In the Dłubnia River area, due to the remodeling of the transport system, the con-
struction of a new bridge crossing (Figure 9), and dynamic urbanization, no remains of
historical hydraulic structures have survived.
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Figure 9. Current state of preservation of the Dłubnia inundation area, 2021.

In the Wilga riverbed, one can find the remains of its weir, in the form of a broken-up
concrete slab and the fragment of the northern abutment of an earthen levee. The structural
elements of the levee are visible, namely, the spaces between the stone walls filled with
non-reinforced concrete and large-fraction lime aggregate. The area of the levee and weir
complex is currently located in direct proximity to Krakow’s expressway bypass. A part
of the complex abuts the roadway, while another is an overgrown area covered with wild
plants (Figure 10).

 

Figure 10. Current state of preservation of the remains of the fortress weir on the Wilga River, 2021.

In the Rudawa valley, urbanization processes and development expansion did not
transform the area under study to a significant degree. Yet, agriculture and melioration
work erased the course of the channel and the levee. Only a meadow is now present, slowly
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being overgrown with high greenery (Figure 11). The area is used to a minimal degree,
mostly for farming and partially for strolling through non-landscaped greenery. The only
site fully developed for recreation is a footpath that abuts the millrace bed. The technical
infrastructure in the area is also not without significance: it consists of two underground
Ø1200 water supply collector pipes and a high-voltage overhead power line.

 

Figure 11. Current state of preservation of the Rudawa impoundment area, 2021.

3.2.2. Analysis of the Municipality’s Management Policies for the Areas under Study

The investigation of spatial development and environmental protection policy doc-
uments for Krakow first focused on the Spatial Development Conditions and Directions
Study [25]. The analysis also covered other, more detailed documents on this subject, i.e.,
local spatial development plans drafted based on said Study [26–29] and relevant sectoral
documents concerning development management.

In terms of the desired spatial structure [25] (Map K1: Spatial structure—development
directions and precepts) the areas under study were assigned in both the study and
applicable local plans for non-landscaped greenery conservation and design. The presence
of various forms of surface waters and landscaped greenery, including parks, green squares,
river parks and buffer greenery was also permitted [25] (Volume III—Guidelines for Local
Plans, p. 10). Furthermore, in the Rudawa River area, a land reserve (crossing a green area)
was created for the construction of a road that would connect Krakow’s downtown area
with the Balice airport.

The study identifies a range of climate determinants, including potential threats such
as “floods and inundations, draughts, cold and heat waves, mass soil movements” [25]
(Volume I Development determinants, p. 74). In terms of proposed development rules and
directions, all three locations were included in a landscape preservation and shaping zone,
but not in the fortified landscape conservation zone [25] (Map K2: cultural environment—
development and protection directions and precepts). Consequently, local development
plans were also found not to highlight the historical significance of the locations in question.
They were all included in the wildlife system structure as elements of river parks and
cross-ventilation ecological corridors [25] (Map K3: natural environment—conservation
and development conditions and precepts).

Another crucial document for this analysis is the Framework Conservation and Revi-
talization Program for the Historical-Landscape Complex of the Krakow Fortress [30].

The declared objectives of the program are to place fortification structures and their
surrounding “fortified” landscape under legal protection, which includes the provision
of local spatial development plans. The program assumes the need to revitalize these
structures via their adaptive reuse as public or commercial facilities. The most valuable
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sites should be used as museums and exhibition spaces. The others had a range of research
and academic, cultural, educational, recreational, and tourism-related uses assigned to
them. The program identified a need for the general accessibility of restored fortifications by
regulating legal and ownership-related matters. The structures of the fortress in possession
of the Krakow municipality should be combined into a uniform historical-landscape
complex, in which fortress greenery is to form a part of park areas. This document is a
general collection of guidelines for the protection of fortification elements but does not
mention water impoundment structures.

The document titled Development and Management Directions for Green Areas in
Krakow for the years 2017–2030 is another source important to this study [31].

It asserts the necessity to form sequences of green areas that would act as ecological
corridors. It indicates a need to integrate the scattered greenery structure into a continuous
system, namely, the linking of existing and new public green areas via pedestrian and
bicycle paths and green space sequences, to improve circulation potential and develop recre-
ation. The document assumes a need to provide at least 10 m2 of landscaped recreational
green areas per citizen. It also points to a need to support the conservation of cultural
landscape zones by managing existing green space and establishing new green places.

The 2030 Krakow Climate Change Adaptation Plan [32] is an especially crucial docu-
ment to this investigation. It concerns the consequences of ongoing climate change that
are compounded by spatial development. It points to frequent torrential rain, inundation,
flooding, and long periods with high temperatures, as well as intensive expansion of de-
velopment and the growing number of vehicles. These phenomena result in a decrease in
biologically active areas and water assets. The document specifies necessary preventative
measures, including “informational and educational actions,” “organizational actions,”
and “engineering actions” [20] (p. 6). The document provides a detailed list of necessary
forms of activity and their associated capital expenditure. The highest priority was given
to countering the consequences of floods, heatwaves, and worsening air quality via the
development of broadly understood blue and green infrastructure.

The 2020–2030 Environment Protection Program Draft for the City of Krakow [33] is
the last major document. Until September 2021, it had not been completed, yet its draft
included crucial proposals for regulation intended to shape a socially acceptable city de-
velopment strategy focused on environmental protection. In parallel, the program should
facilitate socio-economic development. It includes a range of long-term goals, including the
protection of Krakow’s wildlife and landscape assets, increasing the share of green areas, a
rational water and waste management policy, improvements to air quality, a minimization
of flood risk, and ecological education for residents. The draft comprehensively corre-
sponds with the subject of the city’s spatial development and references other development
strategy documents.

3.3. Analysis of the Collected Documentation in the Context of Modern Needs and Possibilities of
Protecting the Heritage under Investigation
3.3.1. Analysis Conclusions

The analysis of archival materials presented in this study and their comparison with
contemporary development strategy documents for Krakow indicated a need to take
parallel action. The primary measures to be featured in these actions include:

a. The need for greater protection of the Krakow Fortress complex, including measures
intended to conserve and restore the memory of buildings which are the most
endangered and at risk of being forgotten.

This is the most obvious need, tied to raising public awareness about Krakow’s
cultural identity. The materials present new elements of Krakow’s fortifications that
were not previously covered by development plan provisions. The need for their greater
protection nevertheless has a basis in the city’s general development strategies. It is also
reflected in the Polish Act on Monument Protection and Preservation [34].
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b. The need to develop the city’s green spaces to strengthen recreational and educational
functions.

In this context, establishing a waterfront park system is an excellent opportunity
to create valuable leisure spaces that would be in a state of symbiosis with the river.
The necessary directions of action highlighted in the strategy documents examined are
confirmed in the literature. The cases of London, Toronto, or New York demonstrate
how establishing waterfront park systems facilitates ecological education and even the
promotion of the city [35].

c. The need to find and design small-scale water retention sites in the spatial manage-
ment system with the intent to make better use of dwindling water assets and limit
the risk of local inundation.

The intensive urbanization observed over the past decades, in the absence of an
effective planning system, increased Krakow’s vulnerability to floods. Creating water-
absorbing areas is therefore a priority that is extensively noted in the city’s development
strategies. Furthermore, these measures should account for the proper distribution of
retention areas and thus improve their effectiveness [36], reduce the intensity of water
surges [37,38], and enhance biodiversity in floodplains [39,40].

d. The need to use and create a reserve of undeveloped land for creating cross-ventilation
corridors, especially along waterways.

River valleys are areas of intensive air circulation. Ensuring they are corridors free
from development is thus a priority for the correct cross ventilation of the city. This need is
highlighted both in the analyzed strategy document and in many academic studies [41].

e. The need for integrated action.

Listed last, the need for integrated action deserves a special mention. This integration,
often articulated in the analyzed strategy documents, supports parallel action intended
to diversify the funding of advanced and costly projects. This direction finds extensive
application in numerous European and global means of formulating local development
policies [42,43]. The literature highlights the significance of ensuring the spatial continuity
of systems, which enhances recreational potential, improves the quality of the natural
environment, and the effectiveness of valley retention [44,45]. It also points to cases of
comprehensive attempts at solving hydrotechnical problems, matters of shaping landscape
composition and creating recreational spaces for the city [46,47] in the form of “green
chains” abutting rivers.

3.3.2. Proposal of Development Action for the Subject of the Study

The need for integration listed above resulted in an analysis of possible reconstructive
action in the three spaces under study. The analysis covered possible forms of action, includ-
ing the capacity to form new impoundments, their potential location under contemporary
conditions, possible size, and significance.

Impoundment of the Dłubnia:
The confrontation of the original inundation area with the current land development

showed that contemporary recreation of the historical state is not possible. A renewed
attempt at impoundment would negatively affect the structure of a roadway embankment
and would reduce the safety of Okulickiego Street, which runs to its south. However,
such action is partially in alignment with the city’s policy, in the form of a waterfront park
that would stretch along the bed of the Dłubnia, covering undeveloped space. This is
an area with a length of around 500 m and a width that ranges between 80 and 230 m,
occupying an area of 10.8 ha. This area could become the site of a so-called rain garden
with a system of scattered, small reservoirs (ponds) which would infiltrate stormwater
directly into the soil. An example of the possible layout of such ponds shall be presented
in a reconstruction displayed in Figure 12. It was assumed that their combined area
would not exceed half of the available site. By increasing small-scale water retention, this
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concept would provide a leisure space, develop biodiversity, and protect the surrounding
space. This proposal should be supplemented by a properly developed information and
education system (including historical photographs and a mockup of a reconstruction of
the damming structure), which would propagate knowledge about the no-longer-existing
fortress’s elements.

Figure 12. Proposal of a new inundation zone (as a part of a waterfront park) of the Dłubnia River.
Markings: A. original location of the impoundment weir, B. border of the historical inundation area;
1. Fort Dłubnia, and 2. Fort Mistrzejowice.

Impoundment of the Wilga:
The historical inundation area of the Wilga River determined in this study was also

found to be impossible to recreate. The original impoundment significantly extends
beyond present-day undeveloped areas. Photographic documentation allows for the
precise determination of the architectural form and dimensions of the sluice itself. One
possible action is to rebuild it and delineate a small inundation area that would be safe
for the present-day surroundings, occupying around 3.8 ha. This proposal would be
a reference to the historical impoundment, creating attractive conditions for recreation,
including fishing. The inundation area could be supplemented by a waterfront park,
located along the left bank of the Wilga and the highway, namely, at the site in which a
larger inundation area would potentially threaten the road’s structural integrity. Such a
park would occupy around 4.9 ha of land, and no more than half of the space would consist
of water reservoirs laid out in a “chain” pattern (Figure 13). The recreated sluice, with
displays showcasing its history, would be the main element of the complex, in compliance
with the provisions of the Fortress Revitalization Program. Encompassing the nearby Borek,
Jugowice and Wróblowice forts, all restored in 2021, the resultant complex would be highly
valuable in terms of education and recreation.

The Rudawa River inundation area:
The former inundation area of the Rudawa is currently difficult to recreate. The

primary hindrance here is underground municipal infrastructure that perpendicularly
crosses the area, thereby limiting potential interventions. The land reserve stipulated in the
area’s local spatial development plan, intended for road construction, is an obstacle here.
Another difficulty is the inability to precisely identify the channel’s location. There are no
clear traces of its presence in the area, and the applicable land development plan does not
feature an obligation to reconstruct it. Despite this, the need for non-landscaped greenery
which predominates in planning guidelines, can be used as a pretext for the location of a
new hydrotechnical structure, and the channel identified in this study appears to be the
most attractive element for reconstruction. Placed as it had been originally, perpendicular
to the bed of the Rudawa, it would act as a retention reservoir that would allow water
infiltration into the soil, with the possibility of draining its excess into the river [48]. The
estimated area of the channel, delimited by the reserve of the planned road, is proposed to
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be around 0.3 ha. The channel would be primarily an earthen structure, linked with nearby
transport and circulation routes, especially pedestrian ones. It would also be an excellent
example for implementing similar solutions used for periodical retention in contemporary
development. Analogously to other sites, it would require proper infrastructure and
annotation, providing historical knowledge (Figure 14).

Figure 13. Proposal for a new inundation zone for the Wilga River. Markings: A. location of the weir and levee, B. border of
the historical inundation area; 1. Fort Jugowice (a.k.a. Łapianka, currently a Scout Movement Museum).

Figure 14. Proposal of an infiltration channel for the Rudawa River. Markings: A. location of the historical levee and
irrigation channel—proposed site for the channel and infiltration reservoir, B. border of the historical inundation area; 1.
Fort Bronowice Małe, and 2. Fort Mydlniki.

As a part of the investigation, an attempt was made to determine the effectiveness of
the proposals presented by simulating their operation based on area estimates (Table 1).

The analysis covered the infiltration potential of the proposed solutions, as defined in
three working models, while noting that the infiltration would be performed by the pro-
posed reservoirs. The effectiveness of the total operation of the reservoirs in the waterfront
parks of the Dłubnia and the Wilga was calculated, assuming maximum use. Analogous
calculations were performed for the Rudawa channel. The total area of the reservoirs was
set at a level of 40% of the area of the accompanying waterfront park. Each reservoir (pond)
would receive surface runoff, retain it, and allow it to be absorbed into the soil. Any excess
runoff would be redirected to the adjacent river [49,50]. Filtration speed was assumed
to have the conditions of a unidimensional set flow through the soil, either partially or
fully saturated with water, as found in Darcy [47]. It was also assumed that soil humidity
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increases along with depth, until the groundwater table is reached [51]. The initial ground-
water level was assumed in concordance with the real-world conditions present in the
areas under study [52]. The infiltration volumes for the proposed reservoir sizes, listed in
m3·s−1, are presented in Figure 15.

Table 1. Estimation of the area size of historical and proposed inundation areas.

River
Historical Inundation

Area (ha)

Presently Available Space
for Inundation Area
Reconstruction (ha)

Proposed Form of Use
Proposed Form of Use Area
[ha]/Infiltration Area (ha)

Wilga 29.7 8.7

Reservoir 3.8/—

Waterfront park with
infiltration reservoirs 4.9/2.0

Dłubnia 65.2 10.8 Waterfront park with
infiltration reservoirs 10.8/4.3

Rudawa 17.9 0.3 Infiltration channel 0.3/0.3

Figure 15. Infiltration volume changes for the proposed infiltration reservoirs located in the Dłubnia
and the Wilga waterfront parks and the Rudawa channel.

Furthermore, assuming an average depth for the infiltration reservoirs of only 1 m,
their retention capacity would amount to 3000 m3 in the case of the Rudawa, 19,700 m3

in the case of the Dłubnia, and 43,000 m3 for the Wilga. These are volumes that can retain
runoff from a fifteen-minute bout of torrential rain on a fully paved surface with an area
of 30.8 ha. The areas were identified from which runoff towards the receiving waters is
possible in terms of their topographic configuration. The retention capacity of the adopted
solutions was estimated, The literature shows that the most significant influence on the
value of the runoff coefficient is the type of catchment area coverage [53,54]. Therefore,
to determine the average value of the runoff coefficient, the authors analyzed the land
use of these areas (impervious roofs, roadways with asphalt surface, clinker surfaces,
prefabricated concrete substrates, gravel paths, green spaces, etc.).

The analysis of the effectiveness of the proposed solutions demonstrates their sig-
nificant potential. The final size selection of reservoirs requires detailed hydrological,
hydraulic and topographic data. However, the findings presented prove the feasibility
of simultaneous actions in which retention and infiltration significantly diminish the con-
sequences of climate change, contributing to the conservation of cultural heritage. The
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authors primarily considered the risks associated with water management and extreme
hydrometeorological events: heavy, violent rains, rising rivers, and periods of drought in
the absence of adequate drainage and water accumulation.

4. Summary & Conclusions

The fortress structures under study, previously unknown in the literature and the city’s
strategic documents, presented against the background of Krakow’s spatial development
needs and dynamically changing climate conditions, were used to perform an in-depth
analysis of their contemporary potential.

The investigation revealed potential for the protection of a dying heritage in the
form of simultaneous efforts aligned with a wider spatial management and development
conducive to recreation and even the promotion of the city. This protection, more directly
than before, would also address climate threats and challenges, while creating the necessary
blue–green infrastructure.

The investigation produced three proposals of design solutions that combine the
following goals:

• A presentation of knowledge about disappearing elements of the Krakow Fortress to
a wide audience;

• The revitalization of selected spaces, in full compliance with the applicable city devel-
opment framework policy and higher-order legal acts;

• The creation of new, attractive park spaces;
• The implementation of solutions that would counteract the growing threats related

specifically with sudden water surges or long-term water shortages;
• The implementation of measures in a holistic, integrated system;
• The implementation of activities towards diversifying funding sources (during con-

struction and later operation) due to significance to cultural heritage, flood protection,
establishing ecological corridors, developing tourism, recreation, and active social
education.

The findings presented in this paper are a comprehensive proposal for taking action
that would restore the memory of a widely unknown and disappearing cultural heritage
and lay the groundwork for the implementation of the wider policy of sustainable develop-
ment. Moreover, the concept of heritage, identification as part of the history of a place and
its reception by inhabitants of Krakow, appears as a future research field.
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12. Myczkowski, Z.; Środulska-Wielgus, J.; Staniewska, A.; Wielgus, K.; Rymsza-Mazur, W. O przyszłość Twierdzy Kraków: Opracowanie
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13. Suchoń, F. 20th century fortress gates in Kraków as spatial marks of the city limits. In Tradition and Heritage in the Contemporary
Image of the City: Monograph. Vol. 3, Practice and Process; Wydawnictwo PK: Kraków, Poland, 2014.

14. Festungs-Umgebungs-Plan von Krakau, Special-Übersichts-Plan. K.u.k. Militär-Comité 1899. Hadtörténeti Intézet és Múzeum
Budapest. Available online: https://maps.hungaricana.hu/en/HTITerkeptar/35477/view (accessed on 6 July 2021).

15. Erd-, Bekleidungs- und Zimmermannsarbeiten: Befestigung. In Feld-Taschenbuch fur Officiere des Geniestabes und der Pionnier-Truppe;
L.W. Seidel & Sohn: Wien, Austria, 1902. (In German)

16. Theil, A: Feld- und beständige Befestigung. In Technischer Unterricht für die k. u. k. Pionnier-Truppe; k.k. Hof- und Staatsdruckerei:
Wien, Austria, 1898. (In German)

17. Brunner, M., Jr. Die beständige Befestigung. Für die k. u k. Militärbildungsanstalten und zum Selbstunterrichte für Offiziere aller Waffen;
L.W. Seidel & Sohn: Wien, Austria, 1909. (In German)

18. Biesiekierski, K. Fortyfikacja Polowa; Główna Księgarnia Wojskowa: Warszawa, Poland, 1922. (In Polish)
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Wrocław przełomu XIX i XX w. In Wybrane Zagadnienia Dokumentowania i Ochrony Zabytków Hydrotechniki; Kałuża, T., Wosiewicz,
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Kierunków Zagospodarowania Przestrzennego; Degórska, B., Ed.; Urząd Miasta Krakowa: Kraków, Poland, 2010. (In Polish)
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Abstract: The paper focuses on the phenomenon of intense, uncontrolled densification of large-panel
housing estates in Poland. Despite the fact that such housing estates as a legacy of the Modernist
concept of segregation of functions are often burdened with problems, they still have considerable
potential, which results predominantly from their urban advantages, such as functional and spatial
logic, large amounts of open public space, and abundance of greenery. Unfortunately, this potential
is being destroyed by introducing new buildings, ignoring the existing urban layout of the housing
estate along with its original compositional assumptions. This type of densification results from—
without limitations—the pressure exerted by developers in the free-market economy, and it often
leads to problems such as the devastation of urban layouts of these housing estates, breaking the
continuity of public spaces, appropriation of green areas, strengthening of monofunctionality, etc.
This problem is becoming noticeable in the scientific debate, although it is still difficult to obtain
reliable data illustrating the densifications of such housing estates. The goal of this paper is to
present the scales and character of such densifications of the large-panel housing estates, which
pose a threat of devastation of their urban layouts often considered as urban heritage. The paper
proposes a method of a quantitative analysis of the housing estates with reference to the increase
in the built-up area and a qualitative analysis of the character of development with reference to its
distribution. This method comprises a sequence of subsequent steps with relevant criteria. In the
results, it demonstrates the scale of the problem, which in many cases is already big and still growing.
The resultant threat of devastation of the urban layout and its consequences are presented upon
selected examples of housing estates in Cracow, Poland. This paper is a voice in a discussion devoted
to the current status, but most of all to the future of large-panel housing estates, particularly in terms
of their protection as valuable achievements of urban planning of the second half of the 20th century,
and to stopping unfavorable tendencies of urban destruction.

Keywords: urban densification; prefabricated housing estates; spatial devastation; protection of
urban layout; Cracow

1. Introduction

The modernist urban thought breaking with the hitherto understanding of urbanity
held in the spirit of the doctrine contained in the Athens Charter [1] changed the course
and direction of the development of many cities. Years of looking for a new formula of
housing contributed—among others—to the development of housing estate structures,
which—in contrast to the conventional urban tissue based on the pattern of a street and a
square—promoted detached apartments blocks, which were to secure optimal ventilation,
insolation, and access to green areas.

The second part of the 20th century saw more and more new housing estates built in
Europe. It was a period of economic and demographic development, which accompanied
the reconstruction of towns and cities after the war. A crucial role in this respect was
played by the industrialization of construction technologies. Advancement in prefabrication
processes accelerated the process of building housing estates considerably. Their most
prominent development took place in countries of Eastern Europe, where the centrally
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controlled housing market, an element of the planning strategy of the communist regime,
fostered the emergence of large-panel housing estates. Cheap and effective solutions in the
housing sector were promoted and implemented with great elan and on a large scale.

In Poland, housing estate structures, most commonly executed in the 1970s, have
become inherent elements of landscapes of numerous towns and cities. Their scale is quite
significant—in 2016, as much as 40% of urban households were situated in apartment
buildings from 1956–1989, mainly in housing estates built in industrialized technologies [2].
It is estimated that in 2020, 30% of residents of Poland (ca. 12 million people) lived in
large-panel blocks [3].

Prefabricated housing estates, which constitute a legacy of the modernist segregation
of functions, are a difficult heritage in terms of their architecture and urban planning.
They are often burdened with a number of spatial problems, such as monofunctionality,
monotony of development, repetitiveness of forms, low-quality architecture of apartments
buildings, amorphous and undefined spaces, or spatial degradation and isolation [4–8],
as well as social ones [9–11] including stigmatization, negative image [12,13], and safety
issues [14]. On top of that, there are technical problems associated with the low quality of
materials used [15] and poor energy performance [16], although the latter has been dealt
with to a great extent by broadly implemented insulation and window replacement projects.

More and more often, large-panel housing estates in Poland are recognized as crisis
areas [17]. Nevertheless, the threat of their physical and social degradation is not as big as
in similar housing estates in Western Europe, which is predominantly connected with a
gap in the housing market as well as a demand for relatively inexpensive apartments [18].
Furthermore, Poland still demonstrates a considerable housing deficit of ca. 640,000 apart-
ments [19]. In relation to the housing estates in Western Europe, it seems that the estates in
post-socialist cities will undergo changes according to their own scenarios [20].

Yet, despite many negative phenomena, large-panel housing estates still have consid-
erable potential, resulting predominantly from their urban values and public open spaces
associated with them [21]. Frequently, they are characterized by a functional and spatial
logic as well as abundance of green areas, which are strongly related to the residential
development [22–24]. Time and again, the overall urban layout of a housing estate cor-
responds to local conditions, making use of such natural advantages as the lay of the
land or the vicinity of valuable landscapes [8]. Thus, many of them constitute valuable
testimonies to urban planning achievements of Late Modernism, which require adequate
protection [3,25].

Against the background of many contemporary housing estates, large-panel housing
estates create a housing environment of a better quality and constitute a favorable living
environment [26,27]. In many contemporary housing estates, we have to deal with spatial
and social problems [28–30]. Small distances between buildings—although still consistent
with legal regulations, ‘peering into windows’, or fencing, the latter being a hallmark of
social exclusion, are their standard elements. There is not enough park and public greenery,
sports and recreation grounds, sufficient services, education, trade, etc. Consequently,
more and more frequently, the contemporary multi-family architecture is referred to as
‘housing pathology’ [31,32].

In the context of large-panel housing estates, they may pose a particular risk due to
two aspects. Firstly, individual buildings or clusters thereof sprawl within the perimeter of
housing estates, appropriating valuable open space and destroying their urban composition.
Secondly, in many newly erected contemporary developments with multi-family buildings
located in the direct vicinity of large-panel housing estates, residents use the existing
infrastructure of large-panel housing estates, comprising e.g., schools, healthcare facilities,
as well as greenery, as there are no legal regulations that would impose the obligation to
build such facilities, as it used to be the case before the planning system reform [29]. Thus,
besides certain services in ground floors, such housing estates, oriented toward the highest
profits possible generated from residential spaces, often constitute single-use formations,
taking a lot from large-panel housing estates but not giving much in return.
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The aforementioned excessive and chaotic densification of large-panel housing estates
with new development constitutes a common and significant problem, which may lead
to the gradual devastation of such housing estates [33]. It happens that new buildings are
placed in the areas, which originally were designed as recreational and leisure zones for
residents [34]. Since the new buildings most of all are residential ones, monofunctionality
is strengthened even more. New buildings are often fenced to be separated from the
remaining parts of housing estates, which additionally disturbs the continuity of public
spaces of a housing estate and is unfavorable for establishing appropriate relations in the
social dimension. This overlaps with the problem of an increased demand for parking
spaces, which also take over the space of housing estates considerably [35–39].

The first tendencies of densification of housing estates in Poland started to emerge
as early as in the 1980s. They were caused by—among other factors—policies of housing
cooperatives, which recognized selling parts of their territories as more economical than
maintaining them in an undeveloped state [40]. Intensification in introducing new build-
ings can be observed since the 1990s, which was supported by the political transformation
and new free market mechanisms it entailed. This new situation coincided with rather
inefficient planning mechanisms regulating the spatial development of housing estates.
However, to a certain extent, they did ensure the protection of unoccupied areas allocated
to the greenery of housing estates under the general masterplan from 1994 covering the
entire territory of Poland. The situation changed considerably when this plan was repealed
in 2003 and no new one was resolved to replace it. This results in allocating these grounds
to buildings, in compliance with the law [41]. Intensified and aggressive pressure exerted
by developers has far-reaching spatial consequences, which are expressed predominantly
in the aforementioned densification of housing estates. It is particularly unfavorable to
them, since their urban layout, composition principles, and green areas are decisive for
their character and identity as well as for the way they function.

The process of forming as well as functioning of large-panel housing estates in the
communist socio-economic system is generally well known and present in the scientific
literature. However, the situation of their spatial change after the political transformation
are still not sufficiently recognized and described. The problem of densification of large-
panel housing estates is becoming noticeable in the scientific debate; however, there are still
not enough sources of data referring to the problem, especially to its scale. These processes
of densification intensify gradually, and they affect different housing estates to different
extents. Even though noticed by urban planners as well as residents, they have yet to be
analyzed and provided with comprehensive databases, which would allow developing a
methodological foundation for the assessment of the existing or potential threats, as well
as formal and legal solutions that could be undertaken to prevent them.

Therefore, the goal of this paper is to present scales and character of such densifications
of large-panel housing estates, which pose a threat of devastation of their urban layouts
often considered as urban heritage [2,3,25]. Conclusions formulated in this paper may
constitute a source of information on tendencies of spatial changes happening in such
housing estates as well as provide inspiration to undertake systematic measures toward
the rationalization of these processes.

This paper fills a gap in the state of the art concerning the problem of the threat
of devastation of the urban layouts of large-panel housing estates in Poland, which are
also understood as the structures of urban heritage, caused by chaotic densification, af-
ter the introduction of a free-market economy as a result of the transformation of the
political system.

The article is divided into five parts. Following the Introduction, Section 2 describes
the study area—Cracow large-panel housing estates—and introduces methods comprising
a sequence of subsequent steps with relevant criteria, as well as provides datasets sources.
Section 3 presents the result of the quantitative analysis related to the scale of densifications
as well as a qualitative analysis related to their spatial character. Additionally, an in-depth
analysis of selected examples is presented to support the research findings. In Section 4,
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the author discusses the results in a broader context, referring to selected aspects. Section 5
concludes with a summary of the main results of this research and highlights future
research directions.

2. Materials and Methods

2.1. Study Area—Cracow Large-Panel Housing Estates

The study area comprised large-panel housing estates in Cracow (Figure 1)—the
main city of the Province of Małopolskie. As the second largest city of Poland, besides
the local specificity characteristic for each settlement market with a specific individuality,
it demonstrates many tendencies and mechanisms characteristic of big cities. Thus, it
illustrates the problems that concern large-panel housing estates in other Polish cities. In
addition, a significant number of prefabricated housing estates in Cracow allows for a
broader study of the problem.

Figure 1. Arrangement of large-panel housing estates in the structure of Cracow.

The beginnings of large-panel housing estates in Cracow are associated with the need
to provide a large number of apartments, most of all in connection with its constantly
growing population after the war. Cracow avoided the need to rebuild its urban structure,
including housing resources, as practically, it had not suffered any considerable damage
during the war. Housing estates, erected over the span of three decades, were located on
the northern and southern side of the city.
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The early 1960s saw the emergence of—among others—housing estates in the northern
part of the city, such as Azory and Olsza II, as well as housing estates associated with
the extension of the metallurgical plant built in the 1950s, i.e., the Wzgórza Krzesławickie
housing estate and shortly after that the first from the group of Bieńczyce housing estates.
The late 1960s and early 1970s also marked the beginnings of the construction of such
housing estates as Krowodrza, Widok, Dąbie, and Prądnik Czerwony. The extension of
the development of Nowa Huta was also continued, with a group of four Mistrzejowice
housing estates erected there: Tysiąclecia, Złotego Wieku, Bohaterów Września, and Pi-
astów [42]. At the same time, the Podwawelskie and Na Kozłówce housing estates were
emerging on the southern bank of the Vistula.

The emerging new developments affected the gradual change of the spatial layout
of Cracow from a bipolar to a band-shaped one. The 1970s is a period when distances
between one’s workplace and residence increased considerably, and the existing tramway
no longer sufficed, as it was overloaded. It was a time when a network of bus connections
got extended. The year 1973 saw another broadening of the city’s administrative limits
aimed to mitigate the deficit of construction lands [43]. The subsequent development of
the city was based on a plan adopted in 1977, which had a significant impact upon the
process of forming housing estates. The plan assumed two parallel bands of development
coexisting together, with the historic city center as their keystone [44,45]. In addition to the
housing estates whose construction had already begun in the southern band, i.e., Prokocim
Nowy and Piaski Nowe, toward the end of the 1970s, the construction of the next housing
estates was commenced: Bieżanów Nowy and Wola Duchacka Wschód. In the northern
bank, after moving the airport from Czyżyny to Balice, the development of these areas
started in 1978, with the Dywizjonu 303 housing estate built to the north from the runway
and the II Pułku Lotniczego housing estate to the south from it.

In the 1980s, the construction of this housing estate was continued, but also new ones
started to emerge. The Kombatantów housing estate was built in the norther band, which
was followed later by the Oświecenia housing estate. Wola Duchacka Zachód, Kurdwanów,
and Ruczaj-Zaborze developments were erected in the southern band.

Sporadically, the construction of housing estates continued to the early 1990s, with
the Rżąka housing estate as an example. In the ornamentation of its architectural details,
it makes a reference to the aesthetics of Post Modernism, which were for the first time
applied in Cracow in industrialized residential developments [29]. In the early 1990s, the
construction of the Mistrzejowice Nowe housing estate was continued as well.

Housing estates built with the application of industrialized technologies are a signifi-
cant element in the urban structure of Cracow in terms of territory. Housing developments
from the 1960s and early 1970s constitute ca. 25% of all apartments located in the city. The
highest number of apartments, ca. 35%, are located in housing estates built in the 1970s
and early 1980s [44].

The greatest accumulation of housing estates is in the eastern part of the city, particu-
larly in the northern band, where the extension of the metallurgical plant in Nowa Huta
mentioned above was an important stimulus for their coming into being. Even though
these housing estates were built in different times and most often are independent from
each other in administrative terms, they form a vast complex of housing estates due to
their often direct proximity. It has its effect on the identity of this part of the city, which to a
great extent is identified with this type of architecture.

Housing estates located in the southern part of the city due to the considerable area
they occupy strongly define the character of this part of Cracow as well. However, in
contrast to housing estates in Nowa Huta, they do not often border on one another. A
feature that can be recognized as characteristic is the fact that they appear as islands
among areas of one-family houses, which divide housing estates into separate clusters.
Such a situation can be observed in Wola Duchacka, which is a housing estate that is
formally divided into an eastern and western part, with the latter additionally consisting
of two ‘islands’ of large-panel buildings. Furthermore, similarly to the Cegielniana and
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Na Kozłówce housing estates, the territory occupied by large-panel buildings assumes a
shape resembling the letter ‘U’, surrounding one-family houses. In the northern part, a
similar situation can be seen in the Azory housing estates, which are visibly interspersed
with one-family houses.

In Cracow, many housing estates from the second half of the 20th century are recog-
nized as areas requiring many issues to be resolved [44] and they have been covered by
the ‘Program of Multi-family Housing Development Rehabilitation in the Area of Cracow
Municipal Commune’ [46]. As in many other Polish towns and cities, currently, one of
the biggest problems of Cracow is the chaotic densification of such housing estates with
new buildings. The way the lands are administered is not beneficial for the spatial situa-
tion of housing estates in Cracow. Most lands, even though they are the property of the
Municipality of Cracow, are lent for use to numerous entities, and consequently, there
is no direct control over them, which in turn makes it harder to make any comprehen-
sive decisions. Furthermore, due to more and more frequent cases of buying them up
by different entities, this situation may worsen still [41], since—as it has been mentioned
before—their densification is often chaotic, with no respect for the entire context and no
well-considered, holistic approach. One of the consequences of densification of housing
estates is their fragmentation, which is caused by fencing off areas and by the loss of spatial
cohesion due to taking green areas over by cars.

2.2. Methods

The base for pursuing the research goal referring to the scale and the character of
urban densifications of the housing estates from the second half of the 20th century is
provided by the author’s literature studies [8,20,33,34,38,39,47] and scientific experience in
this subject matter. This paper presents a more detailed insight into threats to large-panel
housing estates, basing on numerical and qualitative data, extending the knowledge in
this field. It fills the gap in the existing studies focusing on this problem, particularly in
the context of devastation of valuable urban layouts of such housing estates, which are
recognized as heritage.

Currently, it is difficult to obtain data illustrating the problem of densification of
such housing estates. Different methods are characteristic for the discipline of science:
Architecture and Urban Planning have been applied in an attempt to characterize this
problem upon the example of Cracow [48]. They are presented in the following steps:

• Step 1. Indication of the analyzed housing estates within the city limits (Figure 1).

Qualitative criteria: Construction technology, time and place of construction, genesis,
urban compositional layout.

Comment: The analysis covers housing estates built in industrialized technologies
(initially in the large-block technology and then in large-panel technologies, which were
used on a large scale across European countries, especially in Eastern Europe). Therefore,
for the sake of clarity and simplification of deliberations in this paper, they are predomi-
nantly referred to as large-panel housing estates. Sometimes, they are also referred to as
prefabricated housing estates or estates built in industrialized technologies. Ultimately, all
these phrases refer to the same kind of housing estates and are used interchangeably.

The article refers to housing estates that were built on a large scale in Cracow in the
second half of the 20th century. The time adopted is connected with the political system—
the time of the communist rule, which had a significant impact on the process of designing
such housing estates.

Such housing estates constitute a legacy of the modernist segregation of functions and
urban composition, as they were built in the spirit of modernist ideas promoted by the
Athens Charter [1].

• Step 2. Defining the areas of the analyzed housing estates (Figure 2).

Quantitative criterion: Housing estate’s boundary.
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Comment: Areas of selected housing estates were defined following Lynch’s ‘district’
category [49], which is understood as a homogenous area with a uniform character in
which one has a feeling of being inside or outside of this area.

• Step 3. Characterization of densifications of the analyzed housing estates.

Quantitative criterion: Increase in the built-up area [%] (Table 1, Figure 3).
Qualitative criterion: Characteristics of the way new buildings are introduced:

- Densification within the perimeter of the housing estate (Figure 4);
- Densifications on the outskirts of the housing estate—shifting its edge and increasing

the original area of the housing estate (Figure 5).

Comment: The increase in the built-up area in the housing estates was defined quan-
titatively, comparing figures from the mid-1990s and 2021. This time cut-off point is con-
nected with a radical transformation of the political, economic, and social system in Poland,
which had a significant impact on such housing estates. The mid-1990s is a transitional
period between the already collapsed centralized national economy during the commu-
nist time and a newly emerging free market system of a democratic reality. The centrally
controlled housing market within the communist regime promoted the implementation of
such big spatial and functional urban projects, including large-panel housing estates. With
the political transformation and the free market economy, a completely new mechanism in
the housing market and urban planning appeared. Even though 1989 was a breakthrough
year for the social and political system in Poland, the processes associated with designing
such housing estates were sometimes continued in the early 1990s. That is why 1995 was
selected as a turning point in the analysis performed, where figures from the mid-1990s
and 2021 were compared.

The percentage of the increase in the built-up area was determined by comparing data
from a vector map obtained from the City Hall Cracow and other maps available online
within the scheme of the Municipal Spatial Information System for Cracow [50] with data
from satellite images from 1995.

An analysis was performed covering the densification of central areas of housing
estates as well as their peripheral zones, causing disturbances of spatial edges.

• Step 4. Reference to the urban heritage structures and local spatial development plans
in the context of the housing estates (Table 2).

Quantitative criterion (a): Recognition of the estates as urban heritage structures.
Quantitative criterion (b): Presence of local spatial development plans:

- For the entire territory of the housing estate;
- For a part of the territory of the housing estate or its edge (adjacent areas).

Comment: Housing estates as urban heritage structures were indicated on the basis of
the results of a research project [2]. An analysis of coverage of large-panel housing estates
with local spatial development plans was performed on the basis of information available
in the Public Information Bulletin of the City of Cracow [51].

• Step 5. Indication of monofunctional clusters of apartment blocks in the vicinity of
large-panel housing estates. (Figures 6 and 7, Table 3).

Quantitative criterion: Presence of such clusters in areas adjacent to the large-panel
housing estates.

Comment: Such complexes of monofunctional residential areas may have a nega-
tive impact on the functioning of the housing estates (described in more detail in the
Introduction).

• Step 6. An in-depth description of selected examples of housing estates with a valuable
urban composition (Figures 8–11).

Qualitative criterion: High spatial devastation of the urban layout of the housing
estate, which is caused by intensive densification with new buildings.

Comment: This is to illustrate more vividly the threat of devastation of their urban layouts.
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Results of the analyses are presented in a form of a systematic overview of changes
within housing estate structures and in areas adjacent to them caused by their densification
as well as diagrams illustrating this problem quantitatively.

3. Results

While analyzing spatial metamorphoses within the perimeter of large-panel housing
estates in Cracow, it was noticed that their densifications assume different scales and
characters and most importantly affect nearly all the housing estates. It is particularly
striking in the case of urban layouts of such housing estates with high compositional
values, which have been recognized as structures of urban heritage. New buildings were
not observed only in one housing estate (Figure 2, Table 1).

Table 1. Densification values for large-panel housing estates in Cracow (%).

Housing Estates in the Northern Part of the City Buildings Erected before 1995
New Buildings Erected
between 1995 and 2021

1 Widok 90.1% 9.9%
2 Azory 89.1% 10.9%
3 Krowodrza Górka 77.4% 22.6%
4 Prądnik Biały Zachód 89.8% 10.2%
5 Prądnik Biały Wschód 93.8% 6.2%
6 Prądnik Czerwony 86.4% 13.6%
7 Olsza II 93.8% 6.2%
8 Ugorek 97.3% 2.7%
9 Dąbie 80.2% 19.8%

10 Oświecenia 69.4% 30.6%
11 Tysiąclecia 96.6% 3.4%
12 Złotego Wieku 91.9% 8.1%
13 Bohaterów Września 71.8% 28.2%
14 Piastów 89.1% 10.9%
15 Mistrzejowice Nowe 94.5% 5.5%
16 Kombatantów 98.3% 1.7%
17 The Group Of Bieńczyckie Housing Estates 90.5% 9.5%
18 Dywizjonu 303 65.8% 34.2%
19 II Pułku Lotniczego 80.8% 19.2%
20 Wzgórza Krzesławickie 94.1% 5.9%

Housing estates in the southern part of the city

21 Podwawelskie 79.0% 21.0%
22 Ruczaj-Zaborze 91.9% 8.1%
23 Cegielniana 100.0% 0.0%
24 Wola Duchacka Zachód 90.3% 9.7%
25 Wola Duchacka Wschód 79.2% 20.8%
26 Na Kozłówce 84.2% 15.8%
27 Kurdwanów 70.0% 30.0%
28 Piaski Nowe 97.0% 3.0%
29 Prokocim 90.0% 10.0%
30 Bieżanów Nowy 74.8% 25.2%
31 Rżąka 85.6% 14.4%

3.1. Quantitative Characteristics of Densifications

The quantitative analysis of the increase in built-up areas in the housing estates
covered their territories, taking into account their possible extensions if their edges were
shifted due to adding new buildings (situations referred to in Section 3.2 as A and B).
Quantitative results are presented below (Table 1, Figure 3). The table contains values
illustrating the development of the housing estates with reference to the area increased by
newly erected buildings: the first column refers to buildings from before 1995, the second
refers to buildings erected after 1995 to date (2021).
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Figure 2. Map of a part of Cracow with areas of the analyzed housing estates marked (black border). 1—Widok, 2—Azory,
3—Krowodrza Górka, 4—Prądnik Biały Zachód, 5—Prądnik Biały Wschód, 6—Prądnik Czerwony, 7—Olsza II, 8—Ugorek,
9—Dąbie, 10—Oświecenia, 11—Tysiąclecia, 12—Złotego Wieku, 13—Bohaterów Września, 14—Piastów, 15—Mistrzejowice
Nowe, 16—Kombatantów, 17—The group of Bieńczyckie housing estates, 18—Dywizjonu 303, 19—II Pułku Lotniczego, 20—
Wzgórza Krzesławickie, 21—Podwawelskie, 22—Ruczaj-Zaborze, 23—Cegielniana, 24—Wola Duchacka Zachód, 25—Wola
Duchacka Wschód, 26—Na Kozłówce, 27—Kurdwanów, 28—Piaski Nowe, 29—Prokocim, 30—Bieżanów Nowy, 31—Rżąka.
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Figure 3. Diagram illustrating a relative development increase in large-panel housing estates in Cracow.

An analysis of the increase in the built-up area demonstrates that densifying housing
estates with new buildings is more intensive in the southern part of the city, and on average,
it reaches 18.2%. The average increase in built-up areas in the northern housing estates is
13.8%. The total average for all the housing estates is 15.4%.

The biggest number of housing estates—14—increased their built-up area within the
range of 1 to 10%. Eight housing estates were in the range 10–20%. In six housing estates,
the increase is at the level of over 30%. The housing estates that stand out due to the
largest increase in the built-up area, i.e., 30% or more, are Kurdwanów, Dywizjonu 303,
and Oświecenia housing estates.

One of the methods of controlled development of housing estates can be local spatial
development plans. Some of the housing estates in Cracow have such plans drawn up,
covering their entire perimeter or a part thereof. It was also verified whether similar plans
cover adjacent areas, which might be significant particularly for the protection of green
areas around the housing estates (Table 2). It was presented in the context of the information
which estates are recognized as urban heritage structures [2] (Table 2).
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Table 2. List of housing estates recognized as urban heritage structures with their entire territories or parts thereof covered
with local spatial development plans.

Housing Estates in the
Northern Part of the City

Housing Estates
Recognized as Urban

Heritage Structures [2]

Local Spatial Development
Plan for the Entire Territory

of the Housing Estate

Local Spatial Development
Plan for a Part of the

Territory of the Housing
Estate or Its Edge
(Adjacent Areas)

1 Widok X X
2 Azory X
3 Krowodrza Górka X X
4 Prądnik Biały Zachód X
5 Prądnik Biały Wschód X X
6 Prądnik Czerwony X
7 Olsza II X X
8 Ugorek X X
9 Dąbie X X

10 Oświecenia X X
11 Tysiąclecia X X
12 Złotego Wieku X X
13 Bohaterów Września X X
14 Piastów X X
15 Mistrzejowice Nowe
16 Kombatantów X

17 The Group Of Bieńczyckie
Housing Estates X X

18 Dywizjonu 303 X X
19 II Pułku Lotniczego X X
20 Wzgórza Krzesławickie X X

Housing estates in the
southern part of the city

21 Podwawelskie X X
22 Ruczaj-Zaborze X
23 Cegielniana
24 Wola Duchacka Zachód X X
25 Wola Duchacka Wschód
26 Na Kozłówce X X
27 Kurdwanów X X
28 Piaski Nowe X X
29 Prokocim X X
30 Bieżanów Nowy X X
31 Rżąka X

Today, i.e., in 2021, 14 out of the 31 analyzed housing estates or their complexes (11 out
of the 23 housing estates recognized as urban heritage structures) are covered with local
spatial development plans, whereas seven of them have been in force since 2020. Four
housing estates are not covered with overall local spatial development plans at all, and
13 housing developments are only in selected parts or on their edges.

3.2. Qualitative Approach—Characteristics of Spatial Metamorphoses of the Housing Estates

The analysis of densifications of large-panel housing estates allows defining certain
trends in the way new buildings are introduced. These trends are characterized below.

A. New development is introduced as single buildings or clusters of buildings in
unoccupied spaces between apartments buildings. It happens both in central areas of
housing estates and in their peripheral zones (Figure 4).

225



Land 2021, 10, 1359

 

Figure 4. Densification with single or clusters of buildings inside housing estates—selected examples:
(A)—Prądnik Czerwony (6), (B)—Prokocim (29), (C)—Widok (1), (D)—Wola Duchacka Wschód
(25), (E)—Prądnik Biały Zachód (4). Color legend: black—developments from before 1995; red—
densification—developments from after 1995.

B. In situations where new buildings are introduced in the peripheral zones of a
housing estate, such buildings tend to push beyond its perimeter, or to push its edge
outwards, to be more precise, thus pushing outwards the boundary of the housing estate,
informally increasing its territory (Figure 5). It often entails taking over areas that used to
constitute green areas: a buffer zone of the housing estate. In densifications of this type,
one still can speak of a certain affiliation of new buildings to the structure of the housing
estate, at least in terms of belonging to a certain ‘district’, which is understood in Lynch’s
categories as an area that is as homogenous as possible, in which one has a feeling of being
inside or outside of this area [49]. The affiliation of new buildings to a large-panel housing
estate may be also strengthened by a distinct spatial edge located behind it, e.g., a green
belt, a river, or a street, particularly a major one.

C. Furthermore, there are situations where a complex of multi-family buildings has
been built in the direct vicinity of a housing estate (and frequently, its construction is
still in progress), with the dominating residential function and very few accompanying
functions. If the scale, character of buildings, and their location toward the existing large-
panel housing estate provide them with features that make them stand out, this study
does not recognize them as an extension of the housing estate but as a separate structure.
Nevertheless, due to the potential influence of such structures on large-panel housing
estates mentioned in the introduction, they are included in this paper as the neighborhood
of housing estates (Figure 6).

The nature of structural metamorphoses within housing estates and in areas adjacent
to them for all the housing states in Cracow according to the tendencies described above is
presented in Table 3.
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Figure 5. Densification with single buildings or clusters of new buildings on the edges of the housing
estates, shifting their boundaries (the extended area is marked with a dotted line)—selected examples
of housing estates: (A)—Krowodrza Górka (3), (B)—Dąbie (9), (C)—Wzgórza Krzesławickie (20),
(D)—Podwawelskie (21). Color legend: black—developments from before 1995; red—densification—
developments from after 1995.

 

Figure 6. Neighborhood of clusters of multi-family buildings with the dominating residential
function—examples in the context of selected housing estates: (A)—Ruczaj (22), (B)—Olsza II (7),
(C)—Wola Duchacka Zachód—northern part (4), (D)—Piaski Nowe (28). Color legend: black—
developments from before 1995; red—densification—developments from after 1995; orange—other
multi-family housing areas next to the large-panel housing estates.
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Table 3. Characteristics of the way new buildings are introduced within the perimeter and in areas adjacent to large-panel
housing estates.

Housing Estates in the
Northern Part of

the City

A.
Densifications within the

Perimeter of the
Housing Estate

B.
Densifications on the

Outskirts of the Housing
Estate—Shifting Its Edge and
Increasing the Original Area

of the Housing Estate

C.
Proximity to an Area of a
Multi-Family Complex
with the Dominating
Residential Function

1 Widok X
2 Azory X X
3 Krowodrza Górka X X
4 Prądnik Biały Zachód X
5 Prądnik Biały Wschód X X
6 Prądnik Czerwony X
7 Olsza II X X
8 Ugorek X X
9 Dąbie X X

10 Oświecenia X X
11 Tysiąclecia X
12 Złotego Wieku X
13 Bohaterów Września X X
14 Piastów X X
15 Mistrzejowice Nowe X
16 Kombatantów X

17
The Group Of

Bieńczyckie Housing
Estates

X X X

18 Dywizjonu 303 X X X
19 II Pułku Lotniczego X X
20 Wzgórza Krzesławickie X X

Housing estates in the
southern part of the city

21 Podwawelskie X X
22 Ruczaj-Zaborze X X
23 Cegielniana
24 Wola Duchacka Zachód X X X
25 Wola Duchacka Wschód X
26 Na Kozłówce X X
27 Kurdwanów X X X
28 Piaski Nowe X X
29 Prokocim X
30 Bieżanów Nowy X X
31 Rżąka X

Most frequently, these situations occur simultaneously in housing estates. In addition
to the already mentioned densifications within the perimeter of the housing estates, which
occur nearly in all the analyzed housing estates, in 13 of them, a partial shift of their edge
can be additionally observed, and seven share the neighborhood with new complexes of
residential buildings. In four housing estates, all these phenomena were observed.

Considering the types and intensity of densifications, the housing estates that demon-
strate the most far-reaching spatial changes are the Dywizjonu 303 housing estate (34.2%),
the Oświecenia housing estate (30.6%), and Kurdwanów (30.0%) (Figure 7).

In the Dywizjonu 303 and Kurdwanów housing estates, intensive densifications
with single buildings and clusters thereof take place within the perimeter of the housing
estates, as well as in their outskirts, in some cases shifting the original edge of the housing
estate, which has changed the original valuable urban composition. Furthermore, they are
accompanied with areas of intensive residential development. In the housing estates in
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Czyżyny (the Dywizjonu 303 housing estate and the II Pułku Lotniczego housing estate),
unoccupied areas on the southern side of the runway have been adapted for the Nowe
Czyżyny housing estate. Due to certain controversies and a significant influence of this
project on the housing estates in Czyżyny, this case is described in more detail in Section 3.3.

 

Figure 7. Cracow large-panel housing estates with the highest intensity of densification: (A)—the
Dywizjonu 303 housing estate; (B)—the Kurdwanów housing estate; (C)—the Oświecenia housing
estate. Color legend: black—developments from before 1995; red—densification—developments
from after 1995; orange—other multi-family housing areas next to the large-panel housing estates.

In the Oświecenia housing estate, there are no single buildings added inside the
housing estate; however, there are two distinct clusters of new buildings in the edge area.
In the context of the formula of defining new buildings as belonging or not belonging
to a housing estate as adopted in this paper, regarding the complex of buildings in the
northern part of the housing estate as an extension of the Oświecenia housing estate instead
of an independent project may seem debatable. This is due to the fact that this part of
the development is generally regarded as officially belonging to this housing estate as
its extension. It is worth pointing out that the southern part of the housing estate, with a
characteristic meandering structure, has maintained its urban layout and there are no new
additions between apartments blocks there.

The housing estates that have no or the lowest degree of densifications, i.e., Ceglana,
Kombatantów, Ugorek, Tysiąclecia, and Piaski Nowe, demonstrate their original, nearly
unchanged layout of the entire development. However, in the latter, a cluster of multi-
family residential buildings has emerged adjacent to it, and it is still being extended.

3.3. Selected Examples of Spatial Devastation

The above considerations, presented in Sections 3.1 and 3.2, allow selecting examples
in which adding new structures to large-panel housing estates recognized as urban heritage
structures entails squandering of their potential by destroying their urban composition and
other urban values.
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The influence of this type of densifications can be considered according to the set
of the following qualitative criteria, characterizing the basic aspects of the functioning of
housing estates:

• Influence on the original urban layout of the housing estate and its legibility;
• Influence on the continuity of open public spaces and green areas and on the quality thereof;
• Influence on the amount of public open areas;
• Influence on the existing historical and cultural assets;
• Influence on the mixed-use development.

Ones of blatant examples in this respect are the aforementioned housing estates in
Czyżyny: Dywizjonu 303 and II Pułku Lotniczego, which are located on both sides of the
historic runway of the former airport Rakowice-Czyżyny (Figures 8 and 9). Aggressive
measures undertaken by developers (level of densification: 34.2% and 19.2%) caused utter
devastation of the post-military heritage of the area, which besides constituting a true loss
in the scale of the city directly affects the adjacent large-panel housing estates. The new
development is partially fenced off and almost monofunctional. This is an example of the
densification process, which is aimed at private interest, not the common one, especially in
the context of the neighboring large-panel housing estates [35].

 

Figure 8. Densifications of housing estates in Czyżyny in the context of destruction of their main
potential—the former runway. Based on an ortophotomap (www.maps.google.com; accessed on
5 December 2021). Color legend: white area—approximate area of the former airport Rakowice-
Czyżyny with a specified runaway (white stripe); black buildings—developments from before 1995
(mostly within the scheme of the construction of the housing estates in Czyżyny); red—densification—
developments from after 1995.

Similarly enough, metamorphoses observed in the Bohaterów Września housing
estate and the Piastów housing estate in Mistrzejowice move toward a particularly unfa-
vorable end. Devastating densifications (28.2% and 10.9%) take place predominantly on
their northern and western outskirts, shifting and changing the character of their edges
(Figures 10 and 11), which according to the original design were planned as a green buffer
zone [42].

From the side of the Bohaterów Września housing estate, the green buffer zone is
provided by Planty Mistrzejowickie park, and from the north, it is provided by areas of the
former defense ring of the Cracow Fortress, with still preserved structures of the former
forts: Mistrzejowice and Batowice, surrounded by abundant vegetation, once fulfilling
camouflage purposes. The document ‘Program of the Cracow Fortress Protection Plan’ [52]
describes this area as worth protecting.
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The problems connected with the densification process described in the examples
above are associated with—inter alia—their negative influence on the urban layout of
these housing estates, breaking of the continuity of their public spaces, devastation of the
historical and cultural potential, strengthening of monofunctionality, and appropriation
of valuable green areas. Taking over green areas by aggressive investments constitutes a
serious problem. Key green areas disappear and their continuity is broken, which causes
irreversible destruction of these areas. It is a significant loss not only in the context of the
housing estates themselves but the entire city, too. Urban values of the housing estates
have been irreversibly destroyed.

  
(a) (b) 

Figure 9. Character of an open space in the multi-family residential development in Czyżyny: (a) Arrangement of the area
of the former runway of the Rakowice-Czyżyny airfield along with the residential development; (b) Character of a space in
between the buildings. Photos: by author.

 
Figure 10. Densifications of housing estates in Mistrzejowice in the context of green areas of the
fortress constituting their buffer zone and other green areas enveloping the housing estates (green).
Color legend: black buildings—developments from before 1995 (mostly within the scheme of the con-
struction of the Bohaterów Września i Piastów housing estates); red—densification—developments
from after 1995. Based on an ortophotomap (www.maps.google.com, accessed on 5 December 2021).
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(a) (b) 

Figure 11. (a,b) Intensive multi-family residential development on the northern side of the Piastów housing estate. Photos:
by author.

4. Discussion

One of the important reasons for undertaking the work was to draw attention to the
growing problem of densification of large-panel housing estates with new buildings and at
the same time destruction of Late Modernist urban structures, which are often recognized
as heritage. Frequently, it is quite excessive and chaotic, and it constitutes a threat to their
functioning as a valuable housing environment. Single buildings or clusters thereof built
within the perimeter of housing estates as well as in their outskirts lead to the shifting
of their edges’ (Table 3) appropriate valuable open space, destroying their composition.
Over time, such changes can lead to complete obliteration of the original design idea in
the entire housing estate or a fragment thereof. In this way, the main potential of such
housing estates, which results predominantly from their urban advantages, such as urban
composition and its functional and spatial logic, large amounts of open public space, and
abundance of greenery, is gradually annihilated.

The results presented herein demonstrated the possibility of obtaining essential in-
formation on this problem by quantitative determination of the degree of densification
of large-panel housing estates. Upon the example of a comprehensive analysis of all (31)
large-panel housing estates in Cracow, carried out on the basis of measurements and
calculations of the additional built-up area performed on the basis of available materials
(vector maps, satellite images, and planning materials), an average size of densification
with new buildings was determined. For all the housing estates, this average is already
15.4%, whereas in some of them, it is very high—it has reached the value of nearly 35%
(Table 1, Figure 3).

In light of the above, it is clear that the qualitative analysis may be more effective in
the presence of quantitative data. Problems of threats and damages to the existing, already
historic urban composition, caused by uncoordinated, chaotic additions to large-panel hous-
ing estates, incompatible with their initial plans, are illustrated upon selected examples—
the housing estates in Czyżyny (Dywizjonu 303 and II Pułku Lotniczego; Figure 8) and se-
lected housing estates in Mistrzejowice (Bohaterów Września and Piastów; Figure 10). The
high density and chaotic arrangement of a new development caused significant spatial
changes, which has a negative influence on the urban layout of these housing estates.
They have lost valuable green areas, and the continuity of public spaces has been broken.
Moreover, the densifications have led to devastation of the historical and cultural potential.
As a result, the housing estates have lost some of their advantages irreversibly.

It proves that it is important to link quantitative data and qualitative criteria (e.g.,
influence of the densification on the urban layout, continuity of public spaces, resources of
greenery, existing historical and cultural assets, mixed-use development) to obtain a proper
characterization of the functioning of the estates.
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According to the observations, a considerable share of the new buildings covers
multi-family residential developments, which intensifies the monofunctionality of the
housing estates. A similar effect can be caused by enclaves of such developments in the
direct proximity of large-panel housing estates; hence, they have been taken into account
in this study. Housing estates and their immediate surroundings need to be integrated
within the urban context [53,54]. However, the study does not consider any detailed data
relating to them, limiting solely to indicating their location. Likewise, the study does not
focus on the quantitative determination of the function that emerges as new buildings
appear. A quantitative functional and spatial analysis could be the next step, addressing
transformations in housing estates in more detail. It has been found that despite the fact that
prefabricated housing estates are a legacy of the Modernist segregation of functions and as
such they are burdened with a number of issues, such as monofunctionality, monotony of
development, repetitiveness of forms, and low quality of architecture of apartments blocks,
they are often characterized by a functional and spatial logic and abundance of green areas.
Frequently, the overall urban layout of a housing estate corresponds to local conditions,
making use of natural advantages (the lay of the land, vicinity of valuable landscapes).
The risks of losing these advantages caused by chaotic development may be mitigated
to a certain extent by local spatial development plans. In the case of the housing estates
in Cracow, such plans cover only 14 out of the 31 housing estates or complexes thereof
investigated in this study (Table 2).

In this context, what deserves attention is an opinion that in the Study of Spatial
Development Conditions and Directions in force [44], which provides the foundations
for all the local spatial development plans and administrative decisions in this area, and
consequently the grounds for building permits to be issued, the protection of valuable
housing projects from that period is insufficient and ineffective [25]. In the scientific debate,
there are more and more voices about the need to protect valuable urban structures of the
second half of the 20th century [55–57]. Therefore, an interesting concept is the introduction
of the term ‘urban heritage structures’ as a protection tool at the level of the local law
(planning documents, study, local spatial development plans). These structures would
comprise—among others—valuable 20th-century and contemporary projects of different
scales and uses [2].

In the context of the results of studies and analyses presented in this paper, it should
be concluded that some housing estates have lost some of their advantages irreversibly.
Many housing estates still have such values, and it is important not to lose this potential.

However, it should be noted that following an idea of the ‘compact city’, many Eu-
ropean planning strategies consider urban densification as one of the tools to promote
sustainable urban development. One may agree with that opinion only when the densifi-
cation results from a wider, comprehensive development plan and not from individual,
uncoordinated decisions: not those aimed at private interest, but at the common one. It
needs to be a thoroughly planned densification process [58], which is usually complex and
slow [59]. Moreover, regeneration policies for the housing estates should be considered
in view of a wider urban context of the city, which can be labeled as an outward-looking
approach [60,61].

Furthermore, investing in such housing estates is a positive thing in itself, especially
if new service facilities are introduced, which makes the functional program of the estate
more diverse. Mixed use promotes sustainable urban development as well [62,63].

Therefore, even though quite paradoxically, it could be stated that up to a point, the
current densifications protect housing estates from their functional degradation, at the
same time, they lead to their spatial degradation and destroy their advantages. However,
it is worth noticing that there is still a chance to improve the situation of housing estates
by undertaking rational and consistent measures in the field of architecture and urban
planning, which can change not only the living standards offered to residents but also the
very image of housing estates.
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The methodology proposed and verified within the scheme of the research presented
in this publication can be used as a tool for analyzing the problem of densification of
large-panel housing estates in other towns and cities.

5. Conclusions

The goal of the research presented in this paper is to demonstrate the scales and
character of densifications of the large-panel housing estates built in the second half of the
20th century, which pose a threat of devastation of their urban layouts, which are often
recognized as heritage.

The paper applies a quantitative and qualitative approach to present spatial transfor-
mations that take place within such housing estates. The study area comprised housing
estates in Cracow, the main city of the Province of Małopolskie, which after filtering out
certain local specificity demonstrates many tendencies and mechanisms characteristic for
other big cities of Poland.

The paper illustrates the scale of the problem, subsequently classifying the ways in
which these housing estates have been transformed in terms of their densifications. Two
main tendencies have been observed: adding buildings or clusters of buildings within the
perimeter of housing estates and in their outskirts, leading to shifting of their edges. It also
points to the essence of functional and spatial changes in the direct vicinity of large-panel
housing estates, consisting of building a new complex of multi-family residential buildings,
demonstrating the potential negative influence on their functioning. On the basis of the
analysis results, the paper demonstrates the threat of devastation of urban layouts of such
housing estates and their main potential—green areas.

This paper constitutes a voice in a discussion devoted to the condition, but most of all
to the future of large-panel housing estates, particularly in terms of their protection and
stopping some unfavorable tendencies of urban destruction. It fills the gap in the existing
studies focusing on this problem, particularly in the context of the ongoing debate on the
significance of urban planning achievements in the second half of the 20th century and
recognizing valuable urban layouts as heritage.

All measures leading to the development and improvement of the quality of large-
panel housing estates are desirable. Nevertheless, they should constitute an element of a
well-coordinated and comprehensive process, instead of a sum of one-off interventions,
paying no or little heed to the existing context, particularly the ones that disregard public
interest in favor of the private one. The study results presented herein indicate that chaotic
densifications in such housing estates may reach a surprisingly big scale. Therefore, the
presented method of analyzing the effects of this process in a systematic approach seems to
be useful for controlling and rationalizing its propagation, in particular for revealing and
eliminating the negative tendencies that emerge. The knowledge obtained this way may
prove valuable in prognostic studies devoted to urban development, in the optimization of
relevant formal and legal solutions, as well as in optimizing current management activities.

The research presented in this paper was limited to the problem of the percentage
of the increase in the built-up area of these housing estates and the character of their
densification as well as to demonstrating a threat of devastation of their urban layouts.
Therefore, further research can develop the problem of densification and its effects on such
housing estates in a more complex way. For instance, it is possible to study the impact
of the densification process on the percentage of services and the mix of services, the
degree of fragmentation of green areas, etc. The research topic can cover multidisciplinary
issues, for example densification studies can be integrated with sociological aspects, such as
residents’ population, population by age, by income, and by nationality. It is recommended
to conduct further research from the aspect of creating formal barriers to prevent the
uncontrolled densification of large-panel housing estates.

The sustainable development of cities based on the concept of a compact city requires
an appropriate density and intensity of development, which means that measures directed
toward increasing this intensity within city limits are rational in many cases. Nevertheless,
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they need to be optimized, and they must not be implemented at the expense of existing
heritage structures and their residents. This paper may constitute a source of information
on tendencies of transformations occurring in large-panel housing estates as well as a
source of inspiration to take actions aimed at the rationalization of these processes.
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61. Muliuolytė, J. Rediscovering large scale housing estates in post socialist cities. J. Arch. Urban. 2013, 37, 51–58. [CrossRef]
62. Yang, H.; Fu, M.; Wang, L.; Tang, F. Mixed Land Use Evaluation and Its Impact on Housing Prices in Beijing Based on Multi-Source

Big Data. Land 2021, 10, 1103. [CrossRef]
63. Maleki, M.; Zain, M.; Ismail, A. Variables communalities and dependence to factors of street system, density, and mixed land use

in sustainable site design. Sustain. Cities Soc. 2012, 3, 46–53. [CrossRef]

237





MDPI
St. Alban-Anlage 66

4052 Basel
Switzerland

www.mdpi.com

Land Editorial Office
E-mail: land@mdpi.com

www.mdpi.com/journal/land

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are

solely those of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s).

MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting from

any ideas, methods, instructions or products referred to in the content.





Academic Open 

Access Publishing

www.mdpi.com ISBN 978-3-0365-8505-5


