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            Abstract
          
        

        
          Escalating climate change intensity requires a greater adaptive capacity to urban heat extremes. In response, cities are implementing outdoor facilities to mitigate urban heat and allow pedestrians to engage in outdoor activities during heat events. Local governments in Seoul, South Korea have installed sunshades, street trees, cooling fogs, green walls, and green roofs as climate change adaptation strategies. Previous studies emphasized the importance of preferences and perceptions of users in the effectiveness of urban infrastructure and landscape, and highlighted the impact of age on preferences and perceptions. However, current adaptation planning does not reflect variation across different age groups, nor does it consider user effectiveness; therefore, this study aims to identify variation in perceptions of the adaptive capacity of the five abovementioned outdoor heat adaptation facilities across age groups and to suggest implications for climate change adaptation strategies. To verify the variation, we used the Kruskal-Wallis test, and the results showed that the perception of green roofs varied across six different age groups from 15 to over 65 years old at a 95% confidence interval, and perception of green walls at a 90% confidence interval. Sunshades, street trees, and cooling fogs showed no significant variation across different age groups. Specifically, individuals aged 65 and older perceived green roofs as significantly more effective for adapting to outdoor heat than those aged 15 to 34. Similarly, this older age group found green walls more beneficial than the youngest group, aged 15 to 24. To further explore the relationship of the perception with behavioral features and socio-economic status, we performed correlation analysis. The results suggested that climate change awareness, heat sensitivity, and education could play a significant role in shaping perceptions of adaptive capacity based on outdoor heat adaptation facilities. Perception of high adaptive capacity of green walls and green roofs by older population along with significance of climate change awareness could be used as important information for effective adaptation planning especially in aging society.
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      1. Introduction
      Urban centers around the globe are grappling with the increasing impacts of climate change, notably the surge in frequency and intensity of heatwaves. This escalating urban heat stress necessitates robust adaptation strategies to safeguard public health and enhance thermal comfort in outdoor environments. While various outdoor adaptation facilities such as sunshades, street trees, and cooling fogs have been deployed, the effectiveness of these measures in facilitating adaptation to intensified urban heat remains under-explored.

      Understanding the perceptions and preferences of the users of these adaptation facilities is crucial for maximizing the utility of urban infrastructure. Research has consistently shown that demographic factors, especially age, play a pivotal role in shaping the perceptions and preferences towards urban infrastructure and landscapes, including green components like green walls and green roofs (Barreira et al., 2023; Marti et al., 2020; Tanaka et al., 2022; Torres et al., 2020; Wamsler et al., 2020). These insights are vital for city planners and policymakers aiming to implement effective heat adaptation strategies.

      Barreira et al. (2023) emphasized that residents’ perceptions of green infrastructure significantly influence their support for adaptation measures. Along with geographic properties of respondents’ residence, differing age cohorts may prioritize various facilities based on their unique experiences and values. Similarly, Torres et al. (2020) demonstrated that demographic factors, including age, can affect perceptions and preferences regarding climate adaptation strategies, indicating potential differences in support among younger and older populations.

      Research by Wu et al. (2023) further explored public preferences and willingness to pay for ecosystem benefits of urban green infrastructure, revealing significant variation across demographic groups. This reinforces the notion that age-related differences are crucial in determining support for heat adaptation facilities. Additionally, Suppakittpaisarn et al. (2019) highlighted discrepancies between designers’ and laypeople’s preferences for green infrastructure, suggesting that age might influence how different groups value specific adaptation measures.

      Moreover, the heterogeneity in preferences, as noted by Macháč et al. (2022), underscores the need to consider demographic factors in understanding public preferences for green and blue infrastructure in urban settings. This body of literature collectively supports our research hypothesis that age will significantly affect the preference for outdoor heat adaptation facilities such as shade, street trees, cooling fog, green walls, and green roofs.

      In light of these findings, this study attempts to test a hypothesis that people perceive the effectiveness of adaptation facilities (sunshades, street trees, cooling fogs, green walls, and green roofs) against outdoor heat differently depending on their ages. Current adaptation planning relies on risk assessment based on supply-driven approaches therefore reflecting user perception at a very minimum level. Despite efforts to reflect citizens’ perception and preference by holding workshops and taking surveys, local governments only use them in prioritizing the adaptation risk at macro-levels. At the micro-levels in which risk specific action plans take place within assigned risk sectors, every action plan is only evaluated by its fulfillment rate and does not consider how much citizens, the end-user of each action plan feel effective (Ajou University Industry-Academic Cooperation Foundation, 2022; Seoul Institute, 2022). This is not the particular case only relevant to South Korea. After scrutinizing a body of literatures on global adaptation planning, Drescher and Skoyles (2024) addressed the lack of impact evaluation attributed to methodological limitations primarily relying on surveys and interviews. Hügel and Davies (2020) also highlighted the gap between public engagement and its integration into actual policymaking as it addressed institutional barriers, conceptual ambiguity, and unjust forms of engagement as a wicked problem.

      By investigating how different age groups perceive effectiveness of outdoor heat adaptation facilities, planners and policymakers could be able to strategically allocate outdoor heat adaptation facilities with limited financial assets. For instance, when a district has to decide how many and where to install adaptation facilities like sunshades, street trees, or cooling fogs, decision makers will have to assess them based on various supply-driven criteria like expected heat reduction effect, social benefits and volume of pedestrians. Information about how different age groups feel effective about the adaptation facilities could be used as additional demand-driven criterion especially when it comes to choose between areas with similar supply-driven criteria. On a micro scale, we could allocate a specific type of facilities at a certain site if we could pinpoint the locations where specific age groups are prevalent among pedestrians during daytime when heat exposure is at maximum. Although a series of previous studies discovered how various physical environments influence cooling efficiency of heat mitigation or adaptation facilities (Aram et al., 2019; Choi and Lee, 2020; Mohammed et al., 2024), this studies focuses on perceptional aspects of users and how to reflect them in adaptation strategies accordingly.

      
        Table 1. 
				
        

        
          A list of adaptation facilities and brief description of their uses and application site
        
        

      

      
        
          
            	Outdoor Heat Adaptation Facility
            	Case of Installment
            	Description
          

        
        
          	Sunshade
          	
            
          
          	Fabric structures strategically placed to block direct sunlight.
Mainly installed before crosswalks, beside street benches, and in parks.
        

        
          	Cooling fog
          	
            
          
          	Systems designed to reduce air temperature through the dispersion of water droplets.
Mainly installed on roadsides, in public squares, and parks.
        

        
          	Street tree
          	
            
          
          	Incorporation of vegetation along streets to provide shade and reduce ambient temperature.
Mainly installed on roadsides and in parks
        

        
          	Green wall
          	
            
          
          	Use of climbing plants or structured vegetation on building facades.
Mainly installed on roadside walls and the walls of public buildings.
        

        
          	Green roof
          	
            
          
          	Gardens or green coverings installed on rooftops to insulate buildings and provide green space.
Mainly installed on commercial buildings and public institutions
        

      

      

    

    

  
    
      2. Materials and Methods
      We collected the data through an online survey platform called OpenSurvey. The survey targeted a total of 300 residents in Capital area of South Korea, and collected the data for 3 days from 17th to 19th of August, 2024. To answer the main research question to identify variation of perception across different age groups, we divided the sample population by their age spanning from 15 to over 65 years old. And, we designed to separate the age groups by 10 years based on previous studies (Derkzen et al., 2017; Wu et al., 2023; Zhang et al., 2020), making the total number of age groups six: 15-24, 25-34, 35-44, 45-54, 55-64, and 65+. Each age group consisted of 50 individuals with equal percentage of male and female.

      This study focused on above five adaptation facilities based on two criteria: 1) Has it been applied at the study site (Capital area of South Korea) as adaptation measure against urban heat 2) Does it have impact on outdoor pedestrians to adapt to heat? Adaptation measures satisfying the both criteria are sunshades, cooling fog, street tree, green roof, and green wall in order of decreasing frequency of application in Capital area of South Korea. We strictly focused on evaluating adaptive capacity of each facility against outdoor heat from pedestrians’ perspective, so that we excluded other influencing factors such as preference of facilities’ exterior design, landscape, and economic impact.

      The survey consists of two main sections. The first section is designed to assess the perception of adaptive capacity of each facility against outdoor heat, and the second section is designed to identify socio-demographic and behavioral features corresponding to the perception obtained from the first section.

      In the first section, respondents were asked to rate their perception in a Likert scale from one to five for each type of facility on how much it will help them adapt to outdoor heat.

      In the second section, respondents were asked to answer six questions on their behavioral features regarding outdoor heat and socio-economic status. Previous studies have explored and examined the correlation and the impact of socio-economic factors such as income, education, vulnerable population, and climate change awareness with or on the perception and preferences of infrastructures (Meyerhoff and Oehlmann, 2023; Rahman, 2017; Suryawan and Lee, 2023; Zhang et al., 2022). Yet, they highlighted the behavioral properties in shaping citizens’ preference, so we added behavioral features in this study to explore particularly the relationship between adaptation behaviors and perception of particular adaptation facilities. For the questions asking their behavioral features, respondents were asked to rate their awareness of how important the climate change issue is and to rate how sensitive they are to heat in a Likert scale from one to five. For the questions asking their socio-economic status, respondents were asked to choose their levels of household income and final education.

      To assess the statistical differences in preferences for heat adaptation facilities across different age groups, this study employed the Kruskal-Wallis H Test, a non-parametric method suitable for comparing more than two independent groups. The Kruskal-Wallis H Test is particularly useful in this context as it does not assume a normal distribution of the data. By ranking the data and comparing the distributions across the different age groups, the test determines whether there are statistically significant differences in the median preferences among the groups.

      For each of total six age groups, the preferences for five above mentioned outdoor heat adaptation facilities are assessed. If the test indicates significant differences, post-hoc pairwise comparisons will be conducted using Bonferroni test to identify which specific groups differ from each other.

      To additionally explore which factors other than age influence the perception of adaptive capacity of outdoor heat adaptation facilities, we asked respondents about their behavioral features and socio-economic status. For behavioral features, we considered climate change awareness and heat sensitivity. For socio-economic status, we considered household income and education (see Table 2).

      
        Table 2. 
				
        

        
          Description of variables in the survey
        
        

      

      
        
          
            	Class
            	Variable
            	Symbol
            	Type
          

        
        
          	Perception of adaptive capacity against heat
          	Sunshade
          	SS
          	Ordinal
(1-5)
        

        
          	Cooling fog
          	CF
        

        
          	Street tree
          	ST
        

        
          	Green wall
          	GW
        

        
          	Green roof
          	GR
        

        
          	Behavioral feature
          	Climate change awareness
          	CCA
        

        
          	Heat sensitivity
          	HS
        

        
          	Socio-economic status
          	Household income
          	HI
          	Ordinal
(1-10)
        

        
          	Education
          	E
          	Ordinal
(1-6)
        

        
          	Age
          	Age Group
          	AG
        

      

      

      It is important to note that the participants’ answers to the questionnaires could be biased based on their past experience of heat events and adaptation facilities. Depending on climate conditions of the date and time when user experienced the facilities, how frequently the users experienced the facilities, and how long the users have been exposed to heat events, their perception and preference of the adaptation facilities could be shaped differently (Barreira et al., 2023; Fang et al., 2007; Guillen et al., 2013; Navas-Martin et al., 2024).

    

    

  
    
      3. Results and Discussion
      
        3.1. Descriptive Statistics
        For all age groups, shade is most preferred among 5 facilities, and green wall is least preferred in their adaptive capacity to outdoor heat. The interesting pattern noticed from the variation pattern across different adaptation facilities is that increasing levels of perception with increasing ages are observed only in green facilities: street trees, green wall, and green roof. Another distinguishing observation across different adaptation facilities is that perception on adaptive capacity of cooling fog show distinctively high for the youngest age group (AG1) (see Fig. 1).

        
          
          

          Fig. 1. 
				
          

          
            Average perception of adaptation facilities across 6 different age groups
          
          

          

        

        
          Table 3. 
				
          

          
            Average perception of adaptation facilities across 6 different age groups
          
          

        

        
          
            
              	
              	Sun-shade
              	Street tree
              	Cooling fog
              	Green wall
              	Green roof
            

          
          
            	AG1 (15-24)
            	4.28
            	3.86
            	4.02
            	3.08
            	3.16
          

          
            	AG2 (25-34)
            	4.42
            	4.00
            	3.68
            	3.38
            	3.24
          

          
            	AG3 (35-44)
            	4.50
            	4.10
            	3.68
            	3.32
            	3.54
          

          
            	AG4 (45-54)
            	4.40
            	4.24
            	3.68
            	3.34
            	3.46
          

          
            	AG5 (55-65)
            	4.32
            	4.32
            	3.76
            	3.64
            	3.80
          

          
            	AG6 (65~)
            	4.32
            	4.14
            	3.56
            	3.52
            	3.84
          

        

        

      

      
        3.2. Green Wall and Green Roof Showed Statistical Difference across Age Groups
        Kruskal-Wallis H test was conducted to examine whether the preferences for five different heat adaptation facilities varied significantly across six different age groups. The analysis revealed that only green roof and green wall showed statistical difference by age groups at 95% and 90% confidence interval, respectively.

        
          Table 4. 
				
          

          
            Kruskal Wallis H test
          
          

        

        
          
            
              	
              	H-Statistic
              	P value
            

          
          
            	Sunshade
            	3.06
            	0.690
          

          
            	Street tree
            	8.02
            	0.155
          

          
            	Cooling fog
            	6.53
            	0.258
          

          
            	Green wall
            	10.5
            	*0.063
          

          
            	Green roof
            	17.9
            	***0.003
          

        

        
          
            *p < 0.10; **p < 0.05; ***p < 0.01
          

        

        

        Looking at the distribution of perception of green wall as in Fig. 2, distribution of age group 5 whose age spans from 55 to 65 years old is notably left skewed, concentrating on the high levels of perception.

        
          
          

          Fig. 2. 
				
          

          
            Violin plot of perception on adaptive capacity of green wall against outdoor heat across six different age groups
          
          

          

        

        For green roof, a similar pattern observed in which the distribution of age group 5 and 6 shows a notably left skewed distribution compared to other age groups (see Fig. 3). To further examine the statistical difference between different age group, we performed a post-hoc test, and the result is shown in the following section.

        
          
          

          Fig. 3. 
				
          

          
            Violin plot of perception on adaptive capacity of green roof against outdoor heat across six different age groups
          
          

          

        

      

      
        3.3. Statistical Difference Exists between the Youngest and the Oldest Groups
        A post-hoc Bonferroni test is performed to examine between which different age groups has the significant difference in preference.

        Bonferroni post-hoc test in Table 5 showed that the age group 1 and age group 5 & 6 has significant difference in perception of green wall. The older population tends to have higher perception on green wall about its adaptive capacity against heat.

        
          Table 5. 
				
          

          
            Bonferroni post-hoc test of green wall
          
          

        

        
          
            
              	AG-AG
              	Bonferroni Statistic
              	P value
            

          
          
            	1-3
            	-1.06
            	0.289
          

          
            	1-4
            	-1.198
            	0.231
          

          
            	1-2
            	-1.524
            	0.128
          

          
            	1-6
            	-2.258
            	**0.024
          

          
            	1-5
            	-2.959
            	***0.003
          

          
            	3-4
            	-0.138
            	0.89
          

          
            	3-2
            	0.464
            	0.643
          

          
            	3-6
            	-1.198
            	0.231
          

          
            	3-5
            	-1.899
            	0.058
          

          
            	4-2
            	0.326
            	0.745
          

          
            	4-6
            	-1.059
            	0.289
          

          
            	4-5
            	-1.761
            	0.078
          

          
            	2-6
            	-0.734
            	0.463
          

          
            	2-5
            	-1.435
            	0.151
          

          
            	6-5
            	0.701
            	0.483
          

        

        
          
            *p < 0.10; **p < 0.05; ***p < 0.01
          

        

        

        Bonferroni post-hoc test in Table 6 showed that the age group 1 & 2 and the age group 5 & 6 has significant difference. The older population tends to have higher perception on green roof about its adaptive capacity against heat.

        
          Table 6. 
				
          

          
            Bonferroni post-hoc test of green roof
          
          

        

        
          
            
              	AG-AG
              	Bonferroni Statistic
              	P value
            

          
          
            	1-2
            	-0.385
            	0.7
          

          
            	1-4
            	-1.437
            	0.151
          

          
            	1-3
            	-1.793
            	0.073
          

          
            	1-5
            	-3.134
            	***0.002
          

          
            	1-6
            	-3.187
            	***0.001
          

          
            	2-4
            	-1.051
            	0.293
          

          
            	2-3
            	-1.408
            	0.159
          

          
            	2-5
            	-2.749
            	***0.006
          

          
            	2-6
            	-2.802
            	***0.005
          

          
            	4-3
            	0.357
            	0.721
          

          
            	4-5
            	-1.697
            	0.09
          

          
            	4-6
            	-1.75
            	0.08
          

          
            	3-5
            	-1.341
            	0.18
          

          
            	3-6
            	-1.394
            	0.163
          

          
            	5-6
            	-0.053
            	0.958
          

        

        
          
            *p < 0.10; **p < 0.05; ***p < 0.01
          

        

        

        The results presented in Tables 5 and 6 corroborate findings from previous studies, indicating that older populations tend to prefer green infrastructure and landscape features (Tam et al., 2013; Wang et al., 2023; Wu et al., 2023).

        Table 7 shows the spearman coefficients between the variables. We explored the spearman correlation coefficient to understand the relationship between variables. At 99% confidence interval, “climate change awareness” showed positive correlation with perception on adaptive capacity of sunshade, street tree, and green roof against outdoor heat. The strength of correlation is the highest for street tree, implying that the higher awareness of climate change more likely to perceive higher adaptive capacity of street tree against outdoor heat. “Heat sensitivity” also showed positive correlation with all the adaptation facilities at 99% and 95% confidence interval except street tree. This might imply that street tree’s high perception of adaptive capacity against heat is attributed to not only physiological sensitivity to heat but also other factors such as frequent exposure to the facilities. Pedestrians could easily encounter street trees compared to cooling fog, green wall, and green roof so that respondents’ answer to score the adaptive capacity of each facility against outdoor heat might be biased to give higher scores to more familiar or experienced facilities. Correlation of preference of infrastructure with users’ familiarity has been discussed in the previous literature (Derkzen et al., 2017; Macháč et al., 2022).

        
          Table 7. 
				
          

          
            P values of spearman coefficients between the variables
          
          

        

        
          
            
              	
              	SS
              	ST
              	CF
              	GW
              	GR
            

          
          
            	CCA
            	***0.002
            	***0.000
            	0.278
            	*0.058
            	***0.002
          

          
            	HS
            	***0.000
            	0.141
            	**0.029
            	**0.016
            	**0.028
          

          
            	HI
            	0.980
            	0.702
            	*0.053
            	0.836
            	0.992
          

          
            	E
            	0.678
            	0.349
            	0.635
            	**0.015
            	0.804
          

          
            	AG
            	0.926
            	**0.029
            	*0.084
            	***0.008
            	***0.000
          

        

        
          
            *p < 0.10; **p < 0.05; ***p < 0.01
          

        

        

        Household income showed weak significance with cooling fog and no significance with any adaptation facility. And level of education showed significant correlation only with green wall. It is important to note that education is a variable highly correlated with age and income especially when the sample in this study includes teenagers under 20s. First of all, income variable used in this study is household income so that teenager’s low income would not explicitly generate bias against the youngest age group unless they don’t have family members to support them. Second, household income (HI) is not correlated with green wall (GR), which rejects the assumption that correlation of education (E) with green wall (GW) is significantly influenced by household income (HI). Foremost, this result aligns with previous research by Zhang et al. (2020), Collins et al. (2017), and Teotónio et al. (2020), which revealed that people with higher educational backgrounds are likely to prefer green walls, more sensitive to ecological value, and more willing to pay for them.

        Overall, the way users perceive five different adaptation facilities of their adaptive capacities against heat could be more dependent upon how important they consider of climate change issues and how individually sensitive to heat than their income and education status.

      

    

    

  
    
      4. Conclusion
      The current adaptation planning in South Korea is mainly supply driven and therefore lacks reflecting user demand. Understanding how different group of users perceive and feel effective about adaptation facilities like sunshades, street trees, cooling fogs, green walls, and green roofs is crucial to improve effectiveness of such adaptation strategies.

      In light of findings from previous studies, age was a major determinant of perception and preference of urban landscape and infrastructures. Therefore, this study aims to identify variation of perception on adaptive capacity of above mentioned five outdoor heat adaptation facilities and suggest its implication in climate change adaptation strategy. Kruskal-Wallis test result showed that green roof has perception variation across six different age groups from 15 to over 65 years old under 95% confidence interval, and green wall under 90% confidence interval. Sunshade, street tree, cooling fog showed no significant variation across different age groups.

      The result corroborates previous studies on green infrastructure and urban landscape favored by older population. As aging population intensifies, this perception of high adaptive capacity of green adaptation facilities as perceived by the older population will have more significant impact on the effective adaptation to outdoor heat. Although such variation of perception between the young and the old groups alone would have limited policy applicability due to spatial heterogeneity of complex urban fabrics, it could work as a useful decision support information to enhance policy effectiveness of adaptation planning. In order to maximize efficacy of our findings, we further need to explore feasibility of application of multiple facilities and verify their combined effects. Combination of multiple adaptation facilities like sunshades, plants, and water droplets could encompass multiple age groups, and therefore enhance user perception and effectiveness of diverse group of people.
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