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ABSTRACT 
This research investigates enhancing the visual comfort and aesthetics of traditional urban Green 
Stormwater Infrastructure (GSI) through landscape design. It takes three commonly used GSI strategies—
rain gardens, permeable parking lots, and bioswales as case studies. For each GSI strategy, three of the 
most fundamental factors (rain garden: depth, scale, and planting design; permeable parking lots: scale, 
pavements, and surrounding contexts; bioswale: width, depth, and planting design) related to landscape 
design are chosen as studied variables. Virtual Reality (VR) visualization is adopted to simulate various 
landscape design options that combine different design variables for these GSI strategies. Participants are 
recruited to assess these GSI landscape design scenarios through VR simulations, providing ratings for 
visual comfort and aesthetics via surveys. The VR simulations include modifications to key landscape 
design variables. For the visual comfort and aesthetics study, 40 participants are recruited via snowball 
sampling, and a Likert scale ranging from 1 to 5 points is utilized to evaluate various GSI design 
scenarios. Participants' responses are statistically analyzed to determine the impacts of different 
landscape design factors on the visual comfort and beauty of the GSI strategies studied. The research 
suggests that while increasing the scale of a GSI design can improve its visual quality, incorporating 
diverse plant species and complex structures has a more significant impact on public perception. 
Prioritizing landscape features like pavement and planting design over the physical size of the GSI may 
better enhance visual comfort and aesthetics. Overall, this study fills a research gap by exploring the 
visual value of GSI from a landscape architecture perspective, providing guidance on effectively 
integrating landscape design to balance the functions and visual appeal of urban GSI strategies. 

Keywords 
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1 INTRODUCTION 
Green Stormwater Infrastructure (GSI), a low-impact solution, contributes to sustainable urban 
development and plays a significant role in the urban green system (Liptan, 2017). Common GSI 
strategies are developed collaboratively across disciplines like civil engineering, hydraulic engineering, 
and planning, which traditionally prioritizes function over visual value. However, in the context of 
landscape architecture, GSI emerges as a crucial element in the urban green system, which reveals the 
significance of exploring the impacts of landscape design on enhancing traditional GSI, especially 
concerning visual comfort and beauty (Ge et al., 2023). Many existing GSI designs prioritize functionality, 
sometimes even overlooking the visual impacts of the design (Meenar et al., 2020). The stormwater 
management functions of a GSI landscape can be achieved through proper measurements and 
calculations, but the solutions of creating better visual impacts of a GSI design can be complicated and 
require consistent exploration. Therefore, a significant challenge faced by traditional GSI landscape 
design, as a vital component of the urban landscape system, is the lack of consideration for visual 
experience. This research explores how to enhance the visual comfort and aesthetics of traditional urban 
GSI through landscape design. This research focuses on three widely used GSI strategies—rain gardens, 
permeable parking, and bioswales—as case studies. Virtual Reality (VR) visualization is employed to 
simulate various landscape design options for these selected GSI strategies. Participants are recruited to 
evaluate various GSI design options by viewing these VR simulations and providing ratings for visual 
comfort and aesthetics through surveys. 

1.1 Landscape design solutions and GSI 
Landscape design is crucial in developing urban GSI systems (Suppakittpaisarn et al., 2017). Instead of 
merely constructing standard urban drainage and sewer networks, employing landscape and 
environmental design strategies can enhance stormwater management in various ways. Many cities 
recognize the significance of sustainable stormwater management (SSWM) practices, which greatly 
benefit from GSI associated with landscape design (Goulden et al., 2018). SSWM has the capability to 
enhance hydrological, ecological, social, and economic functions, while also improving the conventional 
urban drainage infrastructure comprehensively (Barbosa et al., 2012). GSI, as an essential aspect of 
SSWM, can support urban development by aiding in regional ecological restoration, regulating 
microclimates, enhancing the urban scenery's visual quality, and facilitating recreational activities in cities 
(Bourassa, 1990; Feng & Nassauer, 2022).  

Common strategies for landscape design in GSI include the use of green roofs, retention ponds, rain 
gardens, vegetative bioswales, constructed wetlands, drainage channels, and pervious green pavement 
(Liptan, 2017). In addition to the stormwater management function of landscape design for typical GSI 
solutions, the importance of enhancing GSI landscape design lies in the aspects of environmental 
resilience, aesthetic appeal, and social recreation and well-being (Alcazar et al., 2016; Balany et al., 2022; 
Tóth et al., 2015, 2015). Today, GSI and associated landscape designs are recognized as crucial 
elements in the landscape industry (Apfelbaum, 1995; Atwa et al., 2019). Exploring ways to improve urban 
GSI from the perspective of landscape architecture is one of the most critical topics in contemporary 
landscape practice. 

1.2 Visual comfort and aesthetics of GSI as urban landscapes 
Visual comfort (eliciting feelings of relaxation, safety, and harmony) and visual aesthetics (feelings of 
interest, fascination, and vividness) are two critical dimensions associated with individuals' spatial 
perception of spaces. Visual comfort is the psychological condition where the entire visual system 
operates at its best. It describes a subjective state of visual well-being created by the visual environments 
(Dolnikova & Katunsky, 2019). The importance of visual aesthetics and beauty for human well-being in 
urban landscape space has gained considerable attention in public perception studies (Frank et al., 2013). 
Visual aesthetics indicates whether an object or a scene is pleasing to the eye. Landscape visual 
aesthetics quality emerges from the interaction between the visible features of landscape space and the 
psychological processes of people who experience it (Daniel, 2001; Kalivoda et al., 2014; M. Tveit et al., 
2006). Many widely implemented GSI strategies are formulated through a collaborative effort spanning 
several disciplines and often emphasizing functionality over aesthetic considerations (Meenar et al., 
2020). Landscape architecture, as one of the important industries involved in urban GSI development, 
always regards creating physical spaces with enjoyable visual value and visual experience as its 
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fundamental profession (Bell, 2019; Ha & Yang, 2019; Krause, 2001). Therefore, exploring the impacts of 
landscape design skills on common GSI solutions is helpful in improving the visual experience of urban 
GSI, particularly in terms of visual comfort and aesthetics. 

Different factors can affect the GSI landscape’s aesthetic value and the users’ visual perception of it. 
Existing studies raise the idea that context can influence visual experience of landscapes (Nassauer, 
1988). The feature of planting such as wild, urban, or agricultura can affect the visual aesthetic of 
landscapes. Well-designed landscape can be more scenically and visual attractive compared with 
lanscape with simply wide planting (Adelvand & Ghashghaei, 2011). Existing studies also indicate that 
landscape designs with GSI functions are preferred over barren urban landscapes, especially those that 
incorporate trees and flowers (Suppakittpaisarn et al., 2017). Regarding the compostion of plants in GSI 
landscape, planting design with diverse vegetation is preferred from the perspective of visual aesthetics 
compared with a uniform composition. Trees in the background and shrubs or ground cover in the 
foreground bring people better visual comfort (Fathi & Masnavi, 2014).The openness of the view and the 
area of green spaces also influence people's visual experience of the urban landscape. Larger green 
spaces enhance people's sense of comfort and make the landscape more scenic and aesthetically 
pleasing (Bourassa, 1990; M. S. Tveit, 2009). Recent studies also highlight the impacts of GSI 
landscape’s recreational value on its visual quality. GSI landscapes that located in designed open spaces 
with recreational facilities around are more likely to be appreciated by people (Meenar et al., 2020). 
Regarding the materials and distribution of elements in urban GSI landscapes, studies suggest that the 
messiness of GSI spaces can negatively impact people's visual experience. Both professional designers 
and laypersons prefer neat, well-organized GSI landscapes that incorporate innovative design elements  
(Suppakittpaisarn et al., 2019).  

GSI landscapes with poor visual quality can have negative impacts from both public and urban 
perspectives. As a crucial component of the urban landscape system, GSI landscapes that lack visual 
comfort and aesthetics may reduce public engagement and usage (Conway et al., 2023; Meenar et al., 
2022), leading to adverse psychological effects such as lowered mood and increased stress among users 
(Leonard, 2018; Suppakittpaisarn, 2017). From a city’s perspective, unattractive GSI designs can 
contribute to a general decline in the city's visual appeal (Bates, 2019) and may also lead to a decrease in 
property values in nearby areas (R. Wang et al., 2022). Additionally, GSI landscapes with poor visual 
quality are at a higher risk of vandalism, which can increase maintenance costs and require additional 
attention (Apt et al., 2019). 

1.3 Knowledge gaps and research goal 
The literature review reveals that, as an important part of the urban green system, the design of GSI 
strategies should be enhanced not only from the perspective of engineering but also through the lens of 
landscape design. On the basis of achieving the required functions of stormwater management, the visual 
appeal of GSI strategies can be improved through landscape design skills, which can potentially enhance 
the visual comfort and aesthetics they provide to the public. Although numerous studies have investigated 
the visual value and related spatial perceptions of landscape spaces, more detailed research on visual 
comfort, visual beauty, and public perception of specific GSI landscape designs is necessary. Building on 
this, we can discuss how to enhance the visual value of typical GSI strategies through fundamental 
landscape design skills. Meanwhile, existing studies have discussed how various design factors affect the 
visual quality of urban GSI landscape, including planting composition, scale, environmental contexts, and 
materials. However, research that comprehensively explores the impact of these factors on users' visual 
experience for specific types of GSI landscapes is still lacking. 

Therefore, this research uses three GSI approaches—rain gardens, permeable parking lots, and 
bioswales—as case studies to explore the impacts of various landscape design variables (for example, 
scale, depth, and planting design) on selected GSI strategies. The research findings are expected to 
serve as a pilot guideline for future GSI landscape designs from the perspective of visual comfort and 
aesthetics. 

 



March 20-23, 2024 241 
 
  

 

2 METHODS 
2.1 GSI strategies and landscape design variable 
This study investigates three widely used GSI strategies: rain gardens, permeable parking lots, and 
bioswales. These strategies are important elements in urban green systems and are consistently 
emphasized in the field of landscape architecture. For each GSI strategy, three of the most fundamental 
factors related to landscape design are chosen as studied variables to explore how different types of 
landscape design can affect the visual comfort and aesthetics of GSI strategies. For rain garden, the 
studied variables are scale of the rain garden, depth of the rain garden, and the planting design. For the 
permeable parking lot, the selected studied variables include the scale of the parking lot, the pavement 
designed for the parking lot, and the surrounding contexts of the parking lot. Similar to rain garden, for 
vegetated bioswale, the variables of width, depth, and planting design are selected. Based on the typical 
design and construction standards for GSI solutions (Bioswales, 2013; Design Criteria for Permeable 
Pavement - Minnesota Stormwater Manual, n.d.; Rain Gardens, n.d.; Strom et al., 2013), this study 
identified several different levels for each variable. Given the time and resource constraints of the study, 
the researchers did not include all possible variables and levels in the experimental design, but selected a 
few of the most typical variables and levels instead. The GSI strategies, landscape design variables, the 
levels included for different variables, and their labels are all displayed in Table 1. 

Table 1. GSI strategies and related landscape design variables studied in the research. 

GSI strategies Studied variables 
Rain garden Scale Depth Planting design 

L (large): 
6m*6m 
S (small): 
4m*4m 

S (shallow): 0.15m 
D (deep): 0.30m 

P1: only groundcover 
P2: groundcover + shrub 
P3: groundcover + shrub + tree 

Permeable 
parking lot 

Scale Pavement Surrounding contexts 
L (large): 
30m*60m 
S (small): 
18m*40m 

P1: permeable brick 
P2: permeable paving with 
vegetation 
P3: asphalt paving 

LA: natural environments 
U: urban environments without 
landscape 

Bioswale Width Depth Planting design 
W (wide): 3.6m 
N (narrow): 
2.4m 

S (shallow): 0.15m 
D (deep): 0.30m 

P1: only groundcover 
P2: groundcover + shrub 
P3: groundcover + shrub + tree 

2.2 Study Site 
Although this study is based on the conceptual landscape design of selected GSI strategies, a specific 
study site where all the GSI design scenarios examined in this research can be implemented has been 
chosen. This is to ensure that the scale and form of all design options are realistic in real-world settings. 
Therefore, an area on the campus of Virginia Tech have been selected as the study site. Within this study 
site, the permeable parking lot, rain garden, and bioswale with different scales (studied in this research) 
can be located. Moreover, the computational simulations of various GSI design scenarios used in the 
subsequent perception study are based on the study site, serving as the fundamental environmental 
context. 

2.3 Research Design 
GSI design scenarios: The rain garden, bioswale, and permeable parking lot are selected as the GSI 
strategies studied in this research. The basic landscape design variables of these three GSI strategies are 
summarized in section 2.1. In this way, multiple GSI landscape design options can be developed by 
integrating different variables. Using Rhino and Twinmotion, the researchers generate the digital model 
and rendered perspectives of various design options for each studied GSI strategies. To ensure that 
people can correctly and comprehensively perceive the designed space, for different GSI strategies, one 
or more rendered views are generated. For the rain garden, 12 design options with one view for each of 
them are created. For bioswale, researchers make 12 design options from one perspective. Figure 1 
shows the computational simulations of all landscape design scenarios for the rain garden and vegetated 
bioswale. 
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Figure 1. Computational simulations of landscape design scenarios for the rain garden and 

vegetated bioswale 
For the permeable parking lot, which is on a larger scale compared with the other two GSI strategies, 12 
design options with three different perspectives are generated for study. Figure 2 illustrates all landscape 
design scenarios for the permeable parking lot. The labels of different GSI design options are based on 
the information in Table 1. Since this study aims to preliminarily explore how different design variables 
affect the visual comfort and aesthetics of common GSI strategies conceptually, the simplest and most 
basic landscape design are applied to different design options. In real-world scenarios, there could be 
countless landscape design options for one combination of variables. However, in this study, researchers 
created only one landscape design for each combination of variables. This approach helps to eliminate 
confounding factors, thereby enhancing the validity of the analysis results. 
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Figure 2. Computational simulations of landscape design scenarios for the permeable parking lot 

Immersive VR visualization and perception study: After generating various landscape design options 
for all three studied GSI strategies, the perception study is conducted by involving participants and 
employing VR visualization. 40 participants who are capable of operating VR devices and with no 
professional background in landscape architecture, were recruited for the survey through snowball 
sampling from Virginia Tech’s students. This is to ensure that all participants can use computer and VR 
devices, and they will not rate the visual comfort and aesthetics of a GSI design option based on their 
design profession. Among the 40 participants, there are 25 females and 15 males. Their ages range from 
a minimum of 21 to a maximum of 37, with an average age of 27.To achieve a more immersive and 
realistic spatial experience for study participants, VR technologies are adopted to enhance the rendered 
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perspectives created by common modeling and rendering approaches. One VR headset is connected to 
the working station for participants to view different GSI design options with immersive experiences. In this 
perception study, each participant is asked to evaluate all design scenarios for the three studied GSI 
strategies. Each participant has up to 10 seconds to view one landscape design scenario for each studied 
GSI strategy and spends up to 6 minutes to complete the study. If they believe that the time is insufficient, 
an additional 3 minutes can be provided to allow them to complete the entire evaluation process.  

Visual comfort (eliciting feelings of relaxation, safety, and harmony) and visual aesthetics (feelings of 
interest, fascination, and vividness) are two critical dimensions associated with individuals' spatial 
perception of spaces. While viewing each GSI design option, participants are asked to rate their feelings 
about the visual comfort and visual aesthetics of the design. Before the perception test, the researchers 
explain how participants should define visual comfort and visual aesthetics. Visual comfort refers to 
whether they feel relaxed, safe, and harmonious when viewing a GSI design option, while visual 
aesthetics should reflect whether they perceive the GSI landscape as visually beautiful, interesting, and 
attractive. A Likert scale ranging from 1 to 5 points (from poor to excellent) based on the Richter scale (Z. 
Wang et al., 2023) is used for participants to evaluate different design scenarios. After completing the 
perception study and collecting all the survey data, the researchers used statistical analysis methods, 
including ANOVA and descriptive statistics, to process all the research data through SPSS. The ANOVA 
analysis assesses the impact of one or more independent variables on a dependent variable by 
comparing the variance within groups to the variance between groups. In this study, it is applied to 
examine whether different levels of design variables have significant impacts on the visual comfort and 
aesthetics of studied GSI strategies.  

 
3 RESULTS 
Table 2 presents the overall descriptive statistics of the collected data. The ANOVA analysis (Table 3) of 
visual comforts and visual aesthetics for rain gardens shows that the scale and planting design have a 
more significant effect on people’s perception of visual comforts and aesthetics. According to the 
descriptive statistics (Figure 3), it can be found that rain gardens with larger scale and more complex 
planting designs can bring people more visual comfort and improve their beauty as urban landscapes. 
Unlike the factors of scale and planting design, depth is not an important factor affecting either the visual 
comforts or visual aesthetics. It's worth mentioning that for the rain garden, under the influence of different 
landscape design variables, the changing trends of visual comfort and visual beauty are basically 
consistent. It is evident that although the definitions and emphases of visual comfort and visual aesthetics 
differ, for participants without a background in landscape design, their perception of the two is similar. In 
other words, without a foundation in design form and aesthetic education, people might tend to believe 
that the visual comfort and aesthetic quality of a landscape space are unified. 
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Table 2. Overall descriptive statistics for the mean of the collected data. 

Rain Garden Visual Comfort Visual Aesthetics 
Scale L 3.02 3.71 

S 2.50 2.74 
Depth D 2.71 3.17 

S 2.81 3.28 
Planting Design P1 2.16 2.56 

P2 2.42 2.76 
P3 3.70 4.34 

Permeable parking lot Visual Comfort Visual Aesthetics 
Scale L 3.43 2.86 

S 2.73 2.57 
Pavement P1 2.91 2.53 

P2 2.83 3.50 
P3 2.82 2.79 

Surrounding contexts LA 3.88 3.47 
U 2.28 1.96 

Bioswale Visual Comfort Visual Aesthetics 
Width N 2.48 2.36 

W 2.98 2.94 
Depth D 2.80 2.72 

S 2.66 2.58 
Planting Design P1 1.41 1.76 

P2 2.56 1.79 
P3 4.22 4.41 

Table 3. ANOVA analysis of visual comfort and aesthetics for rain garden. 

Source/ Visual Comfort Type III Sum of Squares df Mean 
Square 

F Sig. 

Corrected Model 27.063a 11 2.460 7.873 0.000 
Intercept 346.688 1 346.688 1109.400 0.000 
Scale 4.688 1 4.688 15.000 0.000 
Depth 0.021 1 0.021 0.067 0.798 
Planting 21.875 2 10.938 35.000 0.000 
Scale * Depth 0.188 1 0.188 0.600 0.444 
Scale * Planting 0.125 2 0.063 0.200 0.820 
Depth * Planting 0.042 2 0.021 0.067 0.936 
Scale * Depth * Planting 0.125 2 0.063 0.200 0.820 
a. R Squared = .706 (Adjusted R Squared = .617) 
Source/ Visual Aesthetics Type III Sum of Squares df Mean Square F Sig. 
Corrected Model 41.667a 11 3.788 27.273 0.000 
Intercept 481.333 1 481.333 3465.600 0.000 
Scale 12.000 1 12.000 86.400 0.000 
Depth .333 1 0.333 2.400 0.130 
Planting 28.292 2 14.146 101.850 0.000 
Scale * Depth 0.333 1 0.333 2.400 0.130 
Scale * Planting 0.125 2 0.063 0.450 0.641 
Depth * Planting 0.542 2 0.271 1.950 0.157 
Scale * Depth * Planting 0.042 2 0.021 0.150 0.861 
a. R Squared = .893 (Adjusted R Squared = .860) 
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Figure 3. Descriptive statistics of rain garden 

For the permeable parking lot, the results of ANOVA analysis (Table 4) show that the factors of scale and 
surrounding context can significantly affect people's perceptions of visual comfort and aesthetics. 
Meanwhile, The ANOVA analysis does not indicate a significant influence of pavement on visual comfort. 
Descriptive statistics are conducted to understand the impacts of scale and contexts on both visual 
comfort and visual aesthetics (Figure 4). The results suggest that the context of a permeable parking lot 
can markedly influence people's feelings about the space. Participants' ratings of both visual comfort and 
beauty obviously increase when the surrounding environments of a parking lot change from urban 
contexts to landscape contexts with vegetation. Therefore, it can be concluded that having landscape 
contexts, as opposed to buildings and hardscapes, enhances the visual comfort and beauty of the parking 
lot. Moreover, unlike visual comfort, the factor of pavement has a significant influence on visual aesthetics. 
The descriptive statistics indicate that pavement 2 (permeable paving with vegetation) is considered to 
have more aesthetic quality by participants, while the ratings for permeable brick and asphalt paving are 
relatively the same. 

Table 4. ANOVA analysis of visual comfort and aesthetics for permeable parking. 

Source/ Visual Comfort Type III Sum of 
Squares 

df Mean Square F Sig. 

Corrected Model 31.333a 11 2.848 5.697 0.003 
Intercept 170.667 1 170.667 341.333 0.000 
Scale 2.667 1 2.667 5.333 0.040 
Contexts 24.000 1 24.000 48.000 0.000 
Pavement 1.333 2 0.667 1.333 0.300 
Scale * Contexts 0.667 1 0.667 1.333 0.271 
Scale * Pavement 2.333 2 1.167 2.333 0.139 
Contexts * Pavement 0.000 2 0.000 0.000 1.000 
Scale * Contexts * 
Pavement 

0.333 2 0.167 0.333 0.723 

a. R Squared = .839 (Adjusted R Squared = .692) 
Source/ Visual 
Aesthetics 

Type III Sum of Squares df Mean Square F Sig. 

Corrected Model 32.125a 11 2.920 14.018 0.000 
Intercept 198.375 1 198.375 952.200 0.000 
Scale 3.375 1 3.375 16.200 0.002 
Contexts 26.042 1 26.042 125.000 0.000 
Pavement 1.750 2 0.875 4.200 0.041 
Scale * Contexts 0.042 1 0.042 0.200 0.663 
Scale * Pavement 0.750 2 0.375 1.800 0.207 
Contexts * Pavement 0.083 2 0.042 0.200 0.821 
Scale * Contexts * 
Pavement 

0.083 2 0.042 0.200 0.821 

a. R Squared = .928 (Adjusted R Squared = .862) 
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Figure 4. Descriptive statistics of the permeable parking lot 

The results of the ANOVA analysis (Table 5) show that bot width and planting design are important factors 
that affect people's perception of visual comfort and visual aesthetics for bioswale. However, the factor of 
depth fails to have a significant impact on both visual comfort and visual beauty. Many participants 
indicated that they could not clearly perceive the differences in the depth of bioswales or rain garden 
among the various landscape design scenarios, and thus, their evaluations of visual comfort and visual 
beauty did not intentionally consider the factor of depth. Since the depths of the GSI strategies selected in 
this study (including the rain garden and bioswale) mainly followed professional design and construction 
standards, the changes in depth are not significant. This can be one of the major reasons why the depth 
variable did not show significant impacts in this study. According to the descriptive statistics (Figure 5), the 
bioswale with more width is rated to have better visual comfort and aesthetics. For planting design, the 
results show that adding shrubs is not an effective way to enhance visual aesthetics but is useful to 
improve visual comfort, since abundant vegetation might create a sense of inclusion (L. Wang et al., 
2022). On the other hand, involving trees can significantly improve people’s ratings of visual comfort and 
aesthetics of a bioswale. 

Table 5. ANOVA analysis of visual comfort and aesthetics for bioswale. 

Source/ Visual Comfort Type III Sum of Squares df Mean Square F Sig. 
Corrected Model 73.417a 11 6.674 53.394 0.000 
Intercept 374.083 1 374.083 2992.667 0.000 
Width 4.083 1 4.083 32.667 0.000 
Depth 0.083 1 0.083 0.667 0.420 
Planting 66.792 2 33.396 267.167 0.000 
Width * Depth 0.750 1 0.750 6.000 0.019 
Width * Planting 0.292 2 0.146 1.167 0.323 
Depth * Planting 0.292 2 0.146 1.167 0.323 
Width * Depth * Planting 1.125 2 0.563 4.500 0.018 
a. R Squared = .942 (Adjusted R Squared = .925) 
Source/ Visual Aesthetics Type III Sum of Squares df Mean Square F Sig. 
Corrected Model 84.167a 11 7.652 42.378 0.000 
Intercept 341.333 1 341.333 1890.462 0.000 
Width 3.000 1 3.000 16.615 0.000 
Depth 0.083 1 0.083 0.462 0.501 
Planting 80.667 2 40.333 223.385 0.000 
Width * Depth 0.083 1 0.083 0.462 0.501 
Width * Planting 0.000 2 0.000 0.000 1.000 
Depth * Planting 0.167 2 0.083 0.462 0.634 
Width * Depth * Planting 0.167 2 0.083 0.462 0.634 
a. R Squared = .928 (Adjusted R Squared = .906) 
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Figure 5. Descriptive statistics of bioswale 

 
4 DISCUSSION 
Based on the results of perception study and related statistical analysis, three points are valuable for 
further discussion, including the scale of GSI landscape design, the planting design of GSI landscapes, 
and the impacts between physical dimensions and landscape features of GSI design. 

The Scale of GSI Landscape Design: Wide, open spaces with expansive views can be inherently 
impressive and create a sense of immersion, contributing to visual comfort and aesthetic value. Existing 
research indicates that GSI landscape with good visual quality can create emotional value (Leonard, 
2018; Suppakittpaisarn, 2017). The broad view offered by larger green spaces allow for a visual 
experience that makes people feel uncluttered and expansive, which can psychologically encourage 
relaxation (Bourassa, 1990; Thompson, 2002; M. S. Tveit, 2009). According to the study results, a larger 
scale of GSI landscape design (including the width of bioswales) can bring more visual comfort and 
improve visual beauty. Compared to previous research, this finding confirms that scale and the openness 
of the view are equally important for both general recreational landscape and GSI landscapes. 

The finding that the scale of GSI landscapes affects users' visual experience also has certain implications 
for urban GSI design. Since most GSI solutions are regarded as important parts of the urban green 
system, green coverage is their essential characteristic. Studies have discussed the green coverage of 
landscape spaces and found that the visual comfort and beauty of a green space, as perceived by people, 
increase with a high green-view ratio (Ma et al., 2021; Qin et al., 2023). Therefore, if possible, it's better to 
design GSI landscapes that are larger and have various functions. In some situations, a large-scale GSI 
landscape can even become a unique urban green space or part of a park, which increases the area's 
green coverage and improves the local green infrastructure system. Meanwhile, existing studies indicate 
that GSI in designed open spaces with recreational facilities are preferred by users (Meenar et al., 2020). 
Therefore, integrating GSI design with urban landscapes on a larger scale will have a positive impact on 
enhancing the visual appeal and public engagement of the green space. However, the scale of a GSI can 
be determined by the volume of stormwater that needs to be managed (Strom et al., 2013). A larger area 
of GSI landscapes also requires more land and incurs higher costs. Although a larger scale can improve 
the visual quality of GSI landscapes to some extent, it is not reasonable to rely solely on expanding the 
area to enhance GSI landscape design. Instead, integrating GSI designs into the broader and well-
designed urban landscape is a more feasible approach. 

The Planting Design of GSI Landscapes: According to the study results, including trees and shrubs can 
significantly improve the public perception of a GSI landscape from the perspectives of visual comfort and 
aesthetics. These findings are consistent to many existing studies. Research has proposed that planting 
design with limited species and structural diversity is easy to comprehend spatially, but often lacks visual 
appeal in urban GSI landscape design (Buyadi et al., 2015; Huan, 2012). The visual comfort and beauty of 
the landscape improve with a greater variety of plant species, relatively complex composition, and higher 
color contrast (Du et al., 2016). Considering this, the color contrast in planting design is a factor that was 
overlooked in this research but should be investigated in future studies. Conducting a targeted perception 
test and designing relevant questionnaires are feasible approaches to explore this issue further. 
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Furthermore, trees are crucial elements GSI planting design. For all three studied GSI strategies, the 
results of the perception study show no significant difference between planting designs that include only 
groundcover and those that include both groundcover and shrubs. However, when trees are incorporated 
into the planting design, participants’ ratings for visual comfort and aesthetics clearly increase. Existing 
studies have also found that the visual beauty of urban green spaces is enhanced by the presence of 
trees, particularly when the trees are healthy (Ma et al., 2021; Ulrich, 1986). Therefore, based on the 
research findings, landscape designers and civil engineers should be suggested to pay more attention to 
planting design when designing and constructing a GSI landscape. The use of more diverse plant species 
and multilayers of vegetation should be the first choice, especially trees. Based on the overall design 
concept and environmental context, proposing suitable, healthy, and aesthetically pleasing trees in the 
planting design can to some extent enhance people's perception of urban GSI design (Zhao et al., 2017). 

Physical Dimensions or Landscape Features: All landscape design variables examined in this research 
can be categorized into two types: physical dimensions and landscape features. Physical dimensions refer 
to the essential measurements or attributes of a GSI landscape design, while landscape features 
represent factors associated with landscape design elements that specific numbers cannot measure. The 
variables related to physical dimensions primarily include scale, depth, and width. In contrast, the 
variables related to landscape features mainly cover planting design, pavement, and surrounding 
contexts. By summarizing all the data analysis results, the study finds that compared to factors in the 
physical dimensions affecting the visual comfort and aesthetics of GSI landscapes, factors related to 
landscape features have a more pronounced impact. Among these factors, those related to plants (for 
example, planting design and the surrounding context) show the most significant influence. The reasons 
for these findings can be various. One possible reason might be the subtle physical measurement 
changes of various GSI design options. Essentially, the GSI landscape is a relatively micro aspect of the 
urban green system (Bosco et al., 2022), so the variables typically used to define general green spaces 
may not be clearly manifested in the space of the GSI landscape. Compared to depth and width, scale is 
the factor most easily perceived by people (Ge et al., 2023), and accordingly, it has shown a more 
significant impact on visual comfort and aesthetics in the study results. Therefore, when proposing a GSI 
landscape design, designers should pay more attention to and be confident in their professional skills. 
Developing good landscape form, color, material, and planting design is important while meeting 
functional requirements and construction standards. This also aligns with the findings of existing studies, 
which suggest that well-organized, neat, and scenic GSI landscapes with innovative design elements 
result in better visual quality and are more preferred by users (Adelvand & Ghashghaei, 2011; 
Suppakittpaisarn et al., 2019).  

 
5 CONCLUSION AND FUTURE SCOPE 
This study investigates ways to improve the visual comfort and aesthetics of traditional GSI strategies 
using landscape design. Common GSI solutions such as rain gardens, permeable parking lots, and 
bioswales are selected. Various landscape design variables associated with these solutions are examined 
through a perception study that employs computational simulation and VR visualization. Overall, this study 
bridges a research gap by exploring the visual value of GSI from a landscape architecture lens. The 
findings offer guidance on effectively integrating landscape design to achieve a harmonious balance 
between the functional and visual aspects of urban GSI strategies. 

Key findings show that, among all the studied factors, the scale and planting design can significantly affect 
the visual comforts and aesthetics of rain gardens. For permeable parking, the factors of scale and 
surrounding context have significant impacts. For bioswale, the width and planting design can obviously 
influence people’s evaluations of visual comforts and aesthetics. By discussing the key findings, this study 
proposes potential GSI landscape design guidelines for future practice. First, implementing GSI landscape 
designs on a broader scale, such as increasing the width of bioswales or the area of rain gardens, can 
enhance visual comfort and aesthetic appeal. Thus, when feasible, opting for expansive GSI landscapes 
with diverse functionalities is a preferable approach. Second, incorporating a variety of trees and shrubs 
can markedly enhance the public's visual experience of a GSI landscape, both in terms of comfort and 
aesthetic value. Opting for a broader range of plant species and establishing multiple layers of vegetation 
should be a priority in GSI landscape design. Third, compared to factors in the physical dimension 



March 20-23, 2024 250 
 
  

 

affecting the visual comfort and aesthetics of GSI landscapes, factors related to landscape features have 
a more pronounced impact, especially those related to plants. Therefore, landscape designers should 
focus on developing good landscape form, color, material, and planting design while meeting the 
functional requirements and construction standards of GSI design. 

As a pilot study of future GSI landscape perception research, this study has some limitations requiring 
improvement. First, the sample size of this research is still relatively small. In future studies, more 
participants should be recruited to lead to more valid and meaningful findings. In addition, limiting 
participants to those with undergraduate study experience and recruiting them exclusively from a campus 
setting cannot guarantee the validity of this study. Future research should involve participants with more 
diverse backgrounds, ages, and occupations. For participants who are not familiar with VR devices, basic 
tutorials should be provided prior to the perception test. Second, more types of GSI landscape design, 
including but not limited to rain gardens, permeable parking, and bioswale, should be involved in future 
research. Meanwhile, more studied variables such as the shape of the area, vegetation colors, or soil 
types can be considered in future studies. On the other hand, in future studies, instead of relying on 
computer-simulated model, using real photographs to construct the VR model could be considered to 
achieve more realistic visual experience during the perception test. Third, this research employed 
traditional surveys assisted by VR technologies as evaluation methods. In future research, interviews or 
other forms of perception tests can be considered as additional options. At the same time, in addition to 
using a Likert scale to assess people’s evaluation of visual comfort and aesthetics, additional specific 
survey questions targeting various GSI design variables across different scenarios should be developed to 
gather participants’ feedback more effectively. 

 
REFERENCES 
Adelvand, P., & Ghashghaei, R. (2011). The shared landscape: What does aesthetics have to do with 

ecology? MANZAR, the Scientific Journal of Landscape, 3(13), 36–41. 
Alcazar, S. S., Olivieri, F., & Neila, J. (2016). Green roofs: Experimental and analytical study of its 

potential for urban microclimate regulation in Mediterranean–continental climates. Urban Climate, 
17, 304–317. 

Apfelbaum, S. I. (1995). The role of landscapes in stormwater management. 165. 
Apt, D., Trapp, J. M., Yeager, M., & BenVau, J. (2019). Low Impact Development & Green Stormwater 

Infrastructure: Construction, Inspection, Maintenance, and Monitoring Guidance Manual. Southern 
California Stormwater Monitoring Coalition California LID …. https://socalsmc.org/wp-
content/uploads/2019/07/SMC-LID-GSI-CIMM-Guidance-Manual-2019-05-31.pdf 

Atwa, S. M. H., Ibrahim, M. G., Saleh, A. M., & Murata, R. (2019). Development of sustainable landscape 
design guidelines for a green business park using virtual reality. Sustainable Cities and Society, 
48, 101543. 

Balany, F., Muttil, N., Muthukumaran, S., Wong, M. S., & Ng, A. W. (2022). Studying the Effect of Blue-
Green Infrastructure on Microclimate and Human Thermal Comfort in Melbourne’s Central 
Business District. Sustainability, 14(15), 9057. 

Barbosa, A. E., Fernandes, J. N., & David, L. M. (2012). Key issues for sustainable urban stormwater 
management. Water Research, 46(20), 6787–6798. 

Bates, L. M. (2019). Green Stormwater Infrastructure Assessments in Santa Clara County, CA: An In-situ 
Analysis of Select Bioretention Projects. San Jose State University. 
https://search.proquest.com/openview/46dca73539a5b47567ebdd9c70c5464d/1?pq-
origsite=gscholar&cbl=18750&diss=y 

Bell, S. (2019). Elements of visual design in the landscape. Routledge. 
Bioswales. (2013, July 11). National Association of City Transportation Officials. 

https://nacto.org/publication/urban-street-design-guide/street-design-elements/stormwater-
management/bioswales/ 

Bosco, R., Giacobbe, S., Losco, S., & Valente, R. (2022). Intra-scale Design and Benefit Assessment of 
Green Stormwater Infrastructures. In New Metropolitan Perspectives: Post COVID Dynamics: 
Green and Digital Transition, between Metropolitan and Return to Villages Perspectives (pp. 
1956–1965). Springer. 

Bourassa, S. C. (1990). A paradigm for landscape aesthetics. Environment and Behavior, 22(6), 787–812. 



March 20-23, 2024 251 
 
  

 

Buyadi, S. N. A., Mohd, W. M. N. W., & Misni, A. (2015). Vegetation’s role on modifying microclimate of 
urban resident. Procedia-Social and Behavioral Sciences, 202, 400–407. 

Conway, T. M., Yuan, A. Y., Roman, L. A., Heckert, M., Pearsall, H., Dickinson, S. T., Rosan, C. D., & 
Ordóñez, C. (2023). Who participates in green infrastructure initiatives and why? Comparing 
participants and non-participants in Philadelphia’s GI programs. Journal of Environmental Policy & 
Planning, 25(3), 327–341. https://doi.org/10.1080/1523908X.2022.2128310 

Daniel, T. C. (2001). Whither scenic beauty? Visual landscape quality assessment in the 21st century. 
Landscape and Urban Planning, 54(1–4), 267–281. 

Design criteria for permeable pavement—Minnesota Stormwater Manual. (n.d.). Retrieved April 14, 2024, 
from https://stormwater.pca.state.mn.us/index.php/Design_criteria_for_permeable_pavement 

Dolnikova, E., & Katunsky, D. (2019). Visual comfort assessment in an industrial environment: A case 
study. Environments, 6(5), 54. 

Du, H., Jiang, H., Song, X., Zhan, D., & Bao, Z. (2016). Assessing the visual aesthetic quality of 
vegetation landscape in urban green space from a visitor’s perspective. Journal of Urban Planning 
and Development, 142(3), 04016007. 

Fathi, M., & Masnavi, M. R. (2014). Assessing environmental aesthetics of roadside vegetation and scenic 
beauty of highway landscape: Preferences and perception of motorists. International Journal of 
Environmental Research, 8(4), 941–952. 

Feng, Y., & Nassauer, J. (2022). Community experiences of landscape-based stormwater management 
practices: A review. Ambio, 51(8), 1837–1854. 

Frank, S., Fürst, C., Koschke, L., Witt, A., & Makeschin, F. (2013). Assessment of landscape aesthetics—
Validation of a landscape metrics-based assessment by visual estimation of the scenic beauty. 
Ecological Indicators, 32, 222–231. 

Ge, M., Huang, Y., Zhu, Y., Kim, M., & Cui, X. (2023). Examining the Microclimate Pattern and Related 
Spatial Perception of the Urban Stormwater Management Landscape: The Case of Rain Gardens. 
Atmosphere, 14(7), 1138. 

Goulden, S., Portman, M. E., Carmon, N., & Alon-Mozes, T. (2018). From conventional drainage to 
sustainable stormwater management: Beyond the technical challenges. Journal of Environmental 
Management, 219, 37–45. 

Ha, S., & Yang, Z. (2019). Evaluation for landscape aesthetic value of the Natural World Heritage Site. 
Environmental Monitoring and Assessment, 191, 1–20. 

Huan, G. Y. (2012). Studies on species composition and landscape aesthetics evaluation of urban forest 
in Beijing. Beijing: PhD Thesis ofBeijingForestryUniversity.[inChinese]. 

Kalivoda, O., Vojar, J., Skřivanová, Z., & Zahradník, D. (2014). Consensus in landscape preference 
judgments: The effects of landscape visual aesthetic quality and respondents’ characteristics. 
Journal of Environmental Management, 137, 36–44. 

Krause, C. L. (2001). Our visual landscape: Managing the landscape under special consideration of visual 
aspects. Landscape and Urban Planning, 54(1–4), 239–254. 

Leonard, R. (2018). Effects of Green Stormwater Infrastructure on Residential Landscape Care and Social 
Cohesion in Stressed Neighborhoods [PhD Thesis]. 
https://deepblue.lib.umich.edu/handle/2027.42/145162 

Liptan, T. W. (2017). Sustainable stormwater management: A landscape-driven approach to planning and 
design. Timber Press. 

Ma, B., Hauer, R. J., Xu, C., & Li, W. (2021). Visualizing evaluation model of human perceptions and 
characteristic indicators of landscape visual quality in urban green spaces by using nomograms. 
Urban Forestry & Urban Greening, 65, 127314. 

Meenar, M., Heckert, M., & Adlakha, D. (2022). “Green enough ain’t good enough:” public perceptions and 
emotions related to green infrastructure in environmental justice communities. International 
Journal of Environmental Research and Public Health, 19(3), 1448. 

Meenar, M., Howell, J. P., Moulton, D., & Walsh, S. (2020). Green stormwater infrastructure planning in 
urban landscapes: Understanding context, appearance, meaning, and perception. Land, 9(12), 
534. 

Nassauer, J. I. (1988). The aesthetics of horticulture: Neatness as a form of care. 
https://deepblue.lib.umich.edu/handle/2027.42/49345 



March 20-23, 2024 252 
 
  

 

Qin, X., Fang, M., Yang, D., & Wangari, V. W. (2023). Quantitative evaluation of attraction intensity of 
highway landscape visual elements based on dynamic perception. Environmental Impact 
Assessment Review, 100, 107081. 

Rain Gardens. (n.d.). Retrieved April 14, 2024, from 
https://www.arlingtonva.us/Government/Programs/Office-of-Sustainability-and-
Environment/Stormwater/Stormwater-Watersheds/Stormwater-at-Home/Rain-Gardens 

Strom, S., Nathan, K., & Woland, J. (2013). Site engineering for landscape architects. John Wiley & Sons. 
Suppakittpaisarn, P. (2017). Green stormwater infrastructure, preference, and human well-being [PhD 

Thesis, University of Illinois at Urbana-Champaign]. https://www.ideals.illinois.edu/items/103285 
Suppakittpaisarn, P., Jiang, X., & Sullivan, W. C. (2017). Green infrastructure, green stormwater 

infrastructure, and human health: A review. Current Landscape Ecology Reports, 2, 96–110. 
Suppakittpaisarn, P., Larsen, L., & Sullivan, W. C. (2019). Preferences for green infrastructure and green 

stormwater infrastructure in urban landscapes: Differences between designers and laypeople. 
Urban Forestry & Urban Greening, 43, 126378. 

Thompson, C. W. (2002). Urban open space in the 21st century. Landscape and Urban Planning, 60(2), 
59–72. 

Tóth, A., Halajová, D., & Halaj, P. (2015). Green infrastructure: A strategic tool for climate change 
mitigation in urban environments. Ecology & Safety, 9, 132–138. 

Tveit, M., Ode, Å., & Fry, G. (2006). Key concepts in a framework for analysing visual landscape 
character. Landscape Research, 31(3), 229–255. 

Tveit, M. S. (2009). Indicators of visual scale as predictors of landscape preference; a comparison 
between groups. Journal of Environmental Management, 90(9), 2882–2888. 

Ulrich, R. S. (1986). Human responses to vegetation and landscapes. Landscape and Urban Planning, 13, 
29–44. 

Wang, L., Ge, M., Chen, N., Ding, J., & Shen, X. (2022). An Evaluation Model of Riparian Landscape: A 
Case in Rural Qingxi Area, Shanghai. Land, 11(9), 1512. 

Wang, R., Wu, H., & Chiles, R. (2022). Ecosystem Benefits Provision of Green Stormwater Infrastructure 
in Chinese Sponge Cities. Environmental Management, 69(3), 558–575. 
https://doi.org/10.1007/s00267-021-01565-9 

Wang, Z., Sun, H., & Li, J. (2023). Research on Architectural Color and Visual Comfort in Historic 
Landscape Areas. Buildings, 13(4), 1004. 

Zhao, J., Xu, W., & Li, R. (2017). Visual preference of trees: The effects of tree attributes and seasons. 
Urban Forestry & Urban Greening, 25, 19–25.


	FOREWORD
	REVIEWERS
	COMMUNICATION AND VISUALIZATION
	ABSTRACT
	Keywords
	1 INTRODUCTION
	Understanding shifting site conditions, such as light, vegetation, and temperature, is critical for describing complex landscapes in landscape architecture. Representation of these conditions are not simply descriptions of site, but essential tools fo...
	More recently, point cloud models, such as those created by terrestrial laser scanning (TLS) and aerial laser scanning, have allowed the creation of digital models generated from the site itself, and have recently become more ubiquitous in design prac...
	1.1 Research objectives
	While iPad and iPhone-based LiDAR has recently been explored for BIM architectural applications and the geosciences (Luetzenburg, 2021; Teo, 2023), there has been no analysis of the applicability of these novel tools for landscape architectural practi...
	2 METHODS
	2.1 Scanning
	After an initial introduction to the tools in class, scanning techniques were demonstrated and tested in the field with the students. On the workshop day, students were taught how to successfully operate the equipment, how to create and compile multip...
	2.2 Compiling, processing, and final composite
	3 RESULTS
	4 DISCUSSION
	5 CONCLUSION

	ACKNOWLEDGEMENTS
	REFERENCES
	DESIGN EDUCATION AND PEDAGOGY
	ABSTRACT
	Keywords
	1 INTRODUCTION
	1.1 The Savanna Traveling program
	1.2 Research objectives
	2 METHODS
	2.1 Demographic information: survey participants
	3 RESULTS
	3.1 Socialization
	3.2 Professional skills/abilities
	3.3 Traveling skills/abilities
	3.4 Landscape types
	3.5 Elements of landscape architecture
	4 DISCUSSION
	5 CONCLUSION

	ABSTRACT
	Keywords
	1 BACKGROUND
	Career development of landscape architecture faculty has been researched by a range of scholars in the discipline. Within the context of faculty role statements, successful career development and promotion of landscape architecture faculty continues t...

	Within the discipline, scholarly productivity is primarily assessed by peer-review to measure the quality of a faculty member’s intellectual contributions. Thus, measures of productivity may include the number of peer-reviewed publications and secured...
	Scholarship in landscape architecture may be broadly defined as creative intellectual work that is reviewed and validated by peers and communicated (Christensen, Michael, & Sleipness, 2023). Table 1 illustrates the broad range of scholarly outputs in ...
	1.1 Tenure and promotion as career development
	1.2 Collaboration as a core professional value
	1.3 Research objective
	2 METHODS
	2.1 Procedures for previous studies

	During the three previous studies, the textual content of each CV was individually coded, and scholarly outputs were quantified for the year tenure was awarded and the prior five years.  Reflecting publication lags, articles reported as accepted or in...
	Subsequently, these individual results were evaluated to identify discrepancies, after which a dialogue with a third researcher achieved consensus agreement concerning alternative interpretations (Graneheim & Lundman, 2004).  These consensus findings ...
	2.2 Assessment of collaboration in journal articles through authorship type
	3 RESULTS
	4 DISCUSSION
	Following data collection and tabular array of the findings, a series of statistical tests were also performed to explore potential relationships between other faculty characteristics and their authorship of peer-reviewed journal articles. When testin...
	5 IMPLICATIONS

	REFERENCES
	ABSTRACT
	Keywords
	1 INTRODUCTION
	The practice of landscape architecture boasts a rich heritage of tools and methodologies for representing landscapes. While historically dominated by analog mediums such as pencils, pens, markers, and watercolors, in the last several decades computer ...
	1.1 Technology Integration in landscape architecture academia
	1.2 Research objectives
	2 METHODS
	3 RESULTS
	3.1 Software results
	The results of the survey are presented within the six software categories defined in the methodology: 2D drafting (Figure 1), 2D rendering (Figure 1), desktop publishing (Figure 1), geospatial (Figure 2), 3D modeling (Figure 2), supplemental 3D model...
	3.2 Emergent technology integration results
	3.3 Technology instruction and operating system usage
	4 DISCUSSION
	4.1 2D Drafting
	4.2 2D Rendering software
	4.3 Desktop publishing software
	4.4 Geospatial software
	4.5 3D Modeling software
	4.6 Supplemental 3D modeling software
	4.7 Emergent technologies
	5 CONCLUSION

	REFERENCES
	ABSTRACT
	Keywords
	1 INTRODUCTION
	1.1 Experience of cycling
	1.2 Experiential learning
	1.3 Bicycle Day
	1.4 Research objectives
	2 METHODS
	3 RESULTS
	4 DISCUSSION
	5 CONCLUSION

	REFERENCES
	DIVERSITY, EQUITY, AND INCLUSION
	ABSTRACT
	Keywords
	1 INTRODUCTION
	1.1 Park development and land value
	1.2 Fast-growing urban neighborhoods and UGS development in Austin
	1.3 Inequitable access to UGS in Austin
	1.4 The need for novel spatial models
	2 RESEARCH OBJECTIVES
	3 METHODS
	3.1 Local and global model comparison
	3.2 Data collection
	4 RESULTS
	4.1 Visualization of decadal changes for UGS and core explanatory variables
	4.2 Descriptive statistics for MGWR
	4.3 Model diagnostics for MGWR model
	4.4 A comparison of OLS and MGWR models
	5 DISCUSSION
	6 CONCLUSION
	This study utilized both OLS and MGWR models in longitudinal and spatial analysis on green space development in Austin, TX as a case study. Several limitations should be considered when reading the interpretations of this study. First, this study only...

	ACKNOWLEDGMENT
	REFERENCES
	HISTORY, THEORY, AND CULTURE
	ABSTRACT
	Keywords
	1 INTRODUCTION
	2 COMPARISON OF GUIDELINES AND CRITERIA INFORMING BRITISH AND AMERICAN MANAGEMENT PLANS FOR BOTANIC GARDENS
	2.1 British plans for botanic gardens
	2.2 United States’ plans for botanic gardens
	3 THE NEW UNIVERSITY OF IDAHO ARBORETUM & BOTANICAL GARDEN MASTER PLAN
	3.1 Site boundaries and description of the property
	3.2 Identifying outstanding universal value
	3.3 Revealing key site issues/ re-evaluating the property’s boundaries and “buffer zone”
	3.4 Stakeholders’ participation
	4 CONCLUSIONS

	REFERENCES
	ABSTRACT
	Keywords
	1 INTRODUCTION
	2 LITERATURE REVIEW
	3 METHODS
	4 DISCUSSION: MAIN ARGUMENTS FOR AND AGAINST A NATIONAL LAKESHORE IN MICHIGAN’S UPPER PENINSULA
	4.1 Arguments that support National Lakeshore in Michigan's Upper Peninsula Natural Beauty
	4.2 Arguments that are against National Lakeshore in Michigan's Upper Peninsula Private Industry
	4.3 Pictured Rocks National Lakeshore becomes official Long Process Before Official Signature
	4.4 Land acquisition Surveys, Appraisals, and Contracts
	Land surveyors and appraisers began assessing the properties within the new lakeshore’s boundaries in January 1968, which was needed to put together the purchasing contracts to acquire the new parkland from the private owners currently there ("Senator...
	4.5 Development difficulties
	Tough Economic Times for Locals: After the bill to create Pictured Rocks National Lakeshore was signed in 1966, it took 11 years for substantial funding from the federal government appropriated for new development projects. Inner Zone land acquisition...
	Conflict Over the Pictured Rocks National Lakeshore Master Plan: The original master plan for Pictured Rocks National Lakeshore development was released in 1968 and the scenic road became a new source of conflict ("Advisors Hold Meeting", 1968). The p...

	5 CONCLUSION

	REFERENCES
	ABSTRACT
	Keywords
	1 INTRODUCTION
	1.1 Theoretical frame
	1.2 Research objectives
	2 METHODS
	3 RESULTS: FINDINGS AND ANALYSIS
	3.1 Preliminary Text Sampling
	3.2 Discourse analysis
	3.3 Thematic findings
	4 DISCUSSION & PRELIMINARY INTERPRETATION
	5 CONCLUSION

	REFERENCES
	LANDSCAPE ARCHITECTURE FOR HEALTH
	ABSTRACT
	Keywords
	1 INTRODUCTION
	Researchers have long acknowledged the benefits of spending time in or looking at natural environments. Decades of research show both to be beneficial to physical and mental health. Ulrich’s (1984) seminal study demonstrates that patients showed impro...
	1.1 Research objectives
	1.2 Comparing benefits of natural & simulated natural environments
	1.3 Landscape preference and attention restoration theory
	1.4 VR technology & game design
	1.5 Game design frameworks & prototype development
	1.6 Summary
	2 METHODS
	2.1 Survey questions
	2.2 Prototype development
	3 RESULTS OF THE INITIAL PLAYTEST
	3.1 Interactivity
	3.2 Exploration
	3.3 Fascination
	4 DISCUSSION OF THEMES
	5 CONCLUSION

	REFERENCES
	LANDSCAPE PERFORMANCE
	ABSTRACT
	Keywords
	1 INTRODUCTION
	2 BACKGROUND
	3 METHODS
	4 LANDSCAPE PERFORMANCE: A SNAPSHOT
	4.1 Research: The CELA’s Role
	4.2 Advocacy: The Landscape Architecture Foundation’s Role
	4.3 Education: Observations from Teaching
	4.4 Practice: Observations from the Profession
	5 SYNTHESIS: CHALLENGES AND TENSIONS
	5.1 Definition and scope
	5.2 Knowledge creation
	5.3 Funding and support
	5.4 Professional practice
	5.5 Collaboration and partnerships
	5.6 Education and training
	5.7 Innovation and technology
	5.8 Knowledge dissemination and advocacy
	6 WHY LANDSCAPE PERFORMANCE 2.0?
	7 CONCLUSION

	ABSTRACT
	Keywords
	1 INTRODUCTION
	1.1 Suncrest Elementary Context
	1.2 Crosswalks and Sidewalks
	1.3 Parallel routes
	1.4 Research objectives
	2 METHODS
	2.1 Observation times
	2.2 Crossing choice, intersection sight distance and pedestrian risk
	3 RESULTS
	3.1 Active commuting rates
	3.2 Intersection sight distance and pedestrian risk
	3.3 Driver yield-to-ped rates
	3.4 Conspicuous speeding and opportunity for increased enforcement
	4 DISCUSSION
	4.1 Planned improvements
	4.2 Pilot projects
	4.3 Parallel routes
	4.4 Policy change
	5 CONCLUSION

	FUNDING
	REFERENCES
	ABSTRACT
	Keywords
	1 INTRODUCTION
	1.1 Study area
	1.2 Research objectives
	2 METHODS
	2.1 Community engagement mapping exercise
	2.2 Community survey
	3 RESULTS
	3.1 Community engagement exercise
	The study comprises results from two data collection methods employed, first, community engagement mapping exercise and second, community survey. During the community engagement exercise, 51 people from Seneca, Oconee and Utica attended and were recei...
	3.2 Community Survey
	4 DISCUSSION
	5 CONCLUSION

	REFERENCES
	ABSTRACT
	Keywords
	1 INTRODUCTION
	1.1 Jackson and Food Insecurity
	1.2 Space
	1.3 Time
	1.4 History
	1.5 Research objectives
	2 METHODS
	2.1 Interview
	2.2 Mapping and diagramming
	3 RESULTS
	3.1 Mapping
	4 DISCUSSION
	4.1 Systems
	4.2 Infrastructure
	5 CONCLUSION

	REFERENCES
	ABSTRACT
	Keywords
	1 INTRODUCTION
	1.1 How soundscapes in urban parks are perceived
	1.2 What are soundscapes and soundwalks?
	1.3 Soundscape literature on urban parks
	1.4 Study location and context
	1.5 Research objective
	2 METHODOLOGY
	3 SOUND MEASUREMENT AND QUESTIONNAIRE SURVEY
	3.1 Sound measurement data collection using Decibel X
	3.2 Sound measurement datasheet
	3.3 Questionnaire survey
	4 RESULTS
	4.1 Respondents’ characteristics
	4.2 Acoustic comfort assessment
	4.3 Park sound and preference
	4.4 Soundscape quality and preference of Lindenwood Park
	5 CONCLUSION AND DISCUSSION

	REFERENCES
	1 INTRODUCTION
	1.1 Research objectives
	1.2 Food in the anthropocene
	1.3 Representing the anthropocene beyond the Visual
	2 METHODS
	3 RESULTS: FIELD NOTES
	3.1 Metabolic Kitchen- raumlaborberlin January 2013
	3.2 Mississippi. An Anthropocene River- Field Station 3: “Anthropocene Vernacular”  2018-2019
	3.3 Mississippi River Open School for Kinship and Social Exchange - Mid River Field  School 2021-2024
	4 DISCUSSION
	4.1 Putting Methods to Practice
	4.2 Broader Implications for Landscape Architecture
	5 CONCLUSION

	ABSTRACT
	Keywords
	1 INTRODUCTION
	1.1 Background
	1.2 Site conditions
	1.3 Environmental conditions
	1.4 SWOT analysis
	1.5 Research objectives
	2 METHODS
	2.1 Plot selection and strategies
	3 RESULTS
	4 DISCUSSION
	5 CONCLUSION

	REFERENCES
	ABSTRACT
	Keywords
	1 INTRODUCTION
	1.1 Landscape design solutions and GSI
	1.2 Visual comfort and aesthetics of GSI as urban landscapes
	1.3 Knowledge gaps and research goal
	2 METHODS
	2.1 GSI strategies and landscape design variable
	2.2 Study Site
	2.3 Research Design
	3 RESULTS
	4 DISCUSSION
	5 CONCLUSION AND FUTURE SCOPE

	REFERENCES
	ABSTRACT
	Keywords
	1 INTRODUCTION
	1.1 Greenspace equity and human wellbeing
	1.2 Children’s contact with nature
	1.3 Challenges to children’s contact with nature
	1.4 Contact with nature in schools
	1.5 The roles of parents and teachers
	1.6 Research objectives
	2 METHODS
	2.1 Study area and selection of school zone
	2.2 Survey instrument
	2.3 Target population, recruitment, and sample specifications
	2.4 Statistical analysis
	3 RESULTS
	3.1 Greenspace types, frequency of and barriers to use
	3.2 Awareness and attitudes
	3.3 School-specific barriers
	3.4 Location, setting and activity preferences
	4 DISCUSSION
	4.1 What do the findings suggest?
	4.2 Planning and design implications
	5 CONCLUSION

	REFERENCES
	ABSTRACT
	Keywords
	1 INTRODUCTION
	1.1 Literature review
	1.2 Research questions
	2 METHODS
	2.1 Applying research to student projects
	2.2 Funded research for application
	3 RESULTS
	3.1 Incorporating resilience factors in design
	3.2 Understanding through design thinking
	3.3 Transdisciplinary moments
	3.4 Student survey results
	4 DISCUSSION
	4.1 Ways to Improve
	4.2 Benefits
	5 CONCLUSION

	REFERENCES
	ABSTRACT
	Keywords

	1 INTRODUCTION
	1.1 Resilience: Managed Retreat
	1.2 Understanding Vulnerability: Expert-informed Studio Directive
	1.3 Risk and Uncertainty: Frameworks and Tools for a Graduate Student Studio
	1.4 Research objectives

	2 METHODS
	2.1 Course Schedule and Directives
	2.2 Survey Methodology
	2.3 Data Analysis
	Data collected from surveys were analyzed to assess the effectiveness of knowledge co-production in facilitating learning and practical outcomes. Key sustainability competencies, specifically systems-thinking, futures-thinking, and strategies-thinking...

	3 RESULTS
	4 DISCUSSION
	5 CONCLUSION
	6 ACKNOWLEDGMENTS and SUPPLEMENTARY MATERIALS
	REFERENCES
	Vaike Haas
	ABSTRACT
	Keywords

	1 INTRODUCTION
	1.1 Flooding frequency and storms
	1.2 Stormwater runoff regulation
	1.3 Integrating stream restoration concepts with landscape architecture studios
	1.4 Research objectives

	2 METHODS
	2.1 Site visits to prepare students for stream survey
	2.2 Stream survey lesson plan
	2.3 Stream restoration strategies: coding 'suitable' / 'not suitable'

	3 RESULTS
	3.1 Photo monitoring
	3.2 Stream Sketch Maps
	3.3 Cross sections
	3.4 Bank pins
	3.5 Longitudinal Profile
	3.6 Protrusion heights
	3.7 Bank Erosion Hazard Index
	3.8 Restoration concepts

	4 DISCUSSION
	5 CONCLUSION
	RESTORING THE LOST RESACAS: WETLAND RESTORATION IN THE LOWER RIO GRANDE VALLEY, TX
	ABSTRACT
	1 INTRODUCTION
	1.1 Water quantity
	1.2 Water quality
	1.3 Public health
	1.4 Resacas
	1.5 Research objectives

	2 METHODS
	2.1 Context analysis
	2.2 Suitability analysis
	2.3 Community engagement
	2.4 L-THIA model

	3 RESULTS
	3.1 L-THIA model results
	3.2 Master plan

	4 DISCUSSION
	5 CONCLUSIONS
	ABSTRACT
	Keywords

	1 INTRODUCTION
	1.1 City of Radford
	1.2 Radford recreational resources
	1.3 The obstacle of brownfield reclamation
	1.4 The former Radford Foundry
	1.5 Environmental threats
	1.6 Threats toward public health

	2 LITERATURE REVIEW AND CASE STUDIES
	2.1 The new natural resources economic
	2.2 Case study
	2.3 Research gaps, objectives, method

	3 METHOD: DESIGN RESEARCH INVESTIGATION
	3.1 Implementation of the New Natural Resources Economic (NNRE) framework in Radford
	3.2 Landscape agents – phytoremediation

	4 RESULT & DISCUSSION
	4.1 Environmental benefits
	4.2 Community engagement by brownfield reclamation
	4.3 Local economic revitalization by brownfield reclamation

	5 CONCLUSION
	REFERENCES



