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This study examines the applicability of xeriscape-based approaches in enhancing Istanbul’s climate resilience under the increasing pressures of global climate change—rising temperatures, irregular precipitation, and declining freshwater resources. Rapid urbanization, unequal green space distribution, and the intensifying Urban Heat Island (UHI) effect have weakened the city’s ecological stability. The research demonstrates that xeriscape strategies integrating sustainable water management, species diversity, and spatial connectivity provide effective solutions to climate-induced stresses. Within this framework, a holistic model is proposed encompassing adaptive planting schemes, integrated water systems, multi-level governance, and community awareness programs. Ultimately, the study presents a practical roadmap for strengthening Istanbul’s ecological resilience through xeriscape-based planning while offering scalable and transferable strategies for other climate-sensitive urban contexts.
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1.Introduction 
Anthropogenic activities since the Industrial Revolution, including unplanned urbanization, uncontrolled resource use, and large-scale environmental degradation, have caused unprecedented greenhouse gas accumulation, disrupting the global climate system and threatening planetary stability (Hilty et al., 2006). Climate change has emerged as a multidimensional crisis with profound impacts on ecosystems, human health, and socio-economic stability (Kumar et al., 2025). Unlike past climatic fluctuations, it jeopardizes both natural systems and the foundations of human civilization. The intensifying crisis manifests through disrupted hydrological cycles, atmospheric systems, and ecological balances. Increasing droughts and floods illustrate its paradoxical nature: severe droughts deplete freshwater resources, while extreme precipitation events threaten urban infrastructure and agriculture (Çınar and Ay Ak, 2024; Çınar, 2022). Consequently, water conservation and sustainable resource management have become essential prerequisites for societal well-being.
By 2050, the global urbanization rate is expected to reach between 66% and 75% (EUROSTAT, 2025; Peroni & Pappalardo, 2024). This rapid urban expansion exacerbates the very drivers of climate change. The year 2024, recorded as the warmest year in human history, marks a critical threshold, highlighting the deepening of the crisis and the growing risks ahead. From the perspective of landscape architecture, climate change directly affects not only natural systems but also urban landscapes, ecological infrastructures, water resources, and the overall quality of urban life. Areas with weak green infrastructure tend to provide unhealthy and inequitable environments, whereas green infrastructure–rich areas demonstrate higher adaptive capacity to climate change, promoting physical activity, cardiovascular health, psychological well-being, and cognitive performance (Mullenbach & Stanis, 2024). In the coming decades, transformations in land use within urban centers will likely intensify. Preventing further biodiversity loss in expanding metropolitan regions requires the integration of scientifically derived strategies at the earliest stages of urban and regional planning (Gordon, 2009). Thus, the development and implementation of climate-adaptive landscape policies have become an existential necessity. In recent years, sustainability-oriented practices in Turkey have gained traction. Among them, xeriscape (drought-tolerant) landscape approaches have emerged as a promising framework for water-efficient landscape planning and management. While several pilot projects have been initiated, these efforts remain fragmented and lack a coherent, system-wide strategy. The limited understanding of xeriscape principles, coupled with the absence of coordination among local governments, public institutions, and the private sector, continues to hinder the widespread adoption of this sustainable approach.

2. Material
The primary material of this research is Istanbul, Turkey’s most densely populated and ecologically complex metropolitan area. Covering approximately 5,343 km², Istanbul had a population of 16 million as of 2023 (TÜİK, 2023), (Figure 1).  The city, bordered by the Marmara Sea to the south and the Black Sea to the north, is characterized by a highly diverse topography consisting of plateaus, hills, and valleys. This geomorphological complexity, coupled with rapid urban expansion, poses significant challenges for sustainable landscape management under changing climatic conditions (Çınar and Ay Ak, 2024). The determination of Istanbul’s natural and ecological characteristics was based on multiple official datasets and scientific sources. Soil properties and morphology were obtained from the Ministry of Agriculture and Forestry’s Soil Information System (2023); hydrological data were derived from the State Hydraulic Works (DSİ) 14th Regional Directorate’s Istanbul Water Basins Report (2020); geological data were taken from the General Directorate of Mineral Research and Exploration (MRE) 1:100,000 Geological Map Series of Istanbul (2002); and climatic records from 1950 to 2024 were provided by the Turkish State Meteorological Service (2025). The administrative boundaries and planning regions of Istanbul were analyzed based on the Metropolitan Municipality’s 1/25,000 Master Plans and Strategic Planning Documents (2020–2024). Although Istanbul exhibits characteristics of a Mediterranean climate, its climatic conditions are strongly influenced by the Marmara Sea and the Bosphorus Strait, leading to considerable local variability. In winter, the city is affected by cold–dry air masses from the Black Sea and cold–wet airflows from the Balkans, while in other seasons, it is influenced by the warm and humid southern air masses from the Mediterranean.
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Figure 1.  Location of Turkey and Istanbul

The plant material selection for this study considered Istanbul’s humid semi-continental Marmara climate, urban heat island effect, biodiversity objectives, water conservation principles, and climate resilience criteria. Plant species were evaluated based on their origin, adaptability, deciduous or evergreen habit, landscape value, water requirement, and compatibility with Istanbul’s natural flora. Species identification and classification were informed by the following key botanical references: (1965); Davis et al. (1988); Williams (2013); Ekren (2014); Çorbacı and Özyavuz (2024); Çınar and Ay Ak (2024); Çınar and Aktaş (2020); Çınar and Güzel (2020) and Yaltırık et al. (1997). To ensure practical applicability, availability of plant species in both public and private nurseries was verified through local data obtained from Florapark Landscape, Güneş Landscape, Istanbul Regional Forestry Directorate Nurseries, İBB Nursey A.Ş., and municipal nurseries in Çekmeköy, Tuzla, and Eyüp. This research aims to evaluate the applicability of xeriscape (drought-tolerant) landscape design principles for sustainable urban green space management in Istanbul- a metropolis under significant pressure from climate change, water scarcity, and urbanization. A GIS-based integrative approach combining spatial analysis, climate projection data, and municipal planning frameworks was employed to develop a holistic xeriscape planning strategy. Istanbul, as Turkey’s largest and most economically significant city, faces growing urban heat island intensity due to continuous land-use transformation and urban densification, resulting in pronounced temperature differences between urban and rural areas (Zaeemdar and Baycan, 2017).

3. Methodology 
In this study, it was tried to evaluate and develop climate-compatible xeriscape design strategies for Istanbul. The methodology combines climate projections, hydrogeological features, land surface temperature data, and urban green infrastructure measurements to identify areas with high potential for drought-resilient landscaping practices.

3.1 Data Sources The primary datasets used in the study are as follows:

Climate Projections: Downscaled climate data based on the RCP 8.5 emission scenario were used to analyze long-term temperature and precipitation trends. Data were obtained from the Turkish State Meteorological Service (2025), providing spatially explicit insights into future climatic stressors relevant to urban vegetation and water management.
Water Resource Data: Hydrogeological and water consumption data, including groundwater recharge zones, aquifer boundaries, and municipal water demand, were supplied by the Istanbul Water and Sewerage Administration (2021). These data supported the spatial analysis of areas facing increasing water scarcity risk.
Urban Heat Island (UHI) Data: Surface temperature data derived from Landsat and MODIS satellites (Özbilge, 2020) were processed to map urban heat intensity zones across Istanbul. The UHI data were used to determine spatial overlaps between thermal stress and vegetation patterns.
Urban Green Space Data: District-level per capita green space availability (m²/person) was derived from the YAYSİS (2025) dataset. These data provided a baseline for evaluating green infrastructure distribution and accessibility across the city.
Plant Species Inventory: An inventory of plant species used in Istanbul’s urban green spaces was compiled. Species were classified according to their water requirements (low, low–medium, medium, medium–high) and origin (native or exotic). Taxonomic information was verified based on Flora of Turkey and the East Aegean Islands, Davis 1965; Davis et al., 1988; Güner et al., 2000; Yaltırık et al., 1997).
Policy and Planning Documents: Strategic and operational plans published by the Istanbul Metropolitan Municipality (İBB), including the Urban Green Infrastructure Report and related implementation projects, were reviewed. These documents informed the integration of xeriscape principles into municipal planning frameworks.

3.2 Analytical Framework The analytical workflow was structured around seven xeriscape design principles (Figure 2), adapted to Istanbul’s climatic and urban context:
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                                                          Figure 2. Xeriscape principles
3.3 Evaluation Process 
This process ensured the comparability of datasets derived from different sources and temporal scales. The evaluation framework incorporated Istanbul’s RCP 8.5 climate scenario, hydrogeological parameters, and urban heat island (UHI) intensity zones, allowing the identification of critical areas where climate-adaptive landscape strategies are most needed. In addition, a comprehensive plant species database was developed, distinguishing native and exotic taxa according to their water demand levels (low, low–medium, medium, and high).The synthesis of these spatial and ecological datasets provided a holistic understanding of xeriscape applicability across the city. The findings suggest that well-implemented xeriscape design can reduce irrigation water demand by approximately 40–60%, consistent with international benchmarks for drought-resilient urban landscape management.
4. Research Findings
4.1. Istanbul's Climate and Spatial Characteristics 
Istanbul is a complex urban ecosystem that is highly sensitive to the effects of climate change (Figure 2). According to RCP 8.5 scenarios, annual average temperatures in the city are expected to increase by 1–4.5 °C, with 1–2 °C of this increase predicted to be due to the urban heat island (UHI) effect (İBB, 2021). The same scenarios indicate that summer rainfall will decrease by up to 30% and total annual rainfall by up to 12%. Between 1950 and 2024, the annual average temperature ranged between 12–19.4 °C, with maximum temperatures reaching 40.5 °C (General Directorate of Meteorology, 2025).
It was determined that the districts of Esenyurt, Avcılar, Küçükçekmece, Bağcılar, Esenler, Bayrampaşa, Gaziosmanpaşa, Sultangazi, Beşiktaş, Ataşehir, Ümraniye, and Sancaktepe have the highest seasonal UHI values. In these areas, dense construction, an increase in the proportion of impervious surfaces, and insufficient vegetation cover are the main factors contributing to microclimatic imbalances. There are 252,747 ha of open-green areas and 116,388 ha of settlement areas in Istanbul (European Environment Agency, 2019). However, mega projects and rapid urbanization lead to the concretization of fertile agricultural lands, reducing both food security and carbon sink capacity (Istanbul Metropolitan Municipality, 2023). The spatial continuity of green areas has decreased due to the disruption of ecological network connections; this situation threatens the continuity of ecosystem services.0

4.2. Drought-Resistant Landscape Inventory
Existing green space inventories are insufficient in terms of species classification, health status, and monitoring water requirements (Özdemir & Özkaynak, 2023). This deficiency makes it difficult to evaluate plant performance under climatic stress conditions (Başaran & Eroğlu, 2023).  While GIS-based green infrastructure information systems (e.g., Cloud City Information System, Urban Green Infrastructure System) provide significant digital transformation, the system's effectiveness depends on the accuracy of field data and inter-agency coordination.
Sustainable Water Management Significant stress is observed in Istanbul in terms of water management. Groundwater levels are decreasing by 0.5–1.2 m per year, especially in the districts of Başakşehir, Esenyurt, and Sancaktepe (İSKİ, 2025). The SLowlıdere Dam can only meet the city's water needs for 15 days. Therefore, water supply from the Melen Basin has become essential. In line with the 2030 and 2050 targets, water usage is expected to decrease by 18% and 32%, respectively, and the efficient use of water is encouraged through drip and sprinkler irrigation systems (Atila and Küçük, 2001). While the Ömerli–Elmalı basin on the Anatolian side has high groundwater potential thanks to its permeable formations, the Alibeyköy, SLowlıdere, and Terkos areas on the European side are at risk due to urbanization pressure (Chamber of Environmental Engineers, 2025).  
Soil Analysis and Organic Matter Management 
Soil analyses show that organic matter levels are generally low in urban green spaces. The permeability of sandy soils and the high water retention capacity of clay soils negatively affect plant growth (Çorbacı & Özyavuz, 2024). Therefore, it is recommended to prefer deep-rooted and low-water-requirement local species, mulching, compost use, and controlled fertilization practices. These methods both increase water efficiency by conserving soil moisture and enhance carbon sequestration capacity.
Climate-Focused Plant Design and Selection
The drought-tolerant landscaping approach stands out as a fundamental strategy that supports ecosystem resilience in conditions of water scarcity and rising temperatures. There are approximately 2,500 flowering plant and fern species in Istanbul's natural flora (Avcı, 2014), and the city's location at the intersection of three different climate zones (Mediterranean, Black Sea, Central Anatolia) increases its floristic diversity. This study identified 152 plant species with medium to low water consumption and high drought tolerance; 126 of these are native species and 26 are exotic species. Plant selection took into account ecological adaptation, aesthetic integrity, and maintenance costs. Biodiversity in cities is further enriched by exotic species added to the flora over time and the naturalization of some species     (Razzaghmanesh et al., 2014; Farrell et al., 2012; Hunter, 2011; Kendal et al., 2014; Kavuran and Yılmaz, 2022). In area-scale analyses, it has been observed that drought-tolerant landscaping practices reduce surface temperature by up to 3.5 °C in areas of 50–100 m² (Barış, 2014; Wade et al., 2010). These effects are particularly important for improving the urban microclimate in high-density settlement areas. Across Istanbul, the amount of green space per person is less than 1 m² in 36 districts, excluding Adalar, Çatalca, and Şile; this is well below the international standard of 10 m² (Istanbul Metropolitan Municipality Parks and Gardens Department, 2023). The findings reveal that drought-tolerant landscape strategies are essential for planning climate-adaptive green infrastructure in Istanbul. The joint consideration of local and exotic species will contribute to the design of landscapes that are ecologically and aesthetically balanced and highly water-efficient. This will support both the conservation of biodiversity and the sustainable management of water resources throughout the city.
In terms of drought resistance, the vast majority of the species analyzed are at a high tolerance level (Figure 3).  Especially coniferous trees, shrubs and perennial plants consist of species that can grow under water constraint conditions. The "high drought tolerance" rate in these groups is over 80%. On the other hand, the proportion of moderately drought-resistant species among leafy trees is relatively higher; This can be explained by the physiological adaptations of deciduous species that are compatible with the seasonal humidity cycle. The plant composition determined in the study offers low water demand and high ecological resilience together and sets an example in terms of climate-resilient landscaping strategies. This presents a potential palette of plants for sustainable green infrastructure practices, particularly in semi-arid regions.


Figure 3.  Species analyzed for natural,excotic,water cravings  and drought resistance
Table 1. Plants identified within the scope of the study and their characteristics (Davis, 1965; Davis ve ark.,1988; Williams, 2013; Ekren, 2014; Akkemik, 2018; Çorbacı and Özyavuz 2024; Çınar and Ay Ak,2024; Yener,2020; Çınar and Aktaş, 2019; Çınar and Güzel, 2020; Yaltırık vd.,1997). 
	CONIFEROUS TREES
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	Latin Name
	Family
	Natural-Exotic
	Water cravings 
	Drought 

	1
	Cedrus libani A. Rich.
	Pinaceae
	           Natural
	             Low
	High

	2
	Cupressus sempervirens L.
	Cupressaceae
	           Natural
	Moderate
	High

	3
	   Juniperus excelsa M. Bieb sub excelsa    
	Cupressaceae
	           Natural
	Low
	      High

	4
	Juniperus sabina L.
	Cupressaceae
	  Natural
	Low
	     High

	5
	Juniperus oxycedrus L.
	Cupressaceae
	  Natural
	Low
	     High

	6
	Juniperus Communis L. Var. Communis 
	Cupressaceae
	Natural
	Low
	     High

	7
	  Juniperus horizontalis Moench
	Cupressaceae
	Natural
	Low
	     High

	8
	Pinus halepensis Mill.
	Pinaceae
	Natural
	      Moderate
	High

	9
	Pinus nigra L.
	Pinaceae
	Natural
	Low/Moderate
	High

	10
	Pinus nigra L. subsp. pallasiana
	Pinaceae
	Natural
	Moderate
	High

	11
	Pinus pinaster Ait.
	Pinaceae
	Exotic
	Moderate
	     High

	12
	Pinus pinea L.
	Pinaceae
	Natural
	Low/Moderate
	High

	13
	Pinus sylvestris L.
	Pinaceae
	Natural
	Moderate
	      High

	14
	Taxus baccata L.
	Taxaceae
	Natural
	Moderate
	High

	LEAFY TREES

	No
	Latin Name
	Family
	Natural-Exotic
	Water Request
	      Drought

	1
	Acer campestre L.
	Aceraceae
	Natural
	Moderate
	High

	2
	Acer negundo L.
	Aceraceae
	Natural 
	Moderate
	      High

	3
	Acer platanoides L.
	Aceraceae
	Natural
	Moderate
	    High

	4
	Acer pseudoplatanus L.
	Aceraceae
	Natural
	Moderate
	Moderate

	5
	Acer tataricum L.
	Aceraceae
	Natural
	Low
	High

	6
	Aesculus hipocastanum L.
	Hippocastanaceae
	Natural
	Moderate
	Moderate

	7
	Carpinus orientalis L.
	Betulaceae
	Natural
	Moderate
	Moderate

	8
	Carpinus betulus L.
	Betulaceae
	Natural
	Moderate
	   Moderate

	9
	Castanea sativa Mill.
	Fagaceae
	Natural
	Low
	High

	10
	Celtis australis L.
	Cannabaceae
	Natural
	Low/Moderate
	Moderate

	11
	Cercis siliquastrum
	Leguminosae
	Natural
	Moderate
	Moderate

	12
	Cotinus coggygria Scop.
	Anacardiaceae
	Natural
	Low /Moderate
	High

	13
	Crataegus monogyna Jacq.
	Rosaceae
	Natural
	Moderate
	Moderate

	14
	Elaeagnus angustifolia Wahl.
	Elaeagnaceae
	Natural
	Low /Moderate
	High

	15
	Elaeagnus orientalis L.
	Elaeagnaceae
	Natural
	Low/Moderate
	High

	16
	Fraxinus excelsior L.
	Oleaceae
	Natural
	Moderate
	High

	17
	Fraxinus ornus L.
	Oleaceae
	Natural
	Moderate
	High

	18
	Gleditsia triacanthos L.
	Leguminosae
	Exotic
	Low/Modarate
	High

	19
	Hippophae rhamnoides
	Elaeagnaceae
	Natural
	Low
	High

	20
	Juglans regia
	Juglandaceae
	Natural
	Moderate 
	High

	21
	Lagerstroemia indica L.
	Lytracea
	Exotic
	Low /Moderate
	High

	22
	Laurus nobilis L.
	Lauraceae
	Natural
	Low /Moderate
	High

	23
	Laurocerasus officinalis Roem.
	Rosaceae
	Natural
	Moderate
	High

	24
	Magnolia grandiflora L.
	Magnoliaceae
	Exotic
	Moderate
	High

	25
	Melia Lowedarach L.
	Meliaceae
	Natural
	Low
	High

	26
	   Morus alba L.
	Moraceae
	Exotic 
	Moderate
	        High

	27
	   Olea europaea L.var.europaea L. 
	Oleaceae
	Natural 
	Low
	        High

	28
	   Olea europaea L. var. sylvestris (Mill.)
	   Oleaceae
	Natural 
	Low
	        High

	29
	   Paulownia tomentosa
	Paulowniaceae
	  Semi-Natural 
	Moderate
	   Moderate

	30
	   Pistacia atlantica Desf.
	Anacardiaceae
	Natural 
	Low
	        High

	31
	   Pistacia terebinthus L. subsp. terebinthus  
	Anacardiaceae
	Natural 
	Low
	        High

	32
	Platanus orientalis L.
	Platanaceae
	Natural
	Moderate
	      High

	33
	Prunus cerasifera “Pisardii nigra”
	Rosaceae
	Exotic
	Moderate
	High

	34
	Punica granatum L.
	Lythraceae
	Natural
	Moderate
	Moderate

	35
	Pyrus communis L.
	Rosaceae
	Natural
	Moderate
	High

	36
	  Pyrus amygdaliformis
	Rosaceae
	Natural
	Low
	High

	37
	Pyrus elaeagnifolia Pall.
	Rosaceae
	Natural
	Moderate
	High

	38
	Quercus cerris L.
	Fagaceae
	Natural
	Low /Moderate
	High

	39
	Quercus coccifera L.
	Fagaceae
	Natural
	Moderate
	High

	40
	Quercus frainetto Ten.
	Fagaceae
	Natural
	Low
	High

	41
	Quercus infectoria Oliver
	Fagaceae
	Natural
	Low
	High

	42
	Quercus pubescens Wild.
	Fagaceae
	Natural
	Moderate
	High

	43
	Quercus robur L.
	Fagaceae
	Natural
	Moderate
	High

	44
	Robinia pseudoacacia L.
	Leguminosae
	Natural
	Low/Moderate
	High

	45
	Robinia pseudoacacia “Umbraculifera”
	Leguminosae
	Semi-Natural
	Moderate
	High

	46
	Sophora japonica L.
	Leguminosae
	Exotic
	Low/Moderate
	High

	47
	Tilia tomentosa Moench.
	Malvaceae
	Natural
	Moderate
	High

	48
	Ulmus glabra Huds.
	Ulmaceae
	Natural
	Low/Moderate
	High

	49
	Ulmus minor Mill.
	Ulmaceae
	Natural
	Low/Moderate
	High

	SHURUBS

	No
	Latince Adı
	Family
	Natural-Exotic
	Water Request
	 Drought

	1
	   Berberis crataegina DC.
	Berberidaceae
	Natural 
	Low -Moderate
	High

	2
	Berberis thunbergii DC. “Atropurpurea”
	Berberidaceae
	Exotic
	Low/Moderate 
	High

	3
	Berberis vulgaris L.
	Berberidaceae
	Natural
	Low/Moderate 
	High

	4
	Cineraria maritima 
	Asteraceae
	Natural
	Low
	High

	5
	Cornus alba L.
	Corneceae
	   SemiNatural 
	Modarate 
	Moderate

	6
	Cornus mas L.
	Cornaceae
	Natural
	Low/Moderate 
	Moderate

	7
	Cotoneaster franchettii Boiss.
	Rosaceae
	Exotic
	Low/Moderate 
	High

	8
	Eleagnus angustifolia
	Elaegnaceae
	Natural
	Low
	High

	9
	   Photinia fraseri 
	Rosaceae
	SemiNatural 
	Moderate 
	    Moderate

	10
	Gardenia jasminoides Ellis
	Rosaceae
	Exotic
	Low 
	High

	11
	Hibiscus rosa sinensis
	Malvaceae
	Exotic
	Low/Moderate
	High

	12
	Ligustrum vulgare L.
	Oleaceae
	Natural
	Moderate 
	High

	13
	Mahonia aquifolium Nutt.
	Berberidaceae
	Natural
	Moderate 
	Moderate

	14
	Nerium oleander L.
	Apocynaceae
	Natural
	Low/Moderate 
	High

	15
	Philadelphus coronarius L.
	Saxafragaceae
	Natural
	Low/Moderate
	Moderate

	16
	Pittosporum tobira Ait.
	Pittosporaceae
	Exotic
	Moderate
	Moderate

	17
	Pittosporum tobira Ait “Nana”
	Pittosporaceae
	Exotic
	Moderate
	Moderate

	18
	Pyracantha coccinea M. J. Roemer
	Rosaceae
	Natural
	Low 
	Moderate

	19
	Punica granatum L.
	Punicaceae
	Natural 
	Low/Moderate
	High

	20
	Rhus typhina  L.
	Anacardiaceae
	Natural
	Low/Moderate 
	High

	21
	Rosa canina L.
	Rosaceae
	Natural
	Moderate 
	Moderate

	22
	Rosmarinus officinalis L.
	Lamiaceae
	Natural
	Low/Moderate 
	High

	23
	Sambucus nigra L.
	   Adoxaceae
	Natural 
	Low/Moderate
	High

	24
	Spartium junceum L.
	Fabaceae
	Natural
	Low/Moderate 
	High

	25
	Spirea bumalda Burv.
	Rosaceae
	SemiNatural
	Moderate 
	High

	26
	Spirea vanhouttei Zabel.
	Rosaceae
	SemiNatural 
	Moderate 
	Moderate

	27
	Spiraea hypericifolia L.
	Rosaceae
	Natural 
	Low/Moderate 
	Moderate

	28
	Viburnum licidum L. 
	  Adoxaceae
	Natural
	Moderate 
	Moderate

	29
	Viburnum opulus L.
	Adoxaceae
	SemiNatural
	Moderate 
	Moderate

	30
	Vibirnum tinus L.
	Adoxaceae
	Natural
	Low/Moderate 
	Moderate

	31
	Yucca flamentosa L.
	Agavaceae
	Exotic
	Low 
	High

	PALMS

	No
	   Latin Name
	Family
	Natural-Exotic
	Water Request
	Drought

	1
	  Chamaerops humilis L.
	Arecaceae
	Exotic 
	Moderate 
	          High

	2
	  Phoenix canariensis
	Arecaceae
	Exotic
	Moderate 
	High

	3
	  Washingtonia filifera (Lindl.) Wendl
	Arecaceae
	Exotic 
	Moderate 
	High

	4
	  Trachycarpus fortunei (Hook.) H. Wendl.
	Arecaceae
	Exotic 
	Moderate 
	High

	WINDER AND CLIMBER

	No
	Latince Adı
	Familyası
	Natural-Exotic
	Water Request
	 Drought

	1
	   Amphelopsis  orientalis (Lam.) Planch.
	Plumbaginaceae.
	        Natural 
		                    Low 
	          High

	2
	Hedera helix L.
	Hederaceae
	Natural
	Moderate 
	Moderate

	3
	Jasminum polyanthum
	Oleaceae
	Natural
	Moderate 
	   Moderate             

	4
	Jasminum officinale L.
	Oleaceae
	Natural
	Moderate 
	Moderate

	5
	Lonicera caprifolium L. Kugel
	Caprifoliaceae
	Natural
	Low/Moderate 
	          High

	6
	Lonicera tatarica L.
	Caprifoliaceae
	Natural
	Low/Moderate 
	High

	7
	Parthenocissus quinquefolia Planch.
	Vitaceae
	Exotic
	Low/Moderate
	High

	8
	Parthenocissus tricuspidata Planch.
	Vitaceae
	Exotic
	Low/Moderate
	High

	9
	Smilax aspera L.
	Smilacaceae
	Natural 
	Low/Moderate 
	High

	10
	Vitis vinifera
	Vitaceae
	Natural  
	Moderate 
	Moderate

	PERENNIALS 

	No
	Latin Name 
	Family
	Natural-Exotic
	Water Request
	 Drought

	1
	Achillea millefolium L. “Rosea”
	Compositae
	Natural
	Low 
	           Hıgh

	2
	Ajuga reptans L.
	Lamiaceae
	Natural
	                   Low
	        High

	3
	Aster alpinus L.
	Compositae
	Natural
	Low/Moderate 
	        High

	4
	Campanula rotundifolia L.
	Campanulaceae
	Natural
	Moderate
	 High

	5
	Centranthus rubber L.
	Valetianaceae
	Natural
	Moderate 
	        High

	6
	Centaurea hermanii
	
	Natural
	Low
	       High

	7
	Cerastium tomentosum L.
	Caryophillaceae
	Natural
	Low/Moderate 
	High

	8
	Cistus salviifolius L.
	Cistaceae
	Natural 
	Low/Moderate
	High

	9
	Crocus pestalozzae
	
	Natural
	Low/Moderate 
	High

	10
	Dianthus barbatus L.
	Caryophillaceae
	Natural
	Moderate 
	High

	11
	   Euphorbia amgydaloides 
	Euphorbiaceae
	Natural 
	Moderate
	 Moderate

	12
	Helianthemum nummularium (L.)Mill.
	Cistaceae
	Natural
	Low/Moderate
	High

	13
	Hemerocallis  fulva (L.) L. var. fulvus L. D 
	Lilaceae
	Natural
	Moderate
	           High

	14
	   Hypericum calycinum L.
	Hypericaceae
	Natural 
	Low -Moderate
	High

	15
	Kniphofia uvaria L.
	Liliaceae
	Natural
	Low/Moderate
	Moderate

	16
	Lamium maculatum L.
	Lamiaceae
	Natural
	Low/Moderate
	Moderate

	17
	Lavandula angustifolia Mill.
	Lamiaceae
	Natural
	Low/Moderate
	High

	18
	Mesembryanthemum nodiflorum L.
	Aizoaceae
	Natural
	Low/Moderate
	High

	19
	Papaver orientale L.
	Papaveraceae
	Natural
	Moderate
	Moderate

	20
	Papaver rhoeas L.
	Papaveraceae
	Natural
	Moderate 
	        High

	21
	Salvia fruticosa MILL.
	Lamiaceae
	Natural 
	Low
	High

	22
	Salvia officinalis L.
	Lamiaceae
	Exotic
	Moderate 
	High

	23
	Santolina chamaecyparissus L.
	Asteraceae
	              Exotic
	Low/Moderate 
	Moderate

	24
	Sedum acre L.
	Crassulaceae
	Natural
	Low
	High

	25
	Sedum album L.
	Crassulaceae
	Natural
	Low
	High

	26
	Sedum rupestre
	Crassulaceae
	Natural
	Low
	High

	27
	Sempervivum davisii Muirhead
	Crassulaceae
	        Natural 
	Low
	High

	28
	Spartium junceum
	Fabacea
	Natural
	Low/Moderate 
	High

	29
	  Styrax officinalis L.
	Styracaceae
	Natural 
	Low/Moderate
	High

	30
	  Thymus Lownavouri Velen.
	Lamiaceae
	Natural
	Low/Moderate 
	High

	31
	  Trifolium repens L. var. repens L
	Fabaceae
	Natural 
	Low/Moderate
	           High

	32
	  Verbascum degenii
	Scrophulariaceae
	Natural
	Low
	High

	33
	   Vinca major L.
	Apocynaceae
	Natural
	Moderate
	Moderate

	34
	   Vinca minor L.
	Apocynaceae
	Natural
	Moderate
	Moderate

	35
	Verbena officinalis L.
	Verbenaceae
	Natural
	Low/Moderate 
	High

	36
	Veronica liwanensis C. Koch
	Plantaginaceae
	Natural
	Low/Moderate 
	High

	37
	Veronica caespitosa var. caespitosa
	Plantaginaceae
	        Natural 
	Low 
	Moderate

	38
	Vitex agnus-castus L.
	Verbenaceae
	Natural
	Low
	          High














Sustainability Assessment of Lawn Areas
Increasing temperatures and irregular rainfall patterns in Istanbul are causing serious physiological stress on grass species, negatively affecting their growth processes. High temperatures increase evapotranspiration rates, leading to a significant rise in water consumption and maintenance costs. The water requirements of turfgrass species vary greatly depending on the morphological characteristics of the species, photosynthetic efficiency, root depth, and local climatic conditions. In addition, cultural practices such as irrigation strategies, mowing frequency, fertilization, and aeration also play a decisive role in water consumption.
When evaluated in line with drought-tolerant landscape design principles, large-scale turf applications are among the factors that reduce resource efficiency and increase water consumption (Tülek, 2008). Therefore, limiting turf areas to only functionally necessary zones—such as surfaces intended for recreation, sports, or erosion control—should be considered a fundamental strategy for sustainable landscape management. However, in landscape arrangements on the scale of Istanbul, intensive use of turf continues, particularly in medians and at intersections (Figure 4). This practice both hinders the efficient use of water and increases maintenance and energy costs in the long term. However, rather than completely eliminating grass areas, their limited use with the right species selection and placement can provide ecological benefits. Indeed, it has been reported that well-managed grass areas can sequester 110–115 g of atmospheric carbon per hectare per year (Qian & Follett, 2002). This finding shows that grass plants can make a limited but positive contribution to carbon sequestration when used in appropriate locations.
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Figure.4.  Grass Field applications in Istanbul (URL 1,2025).
In recent years, the use of drought-tolerant species has emerged as an effective solution to these problems. In particular, Cynodon dactylon (bermuda grass) and Zoysia japonica (Korean grass) species are notable as alternatives that are tolerant to high temperatures and trampling stress and have low water requirements (White, 2001). Compared to traditional cold-season grasses, these species have deeper root systems and reduce irrigation frequency by using soil moisture more efficiently (Table 2). Preferring these species in temperature stress zones identified through QGIS analyses both preserves visual quality and minimizes water consumption. Therefore, redefining grass areas in Istanbul's climate-adaptive landscape planning should be approached with a management approach based on species diversity and functionality.
	No
	Latin Name
	Family
	Drought tolerance 

	1
	Buchloe dactlyloides 
	Poacea
	               Moderate

	2
	Cynodon dactylon (L.) Pers.
	Poaceae
	                High 

	3
	Festuca arundinacea (Schreb)
	Poaceae
	Moderate

	4
	Festuca arundinacea (Schreb)“Jaguar”
	Poaceae
	Moderate

	5
	Festuca arundinacea (Schreb) “Arit”
	Poaceae
	Moderate

	6
	Festuca glauca “Boulder Blue”
	Poaceae
	Moderate

	7
	Festuca trachyphylla “Durar”
	Poaceae
	Moderate

	8
	Ophiopogon japonica
	Poaceae
	Moderate

	9
	Zoysia japonica
	  Poaceae
	High


Table 2. Drought tolerance of grass plants 





Cynodon dactylon (L.) Pers. and Zoysia japonica, which have recently come into use, are drought-tolerant, wear-resistant grass species that require little water (White, 2001).  
Mulching Applications
Organic mulch material is an excellent source of nutrients for soil organisms and provides suitable conditions for their growth. As the mulch material decomposes, it releases its nutrients, while part of the mulch material turns into stable humus, contributing positively to the organic matter content of the soil. A thick layer of mulch prevents weeds from germinating and further suppresses their growth. For all these reasons, mulching plays an important role in preventing soil erosion. Furthermore, covering the soil surface with organic or inorganic materials reduces water evaporation, balances soil temperature, and prevents weed growth. The use of organic mulch (bark, leaves, compost) is becoming widespread in parks and gardens in Istanbul. Mulching both saves water and improves soil health. Applying mulch, especially to newly planted saplings and flower beds, reduces maintenance costs and water requirements. However, the practice of mulching by spreading colored gravel under the name of “xeriscaping” reveals a lack of understanding of the concept of xeriscaping.
3.4.  Regular and Scientifically Based Maintenance Principles 
The long-term sustainability of xeriscape applications in metropolitan contexts such as Istanbul is directly linked to the implementation of regular, data-driven, and scientifically grounded maintenance strategies. Maintenance operations—including irrigation scheduling, pruning, fertilization, and pest–disease control—must be systematically designed according to the ecological requirements of selected plant species and the seasonal variability of local climatic conditions. Within this framework, adaptive maintenance planning based on environmental data (e.g., evapotranspiration rates, soil moisture content, and phenological cycles) ensures both ecological resilience and efficient resource management.
Empirical analyses demonstrate that the selection of native and naturalized species with inherently low fertilizer and pesticide requirements significantly reduces the ecological footprint of landscape management (Torun Kayabaşı, 2018). Indigenous flora contributes to the stability of local ecosystems by supporting beneficial soil microorganisms, enhancing pollinator networks, and reducing susceptibility to invasive species. Consequently, the integration of native plant communities not only minimizes maintenance inputs but also strengthens the ecological integrity and biodiversity of urban green systems.
Furthermore, digital monitoring systems have emerged as a critical component of sustainable landscape maintenance. The integration of Internet of Things (IoT)–based sensors and Geographic Information Systems (GIS) facilitates real-time tracking of water consumption, soil parameters, and vegetation health. These data-driven systems enable the optimization of irrigation schedules and fertilization regimes, reducing unnecessary inputs while maintaining plant vitality. Automated data collection and analysis also contribute to the long-term evaluation of maintenance efficiency and environmental performance, supporting evidence-based decision-making in municipal landscape management.
Maintenance optimization is particularly relevant for urban xeriscapes where resource scarcity and high user density intersect. Statistical assessments from comparable climatic regions indicate that precision irrigation systems integrated with soil moisture sensors can achieve up to 40–60% reductions in water use, aligning with best global practices in drought-resilient landscape management (UN-Habitat, 2022). In the context of Istanbul, where precipitation irregularities and evapotranspiration rates are projected to increase under RCP 8.5 scenarios, such efficiency gains are essential for ensuring the adaptive capacity of urban green infrastructure.
In terms of spatial design, the configuration of landscape elements directly affects maintenance frequency and intensity. Fragmented turf areas, for instance, demonstrate higher water and nutrient demands compared to consolidated or reduced-lawn designs. The strategic limitation of turfgrass to small-scale, functional zones, such as recreational pockets or transitional spaces, can therefore contribute substantially to maintenance efficiency. Similarly, minimizing the use of seasonal ornamental plants in traffic medians, roundabouts, and roadside strips reduces both water consumption and maintenance costs without compromising visual quality. Empirical GIS-based analyses of pilot sites within the city show that maintenance inputs decrease proportionally with the reduction of high-water-demand vegetation zones, confirming the positive correlation between xerophytic design strategies and resource conservation.
Sustainable maintenance also involves a systemic approach to nutrient management. Controlled-release organic fertilizers, applied based on soil nutrient mapping, prevent nutrient leaching and groundwater contamination. The periodic assessment of soil organic matter and microbial activity provides essential feedback for refining fertilization regimes. This adaptive feedback loop—integrating soil data, plant health indicators, and climatic parameters—constitutes a resilient maintenance model suitable for Mediterranean-climate cities like Istanbul.
Moreover, pest and disease management in xeriscapes benefits from integrated ecological approaches rather than conventional chemical control. Biological control agents, companion planting, and habitat diversification reduce the incidence of pest outbreaks, while minimizing environmental toxicity. Data collected from experimental xeriscape plots indicate that natural enemies of common urban pests (such as aphids and thrips) increase in abundance where native shrubs and flowering perennials are incorporated into the design. Thus, ecological maintenance not only preserves ecosystem services but also contributes to the long-term stability of plant communities.
Ultimately, the scientific maintenance of xeriscapes must be understood as a dynamic process—continuously informed by monitoring, data evaluation, and performance indicators. The transition from reactive to proactive maintenance, supported by digital tools and ecological databases, represents a paradigm shift in urban landscape management. In the context of climate-adaptive design, such data-driven maintenance frameworks ensure that xeriscape systems remain functionally and aesthetically resilient over time, while minimizing inputs and maximizing ecological benefits.
5. Discussion
For cities to become sustainable and resilient, blue-green infrastructure elements must be addressed not only in terms of aesthetics or short-term functions, but within the framework of a holistic ecosystem approach. These elements should be considered integral components of the urban ecosystem, and the preservation and enhancement of ecological integrity should be prioritized in planning processes. Planning that ignores ecological concerns and focuses solely on current needs causes irreparable damage to the natural and cultural environment and jeopardizes long-term sustainability goals. The fundamental reason for the growing impModeratence of sustainability discussions today is the environmental problems caused by short-term and non-ecosystem-focused decisions made in the past.
Future-oriented strategies should be designed to safeguard ecological, social, and economic needs; they should be supported by nature-based solutions and implemented within the framework of the principle of spatial justice that considers ecosystem services. This approach parallels the transition from ‘governance’ to ‘governance’ in modern democratic countries; that is, participatory processes that take into account the views of all stakeholders play a decisive role in the sustainability of cities (Keulartz et al., 2004). The development of landscape policies should be based on data-driven, geographical, and hydrogeological analyses; the integration of green and blue infrastructure should be strengthened; and participatory planning processes should be carried out with the involvement of local communities, experts, and decision-makers. This approach is critical for the protection of natural resources, increasing the efficiency of their use, and developing existing capacity. This process represents not only a response to environmental crises, but also the courage to build a more equitable, livable, and resilient future. The literature clearly shows that the expansion of human settlements has serious impacts on biodiversity (Miller & Hobbs, 2002; Stenhouse, 2004). The loss of natural ecosystems within and adjacent to city boundaries poses risks to public health and quality of life (Binning et al., 2001). The size, shape, and spatial distribution of green spaces have a decisive impact on the thermal environment and microclimate. Climate change, in particular, has critical effects on urban water resources (NASA, 2021; Lowhoni et al., 2018; Bates et al., 2008; Hassamancıoğlu, 2021). 
Studies conducted specifically in Istanbul reveal the ecological and thermal effects of rapid urban growth and provide the necessary information for sustainable urban planning (Ciğerci et al., 2024). Furthermore, the implementation of nature-based solutions in cities to mitigate the effects of climate change offers holistic solutions to ecological problems as well as social needs (Baykar, 2023). Policies that encourage AI innovation, support corporate well-being, and foster international technology transfer are important (Bergougui,2025). 
Due to a lack of data at the district level, solutions have been developed for Istanbul as a whole, but the need for collaboration between ecologists, social scientists, urban planners, and local governments for implementation has been emphasized. In conclusion, designing urban landscape strategies with a holistic approach that considers ecosystem services, optimizes water and natural resource management, and prioritizes stakeholder participation is critical for Istanbul's future vision of a sustainable and resilient city.
6. Conclusion
In addition to policies implemented on a global scale, developing action plans at the local and regional levels in harmony with ecological, socio-economic, and cultural structures is critical for the future of landscape planning. Climate action plans should be prepared for each city based on its unique topography, bioclimatic data, vegetation cover, water resources, and social structure.  The preparation of climate action plans should not be merely a technical process; it should also be the product of a participatory, multi-stakeholder, and transparent governance model. These plans should be shaped with the active participation of academic circles, local governments, civil society organizations, private sector representatives, and the public; they should be reviewed and updated at regular intervals and shared openly with the public.
The integration of locally initiated applications with national strategies ensures that climate-focused landscape policies are reinforced by a sustainable governance model. Social awareness, climate literacy, and public participation are decisive factors in the effectiveness and social acceptance of climate policies. In this context, educational programs, media campaigns, and digital information tools should be considered fundamental components of social transformation. Making water consumption plans mandatory in landscape projects and prioritizing plant species with low water requirements is a strategic necessity for climate adaptation. Financial and technical incentive mechanisms that support the production of native and natural plant species will increase ecological compatibility while reducing dependence on imported species. In this regard, reorganizing nursery policies based on regional flora analyses is critical for protecting biological diversity and promoting ecological landscape design.
Additionally, promoting native plant species through digital databases and interactive platforms will strengthen knowledge-based planning processes by facilitating access for designers, researchers, and decision-makers. The integration of technological innovations (remote sensing, data analytics, smart water management, etc.) into landscape planning processes will support the establishment of a measurable and controllable understanding of sustainability. 
Ultimately, the arid landscape approach should be considered not only an ecological necessity but also an ethical responsibility. Holistic, interdisciplinary, and participatory approaches developed in the case of Istanbul can serve as a model for efficient water resource use, green space management, and climate change adaptation. Thus, it will be possible to build climate-resilient, livable cities through nature-based solutions.
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