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Preface

In an era marked by unprecedented urbanization and a growing emphasis on sustainability,
“Sustainability in Heritage and Urban Planning” emerges as a beacon of knowledge within the
overlapping fields of urban development and heritage preservation. The global landscape is rapidly
transforming, presenting us with multifaceted challenges that demand innovative solutions capable
of harmonizing the preservation of our cultural heritage with the imperative of sustainable urban
growth.

The inception of this e-book can be traced back to a profound recognition of the urgent need to
comprehensively address these challenges. The endeavor is rooted in the understanding that urban
areas are not isolated entities; they are intricate ecosystems interwoven with their cultural heritage.
Neglecting this intrinsic relationship jeopardizes not only the cultural legacy of our past but also the
environmental viability of our future.

In this context, the volume serves as a pivotal reference for scholars, practitioners, and
policymakers seeking a multifaceted understanding of the intricate interplay between sustainability
and heritage within the realm of urban planning. Comprising 30 diverse articles penned by esteemed
experts in the field, this volume offers a comprehensive exploration of the topic, encompassing the
breadth and depth of contemporary research.

Within these pages, we have assembled a remarkable collection of articles, each delving into
a distinct facet of the complex relationship between sustainability and heritage in urban planning.
These contributions range from the examination of traditional architectural strategies in vernacular
housing to the evaluation of urban sustainability along historic routes. They encompass studies on
the adaptive reuse of industrial heritage and the cultural significance of local landscapes, among other
compelling topics.

All the articles collectively underscore the paramount importance of interdisciplinary research
and innovative approaches in confronting the intricate challenges posed by the coexistence of cultural
heritage and sustainable urban development. We firmly believe that the insights provided by these
articles will invigorate the discourse and empower the formulation of strategies aimed at achieving a
harmonious equilibrium, preserving our heritage while nurturing sustainable, vibrant urban spaces

for the benefit of generations to come.

Lucia Della Spina, Paola Pellegrini, Antonia Russo, Maria Rosa Valluzzi, and Angela Viglianisi
Editors
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Abstract: The international scientific debate on the growing concern over land consumption has
gained prominence in recent years. The awareness of the link between cultural heritage and sustain-
able development has become increasingly evident, leading to a greater focus on the Adaptive Reuse
(AR) of cultural assets as a conscious process of creating new values. This trend has prompted a
reflection on urban planning practices and the promotion of AR and valorization policies for heritage,
which can contribute to environmental sustainability, social cohesion, and cultural identity, thereby
providing fertile ground for innovation and local economic development. However, decisions regard-
ing AR interventions pose significant complexity due to the multiple interests at stake, as well as high
costs that discourage investiments. For these reasons, this paper proposes a multi-methodological
approach—applied to a project for the AR of a cluster of mountain huts located in the Sila National
Park (SNP)—aimed at effectively supporting decisions related to the evaluation of feasibility and
economic sustainability of cultural heritage landscapes that have not yet been adequately valorized.
This approach was applied to a pilot project of AR, allowing for the discussion of the proposed
evaluation methodological framework. The final step involved verifying the economic feasibility
and financial sustainability of the methodology based on a Financial Feasibility Plan (FFP) of the
proposed of the new destination to ‘Rifugio Diffuso’ (RD). The assessment aimed to evaluate the
intervention’s ability to create value, generate a level of profitability that meets private investment
expectations, and promote sustainable development of the local economy.

Keywords: cultural historic heritage; circular economy; historic centers; integrated adaptive reuse
projects; ‘Rifugio Diffuso’

1. Introduction

The concept of achieving closed cycles [1] is a fundamental principle within the ecolog-
ical paradigm, but its complete implementation remains unrealized thus far. Addressing
the challenges of our time involves adopting observable models from natural systems,
offering efficient approaches to management, production, and consumption [2].

The traditional economy, often referred to as the “conventional” economy, has had
detrimental effects on cultural landscapes and individual cultural assets/sites. It has
caused environmental damage, health issues, and disruptions to social systems, ultimately
contributing to high entropy [3,4]. On the contrary, the emerging concept of the Circular
Economy (CE) has the potential to enhance cultural heritage and landscapes while simulta-
neously fostering economic prosperity. This necessitates the development of organizational
and entrepreneurial processes that promote symbiotic relationships and generate new
bonds. CE not only reduces entropy across various levels but also enhances efficiency
and resilience [5]. Additionally, CE is founded upon principles of cooperation, solidarity,
co-evolution, and long-term thinking. It relies on the management practices of common
goods, which, in turn, require cooperation, collaboration, and coordination among var-

Sustainability 2023, 15, 12019. https:/ /doi.org/10.3390/su151512019
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ious stakeholders. This approach embraces relational values, intrinsic values, and the
co-production of economic values for both use and the market [6].

Considering landscapes and cultural heritage as common goods encourages the forma-
tion of a “community of relationships”. This community plays a crucial role in determining
quality of life while also giving rise to new chains of economic value [7]. To shape a
progressive future rooted in a “new humanism” [5] inspirtioin must be found in a journey
of modernization that embraces the symbiotic relationship between society and nature:
“Noi, il soggettivo ed il collettivo, il soggettivo ed il naturale, riconfigurando i valori della
modernita in una prospettiva di ‘razionalita relazionale’ che rappresenta il fondamento
stesso della prospettiva di un nuovo Umanesimo ... fondato sulla simbiosi societa/natura,
innanzitutto attraverso la valorizzazione di tutti i ‘beni comuni’ presenti nel sistema urbano
territoriale a partire dal patrimonio culturale, dagli ecosistemi naturali, dalla biodiversita,
dal paesaggio, capaci a loro volta di promuovere la decentralizzazione, I’autorganizzazione,
I'autogestione” [5]. This involves prioritizing the enrichment of “common goods” [5] within
the urban territorial system, including cultural heritage, natural ecosystems, biodiversity,
and the landscape. Elevating these assets can foster decentralization, empowering local
communities to self-organize and self-manage. This holistic approach promotes sustainabil-
ity, resilience, and equitable resource distribution, establishing a harmonious coexistence
between society and the natural world guided by the principles of a “new humanism” [5].

Embracing this viewpoint entails presenting regeneration initiatives according to the
“circular city model” [8-12]. This model embodies an urban economy that emphasizes circu-
larization in production and consumption. It focuses on strategies that aim to alleviate the
strain on finite natural resources, reducing their consumption while promoting sustainable
practices [8-12]. In this perspective, the awareness of the link between cultural heritage and
sustainable development has become increasingly evident, leading to a greater focus on the
Adaptive Reuse (AR) of cultural assets as a conscious process of creating new values [13].
This trend has prompted a reflection on urban planning practices and the promotion of AR
and valorization policies for heritage, which can contribute to environmental sustainability,
social cohesion, and cultural identity, thereby providing fertile ground for innovation
and local economic development. However, decisions regarding AD interventions pose
significant complexity due to the multiple interests at stake, as well as the high costs that
discourage investments [14,15].

Within these decision-making contexts, the objective of the research is to set up a
multidisciplinary evaluation model that supports public and private investors in effectively
planning underutilized cultural heritage reuse projects. For these reasons, this paper
proposes a multi-methodological approach applied to a pilot project for the AR of a cluster
of mountain huts located in the Sila National Park (SNP), which is aimed at effectively
supporting decisions related to the evaluation of feasibility and economic sustainability
of this cultural heritage that has not yet been adequately valorized. This case study
application enables a discussion of the proposed evaluation framework and, in the final
phase, verifies the economic feasibility and financial sustainability through the Financial
Feasibility Plan (FFP) of the proposed of the new destination to the ‘Rifugio Diffuso’. In
essence, the evaluation aims to assess the intervention’s ability to create value, generate a
level of profitability that meets private investment expectations, and promote sustainable
development of the local economy.

Based on these premises, this paper is organized as follows: after introducing the
research objectives in Section 2, a literature analysis on open issues related to project
evaluation in the field of cultural heritage is discussed in Section 3. Section 4 presents a
case study of cultural heritage reuse for the “Rifugio Diffuso” project, while the proposed
methodological framework is described in Section 5. Section 6 illustrates the applications
of the case study. Finally, Sections 7 and 8 are dedicated to the results obtained from the
application and to the conclusions that highlight the significant role that the proposed
methodological framework can play in promoting and supporting the reuse of cultural
heritage landscapes, respectively.



Sustainability 2023, 15, 12019

2. Objectives

In the outlined perspective, an awareness of the connection between cultural heritage
and sustainable development has become increasingly evident, leading to a greater focus
on the reuse of cultural assets as a conscious process of creating new values. This trend
has prompted a reflection on urban practices and the promotion of policies for the reuse
and enhancement of heritage, which can contribute to environmental sustainability, social
cohesion, and cultural identity, thus providing a fertile ground for innovation and local
economic development. However, decisions regarding reuse interventions pose significant
complexities due to the multiple interests at stake as well as the high costs that discourage
investments. In the dynamic context described, the adoption of integrated methodologies
plays a strategic role in addressing every phase of the decision-making process, from its
initial conception to the selection of the most suitable scenario, taking into account the
context and the stakeholders involved.

This study develops a multidisciplinary evaluation model that supports the decision-
making process of both public and private investors for the effective planning of underuti-
lized cultural heritage reuse projects. Given market uncertainty and the ongoing financial
crisis, it has become crucial to define effective evaluation tools that identify the optimal
utilization of limited economic resources and develop sustainable strategies at the local
level, maximizing societal and territorial benefits while minimizing costs [15].

To illustrate this methodology, a pilot project has been chosen as a case study for the
redevelopment and reuse of a group of shelters located in the Sila National Park (PNS)
in Italy. As in many regeneration and valorization processes involving cultural assets,
key decision-makers are primarily represented by the Public Administration, political
decision-makers, public entities, communities, associations, businesses, and investors.
These actors work with a global and sustainable vision for the transformation of the park,
which includes environmental protection, social cooperation, technological progress, and
cultural preservation.

Although the individual frameworks and methodologies used in this research are
already known, their combination in a multi-level, multi-scale, and multi-stakeholder
approach represents an innovative element. This combination of conceptual frameworks
and methodologies allows for integrated and informed decision-making, enabling a com-
prehensive exploration of strategic urban issues. Their implications can be further explored
through a rich knowledge framework developed by analyzing the social, infrastructural,
and environmental layout of the case study under consideration. The proposed integrated
method can be seen as a systematic scheme that supports both research and practice in
the scenario analysis, addressing the complexity and uncertainty associated with defining
urban strategies [16]. Furthermore, this approach ensures that the knowledge development
is relevant and credible, providing a solid foundation for the decision-making process.

In conclusion, the adoption of integrated methodologies represents a key to addressing
the challenge of valorizing cultural heritage, aimed at effectively supporting decisions
related to the assessment of feasibility and economic sustainability of underutilized cul-
tural assets. Through the application of a multi-level, multi-scale, and multi-stakeholder
approach, decision-makers can make informed decisions, supported by a solid knowl-
edge base and oriented towards promoting sustainable development for the benefit of the
local economy.

3. Literature Review

The scarcity of resources, rapid urbanization, and climate change pose threats to
ecosystems and human well-being [1,2]. To address these challenges, sustainable develop-
ment [3] and the transition to a CE are considered crucial [4,5]. A CE involves production
and consumption processes that minimize environmental impacts and waste generation,
extending the lifespan of products and materials while reducing consumption and waste [6].
The built environment, which consumes a significant amount of resources and produces
carbon dioxide emissions, is a key sector to focus on [4,8].
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Cultural heritage, a driving force for sustainable development and urban livability,
consists of non-renewable resources that express the values, knowledge, and traditions
of people [17,18]. The management of cultural heritage has evolved to be understood as
“change management”, involving a variety of stakeholders and disciplines [19-23]. The
Adaptive Reuse (AR) of cultural heritage, which preserves the heritage by providing a
new function to the site/building, extends the life cycle of the heritage and can implement
circular models in its management [13,24-29]. This approach contributes to achieving
sustainable development and circular cities [8-13,29,30].

AR, a central element of the CE concept which is in line with sustainable architec-
ture [28], has emerged as a rapidly growing practice that promotes the three pillars of
sustainability [21]. In fact, it offers numerous social, environmental, and economic benefits.

From a social perspective, the process of conserving and adaptively reusing built
heritage requires widespread awareness of its material and immaterial values [21,27,29]
within society. Governments, tourism businesses, cultural associations, and individuals
must be actively involved in this process, and informative campaigns can increase the
social awareness necessary for a transition towards a CE model [31,32]. Additionally, it
is essential for decision-makers to invest more in education about heritage management
and the values of historic buildings for younger generations [33]. The knowledge and
collaboration of all stakeholders are crucial for the application of a CE to build heritage.
Only through the engagement and cooperation of all parties involved will it be possible to
successfully implement adaptive reuse projects in the tourism sector.

The restoration of cultural and historical heritage (such as ancient buildings, historic
villages, industrial complexes, etc.) is not only a crucial model for envisioning tourism
development within a circular economic framework, but it also holds significant value for
the local community. It becomes a source of pride that effectively protects the heritage. As
a result, the local community benefits from an improved living environment, the quality of
life in a particular area is enhanced, and regional development is facilitated. Furthermore,
Foster and Saleh (2021) [34] state that “culture and buildings of cultural heritage are estab-
lished drivers of socioeconomic development, urban landscape, and identity strategies”. In
this regard, positive mutual cooperation and communication among stakeholders involved
in restoration are necessary, as development objectives can only be achieved through the
engagement and cooperation of all stakeholders. The recovery of cultural and historical
heritage, including ancient buildings, historic villages, and industrial complexes, is not
only a crucial model for tourism development but also holds value for the local community.
The community itself protects the heritage it takes pride in, resulting in an improved
living environment and a better quality of life in the surrounding area, thereby promoting
regional development. According to Foster and Saleh (2021) [34], “culture and cultural
heritage are established drivers of socioeconomic development, urban landscape, and
identity strategies”. In this perspective, mutual cooperation and positive communication
among stakeholders involved in restoration are necessary, as development objectives can
only be achieved through the engagement and cooperation of all stakeholders.

Regarding environmental sustainability, reuse primarily results in lower consumption
of energy and new materials, thus reducing emissions and land sealing [35-37]. Finally,
from an economic perspective, two main advantages are evident: the cost-effectiveness
of reuse compared to the demolition and construction of a new building [38-42], and
the positive impact it has on the property value of the building itself and surrounding
properties, generating social and economic flows [43]. The development of heritage tourism
involves not only identifying, managing, and protecting the value of the heritage itself
but also engaging local communities through economic and social benefits, ensuring the
security of financial resources and promoting the marketing and promotion of the tourism
destination [44]. Heritage tourism contributes to the economic sustainability of the tourism
sector by increasing visitor numbers and the income generated by tourists as well as
stimulating positive effects across various sectors and creating employment opportunities.
In this perspective, cultural heritage must be considered as a resource for present and
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future generations, to be utilized in accordance with the principles of the CE to achieve
sustainable development goals [44].

New or underutilized existing buildings, if kept efficient, can be reused for over a
century, adapted, and reconfigured for new purposes and functions, contributing to the
development of a prosperous and resilient built environment. Therefore, the importance of
the AR approach for economic growth, social well-being, and environmental conservation
is widely recognized. The reuse of underutilized or abandoned heritage provides new
opportunities for these assets, decoupling growth from resource consumption [45,46].

Similar to new buildings, AR projects have a lifecycle consisting of various stages,
including planning, design, construction, management, and maintenance [13,38,45,46].
These projects involve different public and private stakeholders. Therefore, a stan-
dardized methodology is necessary that considers all perspectives and helps “speak
the same language” [47]. Scientific studies demonstrate that assessment tools such as
sustainability protocols are relevant for this analysis, considering the importance of
responsible approaches in the built environment to develop sustainability assessment
tools [6,17,19,21,24,25,27,28,38,42 45 48].

In this context, research in the field of decision-making assessments has increasingly
highlighted the importance of adopting and promoting responsible practices that carefully
consider the implications of cultural heritage reuse. The crucial challenge lies in finding
suitable evaluation methodologies that ensure feasibility and sustainability while preserv-
ing the integrity of the heritage [49-51] without compromising its authenticity and value
while also enabling effective and mindful management. Achieving an appropriate balance
between development and conservation is a complex challenge, especially in a country like
Italy, which is characterized by the highest density and distribution of cultural heritage in
the world.

In this perspective, it becomes crucial to promote a culture of assessment that carefully
considers all aspects, including financial considerations, while placing special emphasis on
conservation. Cultural heritage is a valuable asset that needs to be safeguarded for future
generations, and this requires a responsible and mindful approach to the implications of
the decisions made.

There is an increasing need for tools and methodologies that can assess the financial
impact of reuse in the preliminary stages while also considering the importance of preserv-
ing the historical and cultural integrity of the heritage. This delicate balance requires a
continuous commitment to improving evaluation practices and promoting awareness of
the importance of a responsible approach to cultural heritage.

4. Projects and Specific Actions for a “Circular” Urban-Rural Development
Recovery and Redevelopment of Historic Villages and Promotion of ‘Rifugio Diffuso’

In line with recent research on the role of the AR and regeneration of cultural and
landscape heritage in the transition towards a CE [14,17], the existence of integrated projects
for the recovery and re-functionalization of historic centers can become a catalyst for private
investments and contribute to the AR of resources that today represent a waste because
they are unused.

In line with the principles of a circular perspective, the revitalization of historic centers
in small municipalities aligns with a “systemic” and synergistic approach inherent to the CE.
These centers are valuable economic, social, cultural, and environmental resources that can
be leveraged, for instance, as hubs for new social entrepreneurship and as “Rifugio Diffuso”
(RD) for promoting sustainable and slow-paced tourism. Embracing such initiatives is
entirely consistent with circular development principles, as it emphasizes the utilization
and regeneration of existing resources within a circular framework.

The RD is a model of innovative hospitality structure (‘network’) capable of generating
cultural and economic wealth at the same time. As is known, it is a business for hospitality
purposes located in the historic center of a single urban center that is made up of several
properties close to each other and is able to provide hotel services.
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The RD model aligns seamlessly with the principles of sustainable tourism by pri-
oritizing the recovery, preservation, and promotion of an area’s distinct traditions and
peculiarities. It stands out by avoiding additional environmental impacts, as it revitalizes
and repurposes existing historic buildings without requiring further land usage. Unlike
traditional hotels, the RD model fosters a stronger sense of community and a deeper immer-
sion of tourists in the local environment, enhancing the unique characteristics of the area.
The RD model emphasizes the enrichment of the territory and the promotion of locally
sourced products, making it a hallmark of sustainable tourism.

The promotion and enhancement of the short agri-food chain and of so-called “zero
kilometer” products represent an effective “circular” territorial development strategy,
especially if combined with forms of traditional multifunctional agriculture and “circular”
agriculture [8-10]. Several recent studies have confirmed the data on Italy’s attractiveness
for food and wine resources. In addition to being the first country in Europe for the
number of Protected Designation of Origin (PDO), Protected Geographical Indication (PGI),
and GGS (Guaranteed Geographical Specialty) awards, “food and wine tourism, in 2017
counted 110 million presences in accommodation facilities (double compared to 2016), 43%
of which due to Italian tourism (47 million visitors), while 57% to international tourism
(63 million visitors)” [18]. It is therefore evident that the short supply chain can be identified
as a strategic element for a “circular” territorial development, building both productive
and tourist relations between the entire territory of the park and the surrounding historic
centers and rural villages.

Considering the multifaceted value of cultural landscape assets and their potential
integration into the local economic system, this contribution suggests a comprehensive
multi-methodological framework. The framework aims to evaluate the technical, man-
agerial, and economic—financial feasibility of integrated AR projects. Such projects have
the capacity to attract private investments and stimulate local economic development by
leveraging underutilized resources.

The proposed framework acknowledges the need to assess the viability of these
projects from various angles, encompassing technical aspects, management strategies, and
economic—financial considerations. By doing so, it provides a robust evaluation process
that can effectively identify and capitalize on opportunities for AR. The ultimate goal is
to incentivize the efficient utilization of resources that may not yet be adequately valued.
By catalyzing private investments and promoting the integration of cultural landscape
assets into the local economy, these projects can unlock their potential and contribute to
sustainable and inclusive economic development.

Therefore, the aim of this pilot project is to foster the integration of the plurality of
policies to respect and enhance the complex local reality and to seize the set of economic,
social, and cultural opportunities that the dynamics of this context can trigger. This multi-
methodological framework is discussed using a pilot project, represented by a project
for the renovation and AR of a group of chalets inserted in the landscape context of Sila
National Park (SNP) registered as the 10th Italian Biosphere reserve in the World Network
of Sites of Excellence by UNESCO [7].

5. A Methodological Framework: Management and Economic-Financial Prefeasibility
for the AR of Cultural Heritage

To effectively support decisions for the AR of cultural heritage, a methodological
framework based on the integration of different methodologies has been set up (Figure 1). In
particular, the development of a Financial Feasibility Plan (FFP) for verifying the economic
convenience and financial sustainability of the RD will be described in a more analytical
way, in line with the provisions of the EU guide for the 2014 cost-benefit analysis [52].
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Phase 1. | Analysis of the Decisional Context

¢ System Thinking Approach
» Istitutional Analysis
*  SWOT Analysis

Definition and study of intervention alternatives

* Scenario Building

Choice of the most favorable alternative
* Multi-Criteria Analysis (MCA)

Phase 4. | Evaluation of the economic financial feasibility

* Management model hypothesis
» Financial Feasibility Plan (FFP)
* Discount Cash Flows Analysis

Figure 1. Methodological framework.

As a pilot case, the village of Lorica (province of Cosenza) located in the Sila National
Park (Italy) has been chosen because it offers a diverse territory, areas of high natural
value, deep historical and cultural roots, and a strong tourist vocation compared to other
provinces in Calabria. Hence, the choice of Lorica as a pilot case is particularly interesting
for the initial application of more complex interventions, with high potential for the area,
as they can attract a large number of hikers.

It is important to emphasize that the implementation of the methodology represents a
real decision support system for more effective management of assets and the associated
environmental and economic impacts, in favor of the local economy.

However, in the context of tourism development, the implementation of the proposed
methodology is just the first step towards possible future applications. A future research
objective is to build a comprehensive framework of the territory and classify the immense
heritage of shelters in the park in a more detailed and transparent manner, making it easier
for decision-makers to understand their strengths and weaknesses and decide how to orient
management strategies at a central level for more balanced development.

The following subsections provide a brief description of the phases that constitute the
proposed methodological framework.

5.1. Decision Context Analysis

Analyzing the decision-making context marks the initial stage of a methodological
framework that assesses the managerial and economic financial prefeasibility of an RD
project within the SNP. The process of recognizing cultural heritage values for the valoriza-
tion of the AR project in the prefeasibility phase [13,24,26-28] is based on the integration of
different cognitive approaches, including historical research, interviews with local experts
in the field of conservation, and surveys on the field [17,21,24-28,34,35,42,45,46,50].

The evaluation process employs adaptive and synergistic approaches to assess the
decision-making context. These approaches consider the unique characteristics of the
study context, beginning with specific needs and examining potential conflicts. Rather
than predetermined solutions, they emerge from the comparison of multiple interests,
opportunities, and resources involved. By combining techniques like soft systems analysis
and hard systems analysis [19], typical of systems thinking approaches [21], the evaluation
unfolds as a learning process. It seeks to comprehend local specificities and the perspectives
of various stakeholders [25,27,28], identified using the institutional analysis technique. This
enables the identification of pertinent issues for decision-making. The development of
intervention alternatives relies on informed knowledge, encompassing both expert and
common knowledge. Moreover, it incorporates the “complex values” recognized and
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shared by the community. The methodological structure of the evaluation process is thus
contextualized, integrating relevant methods and tools in a multi-methodological approach.

The results of the application of the system thinking approach were organized in a
SWOT matrix (strengths, weaknesses, opportunities, and threats), thus providing a starting
point for the design of context-aware AR strategies [6,25,27,47,51].

5.2. Definition and Study of Adaptive Reuse Alternatives

The alternative intervention scenarios [13,25] were developed using the scenario
buildings technique [26], which systematizes the potential and development drivers of
the park for sustainable tourism and the promotion of traditional culture [5,18,27,31,32].
These scenarios were built by integrating the heritage value system and local development
trajectories, in line with the SWOT analysis and the knowledge of the complex values
recognized and shared by the community.

5.3. Choose the Most Favorable Adaptive Reuse Alternative

The multidimensional nature of choosing the most favorable adaptive reuse alternative
option requires the use of Multi-Criteria Analysis (MCA) as the best methodology to
support the evaluation of alternative scenarios [16,26,47]. The robustness of the results
from the MCA was tested through a sensitivity analysis, while the degree of consensus
on the most favorable alternative was evaluated through the implementation of a social
multi-criteria approach [28-30].

5.4. Evaluation of the Economic Financial Feasibility

The financial analysis was based on the setting up and development of an economic-
financial model which makes it possible to correctly evaluate, based on the project data
of the alternatives, the economic convenience and financial sustainability of a specific
intervention for a private investor [53-55].

Economic convenience refers to the project’s capacity to generate value and deliver a
satisfactory return on the invested capital, meeting the expectations of private investors.
Financial sustainability, on the other hand, pertains to the project’s ability to generate cash
flows that are adequate for repaying any loans obtained while also ensuring a suitable
compensation for the private investors involved in the project’s execution and management.
On a methodological level, the process of setting up and elaborating the model developed
according to the flow chart indicated in Figure 2, to which an iterative logic must be applied
to take into account subsequent improvements and adjustments [53-55].

Data and hypotheses inferred and/or defined

on the basis of the design hypotheses

Input data and
assumptions

+ Technical-operative
hypotheses.

* Tax hypotheses.

+ Financial hypotheses.

* Hypothesis

Macroeconomics.

Figure 2. Financial Feasibility Plan (FFP) flow chart [56-58]. Source: data, evaluation, and estimates
conducted by the authors up to 2023.
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The objective was to develop, through the identification of the main economic and
financial parameters typical of the investment project under consideration, an estimation for
2023 (revenue system, investments, management costs, etc.). The definition of revenue was
based on a market analysis of similar activities in the national and local context and on real
estate prices from the Osservatorio del Mercato Immobiliare (OMI) [56]. The assessment
of investment costs [57] was based on the price lists for the public and private works
currently used in the Calabria region as well as data provided in the DEI—Prezzi Tipologie
Edilizie [58]. These costs were also validated by consulting local operators and construction
companies. The management costs were determined by considering the costs typically
incurred by operators in the local market.

The Financial Feasibility Plan (FFP) aim to preliminarily identify the following:

e  The income capacity of the activities to be managed with the implementation of the
project (provision of services or production of goods).

e The financial requirements related to the execution of the works and the investment.

e  The economic—financial sustainability was identified by comparing the level of prof-
itability of the project with the average deemed acceptable by private investors and
financial institutions, with reference to similar initiatives carried out in the same sector
to which the project belonged. In relation to this comparison, with the aim of bring-
ing the profitability of the project closer to that expected and/or required by private
investors, the assumptions for structuring the revenue were subsequently modified.

5.4.1. Preparation of the Financial Feasibility Plan

The Financial Feasibility Plan (FFP) represents the moment of systematization of all the
data and hypotheses concerning the reality examined (investment project). Its development
through a system of interdependent accounts makes it possible to determine the economic
feasibility of the initiative and the project’s ability to repay the debt and remunerate the
risk capital [53-55].

Based on the data collected and the results of the analyses conducted, the first part
of this work was developed, which was connected to the operational management of the
project based on the cash flow analysis [53]. In this first phase, the construction of the
FFP made it possible to identify some items of particular importance for carrying out the
subsequent assessments concerning the economic convenience of the project, including:

- The Gross Operating Surplus (GOS), given by the difference between the revenue and
operating cost, and the operating income, which includes the sum of depreciation
realized during the year deducted from the GOS.

- To calculate the cash flow, the amount corresponding to the cash flow generated by
management, the Free Cash Flow from Operations (FCFO) for each period is equal to
the operating result attributable to the initiative itself and net taxes, plus depreciation
and minus the positive change in trade capital attributable to the project.

The analysis of the economic convenience linked to an investment can be set up by
referring to different valuation methodologies. Among these, the most commonly used
are those based on the calculation of specific indicators suitable for providing a summary
judgment on the investment’s ability to create value and generate adequate profitability. In
this regard, it intends to refer to the criteria of the IRR (Internal Rate of Return) and the
NPV (Net Present Value).

Evaluation Criterion Based on the NPV

The evaluation criterion based on the NPV represents the incremental wealth gener-
ated by the investment, expressed as if it were immediately available at the instant in which
the evaluation is made. Analytically, it is determined as the algebraic sum of the operating
cash flows expected from the implementation of the intervention, discounted at the rate
corresponding to the estimated cost of invested capital.
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A positive NPV essentially testifies to the project’s ability to free up sufficient monetary
flows to repay the initial costs, remunerate the capital employed in the operation, and
possibly leave resources available for further destinations.

The general formula for calculating the NPV [53] can be expressed by Equation (1):

F n (R—C)
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where:

F¢ = Cash flows at time t (with t varying from 1 to n)

R = Revenues (rentals or sales)

C = investment and management costs

i = interest rate or discount rate, equivalent to the opportunity cost of capital

n = duration of the investment

The NPV criterion is an evaluation method that fully considers the three factors based
on a correct judgment of economic convenience, including the integral series of expected
differential cash flows, their temporal distribution, and the financial value of time.

In the specific case in the equation of the NPV, the cost of the invested capital “i” is
calculated as the weighted average of the cost of its own capital and the cost of the debt
capital (WACC—Weighted Average Cost of Capital) [53]. Therefore, Equation (1) can be
written in the following form shown in Equation (2):

NVP=Y ( Fi )
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Evaluation Criterion Based on the IRR

The evaluation criterion based on the Internal Rate of Return (IRR) is defined as the
discount rate for which an investment has an NPV equal to zero [53] at which the economic
result of an operation is zero, as shown in Equation (3).

IRR =i where: NVP =0 3)

The evaluation criterion in question provides for the comparison between the IRR
calculated for the project and a threshold rate which, consistent with what was declared in
relation to the NPV, will correspond to the estimated cost of the invested capital. Therefore,
when an investment has an IRR return greater than the opportunity cost of capital, the
project is economically sustainable [53-55].

Not all economically viable investments are financially feasible. The expression “fi-
nancial sustainability” refers to the project’s ability to generate a cash flow that is sufficient
to guarantee the repayment of loans and adequate profitability for shareholders. This can
be represented by the simple condition according to which the cumulative net cash flow,
determined as the sum of the annual net cash flows, always assumes a positive value at a
limit equal to zero for each period of analysis considered.

The financial sustainability of a project can also be expressed in terms of bankability,
with reference to particular indicators capable of assessing the margin of safety with which
the lenders can be guaranteed timely payment of the debt service.

There are two main coverage ratios considered:

e  Debt Service Cover Ratio (DSCR)
e  Loan Life Cover Ratio (LLCR)

Evaluation Criterion Based on the Debt Service Cover Ratio

The Debt Service Cover Ratio (DSCR) is a valuation criterion that compares the
operating cash flow, including both the repayment of the principal amount and the interest.
This ratio is calculated for each period within the envisioned time horizon of the loans. The

10
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DSCR serves as a measure of the project’s ability to generate sufficient cash flow to cover
its debt obligations, considering both the capital share and the interest share.

The Debt Service Cover Ratio (DSCR) has a straightforward interpretation: a value
equal to or exceeding one signifies that the investment generates ample resources to meet
the debt repayments owed to the lenders. However, for the ratio to be considered acceptable,
the minimum value should not be precisely equal to one. This is because the ability to
distribute dividends to shareholders would be jeopardized until the entire debt is repaid.
Furthermore, when calculating the DSCR in a forward-facing manner, it is reasonable to
assume that lenders would require an appropriate margin of security.

However, there is no universal benchmark for debt coverage ratios. The acceptable
limit is subject to negotiation and depends on factors such as the project risk, provided
guarantees, and contractual strength. The specific level will vary based on the unique
circumstances of each project and the parties involved in the agreement.

Evaluation Criterion Based on the Loan Life Cover Ratio

The Loan Life Cover Ratio (LLCR) is defined as the ratio between the discounted
sum of cash flows available for Debt Service, which are between the valuation instant
and the last projected year for loan repayment, and the residual debt considered at the
same instant of valuation. The numerator of the ratio represents the present value of
project-generated cash flows on which the financiers can rely for future repayment of the
amounts still owed (expressed in the denominator). Based on the above, it is evident
that the higher the considered coverage index assumes values above unity (equilibrium
point), the greater the financial soundness of the investment and the repayment guarantee
obtained from financiers.

6. Application to the Case Study
6.1. An Adaptive Reuse Project of “Rifugio Diffuso” in Sila National Park

The illustrated methodological framework was applied to a case study relating to
a “Rifugio Diffuso” project in Sila National Park (Italy) (Figure 3). The SNP, a national
park in Calabria, Italy, was founded in 1997, spanning approximately 74,000 hectares. It
safeguards a remarkable biodiverse landscape and scenic beauty, earning recognition as
the 10th Italian biosphere reserve in UNESCO’s prestigious network of outstanding sites in
2014 [7].

Figure 3. The study area. Source: elaboration by the author.

Despite the centuries-old interactions between men and nature, the landscape has
maintained a harmonious relationship between human activities, the natural environment,
and urban settlements. Approximately 386,000 inhabitants live in the territory of the reserve,
mainly dedicated to agriculture, forestry, and breeding (transhumance of livestock is still
practiced, from the mountains to the coastal plains in winter and vice versa). Calabria is the
fourth Italian region in terms of the number of protected products, with 36 denominations,
especially in the wine and cured meats sectors [7].

11
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The settlement system is structured on the network of historic centers, inserted in
the landscape and often well preserved. In addition to the system of historic centers, the
numerous small rural villages have landscape value, functional to the maintenance of rural
activities and secular rites and traditions and functional to the pursuit of enhancement
strategies centered on visitors.

In the context of the study, the distribution of the population was influenced over
time by both natural and historical factors. The population that currently lives in the
park’s territories is rather scarce. The most densely populated areas were found at the
confluence of the valleys, while the towns/hamlets that, due to their position, had difficulty
accessing them, have undergone a progressive depopulation in the last sixty years. To
preserve the local cultural identity and stop this phenomenon, numerous regional and
community projects have been launched in recent years, bearing witness to the importance
of safeguarding and enhancing this common heritage through the promotion of sustainable
and integrated intervention policies with respect to different cultural, historical, social, and
economic contexts. To date, the territory of the park is undergoing a demographic collapse
that began in the last century. The causes of depopulation can be identified in changes in the
standard of living, as well as in the increasingly limited availability of primary services. In
fact, it is no longer possible to lead a life in the mountains except for short holiday periods.

If the infrastructural network is lacking from a purely functional point of view, it
should be pointed out that the presence of a secondary road network, which often offers
extraordinary perspective opportunities, would deserve a detailed analysis aimed at identi-
fying the most panoramic stretches for designing viewpoints and explanatory signs of the
observable landscape peculiarities.

The historic—cultural system is made up of sets of punctual assets within four main
categories: industrial archeology (spinning mills, kilns, production plants); historical and
cultural assets (archaeological areas, castles, fortified settlements, museums, necropolises);
religious properties (abbeys, chapels, churches, convents, monasteries, sanctuaries); and
rural assets (farms, mills).

6.2. Decision Context Analysis

The initial phase of the methodological path explores the decision-making context of
the study for the project of ‘Rifugio Diffuso” in the SNP. All relevant information on the
project area, collected through the integration of Hard System Analysis, Soft System Analy-
sis, and Institutional Analysis, was structured in a SWOT matrix (Strengths, Weaknesses,
Opportunities, and Threats): a valid reference for planning adaptive reuse strategies [59].
The Hard System Analysis enabled the development of a comprehensive cognitive frame-
work encompassing the physical, morphological, social, and economic aspects of the study
area. This framework served as a valuable reference for constructing the SWOT matrix.
Additionally, the Institutional Analysis technique [19] was employed to identify and map
the relevant stakeholders in the local community. Their interests were explored through
online questionnaires and interviews with key individuals. The outcome was a place-
specific SWOT matrix that incorporated both expert perspectives and insights from the
local communities. This matrix effectively captured the factors that were best-recognized
by those who resided in the area.

Strengths and Weaknesses of the Socio-Economic Context

The current state of affairs was analyzed and the intervention needs were identified for
the purpose of reaching the definition of the strong points of the territory and its criticalities,
dynamics and evolutionary prospects, and threats to which it is subjected. According to
the criteria of the SWOT analysis, the following points were identified:

- The Strengths were represented by the resources that were present and usable and by
the ability of local actors to self-organize and cooperate.

12
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- The Weaknesses were represented by the elements to be removed, such as the irrational
exploitation of the soil, the difficulties in maintaining the landscape, the cultural and
infrastructural heritage, and the fragility of the social and economic system.

- The Opportunities that emerged were for the recovery and mending of areas of natu-
ralistic interest and the historical-cultural heritage, for the sustainable development
and consolidation of activities (such as tourism), and for the development of the local
economic and social fabric;

- The Threats of concern were the economic, social, and cultural processes on which de-
velopment prospects were based, considering both internal and exogenous dynamics.

On the one hand, the comparative analysis of the Strengths and Weaknesses of the
territory made it possible to identify the areas, objectives, and actions on which to “lever-
age” to promote the triggering of sustainable development models and remove/mitigate
the processes/elements of degradation. On the other hand, the examination of the Op-
portunities and Threats made it possible to define strategic hypotheses with which to
orient the objectives, axes, and actions. In general, from a demographic point of view, the
park presented an overall situation characterized by a significant decline in the resident
population, as well as an evident aging trend. This was accompanied by a low level of
per capita income, below the national average, and poor endowments of social structures.
This socio-demographic situation was accompanied by an economic and entrepreneurial
context that was not oriented towards the agricultural sector, which represents a vital sector
for the protection and control of the territory. In particular, the problems and criticalities
within the socio—economic context of the park could be traced back to the following factors:
depopulation in the municipalities, population aging, fragility of the social and economic
context, low endowment of structures and infrastructures serving the production system,
high fragmentation of supply and production, difficulties related to logistics and freight
transport, poor training of economic operators, low propensity of economic operators to
associate and collaborate, and little consideration of the park authority as an interlocutor,
both at an institutional level and as private operators. Alongside the weaknesses, the
following strengths were highlighted: good institutional organization of the park authority,
a variety of typical products and a good quality of most of the dairy and agricultural
products, and the availability of cultural resources and “ancient trades” linked to ancient
production techniques. Table 1 schematically outlines the results of the SWOT analysis.

Table 1. SWOT analysis of the socio—economic context.

Strengths Weaknesses

Good availability of second homes to be used

as accommodations.

Presence of significant cultural typicalities. e Poor recognition of local products to be used for
Diversification of sports activities. tourist consumption.

High naturalistic value.

e  Poor associative capacity of tourism operators.

Presence of historical and religious values to be valorized. e  Presence of second-home tourism that does not generate

Presence of chalet and villages to be restructured and related activities.

dedicated to hospitality and services for tourism. e Poor basic services (bank, transport, health facilities, youth
Presence of mountain pastures and structures to be meeting places, etc.).

consolidated and valorized. e Absence of an organization and overall coordination of an
Presence of demonstrations and events linked to local offer that is highly competitive and recognizable.
tradition and culture, rooted in history and identity. e Aging of the repositories of ancient wisdom.

Presence of events of regional and national appeal in e  Dispersion of agricultural production and reduced
neighboring territories farm size.

Presence of a varied and deep-rooted heritage of e  Scarce diversification of the present productions.

ancient crafts.
Strong local identity.

e Poor diversification of agricultural production.
e  High average age of farmers.

Rooting of the artisan tradition in the

collective imagination.
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Table 1. Cont.

Opportunities

Threats

Increased demand for high-quality nature tourism,
especially from abroad.

Existence of projects for the development and promotion
of alternative and sustainable accommodation at national
and international level.

Enhancement of typical products also through certification.

Connection of the park with national and international
circuits or events.

Protection and enhancement of traditions and local
identity as an element of attractiveness and
competitiveness for the area.

Integration and coordination between the offer of events
and exhibitions and the accommodation offer (winter and
summer sports, nature tourism, etc.).

Creation of a collective brand for all the Park’s products.
Driving force for the creation of an endogenous and
integrated rural development model based on the
enhancement of the

agriculture-environment-territory relationship.

Competition from tourist offers from nearby natural areas
and from those better equipped for winter and summer
sports and those equipped with basic services.

Persistent under-utilization of accommodation capacities
resulting in a low employment capacity.

Social fabric not inclined to entrepreneurial activities.
Lack of connection between existing initiatives.

Absence of a recognizable and competitive image of the
cultural identity of the territory.

Failure to use modern production techniques.

Scarce use of regional incentives.

Exodus of the workforce from agriculture with the
consequent abandonment of the territory and
impoverishment of the economic-social fabric.
Abandonment of traditional techniques of cultivation and
land management, with consequent problems related to
land and landscape maintenance.

Community and regional programming for the
territory development.

Based on the analyses carried out, three fundamental strategic axes emerged to pursue
the conservation, enhancement, and promotion of the SNP territory:

o  Conservation of natural resources: (i) fauna, flora, forest heritage, and water resources;
(i) integrated organization of the social use of the park and promotion of its image at
an international level.

e  Sustainable development of local populations: (i) improvement in accessibility to
services; (ii) strengthening of the endogenous factors of development, in particular
human capital, through training and support activities.

e  Sustainable development of tourism and the territory: (i) enhancement of the historical,
cultural, and landscape heritage; (ii) enhancement of agro—pastoral activities and crafts;
(iii) qualification and enhancement of accommodation facilities.

6.3. Definition and Study of Adaptive Reuse Hypotheses

The results of the analysis of the decision-making context systematized in the SWOT
matrix (Table 1), together with the process of recognizing cultural heritage values, allowed
the project to become compatible with the value system of the project area and to design
development and alternative reuse development. In more detail, as mentioned above, the
SWOT analysis highlighted three fundamental strategic axes, which were useful references
for developing a project aimed at seeking the conservation, enhancement, and promotion
of the park territory, leveraging local potential and addressing existing critical issues.

The SNP falls within a rather complex socio—cultural system. In fact, it includes
areas in which opposite and contradictory characters coexist: an endowment of environ-
mental, natural, anthropic, and historical resources that is underexploited in the sense of
valorization and overexploited with respect to its carrying capacity.

A fundamental role of the pilot project was to favor the integration of the plurality
of policies, to respect and enhance the complex local reality, and seize the set of economic,
social, and cultural opportunities that the dynamics of the context can trigger. For this
reason, the method of “concerted programming” assumed particular importance, which
was launched with the subjects involved: the local administration, park authority, state
forestry corps, and private owners.
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The bottom-up logic requires consensus and sharing within the limits and in compli-
ance with current legislation, seeking the support of the institutional subjects and local
actors involved to enhance the synergies between the various interest groups (stakeholders)
and the complementation of skills, reducing the reasons for conflict. The moments of
dialogue put in place by the research group ensured an effective comparison based on the
explicit evaluation of the expected results and the risks of the design hypotheses.

Engaging the local community through questionnaires and interviews helped in
identifying sustainable adaptive reuse strategies aligned with their expectations. It also
revealed the community’s social perception of cultural values, highlighting key elements for
preserving and enhancing a collectively supported adaptive reuse project. The alternative
scenarios of the adaptive reuse project are defined by applying the scenario building
methodology [26], exploiting the potential and development drivers of the areas through
sustainable tourism and the promotion of traditional cultures [5,25,31].

Through an in-depth analysis with the stakeholders allowed us to analyze and verify
a series of aspects necessary to move from the generic identification of possible lines of
development to the definition of the local development plan. The details of the path
subsequently followed in the context of the analysis phase are described below:

e  Analysis of the hypotheses of intervention that emerged following the initial reading
of the scenario data.

e Degree of sharing at the local level of the intervention hypotheses that have emerged
and their consequent refinement.

e Analysis of similar experiences already in place and the reasons for their functioning
(good or bad) and their capacity to respond to local needs.

e  Shared description of the supply and demand of the good or service intended to be

developed and analysis of market functioning.

Identification of the actors (both public and private) to involve for the project to work.

Analysis of the resistances to overcome.

Identification of the strengths and weaknesses of the project.

Construction of the local plan: definition of operational steps, specification of de-

velopment guidelines, possible review of data or acquisition of new data, gathering

additional approvals, and drafting and sharing of the feasibility study.

As mentioned, once the project guidelines were defined, they were shared with the
local partners to define the actions to be undertaken in a participatory manner and clarify
the methods and actors for implementation (Table 2). An important moment in defining
the preferred intervention alternative was represented by the continuous exchanges with
the local actors who actively participated in the planning of the idea. In fact, after the
analyses conducted on the existing structure, their participation in all the verification phases
contained in the prefeasibility study was considered essential for sharing the analyses and
intervention hypotheses. Thus, one of the development possibilities was clarified, which
was identified in the connection between the tourist and agricultural sectors; more precisely
in the creation of activities aimed at linking tourism with the agro—forestry—pastoral and
artisanal activities connected with or attributable to it.

Table 2. Analysis of intervention and adaptive reuse alternatives.

Alternatives

Strengths Weaknesses

Building recovery of properties with

e Fase of the Disparity of the intervention

Al residential use (“second home”) in . Absence of an impact on the
. s 1ars transformation process . .
accordance with current legislation socio—economic context
Refurbishment of buildings with a e  Sustainable destination . . . .
. S -, High fractionation of ownership
new accommodation destinationand e  Enhancement of local traditions .
A2 . . Complexity of management of
sale of products from the milk e  Driving force for .
. the transformation process
supply chain local development
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A fundamental prerequisite for implementing the hypothesized actions, in line with
the analyses carried out, is the involvement of all local actors (public and private). The
advanced hypotheses were then shared with the local actors through the scenario building
technique [26]: a technique developed by the U.E. for involvement in a perspective of
governance and democratic deliberative participation [21,24,26-28]. The participants were
calle upon to engage in structured discussions to reach a consensus on the path forward,
including planning and defining the tasks and actions to be undertaken.

The scenario building, in addition to providing the basis for consensus on the actions
to be undertaken (and on the methods for implementing them), should lead to the definition
of the premises for the establishment of a collaboration network, which will subsequently
have to be institutionalized and publicly supported. The development of new type of
offer, accommodation or otherwise, is a problem that concerns private entrepreneurs, the
local socio-economic conditions, and the understanding and collaboration of tourist en-
trepreneurs with local public administrators. By planning resources and interventions
together, the public and private actors will be able to move towards an advanced tourism
which has the fundamental and innovative objective of providing the means and equip-
ment, in harmony with the development of local peculiarities. It is evident that it is not
enough to prepare “positive” interventions top-down. The objective must be pursued in
a participatory process which, by identifying specific organizational references, is able to
combine the equipment, services, and methods of use with real needs so that they can be
managed over time using valid methods and criteria.

Table 2 summarizes the two operational development alternatives that emerged from
the re-elaboration of the analyses conducted and from the comparison with local actors.

6.4. Choosing the Most Favorable Adaptive Reuse Alternative

The development of the adaptive reuse project, coherent with the local development
trajectories of the SNP and its high cultural value, requires a careful evaluation of the
alternatives to identify the favorable one. The evaluation is based on a Multi-Criteria
Analysis (MCA) using the Electre method [47,60]. Consistent with the chosen methodology,
the two alternatives were evaluated in terms of performance according to a series of
defined criteria and a weighting system linked to the strategic objectives of the adaptive
reuse project. Based on the application of the Electre method, the alternative A2, the
redevelopment of the buildings with a new accommodation destination and sale of products
from the milk supply chain was the most favorable adaptive reuse alternative for the
implementation of the project for the adaptive reuse.

Given the decision’s complexity and uncertainty [61], a sensitivity analysis was con-
ducted. To assess the result’s robustness [62], the ‘Monte Carlo” method was employed,
involving varying input values used in the analysis. This approach helps gauge the impact
of different scenarios on the outcome [63].

Having verified the solidity of the final result, an Equity analysis was applied using
the NAIDE method [64], in which the possible conflicts between the different groups of
stakeholders involved in the evaluation were analyzed, and the level of consensus on the
two alternatives was defined [65].

The implementation of the equity analysis revealed that alternative A2 demonstrated
the highest level of alliance between the different stakeholders, wheras alternative Al
was less convincing and weaker in terms of socio—economic development of the PNS,
enhancement of mountain pastures, and promotion of local development. In particular,
regarding the accommodation destination, it became evident that alternative A2. it more
conducive to “sustainable tourism” in harmony with the natural context of the village and
park, as it preserves the overall vision of the PNS. Therefore, alternative A2 is confirmed as
the most favorable option for the adaptive reuse project to be implemented and evaluated,
also in terms of economic sustainability.
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6.5. Feasibility Checks for the Adaptive Reuse Project

Once the preliminary fact-finding analyses were carried out and the most favorable
alternative was identified, the technical and economic financial feasibility of the project
was verified. Initially, some preliminary indications were provided based on the technical
feasibility and the pre-project checks, both for the recovery of the chalets (identified as a
start-up nucleus) and for the farmhouses in the mountain pastures.

6.5.1. Technical Feasibility
The Recovery of Chalets: Critical Ideas for the Transformation

With regard to the transformation of the chalets, in full compliance with the regulations
envisaged for the work to be carried out in park areas, the re-functionalization of the chalets
would have to maintain the characteristics of the local architecture and the use of typical
local materials, providing for a recovery based on traditional techniques so as not to impact
the surrounding environment. Particular attention will be paid to the external arrangement
of the areas and specifically to the restoration and new construction of the paths inside the
village, as well as to the arrangement of the access mule tracks. As far as energy saving
is concerned, all necessary measures must be taken to content consumption, also using
new technologies and systems to control heat loss. The project could include the use of
renewable energy sources. The social value of the intervention is linked, in addition to the
global recovery action of the nucleus with conservative criteria, to the fact that the sale
of the real estate units is not envisaged, but rather a unitary management that maintains
the original character of the village. As mentioned, one of the recovered chalets (or part
of it) could host a point of sale of typical products, and the remaining part of the start-up
nucleus would be destined to accommodate premises for widespread hospitality and a
refreshment point for the non-exclusive use of the users of the structure.

Recovery of the Pastures

As far as the recovery of the mountain pastures is concerned, the difficulties usually
concerned the adaptations to health regulations (in particular with regard to the potability
of water) and inconveniences due to isolation. While respecting the fundamental rules of
hygiene, the local architecture and the choice of construction materials must be safeguarded
as far as possible in the cheese-making premises already existing in the mountain pastures.
To this end, the minimum structural and hygienic requirements for the cheese-making
rooms in the mountain pastures were provided.

6.5.2. Economic Financial Feasibility of the ‘Rifugio Diffuso’

Once the technical feasibility had been explored, it was essential to verify the economic
financial feasibility. First of all, it is necessary to examine in detail the functions of the
intervention, investigate the potential and residual housing demand, and define the input
data of the financial plan of the accommodation facility.

Potential Demand and the Existing Accommodation Offer

The tourist flows of the SNP show that over the last decade, there has been an increase
of approximately 9.6% [66,67], mainly recorded in the post-pandemic period. This value
was mainly determined by Italian tourists (+104.8%), who had shown a growing interest
and appreciation for the Sila area. Foreign tourists also arrived in greater numbers than in
the past and tended to stay longer. On the other hand, Italian tourists reduced the duration
of their vacation, in line with the behavior observed at the national level. The average
length of stay of tourists inside the Park was 4.79 days [66]. In terms of usage patterns,
it emerged that the green holiday was mainly chosen by couples (44.4%), families with
children (20.9%), and single individuals (13.5%).

The accommodation system of the area was characterized by a general lack of struc-
tures and beds and by an uneven distribution throughout the territory. Approximately 30%
of the structures present in the entire area consisted of shelters and bivouacs, which accom-
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modated to the needs of a specific segment of tourists who enjoy trekking to reach areas
only avaliable by foot. In most cases, they do not lend themselves to satisfying a potential
“light and widespread tourism” capable of causing positive economic effects directly on the
local tourism system. The accommodation offer was predominantly made up of medium,
small-sized, and medium-category hotels. The higher standard hotels are concentrated in
Lorica, while there was no consolidated offer of non-hotel structures such as farmhouses,
B&Bs, guest houses, and holiday homes. It is a tourist offer still linked to traditional models
and poorly integrated with the valorization of the territory’s own resources.

Currently, the park is characterized by short-break users, who stay for a short time,
usually on weekends, in the months of July and August. It is a heterogeneous type of
tourism, whose consumers are mainly families. Tourism in the area is oriented towards
nature, is respectful of the environment and local communities, and expresses diversified
benefits (relaxation, sporting activities, socio—cultural entertainment), lending itself well
to the environmental context of the park, which is characterized not only by significant
naturalistic elements but also various folkloric curiosities.

Dimensional Hypothesis of the Start-Up Nucleus

A start-up nucleus of RD was identified in the village of Lorica. This nucleus consists
of five units: those marked with numbers from 1 to 4 will be located the 40 rooms, and the
common services will be located in block 5 (Figure 4). The covered area is approximately
500 sqm.

Figure 4. The nucleus of start-ups of the “Rifugio Diffuso”. (Google Earth Lorica: 39°15'01.26"” N
16°30'42.59" E). Source: elaboration by the author. Legend: Rooms blocks 1, 2, 3, 4; Common services
block 5.

Total Investment Cost

The recovery of the chalets, in compliance with the specific regulations envisaged in
park areas and with the typical characteristics of traditional mountain architecture, involves
a parametric cost of 1500 euros/sqm. The start-up nucleus of the widespread shelter,
consisting of 500 square meters, will therefore cost approximately 750,000.00 euros. The
total amount envisaged for the recovery of the widespread refuge chalets and for the ar-
rangement of the access roads to the village, as per the technical-economic framework, pur-
suant to national legislation, developed based on the project hypotheses put forward, was
1,149,608.00 euros (Appendix A). Among the sums available to the contracting station were
the total cost of the purchase of the barracks by the administration (start-up group), equal
to 40,000.00 euros. This cost was derived from a synthetic estimate and elaborated based on
direct surveys of local real estate operators: 500 sqm x 80.00 euros/sqm = 40,000.00 euros.
It should be noted that this total cost does not include the costs for the purchase of furnish-
ings and equipment for the rooms, the common areas, and the bar/restaurant area of the
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widespread refuge, which was assumed to be borne by the manager of the accommoda-
tion business.

Management Model Hypothesis

Based on the comparative information of best practices, two main types of manage-
ment can be hypothesized:

e  Direct management of the municipal administration.
e  Management entrusted to third parties (private, service cooperative, social coopera-
tive, etc.).

Table 3 displays the advantages and disadvantages of the two hypothesized solutions.

Table 3. Advantages and disadvantages of the management hypotheses.

Direct Management Management Entrusted to Third Parties

Advantages Disadvantages

e  Possible saving of resources in finding the
manager within the administration.

e  DPossible triggering of economies of scale in the
integrated management of other existing public
accommodation facilities.

e  Creation of employment opportunities

e  Presence of personnel suitable for carrying out
the activity

e  Greater motivation to develop and grow
the business

e  Excessive workload for the
administrative structure.

° Difficulty in finding the
available resources.

e  Less propensity to organize events
and launch activities for the
accommodation facility.

o  ‘Enterprise risk’ in
management imbalance.

The primary objective of the municipal administration is the return in terms of positive
effects and benefits that the initiative can trigger on the territory. Among these benefits, the
first is the increase in tourist attractiveness of the municipality of the township, which is
reflected in many facets:

e  improvement in employment and the local economy
e  diversification and cultural growth of the territory
e  containment of labor emigration factors

Based on these assumptions and the result of the comparison between the management
alternatives, it was considered more advantageous to entrust the management to third
parties in order not to further burden the administration with an onerous task that can
be carried out with greater ability by entrepreneurs in the receptive field [24,25,27,30].
In fact, direct management by the administration is almost always an inadvisable path,
as the public body may experience difficulty in internally obtaining the resources and
professionalism necessary for the promotion and development of side-initiatives to its
core business.

Finally, the possible future synergy of the structure with other functions aimed at the
development and enhancement of local and tourist attractions should be highlighted, such
as the promotion and resale of products from the milk supply chain and the organization
of guided visits to the mountain pastures.

Finally, the possible future synergy of the structure with other functions aimed at the
development and enhancement of local and tourist attractions, such as the promotion and
resale of products from the milk supply chain and the organization of guided visits to the
mountain pastures should be highlighted.

Below are the main possible stages of implementation of the intervention:

The Municipal Administration:

1. Purchase cabins from private owners
Renovate buildings
3. Recover the existing internal road system

N
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4. Entrust the management of the RD to private individuals
5. Receive rent from the private manager

The Financial Feasibility Plan of the Accommodation Facility—Input Data

The hypotheses formulated for the preparation of the Financial Feasibility Plan (FFP)
of the RD, based on the functions that could be established (10 rooms for a total of 40 beds;
common areas; bar/restaurant), concern the duration of the lease, initial investment, finan-
cial structure of the investment, amortization of the initial investment, management costs,
ordinary maintenance costs, rental fee, income from room occupation, and bar/restaurant
service, as indicated below:

- The duration of the 20-year lease.

- An initial investment cost, which includes the amount necessary to purchase the
furnishings and equipment of the rooms, the common areas, and the bar and restaurant
(Table 4).

- For the financial structure of the investment, it has been estimated that the most suit-
able mix of financial resources to finance the investment is made up of 30% risk capital
(financing supported by the manager) and 70% debt capital (financing supported by
taking out a mortgage with a credit institution). The loan term was assumed to be
10 years.

- The amortization of the total initial investment was spread over 20 years, with an
annual rate of 5%, equal to 3000.00 euros. Furthermore, a further investment was
assumed in the 11th year for the partial replacement of the furnishings (equal to 30%
of the initial investment, i.e., 18,000.00 euros), the depreciation of which, distributed
over 10 years starting from the 11th, provides for an annual rate of 10% and equal to
€1800.00.

Table 4. Investment costs for management.

Furnishings U.M. Uni;ﬁ::;)unt Totaéiﬁ;unt
Quadruple rooms n. 10 4000.00 40,000.00
Common areas, Bar, Restaurant, etc. Jlum sum 20,000.00 20,000.00
Total investment 60,000.00

The framework of overall management costs, calculated based on a period of activity
of the established functions equal to six months/year (150 days), includes:

- The costs of operating personnel (two managers and one resource); in this way, it is
foreseen that the structure can remain open for 16 h a day (from 7.00 to 23.00).

- Promotion and advertising expenses: these activities must be traced back to a general
strategy, which will concern the communication of the new accommodation facility.

- Expenses relating to utilities: electricity supply, water supply, and heating (estimates
relating to consumption must be considered approximate and based on the data avail-
able in the design hypotheses, referring to the total area of the chalets equal to 550 sqm).
In particular, the electricity requirement was assumed to be a cost of 5.00 euro/sqm,
equal to €2500.00/ year; for heating 6.00 euros/sqm, equal to €3000.00/year; and for
the water supply of 1.30 euro/sqm, equal to €650.00/ year.

- Regarding expenses for various materials (supply of sheets, blankets, soaps, etc., as
well as the pantry of bars and restaurants), the cost was estimated equal to approxi-
mately 20% of the revenue, according to the occupancy percentage of the rooms for
the year).

- The amount relating to maintenance costs was estimated to be 0.20% of the investment
costs (750,000.00 euros, excluding furnishings): 1500.00 euros per year for the first five

20



Sustainability 2023, 15, 12019

years. From the 6th to the 10th year, the rate was set at 0.40% (3000.00 euro/year) and
from the 11th to the 20th year at 0.60% (4500.00 euro/year).

- Regarding the rental fee, in drafting the FFP, it was assumed that the manager would
start paying the rent from the fifth year. The amount of the annual rent was estimated
to be 9000.00 euros based on the following assumptions:

- initial investment = 750,000.00 euros

- economic duration of the asset = 80 years

- initial investment depreciation charge = 9375.00 euros/year

- rounding down the initial investment depreciation charge = 9000.00 euros/year.

- The revenue analysis evaluated, based on a hypothesis of user flows, all the
possible revenue sources in relation to the different types of profit that the overall
range of services produces (Table 5). These types consist of:

- Sale of beds in quadruple rooms (school groups, young people, etc.).

- Sale of double/triple/quadruple rooms for families.

- Drinks in the bar/restaurant area (breakfasts, lunches, and dinners) ordered
by the users of the shelter.

- Drinks in the bar/restaurant area ordered by passing users.

Table 5. Revenue from occupation of the rooms and bar/restaurant service.

. Annual Occupation Occupation Occupation Occupation
n. Nights— Rate
Typology Revenues 1st Year 2st Anno 3st Anno 4st Anno
Rooms/Year Euros
Euros % % % %
Quadruple rooms
school groups 150 50.00 7500.00 100 100 100 100
(€12.50/child)
Double rooms 450 40.00 18,000.00 50 55 60 65
Triple rooms 450 50.00 22,500.00 50 55 60 65
Quadruple rooms 450 60.00 27,500.00 50 55 60 65

Based on the hypothesis of opening the accommodation business for 150 days/year,
a percentage of occupancy of the beds/rooms increasing from the first to the fourth year
was very prudently evaluated, keeping the user tariff unchanged (including VAT, without
considering the changes relating to the adjustment due to the ISTAT index of consumer
prices on an annual basis for families of workers and employees) (Table 5).

As mentioned in the previous sections, the potential offer of the planned structure was
equal to 1500 rooms/year (i.e., 40 beds x 150 days/year = 6000 room nights/year).

Considering that there are an average of 3000 school children on trips to the SNP per
year and assuming that 20% could use the new accommodation facility, the occupation
of the refuge by this specific user demographic represents 10% of the offer potential:
20% of 3000 children/year = 600 children/year = 150 rooms/year occupied by school
groups (rooms with 4 beds each). This hypothesis remains unchanged for all the years of
management, representing 100% of the occupancy of the rooms for school groups.

With regard to the residual supply of rooms per year, it was estimated that it could
satisfy the demand represented by families. In particular, it was prudently assumed that
the remaining 1350 rooms/year could be occupied by two, three, or four people, up to a
maximum of 65%.

Therefore, the occupation of the structure varied from a minimum of 55% in the first
year of management to a maximum of 68.50% from the fourth to the twentieth year.

With regard to the bar/restaurant service, it was assumed that:

- 90% of guests would consume breakfast in the structure, for an average cost of
2.00 euros each.
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- 50% of guests would eat a full meal (lunch or dinner) for an average cost of

12.00 euros each.

- 50% of guests would spend an average of 5.00 euros each at the bar (sandwiches,
drinks, etc.).

An ‘independent’ attendance at the bar/restaurant equal to 400 passing users was also
evaluated, which was represented by a percentage of 50% of potential consumers, for a cost
of 3.00 euros each, guaranteeing a total annual income of 6000.00 euros.

It should be noted that the total number of transit users was estimated based on data
relating to the presence of tourists (school groups and excursionists) in the SNP and its
surroundings.

- The direct taxes considered were IRPEG, with an annual rate of 32% and IRAP, with
an annual rate of 4.25%

Development of the Financial Feasibility Plan

Appendix B shows the development of the FFP based on the user flow hypotheses
and possible revenues in relation to the different types of profit that the overall offer of
services produces.

It should be noted that a WACC of 8.98% was used to discount the cash flows, obtained
with the following equation [53,54]:

E D
where:
E = equity capital
D = debt

KE = rate of return on equity capital

Kp = rate of return on debt

t = tax rate used to calculate the tax benefit resulting from the deductibility, for direct
taxes purposes, of financial charges (so-called tax shield)

7. Discussion of the Results

This paper presents the development of a technical and economic—financial prefeasi-
bility study related to a project aimed at reusing underutilized cultural assets for “Rifugio
Diffuso”. Firstly, the study examined and compared various examples at the national and
international level to a hypothesized a management model [29,31,33-44,46,65,68-70]. This
model envisioned entrusting the management of the para-accommodation structure to third
parties (private individuals). The purpose of this approach was to promote a management
style driven by entrepreneurial incentive and ability.

The investment of the public administration in the purchase, renovation of the chalets,
and recovery of the existing road network was approximately 1.15 million euros. In partic-
ular, for the “private” function of the widespread shelter, the potential annual demand was
defined, and a concise financial plan was developed based on the functions that could be
settled: 10 rooms for a total of 40 beds, common areas, and a bar/restaurant. The analysis
of the demand revealed that the potential users of the structure were mainly school chil-
dren (currently amounting to approximately 3000 visitors/year) along with nature-loving
families and trekking tourists.

In summary, the manager’s initial investment of 60,000.00 euros, consisting of 30% eq-
uity and 70% debt, covered the purchase of furnishings and equipment for rooms, common
areas, and bar/restaurant premises. During the 20-year management phase, the cash flows
became positive, starting from the second year, indicating a profitable investment.

In the FFP drafting, it was assumed that the manager started paying a rent of
9000.00 euros from the fifth year. In this way, the initial public investment was par-
tially amortized.
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The financial sustainability of the project, measured in terms of bankability, focuses
on the project’s ability to generate sufficient cash flows to guarantee the repayment of the
acquired loans. This analysis involves two critical coverage ratios: the Debt Service Cover
Ratio (DSCR) and the Loan Life Cover Ratio (LLCR). These ratios offer valuable insights
into the project’s capacity to meet its financial obligations and ensure long-term repayment
of the loans.

In the specific case of the ‘Rifugio Diffuso” project, both indices assume values well
above unity (equilibrium point), indicating a strong financial position and sustainability:

- The DSCR was equal to 3.54 in the first period considered and increased to 4.39 in the
last year of the loan (the 10th). This signifies that the project’s cash flow was more
than sufficient to cover its debt service obligations, providing a comfortable margin
of safety.

- The LLCR was equal to 4.72 at the instant of evaluation and becomes 28.80 in the last
year planned for the repayment of the loans. This indicates that the project’s cash flow
over its entire loan life was substantial, ensuring a robust ability to repay the loans in
the long-term.

These high values for both the DSCR and LLCR demonstrate the project’s strong
financial health and its capacity to manage its financial obligations effectively throughout
the duration of the loan.

8. Conclusions

Any plan for the physical reuse and functional adaptation of cultural heritage must
necessarily find a balance between market demands, the cultural and social significance of
the heritage to be revitalized, and the community’s aspirations, respecting the identity of
the asset and its urban context. In this decision-making context, this research presented a
multi-level integrated methodology that supports the preliminary assessment of complex
decisions [71] according to a multi-methodological approach aimed to facilitate a more
informed decision-making process. The methodology was applied to a pilot project for the
adaptive reuse of cultural heritage, specifically a group of mountain huts in the village of
Lorica located in the Sila National Park (Italy).

The methodology, used in the preliminary stages of the project, integrated different
tools and utilized various techniques from the field of economic estimation. The combina-
tion of integrated, qualitative, and quantitative methodologies, according a multi-phase
approach [71], provided effective support to the Decision-Makers (DMs), guaranteeing
objectivity in choices and transparent negotiation among the various stakeholders involved
in the valorization and reuse of the cultural heritage [72] according to a transparent and
rational framework for identifying shared solutions and intervention priorities.

The methodological framework provided support to DMs in defining priorities for
intervention and actions based on a multidimensional and multi-criteria assessment for
the definition of the most favorable alternative scenario, which was also verified from
the point of view of its feasibility and sustainability. The adoption of this structured
multi-methodological and integrated evaluation process offers valuable opportunities,
particularly in economically vulnerable contexts such as the case study, where effective
allocation of scarce resource is fundamental for the conservation of places and communities.

Integrated multi-methodological approaches are widely utilized in addressing com-
plex decision-making problems across various domains of knowledge in accordance with
the 2030 SDGs and European quality principles [73,74]. Their application proves particu-
larly beneficial when making decisions regarding the adaptive reuse of cultural heritage,
whether in the public or private sectors. These decisions involve a complex interplay
between values and diverse, often conflicting interests, necessitating the establishment of a
shared platform among Decision Makers (DMs), stakeholders, and the community [75,76]
to define reuse projects conceived with the perspective of economic development in the
relevant territory [76-79].
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The model applied to the pilot project demonstrates the effectiveness of a transparent
and comprehensible evaluative process that allows for a rapid assessment of the financial
feasibility of the project using a Financial Feasibility Plan (FFP) and performance indicators
based on the Discounted Cash Flow Analysis (DCFA). The evaluation process is thus an
integral part of the project development process, serving as a support in the initial stages of
assessing investment feasibility, optimizing investment choices, and facilitating the efficient
allocation of public resources. The developed model focuses on “steady-state” cash flows.
This simplification allows for the early identification of collective needs and any potential
technical, procedural, and economic-management obstacles.

On the basis of the developed management hypotheses developed in the FFP, it is
evident that the preliminary assessments of the economic and financial feasibility of the RD
accommodation activity planned within the renovated cabins were thoroughly verified. The
municipal administration, with this investment of general interest, committed to revitalize
an abandoned hamlet with positive benefits for the entire community [80].

The results obtained from the application to the pilot project highlight the potential of
a user-friendly and easily replicable model, even for less-experienced users. This model
can be implemented as an additional verification of the evaluation criteria generated from
more complex financial analyses.

Based on this application, it is possible to outline some future research paths. Firstly,
the implementation of the model will be replicated in other pilot areas to increase its
reliability. Secondly, a dynamic SWOT analysis [81] will be utilized in the model to provide
more efficient support in structuring the decision problem with guidelines and strategic
recommendations. Thirdly, through a more in-depth stakeholder analysis and sensitivity
analysis for criteria elicitation, it will be possible to visualize different scenarios to test the
robustness of the results in selecting the most favorable alternative.

In conclusion, it can be stated that the combination of different evaluation tools is
highly promising in defining a framework that assists DMs in both the public and private
sectors involved in the redevelopment and reuse of cultural heritage. This combination
is also promising in the strategic evaluation of procedures to renew the vision of plans,
programs, and projects for the enhancement of unused cultural heritage landscapes [82-84].
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Appendix A. The Technical Economic Framework for the Estimation of

Investment Costs

(al) Construction costs (architectural, plant, road, etc.)

(a2) Safety charges included in the works and not subject to a discount (2%)

(a3) Additional security charges (not subject to discount: 1%)
(a4) Total auction-based works
(a5) Total contract amount
(b) Sums available to the contracting station
(b1) Economical construction costs
(b1bis) Furnishings
(b2) Surveys and investigations
(b3) Connections to public services and urbanization works
(b4) Unexpected costs (% of a5)
(b5) Acquisition of areas or properties
(b6) Provision for costs referred to to current regulations
(b6bis) Provision pursuant to procurement regulations
(b7) Technical expenses for design and construction management
(b7bis) Incentive fund pursuant to current regulations
(b8) Expenses for consultancy activities, etc.
(b9-b10) Expenses for advertising, tenders, commissions, etc.
(b11) Testing
(b12) VAT on a5
VAT on b4
VAT on blbis
VAT on b2
VAT on b7
VAT on b7bis
VAT on b8
VAT on b9-10
VAT on b11

Total investment cost

5.0%

1.0%
3.0%
10.0%

1.5%

1.5%

10.0%
10.0%
21.0%
22.0%
22.0%
22.0%
22.0%
20.0%
22.0%

njem

[ I e e B e I e B e i > B e I e S e I e B e B e B o S I e B e B o B B e I R G B )

;otal €

800,000.00
16,000.00
8000.00
784,000.00
808,000.00

10,000.00
40,400.00
40,000.00
40,000.00
8080.00
24,240.00
80,800.00
12,120.00
5000.00
12,120.00
80,800.00
4040.00
2000.00
16,160.00
2424.00
1000.00
2424.00
341,608.00
1,149,608.00
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Abstract: Vernacular architecture constitutes a rich source of information and ancestral knowledge
and could become a key resource for sustainable development. Its passive design strategies effectively
respond to local climatic and weather conditions, using locally sourced materials for the construction
of its supporting structures and enveloping elements, as well as spatial organization and the incor-
poration of a buffer area (courtyard) that optimize the use of renewable resources. This qualitative
study analyzes a traditional housing typology with a central courtyard located in the Historic Center
of Azogues, Ecuador. In situ monitoring was conducted to evaluate the case study’s interior thermal
comfort in different building spaces. Using the open-source software Open Studio and EnergyPlus, a
simulation model was built to assess the annual thermal performance of the house. Field records were
used to verify the effectiveness of the strategies that responded to the location’s climatic conditions.
The analysis of the passive strategies used in the selected house included natural ventilation, solar
protection, and thermal insulation, which depended on various aspects of the building, such as its
location, the internal space’s arrangement, and the design of openings (doors and windows), among
others. The thermal simulations revealed that the traditional house located in the Historic Center
of Azogues was well adapted to the local climate, although the interior thermal comfort was not
entirely satisfactory.

Keywords: vernacular housing; passive design strategies; indoor thermal environment; building
energy performance; dynamic thermal simulations

1. Introduction

During the past several decades, the increasing energy consumption in the building
industry has reached approximately 40% of the global energy consumption [1]. This figure
is expected to further increase due to demands for improved quality of life and population
growth, which will require larger areas for urbanization [2]. This growth model in the
building industry has contributed to the depletion of energy resources and the exacerbation
of global warming [3]. However, over the last decade, the industry has undergone a
paradigm shift, with growing environmental awareness and recognition of the issues
related to energy efficiency and environmental impacts [4]. Therefore, buildings play a key
role as their passive design, which adapts to local climatic conditions and minimizes the
use of mechanical systems for climate control, is crucial in reducing the energy demands of
buildings without compromising the comfort of their indoor environments [5,6].

Vernacular buildings are constructed using local materials and designed with passive
strategies, allowing them to adapt to the local climate. Due to the economic limitations of
their owners and the thermal adaptability of their spaces, residents rely on the building’s
passive capacity for thermal comfort [7]. There are various typologies of vernacular build-
ings according to the climate and region of implementation, which serve as useful examples
for the achievement of sustainability through architectural design and reducing the reliance
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on artificial climate control and its subsequent energy [5,8-10]. Currently, some scholars
and researchers are investigating how vernacular techniques and materials can play a
decisive role in creating more sustainable and energy-efficient buildings [11,12]. Therefore,
knowledge of vernacular construction could be relevant not only for the conservation and
restoration of existing heritage buildings but also for the construction of new sustainable
and resilient buildings in the future [9].

Despite the growing interest in energy simulations and quantitative results, few stud-
ies have focused on this area. One such study focused on vernacular housing in the village
of Xinye, China, conducted by Gou et al. [8]. The study demonstrated that annual thermal
comfort simulations could be obtained with the support of the EnergyPlus simulation en-
gine, using on-site monitoring and data collection over short periods of time. Additionally,
the study identified passive strategies implemented in the building that improved the
thermal comfort during hot summers, although they were less effective during cold winters.
Similarly, the study by Cardinale et al. [11], focused on the energy and indoor comfort
of vernacular architecture in Sassi and Trulli (Southern Italy), experimentally analyzed a
dwelling in each site through the interior and exterior monitoring of environmental parame-
ters, the in situ measurement of material properties, and simulation using EnergyPlus. This
analytical methodology demonstrated that the experimental phases and subsequent simu-
lation are crucial for buildings characterized by uncertainty and complexity. Numerical
simulations of the annual thermal performance of the dwellings were obtained, indicating
that the buildings did not require air conditioning during summer and that simple heating
systems could ensure comfort levels during winter.

Another study aimed to analyze the site-specific strategies, thermal performance,
and comfort conditions of a vernacular building in Southern Portugal. This was achieved
through both objective and subjective indoor measurements taken for one day per season
and long-term outdoor measurements. This study demonstrated the effective thermal
performance achieved solely through passive strategies during periods of heat waves [4].

This research focuses on an existing vernacular dwelling in the city of Azogues,
Ecuador. It involves environmental monitoring, in situ measurements, and dynamic simu-
lations to collect data on the house’s indoor thermal performance. Using the EnergyPlus
engine, simulation results are obtained and used to evaluate the effectiveness of the passive
design strategies inherent in this type of building, which can be applied to new buildings
in order to achieve sustainability [13,14].

1.1. Research Site

The case study of this investigation is a vernacular house located in the Historic
Center of the city of Azogues (Figure 1), in the southern inter-Andean region of Ecuador
(—2.73969, —78.8486), with an altitude of 2518 masl (meters above sea level). Azogues has
been recognized as a cultural and urban heritage site in Ecuador since 31 October 2000.
The city is bounded to the north by the provinces of Chimborazo and Morona Santiago,
to the east and south by the province of Azuay, and to the west by the cantons of Déleg
and Biblian. The area of study was selected due the historical and cultural importance of
the city, as well as the potential for this vernacular architecture to guide sustainable design
strategies for new buildings.

The central subject of this research is a vernacular house with a central courtyard
typology. The courtyard is used as a central axis upon which other spaces of the building
are distributed. The adjacent orchard provides a space for outdoor activities throughout
the different seasons of the year. Factors such as air temperature, relative humidity, and
wind speed significantly impact the comfort and well-being of its residents; therefore, this
research examines the correlation between the passive design strategies utilized during
the building’s construction and its response to weather conditions. This house, along with
others, has played a significant role in the declaration of the area as a cultural heritage site.
Consequently, it is crucial to examine this traditional model from the perspective of passive
design strategies. Previous research has shown that incorporating vernacular architecture
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is vital in achieving sustainability in contemporary architectural practices. Furthermore,
studying and analyzing such architectural styles can provide a viable approach for the
upcoming generation of architects to promote sustainable design [15].

N

®

Coast Region
Andes Region
Amazon Region

=3 Cafiar Province
S Azogues City

Figure 1. Azogues city location.

1.1.1. Weather

The city of Azogues is surrounded by several hills, such as Blanca, Chavay, Toray,
San Pedro, Shigshiquin, Guabzhumbuil, and the Cojitambo and Abuga hills. The Burgay
River forms a natural semicircle, creating a highly scenic backdrop that defines the
silhouette and physiognomy of Azogues. Additionally, the group of ravines, such
as the Shirincay and the banks of the Tabacay River, located within the urban area,
hold significant potential as tourist attractions. These natural features contribute to an
environmental framework that ensures the future quality of life of the population in a
sustainable and high-quality environment. It is worth noting that these natural elements
possess extraordinary historical, cosmogonical, and totemic value, as each of them serves
as a religious and worship center, which are fundamental to the Cafiari cosmogony and
the city’s cultural identity.

The climate of Azogues is strongly influenced by its natural surroundings. The
prevailing wind blows from the east year-round (Figure 2). The windiest month in Azogues
is July, with an average wind speed of 15.3 km per hour, while the calmest month is
November, with an average wind speed of 6.8 km per hour [16]. The city’s northward
orientation can benefit from natural ventilation.

Table 1 presents the climatic data for Azogues. The monthly average temperature
peaks at 13 °C in March and April and drops to 8 °C in July and August. The month with
the highest rainfall is March, with average precipitation of 94.8 mm, while the month with
the lowest rainfall is August, with an average of 23.10 mm.

In terms of the duration of the day, there is no significant variation throughout the year,
with an only 17-min variation in 12 h. For the year 2022, it was found that the shortest day
was June 21st, with 11 h and 58 min of natural light, while the longest day was December
21st, with 12 h and 17 min of natural light.
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Figure 2. Wind rose for the city of Azogues [17].

Table 1. The climatic data for the city of Azogues [16].

Month January  February =~ March April May June July August September October November December
Average 12 12 13 13 11 9 8 8 9 10 11 11
temperature °C
Maximum 15 15 16 16 14 11 10 10 12 12 13 14
temperature °C
Minimum
B 9 10 10 10 9 7 6 6 7 8 8 9
temperature °C
Rain (mm) 53.1 80.8 94.8 782 56.4 433 28.3 231 31.1 51.1 50.8 529
Rainy days 11.7 14.6 17.5. 155 121 9.6 75 6.3 8.1 11.6 10.9 113
Hours of sun 123 122 121 12.0 12.0 12.0 12.0 12.0 121 122 122 123

1.1.2. Description of the Traditional Dwelling

On 31 October 2000, Azogues was designated as one of Ecuador’s 38 cities recognized
as heritage sites due to its remarkable architectural, urban, and scenic qualities. In order
to achieve this distinction, a total of 135 real estate assets that contributed to the region’s
religious and civic architectural heritage, as well as eight urban architectural complexes
that possessed notable formal, constructive, and typological features, were inventoried.

The Ministry of Education and Culture’s 2000 report on the declaration of Azogues

as a heritage site reveals that the buildings date back to the late 19th and early 20th
centuries [18].

1.1.3. Typologies of Traditional Houses

One of the architectural forms of the traditional buildings existing in the city of
Azogues, as shown in Figure 3a,c, is the house with a “central courtyard,” which recalls
or commemorates the cities conquered by the Spanish since their urban organization was
based on the “Plaza Mayor.” Other typologies of traditional houses are in the shape of
an “L,” since the courtyard is displaced to one side of the land, thus providing access to

the house through a corridor (Figure 3b). All spaces around the courtyard are generally
composed of two floors.
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Figure 3. Typologies of traditional houses. (a) house with a “central courtyard”, (b) an “L” shaped
house, (c) a house with a “central courtyard” and orchard at the back.

Ground floors are typically dedicated to commercial activities and have a direct connec-
tion to the street and interior courtyard. However, there are also completely independent
commercial spaces that suggest that they were intended for rent. The living and dining
rooms are the main spaces where people socialize and gather. They are also used for special
events at different times of the year.

Most buildings with “courtyards” function as “light wells”—a central or lateral area
connecting the main entrance to the courtyard. Due to the city’s topography, subsurface
areas are often generated, which require strong retaining walls composed of river stones
and structural solutions using wood [18].

Buildings with a “central courtyard” were typically owned by affluent families. It
was common for such houses to have monoculture gardens and fruit trees at the rear of
the property, similar to the case study for this research (Figure 3c). These areas provide
an opportunity for inhabitants to switch their outdoor activities to different locations
throughout the various seasons of the year.

Residential buildings in Azogues commonly use bahareque walls, a building system
that protects the interior environment from climatic variations throughout the year (as
shown in Figure 4a). The external walls also utilize this technology, with some facades
constructed with stone (as shown in Figure 4b) and wood (as shown in Figure 4c). The
combination of envelope systems and a tilted roof constructed with wood and clay tiles
enhances the building’s thermal insulation properties. The traditional dwelling depicted
in Figure 4a, which is the focus of this study, has an external envelope with a thickness of
17 cm and internal walls of equal thickness. As detailed in Section 4, on-site measurements
were conducted to assess the thermal performance of the building envelope. The analysis
of the collected data revealed that this particular envelope system effectively reduces the
effects of severe weather conditions on the interior thermal comfort.

The main facade’s wall is composed of “bahareque.” Bahareque is the name of a
construction system for houses, in which sticks, canes, reeds, “cabuya,” and mud are used.
The main wall plays a very important role as the closure of the building, which is commonly
decorated with wooden slats that highlight the plinth but are also used in other parts of the
fagade, such as the window sills. The levels of the building are differentiated with the use
of very simple borders, and the window openings are framed with wood moldings topped
with perforated wooden or brass plates.
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Figure 4. Types of building envelopes found in the facades of heritage houses in the city of Azogues.
(a) house with bahareque walls, (b) house with stone facade, (c) house with wooden facade.

Most of the houses’ interior walls are also built of bahareque, resting on a foundation
composed of rounded stones that transmit the load of the construction to the ground. Mud
mortar is commonly used as a coating, and a refined layer is applied to both the outer and
inner surfaces of the wall, enhancing its aesthetic appeal. The tilted roofs of the houses are
usually composed of wood and are generally covered with handmade burnt clay tiles.

1.1.4. Openings’ Design

In Azogues, the placement of building openings such as windows and doors disre-
gards the local climatic conditions, specifically the dominant wind directions. The majority
of dwellings in the area feature windows positioned on the primary facades, typically span-
ning from floor to ceiling and divided into multiple sections, which are complemented by
balconies lacking corbels and bearing wrought iron or wooden balusters. As the local wind
predominantly comes from the east, windows improve the natural ventilation, particularly
in buildings oriented towards the windward side. Furthermore, a notable window-to-wall
ratio is another feature of passive building design that can enhance the thermal perfor-
mance of the structure. Figure 5a illustrates that the bedrooms and commercial spaces
located towards the main street lack windows. It can be noted that the main entrance door
of the dwelling has significant height in comparison to the other doors of the building
and is located in the center of the main facade, which also helps to improve the natural
ventilation conditions within the dwelling.
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Figure 5. Internal images of the selected building for the study. (a) west facing gallery, (b) galleries
facing the main street and north, (c) gallery facing the main street.

1.1.5. The Buffer Space

The traditional homes in Azogues are characterized by an inner courtyard, a space that
is connected to the exterior through an alleyway (zaguan) and to the other internal spaces,
providing a feeling of comfort. The courtyard is designed with the intention of facilitating
movement and promoting air circulation within the building. The presence of a fountain
further aids in cooling the air, contributing to an improved climatic environment in this
specific area of the residence. The courtyard can also be considered an open buffering space
that directly influences the natural ventilation and lighting in the building, contributing to
protecting the interior spaces from strong solar radiation [19]. Semi-open spaces such as
galleries and “zaguans,” which connect the interior and exterior areas of the home, can be
crucial to the effectiveness of natural ventilation.

2. Materials and Methods

The research’s methodological design was based on Gou et al. [8], who proposed an
experimental investigation grounded in the case study approach. This approach involved
analyzing the construction technique of the building within the context of its normal use and
occupancy. Direct observations were performed of the object of study in its context, with
the aim of obtaining the maximum amount of information in situ. In this study, equipment
was used to record data on the wind speed, relative humidity, wind direction, and the
envelope’s temperature. The measurements of the outdoor environmental parameters were
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correlated with the indoor comfort parameters, considering the following comfort ranges:
air temperature 17-22 °C, relative humidity 40-65%, and air velocity <0.2 m/s [20].

For the research’s development, electronic measuring instruments that met the require-
ments of objectivity, validity, and reliability were used, such as HOBO for data collection on
temperature and relative humidity, Testo 435 to obtain data on the surface temperature of
the building envelope, and Anemometer Testo 435 to measure the wind speed. Templates
were developed for data tabulation and figure creation for data processing.

Based on previous studies on this topic, the following four-stage methodological
design was proposed for the case study.

Stage 1—Selection and Planimetric Survey of the House: The research began with
the selection of a house through the review of existing documentation on the inventory of
heritage properties in the city of Azogues, based on the following criteria.

e A habitable house with traditional vernacular characteristics and a spatial organization
typology consisting of a central courtyard and garden.

e The house should not have been renovated and should maintain its original spatial
characteristics and construction systems.

e  To assess the interior thermal environment, on-site monitoring provides accessibility,
while energy simulations enable the evaluation of the building’s performance.

e Once the house was selected, a visit was made to verify its physical-spatial characteris-
tics, to validate the reasons that it was included in the inventory as a heritage property.
Subsequently, the owners of the property were approached to request their autho-
rization for the planimetric survey of the house and the placement of the registration
equipment inside it.

Stage 2—Data Collection In Situ: Data collection was performed by installing equip-
ment in different areas of the building, such as the HOBO U12 Temp /RH. Data loggers were
utilized to measure and record the temperature and relative humidity, wind speed (Testo
anemometer), surface temperature of envelope materials (Testo 635 surface thermometer),
and wind direction (smoke tracers).

Stage 3—Data Processing: The data from Stage 2 were used to generate tables and
figures for the analysis and comparison of the different monitored environments and their
behaviors in response to local climate phenomena.

Stage 4—Evaluation of the Thermal Performance of the Building: The thermal per-
formance was evaluated using the software SketchUp for modeling and the open-source
software Open Studio with EnergyPlus for simulation. The model was validated with the
monitored data collected from different points within the building to determine its annual
thermal performance.

2.1. Description of the Studied Dwelling

The building was constructed in 1910 and it has preserved its original form, and no
alterations or modifications have been observed throughout the years. The house inherited
construction techniques and design methods that were passed down from generation to
generation. It is one of the most typical house designs in Azogues, consisting of a central
courtyard and garden oriented towards the east, with four galleries in which the different
spaces are distributed. The areas designated for the living and dining rooms are located
on the upper floor of the building, in the gallery that faces the main street (Figure 5c). The
monitoring of the thermal comfort data primarily focused on the various galleries present
within the dwelling, as they exhibit climate-sensitive characteristics.

The gallery facing west (Figure 5a) is topped by a lookout that is accessed through a
staircase located on the rear facade of the building.

The selected house (Figure 6) includes surrounding corridors to the central courtyard
on both the ground and upper floors, in such a way that the interior spaces benefit from
natural lighting. Resting areas such as bedrooms are arranged on the north and south
sides of the building. The basic idea of the courtyard consists of forming an enclosed
space protected from the outside, where it is possible to control the climate, creating a
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differentiated, regular, and daily cyclic microclimate that benefits the house [21], providing
the bedrooms with optimal cross-ventilation. Furthermore, the strategic placement of
rooms on the north and south sides of the building adds an additional benefit from the
shade, effectively reducing the direct solar heat gain during hot periods.
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Figure 6. Plan views of the chosen representative residence, displaying the positions where data
monitoring took place.
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2.2. Experimental Setup

The experimental setup was based on the methodology introduced by Gou et al.
(2015) [8]. The thermal comfort monitoring was conducted from 2nd July 2022 to 3 July
2022, which is the month in which Azogues city experiences the lowest temperatures of the
year, ranging from 6 °C to 10 °C. The monitored data encompassed the air temperature,
relative humidity, wall surface temperature, and wind speed. A HOBO data logger was
employed to automatically capture air temperature and relative humidity data at 10-min
intervals. Wall surface temperature and wind speed data, on the other hand, were manually
collected once per hour throughout the evaluation period. The technical specifications of
the data collection instruments utilized are provided in Table 2. It is worth mentioning that
the equipment employed was certified by the manufacturer.

Table 2. Technical specifications of measurement instruments.

Parameters

Instrument Measurement Range Accuracy Resolution

Air

Temperature/Relative

Humidity

Temperature/Relative —20°Cto70°C +0.2 °C and £2%RH
Humidity Data Logger

HOBO MX1101 0.024 °C at 25 °C

0.01%RH

Wall U-Value

temperature probe to

Testo 635-1 and

h —20°Cto +70 °C +(0.1 °C + 0.2% of mv) 0.01 W/m2 K
determine

U-value

Wind Speed

Testo 410-2 Vane

anemometer 04m/sto20m/s +(0.2m/s + 2% of mv) 0.1m/s

2.3. Measurement Areas

Figure 6 shows the five locations within the house that were selected for the mon-
itoring of the air temperature and relative humidity: bedroom 7, the central courtyard,
the rear vestibule facing the garden, the mezzanine room, and the main living room. All
measurement points were established at a height of 1.5 m above ground level. Suitable
devices were employed to record exterior data throughout the measurement period. The
surface temperatures of the monitored building envelope in bedroom 7 of the north gallery
are not identified in Figure 6. Data collection points were positioned 1.5 m above ground
level at the center of both the external and internal surfaces of the walls.

Two methods were employed to measure the wind speed. The first one involved plac-
ing a recorder in the gallery situated in the eastern part of the building, near the window of
the living room. Data were manually recorded every hour to determine the wind direction
using smoke tracers simultaneously. The second method comprised conducting short-term
measurements at three distinct points, as illustrated in Figure 6 (central courtyard, doors A
and C), to understand the natural ventilation behavior of the house.

A summary of the experimental conditions for short-term data monitoring is presented
in Table 3. Wind speeds were manually measured and recorded at consistent intervals of
30 s, while smoke tracers were synchronously employed to determine the wind direction.

Table 3. Short-term experimental tests of natural ventilation in the building.

Experiment

Experimental Conditions Location of Experimental Points Experiment Duration

1

Doors A, B, and C were opened, while all
other doors were closed.

Door A and C 10:00:00-10:15:00

2

All doors were closed except for Door A. Door A and central courtyard 15:00:00-15:15:00

3

Doors A, B, and C were opened, while all Door A, central courtyard, and
other doors were closed. Door C

19:30:00-19:40:00
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WIND SPEED M/S

3.50
3.00
2.50
2.00
1.50
1.00
0.50

0.00

10:00:30
10:01:00

3. Results and Discussion
3.1. Indoor Environment Monitoring

Measurements of speed were taken three times during the day at short intervals,
with the purpose of evaluating the building’s natural airflow and ventilation. The wind
direction was recorded using smoke tracers located at the points indicated in Figure 6,
simultaneously. The experiments, their conditions, and the locations of the sensors for
wind speed data collection are described as follows.

Experiment 1 involved measuring data at doors A and C, while doors A, B, and C
remained open, and all other doors were closed. This experiment revealed that during
the 15-min sampling period in the morning, the wind at door A originated from the west,
while, at door C, it changed direction to the east. The wind speed at door A exhibited
significant strength, averaging 1.35 m/s, whereas, at door C, it was approximately 0.81 m/s
(Figures 7 and 8).
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Figure 7. Short-term variation in wind speed monitored during the morning.

Door A Door C
Figure 8. Smoke tracer for determination of wind direction during the morning.

During the second experiment, data were recorded in the afternoon for a sampling
period of 15 min. The test involved closing all doors except for door “A”, and measurements
were taken at door “A” and in the central courtyard. The recordings revealed that the
wind in the central courtyard had an upward direction, while, at door “A”, the wind had a
west—east direction. Additionally, in this experiment, it was found that the wind at door
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“A” had an average velocity of 0.88 m/s, with a recorded maximum of 2.20 m/s during
the sampling period. The wind speed in the central courtyard was much lower, with an
average of 0.48 m/s (Figures 9 and 10).
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Figure 9. Short-term variation in wind speed monitored during the afternoon.

Door C

Figure 10. Smoke tracer for determination of wind direction during the afternoon.

Experiment 3 was conducted at night for 10 min to evaluate the natural ventilation
of the building. The experimental conditions were the same as in experiment 1, with
measurements taken at door A, the central courtyard, and door C. The wind direction was
found to be west—east at both door A and door C, while an upward direction was observed
in the central courtyard. The average wind speed at door A was recorded as 0.91 m/s,
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while, at door C, it was measured to be 0.80 m/s., while the average speed in the central
courtyard was 0.41 m/s (Figures 11 and 12). These findings provide insight pertaining to
the natural airflow and ventilation within the building during nighttime.
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Figure 11. Short-term variation in wind speed monitored during the night.

Door A

Door C

Figure 12. Smoke tracer used to determine wind direction during the night.
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The experimental tests (2 and 3) show that the predominant local wind comes from
the west—east direction, and this wind stream can be regarded as the main source of
natural ventilation within the house. However, according to test 1, the predominant local
wind takes two directions, west to east (door A) and east to west (door C), during the
morning. The courtyard functions as an outlet for air circulation, while the windows and
doors serve as inlet openings for fresh air intake; the smoke tracers placed in the central
courtyard showed that the natural ventilation during the morning, afternoon, and night
was upward, producing a chimney effect. Nevertheless, it is noteworthy that the main
room of the building, where a wind speed recorder was placed despite being oriented in
the predominant wind direction, recorded an average speed of 0.39 m/s, which can be
considered imperceptible. This observation is supported by the smoke tracer images placed
in the main room (Figure 13).

Figure 13. Smoke tracer for determination of wind direction in the main hall.

The air temperature profiles shown in Figure 14 demonstrate that the outdoor tem-
perature exhibited a diurnal variation of 6.96 °C (i.e., ranging from 8.80 °C to 15.16 °C),
while the temperature recorded in the main room fluctuated between 15.11 °C and 17.05 °C,
displaying a diurnal variation of 1.94 °C over the same time period. The central courtyard
had an average temperature of 14.92 °C, and the temperature inside the building was
higher than the outdoor temperature, whereas the outdoor temperature was 1.67 °C lower
than that of the rear vestibule. It is evident that the temperature variations in the mezzanine
room and bedroom 7 coincided throughout the monitoring period. The mezzanine room
was approximately 0.23 °C warmer than bedroom 7, while the main room was 1.26 °C
hotter than bedroom 7 during the day. At night, bedroom 7 was slightly cooler than the
main room, with a difference of 0.30 °C.

The relative humidity (RH) levels in the central courtyard, as depicted in Figure 15,
exhibited the most fluctuation among the interior values (i.e., varying from 59.03% to
85.43%). The relative humidity in bedroom 7 was the most stable (i.e., varying by only
1.93%, from 67.23% to 69.15%), while the highest value (around 88.86%) was observed
in the rear vestibule during the monitoring period. It is important to note that while the
temperature in bedroom 7 was lower than in the main room during nighttime, the former
exhibited lower relative humidity values, indicating a drier environment compared to the
latter. Based on the monitoring results, bedroom 7 was the coolest place in the house. This
phenomenon can be attributed to the fact that bedroom 7 was enclosed by three solid walls
and had only one connection to the exterior (central courtyard) through a door. As a result,
natural ventilation in this area was restricted. However, the room benefitted from effective
shading, reducing the influence of the outdoor air temperature and solar radiation.
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Figure 14. Variation in air temperature at diverse monitoring points.
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Figure 15. Variation in relative humidity at diverse monitoring points.

The air temperature in the rear vestibule was the coldest in the house. Moreover, this
space was the most humid, despite having good natural ventilation. This behavior can be
attributed to the fact that this environment is located at a lower level with respect to the
street level, and its enclosing structure is composed of wooden partitioning. According to
the monitoring results, the relative humidity in the mezzanine room was the most constant
among all the rooms in the house. However, it was cooler than the main room.

The temperature profiles of the internal wall surfaces in bedroom 7 are presented
in Figure 16. The results show that the west wall surface has the largest diurnal varia-
tion of 1.4 °C (i.e., from 17.00 °C to 18.40 °C), while the east wall surface has the lowest
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variation at night (i.e., 0.10 °C from 15.30 °C to 15.40 °C). The north wall surface main-
tains a stable temperature at 15.50 °C during the night. The internal south wall surface
records the lowest average temperature during the night at 14.92 °C, while the external
surface records 15.00 °C, with a variation of 0.08 °C. The temperature of the internal wall
surfaces in bedroom 7 is higher than the external temperature; this can be attributed to
the thermal insulation and thermal mass properties of the walls, which contribute to the
observed effects.
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Figure 16. Variation in surface temperature of envelopes in bedroom 7.

3.2. Thermal Performance Simulation

In order to identify whether there were environmental improvements in the case study,
a thermodynamic performance analysis was performed. Firstly, a model of the current state
of the building was obtained through the EnergyPlus/Open Studio graphic interface [22].
The data were collected through planimetric measurements of the building, as there were
no existing records due to its age. In the model, all thermophysical properties of the
building’s envelope were defined (Table 4). The values of the opaque envelope were taken
in situ using the Testo 635 Surface Thermometer tool, and for the transparent envelope (and
other materials that could not be measured), the values were taken from the Ecuadorian
Construction Standard [23]. Additionally, usage schedules and profiles were defined for
a home with an average occupancy of three people (current number of occupants), an
internal load with lighting power of 11.62 W/m?, and electrical equipment of 48 W/m?.
The analysis was conducted in the absence of an air conditioning system, which is typical for
residential buildings in the studied area. Consequently, the behavior of the building under
external climatic conditions was the focus of the study. Finally, we inputted meteorological
data for an entire year from the weather station located 3 km from the building (identified as
DX300 HOBO). EnergyPlus was then used for energy calculations and Radiance was used
to simulate the thermodynamic performance. To ensure the reliability of the simulation
results, the model was validated (Figure 17) through the calibration of the model with a
comparison process between experimental data taken during the monitoring of the interior
environment of the living room and the simulation results.
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Table 4. Thermophysical parameters of the simulated building.

Building Envelope Thermal Specific Heat
mC ng Envelop Thickness (m) Conductivity Density (kg/m3) pect U Factor (W/m2K)
omponent (J/kgK)
(W/Km)
Interior Bahareque Wall 0.17 1.28 1460 880 3.48
Exterior Bahareque Wall 0.17 1.28 1460 880 348
Upper Wood Floor 0.21 0.13 840 1381 0.02
Ground Wood Floor 0.21 0.13 840 1381 0.3
Interior Wood Ceiling 0.015 0.13 840 1381 0.02
Clay Tile 0.015 1.00 2000 800 3.22
Wood Door 0.06 0.19 700 2390 1.59
Exterior Wood Window 0.06 0.19 700 2390 1.59
Thickness (m) U-Factor Clear glass
Interior Glass Window Glass SHGC
W/ m2 K) Transmitance
Interior Glass Window 0.004 5.781 0.862 0.898

Air temperature

Exterior data Relative hum'ldity{

Wind direction

Weather data

in excel file

Vary the airflow
;
---=1 rate of natural '
: ventilation

OpenStudio
input data

Inner temperature
Measured

OpenStudio
simulation

Does the indoor
temperature match?

Validated model

Figure 17. Constructed simulation model and model validation procedure.

Model Validation

The validation was based on the model calibration process through the comparison of
monitored and simulated data from the living room. Nowadays, this is frequently used in
research as a means of validating results by calibrating the model through the comparison
of monitored data in short periods of time and building simulations to identify thermal
comfort and energy benefits [8,24-26]. Monitored data at various points in the building
were used for model calibration (Figure 6). The indoor air temperature of the main room
was used as the parameter for model validation, given its strong connection to the thermal
environment of the entire building. The simulated temperature in the main room was
compared to the values recorded during observation periods (Figure 18). The comparison
evaluated indicators used by the scientific community and defined by international orga-
nizations such as the American Society of Heating, Refrigerating and Air Conditioning
(ASHRAE) and the National Renewable Energy Laboratory (NREL) [27], which establish
acceptable ranges for statistical calibration rates. After calibration, hourly and monthly
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simulation data for an entire year could be obtained. A model is considered valid if the
difference between the simulated and monitored values falls within the acceptable range
defined by international standards (RMSE 10% and NBME 25%) [28,29]. Two well-accepted
statistical indicators for model validation are the normalized mean bias error (NBME) and
the root mean square error of the bias (RMSE). To assess the correlation between the simu-
lation and monitoring results, specific criteria were adopted. These criteria are formally
defined as follows:
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Figure 18. Temperature difference between monitored and simulated values in the main room.

In this study, the simulated temperature values (t;,) of node i were compared to the
monitored temperature values (t,,;) of node i, where the arithmetic means of a sample of
n measured temperature data (t,) were calculated, and n was the number of monitored
temperature data during the monitoring period. The normalized mean bias error (NMBE)
indicator provided information on the difference between the simulated and measured
temperatures. A positive NMBE value indicated that the simulated temperatures were
higher than the monitored data, whereas a negative value indicated that the simulated tem-
peratures were lower than the monitored temperatures. The ideal NMBE value was zero.

The coefficient of variation of the root mean square error (CV(RMSE)) indicator quan-
tifies the relative correlation, expressed as a percentage, between the differences (simulated
temperatures minus monitored temperatures) and the average of all the monitored temper-
atures [24,26]. The CV(RMSE) value is always positive, and an ideal value would be zero,
indicating optimal accuracy. NMBE values, on the other hand, indicate the presence of
systematic error or bias in the simulation. In contrast, CV(RMSE) serves as an indicator of
precision, reflecting how closely the simulated results align with the monitored data. The
temperature differences between the monitored and simulated temperatures in the main
room are presented in Table 5. Additionally, the coefficient of variation of the root mean
square error (CV(RMSE)) was calculated, which was 4.46%, and the normalized mean bias
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error (NMBE) was found to be 4.28%. Both values were below the maximum validation
threshold of 25% recommended by the ASHRAE [28].

Table 5. Temperature differences between monitored and simulated data in the main room. NMBE
and CV (RMSE) values.

Time Measured Data  Simulated Data NMBE (%) CV (RMSE) (%)
09:00:00 15.49 16,17
10:00:00 16.06 16.59
11:00:00 16.61 16.99
12:00:00 16.77 17.28
13:00:00 16.84 17.56
14:00:00 16.97 17.76
15:00:00 17.02 17.83
16:00:00 17.05 17.75
17:00:00 16.91 17.63
18:00:00 16.66 17.46
19:00:00 16.42 17.27
20:00:00 16.26 17.10 428 4.46
21:00:00 16.10 17.05
22:00:00 15.93 16.95
23:00:00 15.80 16.82
00:00:00 15.69 16.71
01:00:00 15.60 16.60
02:00:00 15.50 16.49
03:00:00 15.42 16.39
04:00:00 15.33 16.28
05:00:00 15.21 16.13
06:00:00 15.11 16.03
07:00:00 15.45 15.89
08:00:00 16.16 15.94

3.3. Assessment of Annual Thermal Performance

A comprehensive one-year simulation of the building was conducted using the vali-
dated model and its corresponding input parameters for annual simulations. In order to
examine the dynamic free-running thermal behavior of the living room environment, the
impact of free gains was deliberately disregarded.

Figure 19 presents the annual differences in the temperature of the simulated main
living room and the outside temperature. It can be observed that the outdoor temperatures
are representative of cities located at altitudes between 2000 and 3000 m above sea level in
the Andean Mountain region on the Equatorial Line (such as the city of Azogues), which
have a cold climate that affects the indoor temperatures of buildings. Regarding the indoor
thermal comfort range between 18 °C and 22 °C, it can be observed that the simulated
temperatures are mostly below the range. The number of hours per year that the building
is below 18 °C is 7.338 h, that below 16 °C is 6.207 h, and that below 10 °C is 538 h. These
values show that the indoor environment of the building, despite having temperatures
below the comfort range, never reaches extreme cold temperatures or below 0 °C, which is
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a characteristic of buildings that do not have active heating systems. This has caused the
residents to adapt to lower temperatures and compensate for them with clothing [20].
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Figure 19. Variations in air temperature of the main room over one year.

Figure 20 presents data on the relative humidity throughout one year at an hourly
resolution. The humidity ratio in the main living room ranged from 4 to 11.7 g of water
vapor per kilogram of dry air. The upper limit of relative humidity was set at 70%,
indicating that the relative humidity values did not exceed this threshold throughout
the evaluation period.
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Figure 20. Variations in relative humidity of the main room over one year.

In Figure 19, the dashed line of simulated temperatures for one year in the living room
shows the range obtained, with indoor temperatures ranging from 15 °C to 18 °C and
relative humidity between 2 and 9 g of water vapor per kg of dry air, with an acceptable
upper limit of 19 g of water vapor per kg of dry air and maximum acceptable relative
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humidity of 70%. This indicates that the traditional courtyard houses in the city of Azogues
adapt well to the local climatic conditions, primarily due to their thermal masses. Addi-
tionally, the higher simulated temperatures in the living room compared to the exterior,
even at night, demonstrate that the case study has passive design strategies that improve
the indoor temperatures. This temperature value could potentially improve if the U-value
of the thermal transmittance of the building’s envelope decreases to 2.35, as stipulated
by local regulations. In this way, the internal thermal gains would be retained, and more
appropriate thermal comfort standards could be achieved.

If we analyze the annual thermal performance of the building with the temperature and
relative humidity data from the living room, we can verify that the simulated temperature
in the main room exceeds the 16 °C recorded during the monitoring period. Additionally,
the annual relative humidity of the simulated main room matches the relative humidity
recorded in the same space at 70%, allowing the building’s occupants to adapt to the indoor
environment despite having slightly lower temperatures than those recognized as the
comfort range.

4. Conclusions

The traditional vernacular architecture of Azogues represents a rich source of knowl-
edge and ancestral wisdom that contributes to sustainable development. However, studies
on vernacular architecture remain limited.

The qualitative analysis conducted on the dwelling in the present study reveals that
the strategies employed in the passive design of existing vernacular houses in Azogues are
effective in coping with the local climatic conditions. This response is primarily supported
by the thermal insulation of the building envelope, the buffering space (central courtyard),
and the shape and orientation of the house in relation to the prevailing wind direction.

The placement of the main spaces that enclose the building around the central court-
yard, as well as the surrounding corridors, also contributes to generating shade for the
interior spaces located on the ground floor and to protecting the indoor thermal environ-
ment from solar radiation.

The passive features also contribute to improving the thermal insulation of the build-
ing, such as the use of locally sustainable materials in the construction of the building
envelope, which is composed of bahareque. The relationship between the filled openings
and the central courtyard allows natural light to enter the interior spaces, enhancing the
thermal comfort of the dwelling. The in situ measurements conducted in the building align
closely with the findings derived from the qualitative analysis. The experimental monitor-
ing revealed that the traditional house benefits from natural ventilation. However, to avoid
high air velocities within the spaces, it is advisable to avoid simultaneously opening a door
and window in the direction of the prevailing external wind.

The experimental stages of monitoring and in situ measurements, followed by valida-
tion through dynamic simulation in EnergyPlus/Open Studio, were crucial for the studied
building typology, which involved a higher degree of uncertainty and complexity. Only
through this approach was it possible to quantify the thermal behavior of the building.
However, there were limitations in the monitoring time for indoor environmental param-
eters, and it is recommended to extend the monitoring period for as long as possible to
obtain more comprehensive data.

This study concludes that the climate-responsive strategies of traditional houses
inspired by vernacular architecture, primarily based on natural ventilation, solar protection,
thermal buffering, and heavy thermal mass, are effective in providing improved thermal
comfort on hot days and cold nights.

The optimal use of local resources, a good location and geographic orientation, and
an optimal building layout, along with a reasonable interior environment and the design
of window openings can contribute to improving the thermal comfort of a building, even
without the consumption of fossil fuels. Based on these findings, it is important to suggest
that the passive design strategies used in traditional houses be employed, as much as
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possible, by new generations of architects and construction engineers in modern buildings
located in climatic zones similar to those of the city of Azogues.
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Abstract: Throughout history, vernacular architecture has sought to provide inhabitants with comfort,
using local materials and techniques while drawing inspiration from the local culture. This goal
has helped natural and passive environmental building techniques to emerge, evolve, and develop.
Even though we are increasingly dependent on mechanical ventilation and cooling solutions, passive
techniques are in favor due to global climate challenges and the drive toward sustainable construction.
One of the most well-known passive cooling techniques is the windcatcher, or wind tower, as it is
known in the Middle East (also known as a malgaf in Egypt). Windcatchers, which appeared in Egypt
during the Pharaonic era, were also present in other vernacular Middle Eastern countries such as
Iran and Iraq, and they differed in design and materials. This research aims to extract, analyze, and
compare windcatchers throughout historical eras in Egypt and other Middle Eastern countries across
three main eras: ancient, medieval, and modern. This study thus provides a timeline for developing
these passive cooling systems, demonstrating how they were integrated into architecture over
millennia. This study also investigates the design differences in these vernacular models, including
their shapes, number of sides, and orientation, and correlates them to climatic and architectural
conditions. The results highlight that the vernacular wind towers corresponded to the prevailing
wind directions and the ventilation needs of the connected spaces. Furthermore, the findings question
the effectiveness and appropriateness of some of the modern incorporations of wind towers, which
borrow their design from local precedents.

Keywords: wind towers; passive cooling; natural ventilation; Egypt; Middle East; historic analysis

1. Introduction

Over the years, human comfort has been a key priority in the process of designing
spaces. Before mechanical solutions were available, attempts to achieve this goal were
naturally passive. Today, however, even with advancements in mechanical solutions,
passive methods remain in favor due to the increasing need for sustainable solutions
because of current global environmental concerns. Historically common passive solutions
include shading devices, ventilation techniques, and passive cooling and heating techniques.
One of the most prevalent cooling and ventilation techniques is the wind tower, also known
as a windcatcher. Wind towers are also known as malqafs in Egypt, one of the very first
countries to implement this feature. Wind towers have become increasingly interesting for
researchers due to their potential to create passive cooling and reach target human comfort
levels indoors. Wind towers have been in use since the Ancient Egyptian era, primarily
used in buildings to facilitate ventilation and indoor cooling. Additionally, windcatchers
were used widely during the Egyptian Medieval era and were known as a malgaf, literally
meaning “catcher”.

However, there is a gap in the literature that studied windcatchers in Egypt throughout
its history. Most researchers who studied windcatchers in Egypt focused on the medieval
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era, especially the Islamic, but none, to our knowledge, thoroughly studied all eras starting
from Pharaonic to the modern era going through Coptic and Islamic. In addition, the
same gap appeared with research studying windcatchers in the Middle East; it either
focused on ancient or modern, but no studies, to our knowledge, went through all eras
together. Another new aspect of this current research is analyzing the reason behind
the windcatcher form and design, how it differed between regions, and why. Thus, the
three primary eras including ancient, medieval, and modern are studied in this research
to extract, analyze, and compare windcatchers from different historical periods in Egypt
and other Middle Eastern regions. This will contribute to advancing the knowledge of
vernacular wind tower designs and bring awareness to their potential as a passive design
solution that contributes to sustainability and reduces energy consumption, especially in
Egypt. This study offers a timeline for advancing these passive cooling systems, showing
how they were incorporated into architecture over centuries. It presents and investigates
case studies found in the three eras, explains their main aspects and design differences,
including their shapes, number of sides, and orientation, and correlates them to climatic
and architectural conditions. This research mainly utilizes the literature and archives to
investigate the cases mentioned. Wind roses of each region investigated are then further
studied to determine wind towers’ correspondence to the prevailing wind directions and
the ventilation needs of the connected spaces. The findings also call into question several
contemporary windcatcher incorporations that borrow their design from local precedents
in terms of efficiency and suitability.

The main purpose of a wind tower is to direct wind toward the desired indoor areas
of a building and cool the directed air in the process [1]. Nejat et al. [2] explain, in their
research on two-sided wind towers, that wind towers operate on two main forces: wind
and buoyancy. The wind force is derived from the difference in wind pressure indoors
and outdoors. This feeds into the ventilation function of the wind tower. Buoyancy can be
generally understood as the force that pushes objects upward when placed in a fluid [3].
Because hotter air has a lower density than cooler air, it tends to ‘float” or rise above the cooler
air [4]. Therefore, the force of buoyancy feeds into the cooling function of wind towers [2].
This is because, in buoyancy-driven air shafts, the exhaust vents are placed on the top and
connected to a chimney leading them outward, while the inlets are placed lower to allow the
cool, dense air to be vented into the space [4]. When the correct number of inlets is provided
(such as in multiple-sided wind towers), more wind can be driven into the wind tower to
be processed in this way. The number of sides and inlets depends on the prevailing wind
directions and wind speed. These operation processes are illustrated in Figure 1.

In short, buoyancy is a force that acts mainly on density [3,4]. This paper’s Section 5
will discuss both in more detail.

To provide sufficient ventilation, wind towers are usually built to be tall structures
erected on building rooftops [5], enabling them to catch the fast-traveling wind [5] away
from the building level below, where the surrounding buildings may obstruct wind move-
ment and slow it down. Moreover, wind towers are directed toward the prevailing wind
direction or the direction from which the most significant wind movement occurs [6]. This
ensures the highest movement of wind possible, especially on hot summer days when
wind movement is typically low. Figure 2 shows a typical Egyptian Malgaf.
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Figure 1. A section showing how windcatchers work (modified by the authors; adapted from [7]).
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Figure 2. The main components of wind towers (modified by the authors; adapted from [8]).

Before the industrial revolution, people living in hot, dry zones deferred to natural
cooling methods. Using easily obtainable materials, inhabitants of the Middle East tried
alternative methods to ventilate their homes. Windcatchers were widespread in the Mid-
dle East, with significant variance in their construction and design. Despite the various
structures, they all served the same purpose: to channel favorable prevailing winds into
residential areas [9]. Table 1 below shows how different traditional wind tower designs
started to appear in different regions [10].

Table 1. Traditional wind tower designs and information (modified by authors; adapted from [10]).

Egypt .
Persian Gulf Pakistan Afghanistan
e ’O N ~
0 L
| : Ceiy
K ¥
1 i
Climatic zone Hotand dry Hot and dry Hot and humid Hot and dry Hot and humid 2:;’]“;&
Prevailing wind direction Northwest Northeast Breeze Northwest Southwest North
Shape of Rectangle Square/rectangle/hexagon, Square Rectangle Square Square
cross-section
Average X 08 05 % 0.15
dimensions (m) - 1 11 120 % 0.60 11 11
Height (m) One story 35 35 1.80-2.10 5 and above 1.5 from
above roof Toof
Plev‘:;{ﬁ:‘;‘wﬁl’;‘gi‘r‘e‘ﬁﬁm Ordinary Diagonal Diagonal Ordinary Diagonal Ordinary
The ceiling of the wind 30° Slope 45° Slope 30° Slope 45° Slope 45° Slope 30° Slope
Ventilated area Dining plus one room Dining room and Dining Only the All rooms All rooms
basement plus others basement
Air flow One side Multi-side Multi-side One/two One side One side
Evaporative cooling Sometimes Sometimes Never Sometimes Never Never
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In Section 2, this paper starts by reviewing case studies from Egypt showing examples
of wind towers from the Pharaonic, Medieval, and Modern eras. In Section 3, this paper
presents case studies from the Middle East, which studied historical and modern towers.
In Section 4, this paper compares and contrasts the case studies and examines their charac-
teristics vis-a-vis wind rose of the different locations in which they appear. This analysis
reveals that the attributes (e.g., number of sides, height, roof shapes, etc.) of historical wind
towers have been highly influenced by the weather and wind characteristics of the location,
with the modern towers deviating from this trend. This paper then ends with a discussion
and conclusions highlighting the key findings, the main limitations of this study, and the
areas requiring further investigation and research.

2. Case Studies from Egypt (Ancient and Modern)
2.1. The Pharaonic Era

Windcatchers have been depicted in Ancient Egyptian paintings, indicating that the
concept of the windcatcher traces back to the early Pharaonic era [11]. For example, the
Pharaonic house of Neb-Amun was portrayed in a painting on his tomb dating back to
the Nineteenth Dynasty (1336-1294 BC). It displays a windcatcher with two openings,
one facing windward to receive cool air and the other facing leeward to expel hot air by
suction [11,12], as seen in Figure 3a. Furthermore, a papyrus (Figure 3b) from the Book of
the Dead (1543-1292 BC) references windcatchers’ existence during the Pharaonic era. The
elevation at the right end of the drawing shows two similarly aligned triangles, which are
presumably windcatchers [13].

(a) (b)

Figure 3. (a) Windcatchers of the Pharaonic house of Neb-Amun, recreated by authors based on [14],
(b) Book of the Dead showing a building with a wind tower at the lower right corner shown in the red
square (about 1336-1294 BC) (modified by the authors, based on [13]).

A papyrus displaying the floor plan of a house constructed in the second century BC
was one of the papyri found “in a former dump near Oxyrhynchus in Egypt” (modern
el-Bahnasa) (Figure 4). By “extracting their volumes from the redrawing of the plan and
the average height typical of the interiors” volume, the speed was 1.5-2 m/s, assuming that
the chilly air inside was descending at that rate. This indicates that it takes about 4-5 s to
completely refill the air. It is important to note that the presence of an atrium significantly
increases internal comfort and improves efficiency [13].
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Figure 4. (a) Ground plan and (b) section of a house found on a papyrus that dates back to the second
century BC and is currently located in the Museum of Art and Archeology, Oxford (modified by the
authors; adapted from [13]).

2.2. Medieval and Ottoman Eras

Windcatchers were prominent in Cairo during the Fatimid and Mamluk eras, from
the 10th century to the 19th century. However, according to King, the origins of Medieval
Cairo’s windcatchers are unknown. They could have been introduced during the time of
the new city’s establishment in 969 AD or shortly afterward [12]. According to Hassan
Fathy’s book, Architecture for the Poor (1973), the old houses in Cairo relied on windcatchers
for ventilation in the principal halls (ga’as) that caught the wind at a high elevation “where
it is strong and clean”. As shown in Figure 5, the hot air escaped through the high central
part of the durqa’a (a small, covered court) [15].

Figure 5. Arrows showing the air movement in Qa’a of Muhib Al Din Ash-Shaf’i Al-Muwaqqi with a
red box highlighting the location of the wind catcher (modified by the authors; adapted from [16]).

The primary typologies of buildings with windcatchers were mosques, madrasas
(religious schools), and mausolea. However, relatively few windcatchers were observed
after several were restored around 1900 AD [12]. According to David King [12], the
medieval windcatcher in Cairo is the most overlooked historical Islamic architectural
feature in the mainstream literature, but it was significantly used in Cairo (known then as
Fustat) from the 10th to 19th centuries. During this time, most of the homes in Cairo were
built with windcatchers on their roofs to drive the cool northern wind down to refresh the
living quarters below [12]. Pages 125-128 of King’s book show photographs dating back to
the 19th century, depicting the presence of windcatchers all over the city [17].

The medieval windcatchers in Cairo were designed to capture the cool northern
wind, as can be concluded from their unique shape. According to Williams (2008), a
medieval windcatcher resembled the head of a stairway, the shape of which dates back
to the Pharaonic era [18]. This distinguishing feature emerged beyond a flat roof, usually
at a 30-degree angle. A simple medieval windcatcher consisted of a lightweight wooden
rectangular awning that covered an opening in the ceiling of the room below. It was
frequently connected with a vertical duct made of masonry or a light structure that directed
the flow deep into the building’s lowest floors. The opening into the room was either
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a horizontal opening through the ceiling or a vertical opening in one of the walls. The
windcatcher successively supplied rooms on different levels, whereby the first openings of
the column or duct were through vertical openings in the wall, and the last was opened
through a horizontal opening in the ceiling [19,20]. Windcatchers could also be built into
the windward facades of a building, which differ very little from simple windows [19].

Medieval writings do not mention the materials used to make Cairo windcatchers.
The oldest surviving example of a medieval windcatcher (shown in Section 2.2.7, is on
the roof of the Qa’a of Muhibb al-Din), which indicates that the windcatchers could have
been made of stone, thereby enabling them to survive for centuries. However, according to
19th-century paintings, they were primarily made of wood or reed and were plastered on
both sides and hence, had a short lifespan [10]. Nonetheless, there are still intact grilles on
the ceilings of historical buildings, indicating that windcatchers were not only present but
prevalent [12]. Furthermore, to filter dust from the air, windcatchers were protected with
bay wood [21].

Moreover, Olivier Jaubert’s observations [19] showed that using wooden shutters
on the upper aperture at the roof level controlled airflow and the shutting of the wind-
catcher [12]. Jaubert further discussed systems for controlling and closing the windcatcher
during the medieval period [19]. The devices could be a door leaf on an opening fitted in
the wall, horizontal shutters placed on the opening in the ceiling or halfway up the duct, or
windows and shutters made of wood and directly applied to the inlet of the windcatcher,
which delimited the northern opening of the windcatcher [19].

The windcatchers ranged in size from small structures to immense structures taking up
the entire top floor of the building on which they were installed (as seen in the House of Alfi
Bey in Section 2.2.9 and Musafirkhane Palace illustrated in Section 2.2.10) [12]. According
to Ibn Yunus, a medieval astronomer, the rectangular base of the windcatcher is suggested
to have dimensions of 10:5 1/2. For example, the windcatcher on the Musafirkhane is
approximately twice as wide as deep, as shown in Figure 6a. On the other hand, those
recommended by Najm al-Din al-Misr1, another medieval astronomer, were approximately
4:1, as shown in Figure 6b [12]. The following sub-sections of this manuscript present
several examples of Medieval Egyptian windcatchers in various building typologies.

(aixs of city)

N (axis of city) ’ L /

e

favorable winds
al-tiyab]

unfavorable winds
(al-maris)

/ N\

east

(a)

(b)

Figure 6. (a) Plan showing the range of wind directions in Egypt, according to the medieval
14th-century encyclopedist al-Qalqashandj, in relation to the orientation and shape of windcatchers
defined by Ibn Ytinus four centuries earlier. (b) Plan showing the range of favorable wind directions
in Egypt according to Najm al-Din al-Misri (modified by the authors; adapted from [17]).

2.2.1. Christian Hermitages in the Desert of Esna (Upper Egypt), Fifth-Sixth Centuries

Hermitages consist of a courtyard and peripheral rooms dug into the desert ground.
Previous surveys carried out on hermitages do not provide evidence for the use of wind-
catchers. However, ventilation methods were found in these hermitages. Ventilation ducts
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were arranged to establish the necessary cross ventilation since the entire hermitage was
dug into the ground, and the rooms had only one facade in the courtyard on the opposite
side of which there was a ventilation duct. The reserves usually had a ventilation chimney
(Figure 7). Doors open into the courtyard and were exposed to the wind.

Similarly, horizontal ducts were sometimes circular and flared like a funnel open to
the outside of the courtyard (Figure 8). Reliable archaeological traces confirm that this duct
was equipped with a wooden shutter closing system. The direction of the wind determined
the relative position of the different parts of the hermitage [19,22].

ER

V0
7.
1% Z)
7 )

Figure 7. Illustrative sections of a reserve ventilation chimney, the arrows signify the air flow
(modified by the authors; adapted from [22]).

Figure 8. Airflow in a hermitage in the desert of Esna, which was built in the ground, the arrows
signify the air flow (modified by the authors based on [22]).

2.2.2. Christian Hermitage (Building No. 45), the Kellia, Fifth-Seventh Centuries

The Kellia hermitage included a non-central courtyard and half-excavated rooms.
The rooms were generally attached to the northwest corner and along the north wall
on the long side, exposed to the prevailing wind. “Amphora necks” integrated into the
masonry allowed air to circulate from one room to another. In the roof, two or more holes
were present on the domes, depending on the room size. On the north side, the hole
was surmounted by a small conch-shaped edicule designed to catch the wind, and on the
leeward side, a simple or round opening allowed the air to escape (Figure 9) [19].

Figure 9. Christian hermitage (building no. 45), the Kellia, the arrows signify the air flow (modified
by the authors; adapted from [19]).
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2.2.3. Virgin Mary Hanging Church (Seventh Century)

Figure 10 shows two existing windcatchers in the Virgin Mary Hanging Church. The
windcatchers are located above the narthex or lobby, facing northeast [23].

D Wind Catcher

Figure 10. Virgin Mary Hanging Church, top view (taken from Google Earth based on [23]).
2.2.4. Virgin Mary Al-Damshareya Church (Eighth Century)

Windcatchers can be seen in Figure 11. They are located above the narthex or lobby,
facing northwest and above the south chapel [23].

) N
|:| Wind Catcher

Figure 11. Virgin Mary Al-Damshareya Church, top view (taken from Google Earth based on [23]).

2.2.5. Mosque of Al-Salih Tala’i* (1160 AD)

In the Mosque of Al-Salih Tala’i‘, immediately behind the Imam’s pulpit is a rectan-
gular opening 71 cm wide and 1.82 m high that is fitted with a grille. The opening opens
into a rectangular 0.5 m? vertical shaft (Figure 12). The shaft ascends through the thickness
of the wall until it reaches the roof to an awning facing north [18,19,24,25]. Similarly, the
Madprasa of al-Nasir Muhammad (1295-1304) has an opening to the right of the mihrab of
the Madrasa and a vertical shaft embedded in the masonry of the wall, 1.72 m deep, which
are what remains of the windcatcher installed in the main north-western Iwan [19,24].
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Figure 12. Section of the Mosque of al-Salih Tala’i* at the minbar and the duct leading to the
windcatcher, the arrow signifies the air flow through the duct and into the space (modified by the
authors; based on [19,25]).

2.2.6. The Khangah of Sultan Baybars Al-Jashankir (1306-1310)

The Khangah (hostel for Sufis) of Sultan Baybars al-Jashankir had seven windcatch-
ers [12]: one at the back of the side alcoves of the main Jwan (a vaulted portal opening
onto a courtyard), one in the frontal niche of the opposite Iwan, and two in each of the
maglis’ back walls. The windcatcher in the western Iwan, the top of which is still accessible,
offers additional information. A duct extends relatively high in the brick masonry and
contains wooden beams, which are the remains of a canopy. A cornice halfway up the duct
supports a horizontal element, allowing the windcatcher to be closed. The mausoleum,
which was added later, features an equally interesting ventilation system. Two vertical
ducts are embedded in the thickness of the dividing wall between the khanqah’s west Iwan
and the mausoleum (Figure 13). They lead to the roof and the alcoves on either side of
the mihrab, each with its own wooden door leaf. There is cross ventilation between the
vestibule of the mausoleum, which has large windows looking to the street, and a skylight
on the roof, in addition to the ducts [19].

Air duct location

Figure 13. A longitudinal section of the Khanqah of Sultan Baybars al-Jashankir complex showing
the ducts in the walls, the arrows signify the air flow through the space (modified by the authors
based on [19]).

2.2.7. Qa’a of Muhibb Al-Din Ash-Shaf’i Al-Muwaqqi (1350)

To capture the ideal air volume and direct it downward, a windcatcher was installed in
the northern Iwan [8] at Qd’a of Muhibb al-Din Ash-Shaf’i Al-Muwaqqji. The windcatcher
on this building is the oldest example of a windcatcher made of stone that has survived for
more than 500 years [12]. A model of the building (Figure 14), created by Hassan Fathy,
shows the windcatcher on the left and the pavilion in the center [12,19]. The windcatcher’s
expansive canopy is open to the north and west but is closed to the south using a buttressed
wall. The windcatcher was kept closed using wooden shutters. Moreover, through the
windcatcher’s opening in the ceiling, one can observe the amount of light that enters the
space and illuminates the Iwan’s front wall [19]. The air movement in the building is
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illustrated in Figure 5, which shows the windcatcher supplementing the building with cool
air while the skylight extracts the hot air.

Figure 14. A 3D model of Qa’a of Muhibb al-Din al-Shafi’i al-Muwaqqji. Reprinted with permission
from [26]. 2023. Courtesy of the Rare Books and Special Collections Library, The American University
in Cairo.

2.2.8. Suheimi House (1648)

The House of Suheimi includes a wooden windcatcher with a barred aperture toward
the north (Figure 15). The roof of the windcatcher projects out in front of the aperture,
and its form is typical of elaborate 19th-century architecture. In front of the windcatcher, a
skylight topped with a small wooden dome on top of the ga’a’s entrance was designed to
facilitate air circulation toward the ga’a [19]. The western side of the windcatcher should
have been open as well or would have been before restorations [12]. This house had at least
five malgafs, some on the second floor and in ruins, and a sixth one at the ga’a [12].

Figure 15. An interior view of the windcatcher of Bayt al-Suhaymi.

2.2.9. House of Alfi Bey (18th Century)

The courtyard at the House of Alfi Bey is dominated by three large windcatchers
(Figure 16). The one on the left appears to be closed on the western side, whereas the
eastern side of the one on the right is open. This contradicts the recommendations of
medieval writings regarding a proper windcatcher opening [17].
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Figure 16. The exterior garden of the house of Alfi Bey is dominated by a decorative large windcatcher,
1821 [27]. This material is free to use, according to the Library of Congress in (see https://www.loc.
gov/item /2021669727 / (accessed on 1 June 2023).)

2.2.10. Musafirkhane Palace (1779-1788)

The imposing windcatcher on the roof of Musafirkhane Palace survived until 1998. Its
west side was open, as described in medieval astronomical sources [12]. The windcatcher
was placed above the second floor on the antechamber preceding the ga’a. Moreover, the
northern opening was protected using a rectangular roof projection [19], and the west side
was open, thus agreeing with the medieval standards of windcatchers [12].

2.2.11. House of Al-Sinnari (1794)

At the House of Al-Sinnari, a large wooden canopy facing north constitutes the roof
of the small Iwan south of the main ga’a (Figure 17). The northern and western openings
are provided with frames with glazed windows. The ga’a has an unusual layout with the
artificial separation established between this southern Iwan and the durga’a using a high
grille with a Mashrabiya (decorative projective windows prominent in Islamic architecture).
This grille allows air to circulate from the windcatcher, through the Iwan, toward the dome
on an openwork drum of the durqa’a. Dominated by the malgaf, this small [wan appears as
an independent room, which also acts as an antechamber [19].

Figure 17. (a) An inside view of the windcatcher in the House of Al-Sinnari. (b) An outside view of the
windcatcher, the arrow signifies the air flow to the windcatcher (modified by the authors; based on [17]).

2.2.12. The Palace of Al-Jawhara in the Citadel (1814-1829)

All that seems to be left of Muhammad Ali’s Palace’s ventilation system is the single
windcatcher shown in Figure 18 [12]. The awning of the windcatcher is on the ceiling of
the central room, which connects to the peripheral rooms as well as the access staircase and
the two sanitary and service blocks [19].
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Figure 18. (a) Plan for the Palace of al-Jawhara showing the location of the windcatcher (modified by
the authors based on; [19]). (b) The northeastern elevation of the windcatcher, the arrows signify the
air flow to the windcatcher (modified by the authors based on [19]).

2.3. Modern Era in EQypt: Hassan Fathy’s Designs, AUC Towers, and Sixth of October Villas

Hassan Fathy and Ramsis Wissa Wassef were the most broadly known pioneer ar-
chitects who revived vernacular architecture that used domes, vaults, and windcatchers.
Hassan Fathy used the windcatchers in residential and public buildings such as the primary
school for girls in El Gourna Village, where all the classes have an adjacent windcatcher
facing north, from which the wind flows in and exits from another opening above the
room. Placed inside the windcatcher of El Gourna is a sloped metal tray filled with wetted
charcoal over which the air flows to cool the building. This object is similar to the salsabil
that was used in the Iwans and halls of old Arab homes. Consequently, the windcatcher
used in Gourna reduced the classroom’s temperature by 10 degrees [15].

2.3.1. Hamdy Seif Al-Nasr House (1945)

Another building designed by Hassan Fathy that incorporated the use of windcatchers,
more specifically, wooden ones, which is called Hamdy Seif Al-Nasr House, 1945 [28]. The
windcatcher on the left of the dome directed airflow past a salsabil (cooling plate) that
was kept damp using a continuous trickle from the earthenware water pot held above it
(Figures 19 and 20) [16]. Since then, a roof stairway was added to the air shaft, changing its
original design [28].
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Figure 19. Section of Hamdy Seif Al-Nasr House, 1940s, the arrows signify the air flow from the
wind catcher and into the space it ventilates and red boxes indicate the location of the wind catchers.
Reprinted with permission from [29]. 2023. Courtesy of the Rare Books and Special Collections
Library, The American University in Cairo.
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Figure 20. (a) Sections “A” and ‘B” show the cooling mechanism used in the windcatcher of Hamdy Seif
Al-Nasr House, the arrows signify the airflow. Reprinted with permission from [30]. 2023. Courtesy
of the Rare Books and Special Collections Library, The American University in Cairo. (b) The
earthenware water pot is used to drip water and provide evaporative cooling in the windcatcher
used by Hassan Fathy. Reprinted with permission from [31]. 2023. Courtesy of the Rare Books and
Special Collections Library, The American University in Cairo.

2.3.2. The Market of New Baris in El Wady El Gedid (1967)

Hassan Fathy also used a windcatcher in the market of the New Baris Oasis, where
the windcatcher directs the wind to flow in the basement where all biodegradable fresh
produce is stored for the sake of preservation [16]. The planning, sectioning, and elevation
of the market of New Baris in El Wady El Gedid ensure that wind is drawn inside using
a row of windcatchers. The wind is then directed into the basement, where the goods
susceptible to spoiling are stored (Figures 21 and 22).

Figure 21. The market of New Baris in El Wady El Gedid, 1960s. Reprinted with permission from [32].
2023. Courtesy of the Rare Books and Special Collections Library, The American University in Cairo.
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Figure 22. Sections and elevation of the market of New Baris in E1 Wady El Gedid, 1960s. Reprinted
with permission from [33]. 2023. Courtesy of the Rare Books and Special Collections Library, The
American University in Cairo.

2.3.3. The Luxor Cultural Center (1970)

The Luxor Cultural Center was a complex designed by Hassan Fathy in 1970 for the
Egyptian Ministry of Culture. The center was planned to be in the Middle of Luxor, close
to the Sidi al-Wahsh Fatimid Mosque. However, only the main hall was finished. Moreover,
the architect’s plans for natural ventilation were disregarded. The entire interior space was
to be cooled using a large windcatcher [34]. As seen in the sections in Figure 23, Fathy’s
design of the windcatcher was open on opposite sides: one opening was the inlet, which
faced northeast, and one was the outlet that let the hot air escape, facing southwest. This
iteration of the windcatcher seems to have been an experimental approach for the malgaf
by Hassan Fathy, as seen in the Experimental Rooms for the Ministry of Scientific Research
designed by the architect (Figure 24). Unfortunately, the envisioned windcatcher was
closed off, making the roof form meaningless [35].
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Figure 23. (a,b) Sections of Luxor Cultural Center by Hassan Fathy, 1960s, the arrows signify the air
flow. Reprinted with permission from [35]. 2023. Courtesy of the Rare Books and Special Collections
Library, The American University in Cairo.
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Figure 24. (a,b) Sections and plans for the Experimental Rooms for the Ministry of Scientific Research
by Hassan Fathy, the arrows signify the air flow from the wind catcher and into the space it ventilates.
Reprinted with permission from [36]. 2023. Courtesy of the Rare Books and Special Collections

(b)

Library, The American University in Cairo.

2.3.4. A Modern Apartment Building

The design for a modern apartment building by Hassan Fathy shows the use of a
staircase as a malgaf with a cooling mechanism based on evaporation on top of the stairwell.
From the plan and section in Figure 25, the windcatcher is shown to be facing south, which

is different from the typical orientation of the windcatcher in Egypt.
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Figure 25. (a,b) Plan and section “A-A’ for a modern apartment building by Hassan Fathy. Reprinted
with permission from [37]. 2023. Courtesy of the Rare Books and Special Collections Library, The
American University in Cairo.

2.3.5. Villa “A” in 6th of October City

Architect Ramy El Dahan was one of Hassan Fathy’s students. Continuing his mentor’s
legacy, he designed many public and residential buildings using elements of vernacular
architecture. Among the buildings he designed is “Villa A” (See Figures 26 and 27) in
El Thawra El Khadra, located next to El Sheikh Zayed on the 6th of October City. It was
designed using a courtyard, vaults, and domes, and he used the windcatcher to provide
cool natural ventilation for the whole villa. The windcatcher, located on the villa’s ground
floor, connects to the basement. This allows the air to circulate and drop more of its
temperature. As seen in Figure 27, some of the air shafts are also embedded in the walls.
The main function is to pull the air that has been circulating underground to cool down
the basement (see Figure 26) to the ground and upper two floors. These shafts achieve this
cooling using small openings in the walls of the rooms. Overall, this process helps cool
down the air in most indoor spaces, and the villa’s ability to operate successfully without
mechanical air conditioning units is evidence of this method’s success [38].

Figure 26. Villa A section showing the basement, in the red square, where the wind from the wind
catcher is directed and cooled down.

(b)
Figure 27. (a) Windcatcher, and (b) air shaft.
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2.3.6. Villa “B” in 6th of October City

Another successful modern example of a residential building that uses a windcatcher
is a villa designed by Prof. Dr. Ahmed Reda Abdeen located in 6th of October City
(Figure 28a). This villa also utilizes passive design techniques for cooling. The villa consists
of three floors in addition to the basement. The windcatcher that is studied in this villa rises
above the roof by 1.5 m and is oriented north-westward (Figure 28b). It works alongside
a solar chimney, which is painted black to further enhance the natural ventilation in the
villa’s indoor spaces (Figure 29). Both features are connected using underground tubes, as
can be seen in Figure 29c. Because the solar chimney is painted black, the air flowing inside
itis at a higher temperature due to the color’s high absorption of heat. This forced increase
in temperature causes the unwanted hot air to be vented upward faster. This hot air is then
replaced with cooler air coming from the windcatcher. As in Villa A, this windcatcher also
pulls the outdoor air into the underground tubes where it circulates to cool down, and then
it is led upward to be provided inside the rooms. This process successfully cools the rooms
in the villa without the need for mechanical cooling [38].
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Figure 28. (a) Villa B layout (in red) (modified by authors, adapted from [38]). (b) Villa B elevation.
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Figure 29. (a) Section showing the windcatcher and solar chimney. (b) View of the wind catcher
(modified by authors, adapted from [38]). (c) View of the underground tubes in the windcatcher.
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2.3.7. The American University in Cairo New Campus (2008):

Finally, the AUC campus master planned by CDC Abdel Halim and Sasaki and
Associates, specifically, the School of Sciences and Engineering (SSE), which was designed
by Sasaki and Associates, offers two full-scale prototypes of windcatchers [39]. Both towers
face the same direction, as shown in Figure 30, and are located over semi-enclosed atria
that open on courtyards and have a similar configuration, where both are four-sided square
plans with interior cross partitions. However, they differ in size (height and side length)
and interior and exterior finishes. Moreover, Tower A is a straight-tower chimney with
fixed metal louvers (Figure 31a), while Tower B features an inclined tower with operational
louvers (Figure 31b). Both towers provide natural ventilation to the connected spaces,
which decreases the use of mechanical cooling.

Figure 30. Site plan for the SSE building at AUC (obtained from Google Earth and adapted by
the authors).

(a)

Figure 31. (a) Tower A is a straight-tower chimney with fixed metal louvers and (b) Tower B is an
inclined tower with functional louvers.
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3. Case studies from the Middle East (Old and New)
3.1. Historical Case Studies from the Middle East
3.1.1. The Tower of Dolatabad Windcatcher, Iran

Acknowledged as a world heritage site by UNESCO, the Dolatabad Garden in Yazd is
home to Iran’s tallest wind turbine with a 34 m height, which was rebuilt after it collapsed
in the 1960s. The eight-sided wind tower is used to ventilate the building by sucking the
air that flows inside the building and passing it over a small rocky pool through the water
jet. It is then is channeled to other rooms, as seen in Figure 32 [40].
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Figure 32. (a) A section through the building and windcatcher (modified by the authors; adapted
from [40]). (b) Photograph showing the tower by Bernard Gagnon under a GNU Free Documenta-
tion License.

3.1.2. The Ganjali-Khan Square Windcatcher, Iran (1596-1621)

The Ganjali-Khan complex in Iran consists of a wide rectangular square with
50 x 100 m dimensions (Figure 33). This square comprises important public and semi-
public buildings such as a caravanserai on the eastern side, a mosque on the northeastern
side, a bathhouse to the south, a water reservoir and school to the west, and a mint to the
north. The windcatcher, the tallest element in the square, is located near the north entrance
and is a four-sided square shape decorated with brick and tilework. It is attached to the
single-floor arch lobby connected to the courtyard (Figure 33b) [41].

(a) (b)

Figure 33. (a) A 3D isometric drawing showing the placement of the windcatcher in the Ganjali-Khan
Square (recreated by the authors; based on [41]). (b) Photograph showing the tower by Cyrus the
Great under a Creative Commons Attribution 2.5 Generic license.
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3.1.3. Bastakiya Windcatchers, Dubai, UAE (1890)

The Bastakiya windcatchers were built by Persian immigrants who migrated from Iran
to Bastak in Dubai [20,42]. The immigrants started to construct structures like those in Iran,
where the climate is warm and humid. Furthermore, windcatchers in Bastakiya, Dubai,
are four-sided and usually square in a plan of approximately 2.5 x 2.5 m? [20]. Figure 34
shows photographs of the four-sided Dubai windcatchers. Moreover, Figure 35 shows the
possible air movement in a windcatcher in Dubai as analyzed by Hassan Fathy [43].

Figure 34. Four-Sided windcatchers in Bastaqyia, Dubai, UAE. modified by authors, original photo-
graph by Russavia under Creative Commons Attribution 2.0 Generic.

Figure 35. Air movement in a wind tower in Dubai that was designed by Hassan Fathy in the 1970s.
Reprinted with permission from [43]. 2023. Courtesy of the Rare Books and Special Collections
Library, The American University in Cairo.

3.1.4. Diwan-Khanat Al-Asterabadi, Baghdad, Iraq (19th Century)

Iraqi architect Dr. Subhi Al-Azzawi documented the windcatchers in the Diwan-
Khanat al-Asterabadi, Baghdad, Iraq, where there are four windcatchers. Three face the
northeastern wind, and a larger one faces northwest (Figure 36a). Furthermore, the scoops
of the windcatchers face inwards to the building rather than outwards. The unidirectional
windcatcher (Figure 36b) reaches through the floors of the building and as far as the
basement. Moreover, to aid in cooling the wind, a sizeable baked clay jug (zir) of water is
placed at the base of the column [12].
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Figure 36. (a) Plan and (b) section showing four windcatchers in Diwan-Khanat al-Asterabadji, Iraq
(modified by the authors; adapted from [17]).

Moreover, windcatchers in Iraq are usually rectangular in cross-section. The column of
a typical windcatcher in Iraq varies from 15 to 60 cm in width, and its height never exceeds
the roof of its building but may begin from the roof. The roof of a windcatcher is inclined
at 45°. A windcatcher is usually 2 m from the roof. Columns usually end in the basement
of the building, where the air flows through small metal windows underground [44].

3.2. Modern Cases from the Middle East
3.2.1. Masdar City, Abu Dhabi, UAE (2010)

Despite the fact that Masdar City is located in an area with moderate wind, the
city’s planners decided to place the wind tower in the Public Square at the Institute of
Science and Technology in Masdar City, rather than in a home or other enclosed space,
to have a greater impact on more populated areas. At the base of the wind tower is
a sizable urban plaza that is home to a variety of purposes, including cafes and other
retail establishments, as well as a seating area that enjoys beautiful weather. The thermal
performance of the enormous windcatcher in the public metropolitan area, which depends
on modern technology, is shown in Figure 37. A stage is elevated beneath the windcatcher
and is used for performance. Sensors manage the automatic louvers on the windcatcher.
These sensors keep track of the predominant wind direction and control the louvers to send
the wind down the tower in the appropriate direction. As an evaporative cooling system,
the tower also has a high-temperature mist jet to humidify the incoming air and make it
cooler at ground level [45].
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Figure 37. A section through the windcatcher that shows its performance, the red arrow signifies hot
air, while the blue shows that the air has been cooled (modified by the authors; adapted from [45]).

3.2.2. Khalifa Stadium, Doha, Qatar (2017)

Another example of a building using windcatchers as a cooling tool is the Khalifa
Stadium, which was built for the FIFA 2022 World Cup in Qatar (Figure 38). The cooling
system used by the fans is installed in cooling towers located more than 1 km away from
the stadium. The cooled water is pumped from the towers into the stadium. There are
9 units in the NCR2610 fan, with a 26 ft diameter, and 10 blades with an airflow capacity of
433.4m3/s [46].

Figure 38. Khalifa International Stadium showing the wind tower in the red square; adapted
from [47].

The Khalifa International Stadium is the largest cooled outdoor stadium in the world.
A system that works to reduce energy consumption was therefore used in this building.
This system, called “urban refrigeration, “successfully keeps the players and the audience
within the comfort range. In this system, refrigeration technology is 40% more sustainable
than conventional techniques. This is made possible with the utilization of an energy center
located one kilometer from the stadium. In this center, the cooled water is carried through
a pipe to the venue. The cold water then arrives, cools the air, and then is pushed toward
the center of the stadium, the playing field, and the seating areas to reach a total of about
500 vents dispersed around the stands. Moreover, because the cold air is denser, it remains
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low near the ground; therefore, not all the hot air enters [46]. This is accomplished by the
effect of buoyancy force, as discussed in the Introduction section of the paper.

4. Results of the Case Study Analysis

The tables below contain a summary of the cases investigated in this study. Wind-
catchers started showing up during the Pharaonic and Coptic eras, but the shape, the
number of sides, orientation, and openings seem to have been developed further during
the Islamic era, when there was more understanding of wind movement and direction
prevalence (see Figure 6) [12,17]. Table 2 shows that 85% of the windcatchers in Egypt
are either single-sided or two-sided, and most are oriented toward northern and western
directions. This study consisted of 12 case studies from the Pharaonic to the Coptic to the
Islamic eras. Overall, 50% of the cases of windcatchers studied from the aforementioned
eras are single-sided. Moreover, 33.3% of them are two-sided, all of which have their
openings adjacent to each other, and all of which are from the Islamic era. In total, 75% of
the two-sided windcatchers face north and west, which is the span of the prevalent wind
directions in Egypt (see wind rose in Figure 39a). Furthermore, there are cases for which
the type and orientation of the wind towers are unknown since they no longer exist [10].
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Figure 39. Wind roses in the regions studied. (Note: wind roses are available at the website: World-
Weather Weather Archive in Yazd Available online: https://world-weather.info/archive/ accessed
on 16 April 2023/).

The table further explains how windcatchers changed from the Medieval to the Mod-
ern era. Overall, 37.5% of the modern case studies have windcatchers that follow the
design standards of vernacular windcatchers. Nonetheless, it seems that Hassan Fathy
developed the malgaf, as seen in the cases of the Luxor Cultural Center and Experimental
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Rooms for the Ministry of Scientific Research, where the openings of the windcatchers
face opposite directions. A study examining various windcatcher design parameters as a
means for the passive cooling of low-rise buildings in Egypt during the summer shows
that an iteration similar to Hassan Fathy’s resulted in the highest air change per hour [48].
For example, none of the ancient or medieval windcatchers are flat-roof, and 37.5% of the
modern windcatcher case studies have flat roofs. The effectiveness of modern flat roof
windcatchers is yet to be studied in Egypt’s climatic conditions.

Table 3, on the other hand, indicates that wind towers throughout the Middle East
varied in type, ranging from single-sided to cylindrical types. It is worth noting that both
modern wind towers studied are cylindrical. The shapes found in the tables below align
with the findings in Table 1 [9].

The following wind roses in the various studied regions determine if the windcatchers
studied here considered the prevalence of the wind. Cairo’s wind rose shows that the
prevailing wind comes primarily from the north and northwest. More than 32% of the
wind appears from the north, followed by more than 27% from the northwest. No wind
whatsoever comes from the span between the south and east, and negligible amounts of
wind are received from the remaining directions (Figure 39a). This explains why wind
towers in Cairo are typically single-sided or two-sided. It would be useless, and maybe
even harmful to the speed of the wind coming in, to have many unnecessary openings in
the tower’s design when only one general direction is receiving most of the wind.

Like Cairo, Yazd’s wind rose shows that most of the wind comes from the northwest
and north. More than 29% of Yazd’s wind appears to come from the northwest. This is
followed by slightly more than 21% from the north. On all other sides, very little wind is
received (between 4 and 11 percent) (Figure 39b). This explains why wind tower designs in
Iran vary in their number of sides, as all sides receive wind, even if very little, as seen in
the examples above for the tower of Dolatabad and the Ganjali-Khan Square windcatchers.
Therefore, the designs depend on each area’s specific prevailing wind directions.

In Dubai, the wind rose indicates that the wind comes primarily from the northwest
and west. Slightly more than 40% of the wind in Dubai comes from the northwest. This is
followed by more than 30% coming from the west. Almost no wind at all comes from the
span between the southwest and northeast (only between 0.9 and 2.1 percent) (Figure 39¢).
Even though there seems to be a prevalent wind direction (northwest) in Dubai, the wind-
catchers found in Bastaqyia, Dubai, UAE are four-sided, which might seem contradictory
to the typical use of one-sided windcatchers for places that have a prevalent wind direction.

The prevailing wind in Iraq is generally from the northwest, comprising 33.4%, fol-
lowed by the west and the north follow, with each receiving approximately 18% of the
wind. Based on the information on the wind rose shown in Figure 39d, single-sided wind-
catchers, just like in Egypt, are understandably used in Iraq, as the above example of
Diwan-Khanat al-Asterabadi shows. However, the direction of the particular windcatcher
that faces northeast does not align with the wind rose.

It is evident from Abu Dhabi’s wind rose that the prevailing wind direction is north-
west. It receives notable 51.1% of all the wind in Abu Dhabi. This is followed by less than
half that amount received in the north (only 22.6%). All the other sides receive very trivial
amounts of wind (between 1.8 and 10 percent) (Figure 39e). This can explain why the wind
tower designs in this region vary, along with the previous wind rose from the Emirates.
There is a high level of variance in the wind statistics from one region to the next; therefore,
the design also varies in response to the wind statistics.

Lastly, Doha’s wind rose indicates several diverse prevailing wind directions. This
is because the differences between them are minimal. Doha receives 26.9% of its wind
from the north, 26.7% from the east, and 22% from the northeast. The northwest direction
receives slightly less, at almost 14%, and the southeast direction is slightly lower, at almost
9%. The rest of the sides receive negligible amounts of wind (<1%) (Figure 39f). This
explains why there is diversity in the wind towers, which typically have many sides.
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5. Discussion and Conclusions

Although building height differences and homogeneity in the urban area are important
factors for urban ventilation performance in an area [49], as studied in old cities such as
Elazig, this study did not address this point since urban morphology surrounding the
case studies has changed throughout history. Therefore, this study relied on a wind rose
analysis for each region.

In conclusion, the wind roses in the regions studied in this paper explain why the wind
towers were designed the way they were. Some regions, such as Cairo, Dubai, Baghdad,
and Abu Dhabi, receive wind in mostly one primary direction. Therefore, a one-sided or
two-sided windcatcher is the prevalent choice in Cairo. Using two-sided windcatchers that
are open on both the north and the west sides is especially beneficial because it supplies
the building with the wind in the direction that ranges from north to northwest to west,
which are the three most prevalent wind directions in Cairo. These results highlight that
the vernacular windcatchers in Egypt and the Middle East correspond to the prevailing
wind directions and the ventilation needs of the connected spaces. However, in Dubai, the
use of four-sided windcatchers contradicts Dubai’s wind rose, which shows a limited range
in wind direction (even more limited than that of Cairo’s). This could be because the Dubai
windcatchers were built by Persian immigrants who were probably used to constructing
four-sided windcatchers in Iran. Other types with more sides are better in regions with
variable wind directions, such as Yazd, Iran [50].

Another aspect guiding the windcatcher design is its relationship to other spaces.

In Egypt, most of the windcatchers open directly into an enclosed space, whereas in
other regions of the Middle East, windcatchers are used differently, where most of them are
attached to open spaces or courtyards. This may also explain why windcatchers in Egypt
are mostly unidirectional since they ventilate one specific space. In other regions, even if
there is one direction for prevailing wind, we found multi-directional windcatchers, which
ventilate a larger attached open space.

In Egypt, many modern windcatchers followed the design standards of medieval
windcatchers. This can be evidence of the success of this design, albeit simple. On the other
hand, Hassan Fathy tried to develop the vernacular windcatcher to have its openings face
opposite directions. A study shows that an iteration similar to that resulted in the highest
air change per hour [50]. Furthermore, the tables above show that 37.5% of the case studies
on modern windcatchers have flat roofs. Further studies should be performed to measure
the effectiveness of modern flat roof windcatchers in the climate of Egypt.

In the gulf, where the wind is scarce and the climate is harsh, new technologies are
added to the wind tower to cool outdoor spaces rather than indoor spaces, such as in the
cases of Masdar City in the UAE and Khalifa Stadium in Qatar.

A limitation of this study is that most of the windcatchers from the Pharaonic to the
Medieval eras did not survive in Egypt since they were mainly made of wood or reed [12].
However, the cases of both the Madrasa of al-Nasir Muhammad and The Khangah of Sultan
Baybars al-Jashankir, which do not have surviving windcatchers [12,19,24,26] prove their
prevalent use during the Medieval era. There is evidence of the use of windcatchers in cases
such as those in the presence of wind ducts. An extension for this research may include
using extensive field and numerical studies, which could provide more insight into the
design of historical windcatchers, thus advancing the research on sustainable vernacular
elements such as the windcatcher. Additionally, combining a windcatcher analysis with
current research on the effect of urban configurations on airflow and ventilation [49] could
help provide new information on how to utilize these elements to improve ventilation in
existing and new neighborhoods.
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Glossary

Diwan-Khanqah(s) — a reception hall plus hostel in medieval Islamic buildings

Durga’a(s) small, covered court in medieval Islamic buildings

Imam(s) the person who leads prayers in a mosque

Twan(s) a vaulted portal opening into a courtyard

Khangah(s) a hostel for Sufis in medieval Islamic buildings

Madrasa(s) a school in medieval Islamic buildings

Mashrabiya(s) a type of projecting window in medieval Islamic buildings with carved
wood latticework

Malgafi(s) name used for wind towers in Egypt

Maglis(es) a siting room for gatherings in medieval Islamic buildings

Mihrab(s) a niche in the wall that points towards the direction of Mecca in a mosque,
used to point the congregation during prayers

Salsabil(s) a water fountain in medieval Islamic buildings

Qa’a(s) a hall in medieval Islamic buildings

Zir(s) a pot made of pottery for storing cool water in old houses
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Abstract: Although the forces or impetuses that influence an urban structure are diverse, as has been
fully studied by scholars from diverse research fields, some have played key roles. We endeavor to ex-
plore the key forces and mechanisms forming and transforming the urban spatial structure through
Hangzhou, a multi-identity city. Upon studying classical ancient texts, historical maps, critical and
recent literature, and POI data, we argue that the first and foremost driver of Hangzhou is commer-
cial culture, rather than any other factors. Under a diachronic view and with graphic analysis, we dis-
tinguished Hangzhou's three major transformations during the last 900 years. Each transformation
was, respectively, driven by the complicated commercial culture, which was mixed up with other
elementary cultures, such as civil, leisure, landscape, and industrial. Furthermore, urban heritages
were formed, inherited, revitalized, and reutilized during the transformation processes, which, in
turn, enriched the commercial culture and vividly reshaped Hangzhou’s urban structure.

Keywords: urban space; Lin’an; commercial force; leisure; urban heritage

1. Introduction

Hangzhou, an ancient Chinese city with more than 2000 years” history, initially be-
came known to the Western world in the thirteenth century due to the record of the Vene-
tian traveler Marco Polo [1]. However, as one destination on the Silk Road, Arabic mer-
chants and travelers had already visited the city even earlier [2], during Hangzhou's high-
light moment, when it was the dynastic capital of an oriental empire, the Southern Song
Dynasty (1127 CE-1279 CE). Japanese scholars took the lead in studying China’s Tang
(618-907 CE) and Song (960-1279 CE) cities, as they wrote the first urban history studies
of these cities in the 1930s and 1940s, which triggered the interest of urban historians from
other countries and internationally,; an interest that has persisted to this day [3].

Scholars’ major interests in China’s ancient capital cities such as Hangzhou are due to
aspects, such as the social and economic development [4,5], urban planning [6], urban form
or layout [7-10], spatial structure [11,12], functional areas [13], and comparative studies
with other countries” capitals [14,15], among others. Some attention has also been paid
to the analysis of urban form, spatial structure [16-18], urban heritage [19,20], and the
evolutionary mechanism of modern local Chinese cities since the late Qing era, or from the
nineteenth century on, and in contemporary China. Hangzhou is among these local cities,
as its status as the country’s capital was revoked following the Southern Song Dynasty, but
it still functions as a critical local administrative and commercial center.

While Hangzhou's urban form, like those of most of the other ancient Chinese capital
cities, is considered to have remained stable over a long period [21], its inner structure and
patterns have changed greatly. Scholars from research fields, such as history, urban study,
urban history, and planning history, have inspected Hangzhou'’s general history, with par-
ticular concern paid to Hangzhou's urban changes and the underlying mechanism of those

Sustainability 2023, 15, 10620. https://doi.org/10.3390/su151310620

https://www.mdpi.com/journal/sustainability
85



Sustainability 2023, 15, 10620

changes. They attributed Hangzhou's urban structuring and restructuring factors to the
complicated political, economic, social, cultural, religious, and even natural or landscape
factors, as well as the interactions between those factors [1,4,22-25].

Specifically, quite a few studies have focused on the political or institutional factor
being the main driver in shaping Hangzhou during the Southern Song Dynasty and con-
temporarily. Hangzhou became the dynastic capital in 1137 CE and was the largest city in
the country when China’s ‘medieval urban revolution’ [4] took place, in which Hangzhou
played a key role. Many studies have acknowledged the existence and timing of this revo-
lution, considering the institutional changes [4], structural changes [3], and dramatic trans-
formations or transitions [1] of Chinese cities that took place during Tang to Song China,
or from the ninth to the twelfth century. The political aspect is still critical, as Zhu [26] also
studied Hangzhou's urban restructuring from the early 2000s, or since the post-reform
stage, considering China cities’ broad shift from industrialism to urbanism as related to
political legitimacy. Three years later, he focused on Hangzhou's recent changes to a post-
socialist city, considering the aspects of historical legacies, expanded urban range, and land
use restructuring, among others [27].

Some studies attributed this institutional change or transformation and the correlated
urban restructuring primarily to economic reasons. Southall, for example, studied the
Southern Song Hangzhou or Hangchow region, paying particular attention to the reasons
that the capitalist and industrial revolution failed to take hold in the Southern Song, though
its elite was just as capable, innovative, and rational as those in eighteenth century Eng-
land, who generated the industrial revolution [22]. Wang [28] retraced Hangzhou in the
Ming (1368-1644 CE) and Qing Dynasty (1636-1912 CE), namely China’s late imperial pe-
riod, through the reorganization of its urban space, and acknowledged it as a nexus of
commerce, administration, and popular culture. Some current works studied Hangzhou
within the context of China’s economic reform. Wei and Fang [29], for example, examined
the rapid growth of Hangzhou’s urban space and regarded China’s reforms and globaliza-
tion as the vital factors underlying its urban growth and restructuring.

Some other studies emphasized the evolution and function of the natural and cul-
tural landscapes of the city, particularly the West Lake, in forming ancient Hangzhou as an
icon of Chinese landscape appreciation [25] and modern Hangzhou as a scenic city [24,30].
In addition to the water landscape, exemplified by the West Lake, some attention has
also been paid to the mountain landscape, exemplified by Wushan [31-33], in constitut-
ing Hangzhou's urban landscape. As these types of Shan-shui, or water-mountain land-
scapes, have rich cultural connotations, cultural [25] and religious [33] perspectives are
also considered when tracing the ways in which Hangzhou's urban structure evolved
throughout history.

Obviously, the drivers of a city’s development are complicated and comprehensive,
and these have been reviewed. Moreover, scholars attribute different drivers to Hangzhou's
urban restructuring during different historic periods. However, Hangzhou is a multi-
identity Chinese city, namely an ancient dynastic capital and modern local administrative
center, and has been the largest oriental city for roughly 900 years. It is also a new oriental
city of leisure and can hardly be studied through either a political or economiclens. Is there
a primary impetus in the process shaping Hangzhou’s urban structure throughout time?
By what mechanism does this impetus shape and reshape Hangzhou's urban structure, if
such an impetus exists?

To answer the first question, we assume, through studying the ancient texts, historical
maps, and related literature, that the first and foremost driver of Hangzhou's sustainable
development and urban structure transformation is commercial culture, rather than other
factors. Commercial development force and correlated commercial culture once made
Hangzhou the primary prosperity metropolis of some ancient empires and are still shap-
ing contemporary Hangzhou. This force also generates and reuses the city’s abundant
legacies and heritages. As a result, Hangzhou presently occupies three World Heritages,
namely the Archaeological Ruins of Liangzhu City, the West Lake, and the Grand Canal

86



Sustainability 2023, 15, 10620

of Hangzhou section, which were, respectively, formed in different historical periods and
have been sustainably retained. While the active roles of the West Lake and the Grand
Canal of Hangzhou Section in shaping the city are widely recognized and studied, that
of the Archaeological Ruins of Liangzhu City, Hangzhou's newly added World Heritage,
in reframing the spatial structure of Hangzhou remains to be studied. Most current stud-
ies on Liangzhu are concentrated on its own rise and fall [34], its interaction between the
environment and climate change [35], and its Neolithic culture [36], among others.

In addition, we find, through a literature review, that the literature concerning
Hangzhou's urban transformation is made up of either historic or contemporary studies.
In other words, Hangzhou'’s urban transformation is either studied in the history and ur-
ban history fields, which mainly focus on historic Hangzhou in periods, such as the Tang,
Song, Qing era, and Modern China, or in the urban geography and urban study fields,
which center on contemporary Hangzhou. Furthermore, scholars have made some tempo-
ral “slices” within historic periods, such as the Southern Song [37], the Ming and Qing [28],
the later Qing to the Republic of China (1910s-1940s) [24], and the post-reform era [26],
among others.

In terms of this situation, we endeavor to explore the possibility of exploring
Hangzhou's urban transformation in a continuous way, namely from as early as the South
Song Dynasty to the present day, rather than in a sectional way as other studies take. We ar-
gue that it is by sequential scanning and diachronic viewing that the transformation mech-
anism and sustainable development of Hangzhou’s urban structure be distinctly demon-
strated.

Thus, to answer the second question, we identify and elaborate on three key transfor-
mations of Hangzhou's urban spatial structure since the twelfth century in this article to
show how the complicated commercial impetus contributes to the shaping and reshaping
of Hangzhou's urban structure. The first transformation occurred in the Southern Song
Dynasty when Hangzhou became the capital city and when early capitalist relation of
production sprouted. The city was then obscured in history when the Song empire was
conquered by the Yuan emperor Kublai Khan. The second one happened in the Qing Dy-
nasty to the Republic of China. Hangzhou, acting as a provincial capital, embraced its
revitalization by grasping the opportunity of industrial and commercial development and
became the nation’s top handcraft manufacturing and commerce center and then a mod-
ern industrial and commercial hub. The third one took place during China’s reform and
post-reform periods [26], when Hangzhou took the tourist and leisure industry as the new
urban development driver and successfully integrated its commercial culture with leisure
and heritage culture. The analysis of these three transformations constitutes Sections 3-5
of this article, and the date and methods of our study are shown in Section 2 (Figure 1).
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Figure 1. Context of the three transformations of Hangzhou.

2. Data Resources and Methods

Our materials and data for analysis are from four resources. The first resource is clas-
sical ancient texts, which illustrate Chang’an, Dongjing, and Hangzhou's economic devel-
opment, social conditions and transition, and urban pattern and spatial structure during
some key historic periods. We sort out the contents from the texts that are related to urban
structure and link them with our graphic analysis (Table 1).

Table 1. Classical ancient data resources.

City Text Name Author Time
Gazetteer of Chang’an [38] Song Mingiu (ARH#K) 1076
Tang Chang’an i i i iti i
& g Research of Blocks in Two Ancient Capital Cities (Xi'an and Xu Son (4H4) 1810
Luoyang) of Tang Dynasty [39]
Song Dongjing The Dream of Hua in the Eastern Capital [40] Meng Yuanlao (i#7C#) 1127
. The Old Man of West
Record of Luxuriant Scenery by the Old Man of West Lake [41] Lake (F3#1% \) 12th century
A Record of the Capital’s Famous Scenic Spots [42] Ni Deweng (ifi{ 3 53) 1235
Southern Song T
Lin‘an Gazetteer of Lin‘an from the Xianchun Reign Period [43] Qian Yueyou (# ¥ &) 1268
Former Matters of Wulin [44] Zhou Mi (%) 1290
Dream of Hangzhou [45] Wu Zimu (3 H42) 1334
Ming and Qing The Government Record of Hangzhou from the Chenghua Chen Rang (%ik), Xia 14651487
Hangzhou Reign Period [46] Shizheng (5 i iE)

The second one is historic maps and painting, base maps, and current satellite maps.
The historic maps and painting provide raw spatial structure information about the cities.
The base maps are amended through the historic maps, which offer corrected historic ur-
ban form and structure. The current satellite maps are from Google Earth, which both pro-
vide a base map for analyzing current Hangzhou and a reference for comparing Hangzhou's
urban structure transformations in different periods. Based on these maps and informa-
tion from the ancient texts, we make graphic analysis of Hangzhou’s and several ancient
cities” urban structure to illustrate the spatial shaping and reshaping of Hangzhou. Specif-
ically, we identify the same spatial elements, such as districts, streets, and complex, during
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different periods to illustrate the sustainability and transformation of Hangzhou’s urban
structure (Table 2).

Table 2. Data resources for the urban structuring graphic analysis.

City Historic Maps or Painting Base Maps Satellite Maps
Lv Dafang (& KBjj), Chang’an City Map
(K22 &), 1080 [47]
Tang Chane’ — Cheng Guangyu, Map of Tang /
ang Lhang an Xu Son, Map of the Western Capital, ‘Research Chang’ an City [48]
of Blocks in Two Ancient Capital Cities (Xi'an
and Luoyang) of Tang Dynasty’, 1810 [39]
Song Dongiin Zhang Zeduan (7k#¥¥fi), Riverside Scenes at / /
& §mng the Qingming Festival (i 8 Fii[&]), 1101 [49]
Southern Song Qian Yueyou, Map of the Southern Song Cheng Guangyu, Map of Southern /
Lin‘an Capital Lin’an, 1268 [43] Song Lin‘an City [48]
. Zhejiang Map Bureau, Map of
Qing Hangzhou / Zhejiang Provincial Capital, 1892 [50] /
Hangzhou in the Shanghai Bolan Publishing House,
early twentieth / Latest Hangzhou City Map: Full Map /
century of West Lake, 1947 [50]
Contemporary The Office of Hangzhou Municipal
Hangzhou / Government, Map of the Eight Google Earth

Districts of Hangzhou [51]

The third one is the point-of-interest (POI) data. We use Python code to crawl POI
data from Gaode Map in Hangzhou's core urban area, namely Shangcheng District, Gong-
shu District, and Xihu District, in November 2022. The data collected include informa-
tion about the name, latitude, longitude, and type of POI. According to the POI classifica-
tion code of Gaode Map and our research needs, the sub category of shopping centers or
commercial complexes under the category of shopping services is chosen as the object of
analysis. Through screening, deduplication, rectification, and spatial matching, a total of
49 commercial complexes are obtained. Some of the commercial complexes’” positions are
marked in Section 5.1.

The fourth one is critical and up-to-date literature, both in English and Chinese, on
Hangzhou's general history and its urban structure transformation in various periods.

3. Transformation 1: Lin’an in the Southern Song Dynasty, 1137-1279

The commercial and civic culture that drove Hangzhou’s first urban structure trans-
formation took shape within the emerging early capitalist relation of production in Song
China when the country reached a peak of commercial prosperity. The culture instantly
casted their influence on the Song cities, particularly the two capital cities, the Northern
Song Dongjing and the Southern Song Hangzhou, which was renamed Lin‘an in 1129
CE. The two Song capitals formed sharply different urban structure from the Tang capi-
tal Chang’an.

3.1. General Urban Structure before and after the Song Dynasty

In accordance with the emerging early capitalist relation in China, urban structure
changed from an enclosed Li-Fang system to an open and free Fang-Xiang system during
the mid-Tang to the Song dynasty [6]. A comparison between these two systems is neces-
sary to comprehend Hangzhou's first transformation.

3.1.1. Li-Fang System

China’s general urban structure before the Song Dynasty was called Li-Fang system,
which consisted of enclosed and distinct urban wards or ‘Fangs’, rectangular in shape and
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encircled by walls. All functional areas, such as the neighborhoods and marketplaces,
were, respectively, settled within the Fangs. No gates except main entrances of Fangs and
of aristocrats’” houses and Buddhist monasteries could be set on such walls. Inside the
Fangs, the first-grade internal crisscross roads called ‘Jie’, which opened onto the Fang’s
four main entrances, and the second-grade roads called ‘Qu’ further divided a Fang’s in-
terior space into multiple sectors. Along these roads, the gates of the ordinary residences
or shops could be set up. People passed in and out the Fang through the four Fang’s en-
trances or gates, which were opened and closed at a fixed time every day. In this way, the
spatiotemporal design of the Fang facilitated the imposition of a dusk-to-dawn curfew to
its residents or merchants and of the emperor’s control on them (Figure 2).
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Figure 2. Typical spatial structure of the Li-Fang system (left) and of the Fang-Xiang system
(right) [47,49]. Note: The non-English terms in the historic map of the top left corner are the names
of the Fangs and houses.

However, as early as in the mid-Tang (approximately in the ninth century), there were
breakthrough indications of the enclosed system due to the accelerating commercializa-
tion [4] or the development of commodity economy. Yangzhou, the primary commercial
city of the mid-Tang, perfectly exemplified an intermediate stage of a gradual changing
or transforming process: the separate market areas and residential areas, which were pre-
viously, respectively, fixed into the wards, began to merge together, and an open urban
commercial net and border-free neighborhoods were taking form.

Skinner [4] innovatively coined an influential concept, the ‘medieval urban revolution’
of China, to illustrate such key institutional changes, which began in the mid-Tang and
culminated during the Southern Song. To him, a key feature of this revolution was ‘the
disappearance of the enclosed marketplace, along with the walled-ward system, and their
replacement by “a much freer street plan in which trade and commerce could be conducted
anywhere within the city or its outlying suburbs” [4]. Likewise, Lincoln [1] recognized this
change as the “Tang-Song transition” on urban civilization, which occurred from the ninth
to the twelfth centuries.

3.1.2. Fang-Xiang System

The most visible outcome of the Tang-Song urban revolution or transition was the
replacement of the enclosed Li-Fang system with an open and free Fang-Xiang system or
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ward-lane system. The spatial structure of Northern Song Dongjing, which meant ‘eastern
capital’, as differentiating from the ‘western capital’ Chang’an, was a prime example of
Fang-Xiang system [9], as the Northern Song Dynasty ‘witnessed the most rapid economic
growth in the history of China’ [22]. Contrary to the Li-Fang system, the spatial struc-
ture of the Fang-Xiang system featured the disappeared Fang’s walls; the scattered shops
and stores, as well as the residences of common people, along the streets, lanes, bridges,
waterfronts, among others, to all over the city; and the substitution of the concentrated
marketplaces with a well-developed urban commerce net. These changes were notably
recorded by the Song litterateur Meng Yuanlao in his masterpiece The Dream of Hua in the
Eastern Capital.

Although both the mid-Tang and Song China shared the process of institutional urban
restructuring, the rise of a civil culture during the Song era as a companion of the then ma-
tured prosperous commodity economy made it different from the Tang era. New markets,
wine shops, theaters, and teahouses sprang up like mushrooms in the new urban space of
Song cities to cater to people’s huge recreation and consumption demands under the rising
civil culture. Song Dynasty artist Zhang Zeduan’s marvelous painting Riverside Scenes at
the Qingming Festival depicted a bustling scene of such civil culture, urban life, and new
urban space at the Qingming Festival in Dongjing in detail [49] (see Figure 2). By contrast,
the enclosed traditional urban space only reflected the emperor’s will and facilitated the
governments” administration but restricted urban life in terms of time and space.

3.2. Comparison between Chang'an and Lin‘an

A comparison between Chang’ an, the capital of the Tang Dynasty, and Lin‘an in the
following aspects would be helpful in understanding the Tang-Song dramatic but gradual
changes promoted by the commercial culture.

e  (ity name

The names of the two cities implied completely opposite meanings: while Chang'an
referred to a permanent resting place, Lin’an, or in Marco Polo’s word, Quinsay, referred
to ‘a temporary resting place’ [22].

e  Urban planning

Chang'an, then known as ‘Daxing’, was totally newly planned in the Sui Dynasty (518-
619 CE) within the Li-Fang system with strict grid. By contrast, Lin’an was reconstructed
on the basis of the capital of Wuyue Kingdom (907-978 CE), which was economically devel-
oped, less planned, and had a flexible urban spatial pattern featured by long and narrow
blocks along rivers [52].

e  Markets and subsidiary facilities

Chang’an has two marketplaces: Dongshi (the Eastern Marketplace) and Xishi (the
Western Marketplace). According to the Song scholar Song Mingiu’s Gazetteer of Chang'an,
both covered two Fangs’ area, which was about 900 x 900 m. Dongshi largely contained
luxury stores that mainly served the royal family and aristocrats as it was close to the
royal palace and Fangs where aristocrats lived. By contrast, Xishi targeted common people
and ‘international’ merchants. It also included a large quantity of foreign shops run by
international merchants, including the Sogdians, Arabians, and Persians.

In contrast to Chang’ an, Lin’an had a complicated trade and recreational system con-
sisting of commercial districts, streets, and professional trade streets. Three integrated
commercial districts were distributed from south to north along the Yujie or the Imperial
Way, a three-mile long central axis of Lin’an [6], and each took different functions. The
southern district, close to the Imperial Palace and the national central administrative dis-
trict, was an upscale commercial district including upmarket restaurants. The middle dis-
trict, the largest in Lin’an, had been around since the mid-Tang era and sold a full range
of goods. The northern district converged all kinds of leisure and entertainment venues.
In addition to these comprehensive districts on the Imperial Way, there were commercial
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streets for retail, and all kinds of professional trade streets served the guilds stretching
along other main urban traffic axes and rivers. Among the professional trade streets, the
wholesale ones were adjoined to the land gates and water gates of the city. A large ware-
house area was shaped in the northwest part of the city, near the water and land trans-
portation hub [6].

e  Recreational places

Chang’an’s recreational places were mainly Xichang or theater fields in the market-
places of Dongshi and Xishi and in Buddhist monasteries, such as Ci'en Temple and Qing-
long Temple. Similar to the residences and shops, monasteries were also fixed in Fangs [6].

However, under the boom of commercial and civil culture, Lin’an established grand
public complexes called Wazis or Washes, which accommodated varied recreational facil-
ities and activities [53]. According to the Gazetteer of Lin‘an from the Xianchun Reign Period
and Dream of Hangzhou, there were 17 Wazis in Linan [45,54]. Mimicking Dongjing, the
birthplace of the Wazi, these grand complexes were mainly located either along the Impe-
rial Way or outside Lin’an city but adjoined the city gates, namely where people converged.
According to the Old Man of West Lake ‘s Record of Luxuriant Scenery by the Old Man of West
Lake, Lin’an’s largest and most comprehensive public complex was called Bei Wa or North-
ern Wa in the northern district. Other grand Wazis, like Da Wa (big complex), Zhong Wa
(central complex), and Nan Wa (southern complex), lined the central axis.

e  Scenic areas

Buddhist monasteries were common scenic areas for Chang’an’s civilians to visit. Ac-
cording to Xu Song’s Research of Blocks in Two Ancient Capital Cities of Tang Dynasty, for
example, Ci'en Temple was famous for its peonies, which were flooded with people every
spring. In addition, the eastern suburb and southern corner of Chang’an featured beautiful
nature landscape. While the eastern suburb was occupied by aristocrats and bureaucrats’
villas and gardens, the southern corner was open to the public. However, Qujiang Pond
and Furong Park, two of the most famous public views at the southern corner, were situ-
ated within the Fang-like marketplaces and neighborhoods.

Contrary to Chang’an, Lin’an’s natural landscape such as the West Lake was stretched
freely outside the city wall to the west of the urban area. Inside the city wall, hills, like
Wushan and Fenghuang Shan, together with the ‘open and “participatory” lake” [33] and
the urban inland waterway, constituted an interpenetrative Shan-Shui or mountain-water
natural and urban landscape of Lin’an. Jia [33] called this landscape a ‘paradigm” in South-
ern Song Lin’an, namely ‘a free combination of an artificial urban texture and a natural
environment’, which strengthened the development of urbanization and commercializa-
tion. Thereafter, such a combination remained as one of the critical heritages and features
of Hangzhou until today and performed a vital role in making Hangzhou a scenic city and
one of the most famous tourist destinations in China since the early twentieth century [31]
(Figure 3 and Table 3).
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Figure 3. A comparison of Tang Chang’an (left) and Southern Song Lin‘an (right) [39,43,48]. Note:
The non-English terms in the historic map of the top left, right corners, and of the middle, are the
names of the palaces, Fangs, streets, rivers, lakes, and houses.
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Table 3. Comparison between Chang’an and Lin‘an.

Tang Chang’an Southern Song Lin’an

Role

Capital city of the Tang Dynasty and other

twelve dynasties The Southern Song’s capital city

Urban structure

An enclosed Li-Fang System An open and free Fang-Xiang system

Marketplaces

Three integrated commercial districts;

Dongshi and Xishi commercial net stretched all over the city

Recreational places

Xichang in the marketplaces and Buddhist monasteries Wazis

Scenic areas

Buddhist monasteries; Qujiang Pond and Furong Park

The West Lake, Wushan and
Fenghuang Shan

4. Transformation 2: Hangzhou in the Qing Dynasty and the Republic of China,
1636-1940s

Commercial and leisure culture, which was formed under the industrial and commer-
cial development in late imperial China [4,55], promoted Hangzhou's second transforma-
tion, following the commercial and civic culture under the early capitalist relation of pro-
duction in mid-imperial China during Hangzhou's first transformation. Specifically, two
forces for the second urban restructuring could be distinguished. The first was the silk and
tea culture in the Ming and early Qing time when Hangzhou was a national hub of handi-
craft production and trade. The second was the modern industrial, commercial, and land-
scape culture in the late-Qing and early twentieth century when Hangzhou, together with
Suzhou and Nanjing, had to take back seats as Shanghai gradually evolved as the prime
city of China’s modern industry, economy, and trade from the late nineteenth century.

4.1. Hangzhou in Ming and Early Qing Dynasty

After the Yuan defeated the Southern Song, Hangzhou fell into a trough of politi-
cal status and economic development due to natural and man-made disasters such as the
war [56]. Politically, its status as a dynamic capital was lost as Beijing, and temporarily Nan-
jing, succeeded it to be the capital city. Instead, it was downgraded to a the local political
center of China, namely the provincial capital of Zhejiang province, in the early Qing era
in 1662 CE until today. Economically, it was not until the Ming Dynasty when Hangzhou
gradually recovered as a hub of trade and commerce in the Lower Yangzi region, as it was
the southern terminus on the Beijing—-Hangzhou Grand Canal, the economic artery of the
Song through to Qing empires. It came to be the biggest one of the three Imperial Silk Pro-
duction Bureaus or Weaving and Dyeing Offices during the Qing (the other two Bureaus
were located in Nanjing and Suzhou) [55], as estimated in output [23], and one of the top
cities for handcraft manufacturing and commerce [31]. Meanwhile, other handcrafts and
commercial cities competing with Hangzhou proliferated, especially from the mid-Qing
era. Therefore, Hangzhou was hardly a trend leader in urban transformation and culture,
especially since the mid-nineteenth century when the Taiping rebel outbroke [31]. How-
ever, its industrial combination of textile and clothing industries featured by silk produc-
tion and leisure industry featured by tea production and consumption could still ensure
its uniqueness among similar cities.

4.1.1. Silk Culture as the Commercial Culture

As early as the Song Dynasty, systematic market divisions had been made between
the comprehensive and professional and between wholesale and retail [57]. During the
Ming and Qing Dynasty, market division had been more sophisticated as a market system
than before. This trend was exemplified by the locations of Hangzhou's official and private
silk industry and trade districts. The official district was located in the west of the city,
especially gathering at the downtown area inside one city gate, the Yongjin Gate, while the
private one was in the north of the city and could be sorted into two categories. The private

94



Sustainability 2023, 15, 10620

workshops at Dongyuan Lane produced gloss silk fabric. Those out of the Genshan Gate,
another city gate, produced raw silk fabric. As parts of the silk industry chain, scouring
and dyeing workshops were situated on both shores of Dong River, ranging from the area
of gloss silk fabric workshops to the area of raw silk fabric workshops. In addition, hand
embroidery workshops gathered at the western side of those dyeing workshops (Figure 4).
These two districts, together with the wholesale and retail silk stores scattered near them,
formed a network of Hangzhou's silk manufacturing and trading.
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Figure 4. The late-Qing Hangzhou’s map (left) and its silk industry districts and scenic spots
(right) [50]. Note: The non-English terms in the historic map on the left are the names of the map,
streets, rivers, lakes, and houses.

4.1.2. Tea Culture as the Leisure Culture

Tea culture, one of many Chinese or Eastern Asian leisure cultures, also flourished at
the time. Hangzhou was the primary producing area of Longjing (Dragon well) tea, one
of the five superior types of tea in Ming China [58]. As a result, teahouses slowly replaced
Wazi as a public entertainment spot. However, teahouses differed from Wazi in three as-
pects. First, a teahouse’s main functions were information exchange and deal clinching
but not as comprehensive as those of Wazi. Second, there were entertainment activities
displayed every day in teahouses, but traditional drama performances from Wazi were
transferred to theaters. Third, tea tasting and tea culture were considered elegant and
associated with the upper elites and literati, while entertainments in Wazi were often re-
garded as popular or even vulgar. Wu Zimu even commented, in Volume 19 of the Dream
of Hangzhou by citing the Song scholar Ni Deweng’s A Record of the Capital’s Famous Scenic
Spots: Performers of the Washe (HSYRZCIE- BL A5 A fX), that the Wazi was “a place of bohemian-
ism for both the elites and common people’ (I A~ ¥4 2 fIT). Wushan or the City-god
hill supplanted the scattered Song Wazi as Hangzhou’s major commercial and popular en-
tertainment area for the common people in the late-Qing time due to its religious status,
which conglomerated the city-god temple and many other Buddhist and Daoist temples
and, thus, conglomerated the people [31].
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4.2. Hangzhou in the Late-Qing and Early Twentieth Century

The urban structure of many Chinese cities, including Hangzhou, was fiercely re-
shaped in the late-Qing time when Western and Japanese colonists forced the Qing gov-
ernment to open the doors of the country and when China’s modern industry began to
develop. In 1895, Japan forced the Qing Government to sign the unequal Treaty of Shi-
monoseki. Hangzhou was among the list of China’s open treaty ports according to the
Treaty. On one hand, it marked the beginning of the semi-colonial process of Hangzhou.
On the other hand, it paved the way for Hangzhou's development of modern capitalism
and industry. The mushroomed modern industrial area in Gongchen area and along the
Grand Canal, together with the establishment of a lakeside business district called the New
Business District in 1913, largely changed Hangzhou's urban pattern, since ancient times,
as it further set free the previously enclosed urban space.

4.2.1. Modern Industrial and Commercial Culture

Hangzhou formed three ‘old” marketplaces in the late-Qing era, namely the Down-
town Market, which served the bureaucrat, the Jianggan Market, and the Hushu Market
area. Three new ones, namely the Tongshang Market, the Station Market, and the New
Market, gradually took shape from the late nineteenth to the early twentieth century. Ac-
cordingly, these six marketplaces constituted the major modern commercial framework of
Hangzhou (Figure 5).
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Figure 5. The early twentieth century Hangzhou’s map (left) and its old and new marketplaces
(right) [50]. Note: The non-English terms in the historic map on the left are the names of the map.
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Although these three new marketplaces were generated out of different causes, they
were all related to Hangzhou’s modern industrial and commercial development. After the
city was opened as a treaty port, the Japanese established a concession area near Gongchen
Bridge in 1896, a vital transport hub on the Grand Canal of Hangzhou section. A com-
prehensive commercial district named Tongshang Market was then set up south of the
Japanese concession [59]. From then, the area around the Japanese concession and Gongchen
Bridge and along the Grand Canal became a cradle for Hangzhou’s modern industry and
commerce, as many national capitalist factories, such as the reeling mill and cotton mill,
chose to locate there.

The establishment and naming of the Station Market should be attributed to the open-
ing of a newly constructed railway between Hangzhou and Shanghai in 1911, as it was
formed near the railway station.

After the 1911 Revolution, troops of the Qing Government in Hangzhou surrendered.
In 1913, the newly composed government planned to dispose all the land of the Manchu
banner garrison, the former military fortress and residential district of the Qing’s Manchu
troops, and to build a new center of tourism and commerce called the New Business Dis-
trict to supplant the old commercial district around Wushan [32]. With the New Business
District plan carried out in 1913, a lakeside market called New Market emerged.

4.2.2. Landscape Culture

The West Lake had already been famed for its “world famous sceneries’ in the Song
Dynasty, as recorded in the Song scholar Zhou Mi’s Former Matters of Wulin. It was revi-
talized in Qing Dynasty as the Song’s scenic and cultural heritage when Emperor Kangxi
(1654-1722 CE) standardized the ‘Ten Views of West Lake’ originating in the Song [25].
Emperor Yongzheng, son of Kangxi, nominated an additional eighteen sceneries, which
indicated that the scope of the West Lake as a scenic area was enlarged greatly. Emperor
Qianlong, son of Yongzheng, wrote at least five series of poems on the Ten Views [25]. Al-
though the purpose of the three emperors was to coopt and administer the Jiangnan Han
literati through patronizing the West Lake, the core of the Jiangnan region [25,31], the three
emperors’ endorsements formed Hangzhou’s initial landscape culture made the city one
of China’s leading tourist destinations from then on.

With the implementation of the 1913 plan, the city walls between the West Lake and
the city were demolished. As a result, the lake was, for the first time, merged into the urban
area. New lakefront roads were built on the original sites of the walls. In addition, former
roads in the Manchu banner garrison were completely abandoned, and a new straight
road system was designed and built, which was quite inharmonious to the city’s original
road framework. Furthermore, five lakeside parks were created. About ten years later,
this new lakefront area, with a new name of Hubin, meaning the shore of the lake, had
developed into a new prosperous ‘downtown’ with the highest property value in the city.
Meanwhile, Hangzhou rose as a tourist city for the new middle class from Shanghai who
preferred “‘authentic’ Chinese culture [25], which was constituted from Hangzhou's leisure
and landscape culture.

5. Transformation 3: Present Day Hangzhou, 1980s Onwards

Hangzhou's third transformation occurred in the 1990s, or in the post-reform era since
the 2000s [26], when it became one of the top three cities in the Yangtze River Delta region of
China. This economic positioning implied that, although Hangzhou'’s role was secondary
to Shanghai ever since the mid-nineteenth century [31], it still remained the major com-
mercial and cultural center in Southeastern China or the lower reaches of the Yangtze River
region. The positioning also forged Hangzhou’s new commercial culture, which added ele-
ments of tourism, leisure, and urban heritages and further boosted the urban restructuring
of the city.
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5.1. New Elements of Commercial Culture

After the founding of the People’s Republic of China in 1949, urban structure and ele-
ments of commercial culture of Hangzhou continued to evolve. Apart from the preserved
elements, some new elements began to emerge after China’s Reform and Opening-up pol-
icy was released in 1978.

The preserved element was the five commercial districts. They inherited Hangzhou's
commercial and cultural heritages as they all had close relationship with one or two of the
six marketplaces forged previously, and even the commercial and cultural area originated
in the Song dynasty. Among them, Hubin, Wulin, and Wushan commercial districts were
formed after the 1980s. With the release and implementation of the ‘Hangzhou Master
Plan (2001-2020)’, two new commercial districts, i.e., Gongshu and Jianggan, were added
(Table 4).

Table 4. Hangzhou’s commercial districts formed after the 1980s and their relations with the previ-

ous marketplaces and urban heritages.

. Commercial . .
Market.places in the Districts after the Functions of. th? Commercial Urban Heritages
Twentieth Century Districts
1980s
Modern service industries Named after the name of Hangzhou’s major
Downtown Market Waulin District like business, finance, northern gate in Ming Time, Wulin Gate, which
securities, among others was called Yuhang Gate in the Southern Song
New Market Hubin District Leisure, tour1sm and upscale Inherlte.d Hangzhou's prosperous downtown’s
shopping business of the early twentieth century
- Traditional or historical A commercial and cultural area originated in
- Woushan District
culture and commerce. the Southern Song Dynasty
Tongshang Market Gongshu District Tourism ancti‘ mass Modern industrial heritage along the
Hushu Market consumption Grand Canal
Jianggan Market Jianggan District s d 1 An eponymous district of the early twentieth
Station Market 88 mart commerce and retai century market but had different location

One new element was professional commercial streets, which severed diverse trade
and retail and became new highlights of Hangzhou’s modern commerce. From the 1990s,
eighteen special commercial streets, including silk streets, clothing streets, tea culture vil-
lages, and so on, were established. Some streets were well known for selling special prod-
ucts, such as Wulin Road featuring women’s dress, Wensan Road featuring digital prod-
ucts, and Qiutao Road featuring home furnishing. Some provided catering, recreation,
and refreshment, such as Shuguang Road and Nanshan Road. Tourists could enjoy them-
selves in some specialty bars and restaurants on these streets. Some others, like Hefang
Street near Wushan Scenic Area, were characterized by their culture and profound his-
tory, which show the local attraction and national and historical characteristics. The other
kind of new element was the mushroomed commercial complexes ever since the 2010s,
which contained all kinds of shopping and recreational facilitates. These commercial com-
plexes, as spread across the urban area, attracted many people, and they function as the
Song Wazis of the present day. However, they differed from the Wazis in their more even
spatial distribution and accessibility (Figure 6).
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Figure 6. Commercial districts, streets, and complexes in contemporary Hangzhou.

5.2. Leisure and Heritage Culture

Hangzhou immediately combined its commercial with tourism development, lever-
aging China’s recognition of the tourism industry as a key driver of economic growth in the
1990s. The city rapidly ascended to become one of China’s most renowned scenic tourist
destinations and was labelled as an ‘Oriental City of Leisure’ by the World Leisure Orga-
nization in 2006 [60].

To cater to the increasing influx of tourists and visitors, Hangzhou, as a prominent
tourist destination and leisure city, strategically expanded its range of commercially valu-
able scenic areas. In addition to the cultural landscapes and also urban heritages, such
as the West Lake and Wushan, the cores of leisure and entertainment in the Song and
Qing, some new tourist attractions have emerged during the past two decades. Xixi Wet-
land, the waterfronts of Grand Canal of Hangzhou Section, and Archaeologic Ruins of
Liangzhu City were the three best practices, which exemplified Hangzhou's alternative
path in commercializing its natural and heritage resources to develop its tourist industry
and its role as an Oriental City of Leisure, both of which were key factors in shaping the
commercial culture.
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Xixi Wetland, a natural landscape for ecological recreation, was one of the key ele-
ments in pushing Hangzhou's tourist industry westwards. After the West Lake Cultural
Landscape of Hangzhou was nominated as the city’s first World heritage in 2011, the over-
1500-year-old Grand Canal as the second in 2014, and Liangzhu prehistoric ruins as the
third in 2019, promoting the city’s scenic territory to develop westward and northward
(Figure 7).

¥

V{%st Lake Cultural
Landségggof ngzhou .

Scope of Ancient HangzhouA

World Heritage Area

l:] Landscape / Scenic Area

Figure 7. The distribution of Hangzhou's natural and heritage resources.

A series of measures were implemented to enhance national and even international
recognition and commodity value of these heritages and resources. The first measure was
function transformation. For example, Hangzhou municipal government has undertaken
a comprehensive transformation program for the canal, focusing on reducing its emphasis
on water transportation and instead integrating leisure and cultural functions to create a
vibrant tourist corridor. The second was undertaking various cultural events, like mak-
ing films, which took the landscape as the movie location, and holding cultural festivals.
The third was developing tourist and commercial facilities, such as theme parks, muse-
ums designed by world-famous architects, and recreational street blocks, among others.
The Wetland Museum, for instance, was designed by the Pritzker Architecture Prize win-
ner (2019) Arata Isozaki and Liangzhu Museum by the Pritzker Architecture Prize winner
(2023) David Chipperfield. From one aspect, these measures facilitated the commercializ-
ing process and sustainability of the urban heritages and resources. They, from another
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aspect, enriched the diversity of Hangzhou's commercial and leisure culture, expanded
the city’s tourism and leisure space and, ultimately, reshaped its urban structure.

6. Conclusions

Urban structure formation and transformation are interesting but broad topics, which
have been abundantly studied. Quite a few studies focus on the political or institutional
factors [3,6,27], economic reasons [4,22,28], cultural and religious dynamics [58,61], or
even the natural and cultural landscape factors [24,25,31,33] as the main drivers for the
urban restructuring of Chinese cities. Among these studies, various dynastic capitals are
abundantly studied as the cases of China’s historical urban structuring and restructur-
ing [6,8,9,14,53,62]. Local Chinese cities, as regarded as supporting roles in this structuring
process, remain to be fully studied [52,57]. The dynamic evolution of a once-capital local
city, or what we call a multi-identity city, has been rarely studied. In addition, considering
the historical and contemporary impact of commerce in shaping various urban forms, it
appears that the field of knowledge is still quite incomplete.

Considering the state of the art and deficiencies in current studies, we chose to ap-
proach the topic of the urban structuring mechanism by studying Hangzhou, a multi-
identity Chinese city, which, we argued, could hardly be studied through either political
or economic perspectives. Through data analysis of classic ancient texts, historical maps
and painting, critical and latest studies, and POI data, we explored Hangzhou’s internal
evolving mechanism and argued that its intricate commercial culture played a pivotal role
in continuously shaping and reshaping Hangzhou's urban spatial structure.

Under a diachronic view, we distinguished Hangzhou’s three major spatial structural
transformations. Each was, respectively, driven by the mixed commercial culture with
other elementary cultures, such as the civil, leisure, landscape, and industrial. The trans-
forming and sustainability process, in turn, we argued, enriched the city’s complicated
commercial culture. Our main findings are summarized as follows (Table 5).

Table 5. Comparison between the three transformation stages of Hangzhou.

Transformation 1 Transformation 2 Transformation 3

Duration Southern Song Dynasty

From Qing through to the Republic

of China From the 1990s onwards

Role

The Southern
Song's capital

Top national hub of handcraft
manufacturing and commerce; modern
industrial and commercial city

Provincial capital of Zhejiang province; top
tourist destination; Oriental City of Leisure

Social context

Early capitalist relation of
production sprouted

Colonization, modernization China’s reform and post-reform

Impetus

Commercial and
civil culture

Commercial (silk production, modern
industry) and leisure (tea,
landscape) culture

commercial culture with leisure and
heritage culture

Transformation

From the enclosed to open
and free urban structure

The formation of modern marketplaces

Thy ing of ial el t:
and the merge of natural landscape and € emerging of new commercial elements

and expanding of the leisure space

urban area
. . . Five marketplaces, eighteen professional
Major commercial Three commercial o . .
. o . Teahouses and Wushan area; six commercial streets, hundreds of commercial
and recreational districts, commercial net .
. marketplaces and the West Lake complexes; three World Heritage and the
areas and Wazis L.
Xixi Wetland
Changes in urban The West Lake The West Lake; Wushan The West Lake; the Grand Canal; the

heritages

Liangzhu Prehistoric Site

Additionally, many relevant studies on Hangzhou’s urban pattern and structure evo-
lution are qualitative research with no or only raw historic maps and lack a spatial per-
spective [23,37,56]. By contrast, we introduce and merge the data and information of clas-
sic ancient texts and historic maps to display the dynamic transformation of Hangzhou,
through graphic analysis of the structuring of the same urban commercial elements, such
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as the streets, districts, and complexes, generating, inheriting, revitalizing, and reutiliz-
ing urban heritages. Through tracing the sequential changes in the same spatial elements
on maps, we believe that Hangzhou’s shaping and restructuring process is more clearly
displayed than through pure text or individual graphics (Figure 8).

@  Wazi/ Commercial Complex
""""""" Commercial Street
Scope of Ancient Hangzhou
Commercial District

World Heritage

Landscape / Scenic Area

ime x . i I —

[ I I
750 CE i 1000 CE 1250iCE 1500 CE 1750 CE i {2000 CE
Dynasties or i . " Modern People’s Republic
political periods SIS j Yuan | Ming Qing China of China
Hangzhou's i E S i H o o
; Transformation 1 ; ; Transformation 2

transformations

Source: Drawn by the authors
Figure 8. Hangzhou's three transformations.

We believe that Hangzhou serves as a prime example of how a city, even in the absence
of a dominant political impetus, can continue to evolve and regenerate itself as a complex
commercial hub that influences the entire country. Moreover, the city exemplifies the abil-
ity to strategically leverage every available resource and element to enhance its commercial
strength and foster a vibrant commercial culture. This dynamic approach serves as the vi-
tal driving force behind Hangzhou's ongoing urban development and spatial restructuring.
Through a case study of the constant urban structuring and restructuring process of such
a city, we wish to trigger more in-depth research on this topic with alternative perspec-
tives and more quantitative data and analysis than this article has applied. Additionally, in
terms of the current Liangzhu studies, which are limited within its prehistoric context and
period [34-36], we also call for further research, which can link this crucial urban heritage,
the very origin of a city, and the city’s contemporary urban condition and spatial pattern.

102



Sustainability 2023, 15, 10620

Author Contributions: Conceptualization, K.C. and ].Z.; methodology, K.C., ].Z. and W.X_; formal
analysis, K.C., F.W. and W.X,; resources, F.W. and W.X.; writing—original draft preparation, K.C.
and J.Z.; writing—review and editing, K.C. and F.W.; visualization, J.Z., FW. and W.X_; supervi-
sion, K.C.; funding acquisition, K.C. 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 52278082) and the Fundamental Research Funds for the Central Universities.

Data Availability Statement: The data presented in this study are openly available in (https://ctext.
org/zhs), reference number [38,40,42-44,46], and in (https://www.zhonghuadiancang.com/), refer-
ence number [41].

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

References

1. Lincoln, T. An Urban History of China; Cambridge University Press: Cambridge, UK, 2021.

2. Barbera, L.; Monaco, A.ID. Hangzhou. The Contemporary Challenges of a former Capital of Imperial China. L’architettura
Delle citta. J. Sci. Soc. Ludovico Quaroni 2017, 7, 5-63.

3. de Pee, C; Lam, J.S5.C. Introduction, in Senses of the City: Perceptions of Hang-zhou and Southern Song China; Lam, ].5.C., Lin, S., de
Pee, C., Eds.; The Chinese University Press: Hong Kong, China, 2017; pp. xiii-xxv.

4. Skinner, G.W. Introduction: Urban development in imperial China. In The City in Late Imperial China; Skinner, G.W., Ed.; Stanford
University Press: Stanford, CA, USA, 1977; pp. 3-32.

5. Shiba, Y. Tyugoku Toshishi; University of Tokyo Press: Tokyo, Japan, 2002.

6.  Yang, K. An Institutioanl History of Chinese Ancient Capital Cities; Shanghai People’s Publishing House: Shanghai, China, 2006.

7. Schinz, A. The Magic Squre: Cities in Ancient China; Edition Axel Menges: London, UK, 1996.

8. Xiong, V.C. Capital Cities and Urban Form in Pre-Modern China Luoyang, 1038 BCE to 938 CE.; Routledge: London, UK; New York,
NY, USA, 2017.

9.  Meng, F. Study on the Form, Structure, and Layout of Song to Qing Dynasty’s Capital Cities; China Social Sciences Press: Beijing,
China, 2019.

10.  Liu, Q. The Archaeological Discovery and Research of Ancient Chinese Capital; Social Sciences Literature Press: Beijing, China, 2016.

11.  Gu, C; Kesteloot, C. Beijing’s Socio-Spatial Structure in Transition. In Studies in Segregation and Desegregation; Ostendorf, W.,
Schrell, I, Eds.; Routledge: London, UK, 2002; pp. 27-47.

12. Wang, Y.; Liu, K. Evolution of Urban Socio-Spatial Structure in Modern Times in Xi‘an, China. Sustainability 2017, 9, 1935.
[CrossRef]

13.  Xiong, V.C. Sui-Tang Chang'an: A Study in the Urban History of Medieval China; Michigan Center for Chinese Studies, The University
of Michigan: AnArbor, MI, USA, 2000.

14.  Seo, T. A Comparative Capital City History of Sui-tang Chang'an and the Estern Asia; Northwest University Press: Xi’an, China, 2019.

15. Lee, K.; Yang, S. A Comparison of Urban Planning in Eastern Asian Capitals during Japanese Colonial Rule: Tokyo, Taipei (1895),
Seoul (1910), and Beijing (1936). Sustainability 2023, 15, 4502. [CrossRef]

16. Wang, Y.; Lin, H.; Chen, J.; He, Q.; Liu, Z. Spatio-temporal evolution analysis of spatial form in Nanfeng based on spatial syntax.
Ann. GIS 2023, 29, 109-120. [CrossRef]

17.  Dai, Z.; Hua, C. Multi-Scale Urban Spatial Evolution Analysis Based on Space Syntax: A Case Study in Modern Yangzhou, China.
Int. ]. Archit. Environ. Eng. 2019, 13, 345-352.

18.  Qin, Q. Analysis Of the Evolution of Urban Form in Modern Hefei City and Its Dynamics Mechanism. Highlights in Science.
Eng. Technol. 2023, 51, 175-182.

19.  Zhang, J.; Sun, H.; Xu, S.; Aoki, N. Analysis of the Spatial and Temporal Distribution and Reuse of Urban Industrial Heritage:
The Case of Tianjin, China. Land 2022, 11, 2273. [CrossRef]

20. Wang, Y.; Du, J.; Kuang, J.; Chen, C.; Li, M.; Wang, ]. Two-Scaled Identification of Landscape Character Types and Areas: A Case
Study of the Yunnan-Vietnam Railway (Yunnan Section), China. Sustainability 2023, 15, 6173. [CrossRef]

21. Mote, F.W. A millennium of Chinese urban history: Form, time and space concepts in Soochow. Rice Univ. Stud. 1973, 59, 35-65.

22.  Southall, A. The City in Time and Space; Cambridge University Press: Cambridge, UK, 1998.

23.  Zhou, F. Hangzhou in the Yuan, Ming and Qing Dynasties; Zhejiang People’s Publishing House: Hangzhou, China, 1997.

24. Fu, S. Shan-shui myth and history: The locally planned process of combining the ancient city and West Lake in Hangzhou,
1896-1927. Plan. Perspect. 2016, 31, 363-390. [CrossRef]

25.  Duan, X. The Rise of West Lake: A Cultural Landmark in the Song Dynasty; University of Washington Press: Seattle, WA, USA, 2020.

26. Zhu, Q. Post-reform under restructuring in China: The case of Hangzhou 1990-2010. Town Plan. Rev. 2012, 83, 431-455.

27.  Zhu, Q. Hangzhou. Cities 2015, 48, 42-54.

28.  Wang, L. Urban Space and Tourism in the Social Transformation of Hangzhou; University of California: San Diego, CA, USA, 1997.

29.  Wei, Y.D.; Fang, C. Urban expansion and land use restructuring in Hangzhou, China. Asian Geogr. 2003, 22, 61-75. [CrossRef]

103



Sustainability 2023, 15, 10620

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.
46.

47.

48.
49.

50.
51.
52.
53.
54.

55.
56.
57.
58.
59.
60.

61.
62.

Fu, S.; Jin, P. Formation of the modern scenic city of Hangzhou: Towards conservation integrated urban planning, 1950s-1990s.
Built Herit. 2020, 4, 1-16.

Wang, L. Tourism and spatial change in Hangzhou, 1911-1927. In Remaking the Chinese City: Modernity and National Identity,
1900-1950; Esherick, ].W., Ed.; University of Hawai’i Press: Honolulu, HI, USA 2000; pp. 107-120.

Esherick, ].W. Modernity and Nation in the Chinese City. In Remaking the Chinese City: Modernity and National Identity, 1900-1950;
Esherick, ].W., Ed.; University of Hawai'i Press: Honolulu, HI, USA 2000; pp. 1-18.

Jia, X. Landscape urbanism: Urban-rural relations in Hangzhou of Southern Song China. In Routledge Handbook of Chinese Archi-
tecture; Zhu, J., Wei, C., Hua, L., Eds.; Routledge: London, UK, 2022; pp. 143-158.

Yuan, J.; Pan, Y.; Dong, N.; Storozum, M. The rise and fall of the Liangzhu society in the perspective of subsistence economy.
Chin. Archaeol. 2022, 22, 145-152. [CrossRef]

Zhang, H.; Cheng, H.; Sinha, A.; Spotl, C.; Cai, Y.; Liu, B.; Kathayat, G.; Li, H.; Tian, Y.; Li, Y,; et al. Collapse of the Liangzhu
and other Neolithic cultures in the lower Yangtze region in response to climate change. Sci. Adv. 2021, 7, eabi9275. [CrossRef]
[PubMed]

Zhuang, Y.; Liu, B.; Qin, L. Liangzhu Culture: Society, Belief, and Art in Neolithic China; Routledge: London, UK, 2019.

Lam, J.5.C; Lin, S.; de Pee, C.; Powers, M. Senses of the City: Perceptions of Hangzhou & Southern Song China 1127-1279; The Chinese
University of Hong Kong: Hong Kong, China, 2017.

Song, M. Gazetteer of Chang’an. Available online: https://ctext.org/wiki.pl?if=gb&res=457201&remap=gb (accessed on
15 June 2023).

Xu, S. Research of Blocks in Two Ancient Capital Cities (Xi'an and Luoyang) of Tang Dynasty; Sanqin Publishing House: Xi‘an,
China, 2006.

Meng, Y. The Dream of Hua in the Eastern Capital. Available online: https://ctext.org/wiki.pl?if=gb&res=712358&remap=gb
(accessed on 15 June 2023).

The Old Man of West Lake. Record of Luxuriant Scenery by the Old Man of West Lake. Available online: https://www.
zhonghuadiancang.com/tianwendili/10694/ (accessed on 15 June 2023).

Ni, D. A Record of the Capital’s Famous Scenic Spots. Available online: https://ctext.org/wiki.pl?if=gb&res=178091&remap=gb
(accessed on 15 June 2023).

Qian, Y. Gazetteer of Lin’an from the Xianchun Reign Period. Available online: https://ctext.org/wiki.pl?if=gbé&res=258802
&remap=gb (accessed on 15 June 2023).

Zhou, M. Former Matters of Wulin. Available online: https://ctext.org/wiki.pl?if=gb&res=24518&remap=gb (accessed on
15 June 2023).

Wu, Z. Dream of Hangzhou; Zhejiang People’s Publishing House: Hangzhou, China, 2016.

Chen, R.; Xia, S. The Government Record of Hangzhou from the Chenghua Reign Period; Available online: https://ctext.org/wiki.pl?if=
gbé&res=7435959&remap=gb (accessed on 15 June 2023).

Wang, S.; Cui, K;; Wang, K. Study On Supplementary Drawing of Lv Dafang’s ‘Chang’an City Map’ In the Northern Song
Dynasty. City Plan. Rev. 2016, 40, 58-64.

Cheng, G. Atlas of Chinese History; Chinese Cultural Institute Press: Taibei, China, 1980.

Zhu, J.; Pan, J.; Zhu, X. Analysis of Development Features of Dongjing’s Commercial Space in Northern Song Dynasty: Based
on Interpretation of Drawing of Riverside Scene at Qingming Festival. City Plan. Rev. 2013, 37, 47-53.

Que, W. Hangzhou City and Xihu History in Diagrams; Zhejiang People’s Publishing House: Hangzhou, China, 2000.

The Office of Hangzhou Municipal Government. Atlas of Hangzhou; Sinomap Press: Beijing, China, 2004.

Huang, J. A Study of Administrative Cities in Jiangnan since Ming Dynasty; Zhonghua Book Company: Beijing, China, 2017.
Zhang, X. The Ancient Capitals and Cities in Chinese History; Jiangsu People’s Publishing House: Nanjing, China, 2020.

Jiang, Q. A Restoration Study of The Song Version ‘Gazetteer of Lin‘an from the Xianchun Reign Period’s Four Capital City Maps; Shanghai
Classics Publishing House: Shanghai, China, 2015.

Moll-Murate, C. State and Crafts in the Qing Dynasty (1644-1911); Amsterdam University Press: Amsterdam, The Nether-
lands, 2018.

Tang, H. Research on the Early Urban Modernization of Hangzhou: 1896—1927; China Social Sciences Press: Beijing, China, 2013.
Bao, W. Urban Study of the Song Dynasty; Zhonghua Book Company: Beijing, China, 2014.

Benn, J.A. Tea in China: A Religious and Cultural History; University of Hawai'i Press: Honolulu, HI, USA 2015.

Lai, D.; Wu, J.; Xu, S. An Architecture History of Modern China, Vol 2: Plural Exploration: The Modernization All Over the Country in
the Early Republic of China and the Development of China’s Architecture Science; China Building Industry Press: Beijing, China, 2016.
Zhuan, T. World Leisure Expo for a Healthier Life. 2011. Available online: http://www.chinadaily.com.cn/regional/2011-09/17
/content_13746996.htm (accessed on 1 February 2023).

Wheatley, P. The Origins and Character of the Chinese City; Routledge: Abingdon, VA, USA, 2017.

Fu, C.; Cao, W. An Urban History of China; Palgrave Macmillan: Singapore, 2019.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual au-
thor(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.

104



»

<@ sustainability

Article

Acoustic Tomography as a Supporting Tool in the Sustainable
Management of Historic Greenery: Example of the Church
Garden in Horostyta (Poland)

Margot Dudkiewicz "* and Wojciech Durlak %*

Citation: Dudkiewicz, M.; Durlak, W.
Acoustic Tomography as a
Supporting Tool in the Sustainable
Management of Historic Greenery:
Example of the Church Garden in
Horostyta (Poland). Sustainability
2023, 15, 8654. https://doi.org/
10.3390/5u15118654

Academic Editors: Lucia Della Spina,
Maria Rosa Valluzzi, Paola Pellegrini,

Antonia Russo and Angela Viglianisi

Received: 12 April 2023
Revised: 19 May 2023

Accepted: 23 May 2023
Published: 26 May 2023

Copyright: © 2023 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
1.0/).

Department of Landscape Architecture, Faculty of Horticulture and Landscape Architecture,

University of Life Sciences in Lublin, Gleboka St. 28, 20-612 Lublin, Poland

Horticultural Production Institute, Faculty of Horticulture and Landscape Architecture,

University of Life Sciences in Lublin, Gteboka St. 28, 20-612 Lublin, Poland

*  Correspondence: margotdudkiewicz@o02.pl (M.D.); wdurlak@aufograf.pl (W.D.); Tel.: +48-815319676 (W.D.)

Abstract: Senile trees in historic church gardens have natural, aesthetic, historical, and cultural value.
Cutting them down too hastily annihilates the achievements of entire generations. We should try
to preserve the greenery surrounding historic churches and integrate it into a clear compositional
arrangement with the sacral architecture. The primary purpose of the paper was to describe the
process of inventorying 200-year-old trees and to present the revalorization project for the garden
around the historic Orthodox church in Horostyta, located in the Lublin Voivodeship, in southeastern
Poland. The church complex consists of a wooden 18th-century building, bell tower, garden, and
cemetery. Within the church garden’s boundaries, there are 15 trees, with two predominant species:
Acer pseudoplatanus L. and Tilia cordata Mill. These trees are of varying ages and health conditions. We
used acoustic tomography to perform tree health diagnostics. Three trees, for which the initial visual
assessment was disturbing, were examined thanks to detailed tomography tests. Then, through a
project adapting the church garden to the health conditions of the ancient trees, they were separated
from users by flowerbeds and no small architectural objects were placed around them. The presented
development concept forms a compromise between tradition and the modern user’s needs. In 2007, a
general renovation of the temple building was completed. Currently, the presented project for the
church garden is being implemented.

Keywords: acoustic tomography; senile tree; church garden; orthodox church; revalorization;
Horostyta Wyryki commune; Poland

1. Introduction

Academic interest in preserving, maintaining, and restoring historic gardens started
in the 1980s when the Florence Charter officially identified historic garden