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Abstract


In recent decades, sustainability and biophilic design have gained significant attention as revived concepts in architecture, offering innovative pathways to reconnect the built environment with nature. Can these principles be characterized and assessed in vernacular architectural contexts so as to be incorporated into contemporary sustainable practices? This research seeks to answer this question by examining the vernacular architecture of Kasbahs and Ksour in southern Morocco through the lens of biophilic design. The link between the two remains underexplored, specifically in the context of southern Morocco—a gap this article seeks to address. This research analyzes these heritage architectures by combining a theoretical exploration of sustainability, biophilic design (BD), and operational BD frameworks with a practical evaluation using a Biophilic Interior Design Matrix. This analysis is particularly pertinent as the contemporary society spends roughly 90% of its time indoors and is considered to be an “indoor generation”. After examining eleven vernacular buildings spread over key areas of Ouarzazate Province in southern Morocco against 54 biophilic design attributes, the findings reveal that Kasbahs and Ksour showcase sustainability and biophilic qualities. This demonstrates that Moroccan traditional architectural values can enable heritage preservation through biophilic principles to deliver culturally contextual and sustainable architectural solutions for contemporary practice.
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1. Introduction


Kasbahs and Ksour in the south of Morocco are an intriguing architectural matter for research and exploration going back several centuries. Whereas Kasbahs are fortified houses or citadels typically serving as the homes of local leaders or military strongholds, the Ksour (plural of Ksar) are fortified villages and settlements often characterized by a compact urban layout with narrow winding streets and linked buildings. This earth architecture is often found on the slopes and valleys of the Atlas mountains and along the oases lines of the Pre-Saharan rivers. This research endeavors to study how these vernacular architectures intrinsically embody biophilic principles through their use of local, natural materials and harmonious integration with the surrounding landscape, reflecting a connection with nature. Their design, adapted to the climate, further demonstrates an inherent biophilia, creating life-enhancing spaces that resonate with the natural environment. These structures stand as an example of early biophilic design, where the built environment is in synergy with the natural world.



Despite biophilic design gaining prominence in architecture and urban planning globally and being aligned with international frameworks, particularly the 2030 Agenda for Sustainable Development, which highlights resilient, inclusive, and sustainable cities as the basis for sustainable urban development for all, there is still a need to identify how urban planners and architects incorporate biophilic design in their work to achieve sustainable goals. Robin Degron emphasizes that understanding the interconnectedness of time, civilization, and biodiversity is essential for addressing the environmental challenges faced by regions like the Mediterranean [1]. This approach not only underscores the fragility of Mediterranean ecosystems but also advocates for multi-disciplinary strategies that integrate insights from geology, ecology, and history to foster resilience against climate change. Biophilic design’s integration into architecture and urban planning can be a relevant instrument in this regard to improve sustainability initiatives, therefore ensuring that cities not only meet human needs but also assist the complex web of life-sustaining biodiversity and preserve the ecological balance essential for human existence [2]. Urban environments, when designed with biophilic principles, can help mitigate the impacts of climate change, such as rising temperatures and disappearing green spaces, thereby aligning with broader efforts to preserve the socio-ecological fabric of the Mediterranean region and beyond.



The design approach known as biophilic design draws its foundation from biophilia which means nature’s love fostering environmental connections. The concept gained traction after psychologist Erich Fromm first introduced it in 1964 before biologist Edward O. Wilson expanded its popularity in 1984 [3,4]. The implementation of biophilia principles through architectural and urban planning practices results in an environmental design that allows people to connect with nature directly or indirectly while improving their built environment quality. By integrating natural elements and processes into the design, biophilic architecture endeavors to restore the connection between people and their surroundings, positioning nature as a vital component in creating healthier, more sustainable living spaces [5,6].



In the past decade, biophilic design has garnered more research interest, as noted by Lefosse et al. According to the latter, their 60-year systematic literature review revealed that biophilia is an underexplored field with both opportunities and challenges, highlighting a gap between theory and practice, with more emphasis on the theoretical aspects. Basic research dominates over evidence-based research. Research on Biophilic Urbanism (BU) remains scarce despite rising interest in biophilia and biophilic design (BD) during recent times. The majority of written works focus on historical context because both fields emerged recently, while scientific studies are scarce. Applied and hybrid sciences show rising interest in biophilia while political–economic and digital science gaps persist. Geographically, the literature is predominantly northern, especially from the United States, the concept’s birthplace [7].



The idea of integrating nature into living spaces can be traced back to the earliest human settlements. Over the years, many different societies have welcomed the natural world as a source of motivation for their architectural projects. The architectural styles of ancient civilizations such as the Romans, Mesopotamians, and those of the Byzantine, Gothic, and Renaissance periods all show nature-themed patterns, providing evidence of this biophilic link. The Romans, for instance, utilized natural materials and integrated gardens and natural landscapes into their urban planning, which can be seen in the design of villas and public spaces [8,9]. The Mesopotamians, likewise, expressed their respect for nature by designing lavish garden spaces, such as the famous Hanging Gardens of Babylon, which were not only a symbol of royal opulence but also a manifestation of the belief in paradise as a cultivated space that harmonized human life with the forces of nature [10]. The architectural style of the Byzantine era showed its connection to natural surroundings balancing compositions of light and space [11]. During the Gothic period, sacred places gained spirituality through the use of large stained glass windows, which let sunlight enter to link interiors with exterior environments [12]. Brunelleschi and Palladio, during the Renaissance period, reintroduced classical principles by using symmetry and proportion in their architectural designs, which drew biosphere inspiration to create architecture that had an aesthetic dimension and impacted human emotions [13]. Modern architecture continued this tendency by adding natural elements into built environments, hence promoting well-being, as biophilic design concepts were becoming more and more recognized for their psychological and physiological benefits [14]. Because people inherently feel pulled to nature, the architectural design profession has used biophilia as a basic precept since Edward O. Wilson introduced this concept. Contemporary research [15,16,17] emphasizing the need to include natural components in architectural practices shows that this tendency is not just aesthetic but also affects health and well-being. Biophilia has shown throughout time how local materials and organic ornaments were essential to building techniques, thus highlighting humanity’s natural bond with the environment. The revival of biophilic design in contemporary architecture shows a rising awareness of the need to reconnect with nature, especially in cities where such links have grown more uncommon [18,19]. Modern developed surroundings often separate people from natural components including sunlight, flora, and fresh air, as industrialization and urbanization have caused a rift between people and nature in modern civilization. Research indicates that exposure to nature promotes health benefits, improves social interactions, and reduces stress [14]; therefore, this disconnection has major consequences for human well-being. Emerging as a framework for design to link people back to their natural environment, the concept of biophilia encompasses the basic human love for other life forms.



As a means to restore nature in urban settings, biophilic design (BD) has attracted interest in architectural theory. It includes ideas and components meant to strengthen human–nature relationships. Both academics and practitioners have created several frameworks to assist in using biophilic concepts in both “modern” and historical buildings. Whether by using natural materials, integrating plants, or adding natural light and water features, these frameworks promote the inclusion of biological elements, hence improving the sensory experiences of users.



The evidence-based assessment of biophilic design allows for shifting towards more sustainable architectural solutions in the Middle East and North Africa (MENA) region. Through the study and assessment of biophilic design in vernacular architecture, this research can help bridge the gap between Western discourses, practices, and regional experiences, thus questioning the latter beyond the efficiency paradigm.



This study provides insights on how the vernacular architecture of Kasbahs and Ksour in the south of Morocco aligns with biophilic design. The objectives of this research are to investigate the extent to which sustainability and biophilic design are inherent within these traditional architectural settings using the Biophilic Interior Design Matrix (BID-M) and to demonstrate the connection to nature and the integration of traditional ecological knowledge exhibited in these architectures.



The paper is articulated as follows: The relevant literature on biophilia, biophilic design (BD), and the sustainability of the vernacular architecture of Kasbahs and Ksour, as well as BD frameworks is reviewed in the next section. The methodology section then explains the research context, materials, and methods used in this study. For this research, eleven vernacular buildings from key localities in southern Morocco, representing Kasbahs and Ksour, were analyzed. These buildings were assessed using a Biophilic Interior Design Matrix (BID-M) consisting of 54 biophilic attributes distributed among six categories to understand the link between biophilic design and the vernacular architecture of the region. Next are the findings and discussion. The final section presents the conclusions and recommendations based on the study results and the literature review. This research provides new perspectives into integrating Moroccan traditional architecture with local contemporary sustainable practices, thereby highlighting the underexplored connection between biophilic design and these architectures.




2. Literature Review


Biophilia stems from the Greek words “bios” (βίος, “life”) and “philia” (φιλία, “love”), hence, meaning the “love for life”. “Philia” as a broader concept can be traced back to the philosophical ideas of Aristotle in the 4th century BC which pertains to interspecies relationships, suggesting that such connections are fundamental to the social, political, and moral frameworks of human interactions [20]. However, the specific term “biophilia” was introduced by the socio-psychologist Erich Fromm in 1964. Fromm’s research sought to emphasize the natural human desire to nurture and defend life. Emphasizing its relevance across many species, he contended that this desire for life is necessary for both individual and social well-being. Biologist Edward O. Wilson, who popularized the concept and incorporated it in his book, “Biophilia”, further developed the notion. Wilson called this natural love a fundamental human instinct rooted in biology. He stated that human inclination is meant for living in close contact with natural settings. Our human evolution is driven by this innate predisposition towards natural environments and living beings [4].



Historically, the link between people and nature has greatly affected where groups decide to settle, hence the balancing issues of safety and aesthetic appeal [21]. This quest for an optimal living environment emphasizes the need for biophilia in shaping human habitat and well-being. Contemporary studies emphasize how including natural components in architectural and urban designs would improve psychological well-being [22], highlighting the consequences of biophilia. For example, research has shown that biophilic design-rich settings boost cognitive performance and promote more productivity.



This discourse on human’s innate connection to nature underlines a constant need that has developed to fit manufactured environments to guarantee both survival and identity. This view supports the development of the biophilia hypothesis and its practical expressions. Years later, Kellert advanced the biophilia hypothesis by introducing the concept of biophilic design (BD), which sought to transform architectural practices. BD aims to enhance human interaction with nature even within indoor settings by integrating Engineering and Landscape Design [12]. Indeed, today, approximately 90% of individuals’ time is now spent indoors [23]. As a result, recent research consistently refers to contemporary populations as belonging to the “indoor generation”, highlighting a significant shift in daily living environments toward predominantly enclosed spaces.



This approach to biophilic indoor spaces exceeds conventional sustainable architecture by making buildings into living systems that help their occupants while optimizing their performance and human experience. In addition, the concept was taken to a larger scale by Beatley with the development of Biophilic Urbanism (BU) [24]. BU combines the principles of sustainable urban design and ecological management across different scales to develop environments that integrate natural elements into the urban environment. In his framework of Biophilic Cities, Beatley defines cities as those that integrate nature into the urban environment to allow people to regularly interact with nature. His concepts include several definitions of Biophilic Cities that include numerous advantages, including health benefits and the conservation of biodiversity. Also, the Biophilic Cities Network was developed by Beatley to promote the use of these approaches. In the course of these developments, there is an understanding of a shortcoming—the absence of a clear definition of biophilia that would encompass all its advantages [7]. To address this, an enriched perspective is proposed by Lefosse et al., defining biophilia as an enriching interaction with nature, through both sensory and emotional experiences, that yields reciprocal benefits in the built environment when implemented via biophilic design and Urbanism. This perspective emphasizes the goal of improving the human experience by means of deliberate design interlaced with nature.



Vernacular architecture is an eloquent example of sustainable design as it is defined by its alignment with local environmental settings, cultural practices, and accessible materials. Its dependence on locally sourced materials and traditional building techniques, which have usually evolved through years of empirical knowledge and cultural practices, makes this architectural form naturally sustainable. For instance, Alelwani et al. emphasize that vernacular architecture harmonizes with the surrounding environment while addressing the needs of its occupants, thus exemplifying sustainable building practices [25]. Similarly, Dabaieh et al. stated that vernacular architecture is built for local needs and with local resources, thus reflecting culture and history and promoting sustainability [26]. Moroccan Kasbahs and Ksour show a strong link between traditional construction and sustainability. The principles within these buildings can be analyzed through environmental, economic, and social sustainability lenses to understand their relevance in the contemporary architectural discourse.



First, the environmental sustainability of Kasbahs and Ksour is clear in their use of local materials and construction adapted to southern Morocco’s arid climate. For instance, these structures are mainly built from earth, stone, and other natural materials providing insulation and enhancing thermal comfort. Piqueras and Navarro noted that these vernacular architectures are sustainable because Kasbahs and Ksour use readily available environmental materials, showing environmental awareness and climate adaptation [27]. This is in concordance with the findings of Rosaleny-Gamón who noted that vernacular architecture offers valuable lessons in sustainability, especially in the way it addresses environmental issues through local know-how and practices [28].



In terms of economic aspects, the sustainability of Kasbahs and Ksour lies in the fact that they employ local resources and labor, which is financially stimulating the community. In fact, economically, it does not only create employment for the local population but also decreases reliance on external resources that may be unreliable or unsustainable [26].



Social sustainability is another key aspect. Kasbahs and Ksour are built and arranged to support the community’s social order and enhance people’s sense of belonging. The architecture is often planned to allow social contact and common activities, important for preserving cultural heritage and social capital. In their study on social sustainability in vernacular architecture, Olukoya and Atanda identified health, safety, and cultural values as key to communal resilience [29]. This is especially relevant for Moroccan Kasbahs and Ksour, where collective living and shared spaces are integral to the social structure. Historically and culturally, the architecture of these settlements reflects the region’s society. As noted by Hu, vernacular architecture is closely related to local knowledge and cultural identity [30].



Applications of biophilic design (BD) span a wide spectrum of scales, from the intimate spaces of building interiors to the broader context of city-wide developments, encompassing diverse environments such as university campuses, commercial office buildings, healthcare facilities, hospitals, and educational institutions. At its heart, BD seeks to fundamentally reshape design and construction with the central objective of forging a meaningful connection between human beings and the natural world. This design philosophy directly addresses the growing sense of alienation from nature that characterizes modern industrialized life, particularly in urban settings [12,31]. Ultimately, BD strives to enhance overall well-being by integrating natural elements and principles into the spaces we inhabit.



Biophilic design’s main objectives are as follows: First, BD aims at building sustainable and flourishing habitats that meet not only human expectations but also the needs of nature and a wide range of living species. This calls for a comprehensive strategy for urban development taking into account the environmental effects of buildings and infrastructure. Secondly, BD strives to actively promote and enable environments, events, and design processes that support interspecies contact [12]. The goal is to create connections that are good for both people and other living species, therefore improving living conditions for all. Thirdly, BD actively challenges and tries to correct the intrinsic flaws of modern design paradigms that have unwittingly isolated and alienated humans from their natural surroundings. Finally, and perhaps most importantly, BD is focused on highlighting and realizing the benefits of intentionally and thoughtfully applying the principles of Biophilia to the built environment. This includes recognizing and leveraging the innate human affinity for nature to create spaces that are not only aesthetical but also contribute to improved physical health, psychological well-being, and cognitive function [9].



The theoretical underpinnings of BD are not static but have evolved through a series of key developmental stages. This evolution is marked by the creation of various frameworks, tools, and conceptual approaches, each building upon and refining previous iterations. A foundational figure in this evolution is Stephen Kellert, widely regarded as a pioneer of biophilic design. Kellert’s initial and comprehensive framework proposed a systematic approach to BD, structured around two primary dimensions, six core elements, and an extensive list of 72 detailed attributes [31]. The two dimensions of natural and cultural form exist as fundamental elements because they determine how people perceive themselves in built structures. The first dimension, naturalistic or organic, focuses on design aspects that reflect natural elements. Natural features of the environment include natural lighting and ventilation systems along with botanical designs and biomimetic strategies and the integration of natural patterns that showcase sensory diversity and interactive organic systems. The second dimension, the place-based or vernacular, connects design to a place’s specific context. This involves light and space configurations creating a sense of place and evoking natural experiences, place-based relationships integrating local ecological and cultural characteristics, and evolved human–nature relationships acknowledging deep-seated human connections with nature through elements evoking prospect, refuge, and spatial organization.



Browning et al. built upon Kellert’s work by simplifying the approach and focusing on user well-being by categorizing space–nature interrelations into “nature in the space” (directly incorporating elements like plants and water), “natural analogs” (using nature-mimicking materials and patterns), and “nature of the space” (emphasizing spatial configurations found in nature) [32]. Kellert and Calabrese later developed it to focus on human perception and experience, identifying three experiential categories. Nature contact as direct experience enables the physical perception of water, air, and sunlight along with plants [33]. The indirect experience and exposition of nature stimulate nature’s feeling through the utilization of colors, materials, and patterns. The experience of space and place investigates how spatial attributes modify user responses regarding mobility, prospect, and refuge.



The Biophilic Interior Design Matrix (BID-M) represents one of the specialized frameworks that has been developed for interior spaces [34]. The BID-M emerged from the Biophilic Design Matrix (BDM) [35] to serve as a practical tool that includes six elements and 54 attributes for indoor biophilic implementation. New hybrid frameworks combine digital and physical design methods to deliver expanded biophilic experiences in residential and virtual reality applications across various building scales. Qualitative frameworks blend BD with green building standards LEED (Leadership in Energy and Environmental Design) and BREEAM (Building Research Establishment Environmental Assessment Method) to produce healthier sustainable design [36]. The classification of biophilic buildings shows how architectural design elements influence the creation of biophilic environments that support human–nature interactions. The different frameworks and tools illustrate how biophilic design has grown as a discipline and its applications have become more specific across various design fields, including residential and educational structures and special settings, while demonstrating its power to design environments that support human health as well as nature’s connection.




3. Materials and Methods


3.1. Research Context and Site Analysis


The architecture of Kasbahs and Ksour in Ouarzazate Province, Morocco, (see Figure 1) significantly reflects the region’s historical, cultural, and environmental contexts. It is influenced by the harsh desert climate, necessitating adaptations that promote sustainability and resilience against environmental challenges [37]. The geographical context of the Ouarzazate Province, located on the edge of the Sahara Desert, influences the architectural features of Kasbahs and Ksour. The region’s climate, marked by severe temperatures and limited water, shaped construction using rammed earth, adobe, and stone, among others. These materials and techniques offer thermal insulation and complement the surrounding scenery, creating a visually consistent atmosphere. Drawing on historical experiences and social systems, the forms are based on the cultural legacy of the Amazigh and Arab cultures [38].



Culturally, the Ksour serve as vital centers for community life, encapsulating the social organization and collective identity of the inhabitants. The architectural design of these settlements is also influenced by Islamic principles, which emphasize harmony with nature and the importance of solidarity [39]. This cultural significance is underscored by the Ksour’s national and international classification—Ksar Aït Ben Haddou, for example, has been a recognized UNESCO World Heritage Site since 1987.



Moreover, their preservation is threatened by ongoing changes driven by tourism and modernity. Growing tourism increases the risk of commodification and authenticity loss, potentially compromising the Ksour’s intangible value [40,41]. Maintaining the integrity of these structures implies balancing tourism needs with cultural heritage conservation.




3.2. Materials


Eleven buildings were selected. Access to functional and non-ruined spaces—either in total or partially—guided our research. See Figure 2 for a diagram of their repartition.



In fact, the selection process was guided by the availability of spaces that were mainly functional and/or partially intact, as opposed to ruined or non-functional structures. This approach ensured that the research could focus on living environments that reflect the practical application of biophilic design principles and that could be replicated elsewhere within both the local and global regions. See Figure 3 for their localization and Table 1 for full details.



Four research areas were designated as follows:



Research Area 1: Ksar Ait Ben Haddou



Covering Ksar Ait Ben Haddou (see Figure 4), this research’s main emphasis is on this research area. Rich historical and cultural background defines this location, hence shaping the evolution of unique architectural forms.



Located in Ouarzazate Province, Morocco, Ksar Aït Ben Haddou is a fortified village famous for its well-preserved mud-brick construction, which displays traditional Moroccan building techniques [42]. Believed to originate from the 17th century, this historical landmark has multi-storied structures and narrow streets. These structures not only provided defense but also helped control inside temperatures. Unique to the Ksar, its architecture has earthen structures encircled by tall walls and corner towers. One of the best conserved Ksour in Morocco, this building style is a perfect example of southern Moroccan architecture.



Ksar Aït Ben Haddou has become internationally famous because of its unique architecture and picturesque setting and has been used as a location for filming movies and TV shows. Some of the films that have used this site include Lawrence of Arabia, Gladiator, and Game of Thrones [43,44]. In 1987, Ksar Aït Ben Haddou was inscribed as a World Heritage Site by UNESCO, thus increasing the profile of the site and leading to increased recognition of the need for conservation. The listing of sites like Ksar Aït Ben Haddou on the UNESCO World Heritage List is not only beneficial for the conservation of heritage but also for territorial marketing and place-making [45]. The designation also aims at creating awareness to the people on the cultural and natural history of these sites, and the need for their conservation and sustainable development [46]. Furthermore, the local communities’ participation in heritage conservation, as provided for in the UNESCO conventions, is relevant to the cooperative and sustainable management of the resources [47]. For this research, five buildings within Ksar Ait Ben Haddou were chosen. The buildings selected for this study fall within the region and are shown to exemplify the architectural and design features of Moroccan Kasbahs and Ksour. The particular buildings selected for this study region include Building 1, Kasbah Tebi; Building 2, Kasbah Ait Ougram; Building 3, Kasbah El Haja Guesthouse; Building 4, Dar Amghar—Tigmmi N Wawal/House of Orality; and Building 5, Tiwirga House.



As an illustration of the construction techniques and the use of the resources at hand in the local environment to produce a structure in harmony with the natural surroundings, Building 1, Kasbah Tebi, is introduced in Figure 5.



Building 2, Kasbah Ait Ougram, (Figure 6 below) is set apart by its fortified structure, which attests to the defensive needs and community lifestyle common in past times.



Building 3, Kasbah El Haja Guesthouse (Figure 7), can be seen as a link between traditional architecture and modern hospitality service, which can provide a good understanding of the traditional and “modern” aspects of this architecture.



Emphasizing the value of oral traditions and storytelling inside the local community’s legacy, Building 4, Dar Amghar—Tigmmi N Wawal/House of Orality, (Figure 8) stands as a cultural monument.



Finally, Building 5, Tiwirga House, (see Figure 9 for further details) represents the adaptive capacity and resilience of these architectural forms in response to evolving environmental and societal contexts.



Research Area 2: Ouarzazate City—Ksar Taourirt



The research site for Area 2 is located in the urban environment of Ouarzazate City and focuses on Kasbah Taourirt in Ksar Taourirt which stands as one of the principal sites for studying the urban morphology of Moroccan Kasbahs and Ksour. The area comprises three buildings which have been chosen to showcase its architectural characteristics. Building 6, Kasbah Taourirt—Small House 1 at East part “Stara”, is a good example of small houses that are integrated into the urban environment, which meet the needs of privacy and social interaction. (See Figure 10 for further details).



Building 7, Kasbah Taourirt—Medium House 2 at East part “Stara”, builds on existing design concepts by including architectural features that fit the changing needs of its inhabitants (see Figure 11 for further details).



Building 8, Kasbah Taourirt—Large House at East part “Stara”, reflects the historical grandeur and importance of Taourirt by combining features of defensive architecture with those of hospitality in its design. (See Figure 12 for further details).



Research Area 3: 9 km to Ouarzazate City



Located at a short distance from Ouarzazate City, Research Area 3 is solely represented by Kasbah Tifoultoute, (Figure 13) the one building selected for this area of study. Building 9, Kasbah Tifoultoute, stands as a regional architectural emblem, characterized by its robust construction and strategic positioning, intended to provide both defense and regional connectivity.



Research Area 4: Skoura



This study focuses on the Skoura area and two specific buildings that present different facets of the area’s history. Building 10, Kasbah Amridil, (see Figure 14 for further details) is an eloquent example of the local art and the wise management of the available resources in the oasian context.



Finally, Building 11, Kasbah Ait Ben Moro, enhances the architectural legacy of Skoura by showing the potential to balance the social and environmental context with housing needs. Every structure in Skoura offers insights into southern Moroccan architecture, providing design guidelines for both modern architectural adaptations and historical building techniques. (See Figure 15 for further details).




3.3. Methods


The current research utilizes a multi-scale approach and a multi-resource methodology that encompasses various data sources and literature reviews, including but not limited to satellite imagery, field visits, floor plans, and maps to investigate the integration of biophilic design principles within the vernacular architecture of Kasbahs and Ksour and to characterize their sustainability. To systematically evaluate the implementation of these principles, the Biophilic Interior Design Matrix (BID-M), a validated instrument developed by McGee et al. in 2019 [34], was employed. This matrix, recognized for its comprehensive and structured nature [48], offers a detailed framework for assessing biophilic design. The BID-M is composed of six elements, which are further delineated into 54 specific and measurable attributes [34].



Eleven sample buildings were examined from each of the four chosen research areas inside the Ouarzazate Province in order to investigate the complex link between the existing architectural biophilic design paradigms. The selection process sought to reflect the variety and similarities in the vernacular architectural heritage of the region. Detailed analysis of building facades and interior spaces and the specific study of elements such as doors, windows, and other relevant architectural features using an analytical approach, including the use of geospatial images, were used to apprehend the site context and spatial relationships. Each of these components was subjected to a systematic evaluation process designed to ascertain the degree to which these biophilic attributes are inherently manifested within these traditional architectural forms. By carefully blending knowledge from both historical architectural knowledge and the modern biophilic design theory, this study sought to bridge the gap between the appreciation and revitalization of their architectural qualities and the ongoing advancement of progressive design techniques. The BID-M framework provided a consistent and reproducible method for performing this assessment. A binary quantitative score was given for every one of the 54 biophilic attributes in the matrix. A score of 1 indicated the discernible presence of the attribute within the examined building, while a score of 0 denoted its absence. The aggregate data obtained from this systematic scoring process were subsequently synthesized and analyzed to establish a comparative understanding of the prevalence and characteristics of biophilic features across the four distinct research areas.





4. Results


4.1. Main Findings


After the assessment of the Biophilic Interior Design Matrix (BID-M), the consequent scores for the five buildings in Ksar Ait Ben Haddou—Buildings 1, 2, 3, 4, and 5—are uniformly 51 out of 54.



The Biophilic Interior Design Matrix (BID-M) scores for Buildings 6, 7, and 8 in Ouarzazate City—Ksar Taourirt are uniformly 50 out of 54 in Research Area 2. The BID-M score for Building 9 in Research Area 3 is 50 out of 54.



Finally, the BID-M scores for Buildings 10 and 11 in Research Area 4 in Skoura are, respectively, 51 and 50, out of 54. (See Figure 16 for further details and Table A1 in Appendix A for the evaluation scores of the 54 attributes for each of the 11 buildings).



The data collected show the biophilia scores to be very high in these vernacular structures. This implies a great chance to harmonize the natural characteristics of architectural heritage with the principles of biophilic interior design. Consistently high scores across the data show that as judged by the Biophilic Interior Design Matrix, these historic architectural designs naturally include features that promote a relationship with nature. The averaged BID-M scores computed across all eleven analyzed vernacular buildings in the four Ouarzazate Province’s research areas are also rather high. This supports the general theory and emphasizes that on average, these structures show a strong biophilic quality. This high average score suggests that the incorporation of biophilic design is a common quality of the vernacular architecture in this region rather than being restricted to certain examples. See Figure 17 for the average scores by research area.




4.2. Research Limitations


This research aimed to assess biophilia in vernacular architecture in the Ouarzazate Province of Morocco, building upon the hypothesis that this region’s architectural heritage, based on local traditions, has a high potential for incorporation into contemporary biophilic design understanding. One limitation of this study is the number of buildings analyzed. The assessment of eleven vernacular buildings in four research areas of the Ouarzazate Province was conducted for this study, but further research could extend this sample to include additional architectural examples.



Furthermore, the study acknowledges the influence of tourism on certain vernacular buildings within the Ouarzazate region. Contemporary adaptations in some buildings catering to touristic demands may introduce elements that could potentially alter the original biophilic characteristics. However, this research also highlights a notable contrast. Rehabilitated buildings, such as the House of Orality/Tigmmi N Wawal in Ksar Ait Ben Haddou, strongly emphasize the inherent biophilic value embedded within these vernacular structures. This contrast suggests that while touristic pressures may lead to some deviations, the fundamental biophilic nature of vernacular architecture persists, particularly in buildings that prioritize preservation and rehabilitation.



Moving forward, further research could extend these assessments to other local contexts within the south of Morocco or North Africa and the wider Middle East region. Such comparative studies would be invaluable in developing nuanced biophilic design frameworks that authentically reflect the diverse local vernacular identities.





5. Discussion


The following discussion is articulated to address the main research question regarding whether the principles of biophilic design and sustainability can be characterized and assessed within vernacular architectural contexts through the assessment of 11 vernacular buildings in four research areas in the Ouarzazate Province in the south of Morocco using the Biophilic Interior Design Matrix (BID-M).



For the “actual natural features” representing the first element of the BID-M, it can be asserted that the architectural qualities of the assessed buildings largely met the criteria for fostering a connection with nature, such as environmental features like air, light, and natural materials. For example, the traditional materials used, including raw earth, clay and brick, stone, wet mud, palm-tree wood, and various kinds of reeds, contribute to the environmental value by integrating natural features into the building framework.



Regarding the “natural shapes + forms”, representing the second element within the BID-M framework, traditional architecture in Ksar Ait Ben Haddou, Ouarzazate city, and periphery as well as Skoura region often incorporates elements such as curves and arches that reflect natural shapes and forms. These architectural forms not only enhance aesthetics but also embody a certain cultural and historical significance of the region. In addition, decorative elements play a major role in supporting aesthetic and cultural values. These elements include intricate geometric patterns and motifs inspired by the natural environment. They are designed in a biophilic way to maintain privacy as in the biophilia framework’s emphasis on connection with nature.



Several researchers provide insights into the evolution of decorative styles in Amazigh defensive architecture, showing changes over time. In the earlier periods, especially from the 16th to the 17th century and up to the first half of the 19th century, the decoration of towers was notably rich and ornate. This period is often referred to as the “golden age” of Amazigh architecture [49], characterized by exuberant ornamentation, especially visible in structures like Kasbahs and tighermatin (meaning houses in Amazigh language). On the other hand, from the second half of the 19th century up to the present, there was a significant simplification in the facade decorations of towers. For instance, in Skoura, the towers no longer protrude from the facade and have minimal decoration.



The decorative features in this later period are described as simple and less detailed than in the earliest periods, with an emphasis on sobriety. Some other specific decorative elements include crowns, blind arches, and decorative horizontal bands. For instance, blind arches (see Figure 18), which were a recurring decorative element in the earlier periods, were often highly detailed with geometric patterns and served both aesthetic and functional roles. Over time, simple slits replaced more complex arch designs. Similarly, the shift from elaborate to simplified decorations is noted. Thus, over time, there was a shift from the intricate and detailed decorations of the earlier periods to more restrained and simplified designs in later years. This change reflects broader trends in architectural aesthetics and, possibly, shifts in the socio-cultural and economic contexts.



The third element (natural patterns + processes) is especially important in the context of these heritage buildings. This element aligns with the cultural heritage values, serving not only as decorative but also as functional features that segregate spaces for privacy and cultural practices. Courtyards, another architectural feature, provide natural ventilation and a communal space that enhances the livability of the environment, embodying the principles of biophilic design by promoting connection with natural processes (Figure 19).



Motifs based on the environment and local culture, including geometric, symbolic, Islamic, epigraphic, and botanical ones, express the aesthetic and religious values of the Ouarzazate Province in Morocco. A remarkable quality is traditional and religious sensitive ornamentation that honors both religious and traditional values, which is a feature of the vernacular architecture in the MENA region and closely fits the framework stressing cultural components in building designs. This culturally relevant artistic approach honors the established artistic traditions and reflects the cultural and religious values of the region. Throughout Ouarzazate, decorative arts such as Tadelakt and Zellij are commonly used. Whether simple or subtle, the decor enhances the visuals and promotes a warm and caring environment.



The fourth component “color and light” depicts vernacular buildings in Ouarzazate using native hues to produce visually rich and ecologically sensitive settings. The natural surroundings are harmonized by the color pallet of ochre and sienna earth pigments and plant-based dyes. The bright natural hues reflect sunlight and lower heat entrance, hence improving sights and preserving thermal comfort.



Embedded in Ksourian vernacular architecture, the fifth element is “place-based relationships”. Building design and orientation have an intricate relationship with the local physical and cultural background. Architectural shapes and spatial layouts reflect ancient social customs, hence enhancing the cultural identity and feeling of belonging. Reflecting the cooperative living, the Kasbah design promotes social contact by means of linked courtyards and communal areas. Religious values, such as privacy, respect for family and women spaces, and ornamentation reflecting Islamic artistic principles, are vital in interior design and display local adaptations in southern Morocco. Vernacular homes often feature courtyards as private spaces, with window designs that carefully balance light and privacy and the concept of “seeing and looking at the outside world without being seen” as it is presented in Figure 20.



To end, the sixth component of biophilic design in these buildings is “human–nature relationships”. These structures show a knowledge of natural processes and are well fit for the severe desert environment. The thick earthen walls serve as temperature regulators between extreme heat and cold while the courtyards enable natural ventilation and cooling.



Future studies extending these evaluations over the larger Middle East might help to create biophilic design frameworks, therefore supporting the integration of biophilic components as a common feature of the vernacular architecture in the region. The results of this study highlight the need to maintain the traditional architecture of Moroccan Kasbahs and Ksour so as to produce and design new projects in the region inspired by their intrinsic biophilic attributes.



Sustainability in Moroccan Kasbahs and Ksour:



The construction techniques and architectural features of Moroccan Kasbahs and Ksour show sustainable principles expressed in their architectural typology and urban morphology. In fact, the designs of Kasbahs and Ksour include balance, adaptation, diversity, proportionality, and social norms to generate sustainable living environments. See Figure 21 for further details.



Two of the fundamental concepts of sustainable design demonstrated in Kasbahs and Ksour are adaptability and balance. Made from locally obtained materials including clay, stone, and palm wood, these materials are not only readily available but also perfectly suited for the environment of the region. Natural ventilation also greatly influences the architecture of these structures. Thick earthen walls and strategically placed windows and openings let air flow, hence maintaining cooler inside temperatures during hot days and warmer conditions during cooler evenings.




6. Conclusions


The sustainability of vernacular architecture can be analyzed through various dimensions, including environmental, socio-cultural, and economic aspects. Giuffrida and Caponetto note that vernacular architecture is a product of trial and error, shaped by local resources, climate, and socio-economic contexts, which results in structures that are not only functional but also sustainable [50]. This is further supported by Karahan et al., who argue that learning from vernacular architecture can lead to sustainable architectural models that maximize comfort while minimizing energy consumption [51]. As Fernandes et al. point out, the inclusion of local materials and methods is notable since vernacular materials have less environmental impact than industrially manufactured substitutes [52]. Furthermore, the principles of sustainability in vernacular architecture go beyond simple environmental concerns. Rosaleny-Gamón addresses how vernacular architecture reflects teachings in sustainability relevant to contemporary urban issues, therefore addressing environmental, economic, social, and cultural sustainability [28]. The empirical development of vernacular architecture as a paradigm for sustainable practices can support research techniques that may enhance its relevance in contemporary contexts, thus mirroring a holistic approach [53,54].



Vernacular architecture emerges from local contexts to express sustainable design principles. It contains fundamental principles that guide the development of sustainable and resilient built environments during the current global urbanization and climate change crisis.







Author Contributions


Conceptualization, Z.A., K.E.H. and R.D.; methodology, Z.A., K.E.H. and R.D.; software, Z.A., K.E.H. and R.D.; validation, Z.A., K.E.H. and R.D.; formal analysis, Z.A., K.E.H. and R.D.; investigation, Z.A., K.E.H. and R.D.; resources, Z.A., K.E.H. and R.D.; data curation, Z.A., K.E.H. and R.D.; writing—original draft preparation, Z.A., K.E.H. and R.D.; writing—review and editing, Z.A., K.E.H. and R.D.; visualization, Z.A.; supervision, K.E.H. and R.D. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


The data used to support the findings of this study are included in the manuscript.




Conflicts of Interest


The authors declare no conflicts of interest.




Correction Statement


This article has been republished with a minor correction to the readability of appendix A. This change does not affect the scientific content of the article.




Abbreviations


The following abbreviations are used in this manuscript:



	BD
	biophilic design



	BID-M
	Biophilic Interior Design Matrix










Appendix A




 





Table A1. Evaluation scores of biophilic design for all 11 buildings within the four research areas using the BID-M.
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Vernacular Building N°

	
1

	
2

	
3

	
4

	
5

	
6

	
7

	
8

	
9

	
10

	
11




	
N°

	
Attribute

	

	

	

	

	

	

	

	

	

	

	






	
Actual Natural Features

	

	

	

	

	

	

	

	

	

	

	




	
1

	
Air

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1




	
2

	
Water

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1




	
3

	
Plants

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1




	
4

	
Animals

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1




	
5

	
Natural materials

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1




	
6

	
Views and vistas

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1




	
7

	
Habitats

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1




	
8

	
Fire

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1




	
Sub score

	

	
8

	
8

	
8

	
8

	
8

	
8

	
8

	
8

	
8

	
8

	
8




	
Natural Shapes + Forms

	

	

	

	

	

	

	

	

	

	

	




	
9

	
Botanical motifs

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1




	
10

	
Animal likenesses

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0




	
11

	
Shells and spirals

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0




	
12

	
Curves and arches

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1




	
13

	
Fluid forms

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0




	
14

	
Abstractions of nature

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1




	
15

	
Shapes that are inside-out

	
1

	
1

	
1

	
1

	
1

	
0

	
0

	
0

	
0

	
1

	
0




	
Sub score

	

	
4

	
4

	
4

	
4

	
4

	
3

	
3

	
3

	
3

	
4

	
3




	
Natural Patterns + Processes

	

	

	

	

	

	

	

	

	

	

	




	
16

	
Sensory richness

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1




	
17

	
Age, change, and patina

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1




	
18

	
Area of emphasis

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1




	
19

	
Patterned wholes

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1




	
20

	
Bounded spaces

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1




	
21

	
Linked series and chains

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1




	
22

	
Integrations of parts with wholes

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1




	
23

	
Complementary contrasts

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1




	
24

	
Dynamic balance and tension

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1




	
25

	
Natural ratios and scales

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1




	
Sub score

	

	
10

	
10

	
10

	
10

	
10

	
10

	
10

	
10

	
10

	
10

	
10




	
Color and Light

	

	

	

	

	

	

	

	

	

	

	




	
26

	
Composition

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1




	
27

	
Communication

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1




	
28

	
Preference

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1




	
29

	
Engagement

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1




	
30

	
Pragmatics

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1




	
31

	
Natural light

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1




	
32

	
Filtered light

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1




	
33

	
Reflected light

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1




	
34

	
Light pools

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1




	
35

	
Warm light

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1




	
36

	
Light as shape and form

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1




	
37

	
Spaciousness

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1




	
38

	
Spatial variability

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1




	
39

	
Space as shape and form

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1




	
40

	
Spatial harmony

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1




	
Sub score

	

	
15

	
15

	
15

	
15

	
15

	
15

	
15

	
15

	
15

	
15

	
15




	
Place-based relationships

	

	

	

	

	

	

	

	

	

	

	




	
41

	
Geographic connection to place

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1




	
42

	
Historic connection to place

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1




	
43

	
Ecological connection to place

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1




	
44

	
Cultural connection to place

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1




	
45

	
Integration of culture and ecology

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1




	
46

	
Spirit of place

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1




	
Sub score

	

	
6

	
6

	
6

	
6

	
6

	
6

	
6

	
6

	
6

	
6

	
6




	
Human–nature relationships

	

	

	

	

	

	

	

	

	

	

	




	
47

	
Prospect/refuge

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1




	
48

	
Order and complexity

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1




	
49

	
Curiosity and enticement

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1




	
50

	
Mastery and control

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1




	
51

	
Attraction/attachment

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1




	
52

	
Exploration/discovery

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1




	
53

	
Fear/awe

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1




	
54

	
Reverence/spirituality

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1

	
1




	
Sub score

	

	
8

	
8

	
8

	
8

	
8

	
8

	
8

	
8

	
8

	
8

	
8




	
Total

	

	
51

	
51

	
51

	
51

	
51

	
50

	
50

	
50

	
50

	
51

	
50











References


	



Degron, R. The 5 Times of the Biosphere—Risks for Mediterranean Civilisation and Sea Biodiversity. New Medit 2024, 23, 5–16. [Google Scholar] [CrossRef]

	



Totaforti, S. Emerging Biophilic Urbanism: The Value of the Human–Nature Relationship in the Urban Space. Sustainability 2020, 12, 5487. [Google Scholar] [CrossRef]

	



Fromm, E. The Heart of Man: Its Genius for Good and Evil; Harper and Row: New York, NY, USA, 1964. [Google Scholar]

	



Wilson, E.O. Biophilia; Harvard University Press: Cambridge, MA, USA, 1984; ISBN 978-0-674-07441-5. [Google Scholar]

	



Zhong, W.; Schröder, T.; Bekkering, J. Biophilic Design in Architecture and Its Contributions to Health, Well-Being, and Sustainability: A Critical Review. Front. Archit. Res. 2022, 11, 114–141. [Google Scholar] [CrossRef]

	



Valentine, C.; Steffert, T.; Mitcheltree, H.; Steemers, K. Architectural Neuroimmunology: A Pilot Study Examining the Impact of Biophilic Architectural Design on Neuroinflammation. Buildings 2024, 14, 1292. [Google Scholar] [CrossRef]

	



Lefosse, D.; Van Timmeren, A.; Ratti, C. Biophilia Upscaling: A Systematic Literature Review Based on a Three-Metric Approach. Sustainability 2023, 15, 15702. [Google Scholar] [CrossRef]

	



Adam, J.-P.; Mathews, A.; Adam, J.-P. Roman Building: Materials and Techniques; Batsford: London, UK, 1994; ISBN 978-0-7134-7167-0. [Google Scholar]

	



Coburn, A.; Kardan, O.; Kotabe, H.; Steinberg, J.; Hout, M.C.; Robbins, A.; MacDonald, J.; Hayn-Leichsenring, G.; Berman, M.G. Psychological Responses to Natural Patterns in Architecture. J. Environ. Psychol. 2019, 62, 133–145. [Google Scholar] [CrossRef]

	



Mallgrave, H.F.; Havik, K. Building Paradise: Episodes in Paradisiacal Thinking; Routledge: New York, NY, USA, 2021; ISBN 978-1-003-17846-0. [Google Scholar]

	



Ramzy, N.S. Biophilic Qualities of Historical Architecture: In Quest of the Timeless Terminologies of ‘Life’ in Architectural Expression. Sustain. Cities Soc. 2015, 15, 42–56. [Google Scholar] [CrossRef]

	



Kellert, S.R. Nature by Design: The Practice of Biophilic Design; Yale University Press: New Haven, CT, USA, 2018; ISBN 0-300-21453-7. [Google Scholar]

	



Smołucha, J. Introduction. Rocz. Fil. Ign. 2023, 29, 9–10. [Google Scholar] [CrossRef]

	



Hung, S.-H.; Chang, C.-Y. Health Benefits of Evidence-Based Biophilic-Designed Environments: A Review. J. People Plants Environ. 2021, 24, 1–16. [Google Scholar] [CrossRef]

	



Kumar, D.S.; Purani, K.; Viswanathan, S.A. The Indirect Experience of Nature: Biomorphic Design Forms in Servicescapes. J. Serv. Mark. 2020, 34, 847–867. [Google Scholar] [CrossRef]

	



Yeom, S.; Kim, H.; Hong, T.; Ji, C.; Lee, D. Emotional Impact, Task Performance and Task Load of Green Walls Exposure in a Virtual Environment. Indoor Air 2022, 32, e12936. [Google Scholar] [CrossRef] [PubMed]

	



Leif, K.; Loftness, V. A Toolkit of Biophilic Interventions for Existing Schools to Enhance Student and Faculty Health and Performance. Architecture 2024, 4, 445–456. [Google Scholar] [CrossRef]

	



Park, S.J.; Lee, H.C. Spatial Design of Childcare Facilities Based on Biophilic Design Patterns. Sustainability 2019, 11, 2851. [Google Scholar] [CrossRef]

	



Kabinesh, V.; Vennila, S.; Baranidharan, K.; Ravi, R.; Krishnamoorthi, S.; Thirunavukkarasu, M. Sustainable Spaces—The Evolution of Biophilic Design in Modern Architecture: A Review. Asian J. Environ. Ecol. 2024, 23, 64–77. [Google Scholar] [CrossRef]

	



Santas, A. Ethics and Biophilia. Ethics Environ. 2014, 19, 95. [Google Scholar] [CrossRef]

	



Soderlund, J.; Newman, P. Biophilic Architecture: A Review of the Rationale and Outcomes. AIMS Environ. Sci. 2015, 2, 950–969. [Google Scholar] [CrossRef]

	



Grinde, B.; Patil, G.G. Biophilia: Does Visual Contact with Nature Impact on Health and Well-Being? Int. J. Environ. Res. Public Health 2009, 6, 2332–2343. [Google Scholar] [CrossRef]

	



Klepeis, N.E.; Nelson, W.C.; Ott, W.R.; Robinson, J.P.; Tsang, A.M.; Switzer, P.; Behar, J.V.; Hern, S.C.; Engelmann, W.H. The National Human Activity Pattern Survey (NHAPS): A Resource for Assessing Exposure to Environmental Pollutants. J. Expo Sci. Environ. Epidemiol. 2001, 11, 231–252. [Google Scholar] [CrossRef]

	



Beatley, T. Handbook of Biophilic City Planning and Design; Island Press/Center for Resource Economics: Washington, DC, USA, 2016; ISBN 978-1-61091-822-0. [Google Scholar]

	



Alelwani, R.; Ahmad, M.; Rezgui, Y. Public Perception of Vernacular Architecture in the Arabian Peninsula: The Case of Rawshan. Buildings 2020, 10, 151. [Google Scholar] [CrossRef]

	



Dabaieh, M.; Maguid, D.; El-Mahdy, D. Circularity in the New Gravity—Re-Thinking Vernacular Architecture and Circularity. Sustainability 2021, 14, 328. [Google Scholar] [CrossRef]

	



Gil-Piqueras, T.; Rodríguez-Navarro, P. The Ksour of the Mdagra Oasis (Er-Rachidia, Morocco): An Inventory. Int. Arch. Photogramm. Remote Sens. Spat. Inf. Sci. 2020, 44, 961–968. [Google Scholar] [CrossRef]

	



Rosaleny-Gamón, M. The Role of Vernacular Architecture in the Future Cities. In Proceedings of the Proceedings—3rd Valencia International Biennial of Research in Architecture, VIBRArch, Editorial Universitat Politècnica de València, Valencia, Spain, 9 November 2022. [Google Scholar]

	



Olukoya, O.A.P.; Atanda, J.O. Assessing the Social Sustainability Indicators in Vernacular Architecture—Application of a Green Building Assessment Approach. Environments 2020, 7, 67. [Google Scholar] [CrossRef]

	



Hu, M. Exploring Low-Carbon Design and Construction Techniques: Lessons from Vernacular Architecture. Climate 2023, 11, 165. [Google Scholar] [CrossRef]

	



Kellert, S.R.; Heerwagen, J.; Mador, M. Biophilic Design: The Theory, Science and Practice of Bringing Buildings to Life; John Wiley & Sons: Hoboken, NJ, USA, 2008; ISBN 1-118-17424-0. [Google Scholar]

	



Browning, W.D.; Ryan, C.O.; Clancy, J.O. Patterns of Biophilic Design; Terrapin Bright Green LLC: New York, NY, USA, 2014; pp. 3–4. [Google Scholar]

	



Kellert, S.; Calabrese, E. The Practice of Biophilic Design; Terrapin Bright LLC: London, UK, 2015; p. 3. [Google Scholar]

	



McGee, B.; Park, N.; Portillo, M.; Bosch, S.; Swisher, M. Diy Biophilia: Development of the Biophilic Interior Design Matrix as a Design Tool. J. Inter. Des. 2019, 44, 201–221. [Google Scholar] [CrossRef]

	



McGee, B.; Marshall-Baker, A. Loving Nature from the Inside Out: A Biophilia Matrix Identification Strategy for Designers. HERD Health Environ. Res. Des. J. 2015, 8, 115–130. [Google Scholar] [CrossRef] [PubMed]

	



Xue, F.; Lau, S.S.; Gou, Z.; Song, Y.; Jiang, B. Incorporating Biophilia into Green Building Rating Tools for Promoting Health and Wellbeing. Environ. Impact Assess. Rev. 2019, 76, 98–112. [Google Scholar] [CrossRef]

	



Abyaa, Z.; El Harrouni, K.; Degron, R. From Disintegration to Valorization: What Perspectives and Multi-Scale Approaches towards a Sustainable Territorial Design for the Architecture of Kasbahs and Ksour in Southern Morocco? Mater. Res. Proc. 2025, 47, 294–301. [Google Scholar] [CrossRef]

	



Alaoui, K.S.; Daoud, M.; Bouaouinate, A. Les ksour du Tafilalet au cœur du développement du pays présaharien. Espace Géographique Société Marocaine 2022, 1. [Google Scholar] [CrossRef]

	



Boum, A.; Mjahed, M. Silencing the Built Environment: Colonialism and Architecture in the Ksur of the Dr’a Valley1. Maghreb Rev. 2011, 36, 280–307. [Google Scholar] [CrossRef]

	



Domínguez Martínez, O.; Colmenares Fernández, M.; García Hermida, A. Cultural Heritage and Development: The M’hamid Oasis in Southern Morocco. J. Cult. Herit. Manag. Sustain. Dev. 2017, 7, 2–13. [Google Scholar] [CrossRef]

	



Dłużewska, A.; Dłużewski, M. Tourism versus the Transformation of Ksours—Southern Morocco Case Study. Bull. Geogr. Socio-Econ. Ser. 2017, 36, 77–86. [Google Scholar] [CrossRef]

	



Dialmy, A.; Rguig, M.; Meliani, M. Optimization of the Granular Mixture of Natural Rammed Earth Using Compressible Packing Model. Sustainability 2023, 15, 2698. [Google Scholar] [CrossRef]

	



Tezcan, S.; Altınörs Çırak, A. Tarihi Alanların Filmler Aracılığıyla Sunumu: Sinemasal Bir Kent Ait Ben Haddou Örneği. Gaziantep Univ. J. Soc. Sci. 2022, 21, 1056–1077. [Google Scholar] [CrossRef]

	



Hamouchene, H. The Ouarzazate Solar Plant in Morocco: Triumphal ‘Green’Capitalism and the Privatization of Nature. Jadaliyya جدلية 2016. Available online: https://www.jadaliyya.com/Details/33115 (accessed on 15 May 2025).

	



Bertacchini, E.; Revelli, F. Kalòs Kai Agathòs? Government Quality and Cultural Heritage in the Regions of Europe. Ann. Reg. Sci. 2021, 67, 513–539. [Google Scholar] [CrossRef]

	



de Fauconberg, A.; Berthon, P.; Berthon, J.P. Rethinking the Marketing of World Heritage Sites: Giving the Past a Sustainable Future. J. Public Aff. 2017, 18, e1655. [Google Scholar] [CrossRef]

	



Jang, H.; Mennis, J. The Role of Local Communities and Well-Being in Unesco World Heritage Site Conservation: An Analysis of the Operational Guidelines, 1994–2019. Sustainability 2021, 13, 7144. [Google Scholar] [CrossRef]

	



Shbaita, A.S.; Denerel, S.B.; Asilsoy, B. An Evidence-Based Assessment of Biophilic Interior Design in a Traditional Context: The Case of the Kingdom of Saudi Arabia. Sustainability 2024, 16, 7979. [Google Scholar] [CrossRef]

	



Pietropaolo, C. The Theme of the Kasbah in Islamic—Mediterranean Architecture. Settlements Along Draâ Valley, Morocco. In Putting Tradition into Practice: Heritage, Place and Design; Amoruso, G., Ed.; Lecture Notes in Civil Engineering; Springer International Publishing: Cham, Switzerland, 2018; Volume 3, pp. 431–440. ISBN 978-3-319-57936-8. [Google Scholar]

	



Caponetto, R.; Giuffrida, G. A Look on the Intrinsic Sustainability of Aeolian Vernacular Architecture. In Proceedings of the Proceedings HERITAGE 2022—International Conference on Vernacular Heritage: Culture, People and Sustainability, Universitat Politècnica de València, Valencia, Spain, 15 September 2022; pp. 1–8. [Google Scholar]

	



Ergöz Karahan, E.; Göçer, Ö.; Göçer, K.; Boyacıoğlu, D. An Investigation of Occupant Energy-Saving Behavior in Vernacular Houses of Behramkale (Assos). Sustainability 2021, 13, 13476. [Google Scholar] [CrossRef]

	



Fernandes, J.; Mateus, R.; Bragança, L. The Potential of Vernacular Materials to the Sustainable Building Design. In Vernacular Heritage and Earthen Architecture; Correia, M., Carlos, G., Rocha, S., Eds.; CRC Press: Boca Raton, FL, USA, 2013; pp. 623–629. ISBN 978-1-138-00083-4. [Google Scholar]

	



Biradar, V.K.; Mama, S. Vernacular Architecture: A Sustainable Approach. In Understanding Built Environment; Seta, F., Biswas, A., Khare, A., Sen, J., Eds.; Springer Transactions in Civil and Environmental Engineering; Springer: Singapore, 2017; pp. 125–137. ISBN 978-981-10-2136-7. [Google Scholar]

	



El Harrouni, K. Le Patrimoine Bâti Au Maroc: Vulnérabilité, Sauvegarde et Requalification; Editions Universitaires Européennes: Saarbrücken, Germany, 2019; ISBN 613-8-49837-2. [Google Scholar]








[image: Sustainability 17 04680 g001] 





Figure 1. Geographical location of research. Source: Google Earth 2024 (adapted by the author). 
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Figure 2. Synthesis of the repartition of the number of analyzed vernacular buildings sorted by research area. 
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Figure 3. Localization of analyzed vernacular buildings along National Routes N°9 and N°10—Source: Google Earth 2024 (adapted by the author). 
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Figure 4. Two photographs going back to 1920 * (left) and to 2024 ** (right) * credits: Archives of Collections privées—Collection Gouraud A100004, French Ministry of Foreign Affairs/** (photographed by author, 2024). 
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Figure 5. Research Area 1: Ksar Ait Ben Haddou—Building 1, Kasbah Tebi. 
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Figure 6. Research Area 1: Ksar Ait Ben Haddou—Building 2, Kasbah Ait Ougram. 
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Figure 7. Research Area 1: Ksar Ait Ben Haddou—Building 3, Kasbah El Haja Guesthouse. 
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Figure 8. Research Area 1: Ksar Ait Ben Haddou—Building 4, Dar Amghar—Tigmmi N Wawal/House of Orality. 
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Figure 9. Research Area 1: Ksar Ait Ben Haddou—Building 5, Tiwirga House. 
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Figure 10. Research Area 2: Ouarzazate City—Ksar Taourirt—Building 6, Kasbah Taourirt—Small House 1 at East part “Stara”. 
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Figure 11. Research Area 2: Ouarzazate City—Ksar Taourirt—Building 7, Kasbah Taourirt—Medium House 2 at East part “Stara”. 
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Figure 12. Research Area 2: Ouarzazate City—Ksar Taourirt—Building 8, Kasbah Taourirt—Large House at East part “Stara”. 
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Figure 13. Research Area 3: 9 km to Ouarzazate City—Building 9, Kasbah Tifoultoute. 
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Figure 14. Research Area 4: Skoura—Building 10, Kasbah Amridil. 






Figure 14. Research Area 4: Skoura—Building 10, Kasbah Amridil.



[image: Sustainability 17 04680 g014]







[image: Sustainability 17 04680 g015] 





Figure 15. Research Area 4: Skoura—Building 11, Kasbah Ait Ben Moro. 
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Figure 16. The BID-M scores of the analyzed vernacular buildings for each research area. 
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Figure 17. BID-M average scores per research area. 
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Figure 18. A blind arch in Kasbah Amridil, Skoura, Ouarzazate Province (author, 2025). 
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Figure 19. Floor plan of a Kasbah in Ksar Ait Ben Haddou (UNESCO-CERKAS). 
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Figure 20. Moucharabieh/Claustra window in Kasbah Taourirt, Ouarzazate, Morocco. 
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Figure 21. Sustainability principles in Moroccan Kasbahs and Ksour based on urban morphology and architectural typology (diagrammed by the author, 2024). 
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Table 1. Detailed list of analyzed vernacular buildings in Ouarzazate Province, south of Morocco.
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	N°
	Locality
	Vernacular Building
	GPS Coordinates





	1
	Ksar Aït Benhaddou
	Kasbah Tebi
	31.0476° N, 7.1288° W



	2
	Ksar Aït Benhaddou
	Kasbah Ait Ougram
	31.0476° N, 7.1288° W



	3
	Ksar Aït Benhaddou
	Kasbah El Hajja (Guest House)
	31.0477° N, 7.1289° W



	4
	Ksar Aït Benhaddou
	Dar Amghar—Tigmmi N Wawal/House of Orality
	31.0475° N, 7.1287° W



	5
	Ksar Aït Benhaddou
	Tiwirga House
	31.0471° N, 7.1287° W



	6
	Ouarzazate
	Ksar Taourirt: Kasbah Taourirt

—Small House 1 at East part “Stara”
	30.9189° N, 6.9094° W



	7
	Ouarzazate
	Ksar Taourirt: Kasbah Taourirt—

Medium House 2 at East part “Stara”
	30.9187° N, 6.9092° W



	8
	Ouarzazate
	Ksar Taourirt: Kasbah Taourirt—

Large House 3 at East part “Stara”
	30.9185° N, 6.9090° W



	9
	Ouarzazate periphery (9 km to Ouarzazate)
	Kasbah Tifoultoute
	30.9333° N, 6.9833° W



	10
	Skoura
	Kasbah Amridil
	31.0466° N, 6.5660° W



	11
	Skoura
	Kasbah Ait Ben Moro
	31.0468° N, 6.5662° W
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