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Abstract: Green infrastructure (GI) plays a fundamental role in achieving urban pluvial flood
management, mitigating urban heat island effect, and improving living suitability. Residents’
participation is the main driving force of GI implementation. Based on semi-structured interviews,
GIS spatial analysis, and multiple regression, we investigated residents” willingness to participate in
the implementation of GI in public and private space and identified the influence factors in Shanghai,
China. The results show that, compared with private space, residents prefer to implement GI in public
space, where they have different preferences of GI measures. On urban scale, residents” willingness
to participate in the implementation of Gl in private space is characterized as “high in the inner city,
low in the suburban areas”, while the spatial difference is insignificant for public space. In addition,
the factors affecting residents” willingness to participate in the implementation of GI are different in
private and public space. The deterministic factors of GI participation are gender, education level,
and floor for private space, while only include building age for public space, in addition to the
common factors of free time, cognition of GI, perception of pluvial flood risk, supportive factors, and
environment-improving factors that can influence both private and public space GI participation.
Our analysis therefore provides valuable information for policymakers concerning nature-based
solutions to climate change adaptation and urban sustainability.

Keywords: green infrastructure; residents’ willingness; spatial difference; influence factor; Shanghai

1. Introduction

In the context of climate change and rapid urbanization, pluvial flooding has posed an increasing
challenge for urban sustainability and residents’” well-being [1-3]. Nature-based solutions represented
by green infrastructure (GI) to address the issues have been highlighted internationally in achieving
ecosystem’s flood regulation service (EFRS) [4-9]. The Environmental Protection Agency (EPA) [10]
suggested that “Compared to conventional pluvial flood management approaches, GI has great
ecological and environmental benefits, such as reducing urban heat island effect, achieving pluvial flood
management, improving water quality”. Beauchamp and Adamowski [11] reviewed GI development
and management in Europe and North America, indicating that GI also has a potential for aesthetics and
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psychological benefits. GI is widely recognized and practiced, with various adaptive measures, such
as rain garden, roof greening, residential rain collection facilities, and permeable pavement, to achieve
on-site management of pluvial flooding through soil and vegetation natural processes [12-15]. China
has also proposed a similar concept of “Sponge Cities” [16,17]. In addition, Gl is relatively fast, low-cost,
and has broad public appeal [18,19].

Despite GI having many merits, the public lacks the motivation to participate in the implementation
of GI, and GI implementation sometimes faces many obstacles in practice [20-27]. According to an NRC
study [28], there are three major barriers to urban storm water-related GI: institutional, technological, and
perceptual. Clean Water America Alliance (CWAA) [12] reported the common issues interwoven with
technical and physical barriers to GI implementation including lack of understanding and cognition of GI
and its benefits; deficiency of data demonstrating benetfits, costs and performance; insufficient technical
knowledge and experience; lack of design standards; and best management practices. Matthews et al. [29]
and Cousins [30] found that the main obstacles to residents’ participation in the implementation of GI were
lack of policy innovation, which was mainly related to GI planning and design, and post-maintenance.
After reviewing studies related to the practice of GI implementation in Western countries, Dou et al. [31]
suggested that the biggest limitation in China is the lack of policy guarantees in GI implementation.
Brown et al. [32] found that residents in a community of Chicago are more willing to build rain barrels in
private space, mainly because they can be used as a water storage device that is both environment-friendly
and can be used for car wash and other values. However, some people hold the opposite attitude,
believing that rain barrels will cause dampness and loss of leisure space, and is subject to installation
costs, technical trust, etc. Keeley [33] and Faehnle et al. [22] conducted interviews with government
policymakers, planning practitioners, residents and other stakeholders to show that residents have
low perception level of local natural disasters, and the main obstacles for GI implementation are living
experience and funding issues. Besides, Baptiste et al. [34] analyzed the factors affecting residents’
participation in the implementation of GI on private space in a typical community in New York, USA.
They suggested that residents” perception of pluvial flooding and GI is the key factor affecting the
implementation, which is influenced by various factors, such as the residents’ social attributes (gender
and education level) and the cost-effectiveness of GI. In addition, Byrne et al. [35] took tree plant
activities in public space as a case study, developed a model combining residents’ social variables (e.g.,
gender, age, and education level) and tree benefit perception, and found that older people with higher
tree benefit perception are more willing to plant trees in public space to promote climate adaptation
change in Hangzhou, China. Beery et al. [36] suggested that improving residents’ cognition of GI and
perception of pluvial flood risk play an important role in promoting residents” active participation in the
implementation of GI. In general, many studies suggested that public involvement is needed, and the
barriers to implementation are policy, technology, perception, funding, residents’ living experiences, etc.
However, few studies outline processes for gauging residents’ perceptions of GI, their willingness to
participate in the implementation of GI in public and private space, and its influence factors.

The objective of our study was to explore the willingness and influence factors of residents to
participate in implementation of GI in private (house courtyards, balconies, etc.) and public space
(streets, parks, etc.). Based on the literature review above, the research hypotheses are as follows: (1)
the residents’ willingness to participate in the implementation of GI has spatial difference in public and
private space; (2) the factors affecting the residents’ willingness to participate in the implementation
of GI include technology, policy, funding, perception, socio-economic attributes and geographical
location; and (3) the factors have different influences on the residents” willingness to participate in the
implementation of GI in public and private space.
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2. Materials and Methods

2.1. Methods

The research framework of this study is shown in Figure 1. First, the socio-economic attributes
and characteristics of residents were defined. Second, the assumed influence factors on residents’
willingness to participate in implementation of GI were the residents’ cognition of GI; their perception
of pluvial flood risk; and the factors of policy, technology, funding, etc. Finally, a multivariate regression
model was employed to illustrate which key factors affect residents” willingness to participate in
implementation of Gl in private and public space.

Demographic variables Cognition of GI
Gender
Floor Perception of the
E?Cc’ﬂe pluvial flooding risk
lcaton
Home type Affect
Home ownership .
Pluvial flooding experience Policy, technology, costs,
etc.
= w
eo B F 2| | g
Q. o~ (=g o a9
gol|ag =108
p.9 @ 3 Multiple Regression 3 &
A RES Model g||8
=} 5 =}
Participation in GI
private space public space

Figure 1. Research framework for the level of residents’ willingness to participate in GI.

2.1.1. Questionnaire Survey

According to the research hypotheses, a closed-ended questionnaire was used in the survey,
which was designed to consist of five parts. The first part is about the socio-economic attributes of the
interviewees. The second and third parts show the respondents’ cognition of GI and the perception
of pluvial flood risk. The fourth part requests respondents to indicate their level of agreement or
disagreement (on a five-point Likert scale: 1 = strongly disagree; 3 = neutral; 5 = strongly agree) with
30 questions related to policy, technology, funding, and other influence factors [25,35,37,38]. Finally, the
willingness to adopt different GI measures were determined by the statements related to the attitude to
participate in the implementation of GI in private and public space on a five-point Likert scale.

2.1.2. Analysis Methods

Qualitative research, multiple regression, logistic regression, and data coding are often used to
study factors affecting residents” willingness to participate in the implementation of GI [33,34]. Because
there are many factors affecting residents’” willingness, and there may be some correlation between
indicators, in this study, we used principal component analysis (PCA) to classify 30 influence variables.
On this basis, we used multiple regression models to further explore the influence factors and their
mechanisms of behaviors based on the analysis of residents’ participation level. The basic model is:

y =& + x1X1i + 00Xpi + ...+ AnXni + Uj (1)

where “y” is the dependent variable, representing residents” willingness to participate in the
implementation of GI; “x” is the explanatory variables, including the cognition of GI and the perception
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of pluvial flood risk, socio-economic characteristics, geographical location, and the related policy,

technology, and funding classified by PCA; “i” represents different individuals; « is the regression
coefficient; and “u;” is a noise component.

2.2. Study Area

This study took Shanghai City as a study area. Shanghai is one of the largest coastal megacities in
the world, with a population of 24.18 million and a population density of 3814 person/km? in 2017.
Located at the mouth of the Yangtze River, the whole city situates in a flat and low-lying coastal
region with an average elevation of about 4 m. There are 16 districts, including the inner city (Jingan,
Yangpu, Hongkou, Putuo, Changning, Huangpu, and Xuhui Districts), the suburban areas (Baoshan,
Jiading, Pudong and Minhang Districts) and the outer suburban areas (Chongming, Fengxian, Jinshan,
Songjiang and Qingpu Districts) (Figure 2). A subtropical monsoon climate results in an annual
average precipitation of 1170 mm, which is concentrated (69%) during the wet season from April to
September [39]. Heavy rainstorms are frequent due to the influence of thunderstorms, Meiyu front
and typhoons [40].
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Figure 2. Shanghai City and spatial distribution of survey samples.

The percentage of impervious surface is approximately 81% in the inner city [41]. The per capita
public green area of the city is only 9.21 m? [42]. A lack of space for citizens’ ecological recreation,
the risks of pluvial flooding and high-temperature events in the city have become severe urban problems
in Shanghai. Because of the capacity of the urban drainage system and impacts of rapid urbanization,
pluvial flooding presents a strong increasing trend over the recent several decades in Shanghai [43].
Shanghai is listed as a pilot of the Chinese national “Sponge Cities” project [9]. In this context, it is helpful
to discuss residents” willingness to participate in GI and its influence factors.

2.3. Data

The data for this study were mainly acquired from the questionnaire survey of Shanghai residents’
willingness to participate in the implementation of GI from June to October 2018. The survey was
conducted for residents who were 12 years or older and had lived for more than one year in Shanghai.
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The survey spatially covered typical urban communities in the inner city, suburban areas and outer
suburban areas in Shanghai. In total, 598 questionnaires were collected, of which 588 were valid.
The spatial distribution of survey samples and the socio-economic attributes of respondents are shown
in Figure 2 and Table 1, respectively.

Table 1. Statistics for socio-economic demographic variables of respondents.

Variable Variable Setting and Sample Percentage
Age (year) 13-18 (13%); 19-25 (39%); 26—60 (40%); =60 (8%)
Gender Male (34%); female (66%)

Education level

Elementary (16%); High School (18%); College (60%);
Graduate (4%)

Family size (people)

1 (1%); 2 (12%); 3 (62%); 4 (15%); >5 (10%)

Family annual Income (Chinese Yuan)

<120,000 (30%); 120,000-180,000 (20%); 180,000-240,000 (18%);
240,000-360,000 (19%); =360,000 (12%)

Type of housing

Villa (8%); Apartment (74%); Old public flats (13%);
Placement of the housing (4%); Shantytowns (1%)

Home ownership

Owners (90%); Renters (10%)

Floor 1 (5%); 2-3 (38%); 4-6 (38%); =7 (19%)
1 <1980 (11%); 1989-1990 (17%); 1990-2000 (9%); 2000-2010 (47%);
Building age (year) (11%) ( 220)10 (16%) (9%) (47%)
Free time (h) <1 (3%); 1-2 (6%); 2-3 (13%); 3—4 (18%); =4 (60%)
Pluvial flood experience No (65%); Yes (35%)

3. Results

3.1. GI participation Level and Perception

The willingness of residents to participate in the implementation of GI presents the following
characteristics: (1) In general, the level of willingness to participate in the implementation of GI in
public space is higher than that in private space (Figure 3). The proportions of residents that would
strongly be willing or willing to participate in implementing GI in public space are 23% and 41%,
respectively. In contrast, in terms of private space, the proportions are 8% and 23%, respectively.
(2) In terms of the choice preference for the same GI measures, the level of residents’ willingness to
participate in the implementation of GI in public space is higher than that in private space. (3) In
private space, residents prefer roof greening and rain barrels to collect rain water. The proportions of
residents who would strongly be willing or willing to choose the roof greening are 21% and 31%, and
the rain barrels are 17% and 34%, respectively (Figure 4a). (4) In public space, residents show their
preference for planting trees, with the proportions of strongly willing and willing being 48% and 38%,
respectively (Figure 4b).

The residents’ cognition of GI and perception of pluvial flood risk show that: (1) The residents
level of cognition and perception are both low. The proportions of residents who have high and very
high perception of the pluvial flood risk are 5% and 15%, respectively, while the percentage are 8%
and 5% in terms of very strong and strong cognition of GI, respectively (Figure 3). (2) Those residents
with higher cognition of GI and perception of pluvial flood risk are more willing to participate in the

7

implementation of GI, which is consistent with previous studies [44,45].
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Figure 3. Statistical distribution of residents’ participation, cognition and perception level.
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Figure 4. The willingness of residents to participate in the implementation of GI: (a) a comparison of
residents” willingness to implement the same GI measures between private and public space; and (b)
residents” willingness to participate in the implementation of GI in public space.

3.2. Spatial Distribution of Residents’” Participation, Cognition and Perception Level

All survey questions in this study utilize a five-point Likert scale, and the cumulative scores varied
for different items. To ensure the consistent comparability, the five-point Likert scale was converted
into the hundred-point system. The options were assigned based on the hundred-point system, and
scores were then accumulated and divided by the number of items to obtain the final scores. Higher
scores indicated higher levels of participation in and cognition of GI, and the perception of pluvial
flood risk.

Spatial differences of residents’ participation, cognition and perception level were mapped, using
Kriging interpolation at township scale (Figure 5). Figure 5a presents the significant spatial differences
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of residents’ willingness to participate in the implementation of Gl in private space, which characterizes
in general higher scores in the inner city while lower in the outer areas, indicating that, in private
space, the residents in the inner city are more willing to participate in the implementation of GI than
that in surrounding areas. For public space, residents’ scores are high in the whole Shanghai, which
shows residents have strong willingness to participate in the implementation of GI in public space
(Figure 5b). Figure 5 also indicates significant spatial difference of residents’ perception of pluvial
flood risk, characterized as lower in the inner city and higher in the outer areas, especially in southern
Shanghai, where the pluvial floods are more frequent, which is consistent with the research of Wang
and Yin et al. (Figure 5c). There are large areas of crops which are sensitive to pluvial floods. Therefore,
scores of residents’ pluvial flood risk perception in outer suburban areas are higher than in other
areas [46,47]. However, residents’ cognition of GI stay low in general (Figure 5d).

(a) (b)
N .

Residents' willingness Residents’ willingness

in the private space \ ‘ . in the public space

(c)

Residents’ perception of
pluvial flooding risk

4
Q :
" o . "1’..._
! » "
. ":. 4

o ‘
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The score of residents’ willingness, perception and cognition 0 5 10 20km
m T T
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Figure 5. Spatial distribution of residents” willingness, perception and cognition level in Shanghai: (a)
the score of residents’ willingness to participation in the implementation of GI in private space; (b) the
score of residents” willingness to participation in the implementation of GI in public space; (c) the score
of residents’ perception of pluvial flooding risk; and (d) the score of residents’ cognition of GI.



Sustainability 2019, 11, 5396 8 of 15

3.3. Analysis of Influence Factors

3.3.1. Participation Level of Various Different Groups of Residents

Table 2 presents the proportion of residents who would be strongly willing or willing to participate
in GI of private and public space. The results show: (1) For private space, the proportion of females
who would be strongly willing or willing to participate in the implementation of Gl is 3.6% higher than
that of males. However, in terms of public space, the proportion of females is 2.82% lower than that of
males. (2) The elderly or residents with more leisure time have stronger willingness to participate in the
implementation of GI in private space. (3) There is a certain correlation between residents” education
level, family size and residents” willingness to participate. Higher education level and larger family
size are more willing to participate in the implementation of GI. (4) The residents living on higher
floors show lower willingness to participate in the implementation of Gl in private space, but higher
willingness in public space. (5) In terms of housing types, residents living in shantytowns show the
highest willingness (up to 50%) to participate in the implementation of GI in private space. The main
reason is that the living environment is poor, therefore residents have stronger willingness to improve
living condition. (6) In terms of the home ownership, building age, and the experience of pluvial flood
in, they all revealed a statistically significant relationship with residents” willingness to participate in
the implementation of GIL.

Table 2. Participation level of different groups of residents.

Willing/Strongly Willing Willing/Strongly Willing

Variable Attribute to Participate in GI (%) p-Value Variable Attribute to Participate in GI (%) p-Value
pa* pb ** pa* pb **

13-18 26.67 51.11 pa<0.05 1 33.33 61.11 pa<0.05

Age (year) 19-25 26.09 64.49 pb > 0.05 il 2-3 28.48 47.02 pb <0.05
gely 26-60 33.51 63.78 oor 46 32 6533
>60 35.71 64.29 >7 3143 62.86

Gend male 27.94 63.97 pa<0.01 Home Owners 30.45 63.41 pa<0.01

ender female 31.54 61.15 pb <001  ownership Renters 31.43 60 pb <0.01

<120,000 35.26 60.9 pa>0.05 <lh 0 66.67 pa<0.01

Family annual ~ 120,000-180,000 28.99 63.77 pb > 0.05 Free time 1-2 21.74 52.17 pb <0.05
income 180,000-240,000 30.3 66.67 (hour) 2-3 31.82 59.09
(Chinese Yuan)  240,000-360,000 29.03 67.74 34 32.26 64.52
>360,000 13.95 55.81 >4 31.28 60.66

Villa 36.36 69.7 pa<0.01 Famil 1 25 50 pa<0.05

Type of Apartment 33.45 61.77 pb > 0.05 o ulati)n 2 29.17 60.42 pb < 0.05
e Old public flats 32 64 P ; b 10 3 29.63 61.32
8 Housing 16.67 66.67 peop 4 33.33 66.67

placement

Shantytowns 50 50 =5 30.77 61.54

elementary 2273 45.45 pa<0.01 Rainstorm no 32.16 64.31 pa<0.01

Education level High school 31.33 63.86 pb < 0.05 experience yes 27.74 61.31 pb<0.01

college 31.48 67.59
graduate 27.27 54.55

Note: * pa, private space; ** pb, public space.

3.3.2. Mechanism Analysis of Residents’ Participation in GI

Principal component analysis (PCA) was used to categorize the 30 influence variables into four
components (Table 3). Component 1 (Fac_Technology) includes factors that consist of technology
installation, trust, complicated operation, etc. (Cronbach’s alpha = 0.970). Component 2 (Fac_Support)
includes factors that support GI implementation in technology, economic, policy, etc. (Cronbach’s
alpha = 0.956). Component 3 (Fac_Limit) includes factors related to restrictive factors about the
implementation of GI (Cronbach’s alpha = 0.956). Component 4 (Fac_Improve) includes factors that
improve the physical personal space with GI measures (Cronbach’s alpha = 0.802).
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Table 3. Rotated structure matrix with Varimax rotation of a four-component solution to the question
on the influence factors to implement GI.

Component Variable Rotated Component Coefficients =~ Communalities
Lack of trust in waterproof 0.920 0.025 0.086 —0.034 0.855
Leaking 0.879  -0.006 0.133 -0.03 0.792
Fac_Technology P.rivate space occu.pied by.GI 0.867 —-0.043 0.102 -0.058 0.767
Risk (safety; invasive species) 0.855 0.041 014 -0.068 0.758
Block light 0.821  0.106 0.299 0.048 0.778
Complicated operation 0.808 0.055 0301 0.033 0.747
Technical support -0.012 0.876 0.119 0.138 0.8
Suitable roof structure 0.011 0.874 0.071 0.194 0.806
Benefits in kind 0.015  0.862 0.094 0.078 0.758
Fac_Support Economic benefit 0.004 0.852 —-0.017 0.026 0.727
Simple operation —-0.014  0.804 0.1 0.319 0.759
Enforcement measures 0.012 0.747 0.071 0377 0.705
Training 0.039  0.744 0.058 0.387 0.709
Lack of interest 0.085  -0.01 0.914 -0.023 0.843
Cost to install 0.110  -0.054 0.902 -0.034 0.83
Lack of economic benefit 0002  —0.002 0.902 0.032 0.815
evidence
Unsuitable roof structure 0.113 0.023 0.895 0.057 0.818
Fac_Limit Maintenance cost 0.094 0.057 0.88 -0.034 0.788
Lack of economic benefit 0.032 0.07 0.877 0.012 0.775
Lack of technical support 0.232 0.022 0.868 0.056 0.811
Legal restrictions 0.281 0.08 0.83  0.028 0.774
Lack of time 0.299 0.106  0.821  0.048 0.778
Dismantle illegal building 0.285 0.068 0.802 0.01 0.729
Fine —-0.036 0.164 0.715 0.008 0.539
Reduced water orelectriclty 8 0136 0033 0867 0.771
Plant cash crops 0.038 0.249 0.092 0.855 0.803
Fac_Improve Add beautification to property  —0.092  0.388  0.098  0.842 0.878
Add shade or green space -0.071 0422 0.08 0.813 0.85
Keep water and preventwater 059 434 013 0779 0.816
pooling
Health -0.015 0293 -0.067 0.52 0.361

Note: Major loadings for each item are in bold.

3.3.3. Influence Factors of Residents’ Participation in the Implementation of GI in Private Space

Multiple regression modeling was applied to analyze the data. Correlation coefficients of variables
are all smaller than 0.6, indicating there is no serious collinearity in the model. Then, the ordinary least
squares (OLS) regression was applied to Equation (1). In the regression analysis, the overall p-value is
0.001, indicating the rejection of the null hypothesis and existence of heteroscedasticity. Considering
the effect of heteroscedasticity on the significance testing of the model coefficients, we adopted the
regression results in which the heteroscedasticity was eliminated with the weighted least squares
(WLS) (Table 4). Model 1 adds the socio-economic attributes of residents. Model 2 adds the cognition
of GI. Model 3 continues to add perception of pluvial flood risk. Model 4 adds influence factors
(Fac_Technology, Fac_Support, Fac_Limit and Fac_Improve). Based on Model 4, Model 5 adds a dummy
variable of the spatial location to assess the effect of geographical distribution on the level of residents’
willingness to participate in the implementation of GI. To better reflect the effect of the individual
socio-economic attributes on residents” willingness to participate in GI and to make comparison among
different types of variables, we set the following variables as reference ones: “female” in gender
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variables, “more than 4 h” in free time variables, “owner” in home ownership variables and “no
experience” in pluvial flooding experience variables.

Table 4. Multivariate linear regression results of residents’ willingness to participate in GI of
private space.

Variable Model 1 Model 2 Model 3 Model 4 Model 5
B t B t B t B t B t
Gender
Male —0.214 ** -1.968 —0.212 ** -1.975 —-0.218 ** —2.040 —0.245 ** —2.473 —0.233 ** —-2.367
Education level 0.212 *** 2.938 0.230 *** 3.224 0.219 *** 3.064 0.219 *** 3.308 0.229 *** 3.442
Free time
<lh -0.131 -0.375 —-0.044 -0.128 —0.068 —-0.198 -0.079 —-0.247 -0.012 -0.037
1-2h -0.303 * —1.345 0.285 * -1.277 -0.343 * -1.529 -0.332% -1.596 —-0.308 * —1.487
2-3h -0.326**  —-1.949 0.381 ** —2.294 -0371*  -2242  -0350*  -2263  -0.371* -2.414
3-4h -0.078 ***  -0.536  —0.095*** —0.659 -0.105 —0.734 -0.032 -0.237 -0.006 -0.044
Floor -0.172**  -2.627  —0.180 *** —2.778 -0.176 **  -2.648 —-0.134**  -2219  -0.123 *** -2.062
Home ownership
Renters 0.035 0.196 0.0791 0.310 0.1375 0.560 0.131 0.540 0.115 0.492
Pluvial flooding experience
Yes -0.022 —0.204 -0.022 —0.205 0.100 0.804 0.210 1.810 0.228 ** 1.984
Cognition of GI 0.134 *** 3.283 0.143 *** 3.477 0.159 *** 4.186 0.152 *** 4.022
Perception of pluvial flood risk 0.118 ** 1.954 0.124 ** 2214 0.120 ** 2.147
Fac_Technology 0.022 0.043 0.012 0.024
Fac_Support 0.322 *** 6.818 0.310 *** 6.615
Fac_Limit —0.064 * -1.344 -0.069 * —12.462
Fac_Improve 0.214 *** 4.475 0.205 *** 4.305
Geographical location
Suburbs —0.274 ** —2.470
Outer suburbs 0.094 0.761
Constant 3.437 *** 29.011 3.694 *** 26.244 3.315 *** 14.838 3.255 *** 14.567 3.304 *** 14.414
IR? 0.069 0.095 0.104 0.241 0.260

Note: *** p < 0.01, * p < 0.05, * p < 0.10.

When compared the socio-economic attributes, the cognition of GI, the perception of pluvial
flood risk, and the influence factors (Fac_Technology, Fac_Support, Fac_Limit and Fac_Improve),
all show a statistically significant relationship with residents’ level of willingness to participate in the
implementation of GI (Table 4).

Model 1 shows that, for gender, there is negative correlation between males and the residents’
level of willingness to participate in Gl in private space, indicating that males have lower willingness to
participate in the implementation of GI in private space than females do. There is a positive correlation
between education level and the residents’ level of willingness to participate in the implementation of
Gl in private space, which proves that the higher education level have higher willingness to participate
in the implementation of GI. Compared with residents with 4 h or more free time, less free time has
lower participation level. Meanwhile, residents living in high floors have a low level of willingness
to participate in the implementation of Gl in private space, while residents living in low floors have
a high level. There is no significance among home ownership, pluvial flooding experience and the
residents’ level of willingness to participate in the implementation of GI in private space.

Model 2 presents that the correlation is significantly positive between cognition of GI and the
residents’ level of willingness to participate in the implementation of Gl in private space, indicating
that the higher cognition level of GI shows stronger willingness to participate in the implementation of
GI. Model 3 shows that there is a positive correlation between the perception level of pluvial flood risk
and the residents’ level of willingness to participate in the implementation of Gl in private space, which
validates that the higher perception level of the pluvial flood risk indicates higher level of participation
in the implementation of GI. Adding the variables of the cognition of GI and the perception of pluvial
flood risk in sequence, the model’s goodness of fit rises from 0.069, to 0.096 and 0.104, correspondingly,
reflecting the cognition of GI and the perception of pluvial flood risk play an important role on the
residents’ level of willingness to participate in the implementation of Gl in private space.

Model 4 adds four types of factors: Fac_Technology, Fac_Support, Fac_Limit and Fac_Improve.
The result shows that Fac_Support and Fac_Improve can significantly affect the residents’ level of
willingness to participate in the implementation of GI in private space. Adding those four types
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of factors, the model’s goodness of fit increases from 0.104 to 0.241, which fully demonstrates
that Fac_Support and Fac_Improve affect the residents’ level of willingness to participate in the
implementation of Gl in private space.

Model 5 adds the geographical location variable to show the influence of the spatial location
on the residents’ level of willingness to participate in the implementation of GI in private space.
The regression result indicates that the coefficient of the suburban areas is negative, and this verifies
that the residents’ level of willingness to participate in the implementation of Gl in private space in the
suburban areas is lower than that in the inner city.

3.3.4. Influence Factors of Residents’ Participation in the Implementation of GI in the Public Space

Residents’ socio-economic characteristics, the cognition of GI, the perception of pluvial flood risk
and other influence factors (Fac_Technology, Fac_Support, Fac_Limit and Fac_Improve) have significant
influences on the residents’” willingness (Table 5). Model 1 shows: (1) Compared with residents with
4 h or more free time, those with less free time have lower participation level. (2) In terms of the
building age, residents who have newer houses are more willing to participate in the implementation
of GI in public space. Models 2 and 3 show those with higher level of GI cognition and flood risk
perception have stronger willingness to participate in the implementation of GI. Adding the variables
of the cognition of GI and the perception of pluvial flood risk in sequence, the model’s goodness of fit
rises from 0.042, to 0.053 and 0.063, correspondingly, reflecting the cognition of GI and the perception
of pluvial flood risk have an important influence on the residents’ level of willingness to participate in
the implementation of GI in public space. Finally, adding Fac_Technology, Fac_Support, Fac_Limit
and Fac_Improve to Model 4, the model’s goodness of fit rises from 0.063 to 0.297, which indicates
that Fac_Support and Fac_Improve play important roles in residents” willingness to participate in the
implementation of GI in public space.

Table 5. Multivariate linear regression results of residents’ willingness to participate in GI of public space.

. Model 1 Model 2 Model 3 Model 4
Variable
B t B t B t B t
Free time
<1lh -0.228 —-0.841 -0.270 -0.997 -0.276 -1.02 -0.255 —1.081
1-2h —-0.043 * -0.249 —-0.052 -0.301 —0.082 -0.472 -0.026 -0.174
2-3h —0.392 ** -3.001 -0.364** -2788 —0.349*** -2679 —0.299*** -261
3-4h -0.031 ***  -0.270 -0.022 -0.197 -0.022 -0.200 0.059 0.595
Building age 0.093 *** 2.632 0.091 *** 2.590 0.096 *** 2.751 0.047 * 1.537
Cognition of GI 0.069 ** 2.126 0.062 * 1.925 0.039 * 1.373
Perception of pluvial 0.084* 2059  0.049* 1372
flood risk
Fac_Technology 0.012 0.334
Fac_Support 0.251 *** 7.188
Fac_Limit 0.034 0.967
Fac_Improve 0.310 *** 8.646
Constant 3.832 *** 32.181 3.172 *** 28.274 3.485 *** 20.374 3.745 *** 24.751
R? 0.042 0.053 0.063 0.297

Note: ** p < 0.01,** p < 0.05, * p < 0.10.

4. Discussion and Conclusions

This paper contributes to the literature on residents’ willingness to participate in the
implementation of GI as it explores spatial differences and the influence factors of GI participation in
public and private space. The research reveals some interesting findings as follows.

First, residents” willingness to participate in the implementation of GI is different between public
and private space, and this discrepancy varies spatially. Compared with private space, residents prefer
to implement Gl in public space, where they have different preferences of Gl measures. In private space,
residents prefer roof greening and rain barrels, while, in public space, residents prefer planting trees.
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This finding is consistent with that of H.L. Brown et. al. [32] on private space study and shows the
residents preference in public space. Perhaps the reason is the limited private space, as implementing
Gl in the courtyard, the balcony and other private space would occupy much space. In terms of urban
scale, residents’ willingness to participate in the implementation of GI in private space is characterized
as high in the inner city and low in the suburban areas, while the spatial difference is insignificant
for public space. This is completely different from previous research [32-36], which shows that the
willingness of residents to participate in the implementation of GI is different in private space and
public space. There are many old residential areas in the inner city, with poor (green) environment and
lack of GI (the per capita green area is 1-4 m?). In contrast, with the rapid development of economy
and the emergence of counter-urbanization, in the suburban areas, the environmental quality is much
better than the inner city (the per capita green area is 8-12 m?) [42]. Therefore, in private space of the
inner city, it shows higher willingness to implement GI than in the suburban areas.

Second, the deterministic factors of GI participation are gender, education level, and floor for
private space, while only include building age for public space, in addition to the common factors of free
time, cognition of GI, perception of pluvial flood risk, supportive factors, and environment-improving
factors that can influence both private and public space GI participation.

Residents” socio-economic attributes, such as gender and education level can affect the participation
willingness of Gl implementation in private space. This finding is consistent with previous results [34,36,45].
The floor and free time significantly influence the implementation of GI. Residents living in a higher floor
or having less free time will have a lower level of participation in the implementation of GI in private
space. This also explains J.A. Byrne et al.’s [35] conclusion that the elderly have high level of participation
because they have much more free time compared to other ages of residents. The finding is different from
that of H.L. Brown et. al. [32,34,35]. We found that the building age can significantly affect residents’
willingness to participate in the implementation of GI in public space. The residents living in the older
building indicates lower willingness to participate in the implementation of GL

Residents with higher cognition of GI and perception of pluvial flood risk have higher willingness
to implement GI, which demonstrates that the high level of environment perception is a potential
driver for residents to participate in GI [44,45]. Supportive factors of GI and improving environmental
ones are the main factors that affect residents” willingness to participate in the implementation of GI,
which is different from A.K. Baptiste et al.’s [34] study. Since China started to implement GI in recent
years, and there are not enough related policies, economic incentives, technical support and training.
Therefore, one of the main obstructive factors is the policy innovation, which is also verifies the finding
of X.S. Dou [31]. The improving environmental factors affect residents’ willingness to participate in
the implementation of GI, which is consistent with previous studies [34,37,48]. Geographical location
is one of the factors that affect residents’ participation level in the implementation of GI, which is in
accordance with our hypothesis. Residents in the inner city have the highest willingness, suburban
areas is second, and outer suburban areas is third.

The finding of this research suggest residents’ cognition of GI and perception of pluvial flood risk
stay at a low level, but the high levels of cognition of GI and perception of pluvial flood risk directly drive
residents” willingness to participate in the implementation of GI. Therefore, the most effective way to
promote residents’ willingness to participate in the implementation of Gl is first to popularize the public’s
cognition of GI and to enhance the public’s perception of pluvial flood risk, for example, the community
should organize courses to help residents understand the benefits of GI and the problems of pluvial
flood, or the government organization should increase publicity on public platforms. Second, the main
factors affecting residents” willingness to participate in the implementation of GI include the supportive
factors of GI implementation. Residents are mainly concerned about the lack of technology, funding and
regulatory support. Therefore, the government can provide in-kind subsidies, such as trees and rain
barrels when residents participate in the implementation of GI; the government organization should
cancel restrictions such as demolition of illegal buildings and provide technical support for families
with conditional implementation of green roofs; the community could regularly invite experts to train
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residents on technology and maintenance; and, finally, the government should provide some suppliers
that can provide reliable and qualified products of GL
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