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Abstract

:

Green infrastructure, such as green roofs/walls, plays a key role in addressing urban problems. Despite the well-established sustainable mentality, aspects such as aesthetics, recreation, and welfare are still the main drivers for undertaking such investments. Several studies have focused on proving the benefits of green infrastructure, namely, thermal insulation, air quality, and others. However, significant soft benefits have not yet been properly addressed. It is, therefore, important to understand how much citizens are willing to invest in those mitigating measures and list the aspects that influence that value. This study suggests a methodology based on stated preferences to evaluate the willingness-to-pay of owner/tenants for green roofs/walls in residential buildings and determine the influence of multiple factors. Results show that consumers reveal higher willingness-to-pay for accessible green roofs. Knowledge of benefits and the accessibility of green roofs have a great impact on the willingness-to-pay. Recreation benefit is at the forefront of individuals’ concerns; even more than aesthetics.
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1. Introduction


The intense process of urbanization shows no signs of slowing or even breaking, especially with an increasing number of people moving to the cities. Demographic projections keep growing, and 67% of the world population is expected to be living in urban centers by 2050 [1]. This is heading for reduction of green spaces, resource scarcity, climate change, loss of biodiversity, flood risk, urban heat island effect, air and water pollution, among other environmental problems [2].



Green infrastructure has been recognised to tackle and lessen urban impacts. Within this framework, green roofs and green walls offer major improvements in buildings performance, e.g., less energy-consuming because of thermal insulation [3], increase in photovoltaics panels efficiency [4], and others. They also provide several ecosystem services at a city scale [5]. For example, greening the buildings’ roofs reduces the area of impervious surfaces in the cities, reducing the volume of rainwater retention [6]. Also, the vegetation absorbs pollutants and improves air quality by reducing the concentration levels of air pollutants [7]. Consequently, green roofs minimize urban drainage systems overload, decreasing the flooding risk [8]. Among other socio and environmental benefits such as habitats creation and biodiversity preservation [9], the widespread installation of green infrastructure in the urban environment reduces the outdoor noise levels and mitigates the temperature, i.e., the urban heat island effect [10].



Despite the current awareness and acceptance for environmentally friendly behaviours [11], the global acceptance of green infrastructure still faces substantial challenges and these solutions are being confined to specific countries or cities. Economic barriers are the main reasons for the small market share since installation, and maintenance costs are significantly higher than for traditional constructive systems [12,13]. To overcome this situation and prioritize socio-environmental benefits over individual economic interests, it is necessary to promote the spreading of these solutions [14]. It is important to understand society’s perception and preferences on greened solutions and their availability to invest in them [15,16,17].



Several studies examine the willingness-to-pay (WTP) for ecosystem services, such as climate change mitigation [18], reduction of the urban heat island effect [19], sustainable drainage of stormwater in cities [20], environmental benefits [21], and energy efficiency [22]. Others focus on sustainable solutions [14,23,24,25,26,27]. There are only a few studies that approach directly green infrastructure, reporting the preferences of consumers and the maximum amount that they are willing to invest to reap the potential benefits. Those studies cover different profiles of investors and their perception of different types of green roofs/walls. For example, Vanstockem et al. [28] used a discrete choice model to identify the visual characteristics of extensive green roofs (e.g., vegetation gaps, vegetation type) affecting users’ preferences and their impact on choice situations measured in terms of WTP. Tam et al. [29] conducted a questionnaire survey and interviews with the purpose of identifying the concerns of professionals, owners, and end-users when proposing green roofs. The study revealed that about 80% of the respondents are willing to invest at most 208 €/m2 to have these systems installed. The results showed that respondents value more the improvement of buildings aesthetics. Rosenzweig et al. [30] assumed in their study that residents of New York are willing to pay between 8.50 and 43 €/m2 for green roofs/walls as a building amenity. Bianchini and Hewage [31] have also included the aesthetic value of green roofs. They assumed this value in terms of property appreciation, stating that the installation of an extensive and intensive green roof would increase the property value from 2% to 5% and from 5% to 8%, respectively. Studies on green walls are still missing.



Most of the studies abovementioned, in particular Rosenzweig et al. [30] and Bianchini and Hewage [31], used WTP values based on assumptions instead of applying valuation methodologies to better support their study. Nurmi et al. [32] estimated a scenic benefit of green roofs up to 37 €/m2 in Helsinki based on the application of the spacial hedonic price theory in terms of the purchase price per square meter. They used data from 6500 apartment transactions.



In addition, the implementation of green roofs and walls is calling for accurate cost–benefit analysis. Most of the economic evaluations, however, show contrasting results (see [12,31,32,33,34,35,36]). One of the main reasons is that current approaches often disregard some social, environmental, and economic aspects and focus mostly on financial (see the methodology used by Cruz et al. [37]), namely, the impact on the average market value of the real estate. For that, it is also important to determine the value placed by users on soft benefits such as aesthetics.



This study aims to improve the understanding of the behavioural barriers precluding a widespread adoption of green roofs and walls. The study also approximates the parameters representing main sources of resistance in their use, influencing the amount of money that investors are willing to pay. The method applied for measuring the WTP for green roofs and walls consisted of consumer surveys asking directly about the price that consumers are willing to pay for a product. This methodology allows questionnaires with a simple structure and fast data acquisition. However, it has some flaws associated since the results may not represent the real WTP of the consumers. The methodology was applied to Portugal to consider site-specific constraints, such as purchase power, cost of living, and local real estate market.



The paper is organised as follows. First, the methodology and the data collection process are described. Section 3 presents and discusses the statistical results, as both descriptive of variables and bivariate relations between them. The paper ends with the main conclusions and limitations of the study.




2. Methodology


2.1. Survey and Sample Selection


Breidert et al. [38] proposed a classification framework of the existing methods to measure WTP. Figure 1 shows that same framework distinguishing between survey-based techniques (i.e., stated preferences) and actual/simulated price response (i.e., revealed preferences).



Green infrastructure does not play an important role in the Portuguese market yet. There are limited data on actual real estate transactions, making it impossible to measure WTP based on revealed preferences. Because of that, this study collected information on stated preferences of consumers through direct surveys. This implies some uncertainty since the responses may not reflect the real value that consumers are willing to pay. Figure 1 highlights in grey and bold methods to measure the WTP named by Breidert et al. [38] that were used in this study.



An online questionnaire was created on Google Forms platform and made available on social networks, allowing to obtain and analyze the user’s results in a quick and simple manner. It was also sent to personal contacts and via email. This corresponds to a nonprobability sampling method, i.e., convenience sampling, where the participants are previously selected instead of considering the entire population [39,40]. This method is often applied in exploratory and preliminary studies to obtain gross yet inexpensive and fast estimations. However, it may not represent the Portuguese reality since generalizations based on the results may lead to potential bias. Companies related to green roofs and green walls also received a similar questionnaire.



Gathering of consumer surveys dates from 16 January to 23 February, 2018. The final database collected 562 valid responses. It is important to note that this sampling method does not allow to achieve robustness. This was considered in the discussion of the results.




2.2. Questionnaire Design


The consumer survey started with a short introductory note explaining the purpose of the study and the time necessary to complete the information. The respondents were informed on the guarantee of anonymity and confidentiality of the responses.



The main part of the survey was divided into 3 sections with a total of 17 questions. The structure of the survey ensured the standardization of data collection. The first section consisted of three questions concerning consumers’ satisfaction, their indoor thermal comfort and sound insulation in their houses, and the existence of green spaces in the area they live in. All these aspects are related to some of the well-known green infrastructure benefits such as thermal and sound insulation and well-being {Formatting Citation}, and it was important to examine if the view of users on those services affects the total amount they are willing to spend to achieve those improvements. Consumers revealed their current satisfaction on these three factors through a Likert scale with five levels: strongly disagree, disagree, neither agree nor disagree (neutral), agree, and strongly agree.



The second section evaluated knowledge about green infrastructure. It included questions about consumers’ perception/familiarity with the concept of green roofs and walls and respective benefits, with three possible answers: (i) never heard of, (ii) have heard of but unfamiliar with the benefits associated, and (iii) familiar with the concept and benefits of these systems. Section 2 also asked about how much consumers were willing to pay to have those green roofs/walls installed in their houses. This allowed assessing the respondents’ attitude towards green infrastructure. The survey separated green infrastructure into (i) accessible and (ii) inaccessible green roofs and (iii) interior and (iv) exterior green walls. Photographs of each system enlighten the respondents less aware of these solutions. A 6-level scale of 0%, 0%–2.5%, 2.6–5%, 5.1%–7.5%, 7.6%–10%, and over 10% measured the WTP for each of those systems as a percentage of the monthly rent value or monthly bank mortgage. Previous studies presented the WTP as a percentage of the buildings’ value (see Section 1). This study adopted a different approach because it was considered that there is a lack of perception of such values, especially for rent contracts or buildings acquired a few years ago. The following example illustrated what was entailed: “If your monthly rent/bank mortgage is 500 € and if you are willing to pay 6% of that value, this means that you are willing to pay 30 additional € per month”.



The third section included questions about sociodemographic characteristics of the respondents, such as gender (female and male); age (under 18 years old, 18–35 years old, 36–55 years old, and over 55 years old); level of education (lower secondary—second cycle, lower secondary—third cycle, higher secondary education, postsecondary qualification, and highly qualified education such as Bachelor, Master, and PhD); and household size (1, 2, 3, 4, and over 4 persons). The gross income was not considered since it is affected by the taxes paid by each individual. Instead, this study considered the disposable income, this is, the average monthly net income, which was distinguished as no income, 0–500 €, 501–1.000 €, 1.001–1.500 €, 1.501–2.000 €, 2.001–2500 €, and over 2.500 €.



The third section comprised questions about the housing characteristics, such as area of residence (divided into Portuguese districts and islands), house contract (owner-occupied or rented), responsibility on housing expenditures (charges paid by the respondent or not), and housing type. The housing type corresponded to the number of main rooms in the house, excluding the kitchen and bathrooms, and was distinguished in T0, T1, T2, T3, T4, T5, and above (i.e., Ti with 0 ≤ i ≤ 5 as the classification of the apartment or villa).




2.3. Data Analysis


For purposes of analysis, the data collected in the surveys had to be differentiated in terms of dependent variables and independent variables. In this study, the WTP for green roofs and walls corresponded to the dependent variable to be explained (i.e., dependent variables) by the influencing factors (i.e., independent variables). The influencing factors were separated into three main categories: satisfaction, awareness, and sociodemographic characteristics. Most of the variables in this study are defined as categorical (also known as nominal) since they are composed of two or more categories with no intrinsic order. The remaining variables are ordinal since they are numerical (also known as quantitative) and distinguished in classes, therefore, not continuous. This is very restrictive for data analysis.



Data analysis consisted of two phases (descriptive statistics and bivariate correlations) and used IBM SPSS software (Statistical Package for the Social Sciences). First, basic descriptive statistics were performed to all variables. Second, bivariate statistics allowed a more detailed analysis to determine the WTP for green roofs and walls in residential buildings based on data and identify the key aspects influencing that value. This analysis explored potential interactions and correlations between the potential explanatory variables and the response variables (WTP). To this end, this study selected the Chi-square test and Cramer’s V. It was not possible to predict the response variables, i.e., WTP, through a multiple regression in bivariate statistics data analysis since most variables are qualitative.



For the statistical analysis, some variables had to be recoded. For example, the 5-level Likert scale for the satisfaction on thermal, acoustics, and green spaces variables were recoded as follows: strongly disagree = −2, disagree = −1, neither agree nor disagree (neutral) = 0, agree =1, and strongly agree = 2. For the quantitative but interval variables data analysis, the mean value of each interval was assumed, e.g., 750 € monthly income representative of the class of (501 €, 1000 €). In addition, the way that data was collected implied that the bivariate analysis would be performed assessing the WTP for (i) accessible and (ii) inaccessible green roofs and (iii) exterior and (iv) interior green walls. To simplify, it was decided to add the variable “accessibility” when analyzing the WTP for green roofs, distinguishing as accessible = 1 and inaccessible = 0; and to add the variable “system” when analyzing the WTP for green walls, distinguishing as exterior = 1 and interior = 0. Accordingly, it was possible to condense information and perform the bivariate analysis concerning the WTP for (i) green roofs and (ii) walls. The analysis involved, therefore, 14 independent variables instead of 13, assuming one additional explanatory variable as the accessibility of the system (for green roofs) and the type of system (for green walls). This meant the transformation of the original data collected. This is why the bivariate analysis accounted for twice the responses (n = 1124) than that for the descriptive analysis (n = 562).





3. Results and Discussion


3.1. Descriptive Statistics


Table 1 summarizes the results of the consumer surveys regarding the characteristics of the respondents and their overall level of satisfaction with their residences.



Regarding the sociodemographic characteristics, the gender distribution is relatively similar, with men accounting for 44% of the sample. Most respondents are aged between 18 and 35 (about 50% of the sample). Students typically do not have a real income, however, they were not excluded from the analysis since the “income” variable was added to take into consideration budget constraint in a realistic manner. The distribution of the level of education is far from being uniform. Respondents are typically highly qualified education (77%). Just like the age, the level of education does not represent the reality of the Portuguese population. This might have some impact on the results, since people with higher levels of education are more likely to have higher incomes and, consequently, be available to spend more money in the installation of green roofs/walls. Nevertheless, the monthly salaries earned by the majority respondents range from 501 to 1500 €. Note that there is a significant number of respondents with no income (88 individuals), among whom 77 are between 18 and 35 years old and are not responsible for the house expenses.



Besides the income, the responsibility of expenditures has some impact on the stated WTP since respondents without charges show a hardly realistic perception of the value of money. In this case, 61% of individuals pay the expenses of the house, whose responses on the WTP should be more credible.



77% of respondents live in their own house. This affects the WTP as well because it is very likely that people living in rented houses might invest less money in a property that does not belong to them.



In total, the 18 districts of Portugal are covered by the surveys. However, given the nonprobability sampling method (with the restrictions referred in Section 2.1) the predominant location of residence is Lisbon, with 326 respondents (58%). This is one of the main limitations of the present study since it was not possible to perform a separate analysis according to the location, as initially intended. To improve the representativeness of the sample in the national territory, the responses were separated as (i) Lisbon and (ii) other districts (including the islands). This distribution is more homogenous and it was used in the subsequent analysis. Figure 2 presents the distribution of the responses to the surveys, in Portugal, as well as the assumed simplification (in the pie chart).



Finally, and as expected, the typology and the household have similar distributions. The most common typologies are T2 to T4, and the household size is typically of 2 to 4 people.



User’s satisfaction on both thermal comfort and sound insulation shows similar results. The responses are evenly divided between satisfied and unsatisfied, meaning that the distribution of these two variables is symmetrical. The satisfaction with the number of green spaces nearby the current house shows more positive results with 60% of respondents being satisfied, 36% unsatisfied, and 4% of the sample having no opinion regarding this matter.



The surveys also show that most individuals are aware of green roof and green wall solutions. The majority have heard about green roofs and walls but are unfamiliar with their benefits (245 respondents). However, the results for this variable are relatively well divided through the three response options, with 140 respondents being familiarized and 177 respondents not having knowledge, as shown in Figure 3. This variable is intended to assess if raising awareness of the real contribution of these systems to achieve more sustainable urban environments helps change the economic behavior of citizens and increases the amount that people are willing to invest.



Finally, and most importantly, the survey measures the WTP for green roofs and green walls. Figure 4 presents the results of WTP for green roofs. There is possible a significant difference depending on the accessibility of the system. About 40% of individuals are willing to pay up to a maximum of 2.5% per month of the rent value or bank mortgage for the installation of inaccessible green roofs, and 32% refuse to invest in those systems. However, WTP increases considerably for accessible green roofs. In this latter case, only 10% of respondents will still not invest in accessible green roofs and the majority are willing to spend between 0% and 5% per month of the rent value or bank mortgage. The number of respondents available to pay more than 5% per month is also higher for accessible green roofs (33%) than for inaccessible green roofs (11%).



On the contrary, there is a minor difference in the WTP results for green walls. Figure 5 presents the results for green walls, which are similar to the ones of inaccessible green roofs. About 54% and 48% of respondents are willing to invest up to 5% per month of the rent value or bank mortgage for exterior and interior green walls, respectively.



The distribution of the WTP is approximately normal. The results reveal a consensus of consumers, of which the majority is willing to invest up to 5% for green roofs and green walls. On average, the WTP is lower for green walls than for green roofs. The study shows that investors/users are willing to pay about 2% of the monthly rent value or monthly bank mortgage for the installation of inaccessible green roofs and interior/exterior green walls in their houses. This value almost doubles for accessible green roofs (i.e., 4%). This suggests that users value more the additional recreational space than the improved aesthetics obtained from the greening of the building’s envelope. Overall, the number of respondents willing to invest decreases as WTP values increases. The survey presented Figure 4 and Figure 5 as illustrative images of each green system to support the questions.




3.2. Bivariate Correlations


The bivariate analysis assesses the influence of independent variables on the WTP values through the qui-square test and Cramer’s V. The qui-square test gives information about the relationship between categorical variables (nominal/ordinal). The discussion of significance emphasizes variables with p-values greater than 0.050, meaning that there is no statistically significant association between the variable and the WTP. This means that if the significance level is close to 0, the two variables are likely to be associated. After knowing if the variables are statistically associated or not, Cramer’s V measures that association. Cramer’s V results vary between 0 and 1, and the higher the value the stronger the association. These analyses allow determining the variables which have the most significant effect on the WTP. Table 2 presents the results of both tests for the dependent variables of WTP of both solutions, i.e., green roofs and walls.



Cross-tabulation is very useful in supporting this analysis. This tool sums the frequency of occurrence of specific combinations of categories. The results are not presented in this paper for space management reasons.



Among all variables, accessibility of green roof systems has the highest relation with the WTP of investors/users (χ2 = 0.000; V = 0.364). This is expected since accessible green roofs provide space for leisure in addition to the aesthetics also provided by all the other systems.



The difference between interior and exterior green walls has also a significant influence on the final WTP (χ2 = 0.027; V = 0.106).



Knowledge of green roofs and walls has a statistically significant relationship with WTP, being the most important identified factor for green wall systems (χ2 = 0.000; V = 0.125). As expected, the high value of Cramer’s V means that people that are familiar with these systems and respective benefits are more aware towards sustainable issues, give more importance to environmentally friendly attitudes and, therefore, are willing to pay more. The WTP may also relate to the existence of green spaces. In fact, the satisfaction of the resident population has a significant relationship with the WTP for green roofs, yet is not very strong (V = 0.092). Overall, this correlation between the variable of green spaces and the WTP is negative, which indicates that people are willing to pay more in areas of residence with few green spaces. For green walls, this correlation is not significant. This might be because people value and perceive more easily the benefit of recreation of green roofs than aesthetics.



The WTP can also somewhat related to the area of residence, which has obtained a strong correlation for green roofs as well (χ2 = 0.000; V = 0.159). Individuals living in Lisbon show higher WTP for green solutions. Better work conditions and, consequently, higher incomes are common in urban areas, which can lead to more availability to invest. Survey results prove that income is important when evaluating the WTP as an economic factor. The income variable has a strong and similar relationship for green roofs and walls (χ2 = 0.000; V ≈ 0.110), suggesting an increase in WTP with increasing yields. However, this relation is not linear. Respondents with lower income stated an unusually higher WTP than the ones with medium income, yet lower than the ones with high income, according to what is expected. This may be because most individuals with lower incomes, i.e., between 0 and 500 €, are aged between 18 and 35 (91%), and 92% of those are not responsible for dwelling expenses. The class of age was not sufficiently discretized given the limitations of variable definition, however, it is reasonable to assume that those answers are from younger respondents without a clear notion of the value of money. The lower WTP for respondents with medium income is understandable since 50% of them are individuals responsible for dwelling expenditures that have relatively small amounts of money to invest. Following this logic, respondents that do not pay dwelling expenses reveal greater WTP for green roofs, showing a high association between this variable and WTP (χ2 = 0.015; V ≈ 0.112). However, the same does not appear true for green walls.



The variable of house contract has no statistical significance at the 10% level for both systems and, therefore, this study does not support the hypothesis that those with house ownerships are willing to spend more to have greened solutions installed in their own houses than people renting those buildings.



Lastly, education is positively correlated to the WTP, revealing that individuals with more literary qualifications have higher probabilities of paying larger amounts, probably because they have higher incomes and are more aware of environmental issues. It is important to note that the education level of the sample of this study has a different distribution than the qualifications of the Portuguese population [41].



There is no significant relationship (p ≥ 0.05) for the remaining variables, namely, household size and dwelling type. The responses from surveys indicate a similar WTP for females and males, showing that gender has no association with green roofs and walls. The same happens for age, yet there is slight evidence of appreciation by younger ages. However, there is small evidence of a positive correlation of age with WTP for green walls, with individuals tending invest more as they get older.



As expected, residents of buildings with improved facilities have fewer complaints and, therefore, do not yearn for refurbishments. In such cases, they are less likely to pay for green roofs’ equivalent benefits. There is also a perception that users more satisfied with the levels of thermal and sound insulation in their houses are less probable to aim for green roofs and walls. Despite this expected negative influence on WTP, those variables do not show significant correlation. On the contrary, the WTP tends to increase with the level of satisfaction. This might be because there is still lack of understanding of the benefits of green infrastructure such as the improvement of buildings’ performance.



Overall, Cramer’s V values report a positive association of the studied variables with the WTP, yet weaker than expected. Still, the WTP results are more robust for green roofs than for green walls, which have more explanatory variables.





4. Conclusions and Policy Implications


Several economic evaluations have been carried out to assess the real value of green roofs and walls and promote their widespread use across the world. The measurement of users and investors willingness-to-pay for these systems, however, is still missing.



This study aims to fulfill that gap using the case study of Portugal, providing insights on the current perceptions and attitudes of consumers. The green roofs and walls market in Portugal is developing, and there is still a lack of information regarding the willingness-to-pay of Portuguese population and the factors influencing the amount that they are willing to spend on these solutions. For this reason, this study used the stated preference method through direct surveys of consumers. The sampling method chosen was the nonprobabilistic sampling for convenience, which allows easy access to the survey participants, however, it does not consent generalizations for the population. Thus, the results are only valid for this study sample. A different methodology or sampling method could easily lead to different outcomes.



The willingness-to-pay was measured as an increase in the monthly housing expenses, like rent or banking payments. The results show that willingness-to-pay for green roofs/walls in Portugal is relatively low, even though it is within the range values obtained in previous studies. The average willingness-to-pay reported by respondents is similar for green roofs and walls, of 3% and 2.13%, respectively. Summary statistics indicate that the benefit of recreation is at the forefront of individuals’ concerns, even more than aesthetics.



The consumer survey analyzed several factors that might influence the willingness-to-pay, but most of them do not show a strong relationship. Nevertheless, users value highly the accessibility of green roofs, and significant differences are found in the willingness-to-pay for accessible and inaccessible green roofs, varying from 4% and 2%, respectively. Greater knowledge about the benefits of green roofs and walls leads to greater willingness-to-pay values. Accordingly, the variable “awareness” in this study has the highest correlation coefficient. Other aspects are also correlated with the willingness-to-pay values, such as the area of residence, the monthly income of users, and their responsibility on dwelling expenditures. There is a positive correlation between location and willingness-to-pay, with individuals living in the district of Lisbon being available to pay more. In addition, the amount that users are willing to invest increases with increasing monthly incomes. Lastly, residents that are responsible for the expenses have a different perception of the value of money and are more likely to make lower investments.



The incorporation of the results of this study on cost–benefit analysis to green infrastructure should have significant implications in the decision- and policy-making processes. As such, this information on the behaviour and preferences of users can be used to enact or revise existing regulations and incentives to promote the spreading of sustainable projects such as green roofs and green walls.



It is important to mention that the survey’s structure influences the treatment of results. The present study has some limitations that further studies might overcome. First, the sample was not evenly split in the national territory. Further studies could replicate the methodology for a locally specific analysis and also for other types of buildings besides residences (e.g., commercial) since different users/investors show different preferences. Another limitation is the small size of the sample and the sampling method applied. In different circumstances, greater p-values could be expected for the data analysis. In the future, different sampling methods should be expected. With respect to the methodology applied, the same study could be reproduced using the method of revealed preferences, and then the results of both studies could be compared while discussing the differences. The definition of variables is also important. Variables such as willingness-to-pay, age, and income should be viewed as continuous and not categorical to allow the application of different and more relevant statistical methods. Also, by questioning about the individual’s income instead of the household income, the perception of the available amount to invest per residence is lost. Despite all this, this is not believed to invalidate the findings. Finally, notice that although investors are mainly concerned about green roofs and walls costs, building-scale benefits like the reduction of energy expenses and other social and environmental benefits are also expected to influence the consumer’s willingness to invest in these solutions. However, no information was given in the surveys regarding these benefits in order to analyze the impact of knowledge of benefits in consumers’ willingness-to-pay.
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Figure 1. Classification framework for methods to measure willingness-to-pay (WTP) (adapted from Breidert et al. [38]). 
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Figure 2. Distribution of surveys responses by residence area. 
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Figure 3. Familiarity of respondents with green roofs/walls and respective benefits. 
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Figure 4. WTP for green roofs. 
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Figure 5. WTP for green walls. 
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Table 1. Summary statistics on consumer’s judgments: sociodemographic characteristics and user’s satisfaction results (n = 562).
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	Variable
	Frequency of Responses





	Sociodemographic characteristics
	



	 Gender
	



	  Female
	317 (56%)



	  Male
	245 (44%)



	 Age
	



	  Under 18
	0 (0%)



	  18–35 years old
	281 (50%)



	  36–55 years old
	178 (32%)



	  Over 55 years old
	103 (18%)



	 Education
	



	  Lower secondary (second cycle)
	3 (1%)



	  Lower secondary (third cycle)
	6 (1%)



	  Higher secondary
	76 (13%)



	  Postsecondary
	44 (8%)



	  Highly qualified
	433 (77%)



	 Household size
	



	  1 person
	52 (9%)



	  2 persons
	119 (21%)



	  3 persons
	165 (29%)



	  4 persons
	161 (29%)



	  Over 4 persons
	65 (12%)



	 Income
	



	  No income
	88 (16%)



	  0–500 €
	32 (6%)



	  501–1000 €
	149 (27%)



	  1001–1500 €
	138 (25%)



	  1501–2000 €
	71 (13%)



	  2001–2500 €
	36 (6%)



	  Over 2500 €
	48 (9%)



	 House contract
	



	  Owner-occupied
	434 (77%)



	  Rented
	128 (23%)



	 Housing expenditures (responsibility)
	



	  Yes
	342 (61%)



	  No
	220 (39%)



	 Housing type
	



	  T0
	1 (0%)



	  T1
	37 (7%)



	  T2
	106 (19%)



	  T3
	208 (37%)



	  T4
	137 (24%)



	  T5
	40 (7%)



	  > T5
	33 (6%)



	User’s current satisfaction
	



	 Thermal comfort
	



	  Strongly disagree
	107 (19%)



	  Disagree
	167 (30%)



	  Neutral
	10 (2%)



	  Agree
	186 (33%)



	  Strongly agree
	92 (16%)



	 Sound insulation
	



	  Strongly disagree
	106 (19%)



	  Disagree
	170 (30%)



	  Neutral
	19 (3%)



	  Agree
	196 (35%)



	  Strongly agree
	71 (13%)



	 Surrounding green spaces
	



	  Strongly disagree
	83 (15%)



	  Disagree
	120 (21%)



	  Neutral
	24 (4%)



	  Agree
	205 (36%)



	  Strongly agree
	130 (23%)
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Table 2. Relationship between WTP and dependent variables (n = 1124).
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Response Variables

	
WTP for Green Roofs

	
WTP for Green Walls




	
Explanatory Variables

	

	
Qui-Square

	
Cramer’s V

	
Qui-Square

	
Cramer’s V






	
Sociodemographic characteristics

	

	

	

	




	
 Gender

	
0.610

	
0.056

	
0.181

	
0.082




	
 Age

	
0.161

	
0.080

	
0.020 *

	
0.097




	
 Education

	
0.007 *

	
0.093

	
0.017 *

	
0.089




	
 Household size

	
0.118

	
0.078

	
0.190

	
0.075




	
 Income

	
0.000 *

	
0.106

	
0.000 *

	
0.112




	
 House contract

	
0.408

	
0.067

	
0.530

	
0.061




	
 Housing expenditures (responsibility)

	
0.015 *

	
0.112

	
0.066

	
0.096




	
 Housing type

	
0.309

	
0.077

	
0.540

	
0.071




	
 Residence area

	
0.000 *

	
0.159

	
0.066

	
0.096




	
User’s current satisfaction

	

	

	

	




	
 Thermal comfort

	
0.210

	
0.074

	
0.488

	
0.066




	
 Sound insulation

	
0.105

	
0.079

	
0.091

	
0.080




	
 Surrounding green spaces

	
0.009 *

	
0.092

	
0.293

	
0.071




	
Awareness

	
0.000 *

	
0.162

	
0.000 *

	
0.125




	
Greened solution

	

	

	

	




	
Accessibility/system

	
0.000 *

	
0.364

	
0.027 *

	
0.106








* significant at the 5% level.
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