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Abstract

:

Climate change and urbanization are causing increasingly frequent urban flooding in countries around the world. Various innovative approaches have emerged to address this challenge. In China, the Sponge City was first proposed in 2012 to achieve an urban hydrological balance through natural storage, natural infiltration and natural purification. This article presents a comparative investigation (using a survey method) of new and old communities in Xixian New District and Xi’an in September 2021 to investigate public awareness of the Sponge City and understand levels of satisfaction and acceptance. Individuals of the same age or education residing in the Sponge City generally know more about the Sponge City and were more willing to accept it than those in traditional cities. Moreover, the residents of Sponge City understand the Sponge City concept well, with a majority of the respondents (71.82%) expressing clear understanding on the conception of Sponge City. However, residents in a traditional city exhibited much less understanding of the concept (44.24%). Furthermore, for those living in the same area, people who are younger or have higher education exhibited a clearer understanding of and acceptance of the Sponge City and local government. In this survey, the average scores (assign values to the different responses, then average and percent it) of respondents in Xixian New District with master’s degrees, bachelor’s degrees and high school degrees or below were evaluated at 76.88, 67.94 and 62.15, respectively, compared to 62.07, 50.18 and 50.78 in Xi’an. Lastly, we found that differences in living environment have a significant influence on residents’ perceptions. Residents living in the Sponge City are generally satisfied with the travel and living conditions and greatly support the local government. Meanwhile, this study will help relevant authorities pay more attention to residents’ opinions and help them to formulate policies to spread the concept of Sponge City and encourage residents’ participation.
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1. Introduction


Explosive population growth, urbanization, and extreme rainfall are causing urban flooding more frequently, with many countries suffering severe damage [1,2]. Especially in China, critical damage to people’s life and property by urban flooding occurred in a number of cities [2]. For instance, a rare rainstorm in Zhengzhou, Henan province, in July 2021 cost 302 lives and inestimable property losses [3]. A similar incident happened in Xi’an on 24 July 2016 [4]. The risk of urban flooding generated innovative approaches to storm water management [5,6].



First, in 1972, the United States developed BMPs (Best Management Practices). The initial goal was to control non-point source pollution and was gradually extended to water quality and stormwater management [7]. In the 1990s, the WUSD (Water-Sensitive urban Design) [8], NDS (Natural Drainage System) [9], SUDS (Sustainable Urban Drainage System) [10] and LID (Low-Impact Development) [11] concepts were put forward by Australia, Germany, Britain and the United States, respectively. In China, the Sponge City Program (SCP) was proposed in 2012, combined with the current nature-based approaches of constructing urban drainage facilities through natural storage, natural infiltration and natural purification, to simulate natural ecology and optimize the urban environment and urban flood management [12]. Now, numerous sponge facilities and evaluation systems have been proposed and used by researchers. For example, bioretention and permeable pavements were employed in Xi’an and Zhengzhou to effectively reduce the rate of urban flooding [13]. In addition, models such as SWMM [14], BIM [15] and SUSTAIN [10] are wildly used in Sponge City for evaluation and urban flood warning. Various models or technical indicators are commonly used to evaluate the function of sponge facilities, but the actual experience and feelings of residents are generally neglected [15,16]. The perspective of residents should be considered to further promote the development of Sponge City to find the deficiencies in Sponge City planning and awareness development [17,18].



Meanwhile, considering the SCP related to the renewal of old communities and infrastructure, the residents’ participation was also needed to maintain sponge facilities [7,9]. Hence, the building of Sponge City was also affected by the complexity of the residents’ attitudes. However, lacking of residents’ participation and preliminary in-depth investigation may cause some of the residents to oppose the approach, causing potential conflicts in program implementation [7,18]. Consequently, some policy-makers and researchers devoted themselves to improving awareness of Sponge City among residents and tried to explore the feasibility and applicability of encouraging residents to engage in decision-making [19]. For instance, the guidance of “pay attention to raising the public awareness in the importance of Sponge City construction, encourage residents participate in city construction” was put forward by the provincial government of Jiangsu and Zhejiang [20,21]. In addition, the mode of “residents’ participation” was considered to apply in the sponge-style renewal of old communities in several pilot cities [22].



Today, great progress has been achieved in building Sponge City [23]. However, the study of Sponge City has focused on t storm water management and urban flood reduction in the long term [24,25]. There is little research concentrating on the subjective assessment of the effects of and changes made by Sponge City from the perspective of the residents [26,27]. In previous studies, investigation of satisfaction among residents for specific sponge measures and facilities was conducted by several researchers, such as the citizens’ preferences and attitudes towards urban waterfront spaces in Hangzhou and the residents’ satisfaction with sponge-style renewal of an old community in Zhenjiang [7,15]. However, the social effect of building Sponge City has been neglected [28]. Few studies compare the satisfaction among residents between Sponge City and traditional communities [29]. Therefore, more practices are needed to assess the performance of Sponge City and evaluate their social impact by investigating the satisfaction of residents [27,29].



Therefore, it is essential to understand the residents’ awareness perspective, and know the real feelings and attitudes related to the implementation of sponge infrastructure for promoting the building of Sponge City [30,31,32]. To understand the clear changes of citizens’ awareness under the different living environment, we chose the adjacent Xixian New District and Xi’an for the comparison of Sponge City to a traditional city. This choice was intended to reduce the biases related to climate, culture or economic differences. Moreover, Xi’an is much older than the Xixian New District, providing a significant contrast. Three objectives were included to compare Sponge City to a traditional city: (1) the demographic and individual characters of respondents in different communities; (2) the realization of the residents’ attitude and perception towards Sponge City and local government; and (3) the practical social significance during Sponge City’s construction. Field investigation and observation in two communities located in Xi’an and Xixian New District revealed differences among residents with various of ages and educational backgrounds. The study presented here contributes to the field of urban planning and flood control – by assessing perspectives of affected community members and developing technical guidance to improve urban planning in the future.




2. Research Area and Methods


2.1. Situation of the Case Study Area


This study was conducted in Xi’an city and Xixian New District, both located in the north of the Qinlin mountains, referred to as the Guanzhong plain, belonging to the sub-humid climate of China [33]. This area is affected by the warm southeast monsoon in summer and the cold continental monsoon in winter, causing seasonal variability in precipitation [34,35]. The annual average precipitation in this area is about 740 mm, but nearly 43% of it is concentrated in summer, with frequent high-intensity rainstorms [36,37]. The area of the Guanzhong plain accounts for 26.94% of the area of Shaanxi province, but the population and GDP of Guanzhong plain account for 63.35% and 62.35% of population and GDP of Shaanxi province respectively [38]. Population density and urbanization are much higher than in other parts of Shaanxi province, creating greater risk of urban flooding [39,40]. Most residents now have direct experience with extremely climate and the evaluation of the function of an urban drainage system actually exists in their own minds.



The respondents of Xi’an were from Baihualinjian, with the traditional design, and others were from Tongdejiayuan, with a sponge style design (Figure 1). At the end of 2020, the permanent population of Xi’an was 13.16 million living in an area of 10,108 square kilometers, with 15.65% being 0–14 years old, 68.33% being 15–59 years old and 16.02% being over 60 years old [41]. As the capital of Shaanxi province, the whole designation and construction of Xi’an began earlier than Xixian New District. However, measures were not properly used to reduce the risk of urban flooding in early design philosophy [42,43]. As Figure 2b shows, the greening rate is fair, but there are no sponge facilities such as permeable pavements or bioretention. In addition, the design flow of rainwater cannot meet the daily increased requirement for extreme rainfall conditions [44,45]. For instance, an extreme rainstorm occurred in Xi’an in 2016, causing traffic tie-ups and severe property damage.



Xixian New District, close to Xi’an, has 1.3 million permanent residents living in an area less than one-third of Xi’an’s: 882 square kilometers. Similarly, 18.29% of residents were aged 0–14 years, 69.50% were aged 15–59 years and 12.21% were aged over 60 years in Xixian New District [46]. In 2014, urban flood policies and regulations were released by the local government to reduce the risk of urban flooding [44]. Numerous sponge facilities based on low-impact development (LID) concepts, such as bioretention, permeable pavements and roof gardens, were widely applied, as shown in Figure 2a [47]. Furthermore, the green belt in Qinhuang and Tongyi street were built as bioretention facilities to intercept the runoff and roof gardens were built to purify and reuse the rainwater. Meanwhile, a series of measures were implemented to provide education about Sponge City, such as widespread billboards.




2.2. Methods


A field investigation and survey were used to understand residents’ awareness of Sponge City and feelings of living in different areas. Questions explored the local situation, including green rate, drainage and application of sponge facilities. The detailed study design is described below.



2.2.1. Questionnaire Design


Residents of Baihualinjian and Tongdejiayuan were chosen as the respondents to ensure that most interviewees were permanent residents. There were 120 questionnaires distributed in each city, of which 104 and 110 were returned, respectively. Four survey sections are described below:



The first section focused on basic information about respondents, including gender, age, education and occupation, in order to understand the differences in demographic characteristics between the two areas. This was used to prepare for the following analysis of awareness among different resident groups. The second section was designed to investigate the level of public awareness of Sponge City and specific facilities, including the permeable pavement, bioretention and rainwater gardens. This component aimed to know the differences in awareness to Sponge City between residents living in Xi’an and Xixian New District. The third section concentrated on the feelings of the residents in different communities, and there were four specific questions set to reflect the distinction: the frequency of urban flood, satisfaction with the green rate, sense of living comfort and convenience of travel in rainy days. The aim was to understand the effects of Sponge City construction on the improvement in residents’ life and trips through a comparison. Lastly, we focused on the respondents’ attitudes towards local government. The questions were designed to understand the satisfaction of citizens with government support and policies in order to know the social function of Sponge City’s construction and prepare for in-depth exploration of residents’ participation.



The survey was conducted in September 2021 (Table 1) to ensure the respondents had just experienced the wet-season and that most of the vegetation in both areas was still flourishing. In addition, a weekend evening was selected, when there was a large flow of people, to carry out random surveys at the gate of the community, and we numbered all of the questionnaires and make sure that there are no repeated responses by people.




2.2.2. Statistical Model Design


In previous studies, index evaluation was usually used to explore the relationships of respondents’ activities and awareness, which was most important to determine indications and assign values [46]. Many scholars will take the method of assigning values and averaging them when analyzing such problems. However, confusion would be caused by a general mean score analysis due to the differences in the answer gradients in this survey. Hence, a dimensionless index was developed to serve as a uniform metric:


  Y = 100 % ×       ∑   i = 1  n  (  x i  ⋅  α i  )  n     α  m a x                              



(1)







In the above Equation (1),  Y  is the evaluation value representing the level of satisfaction and awareness. Moreover,  n  is the total number of samples for the index,    α i    means the different assign value and    x i    means the specific number of    α i   .



In addition, we used one-way ANOVA to measure the differences among residents in the survey. Analysis of variance is used to test whether the mean of multiple normal populations is equal and then judge whether the influence of various factors on the tested index is significant. The characteristics of social groups generally follow a normal distribution, and when the number of subsamples is greater than 50, it can be considered as representative of the test [48,49]. One-way ANOVA is used to measure whether different levels of a control variable have a significant effect on the observed variable. In mathematics, the magnitude of this difference is denoted by F:


  F =    Q A  /  (  r − 1  )     Q E  /  (  n − 1  )                                       



(2)







In the above Equation (2),  r  is the number of groups, and n is the number of total samples.    Q A      and      Q E    represent the sum of squared deviations between groups and within the group, respectively, and can be calculated as follows:


   Q A  =   ∑   i = 1  r   n i     (     x i   ¯  −  x ¯   )   2                                   



(3)






   Q E  =   ∑   i = 1  r    ∑   j = 1    n r       (   x  i j   −    x i   ¯   )   2               



(4)







Presented in Equation (3),    n i    and      x i   ¯    represent the number and average of samples of group i (i = 1,2…r), respectively, and   x ¯   is the total average of all samples. For Equation (4),    n r    is equal to    n i    (i = 1,2…r), and      x  i j      is the specific value of sample j (j = 1,2…n_i) of group i.



When the confidence level is at 95%, if F > F0.05 (r − 1, n − r), a significant difference can be seen, and if F > F0.01 (r − 1, n − r), that can be seen as an extremely significant difference.






3. Results


3.1. Basic Information of Respondents


The numbers of male and female respondents in Baihualinjian were 50 and 54, respectively, followed by 50 and 60 in Tongdejiayuan, with no obvious stratification in the gender. In this research, the respondents’ basic information for the two communities was divided into three different parts, shown in Figure 3, with which the investigation of the residents’ characteristics of age, educational background and occupation informed the next analysis.



Four age cohorts were established ≤18, 19–35, 36–60 and ≥61. The proportion of the age group 18 and 61 were 9.6% and 1.9% in Baihualinjian, followed by 0.9% and 0% in Tongdejiayuan, illustrating few very young and very old respondents. The age groups of 19–35 and 36–60 made up 60.6% and 27.9% of the respondents in Baihualinjian, but the proportion of these age groups reached 86.4% and 12.7%, respectively, in Tongdejiauan. By comparing the proportions of different ages, we concluded that the residents of Baihualinjian were younger overall, especially in the age group of 19–35.



In terms of the educational background, people with a bachelor’s degree were predominant in both research areas, but the proportion of Tongdejiayuan was also higher than Baihualinjian, achieving 66.4%. As for the respondents who have a master’s degree or above, nearly equal data were recorded in the two target areas (Baihualinjian, 21.2%; Tongdejiayuan, 21.8%), meaning that the proportion of the residents in Tongdejiayuan with just a high school education was lower than the others. In conclusion, the educational background of Tongdejiayuan in Sponge City was higher than the traditional community. As Figure 3 shows, the proportions of engineers, government employees or doctors in Tongdejiayuan were all beyond those in Baihualinjian; only the number of teachers in Tongdejiayuan was slightly lower than Baihualinjian by 2.4%.



Overall, the total quality of age, educational background and occupation of the residents in Sponge City was higher than the traditional city.




3.2. The Awareness Level of Respondents for Sponge City


Policy implementation is complicated and can be improved by an understanding of citizen perspectives – indeed, feedback from citizens can influence policy and improve project quality awareness [47]. Therefore, it was essential to investigate the awareness level among citizens towards the concept of the Sponge City.



Figure 4 illustrates the distinctions of awareness in typical sponge constructions among residents in both communities. Respondents who expressed “unknown” for survey contents made up the majority in Baihualinjian, while the people of Tongdejiayuan dominantly responded with “understand”. Among Sponge City dwellers, we found that there was still a significant portion of the public that knew about Sponge City and some of the infrastructure, but it is extremely low in Xi’an.



The mean  Y  values for the awareness towards Sponge City among the respondents in Tongdejiayuan and Baihualinjian overall were 63.81 and 45.56, respectively, as shown in Table 2; the residents of Sponge City obtained a grade over one-third higher than the residents of the traditional city. Specifically shown in Figure 4, the awareness level of the concept of “Sponge City” among Tongdejiayuan residents reached a peak at 70.68, but the peak for Baihualinjian residents was 57.22. This means that the residents of Xixian New District, with sponge style construction, have a broad understanding of the “Sponge City” concept. In terms of the typical sponge infrastructures,    the    Y     values of Tongdejiayuan were permeable pavement (64.77), bioretention (56.14) and rainwater garden (63.64), which, in Baihualinjian, were 43.75, 37.02 and 44.25, respectively. We calculated that the F was 12.45, which was much higher than the F0.05 (1,6) = 5.99 at the confidence level of 95% but a little lower than the F0.01 (1,6) = 13.75 at the confidence level of 99%. Therefore, we conclude that the inhabitants of Tongdejiayuan have a significantly greater understanding of Sponge City than those of Baihualinjian. It is no doubt that the residents living in the traditional city obtained such a result in this investigation, as the sponge facilities or signs are rarely seen in the streets, and the concept of “Sponge City” occasionally mentioned in social media was one of the few methods for residents to encounter them [48]. Consistently, the highest distinction existed in the awareness of bioretention. For the advanced concept of Sponge City, this project set out to reflect the distinction between respondents, and the residents of Sponge City knew more according to this survey.



Though the distinction in the awareness level of the conception in Sponge City was slight, a huge gap was reflected in the specific projects. For citizens in Xi’an, the official media was the main medium through which they came to know of Sponge City, usually because of the trouble caused by a storm [49,50,51]. Nevertheless, the improvement in urban aesthetic and residents’ transport was enjoyed by people in Xixian New District [52]. Permeable pavement reduced the water-logging in roads, and the bioretention and rainwater gardens regulated the rainwater and improved the urban aesthetics [53,54]. Experience with these projects and commonplace government messaging explain difference in awareness between the two study groups.




3.3. The Investigation of Living Feeling


All of the measures and policies in building Sponge City aim to increase the quality and happiness of the residents’ lives by beautifying the city landscapes, reducing the rate of urban flood and facilitating transportation [53]. Did the wide construction of Sponge City achieve the previous target? How can we really understand the convenience Sponge City provides to normal people? In addition to the evaluation of experts or the reports of governments, the assessment of the residents living in different cities also reflects the changes made by Sponge City [15].



Figure 5 shows the residents’ living feelings in Tongdejiayuan and Baihualinjian. The general evaluation made by most of the respondents in Baihualinjian, and nearly half of the people, gave a “Fair” in “Travel”. Comparably, residents in Tondejiayuan expressed higher satisfaction in all projects and more than a few respondents gave an “excellent” evaluation, which was hardly seen in Baihualinjian.



The mean  Y  values for the awareness of living feeling of the respondents overall in Xixian New District and Xi’an were 71.2 and 55.7, respectively, followed by the     Y   values of 3.56 and 2.79, shown in Table 3. Compared with the data above, the satisfaction of living feeling made great progress. There is no doubt that the  Y  value of Tongdejiayuan in urban flood reached its peak at 77.45, but a high value of 60.43 was also achieved in Baihualinjian. The feelings of travel convenience is likely linked with the rate of urban flooding [20]. However, the project “travel” obtains a lowest evaluation of 46.15. Considering the travel conditions varied with numerous factors such as road construction, rush hour or traffic accidents, some of the respondents were asked again about the feeling of daily travel, and most of them expressed that traffic jams frequently occurred in addition to rainy days. Consequently, the living comfort as a comprehensive evaluation index that is influenced by urban floods, green rate and travel, etc., can roughly reflect the satisfaction level of citizens with their home. The  Y  values of the satisfaction level of living comfort were 68.91 and 56.54 in Tongdejiayuan and Baihualinjian, respectively. In Figure 5, half of the respondents in Xixian New District gave a positive reply to it, and just 16.36% expressed dissatisfaction, compared to less than one-fifth of the residents in Baihualinjian being satisfied with their living comfort. As for the green rate, the residents of the two areas all gave a proper evaluation, with the lowest gap in all projects. As shown in Figure 5, residents of Xi’an expressed their dissatisfaction in “Travel”, but great progress was made in reducing urban flooding and relieving the traffic by building Sponge City. Similarly, we calculated the F-value to represent the level of difference in living comfort between the two places, which is 11.83: still higher than F0.05 (1,6) = 5.99 but lower than F0.01 (1,6) = 13.75. This means that residents living in sponge cities are more satisfied with their living conditions, a significant difference from Xi’an.



The residents’ attitude and satisfaction with city construction was one of the most important targets in this investigation. In this section, it is demonstrated that building Sponge City greatly contributed to people’s lives, reducing the risk of urban flooding, improving the green rate and improving traffic conditions. Consequently, one of the aims of constructing the pilot Sponge Cites is to observe its influence on society and survey the reflections of the residents [19,22].




3.4. The Investigation of Satisfaction for Government


Planning and decision making are usually modified according to the timely feedback of participants; therefore, it was significant for decision makers to understand the residents’ attitudes and their level of satisfaction towards the government and policies [54]. In addition, trust in government would be enhanced if the building of Sponge City improved people’s lives [19].



Figure 6 illustrates the respondents’ attitudes to the strengthening of government support in building Sponge City and the effect of policy implementation. In this section, many more residents gave a neutral evaluation. However, obvious differences among respondents could also be found. Nearly three-quarters (73.63%) of respondents in Tongdejiayuan were satisfied with government support, and one-quarter (25.45%) gave the response “Excellent”. As for Baihualinjian, the positive evaluation of respondents of government support was less than half of the proportion of Tongdejiayuan (9.62%—Excellent; 20.19%—Good), and “Good” was the dominant response in Tongdejiayuan, while another area was “Average”. What is more, the satisfaction level with policy was slightly higher than government support in Baihualinjian, with an opposite consequence in Tongdejiayuan, as shown in Figure 6. The mean Y values of satisfaction with government were 77.09 and 63.55 in Tongdejiayuan and Baihualinjian, respectively, shown by Table 4. In addition, the residents of Tongdejiayuan were much more satisfied with the government or its policies than those of Baihualinjian. The F-value of this part is 33.86, which is much higher than the F0.05 (1,3) = 10.13 but a little lower than the F0.01 (1,3) = 34.12. So, we can consider that residents from Tongdejiayuan expressed significant confidence in and support of the government and relevant polices compared with Xi’an.



At present, the residents of Xi’an seldom have the opportunity to enjoy the convenience provided by Sponge City. In most of their perceptions, the construction of Sponge City has remained in the planning process [48]. Therefore, the low satisfaction with government support and policy expressed by the respondents was to be expected. Comparatively, because of the benefit of the extensive advertisement to residents and the obvious improvements in city aesthetics and quality of life, especially in terms of travel experience on rainy days, the respondents of Xixian New District showed much higher satisfaction with their government in this section.





4. Analysis of Demographics and Sociology


The sections above describe the evaluation for respondents’ conceptions, awareness of Sponge City and satisfaction level with living comfort and government. However, how were respondents with different ages or education backgrounds shown in this investigation? How did the respondents with the same characteristics above but living in different cities evaluate their homes? This will be discussed next.



Figure 7 shows the distinctions in the assessments among respondents in different areas and groups towards their cities (the X axis: Sc—Sponge City; Pp—Permeable pavement; B—Bioretention; Rg—Rainwater garden; Uf—Urban flood; Gr—Green rate; Lc—Living comfort; T—Travel; Gs—Government support; P—policy; the Y axis represents the value of  Y ). Four figures, a–d, were established to illustrate the comparative assessment of respondents with different ages and educational backgrounds from Baihualinjian and Tongdejiayuan. Moreover, we calculated the average, Pearson’s r and the F-value to more carefully explain the existing phenomenon. Pearson’s r indicates the similarity level of the trends, and the F-value indicates the significance of the difference.



First, in Figure 8, we can easily observe that the average  Y  value of each aged group of Baihualinjian (53.87 for younger and 52.99 for older) were greatly lower than Tongdejiayuan (72.63 for younger and 68.68 for older). Then, in Figure 8, we found that the average  Y  value of residents living in Tongdejiayuan with master’s, bachelor’s or high school degrees were 76.88, 62.15 and 68.68, respectively, while in Baihualinjian these values were 62.07, 50.18 and 50.78, respectively.



In comparing the residents with different ages or educational backgrounds who live in the same area, we found the performance was more similar across age groups in Xi’an, with the better curve-fitting degree in Figure 7, and Pearson’s r was 0.91 compared with 0.81 in Xixian New District. Furthermore, at the 95% confidence level, there were no significant differences in the evaluations of different age groups in either Baihualinjian or Tongdejiayuan, FBaihualinjian = 0.036 < FTongdejiayuan = 2.01 < F0.05 (1,18) = 4.41.



For residents in Baihualinjian with different educational backgrounds, the fitting degrees of residents with master’s educations and with bachelor’s or high school degrees were similar; the Pearson’s r were 0.54 and 0.60, respectively, and both of them were much lower than the 0.92 of those with high school education and bachelor’s degrees. The difference between the residents with graduate degrees and those with bachelor’s or high school degrees was significant, Fmaster/bachelor = 7.42 > Fmaster/high school degree = 6.10 > F0.05 (1,18) = 4.41. However, there is no significant difference between the people with high school education and those with bachelor’s degrees, Fbachelor/high school degree = 0.15.



Similarly, the curve fitting between the postgraduate education group and other groups was also worse in Tongdejiayuan: the Pearson’s r was 0.61 and 0.64, respectively, as shown in Table 5. A better fitting degree was shown in the groups with bachelor’s degrees and high school degrees or below, for which the Pearson’s r was 0.80. The significant difference was shown in residents with master’s degrees and others, and even an extreme difference occurred in the master’s degrees and high school degrees or below groups, Fmaster/high school degree = 13.42 > F0.01 (1,18) = 8.29 > Fmaster/bachelor = 7.06 > F0.05 (1,18) = 4.41. However, there was no significant difference between those with bachelor’s degrees and high school degrees or below, Fbachelor/high school degree = 1.10 < F0.05 (1,18) = 4.41.



Based on the data above, the young people in both areas have shown a better awareness and support level towards Sponge City than older people. In addition, with the improvement in education level, residents have a better understanding of Sponge City and exhibit greater government satisfaction. However, on the whole, the difference in scores of residents with different education levels was significantly larger than that between different ages, and the performance of residents with master’s education was most prominent.



Then, we compared the differences among people with the same ages or educational backgrounds but living in different types of cities in this survey. It is found that the higher the education level and the younger the age, the worse the curves fit and the more significant the differences were. In Table 6, the Pearson’s r(19–35) = 0.59 < Pearson’s r(36–60) = 0.94, while F19–35 = 24.68 > F36–60 = 16.17 > F0.01 (1,18) = 8.29. This indicates that the changes in the evaluation of various indicators in this survey were more similar among the older residents, but there was a much more significant difference in the younger group of residents between the two places. Continuously, Pearson’s rhigh school degree = 0.92 > Pearson’s rbachelor = 0.86 > Pearson’s rmaster = 0.44, while FMaster degree = 18.46 > Fbachelor = 17.06 > F0.01 (1,18) = 8.29 > Fhigh school degree = 7.71 > F0.05 (1,18) = 4.41. This means that residents with graduate degrees in Sponge City and the traditional city have extremely significant differences in the performance of the survey and have different trends in the evaluation of various indicators.



In summary, the higher evaluation for Sponge City appeared in those who were younger and with better educational backgrounds. However, among the residents with the same ages and educational backgrounds, those from Sponge City performed better. What is worth noting is that the differences in region are much larger than those in age or educational background. Therefore, based on the results of this survey, we can conclude that the construction of Sponge City has greatly improved residents’ awareness, quality of life and support for the local government.




5. Discussion


A social field investigation and index evaluation were used to compare the differences in awareness and satisfaction among residents living in Sponge City or a traditional city. The empirical results suggest that residents living in Sponge City were more aware of and more satisfied with the urban construction and policies. In the analysis of groups with different ages and educational backgrounds, we found that the proportion of residents with better education or who were younger was much higher in Sponge City than the traditional city. Meanwhile, the younger and more well-educated people exhibited better understanding of Sponge City. Thus, we conclude that a stronger a preference for Sponge City building is demonstrated from the perspective of demographic and social characteristics.



In addition, this study was expected to fill the deficiency in investigating residents’ awareness and feelings in Sponge City construction, which is a long-term, incremental, and explorative process. Making full use of the media to disseminate the concept of Sponge City and creating relevant lessons to educate people would be helpful. Moreover, the survey results suggest several policy measures to ensure that the perspectives of residents are known by decision makers. For instance, some polices could be released to establish a definite and supervised feedback system between the government and residents to coordinate interests and ensure the equal power of all parties in the process of participation. Thus, policies could be designed more precisely and in a timely manner. Consequently, the government should pay attention to improving the level of awareness and acceptance of Sponge City among residents, especially in traditional cities. Encouraging residents to participate in the construction of Sponge City can help to strengthen the relationship between the government and citizens, change the negative attitudes of some people and improve the public’s awareness of Sponge City. Thus, the mode of resident participation in city building could be attempted, and some policy support should be given by the government to encourage residents to engage.



Although the factors that affected the preferences of residents in choosing which community they wanted to live in varied with different aspects, the urban aesthetic, travel convenience on rainy days and urban flood rate cannot be ignored. Based on the survey results, the residents from Xixian New District showed greatly satisfied with their living conditions, due to the travel convenient, highly green rate and the great urban flood management. Therefore, the advantages of Sponge City should be fully used by local governments for making polices to help with employment and urban planning. For instance, a higher subsidy for house purchases towards young and well-educated people would attract those people. For the city itself, young people, especially those with excellent education, are needed for sustainable development. Competitiveness can be continuously enhanced, and the investment in building Sponge City can be returned in other aspects by introducing talents. In addition, the construction of Sponge City will create jobs and attract a large number of related workers such as engineers and building workers, which further promote the development of the city.



Overall, this research is expected to enrich the study of awareness and satisfaction among residents of Sponge City. First, this research can help to examine the outcome of Sponge City and reflect the improving life quality taken by Sponge City from the perspective of residents. Second, this research can inform government to help them understand the satisfaction among residents in different cities and to make targeted measures throughout the process of Sponge City construction. Moreover, this study suggests that it is important to understand the awareness and satisfaction of Sponge City programs among residents using field investigations. There are also a few limitations in this investigation. We were limited by the number and space of the sample, and a deeper analysis of demographic and social characteristics could not be implemented, such as occupational classification. Further research should be more widely and carefully considered in the specific sponge facilities and put emphasis on comparative investigations in different areas.




6. Conclusions


This study enriched the research on the public awareness of Sponge City and directly observed the differences of awareness among residents in two areas. In addition, the difference in awareness and living feelings among residents from sponge cities and traditional cities should be considered, and the government should take measures to reduce this gap. Furthermore, the public awareness of Sponge City was lacking according this survey’s results, so some measures should be taken to spread the concept in society. We should encourage residents to participate in urban construction and conduct more such surveys in the process of construction to understand the real needs of residents and obtain the feedback from residents on the outcome of construction in a timely manner. In the future, the results of this study are expected to be widely applied to support government decision making and examine the effects of urban construction or government policies.
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Figure 1. The location of study area in Xi’an and Xixian New District, China. 
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Figure 2. Environment comparation of Tongdejiayuan (a) and Baihualinjian (b). 
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Figure 3. The individual characteristics in Baihualinjian and Tongdejiayuan. 
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Figure 4. Respondents’ awareness of Sponge City and types of constructions. 
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Figure 5. Residents’ living feeling in Tongdejiayuan and Baihualinjian. 
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Figure 6. Evaluation of respondents for government and policies. 
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Figure 7. The assessment in investigation among different respondents. 
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Figure 8. Comparing evaluation of ages and educational backgrounds. 
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Table 1. Composition of Questionnaire Survey.
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	Part
	Composition
	Details





	1
	Basic information
	Gender, age, education, occupation



	2
	Rainwater facilities
	Understandings of sponge city, permeable pavement, bioretention and rainwater garden



	3
	Living feelings
	Feelings of frequency of urban flood, green rate, living comfort and traveling on rainy days



	4
	Attitudes of relevant departments
	Government support level, satisfaction with governmental policy
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Table 2. The mean score and  Y  value for awareness level.
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Projects

	
Baihualinjian

	
Tongdejiayuan




	
Score

	
Y

	
Score

	
Y






	
Sponge City

	
2.29

	
57.22

	
2.83

	
70.68




	
Permeable pavement

	
1.75

	
43.75

	
2.59

	
64.77




	
Bioretention

	
1.48

	
37.02

	
2.25

	
56.14




	
Rainwater garden

	
1.77

	
44.25

	
2.55

	
63.64




	
Average

	
1.82

	
45.56

	
2.56

	
63.81








Note: 1—Unknown; 2—Understand; 3—Roughly; 4—Clear.
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Table 3. Satisfaction level of respondents for living feeling.
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Projects

	
Baihualinjian

	
Tongdejiayuan




	
Score

	
Y

	
Score

	
Y






	
Urban flood

	
3.02

	
60.43

	
3.87

	
77.45




	
Living comfort

	
2.83

	
56.54

	
3.4

	
68.91




	
Green rate

	
2.98

	
59.62

	
3.74

	
74.73




	
Travel

	
2.31

	
46.15

	
3.18

	
63.64




	
Average

	
2.79

	
55.7

	
3.56

	
71.2








Note: 1—Unknown; 2—Understand; 3—Roughly; 4—Clear.
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Table 4. Satisfaction level of respondents for government.
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Projects

	
Baihualinjian

	
Tongdejiayuan




	
Score

	
Y

	
Score

	
Y






	
Government support

	
3.09

	
61.73

	
3.92

	
78.54




	
Satisfaction of policy

	
3.27

	
65.37

	
3.78

	
75.64




	
Average

	
3.18

	
63.55

	
3.85

	
77.09








Note: 1—Unknown; 2—Understand; 3—Roughly; 4—Clear.
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Table 5. Comparison of different ages and educations in Baihualinjian and Tongdejiayuan.
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Projects

	
Age

	
Education




	
19–35/36–60

	
High School Degree or Below/Bachelor

	
High School Degree or Below/Master

	
Bachelor/Master






	
Baihualinjian

	
Pearson’s r

	
0.91

	
0.92

	
0.54

	
0.60




	
F

	
0.036

	
0.015

	
6.10

	
7.42




	
Tongdejjiayuan

	
Pearson’s r

	
0.81

	
0.80

	
0.61

	
0.64




	
F

	
2.01

	
1.10

	
13.42

	
7.06
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Table 6. Comparison of residents with similar ages or educations in different areas.
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Projects

	
Age

	
Education




	
19–35

	
36–60

	
High school degree or below

	
Bachelor’s degree

	
Master’s degree






	
Pearson’s r

	
0.59

	
0.94

	
0.92

	
0.86

	
0.44




	
F

	
24.68

	
16.17

	
7.71

	
17.06

	
18.46
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