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Abstract

:

The purpose of this research is to propose an architectural design for an Interpretation Center aimed at the revaluation of the flora and fauna of Cusco, Peru, in 2023. Due to the lack of awareness spaces, deforestation, water pollution, and the planting of introduced species in the area, there is a loss of endemic flora and fauna. The methodologies used in this study included climatic analysis of the location, characterization of the flora and fauna, and the application of bioclimatic design strategies supported by the use of software (AutoCAD, Revit, and 3D Sun-path). Additionally, urban design strategies were employed based on the Inca worldview and the Sustainable Development Goals. The feasibility of implementing this urban and architectural proposal was compared with other projects such as the Sydney Water Restoration Project and the Ataria Nature Interpretation Center. As a result, an ecological network was designed for the preservation of endemic species. The project also includes green spaces, which account for 51% of the total area. These green spaces will facilitate carbon dioxide absorption and contribute to the revaluation of the Huantanay River and the creation of microclimates in the area.
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1. Introduction


Biodiversity conservation is important to ensure sustainability and human well-being, as it represents the relationship between living beings and the natural environment they inhabit [1]. Currently, on a global scale, 17 megadiverse countries have been classified. Despite occupying only 10% of the total surface area of the planet, they also host 70% of the biodiversity [2]. The ranking of these countries is directly related to the amount of endemic plant and animal species, as well as the climates and ecosystems present (Figure 1).



In addition to the environmental significance that biodiversity holds, it also represents the identity of a place through its flora, fauna, climatic variety, topography, and more [3]. Therefore, it is necessary to preserve and disseminate the role that biodiversity plays in the world. Interpretation centers, with the spaces they possess, allow for an impact on individuals regarding the location they are situated in. Likewise, they enable social integration and a closer connection to nature [4]. The primary strategy used to generate a positive effect within the community at the Maritime Heritage Interpretation Center in DUBoak is to promote fishing activity by engaging citizens in productive activities and by highlighting the regional and national importance of marine products [5]. Another approach to community integration is demonstrated by the Romanesque Interpretation Center, creating a new reference point for the population that strengthens the bond between the place and its people [6]. One of the strategies employed to foster a connection with nature is exemplified by the Mapungubwe Interpretation Center. This center stands out for its use of local materials and communal spaces, thus actively involving residents in promoting the significance of these local materials and their diverse functions. (Figure 2).



Similarly, interpretation centers should be developed within an environment that aligns with the same approach as this structure, such as Gran Colombiano Park. This park employed key design strategies to promote accessibility to heritage, reconnect natural and urban systems, engage with the community, and revive vernacular construction traditions. These strategies foster social integration and the development of the population in harmony with nature. Furthermore, they preserve endemic flora and fauna by integrating low-impact public spaces that harmonize with the surroundings, achieved through the use of traditional construction materials and techniques. The park also includes areas dedicated to conserving flora and fauna, especially endemic birds that thrive in the microclimate created by the inclusion of wooded areas within the park.



In the context of global biodiversity, Peru occupies the position of the second most megadiverse nation, marked by the allocation of 17.3% of its national territory to protected natural areas. Within its administrative regions, Cusco emerges as a notable entity due to its role as a reservoir for an extensive array of endemic flora and fauna. Moreover, Cusco showcases a diverse spectrum of microclimates and ecological zones [10]. This assortment of microclimates arises from the variances in altitude characteristic of the Peruvian Andes. Consequently, these altitudinal gradients have given rise to distinct ecological zones, each tailored to specific climatic prerequisites, thereby configuring diverse cultivation systems to accommodate the thriving of individual plant species (Figure 3).



At present, Cusco stands out as the city experiencing the most pronounced influx of visitors, encompassing both domestic and international travelers, contributing to 6.3% of the total national-level journeys [11]. The predominant factor behind Cusco’s substantial appeal lies in the enduring legacy of the Inca civilization. The Inca Empire distinguished itself through its well-defined economic, political, and social structure, positioning it as a prominent and unparalleled entity within the South American context. Within this domain, the Inca achieved a remarkable degree of acclaim for their contributions to scientific, technological, architectural, urban planning, and organizational progressions, which continue to reverberate throughout contemporary society.



Furthermore, the Incas upheld a complex rapport with the universe and the realm of spirituality. Their conviction in the significance of each living entity as an integral component of the community, spanning from the smallest plant to the grandest animal, as well as their spiritual affiliation with celestial bodies such as the sun, moon, and stars, constituted the foundational essence of their society. This comprehensive outlook is denoted as the “Andean cosmovision” [12].



Another salient facet pertained to the Incan architectural undertakings, recognized as “huacas”, some of which are presently under active investigation, including sites like “Coricancha” or “Sacsayhuaman” (Figure 4). This dimension of Peru’s historical narrative occupies a substantial niche within our collective identity and cultural heritage [13].



Nevertheless, despite the substantial quantity of archaeological sites within the Cusco region and their inherent significance, a subset of these sites languishes in a state of inadequate preservation and remains relatively underexplored by tourists. This divergence primarily stems from their geographic placement, distant from the central cluster of tourist focal points situated within Cusco’s historic center. The most prominently visited destination remains Machu Picchu, accounting for a 25% influx of foreign tourists in the year 2022 [16]. Illustrative of this phenomenon is “Markavalle”, positioned in close proximity to the Alejandro Velasco Astete International Airport, yet beset by a state of deterioration [17].



Additional critical components affected by contamination arising from solid waste disposal encompass “Qhapaq Ñan” route and the Huatanay River [18] (Figure 5). Both these entities hold substantial significance, spanning the local district and provincial tiers. The Qhapaq Ñan is continually subject to study as a mechanism of interconnection and communication among communities, while the Huatanay River serves as the paramount water source for the entirety of the Cusco valley [19].



In the context of Cusco’s challenges, the environmental realm highlights an ongoing imbalance between deforestation and reforestation. Merely 9.3% of the appropriate reforestation zones have been addressed [22]. Moreover, environmental disturbances stemming from meteorological occurrences such as hailstorms, frosts, snowfalls, heavy rainfall, cold spells, floods, droughts, lightning storms, strong winds, mudslides, and erosion further compound the situation [23]. In terms of productivity, fish farming and livestock, including wool production, play a significant role. However, these resources remain underutilized as potential income generators within their respective regions [24]. Biologically, the struggle revolves around endangered endemic species due to habitat degradation caused by deforestation, water contamination, and the introduction of non-native species. This results in the erosion of ecosystems. Furthermore, a study of micro-watersheds revealed 11 plant species within the conservation spectrum, ranging from critically endangered to nearly threatened [25].



Within the social sphere, a notable surge in crime and violence prevails. The deterioration extends to educational and healthcare facilities. Despite the existence of tuition-free schools, both infrastructure and furnishings are subpar. Similarly, the healthcare sector grapples with a dearth of health centers to accommodate present needs [26]. Among the foremost challenges facing Cusco, the perpetual jeopardy to local flora and fauna stands out due to the indiscriminate utilization of endemic plants and the illicit hunting of select animal species. This results in the erosion of ecosystems, agricultural lands, and territorial integrity [27].



Hence, the current research endeavors to propose an architectural blueprint for an Interpretation Center aimed at elevating the significance of Cusco’s flora and fauna in Peru in 2023.




2. Methods


2.1. Methodological Scheme


Figure 6 outlines the stages and process of the research, commencing with the review of information according to data sources, followed by characterization based on the presented subtopics, and the development of strategies to achieve an appropriate proposal aligned with the context at hand. In phase 2 for the development of the data and climate analysis, a database is used that is SENMAHI, which is the National Meteorology and Hydrology Service of Peru, it is a public body attached to the Ministry of the Environment whose objective is to generate information and meteorological, hydrological and climatic knowledge, in an accessible and truthful way for the benefit of the Peruvian population, operates with a national network of more than 900 meteorological and hydrological stations in accordance with technical standards of the World Meteorological Organization (WMO).



The present research is of a non-experimental nature, beginning with the compilation of information from scientific articles, followed by the identification of data aligned with the topic and its proper classification. Finally, the correct design strategies are implemented to create a proposal that fulfills the desired objective [28].



In Figure 7, the procedural steps essential for executing the proposal are delineated. The fundamental objective of this proposal is to establish spaces that actively foster the conservation of endemic species within the Cusco department. The initial step (Step 1) encompasses the acquisition of terrain data through Google Earth, providing crucial information pertaining to elevations and cross-sections of primary roadways. Transitioning to Step 2, an in-depth terrain survey is conducted using AutoCAD 2022, resulting in the delineation of road networks and axes. Notably, this phase also involves the conceptualization of an urban proposition in alignment with the fundamental tenets of the “Inca cosmovision”. Advancing to Step 3, subsequent to the conceptualization in AutoCAD, a sophisticated 3D model of the sanctuary and the interpretation center is actualized using Revit 2022. Finally, in Step 4, a comprehensive 3D Sun-Path 2023 analysis is executed to ascertain the solar influence on the facades and the efficacy of solar protection within the communal spaces intrinsic to the proposal.




2.2. Study Area


The province of Cusco is part of one of the 13 provinces that make up the Cusco department, located in southern Peru (Figure 8). It borders Calca and Urubamba to the north, Paruro to the south, Anta to the east, and Quispicanchi to the west. Additionally, the Huatanay River is the main river in the Cusco department, forming its sub-basin in the Vilcanota River. It is fed by the Saphy and Tullumayo rivers, which cross the historic center. Latitude: −13.538766, Longitude: −71.943876.




2.3. Climatic Analysis


In Figure 9, the analysis of Cusco’s solar chart is presented, delineating the specific periods within the year characterized by heightened solar exposure on building facades.



The climate in Cusco plays a pivotal role in shaping the region’s botanical and zoological composition. Nestled within the Andean landscape, Cusco experiences a distinct mountainous climate distinguished by notable seasonal fluctuations. The region’s rugged terrain and varying elevations further generate an assortment of microclimates, which in turn create a spectrum of habitats conducive to the adaptation and diversification of a myriad of plant and animal species.



Cusco exhibits a temperate climate characterized by dry winters and mild summers. The average annual maximum temperature peaks at 22 °C from July to November, while the coldest months of June to August witness temperatures dropping to as low as −1 °C. These temperature gradients provide a suitable milieu for the growth of indigenous plant species like orchids, puyas, queñuales, as well as fostering habitats for fauna such as the Andean cock-of-the-rock and the Andean condor.



From January to April, humidity reaches its zenith at around 79%, tapering to an average of 66% between July and September. Rainfall patterns follow a more consistent rhythm from December to March, with January experiencing the highest levels at 143 mm. In contrast, precipitation diminishes significantly during the months of June to August, registering around 4 mm. This dynamic interplay between wet and dry seasons propels plant adaptations to fluctuating environmental conditions. Plants have evolved survival mechanisms, including drought-resistant features like cacti, agaves, quinoa, and yareta. Additionally, these species have synchronized their flowering cycles with the appropriate seasons to ensure reproductive success and enduring survival.



Prevailing winds predominantly emanate from the north, with variations spanning from NE to NW, and an average speed of 9.8 km/h. Solar radiation remains relatively constant throughout the year, averaging between 0.4 and 5.4 kW-h. Both solar radiation and wind velocity exhibit limited fluctuations, a factor instrumental in shaping the design of the Interpretation Center. This architectural layout harnesses the augmented solar exposure on the northern façade during the months from March to September, facilitating the incorporation of eaves and design strategies that maintain optimal interior thermal conditions. This design philosophy not only enhances visitor comfort but also instills an awareness of the local climate conditions.



In essence, Cusco’s climatic diversity, defined by its assorted microclimates and elevation gradients, significantly contributes to the proliferation and safeguarding of a diverse range of flora and fauna. This distinctive ecological setting presents avenues for conservation efforts, scientific exploration, and sustainable tourism, thereby underscoring the urgency of protecting these invaluable ecosystems.




2.4. Environmental, Flora, and Fauna Analysis


In the district of Wanchaq, the classification of areas differs between the urban area and the external area. The urban area is classified as “areas with human activity” and has low biological diversity. However, the external area, outside the district, is classified as “high and medium biological diversity wet puna grasslands”, indicating a significant presence of diverse ecosystems. Therefore, this sector is considered a zone of ecological and environmental protection according to the provincial development plan [29].



Figure 10 illustrates the distribution of urban public spaces across different regions within the province, with a prevailing presence of sports fields and residual areas. The visual representation also highlights the abundance of water elements, yet a concerning fact emerges: 72% of these water features are contaminated. Notably, substantial portions of the territory are dedicated to environmental protection zones and ecological preservation zones, primarily concentrated within archaeological areas.



Within the realm of flora and fauna, a range of endemic plant and animal species exhibit a notable diversity. However, certain endemic flora is now endangered due to the infiltration of invasive species into their native habitats, compounded by deforestation activities. This issue is mirrored in the fauna domain where, despite a substantial representation of endemic species, the constant threat of poaching and the detrimental influence of human activities pose challenges to their continued development and survival.





3. Results


3.1. Location of the Urban Proposal


The urban proposal is located on the land currently occupied by the Alejandro Velasco Astete International Airport, in the district of Wanchaq, Cusco. The land has an approximate area of 128 hectares.



The Velazco Astete International Airport is the second most important air terminal in Peru, because of the millions of visits that the city of Cuzco receives annually, many of them for tourist purposes and coming from abroad. These millions of annual visits make the land on which the airport is located a tourist symbol of Cuzco, being the access gates to the city and the starting point for a journey full of history and adventure.



Its existence came into controversy when on 11 October 2001, a project was created for the construction of the Chinchero International Airport located in Urubamba (a decentralized province of Cusco) which would become the official airport of the region and would leave unused to Velasco Astete. This land where the still-operating Velasco Astete is located would not remain vacant, because it is planned that urban development within this area has public buildings, services, and above all green areas, which the city lacks; all with the aim of collaborating with the functioning of the city of Cuzco (Figure 11).



In this context, the land in question takes on great value, being a canvas of thousands of possibilities for the growth of the city. Although this is a positive scenario, one must take the responsibility that what is projected can empower endemic characteristics of Cuzco, or completely renew its image, or perhaps rediscover some concept lost in time.



The city of Cusco presents an irregular morphology on its edges. The place of intervention is located at the Teniente Velasco Astete International Airport. Which is the main point of arrival for anyone who wants to know the Inca city (Figure 12). The intervention area (empty) of the project presents an area of 1,279,792.67 m2, equivalent to 127.979267 ha. The land is located 3000 m from the Plaza de Armas of Cusco and about 3000 m from Av. de la Cultura [30].



A large concentration of housing (medium-density residences and low-density residences) and a commercial area on top of the runway would allow us to understand of the notorious lack of a buffer zone (Figure 13).



Regarding flows traffic manages to stay within parameters that would classify it between fast or medium fast traffic, so this same issue is not postulated as a latent problem (Figure 14).




3.2. Conceptualization


The concept used for the urban and architectural proposal is inspired by the organizational structure of the Inca Empire, as it is the reason for its significance in the world and its vision of the universe, known as the “Andean worldview”. The foundation of the Inca Empire is based on four principles: transformation, collectivity, essence, and reciprocity [31].



Furthermore, the relationship of these strategies with the Sustainable Development Goals (SDGs) was also considered, given their importance in creating a positive impact on the community. The concept used for the urban and architectural proposal is inspired by the organizational structure of the Inca Empire, as it is the reason for its significance in the world and its vision of the universe, known as the “Andean worldview”. The foundation of the Inca Empire is based on four principles: transformation, collectivity, essence, and reciprocity [32]. Furthermore, the relationship of these strategies with the Sustainable Development Goals (SDGs) was also considered, given their importance in creating a positive impact on the community (Figure 15).



The urban concept based on the Inca cosmovision is grounded in the notion of community as ‘ayni’ and its relevance to the present society, which is focused on the urban proposal with its various public spaces (Figure 16).



Ayni, a core value, has been the foundation for generations of Andean peoples since pre-Incan times. It aided the Inca in accomplishing monumental projects such as an intricate water management system for their vast empire and diversified agriculture to sustain millions. Additionally, Ayni can be seen as the concept of reciprocity or mutualism among individuals in Andean communities or the practice of this concept. Indigenous communities are scattered throughout the Andes. In this rugged landscape, the ancient concept of Ayni (reciprocity) remains highly relevant. Communities collaborate in solidarity for the common good [33].




3.3. Master Plan


In Figure 17, the water filters of the Huatanay River are shown. In the first phase, an underground canal is proposed, originating from the Huatanay River and channeled towards the project site. The water from the canal passes through oxidation ponds, which are responsible for removing waste, oils, sands, and various sedimentable solids, as well as compounds like nitrates, ammonia, and phosphates, among others.



During Phase 1, 35% of the water is filtered. Subsequently, in Phase 2, the canal passes through artificial wetlands consisting of a bed filled with gravel and sand placed on an impermeable surface (clay) and macrophytic aquatic plants. In this phase, 80% of the water is filtered. Finally, during Phase 3, it undergoes a more extensive filtration process, which will have a final disposition for use in irrigating the preserved species. This system results in a reuse of 0.2 cubic meters of wastewater daily, reducing the pollution impact on the Huatanay River, as it receives a significant amount. The implementation of this wastewater treatment system will lead to pollution reduction.



Based on the site analysis, a proposal is put forth comprising five distinct zones: a residential zone accommodating housing for 2000 residents and featuring amenities like sports facilities, urban gardens, and a community market to offer essential services in proximity; an educational zone housing a Center for Technology Transfer and Productive Innovation (CITE) with the objective of showcasing enduring Incan agricultural techniques; a commercial zone that includes an architecturally integrated hotel using local materials to blend with the natural landscape; a central plaza designed to connect both extremities while serving as an entry point to the ultimate cultural zone; this cultural zone operates as a sanctuary preserving the collective memory of the river and the surrounding scenery.



Within the realm of public spaces, wetlands play a pivotal role, particularly considering that constructed wetlands offer a multitude of benefits to both the environmental setting and the community. Ranging from water purification and flood control to the establishment of habitats and ecosystems, these deliberately designed ecological systems provide an array of ecosystem services while also presenting recreational and educational opportunities. The integration of constructed wetlands in both urban and rural contexts can substantially contribute to sustainable development and the overall well-being of both humans and nature [34]. Moreover, this integration fosters the preservation of aquatic fauna species such as Andean ducks, royal herons, and poroncoes, among others, as well as various flora species like ñihua, chillca, willows, poplars, molles, chachacomos, and cantus flowers, to name a few (Figure 18 and Figure 19).



The amphitheater holds significant value as a public space, offering an array of advantages for both individuals and communities. Its capacity to host large audiences, facilitate cultural events, support educational programs, and foster social unity makes it an integral component of urban and community planning. The distinctive design, historical importance, and connection with nature contribute to the amphitheater’s role as a vibrant and memorable gathering spot, enriching the cultural fabric of societies and enhancing overall quality of life [35]. The celebration of Inti Raymi, an ancient Inca festival honoring the sun, within a venue of this scale would provide an enriching cultural and festive experience.



Water fountains serve as dynamic public spaces that foster social integration and community participation. They offer opportunities for individuals to connect, interact, and share experiences, transcending social barriers and promoting a sense of belonging. By incorporating water fountains into urban design and planning, cities can create inclusive and vibrant public spaces that contribute to the well-being, cultural enrichment, and social cohesion of their communities [36].



The woven bridges found in Cusco, such as the Q’eswachaka Bridge, serve as a prominent illustration of the ancient wisdom and technical prowess exhibited by Andean cultures. The annual conservation and renewal of these structures underscore the significance of upholding cultural traditions and regional heritage. These bridges embody a remarkable heritage that encompasses expert craftsmanship, cultural importance, and environmental sustainability. They endure as symbols of collaborative community efforts, ancestral wisdom, and the profound interplay between human beings and their natural environment. Safeguarding and perpetuating this tradition not only enriches the cultural fabric and identity of the region but also evokes admiration and captivation among global visitors [37].



The aviary, as a point of identity and integration with the environment, plays a vital role in promoting ecological awareness, biodiversity conservation, and a sense of harmony between humans and the natural world. It serves as a source of education, inspiration, and pride, fostering a deeper understanding and appreciation for avian life and the importance of preserving their habitats. By creating a space where humans can connect with nature, an aviary becomes a powerful tool for promoting environmental management and ensuring a sustainable future for both birds and humans. The aviary features a dome-shaped structure fabricated of bamboo and wood, designed to facilitate birdwatching of species from the area such as doves, Andean coots, kestrels, tachuris, gallinules, plain-tailed wrens, among others. Aviaries not only provide a secure home for birds but also play a fundamental role in wildlife conservation by contributing to research, education, breeding, and the reintroduction of endangered species.



In Figure 20, it can be observed that the endangered avifauna in Cusco includes species such as the Andean condor (Vultur gryphus) and the Andean flamingo (Phoenicoparrus andinus). These birds face threats such as poaching, habitat loss, and pollution. Among the threatened birds in Cusco are the Torrent duck (Merganetta armata) and the Puna teal (Anas puna), which still have relatively stable populations but continue to face conservation challenges. The preserved birds in Cusco include species like the Ruddy duck (Oxyura ferruginea) and the Black-chested buzzard-eagle (Geranoaetus melanoleucus), which have been the focus of conservation efforts and have healthier populations due to protective measures and habitat management.



The elevated walkway, functioning as a public space, encompasses a spectrum of benefits for both individuals and the environment. It presents a distinct and immersive encounter, fostering a deeper affinity with nature and cultivating feelings of serenity and well-being. Additionally, the elevated walkway serves as a communal gathering spot, encouraging community engagement and providing avenues for educational enrichment. Ultimately, this pioneering notion of a public space not only exalts the elegance of the flora but also advances environmental consciousness and augments the reverence for the natural world (Figure 21).



In Figure 22, the proposal for this sanctuary encompasses a detailed landscape intervention, integrating endemic flora species strategically placed according to the nearby public space type and desired microclimate. Emphasis is placed on the watercourse running through the proposal, as well as topographical interventions across the entire terrain.



Figure 16 portrays the main entrance of the proposal, featuring water elements like the “Apu” and stones inspired by Incan geometries. Public spaces were conceived based on principles and strategies employed by the Incas, such as “pirqas” and stone structures inspired by architectural styles found in sacred sites like Machu Picchu. Additionally, terrace cultivation systems known as “andenería” were implemented to create microclimates and support cultivation at various ecological levels.



3.3.1. Urban Design Strategies in the Proposal


Within the strategies for the development of the urban proposal, emphasis is placed on social integration, a sense of place-based identity, the utilization of clean energy and local products, and most notably, a profound connection with nature (Figure 23).



In the urban design strategies, they were formulated based on the Sustainable Development Goals and their alignment with Andean cosmovision, affording equal importance to communal life intertwined with nature, known as “ayni”. Additionally, these strategies integrate principles of economy founded on reciprocity and communal labor, referred to as “minka”.




3.3.2. Classification of Flora in the Urban Proposal


The landscape design is guided by the principle of cyclicality, where the “killa” (moon) marks the beginning of the cycle and calendar, including planting and harvesting seasons. In alignment with the Inca era, it is planned that cultivation within the sanctuary follows seasonal patterns. The aim is to establish controlled flowering zones that coincide with significant festivities, serving as a study area for professionals to comprehend the interaction and co-development of flora and fauna with human interventions. By aligning plant growth cycles with cultural celebrations, the sanctuary seeks to showcase the harmonious relationship between nature and human activities. This approach not only enhances the landscape’s beauty during festive periods but also serves as a learning opportunity for landscape professionals to observe and study how the interaction between humans and the natural environment can shape the development and interconnectedness of flora and fauna.



In Figure 24, the landscape’s color combination during different seasons can be observed, according to crops regulated by the lunar calendar, which served as the foundation for the Incas’ cyclical agricultural system. This connection between the lunar calendar and the blossoming of species has been passed down through generations in many traditional cultures. Some farmers and gardeners still employ this knowledge to determine the optimal timing for planting and harvesting, taking into account lunar phases.





3.4. Location of the Architectural Proposal


The architectural proposal’s location is influenced by its relationship with the mountains and the system of “ceques”, which are radial lines connecting sacred sites (huacas) in Cusco. The site is surrounded by a water element representing the “Apu” within the sanctuary. Additionally, these centers typically offer interactive exhibits, models, audiovisuals, and educational activities that enable visitors to explore and gain a better understanding of the natural world around them. The primary objective of an interpretation center is to promote the conservation and respect for flora and fauna, as well as to foster environmental awareness and ecosystem stewardship. The importance of biodiversity in the world cannot be underestimated. Biodiversity refers to the variety of living organisms, including plants, animals, and microorganisms, as well as the ecosystems in which they exist (Figure 25).



General Plan of the Proposal


The architectural proposal was developed based on principles of social integration and a connection to nature, prioritizing spaces that have a contextual link. It also incorporates the element of water as the “Apu” of the sanctuary and the Interpretation Center. The establishment of a structured pathway facilitates and offers users the opportunity to traverse different environments that evoke distinct sensations, as these immersive spaces contribute to achieving the proposal’s objective, which is to raise user awareness regarding the current city context (Figure 26).



The architectural proposal incorporates various sustainability strategies, primarily the reuse of rainwater for the wetlands created within the design. This harvested rainwater will be employed for irrigating interior plants located in greenhouses and the plaza, as well as supplying the necessary water for services. Additionally, the use of local materials and construction techniques, such as stone walls to enhance thermal mass and wooden lattices for solar protection and ventilation, is another noteworthy aspect of the proposal.



In Figure 27, it can be observed that the green area represents 51% of the total land area, distributed throughout the proposal. Of this, 36% of the green area is located in the cultural zone. This contributes to the creation of microclimates, improved air quality, and aids in the preservation of wildlife habitats, as well as the optimal development of flora.



The increase in green areas resulting from the implementation of the green area in the interpretation center for the preservation of flora and fauna provides consistent results in the absorption of CO2 and production of clean air. These results were determined using conversion factors provided by the world health organization (WHO) [44], where:


a = 2.3 kg for one year.








where a = annually absorbed CO2 (kg for a year); b = green area studied, expressed in square meters.


c = 1.7 kg for a year,








where



c = annually produced fresh air (kg. year);



b = green area analyzed, expressed in square meters.



Hence, when calculating the results using these factors, the following was obtained.



Table 1 shows the amount of CO2 absorption, which represents 147 kg, producing a total of 108.80 kg of air.






4. Discussion


Among the strategies employed for the design of Gran Colombiano Park is the perception of the landscape as a living heritage, and the recognition of historical heritage as a continuation of events. Nevertheless, despite the local landscape’s significance, the park lacks adequate public spaces that encourage visitor stays and areas suitable for conveying its historical importance. Similarly, the proposed Wanchaq Sanctuary incorporates a range of sustainable strategies that promote landscape development while facilitating diverse types of public spaces. In the landscape regeneration of Cami de Cabrianes, the use of local materials is evident, but a suitable landscape proposal fostering interior microclimates is lacking [45]. Conversely, the Sanctuary proposal transforms the terrain to introduce terracing and varied sensory experiences, involving local materials such as stone and wood, along with well-known and easily executed construction systems.



The Salburua Wetland Interpretation Center, Ataria, features a series of strategies for design, including the dissemination of the ecological diversity’s significance on-site. Educational spaces about wetlands contributed to visitor influx and heightened user awareness, promoting local tourism. The initially dwindling tourism was addressed through the utilization of local materials and labor. Similarly, the proposed Interpretation Center for the revalorization of flora and fauna in Cusco shares a parallel objective with Ataria, the dissemination of biodiversity’s importance at both provincial and national levels. Peru, as one of the world’s 17 megadiverse countries, showcases remarkable diversity in climate, flora, fauna, and history. It employs local materials and ancestral construction techniques. Unlike Ataria, the Flora and Fauna Interpretation Center offers interactive and immersive spaces that develop the landscape and foster interior microclimates. Greenhouses and surrounding wetlands, alongside diverse fauna species, contribute to the attraction of wetland flora, aromatic flowers, and varied tree typology.




5. Conclusions


The urban proposal presents a diversity of public spaces, thanks to the various landscape proposals it encompasses, in addition to the significance of the canal, which serves as a connection to the Huatanay River. The canal features a series of filters due to the contamination of the river, using oxidation ponds and wetlands. This not only preserves endemic species but also contributes to the revaluation of the Huatanay River through the design strategies employed along its banks.



Based on the site analysis, a residential area was added to the terrain, functioning within a circular economy model, including areas for cultivation and greenhouses to produce food. There is also a commercial zone that supplies the residences. Furthermore, the proposal includes the presence of an agricultural CITÉ (neighborhood) for education on ancestral agriculture techniques, given their global importance.



These strategies work towards achieving the objective of the Interpretation Center, which is to generate awareness among visitors about the history of the area, to familiarize them with the reality of endemic flora and fauna, promote social integration, connect people with nature, and reinforce the community’s identity. It will also facilitate training for residents through workshops that aim to raise awareness and provide environmental education, addressing one of the issues facing the area. Additionally, the use of clean energy sources is a key factor in achieving sustainability [46].



The urban proposal proposes a series of public spaces, thanks to the various landscape proposals that it addresses, in addition to the implementation of a channel that serves as a connection with the Huatanay river and allows filtering the contamination of the river through the wetlands, thus managing to preserve endemic species and contribute to the revaluation of the Huatanay river.



The proposal for the Interpretation Center for the revaluation of flora and fauna is of great importance due to the various strategies employed, including the use of local materials and ancestral construction techniques, as well as the diversity of spaces, including greenhouses, immersive rooms, and workshops.
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Figure 1. Map of megadiverse countries. 
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Figure 2. (a) Maritime Heritage Interpretation Center DUBoak in Croatia, reprinted with permission from Ref. [7], 2023, Pintos; (b) Romanesque Interpretation Center in Portugal, reprinted with permission from Ref. [8], 2023, Pereira and (c) Mapungubwe Interpretation Center in South Africa, reprinted with permission from Ref. [9], 2023, Bann. 
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Figure 3. Diversity data in ecosystems, climates, fauna, and flora. 
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Figure 4. Highly significant constructions for the Inca civilization (a) Coricancha, reprinted with permission from Ref. [14], 2010, Escudero; (b) Sacsayhuaman, reprinted with permission from Ref. [15], 2021, Guerra. 
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Figure 5. Current Issues with (a) Qhapaq Ñan, reprinted with permission from Ref. [20], 2018, Programa de Naciones Unidas para el Desarrollo; (b) the Huatanay River Due to Solid Waste Disposal, reprinted with permission from Ref. [21], 2022, Mendivel. 
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Figure 6. Diagram of research stages. 
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Figure 7. Steps for the implementation of the proposal. 
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Figure 8. Location of Cusco Province. 
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Figure 9. Climatic analysis of Cusco. 
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Figure 10. Flora and fauna of Cusco. 
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Figure 11. Location of the urban proposal. 
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Figure 12. Contest place of intervention and area. 
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Figure 13. Zoning of intervention area. 
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Figure 14. Automobile flows of intervention area. 
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Figure 15. Conceptualization. 
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Figure 16. Urban conceptualization. 
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Figure 17. Plan general de la propuesta urbana. 
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Figure 18. Wastewater treatment system. 
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Figure 19. Wetlands. 






Figure 19. Wetlands.



[image: Buildings 13 02345 g019]







[image: Buildings 13 02345 g020] 





Figure 20. Endemic and migratory avifauna in Cusco (a) Vultur gryphus, reprinted with permission from Ref. [38], 2023, Marca Peru; (b) Phoenicoparrus andinus, reprinted with permission from Ref. [39], 2023, Mara Perù; (c) Merganetta armata, reprinted with permission from Ref. [40], 2023, Ebird; (d) Anas Puna, reprinted with permission from Ref. [41], 2023, Ebird; (e) Oxyura ferruginea, reprinted with permission from Ref. [42], 2023, Birds; (f) Geranoaetus melanoleucus, reprinted with permission from Ref. [43], 2023, Ebird. 
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Figure 21. Cross-section of the urban proposal. 
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Figure 22. View of the sanctuary entrance. 
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Figure 23. Urban design strategies in the proposal. 
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Figure 24. Representation of the lunar calendar in the blooming of species. 
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Figure 25. Location of the architectural proposal. 
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Figure 26. General site plan of the architectural proposal and sustainability strategies. 
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Figure 27. Green area plan. 
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Table 1. Absorbed CO2 and produced fresh air annually.






Table 1. Absorbed CO2 and produced fresh air annually.





	Floor
	Green Wall (H2)
	Absorbed CO2 (kg)
	Produced Fresh Air (kg)





	1
	64
	147.20
	108.80



	Total
	64
	147.20
	108.80
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