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Abstract

:

Byblos, designated as a UNESCO World Heritage site, stands as one of Lebanon’s most ancient urban centers, known for its expansive green spaces. However, ongoing urbanization threatens these valuable areas. This study uses a multi-faceted approach to evaluate the structure and landscape attributes of Byblos’ urban and peri-urban forests (UPFs). Landscape canopy cover, diversity indices, forest structure, and a silhouette perceptual test were assessed across 24 streets in the city center, residential zones, and areas with heavy vehicular traffic. Findings reveal that 28% of Byblos’ canopy cover is concentrated mostly in the northeastern region. Native tree species account for 30% of the total, and a notable variation in tree diversity exists among different land-use types (Shannon diversity index (H) was 1.02 for the city center, 1.35 for residential streets, and 0.64 for vehicular areas). Additionally, a normal J-shaped distribution of tree diameters was identified across all street types. This study highlights a correlation between tree silhouettes and visual preferences, with densely spreading canopies being favored. Residential trees demonstrate the highest structural diversity and varied blossoming seasons. This research represents the first investigation into the current state of urban forestry in Byblos and offers recommendations for sustainable management and planning strategies.
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1. Introduction


Nowadays, more than half of the world’s population already lives in cities, and this proportion is anticipated to rise to 70% by 2050 [1]. Rural–urban migration resulted in rapid urbanization, and people began settling in the cities and their surroundings. This increased the number of surfaces made of asphalt and other hard materials [2], which had a severe impact on natural ecosystems and might have even led to a radical loss in these ecosystems [1,3]. Although urban spaces cover only 2% of the surface of the earth, they emit considerable amounts of greenhouse gases and more than 70% of global CO2 emissions; this is due to the heavy use of fossil fuels for transportation, heating, etc. [1,4].



To effectively address urban challenges, urban and peri-urban forests (UPF) can play a vital role in promoting the sustainability and livability of future cities. Specifically, preserving and advancing urban and peri-urban forests, as well as fostering the sustainable provision of ecosystem services (ES) from UPFs, are critical to ensuring the well-being of present and future generations [5]. In this context, the preservation and enhancement of urban nature are critical for ensuring urban dwellers’ health and improving their general quality of life [5,6], as well as ensuring the integrated and systematic management of trees in urban and peri-urban areas, maximizing their contribution to the physiological, sociological, and economic well-being of urban society [7]. Rooted in North America with a rich history spanning over four decades, the concept of UPFs gained momentum in the United States during the 1970s as environmental concerns intensified [8].



The advantages of UPFs are well-documented, with studies demonstrating their ability to improve air quality, regulate temperature, and mitigate noise pollution [9,10,11]. These benefits translate into tangible improvements in human health, reducing respiratory problems, cardiovascular risks, and psychophysiological stress levels [12]. Moreover, UPF and afforestation projects enhance the overall quality of life by creating aesthetically pleasing spaces that foster social interaction, recreation, and a sense of community [13,14].



The economic benefits of UPFs are equally compelling. Studies have shown that UPFs can increase residential property values, boost tourism, and attract businesses, leading to job creation and economic growth [14]. Additionally, UPFs can reduce an area’s overall energy demand by providing shade and insulation, and lowering heating and cooling demands [15,16].



Despite the wealth of evidence supporting the benefits of UPFs, most studies have focused on cities in the Global North [17]. In the Global South, particularly in the Middle East and North Africa (MENA) region, where climate change is exacerbating existing challenges such as rising temperatures, prolonged droughts, and increasing urbanization, UPF research is relatively limited.



The MENA region is particularly vulnerable to the impacts of climate change, with scarce water resources facing additional strain from population growth, socioeconomic development, and urbanization [18]. These factors pose serious risks to lives, biodiversity, financial stability, and human security. It is expected that the challenges will worsen in the future, especially since the MENA region is one of the regions most vulnerable to climate change impacts [19].



Recognizing the urgency of the situation, countries in the MENA region have initiated several UPF projects, drawing inspiration from successful initiatives elsewhere. A 2016 report by The Nature Conservancy, a prominent US environmental NGO, highlighted the role of urban tree planting in reducing air pollution and heat stress. This report has spurred several UPF projects in the MENA region, with one of the most ambitious being Saudi Arabia’s Riyadh Green Plan. This visionary initiative, aligned with Vision 2030, aims to plant 7.5 million trees in the capital, transforming it into a sustainable and livable city [20].



Apart from various urban forestry projects in the MENA/NENA region, Lebanon stands out as a country with a limited number of studies on urban forestry planning [21]. According to a UN-Habitat report [22], Lebanon’s cities are experiencing a population surge, leading to haphazard and unregulated urban sprawl. This has resulted in additional environmental issues, including shrinking green spaces, water contamination, car-centric transportation, and reliance on non-renewable energy sources. Additionally, climate change has yet to receive the attention it deserves from Lebanon’s national authorities. While its effects may seem mild, Lebanon is witnessing longer, hotter summers; decreased winter snowfall; and dwindling water resources—clear indications of climate change’s social and environmental ramifications [23]. To address these concerns, a sustainable environmental solution is imperative. While a few UPF projects have been implemented in Beirut, such as the Beirut River Forest, they have not been fully completed.



Several cities need to enhance their urban forestry planning in this context. For instance, Byblos, one of Lebanon’s most captivating cities and the world’s oldest continuously inhabited city listed on the UNESCO World Heritage List, faces numerous challenges. This mesmerizing town boasts a rich tapestry of cultural and natural features, including coastlines, beaches, agricultural lands, and orchards, contributing significantly to its allure and defining its landmarks [24]. However, Byblos’s topography has undergone significant alterations over time, with the city expanding eastward up the hills in an uncontrolled manner, neglecting the precious green spaces that once dotted its landscape [24]. Consequently, only one large green area in the north of the city has been preserved. This neglect has led to a loss of biodiversity and the emergence of pressing issues such as waste and sewage contamination of rivers and aquifers, flooding, and wastewater.



Furthermore, Byblos faces microclimate challenges due to its growing tourism sector and economic importance. Despite a doubling in visitor numbers over the last decade, the city lacks adequate public spaces for rest and exploration, leaving visitors uncomfortable during hot days and pushing residents to rely on cars for transportation, thereby severing their connection with nature.



Recognizing the scarcity of studies in this area, this research aims to fill the gap by focusing on the following objectives:




	
Understand the ecological characteristics that contribute to the diversity and resilience of Byblos’s ecology.



	
Analyze the landscape components that influence the visual guidance and aesthetic value of Byblos.



	
Develop recommendations for the implementation of a UPF project in Byblos that aligns with urban forestry principles and the city’s identity.









2. Materials and Methods


2.1. Site Analysis


2.1.1. Overview of Byblos


The city is part of the Byblos district, which consists of 84 towns, and is surrounded by Hboub, Edde, Amchit, Qartaboun, and Blat. The city’s area is around 8 km2. Since Byblos is situated next to the sea, its altitude ranges between 0 m and 350 m (Figure 1).



As one of the oldest continuously inhabited villages in the East, dating back more than 7000 years, Byblos has many hidden layers that offer great knowledge about its historical story and the footprint of every civilization that lived there—whether Romans, Greeks, Persians, or others [25]. The cultural heritage embedded in this city not only made it a pole of attraction in Lebanon but also contributed to it being registered on the UNESCO World Heritage List in 1984, as it fits three of their criteria: Criterion (iii): Byblos bears exceptional testimony to the beginnings of Phoenician civilization; Criterion (iv): In existence since the Bronze Age, Byblos provides one of the primary examples of urban organization in the Mediterranean world; and Criterion (vi): Byblos is directly and tangibly associated with the history of the diffusion of the Phoenician alphabet (on which humanity is still largely dependent today), with the inscriptions of Ahiram, Yehimilk, Elibaal and Shaphatbaal. The city is located midway between Beirut and Tripoli, which makes it easily accessible for tourists, visitors, and residents. Its location next to the Mediterranean Sea adds even more touristic value to the site. Figure 1 shows the road map of Byblos; however, the core part of the old city of Byblos is only open to pedestrians, specifically at night, to preserve its enchanting spirit.




2.1.2. Urban Development in Byblos


Byblos, originally a small coastal village, has grown over time to become a vibrant hub of residential, archaeological, and tourist activity. As the city’s economic and tourist appeal has increased, its infrastructure has adapted to accommodate growth while preserving the value of its historical landmarks. Byblos is now a thriving destination for regional and international visitors, with residential areas expanding to the city’s eastern region, while the western part is primarily used for agricultural and tourist purposes.




2.1.3. Demographical and Social Aspects in the City of Byblos


Byblos is renowned for its harmonious coexistence of multiple religions, particularly between Christians and Muslims. Boasting a population of roughly 40,000, Byblos is home to 28,486 Lebanese residents [26]. The remaining residents are comprised of Armenian, Syrian, and other nationalities. Social groups within Byblos are situated in social nodes located throughout the old city and a small area in the east. Workers can be found in commercial areas, while the younger demographic and tourists can be found frequenting the old port, souks, and restaurant-lined streets [24,26] (Figure 2).




2.1.4. Byblos Landscape Assets


Byblos boasts a rich and varied landscape, encompassing a diverse coastline, river valleys, beaches, fertile orchards, and thriving agricultural areas. The city’s natural heritage is a source of great pride for its residents [24]. Moreover, the municipality of Byblos reported Al Chamiye Beach as a pristine coastal reserve of remarkable ecological importance, captivated many scholars by its vibrant biodiversity. The abundance of life in Byblos extends from the shoreline to its rolling hills, where a vast expanse of woodland is nestled in the northeast of the city.





2.2. Methodology


The research comprised two stages: an initial macro-scale phase aimed at evaluating the canopy forest and diversity of the urban forest in Byblos, followed by a micro-scale phase focused on appraising the structural and aesthetic features of the urban forest, as shown in the methodology framework (Figure 3).



A random-sample point analysis conducted with i-Tree Canopy was employed at the macro-scale level to assess tree canopy cover in Byblos. This analysis, along with Land Use Land Cover (LULC) maps from the National Council for Scientific Research–Lebanon CNRS (2022) [27], were used to quantify fragmented and intact green spaces and calculate the urban area’s permeability. Tree species richness, diversity, and connectivity metrics were computed via Fragstats software version 4.2, employing rasterized land-cover and land-use maps sourced from CNRS 2022.



On a street scale, to assess the tree composition and structure, twenty-four streets were selected for sampling, across the city center (nine streets), residentially (eight streets), and on vehicular streets (seven streets). The selection criteria were established on the parameters of usage, visitor frequency, and the expression of Byblos’s identity. Streets were categorized based on their functional utility, prioritizing those exhibiting the highest visitor rates and symbolic significance to Byblos. The sampled streets are highlighted in Figure 4.




2.3. Forest Landscape Ecological Values


Ecological characteristics of the species were assessed according to their importance in providing better biodiversity and fostering urban resiliency.



The diversity index was assessed since species diversity is critical in promoting a healthy and resilient urban forest. Moreover, urban tree diversity gives urban forests the capacity to react to current and upcoming pressures and threats. Thus, the indexes of diversity are the richness index (RI), the Shannon–Wiener index (SWI), and the Simpson index (SI), as used in previous studies [28,29].
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where RI is the richness index, S is the number of species present,     N   i     is the number of trees of a specific species, and   N   is the total number of trees present.



The second index used is the evenness index, which provides valuable information about the stability of the ecosystem and the distribution of the species.
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where EI is the evenness index, S is the number of species present,     N   i     is the number of trees of a specific species, while   N   is the total number of trees present.



All the ecological indicators were also applied via Fragstats software version 4.2, to assess them all over Byblos.




2.4. Forest Composition and Structure


During the field visits, a tree inventory of the streets of Byblos was carried out. Tree measurements, such as DBH (diameter at breast height), height, and crown area, were gathered for trees that could be seen by visitors along the sampled streets. DBH was measured using a measuring tape and projecting the sampled points from the periphery of the canopy to detect its area, and the height was assessed by using the GLOBE Observer app. These measurements were sorted into four categories (as shown in Table 1) to gain insight into the types and distribution of trees. Evaluating the existing trees is an important aspect of assessing UPFs, so it is essential to understand the composition of the site and the condition of its trees. During the field visits, measures of DBH, height, and crown area were performed on trees that were visible to the visitors, whether they were directly on the sidewalks or a few meters away [30].




2.5. Landscape Structural Diversity


By assessing the structural diversity of trees on selected streets, we aimed to comprehend the complexity and diversity of the urban forest in Jbeil, as it is linked to emotional responses to the landscape. The indexes used are the form mingling index (FMI), which describes the diversity of the form of neighbor trees compared to the reference tree, and the height dominance index (HDI), which is useful for describing the dominance of the height of the reference tree compared to the eight closest neighboring trees. These indexes were calculated based on eight neighboring trees that were the closest to the reference tree, instead of four neighboring trees, due to the long streets and the abundance of trees [31,32].



The form mingling index:
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where FMI is the form mingling index, i is the reference tree, and j refers to the closest trees. When the neighbor j is not the same species as the reference tree i, then     v   j     = 1; otherwise,     v   j   = 0  . The interpretation of the FMI values is as follows: no mixture (FMI = 0); low mixture (FMI = 0.25); medium mixture (FMI = 0.50); high mixture (FMI = 0.75); and complete mixture (FMI = 1.00).



The height dominance index:
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where HDI is the height dominance index, i is the reference tree, and j refers to the closest trees. When the neighbor j is different than the reference tree i, then     T   j     = 1; otherwise,       T   j   = 0  . The interpretation of the U values is as follows: predominant (HDI = 0); subdominant (HDI = 0.25); medium (HDI = 0.50); disadvantaged (HDI = 0.75); and absolutely disadvantaged (HDI = 1.00). The trees on the streets were represented visually and grouped by a minimum of 5 trees and a maximum of 13. The tree in the middle is considered the reference tree, and the calculations of the form mingling index and height dominance index were applied. Figure 5 shows how this was represented.




2.6. Silhouette and Perceptual Testing


A survey combining verbal questioning and landscape profile photographs (26 photos) was conducted in Byblos to understand forest landscape preferences in both the core and peri-urban areas. One hundred people, including residents and visitors, participated in the survey. The survey adopted a random sampling methodology to ensure a representative sample of the Byblos population. This approach included residents of Byblos alongside visitors, encompassing a broad age range from 18 to 64 years and older. This strategy aimed to capture the perspectives of various generations within the Byblos community. To ensure accessibility, those unfamiliar with technology were surveyed in person, while others completed the survey online. Moreover, 46% of the participants in this survey were residents of Byblos, while the rest were visitors, tourists, or workers from the neighboring villages. Regarding gender distribution, 52% of the participants identified as female, and the remaining 48% identified as male.



On the perceptual testing level, the landscape sceneries were evaluated through visual representation so we could determine the silhouette value of the landscape [32]. Landscape sceneries were shown to volunteers to assess their aesthetic quality. The landscape sceneries were representations of the sampled streets; the silhouette of the trees was used and classed in the same order as reality; and all sceneries were in black and white to encourage people to focus on the shapes of the trees, as tree colors are known to cause differences in perception [33]. After explaining the aesthetic function and the silhouette effect to the volunteers, they were asked to rank the silhouette effect using a 10-point scoring system. As for the silhouette value, Excel software version 2403 was used for statistical analysis to assess the scores given by the participants for each landscape scenery. Once the silhouette scores were calculated, a correlation test took place between the silhouette, FMI, HDI, and FMI + HDI.





3. Results


3.1. Canopy Cover


Byblos’s canopy cover ranges from 28% to 30%, as estimated by the ArcGIS 10.8 application (Figure 6), with an i-Tree Canopy rating of 27.63 ± 1.58 SE. The northeast and east areas of the city have the highest amount of canopy cover. On the other hand, the residential area situated in the western part of the city only has 11% coverage. In terms of impermeability, approximately 71% of the area in Byblos is covered by both continuous and discontinuous urban fabric. The majority of the impermeable surface is located in the west, southwest, east, and southeast regions of the city.




3.2. Forest Landscape Ecological Values


The Shannon diversity index represented a value of SWI = 2.05, while the Simpson diversity index scored SI = 0.75 and the evenness index scored EI = 0.66. Among all surveyed areas, residential streets exhibited the highest diversity, as indicated by values of 5.75 for the richness index (RI), 1.35 for the Simpson diversity index (SWI), and 0.66 for the Shannon diversity index (SI). Additionally, residential streets attained the maximum evenness with an evenness index (EI) value of 0.8. Comparatively, the city center streets demonstrated slightly lower richness (RI = 5.56) than residential streets, and there were notable distinctions in the diversity indexes of Shannon (0.95) and Simpson (0.47). The evenness index for city center streets was recorded as EI = 0.56. Conversely, the thoroughfares with vehicular streets exhibited the lowest values across all four indexes (Table 2). The contiguity results indicated that, with the exception of the clear mixed wooded lands (0.4) and the clear broadleaved wooded land (0.28), all classes demonstrated high values.




3.3. Tree Species and Composition


The forest in Byblos showed a diverse array of trees, encompassing ornamental, evergreen, and fruit varieties. We found 56 tree species present in the surveyed streets of Byblos, and of those, 17 were native to the region, such as Nerium oleander and Cupressus sempervirens, while the remaining species were non-native, including Ceiba speciosa, Jacaranda mimosifolia, and Delonix regia, among others. The diversity of the tree species generally followed the 10–20–30 rule of Santamour (1990) [34], except for Nerium oleander, which exceeded the recommended 10% to 15% threshold. The diversity of trees in the city center streets was significantly higher than those in the streets with heavy car traffic and in residential areas (Figure 7). Within the city center, the number of trees per street varied from 18 to 76, typically encompassing a range of 4 to 16 distinct species. Streets experiencing heavy traffic contained 11 to 33 trees, commonly featuring only 2 species per street. In residential zones, the tree counts per street ranged from 5 to 21, highlighting a diversity of 4 to 9 species on each street (Figure 7).




3.4. Forest Composition and Structure


The city center streets exhibited one of the narrowest ranges of diameter at breast height (DBH) values, spanning from 34.9 cm to 99 cm, with heights ranging from 4.9 m to 8.4 m, and possessed the lowest crown area. In contrast, vehicular highly circulated streets displayed the widest range of DBH values, extending from 44.5 cm to 197.5 cm. These streets showcased both the shortest and tallest tree heights, ranging from 3.5 m to 13.9 m. Additionally, vehicular highly circulated streets had the highest average crown area of 65.7 m². As for the reversed J-shaped distribution, it was found in several indicators like the height (c1: 75, c2:22,c3: 3, c40) and the crown area (c1:60, c2:35, c3:3, c4:1) in the city center; the crown area (c1:75, c2:16, c3:10, c4:0) in the highly circulated streets; and the height (c1:49, c2:27, c3:18, c4:6) in the residential streets. In all streets, the first class (c1) had the highest value, and the rest of the classes had decreasing values, respectively.



One of the distributions fit the J-shaped type—the DBH (c1:6, c2:6, c3:28, c4:61). In the residential streets, it started with a low value in c1 and started increasing until it reached its highest value in the last class, c4. The last distribution type was the inversed J-shaped, like the height (c1:39, c2:37, c3:17, c4:7) in the vehicular highly circulated streets, and in the crown of the residential area (c1:36, c2:46, c3:17, c4:1), where they start at constant values and then begin decreasing.



Classification by Classes


Figure 8 shows the percentages of different classes of DBH, height, and crown. We detected several types of distribution: approximately normal distribution, J-shaped, reversed J-shaped, and inverted J-shaped. We found a normal distribution in the DBH in the city center streets (c1:6, c2:30, c3:33, c4:32) and the DBH in the vehicular highly circulated streets (c1:1, c2:18, c3:46, c4:35), where they started with a low value, reached the highest value in the middle and then decreased.





3.5. Landscape Assessment


3.5.1. Silhouette and Perceptual Testing


Our analysis revealed that Landscape 14, located within the residential streets, exhibited the highest levels of both forms of the mingling index and the height dominance index. The streets of the city center demonstrated lower scores in terms of structural diversity, with most of the sampled streets exhibiting low values for the height dominance index but higher values for the form mingling index. In highly circulated areas, several streets scored poorly on the form mingling index, with some even scoring 0.5 or lower on the height dominance index (Figure 9).



The perceptual test revealed landscape silhouette values ranging from 4.9 to 7.7 (as seen in Table 3). Interestingly, landscapes with the same species had different scores. For instance, Landscape No. 19 (Figure 10), with columnar-shaped trees of varying heights, scored the lowest (4.9). Meanwhile, Landscapes No. 9, 21, and 23, with the same species but with round or irregular crowns, scored higher at 6.4, 6.5, and 6.5, respectively. Landscape No. 2, with the same species but slightly different heights and a V-shaped crown, received the highest score of 7.7.



Large trees of different species and crown shapes, like those found in Landscapes 11, 14, 20, and 24, scored between 6.4 and 7.2. On the other hand, smaller trees, like those in Landscapes 10 (7.3) and 12 (6.3), were also well-regarded by participants. Trees clustered within the same species, as seen in Landscapes 17 and 18, attained scores of 7 and 6.4, respectively. Conversely, Landscapes 7 and 8, showcasing a mixture of species and forms, received lower scores of 6.1 and 5.9. To prove a relation between the form of the trees, their height, and their silhouette scores, a Pearson correlation was applied. There was a positive correlation between the form mingling index and the silhouette perceptual scores, as well as between the height dominance index and the silhouette perceptual scores as shown in Table 4. The combination of HDI and FMI had a more pronounced impact on visual preference, showing a correlation of 0.37 with the silhouette perceptual test.




3.5.2. Blossoming Monthly Statistics


Each area’s monthly statistics are represented in Figure 11, indicating the abundance of colors in Byblos during the seasons, based on the species sampled in each street.



In residential streets, 30 distinct tree species were identified, primarily blooming in spring from mid-March to mid-June. In the city center, 30 tree species, mostly evergreen, bloom from April to August. Highly circulated streets feature only 14 tree species, mainly evergreen, with limited visibility of spring blossoming.






4. Discussion


As urbanization accelerated in Byblos City, vegetation that once facilitated permeability was supplanted by impervious surfaces [35]. This change led to insufficient drainage and heat dissipation, ultimately contributing to an increase in urban flood disasters [35]. With climate change, extreme rainfall events are becoming more frequent [36], exacerbating the problem. Some incidents related to urban floods have been reported, including in November 2017 when water filled the walkways of the old city, and in January 2019 when stormwater caused damage to the water drainage channels, resulting in financial loss [24]. Byblos still has a large green area (28%); however, it cannot act as a sponge to retain stormwater since it is located in the northeast part of the city. Byblos boasts a significant green area (28%); however, its capacity to retain stormwater is limited due to its location in the northeast part of the city. Nevertheless, when specifically considering the canopy cover, the values align with the established benchmark of 20%, as determined by UPF guidelines [1]. In many cities, the typical green infrastructure ratio hovers around 16.8% [37]. Despite this accomplishment, only 11% of the green infrastructure is situated in the city center, underscoring the need to establish green corridors that connect these smaller green spaces with the larger expanses in the north. Such an approach not only facilitates the movement of flora and fauna but also fosters increased biodiversity within the city, particularly given the current low connectivity of wooded areas [38,39].



Byblos boasts a diverse selection of tree species. It has carefully curated a mix of both native and exotic trees, with native species abundance making up 47% of the plantation—a figure in line with UPF guidelines [1]. The city center, being a prominent tourist destination, strategically incorporates specific plants like Ceiba speciosa for ornamental purposes and culturally significant species like Olea europaea and Nerium oleander, which evoke the Roman era in Byblos [40]. This deliberate selection of trees to reflect Byblos’ cultural heritage underscores the existence of a comprehensive management plan. The combination of both evergreen and deciduous species in Byblos City, both of which play a vital role in purifying the air and sequestering carbon, add visual interest to the landscape of Byblos [41,42]. Notably, the city center and residential area demonstrate nearly identical richness indices, each with thirty species of trees lining their streets. The richness indicator in this research presented a value ranging between 3.14 and 5.75, which shows good diversity compared to the richness index values of core areas in three villages in China (Guangzhou, Foshan, and Zhuhai), which demonstrated 3.27, 5.05, and 4.69, respectively [27]. Though Alvey [43] reported that, traditionally, urban forest areas have been regarded as locations of low biodiversity that are dominated by non-native species, evidence from this study, as well as from published information, suggests that urban and suburban areas can contain relatively high levels of biodiversity [44,45].



This suggests a well-balanced composition, leading to a stable and resilient urban forest that is not only richer in fauna but also provides residents with a broader array of benefits more effectively [46]. This diversity serves to minimize the risk of species-specific pests and diseases, making it a valuable asset [47]. However, thoroughfares with heavy vehicular traffic tend to exhibit lower species diversity and richness indices. This phenomenon stems from the prevalent practice of planting the same species along highways for visual consistency and ease of maintenance, resulting in a monotonous landscape [48]. Increasing diversity in vehicular roads is crucial, as a variety of plant species can offer a range of ecosystem benefits [48]. To achieve this, it is recommended to plant more tree species, particularly those that are native and can provide significant benefits such as pollination, erosion control, and soil stabilization. This approach can also create pathways that connect isolated habitats, promoting gene flow and improving population connectivity for plants, animals, and seeds [48]. According to studies conducted by Modlingerová et al. (2012) [49] and Bandara and Dissanayake (2021) [50], trees along roadways are expected to endure environmental pollution. Therefore, it is important to select appropriate types of trees that can reduce pollution and absorb noise.



The distribution of tree diameters (DBH), heights, and crown areas within the city center streets exhibits a normal distribution J shape, which is considered the most stable pattern for urban forests. The presence of a significant number of trees in medium-sized classes contributes to maintaining community stability, while the presence of both small- and large-sized classes ensures a balanced transition from younger to older trees [51]. Residential and vehicular highly circulated streets exhibit an abundance of medium and large diameters. The prevalence of Olea europaea and Pinus halepensis in the residential area can account for the high abundance of trees in the larger diameter at breast height (DBH) classes. The low percentage of trees falling into the small DBH classes suggests a lack of initiative to introduce new trees to these streets. However, it is important to note that one of the primary objectives of urban and peri-urban forests (UPFs) is to promote the physical and emotional well-being of residents [52]. Urban forests with elevated rates in large DBH classes can also support local livelihoods, improve community cohesiveness, and strengthen urban dwellers’ connection to nature, as well as improve it.



The city center streets feature a moderate level of structural diversity, displaying various shapes and minimal variations in height. This diversity primarily stems from the types of trees planted rather than their growth patterns. On the contrary, residential streets exhibit high levels of structural diversity, largely influenced by the shapes of the trees and, to a lesser extent, their heights. Conversely, vehicular streets tend to have less structural diversity as they are often dominated by similarly sized trees, with variations in height being the main factor contributing to any observed diversity.



The significance of the largest blossoming season in the central area lies in its ability to attract people and visitors to the heart of the city, where most heritage sites and attractions are located. The colorful spaces and variety of species can have a positive impact on visitors’ perceptions; therefore, they can generate feelings of enjoyment, self-esteem, and motivation, driving them to revisit the city [53]. The residential area has more deciduous trees than evergreen ones, creating a stronger connection between residents and nature. Warm colors in this area can generate feelings of comfort, power, and passion [54]. Residents can witness the natural cycle of the trees, experiencing the changing colors, falling leaves, and new growth in the spring. Highly circulated streets are mainly planted with evergreen species, providing drivers with pleasant scenery and a sense of security while also reducing driving-related stress [55].



The findings from the perceptual tests align with previous research on the impact of tree shapes on preference, which consistently demonstrates a preference for broad canopies, including spreading and globular canopies. This is likely due to the perception of spreading canopies providing protection [56]. Moreover, numerous studies have compared the shapes of trees and found that people prefer a spreading canopy over a round shape, while the conical shape is the least favored [56,57]. Our analysis indicates that the shape of the tree has a greater influence.



4.1. Recommendations


Based on the results gained from our multi-faceted approach, this study presents actionable recommendations to address key issues concerning Byblos’ urban landscape. In particular, the following recommendations aim to enhance the city’s green infrastructure, leading to improved environmental quality and resident well-being:




	-

	
The city of Byblos can enhance its canopy cover to a minimum of 30% by connecting the wooded lands in the north of the city to the smaller patches distributed throughout. The incorporation of man-made urban corridors or roads can increase the city’s biodiversity and resilience by connecting green spaces within the city.




	-

	
To improve stormwater management, the city can implement new trees of medium size along the streets. These trees can aid in retaining water from drainage channels by transpiration and interception, reducing throughfall, and increasing infiltration.




	-

	
New implementation projects ought to be carried out in residential and highly circulated areas, with a selection of trees that fit the intended function. The trees planted should ideally reduce pollution and absorb noise while tolerating environmental difficulties. A mix of medium and small trees should be utilized to ensure long-term sustainable UPFs.




	-

	
A management plan that includes residential streets, not just tourist ones, should be applied to enhance and maintain tree health in Byblos. Residential streets have a significant impact on urban dwellers’ health and well-being, and therefore, the 3–30–300 rule could be applied [58]. This rule suggests that every resident should be able to see three trees from their house, each neighborhood should have 30% canopy cover, and the nearest high-quality green public space should be 300 m away.




	-

	
Encouraging eco-roofs has numerous benefits. For one, it can offer green spaces for building residents while also being open to public use through collaboration between private owners and the municipality of Byblos. This initiative can significantly increase public green spaces in residential areas of the city. Eco-roofs can form a steppingstone for connectivity in Byblos while increasing its canopy cover. They can also reduce the flow of stormwater. Eco-roofs can be connected to green spaces or the base of trees where the water would be retained by the tree, and not added to the drainage system.










4.2. Study Limitations


The study acknowledges a limitation regarding the number of sampled streets. While a more extensive sample could have enhanced the study’s external validity, constraints in resources and time dictated the final sample size. The findings should be interpreted within the context of this limitation, recognizing the potential impact on generalizability.



The present study primarily focused on tree silhouettes, regardless of their specific placement on different types of streets. However, it was inherently limited in terms of the depth of contextual information gathered. As a result, certain nuanced factors associated with street and building contexts influencing residents’ preferences may not have been fully explored.





5. Conclusions


The outcome of this research has established foundational data on urban and peri-urban forests within Byblos City. This information can serve as a basis for developing a comprehensive tree species database for the region. The research has also highlighted the potential of urban and peri-urban forests in conserving biodiversity and offering crucial products and services for environmental management, economic empowerment, and social welfare within the community. An improvement in the connectivity between the rural part in the north and the rest of the city and an increase in biodiversity based on a specialized selection of trees is required. At the landscape level, the diverse scenery in Byblos, characterized by a variety of blooming colors and shapes, offers valuable insights for future studies focused on visually guiding trees based on their silhouette values and perception. This exploration could potentially lead to the establishment of guidelines for selecting and placing trees based on their visual characteristics. Additionally, future research could explore connectivity strategies aimed at enhancing the linkages between pocket green spaces, especially in urban areas where grey infrastructure dominates the landscape. These strategies could facilitate biodiversity restoration and contribute to the overall environmental quality of urban settings.
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Figure 1. (a) The location of Byblos, (b) the topography of Byblos, retrieved from National Council for Scientific Research–Lebanon (CNRS) 2022, (c) The circulation in Byblos, made by the author in 2024. 
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Figure 2. Map showing the social nodes in Byblos. Made by the author, 2024. 
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Figure 3. A flowchart showing the methodology applied in the study. 
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Figure 4. The 24 sampled streets in Byblos. Made by the author in 2024. 
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Figure 5. Representation of the FMI and HDI figures, where A is the reference tree and A1, A2, A3, A4, A5, A6, A7, and A8 are the neighbor trees. 
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Figure 6. Map representing the different land-use and land-cover types in Byblos, retrieved from National Council for Scientific Research–Lebanon (CNRS) 2022, edited by the author, 2024. 
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Figure 7. The abundance of tree species and tree numbers by streets. 






Figure 7. The abundance of tree species and tree numbers by streets.



[image: Land 13 00464 g007]







[image: Land 13 00464 g008] 





Figure 8. Charts showing the class distribution of DBH, height, and crown area in all three areas, (a) Streets of the city center area, (b) Streets of the residential area, and (c) Streets that are highly circulated by vehicles. 
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Figure 9. Chart representing the landscape structural diversity indices. 
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Figure 10. The landscape sceneries of the perceptual testing, with their average score. 
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Figure 11. Blossoming calendar of each area based on the species present within, (a) City center area, (b) Residential area, (c) Vehicular highly circulated streets. Each ring in the figure represents the blossoming cycle of a species of trees assessed in the inventory. When it is evergreen, the ring is always green; light brown indicates deciduous trees, and the colors represent the color of tree flowers. Source: Made by the author, 2024. 
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Table 1. Representing the specific class classifications for DBH, height, and crown area.
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	Class
	DBH/cm
	Height/m
	Crown Area/m2





	C1
	5–20
	1–7
	1–16



	C2
	20–40
	7–11
	16–64



	C3
	40–80
	11–17
	64–144



	C4
	>80
	>17
	>144










 





Table 2. Represents the average of each ecological indicator in each type of street.
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	Area
	No. of Species
	RI
	SWI
	SI
	EI





	City center streets
	30
	5.56
	1.02
	0.48
	0.56



	Residential streets
	30
	5.75
	1.35
	0.66
	0.80



	Vehicular highly circulated streets
	14
	3.14
	0.64
	0.34
	0.51



	All over Byblos
	56
	-
	2.05
	0.75
	0.66










 





Table 3. Descriptive statistics of landscape images.
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	No. of the Street
	Min.
	Max.
	Average Score
	Stand. Dev.
	No. of the Street
	Min.
	Max.
	Average Score
	Stand. Dev.





	1
	1
	10
	6.2
	1.9
	13
	1
	10
	6.1
	2



	2
	3
	10
	7.7
	1.9
	14
	4
	10
	7.2
	1.6



	3
	1
	10
	5.3
	2.1
	15
	1
	10
	6.1
	1.9



	4
	2
	10
	6.3
	2.1
	16
	1
	10
	5.3
	2.2



	5
	1
	10
	6.4
	2.1
	17
	1
	10
	7
	2.2



	6
	1
	10
	6.8
	2.2
	18
	2
	10
	6.4
	2.1



	7
	1
	10
	6.1
	2
	19
	1
	10
	4.9
	2.2



	8
	1
	10
	5.9
	2.2
	20
	3
	10
	6.4
	1.5



	9
	2
	10
	6.4
	1.7
	21
	3
	10
	6.5
	1.8



	10
	2
	10
	7.3
	1.7
	22
	1
	10
	5.3
	2.1



	11
	2
	10
	6.5
	1.8
	23
	1
	10
	6.5
	1.9



	12
	1
	10
	6.3
	2
	24
	3
	10
	6.9
	1.7










 





Table 4. Correlation coefficient between FMI, HDI, FMI + HDI, and the perceptual testing results.
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	Indicator
	r
	p-Value
	R2





	FMI
	−0.06
	0.25
	0.24



	HDI
	0.03
	0.42
	0.17



	FMI + HDI
	0.14
	0.07
	0.37
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