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Abstract

Rising temperatures, irregular rainfall patterns, and increasing pressure on water resources due to climate change have made water efficiency a critical planning and design parameter in urban landscape design. In countries at risk of water stress, the sustainability of traditional landscape approaches based on high water consumption is increasingly being questioned; this situation heightens the need for alternative, ecologically based design models. In this context, the xeriscape approach offers an effective framework for sustainable urban landscape design through low water consumption, reduced maintenance requirements, and the use of native and drought-tolerant plants.
This study aims to evaluate the performance of Güneş Park in Kartal, Istanbul, in accordance with xeriscape principles through a multidimensional analysis. Within the scope of the research, the site’s physical, ecological, and vegetative components were analyzed; plant species were classified according to their water requirements; and the existing landscape layout was examined through a holistic approach regarding water efficiency. The findings indicate that factors such as the presence of extensive lawn areas, the absence of hydrozoning, the placement of plants with different water requirements in the same irrigation zones, the ineffective operation of the irrigation system, and inadequacies in mulching practices significantly limit water efficiency.Furthermore, it was found that the existing landscape design is insufficient in building resilience against increasing water stress conditions caused by climate change. Consequently, the study demonstrates that drought-tolerant landscape principles in urban open green spaces should not be limited to plant selection alone, but must be addressed holistically through irrigation management, spatial zoning, and maintenance strategies. The research contributes to the literature by providing a practical evaluation framework for developing water-sensitive and sustainable landscape design approaches in cities with similar climatic conditions.
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1. INTRODUCTION 

Climate change is widely recognized as one of the most significant global threats to landscape sustainability today, and drought is one of the most prominent consequences of this process (Partigöç and Soğancı, 2019). Water has become one of the most critical natural resources for the sustainability of life in the 21st century. The fact that the annual per capita water availability in Turkey is approximately 1,450 m³ indicates that the country is at risk of water stress. In this context, the effective management of water resources is of great importance in line with the 6th goal of the United Nations Sustainable Development Goals. The fundamental aim of sustainability is to reduce resource consumption and better align with the limits of resource production. In particular, issues related to water resource management necessitate a holistic analysis of the water cycle, monitoring of changes occurring within this cycle, and the identification of landscape areas to be redesigned accordingly. In this context, the importance of xeriscape approaches—which prioritize the efficient and effective use of water—is growing. These approaches, which center on the water cycle and aim to enhance the ecological resilience of landscapes, stand out as a key tool in ensuring sustainable water management in urban areas (Figure 1). (Yazgan et al., 2010; Sarka, 2003; Çınar, 2025). 
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Figure 1. The Water Cycle
As the effects of drought become increasingly evident, particularly in urban green spaces, the importance of strategies to be implemented in the short and medium term is growing. In this context, the measures to be developed will not only result in significant water savings but also prevent green spaces from losing their functionality due to drought (Tülek, 2008; Çınar and Ay Ak, 2024). Therefore, in countries at risk of water scarcity, the role of local governments in the planning, design, and management processes of green spaces is critical, and the technical knowledge and approaches of the landscape architecture discipline must be effectively integrated into public spaces. It is of great importance to adopt approaches based on sustainability and prioritizing water efficiency rather than traditional landscape design concepts. In this regard, priority should first be given to the use of local and native plant species; if non-native species are chosen, drought-tolerant plants with low water requirements must be selected. Additionally, it is recommended to limit areas of turf that require high maintenance and water consumption, and instead use drought-tolerant trees, shrubs, and groundcover species. In irrigation processes, reducing dependence on drinking water sources and utilizing alternative water sources (such as rainwater harvesting and reclaimed water) is a critical requirement for water management. This is a critical requirement from a water management perspective. The applications to be developed in this context will both result in significant water savings and prevent green spaces from losing their functionality due to drought. Although xeriscape principles have been widely discussed in the literature, most studies focus either on plant selection, irrigation efficiency, or general water conservation strategies. Relatively few studies provide an integrated framework that combines spatial planning, vegetation water-demand analysis, irrigation management, and ecosystem-based sustainability assessment within urban public parks. Furthermore, there is limited evidence from rapidly urbanizing metropolitan regions such as Istanbul regarding the practical performance of xeriscape principles under contemporary climate-change conditions. Addressing this gap, the present study develops a multidimensional assessment framework that integrates spatial, ecological, and vegetation-based indicators to evaluate xeriscape performance in urban green spaces. Beyond the specific case of Güneş Park, the proposed framework offers a transferable decision-support model for water-sensitive landscape planning and climate-adaptive urban green infrastructure design. 

2. material and methods 

This study, which addresses the efficient use of water in urban green spaces, examines the suitability of Güneş Park, located in the Karlıktepe neighborhood of Kartal district in Istanbul, for xeriscape landscaping. As part of the research, the site’s physical, ecological, and botanical characteristics were examined; plant species were classified according to their water requirements; and the adequacy of the existing landscape design in terms of sustainable water management was analyzed. 
This study was conducted within the framework of a five-phase research design and is based on the fundamental principles of the xeriscape approach.
2.1 Development of the Theoretical Framework
In the first phase of the research, a systematic literature review compliant with PRISMA guidelines was conducted to identify and evaluate scientific studies related to xeriscape applications. In this context, national and international databases were searched; the identified studies were analyzed in terms of methodology, geographical context, and xeriscape principles. As a result of this phase, the seven fundamental principles of the xeriscape approach were established as the conceptual framework. 
2.2 Data Collection
In the second phase, climatic, spatial, and administrative data related to the study area were collected. In this context, meteorological data (average, maximum, and minimum temperature values), digital maps obtained from the Istanbul Metropolitan Municipality, and existing plans and projects for the area were utilized. The collected data was transferred to a geographic information system (GIS) environment and prepared for analysis.
2.3 Site Analysis 
In this phase, the current state of the study area was assessed using a multidimensional approach. The analysis process included the following components: Spatial analyses (GIS-based), ecological and physical characteristics, on-site observations and photographic records, and interviews with relevant institutions and organizations. As a result of this phase, the landscape character, land use patterns, topography, and existing vegetation of the area have been thoroughly documented.
2.4 Xeriscape landscape analysis: 
The site was evaluated according to the following xeriscape principles: Planning and design, Soil analysis, Plant selection, Limiting turf areas, Efficient irrigation, Mulch use, Maintenance.
2.5 All findings were synthesized using a holistic approach; 
Xeriscape recommendations that are applicable at the urban scale, sustainability-focused, and based on water efficiency were developed. The aim is for these recommendations to provide a guiding framework for similar urban open and green spaces. The methodology followed in the study is summarized in Table 1.
Table 1. Methodology Flowchart

	Stage
	Purpose
	Data Used/ Methodology
	Output

	1
	Theoretical Framework
	Identifying the fundamental principles of the xeriscape approach
	A review of national and international literature, the 7 principles of xeriscape
	Conceptual model

	2
	Data Collection
	Analyzing climate and spatial data
	Weather data (temperature), GIS, municipal data
	Thematic maps (temperature, spatial distribution)

	3
	Site Analysis
	Assess the current state of the workspace
	Spatial, ecological, and physical data; field observations
	Character analysis

	4
	Xeriscape Analysis
	Efficient use of water 
	Principles of drought-tolerant landscaping
	Conformity assessment

	5
	Synthesis and Design
	Developing sustainable xeriscape recommendations
	Integration of all data 
	Design strategies and recommendations




3. results and discussion
3.1. Theoretical Framework 
The peer-reviewed articles were obtained from Web of Science, Scopus, and Google Scholar databases using predefined keywords. The selected studies were systematically classified on the basis of methodology, geographic location, and drought-tolerant landscaping principles (Table 2).
 In this process, the planning, design and implementation dimensions of the xeriscaping approach were discussed from a holistic perspective and the relevant principles were systematically evaluated. The study selection process was carried out in accordance with PRISMA guidelines. A total of 455 records were identified through database searches and additional sources. After removing duplicate records, 344 studies were screened by title and abstracts, of which 251 were excluded. The full text of 93 articles was evaluated for suitability. 
15 studies were exclude due to lack of interest, insufficient data, or peer review. As a result, 42 studies were included in qualitative synthesis and 25 studies were included in quantitative analysis. 
Table 2. Prisma diagram[image: ]
3.2. Data collection
Kartal district, which is one of the important trade and industrial centers of Istanbul today, is located in the southwestern part of the Kocaeli Peninsula and is surrounded by Pendik in the east, Maltepe in the west, Sultanbeyli and Sancaktepe districts in the north, and the Marmara Sea in the south. Spatial data for the study area are presented (Figure 2), (URL 1: Url 2). 
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Figure 2. Kartal Güneş  Park Location (URL 3).
According to meteorological data, the average annual precipitation in the district is approximately 716 mm. The driest month is July with 22 mm of precipitation, while the highest precipitation occurs in December with an average of 117 mm. When the temperature values are examined, July is the hottest period of the year with an average temperature of 23.9 °C, while January shows the lowest values with an average temperature of 6.3 °C. The average annual temperature of the region is determined as 14.8 °C.  Climate data are shown in Table 3.

 Table 3. Climate data
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3.3. Site Analysis

On-site observation, photographic recordings, and institutional interviews were conducted (Figures 3, 4, 5).
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Figure 3. View of the Güneş  Park from the Northwest.
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Figure 4. The axle system of the GüneşPark and the children's playground.
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Figure 5. Images from Güneş Park 


3.4. Xeriscaping Analysis
Evaluation of Güneş Park in terms of xeriscaping in landscape work; 
1.	Planning and project planning
2.	Soil analysis
3.	Suitable plant selection
4.	Limiting the lawn to suitable and functional areas
5.	Effective watering
It is discussed around xeriscape design principles, including mulch use and proper maintenance. These principles are summarized in Figure 6. 
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Figure 6. Xeriscaping principles

a. Planning and Project Planning (Survey Phase)
The region where the study area is located is under the influence of hot and dry climatic conditions in the summer months, and the dominant wind directions are north and southwest. In this context, it is of great importance to analyze the microclimatic data in detail, especially the effects of sunshine duration, orientation and shading during the survey phase. The orientation of the area and its relationship with the sun directly affect the accuracy of plant placement decisions. Significant microclimatic differences occur between areas exposed to solar radiation at different times of the day. Evaporation and evapotranspiration rates increase in areas exposed to direct sunlight, especially in the afternoon, and soil moisture decreases faster accordingly (Figure 7).
b. Soil Analysis
Soil analysis of the area is important for plant selection and determination of the irrigation system. Soil improvement, water holding capacity in the soil increases, water absorption by plants becomes easier and air gaps are formed to allow plant roots to breathe sufficiently.  It was observed that 20-30 cm. of vegetative soil was laid in the area, and soil improvement was determined as an important value in terms of xeriscaping. In addition, since the land has a sloping structure, it has been observed that a drainage system is applied to solve drainage problems.
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Figure 7. Güneş Park Site Plan

c. Appropriate Plant Selection

In xeriscape type landscapes, plant material should be selected from species that need additional irrigation in the least possible way. Although it is a preferred feature that the plants are content with rain from nature with very little watering 18-24 months after planting, all kinds of plants can actually be used in Xeriscaping. The important thing is to group the plants according to their water needs. As such, it will be possible to concentrate irrigation in certain areas and keep it under control by reducing it in the rest of the places. During plant selection and composition, single type of planting that increases the risk of disease against plant pests should be avoided. It has been observed that plant placements in the park are not placed in accordance with the principles of Xeriscaping. Ornamental plants, grass areas and other artificial materials used in the study area constitute the material of the study. There are coniferous and broad-leaved species, shrub species, grass areas, walking and resting areas in the park. There are 25 coniferous trees, 21 broad-leaved trees, 41 shrubs and shrubs in the area.

In these areas, drought-resistant plant species with low water requirements should be preferred. It was determined that the north aspect and southeast aspect features were dominant in the study area. In addition, it has been observed that the park is in partial shade, especially in the morning hours, due to the effect of the constructions adjacent to the area. This provides a positive microclimatic advantage by limiting direct solar radiation, reducing water losses and therefore increasing water efficiency. However, a significant portion of the existing vegetation is made up of matured individuals, another notable parameter in terms of water consumption. Mature plants exhibit lower irrigation requirements compared to newly planted plants due to their developed root systems, which is considered a significant advantage that reduces the overall water consumption of the area. The vegetative plan of the park is presented in Figure 8.

d. Water Effıcıent Use 

The total area of Güneş Park, located in Karlıktepe neighborhood, is 1,660 m², and there are 1,163 m² of green space, 390 m² of hard ground and 107 m² of functional areas (children's playground and recreation areas). This distribution is shown in Figure 8.   Elements such as tree groups and children's playgrounds in the park are not planned on axes that will create a focal point or direct the movement. In the area where it was determined that no zoning was made in terms of water saving, it is seen that the plants that consume a lot of water and those that consume less are not planted in different areas and a mixed planting is made.


































Figure 8. Plants and Water Requirements in the Güneş Park

However, plants with similar water requirements should be used together; otherwise, it is inevitable that the plants will receive more or less water than they need in irrigation.It is seen that the park with an area of 1660 m² requires much more water than the grass area of 1,163 m². The fact that the sloping areas in the area are covered with grass surfaces and that there is no terracing causes water losses (Figure 9).  
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Figure 9. Kartal Güneş Park Green Area Amount and Hard Ground Plan.


The park is sunny, allowing for a warm microclimate and the use of drought-tolerant plants. A total of 87 plant species used in the Güneş Park, which is the study area, are shown in Table 2. When the table is examined, only 22 of the plant species used have low water demand, 17 have low/medium water demand, 30 have medium water demand and 18 have high water demand (Table 4). In terms of the principle of effective irrigation, plants with similar water requirements should be collected in the same zones. According to this principle, no attention was paid to zoning in the placement of plants in the park (Figure 10).



Figure 10. Güneş Park Plants' Water Requirements

e. Examination of Grass Areas

In xeriscaping, grass areas should be limited to functional areas that are easy to water and maintain.  As the elements that consume the most water in landscaping, a terracing design approach would be appropriate on the sloping surfaces of the grass areas. In the maintenance of the lawn, the form of the grass area in practice, irrigation equipment and the type of grass chosen are very important.  

For example, if the grass areas are close to a round or square form, mowing and irrigation are more effective. The fact that the area is sloping and the forms of the grass areas are triangular in most places cause difficulties in irrigation and shape (Figure 11).  
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Figure 11. Güneş Park Sloping Area Grass Application

The suitability of the selected grass type to the characteristics of the area and its water needs should be investigated in advance. Grass tissue is located at the bottom of most of the plants. However, the fact that the grass cover is used extensively in the area is not suitable for xeriscaping. In the xeriscaping approach, grass surfaces cover a large area in landscape areas and consume a large amount of water if not used appropriately (Tülek 2008). Considering the ease of irrigation of grass areas, it should be avoided to create long and narrow, small and fragmented grass areas (Figure 12), (Welsh et al., 2007).












Table 4. Güneş Park Available Plant Table
[image: İngilizce bitki su istekleri.jpeg]

In order to save water by reducing irrigation, ground cover plant groups that consume less water should be preferred instead of dense grass areas. Sheep's ball (Festuca ovina L.), blue split (Agropyron intermediım L.) species should be used (Karaca and Kuşvuran 2012).
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Figure 12. Grass field view in Güneş park 

f. Irrigation method

The design and implementation of irrigation systems in xeriscape landscaping applications are one of the key components that directly impact the success of the system. In this context, during the installation phase of irrigation systems, the plant species to be irrigated and the size and spatial distribution of the area to be irrigated must be taken into consideration. Since irrigation is a determining criterion in the xeriscape approach, which is based on the effective and efficient use of water, irrigation methods should be planned to minimize water losses. Today, there are various types of equipment for landscape irrigation with different technical characteristics. The type of irrigation equipment to be used; It varies depending on the character of the landscape, design setup, topographic features of the area and budget. Therefore, landscape design and irrigation design should be handled simultaneously and with a holistic approach. Although automatic irrigation systems are higher in terms of initial investment cost, they provide economic and functional advantages by reducing labor needs and time loss in the long run. The part of the water needed by the plants, which cannot be met by natural rainfall, is transmitted to the soil through irrigation. In this process, it is of great importance to know the amount of water consumption of plants (evapotranspiration), the part of the plants that are met by precipitation (effective precipitation) and the losses that occur during the transmission and distribution stages of irrigation water. Failure to determine the irrigation efficiency correctly or evaluating plant groups with different water needs within the same irrigation zone can lead to serious water losses or vegetative tissue losses. 

The use of irrigation systems for grass areas, especially in areas where tree groups are located, or vice versa, is considered as an important mistake that prevents the effective use of water.Irrigation in xeriscape gardens; It can be performed manually, with automatic sprinkler systems or drip irrigation methods. However, these systems need to be planned and implemented simultaneously with planting projects. Zoning should be based on irrigation design; Separate irrigation zones should be created for lawns, trees, shrubs and ground covers. For example, while low-pressure and narrow-angle sprinkler systems give more suitable results in grass areas; Drip, micro-spray, and sprinkler systems offer more efficient and sustainable solutions for trees, shrubs, flowers, and ground cover plants. In Güneş Park, which is considered within the scope of the study area, it has been determined that although the irrigation infrastructure has been established, the system is not actively used and irrigation operations are carried out by Kartal Municipality with a tanker (Figure 13). This irrigation practice, which is done approximately every three days and in the morning during the summer months, does not offer a sustainable solution in terms of both water efficiency and xeriscape principles. The current situation reveals the necessity of effective commissioning of the irrigation infrastructure designed for the area and the implementation of automatic irrigation systems zoned according to plant species.
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Figure 13. Güneş Park Irrigation System


g. Mulch Usage,

Organic mulch consists of natural materials such as leaves and vegetable residues and is considered an important design component that regulates the soil-water relationship in xeriscaping applications. The use of organic mulch contributes to the preservation of soil moisture by reducing evaporation from the soil surface; it supports the retention of rain and snow water in the soil; It is known to limit weed growth, reduce surface erosion, and offset sudden fluctuations in soil temperature. Observations made in the study area revealed that there was no planned and conscious mulching application. However, it has been determined that dried tree leaves that naturally fall in the autumn season partially cover the soil surface, creating a natural mulch effect. Yazgan and Özyavuz (2008) emphasize that the use of dried tree leaves in xeriscaping applications is very suitable in terms of increasing water conservation. It is stated that the material in question can easily spread on the soil surface thanks to its durable structure and contributes to the preservation of soil moisture. 

However, the most significant disadvantage of dried leaf mulch, as noted in the literature, is that it presents a more uneven visual appearance compared to other types of organic mulch, such as pine bark or conifer (Wade et al., 2009). This can influence design decisions, especially in urban landscape areas where aesthetic expectations are high. However, when evaluated in terms of water efficiency and ecological sustainability, the use of dried leaves as mulch material largely aligns with xeriscaping principles.

h. Proper Care

Turkey is a country rich in plant diversity, plants form more beautifully under their own conditions and develop healthily. For this reason, natural plant species need less fertilization and spraying than other exotic plants, they are more durable and adapt even to the extreme climatic conditions of the region, reducing maintenance and cost costs. For this reason, holistic arrangement decisions should be made in accordance with the climate and topographic structure of the region where the application will be made in planting works. In landscaping, turning to xeriscaping techniques is important in terms of contributing to nature by reducing water consumption, as well as in terms of having long-lasting, ever-living gardens. Maintenance works, as in all other landscaping areas, are extremely important in terms of preserving the characteristics of the area and ensuring its continuity. 
Depending on the climatic factors and the characteristics of the plants used, it is necessary to carry out maintenance works such as pruning, fertilization, weed cleaning, disease and pest control in a timely and technical manner and to pay attention to the irrigation system in order to protect and increase the quality of Xeriscaping. The maintenance work of the area is carried out by gardeners working within the Kartal Municipality. Kartal Municipality also carries out small operations such as pruning tall trees, pruning bushes, irrigation of the area, and scientific fertilizer. 

3.5. Lımıtatıons Of The Study 

This study has several limitations. First, the assessment is based on a single case-study park and therefore does not capture the full variability of urban green spaces across different climatic and socio-spatial contexts. Second, irrigation demand was evaluated through spatial and vegetation analyses rather than long-term field measurements. Third, future climate projections and ecosystem-service dynamics were not explicitly modeled. Therefore, the findings should be interpreted as a framework-supported evaluation rather than a fully empirical long-term performance assessment. Future studies should incorporate monitored irrigation data, climate projections, and comparative multi-site analyses to strengthen the transferability of the proposed framework.

4. CONCLUSION

Climate change, whose effects have become increasingly evident on a global scale in recent years, has increased scientific studies on plant species and landscape approaches that can adapt to arid and semi-arid conditions. The increasing pressure on water resources around the world due to global climate change has made the sustainability of traditional, high-water consumption-based landscape understandings in urban green space designs questionable. Classical landscaping, especially those based on large grass areas and plant materials with high water requirements, pose significant risks to current and future water resources. International studies carried out in the Mediterranean, semi-arid and transitional climate regions reveal that a significant reduction in urban water consumption can be achieved by using drought-resistant plant species, reducing grass areas and expanding soil moisture conservation practices. Research conducted especially in regions with similar climatic conditions shows that plant selection and landscape design decisions play a decisive role in water use effectiveness. Kartal, the study area, is located in a transition zone between the humid climate of the Black Sea and the Mediterranean climate, and has become more sensitive to climatic stresses in recent years due to increasing summer temperatures and irregular precipitation regime. 

The findings show that under these conditions, plants experience periodic water stress and existing landscaping arrangements cannot fully adapt to these changing climatic conditions. This coincides with the findings highlighted in the international literature that temperate climate zones face increasing drought risks. The evaluations made in the example of Güneş Park reveal that the area has a partially suitable structure in terms of xeriscaping principles. It can be considered a positive situation that 65% of the plant species in the park have low and medium water requirements. 

However, the presence of species with high water requirements and the limited rate of natural plant use to 29% are among the main factors limiting water efficiency. International studies reveal that the use of native and climate-adapted plant species not only reduces water consumption but also enhances biodiversity and lowers maintenance costs.The grass surfaces commonly used in the study area were found to have a decisive influence on the park's total water consumption. Considering that the daily water consumption of the grass areas is 6-10 L/m² under the conditions of the region, it has been calculated that the grass area of 1,163 m² consumes only approximately 7 tons of water per day. Based on an average of 120 irrigation days per year, it is clear that this amount poses a serious burden in terms of sustainable water management. Especially in sloping areas, it is necessary to prefer ground covers with low water consumption, succulent plants or low shrub species instead of grass surfaces that do not have recreational use. In addition, it is recommended to avoid the use of grass under trees and turn to organic or inorganic mulching practices that increase moisture retention in the root zone. Current international approaches do not limit xeriscaping practices to plant selection only; it also integrates with water-sensitive urban design (WSUD) and nature-based solutions (NbS). In this context, practices such as rainwater harvesting, rain gardens, biological ditches (bioswale), water retention areas and reuse of treated wastewater are considered as basic components of sustainable urban green infrastructure. 

Projected future climate scenarios suggest that sudden temperature increases and irregular precipitation regimes will occur more frequently. For this reason, it is necessary to abandon only aesthetic-oriented approaches in urban landscape design and adopt holistic strategies that prioritize water efficiency and are compatible with ecology and climate. The xeriscape approach offers a scalable and applicable model in this context.  Although the Güneş Park has significant potential in terms of existing plant diversity and green space presence, it is not a fully successful example in terms of xeriscape principles.

As a result of the study, the following recommendations were developed:

1. Drought-tolerant local species should be used instead of plants with high water requirements.
2. Rainwater harvesting and the use of recycled water should be encouraged within the scope of rainwater management, which is an important issue in reducing water consumption today.
3. In line with the slope in the area, rainwater should be collected in a pool and used for irrigation purposes. 
4. Grass areas should be reduced, especially in sloping areas, ground cover and succulent plants should be included.
5. Plants should be zoned according to their water requirements.
6. Drip irrigation and automatic irrigation systems should be expanded.
7. The use of organic mulch should be increased.

According to plant water requirements, plants should be reconsidered according to the Zoning in Figure 14.




1.Zone high water demand.           2. Zone medium water demand                      3 Zone low water demand
Figure 14. Zoning


In conclusion, the findings obtained in the case of the Güneş  Park are a guide not only for the study area, but also for other urban open and green spaces with similar climatic conditions. It is necessary for all local governments to adopt and implement xeriscaping approaches in landscape planning and design to improve the urban ecosystem. In order to create sustainable cities, it is of great importance to consider ecological, economic and social dimensions with a holistic approach in landscape design processes and to shape decisions in the light of scientific data.From a broader sustainability perspective, xeriscape practices can be interpreted as a Nature-based Solution (NbS) that simultaneously supports climate adaptation, water conservation, biodiversity enhancement, and ecosystem-service provision. The findings of this study demonstrate that drought-resilient landscape design should not be considered solely as a water-saving strategy but as a multifunctional urban adaptation mechanism contributing to ecological resilience and sustainable urban development.
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