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In order to assess the unique beauty of Tongjian Lake in Hangzhou, 80 sample photographs were selected for landscape beauty degree assessment using the Scenic Beauty Estimation method. The 14 characteristic influencing factors of landscape photos were extracted according to the Scenic Beauty Estimation value, and the influencing factors with insignificant differences and small bias correlation coefficients were eliminated through multiple linear regression analysis. The results showed that the main factors affecting the expression of the beauty of Tongjian Lake were water ecology, greenway morphology, landscape openness, water area ratio, vegetation color richness, and vignette matching. Combining the abovementioned analysis results, the two-dimensional plan, isometric map, and three-dimensional space are combined to show the main factors in a visual way, and on this basis, the corresponding optimization strategy is proposed. It provides a reference for future urban waterfront greenway landscape creation.
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1 INTRODUCTION
China’s cities have grown quickly in recent years, with an increased focus on the advancement of ecological civilization. This growth emphasizes how peacefully nature and man can interact. In this trend, urban greenways are becoming more and more popular as a result of rising ecological concerns and frequent recreational trips among city dwellers. The waterfront greenway landscape is not only a crucial component of the system of urban green spaces; it also contributes to the establishment and improvement of the ecology between urban water bodies and land areas. Additionally, it can successfully control the interaction of people with urban avenues, water bodies, and landscaped green spaces, enhancing the aesthetic appeal of the city. As a result, the waterfront greenway should not only be practical but also pay attention to its aesthetics and coordination with the surrounding area because it is an essential component of the urban water landscape.
There are various landscape evaluation methods, divided into comparative evaluation methods: the Analytic Hierarchy Process (AHP) method, the Geographic Information System (GIS) method, the Scenic Beauty Estimation (SBE) method, and the Semantic Difference (SD) method. Among these, the Scenic Beauty Estimation method is a practical method commonly used in the evaluation of landscapes such as urban parks, urban green spaces, and scenic areas (Liu et al., 2016). Through the Scenic Beauty Estimation method, the aesthetic preference of the public for the study target is assessed and decomposed into quantifiable elements so as to establish a correlation model with the quantitative values of landscape elements.
Both local and international academics have conducted a significant amount of research on the appraisal of water landscapes. The study primarily assesses the ecological role, aesthetic value, and humanistic expression of water landscapes in various regions, illuminating the relationships and rules between them (Yang, 2014; Cao, 2016; Lu et al., 2016; Huang et al., 2019; Sun et al., 2021; Ye et al., 2021; Xu et al., 2022; Wang et al., 2023). The waterfront greenway is a type of water landscape, and it is crucial to investigate how water bodies, buildings, and plants interact in space (Luo et al., 2023; Ren et al., 2023) as well as their ecological and humanistic benefits in order to support the development of spiritual civilization. (Wei, 2017; Li, 2020; Wang, 2021a; Yang et al., 2021; Fang and Liu, 2022). The SBE method was employed by Xue Ren et al. (Ren and Liu, 2023b) to assess the aesthetic value of plant landscapes and investigate the connection between parks and plant spaces. Shi et al. (2020) evaluated urban park landscapes using evaluation indices combining the SBE technique and the AHP method; Li et al. (2022) evaluated landscapes in water using the SBE method and suggested low-cost methods for enhancing aesthetic qualities; Xu (2023) employed the landscape evaluation method to assess the public’s aesthetic preferences for the waterfront greenway in the park and to create a sample of multiple regressions.
Studies on the combination of lakefront regions and greenways are now less common. In order to provide a solid scientific foundation and workable strategies for improving the natural landscape and realizing the sustainable development of the urban waterfront greenway landscape space, this paper presents a thorough analysis of the visual quality of the waterfront greenway in Tongjian Lake, West Lake District, Hangzhou. The city’s life and atmosphere improved.
2 RESEARCH METHOD
2.1 Study area
Tongjian Lake is a 4.35-square-kilometer lake on the bank of the Qianjiang River in the West Lake area of Hangzhou, with a main lake area of 1.35 square kilometers, a total reservoir capacity of 5 million cubic meters, and a storage capacity of 3.2 million cubic meters. Among them, the Tongjian Lake Greenway is particularly outstanding and was named the “Most Beautiful Greenway in Hangzhou” in 2022. The Tongjian Lake Greenway is a high-quality greenway built by West Lake District, with a length of 31.5 km. The greenway sets up road widths, materials, stations, and signage systems according to local conditions and displays local history, culture, and folklore with the help of sculptures, cultural relic protection, and science popularization, so as to build a green space for visitors to rest, leisure, travel, and fitness.
2.2 Scenic beauty estimation method
The Scenic Beauty Estimation method (hereinafter referred to as the SBE method) transforms the relationship of landscape aesthetics into a stimulus-response relationship in evaluation by combining the physical characteristics of the landscape with the respondents’ landscape perceptions and preferences. The general aesthetic feeling of the group is used as the standard for measuring the merits of the waterfront greenway, thus better reflecting the diversity and richness of the landscape. According to the evaluation process of the SBE method, the landscape nodes of the Tongjian Lake Greenway were selected for field photography, while the participants were invited to score the photo samples to derive the SBE values to reflect the public’s preferences. Also, the waterfront greenway landscape factors were decomposed to construct a relationship model between the public’s preferences and each landscape factor.
The SBE method is based on the premise that, while there are some variances in how people see things, there are also some similarities. The second assumption made by the SBE method is that the measured landscape values are normally distributed, with the mean value of this distribution serving as the most accurate representation of the observed landscape. The true quantitative value of the measured landscape attributes can be most accurately represented by the average value of this distribution. Both domestic and international experts have fully endorsed the method’s scientific nature, sensitivity, accuracy, and other qualities, and it has been extensively applied to the study of plant landscapes.
2.3 Photo acquisition and selection
To ensure the quality and diversity of the photo samples and to enhance the colorfulness of the color images, a windy and sunny season was chosen for the shooting of the greenway landscape. The shooting was carried out by using the same camera on 28 June 2022, with 40 landscape nodes on the waterfront greenway, from 8:30 a.m. to 11:00 a.m. and from 14:30 p.m. to 16:00 p.m. The shots were taken from different angles and positions, and the preferred locations for filming were scenic locations with a fixed horizon of 1.6 m. The shots included close-up, medium, and long-range views, and a total of 332 photos were taken in one shot. Each landscape node selected the two most representative photos as sample photos. Finally, 80 sample photos were obtained. The distribution of landscape nodes is shown in Figure 1.
[image: Figure 1]FIGURE 1 | Landscape sample photo collection points.
2.4 Selection of evaluators
Due to the differences in individual aesthetics, different judges will have different evaluations of the same waterfront greenway photos. In order to ensure the objectivity of the evaluation results, three groups of judges with different professional types were selected in this research study, totaling forty-two people. Among them, the expert group consisted of four experts, mainly engaged in landscape planting research. The gardening group consisted of fourteen university students majoring in gardening-related disciplines, and the other fourteen non-gardening groups consisted of social workers.
2.5 Landscape scoring
We made 80 slides from 80 photos and classified the beauty of the waterfront greenway into seven levels: extremely dislike, very dislike, relatively dislike, general, relatively like, very like, and extremely like, corresponding to scores of 1, 2, 3, 4, 5, 6, and 7, respectively, gathered the judges together, and projected the landscape slides on a large screen using a projector. It is shown three times: the first time at a rate of 2 s to give the judges a comprehensive perception of the entire landscape; the second time at a rate of 4 s to allow the judges to notice the stunning photos; and the third time for the official judging, which is shown at a rate of 10 s. The judges were asked to give a complete review within 10–20 s. After the live scoring by forty-two judges, there were no invalid questionnaires, and forty-two valid questionnaires were received in the end.
2.6 Data processing
Using the standardization method in the SBE method, the differences between the data were removed, thus obtaining a more accurate scenic beauty evaluation value with the following formula:
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where [image: image] denotes the standardized score of the ith greenway photo by the jth reviewer; [image: image] denotes the rating value of the ith greenway photo by the jth reviewer; [image: image] denotes the mean of the ratings of all greenway photos by the jth reviewer; [image: image] denotes the standard deviation of the ratings of all greenway photos by the jth reviewer; [image: image] denotes the total number of reviewers for the jth greenway photo; [image: image] denotes the final standardized score of the ith greenway photo, i.e., the Scenic Beauty Estimation value (hereinafter referred to as the SBE value).
The SBE value is a measure of the aesthetic quality of the landscape and reflects the aesthetic preferences of each reviewer. Therefore, the SBE value needs to be analyzed in depth to explore the aesthetic differences of each group of people and identify the relevant elements that affect the score. If the SBE value is greater than 0, the landscape is of high quality. If the ecological configuration and aesthetic effects are at the desired level, then the quality of the waterfront greenway will be enhanced rather than below zero.
2.7 Decomposition of landscape factors
Quantitative analysis is to express some unclear and ambiguous factors with actual concrete data, which can be more convenient and intuitive to see the changing trend of each factor. According to the experimental purpose and the performance characteristics reflected by the landscape photos, the main factors affecting the waterfront greenway landscape are divided into 14 quantitative factors, namely: water ecology, greenway width, greenway material, greenway form, landscape openness, water area ratio, green percentage, vegetation species, vegetation distribution, vegetation color richness, waterfront architecture, sense of spatial extension, waterfront distance, and other supporting scenery. The elements are decomposed into different categories according to the unified standard, and the specific quantification methods are shown in Table 1. Through the image processing software, the proportion of landscape openness, water area ratio, green percentage, and waterfront architecture in the photos can be calculated, comparisons are shown as A and B in Figure 2.
TABLE 1 | Quantification and assignment table of landscape factors.
[image: Table 1][image: Figure 2]FIGURE 2 | Image processing example diagram. (A) Sample, (B) Sample photo analysis images.
3 ANALYSIS AND CONCLUSION NOMENCLATURE
3.1 Waterfront greenway landscape SBE value analysis
The SBE values of each sample were calculated according to the standardized formula as shown in Table 2 and Figure 3. From the figure and table, it can be seen that the number of sample photos with extremely high or low SBE values was low; 75% of the SBE values were distributed between −0.5 and 0.5, and there were more photos with negative SBE values. The sample with the lowest SBE value is photo P54 (see Figure 4), with a score of only −1.40244; the sample with the highest SBE value is photo P30 (see Figure 5), with a score of 1.73117. Further analysis of photos P30 and P54 was conducted. The close-up view of photo P30 shows a trestle bridge, which is neat and clean, with the white body of the bridge reflecting green plants and the reflection in the water being clear and translucent like a mirror. The middle and far views are composed of mountains towering into the clouds, which are lush and green, with different shades of color and order, forming a natural waterfront greenway. The P54 photo shows that the greenway is short and slightly abrupt in color, with an obvious sense of border contrast with the surrounding environment, and the close-up shot is a completely hard landscape, lacking vegetation. Although the water is open, the overall color is single, giving the viewer a negative feeling.
TABLE 2 | SBE values of landscape sample photos.
[image: Table 2][image: Figure 3]FIGURE 3 | Distribution of SBE values.
[image: Figure 4]FIGURE 4 | No. P54 sample photo.
[image: Figure 5]FIGURE 5 | No. P30 sample photo.
By observing the sample pictures and their SBE values, it can be found that the high-scoring samples have richer landscape elements and more layered colors, with winding waterfront greenways, a certain amount of artificial or natural supporting scenery around the greenways, wide and layered water views, and strong seasonal changes, showing good natural scenery. The low-scoring samples, on the other hand, showed monotonous views, poor environmental coordination, and poor sightline permeability, and these problems limited the assessment of SBE values. Therefore, in the creation of the waterfront greenway landscape space, appropriate transformation strategies should be adopted according to the local characteristics in order to enhance the landscape’s beauty and make it harmonize with the overall landscape of the real environment.
3.2 Quantitative analysis of landscape factors
With the SBE value of the waterfront greenway as the dependent variable and 14 landscape factors as independent variables to establish the model and conduct multiple linear regression analysis, the results are shown in Table 3. Six main factors influencing the SBE value of urban waterfront greenway landscapes were identified, namely,: water ecology, greenway form, landscape openness, water area ratio, vegetation color richness, and other supporting scenery. The six main factors were substituted into the regression equation to establish the landscape evaluation model:
[image: image]
TABLE 3 | Coefficient decomposition table of linear regression analysis.
[image: Table 3]All six factors in the formula are positively correlated with the SBE value. According to the ANOVA table, the model shown in Table 3 passed the F-test at a confidence level of 0.05 (F=12.894,p=0.001e<0.05) and had an R2 value of 0.625, thus allowing a specific analysis of the relationship between the influence of the independent variables on the dependent variable. The fit was more appropriate. Based on this result, ways to enhance the beauty of the waterfront trail were further explored.
In order to evaluate the landscape factors screened by the regression model from more perspectives, eight sample photos with SBE values ≥1 were selected, and experts engaged in landscape architecture, municipal landscape, and water ecology were invited to analyze the degree of influence of the six main factors on the landscape of the waterfront greenway. The results are shown in Figure 6.
[image: Figure 6]FIGURE 6 | Evaluation of six factors in photos with SBE value ≥1.
As can be seen from Figure 6, after the expert evaluation weighting analysis, the priority ranking of the waterfront trail landscape factor is water ecological, landscape openness, other supporting scenery, water area ratio, greenway form, and vegetation color richness. Among them, water ecology is the most important factor; vegetation color richness is also an important factor affecting the waterfront greenway landscape as the natural shape and color give people a rich aesthetic interest; the creation of vignettes with scenery is also an important factor, which can bring people closer to nature, and the space with complete facilities can reflect this more.
Combining SBE values and quantitative evaluation of factors, it can be found that in those landscape nodes with high SBE values, the greenway morphology, water area ratio, and landscape openness are more coordinated, while the water ecology, vegetation color richness, and other supporting scenery of the waterfront greenway are the key factors affecting the waterfront greenway landscape score. Therefore, when constructing the waterfront greenway, focusing on the overall layout, local spatial integrity, and the improvement of individual basic elements can enhance the overall landscape quality.
3.3 Realistic simulation of major factors
According to the findings of this paper, combined with literature (Wang, 2021b) and field research, the area of the Tongjian Lake Waterfront Greenway mainly includes the areas of water bodies, heritage areas, trail areas, green areas, building areas, mountain areas, and recreational areas.
In order to present the quantitative factors of the waterfront greenway more accurately, the 2D plan view, isometric map, and 3D modeling were combined to show the real-world factors in a visual way.
The 2D plan view is the landscape plan of the sample photo from the overhead perspective, and the proportional size of the area of each factor of the waterfront greenway to the total area of the photo plan was measured by using the image software. The corresponding landscape patterns as well as colors were filled in, as shown in Figure 7.
[image: Figure 7]FIGURE 7 | Plan view of the sample.
The isometric map is closer to human vision compared with the plan view, making the image realistic and three dimensional. First, the isometric map of the landscape area is drawn using the board drawing software, and then, the landscape elements in the map are classified by the image processing software, and the proportion and size of each element in the plane photo are calculated. The weights of vignette matching, greenway morphology, water ecology, vegetation color richness, landscape openness, and water area ratio were analyzed, as shown in Figure 8.
[image: Figure 8]FIGURE 8 | Isometric effect of the sample.
Through 3D Max software, the landscape factors in the waterfront greenway photos can be modeled and decomposed into various types of factors such as distant view, medium view, close view, plant angle, and plant color to achieve the purpose of coordinating the water ecology and spatial environment, and according to the characteristics of each factor, the materials are adjusted and finally imported into Lumion rendering to obtain the distribution map of the waterfront greenway landscape factors and realize the 3D spatial expression, as shown in Figure 9.
[image: Figure 9]FIGURE 9 | 3D spatial effect of the sample.
3.4 Urban waterfront greenway landscape optimization strategy
3.4.1 Optimizing the view of the greenway
It is recommended that the openness of the view of the waterfront greenway of Tongjian Lake be increased to provide enough space for visitors to rest within the beautiful scenery and that a viewing platform be set up so visitors can enjoy the scenery. The focus of these changes should be on the continuous flow of the greenway and the guidance of the line of sight, and enhancing the extension of the greenway space through vegetation or other landscape elements. When designing the waterfront greenway, the principle of proximity should be followed to minimize detours so that nearby residents can reach it quickly and easily. The size of the greenway should also be scientific and reasonable, with the flexible treatment of the twists and turns of the channel based on the sparseness of the surrounding air. The spatial distribution should consider the integration of open space and private space as much as possible, so that the surrounding environment, vignettes, grass, trees, and other elements together form a private space, thus increasing the attractiveness of the waterfront greenway.
3.4.2 Enhancement of the green vision ratio
It is recommended that the greening of the waterfront greenway should be strengthened to cover the entire trail, including the area on both sides of the trail and the surrounding area. Lawns, shrubs and flowers and trees should be reasonably matched with height levels; the water can be planted with some aquatic plants, such as lotus and reeds, to increase the beauty and ecological function of the ecological environment; the surrounding vignette buildings should be covered with vines to increase the greening area and beautify the environment. In this way, the colourful combination of colours can also enhance the visual impact of the landscape. The water surface in the view is static, and the grass and trees are moving. The plants are sparse in the near view but cascading in the far view, which is a collection of dynamic and sparse transformations and brings a rich visual experience to people. The types of vegetation use vines, bamboo, flowers, shrubs, etc., to create a multi-layered and multi-colored flora that has high aesthetic and ecological value. Green plants can not only improve the quality of the landscape but also effectively reduce noise and pollution, having a positive impact on the ecological environment.
3.4.3 Control of the architectural style
The architectural style and environment surrounding Tongjian Lake are mainly Chinese, supplemented by modern minimalist and natural styles. It is suggested that the exterior of the historic district be flexibly combined with flower boxes and planted with evergreen shrubs or flowering plants to enrich the stores along the river. Other neighborhood facades use evergreen shrubs and fast-growing vine plants to enrich the sense of spatial hierarchy and ecological diversity of plant landscapes. At the same time, with the increase of leisure and entertainment places beside Tongjian Lake, the color and location should be integrated with the natural scenery and surrounding buildings, which will make the overall appearance of the entire Tongjian Lake waterfront greenway more harmonious and beautiful.
3.4.4 Adding ecological berms
The scenic area of Tongjian Lake is rich in natural resources and lush vegetation, and the original berm can be seen everywhere. However, the survey shows that as some of the berms have not been designed and transformed, the grass and trees are more disorganized; therefore, it is especially necessary to beautify the berm area to achieve a more perfect landscape effect under the premise of meeting the safety function of flood prevention and flood control. First, the ecological berm should consider the important factor of porosity so that the berm can grow plants and improve the stability of the raised bank structure with the help of plant action. Second, the berms should use flexible materials to adapt to the complex and tortuous lines of the waterfront greenway. The arrangement and spacing of the seats along the lakefront greenway should consider the comfort and privacy of the public; the design of the waterfront platform needs to have enough space for activities; the trestle bridge and others should also have a reasonable form, color adaptation, and solid structure. These leisure facilities can soften the borders of the berm, and while regulating the vegetation structure and beautifying the environment, they can also allow visitors to get close to nature and show a beautiful picture of man and nature living in harmony.
4 CONCLUSION AND SUGGESTIONS

1) This study employs the urban waterfront greenway as its research subject and scores the landscape’s aesthetics according to the SBE method. Six key factors influencing the expression of the scenic beauty degree of the Tongjian Lake waterfront greenway were derived using multiple linear regression analysis and expert evaluation analysis, and based on this, a comparable optimization technique is suggested as a guide for creating future urban waterfront greenways.
2) Regarding the study of the beauty of the urban river and lake landscapes, the method of deriving landscape factors mostly relies on regression models (Sun et al., 2021; Xu, 2023), which are standard but not comprehensive enough. This paper combines the regression model with professional human evaluation to make a comprehensive judgment and comes up with the weight ranking of landscape factors, which fully considers the aesthetic judgment and subjective consciousness feelings. The area is allocated according to the ranking of the landscape factors, and each landscape factor is reflected in the plan according to its area share to obtain a scientific and reasonable area distribution. Furthermore, isometric and three-dimensional maps are depicted, spatial analysis is carried out, and optimization strategies are proposed. Therefore, this paper innovates a new evaluation method for urban river and lake landscapes that is more scientific and intuitive.
3) The findings of this paper discuss the main factors that create a beautiful scenic landscape surrounding urban rivers and lakes, which could guide the landscape design of urban rivers. For rural rivers and large-scale composite rivers, we need to conduct targeted research on the factors influencing scenic landscapes. Additionally, we recommend that the “Beautiful River and Lake” satisfaction survey be updated to include the SEB score to improve the evaluation of the site.
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