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Abstract: Rapid urban restructuring has exposed a large number of industrial brownfields, and
common redevelopment has many disadvantages. To optimize the redevelopment effect, green rede-
velopment has become an important strategy for urban renewal. Combining the theory of planned
behavior and the normative activation model, this study explains developers’ intention of green
redevelopment action of industrial brownfields (GRIB) from rational and perceptual dimensions. The
empirical analysis using partial least squares structural equation (PLS-SEM) obtained the following
results: (1) The intention of green redevelopment is positively affected by three factors, personal
norms, subjective norms, and attitude, in decreasing order of influence. (2) Perceptual behavior
control is not statistically significant to developers’ green transformation intentions. (3) Using the
corporate social responsibility for adjustment, the results show that corporate social responsibility has
a positive moderating effect on the relationship between green redevelopment intention and green
redevelopment behavior. It is suggested that the government should further formulate oriented incen-
tive policies at the national and local levels to encourage green redevelopment to transform industrial
brownfields. Concomitantly, the local governments should encourage developers with industry
influence to carry out green regeneration practices, strengthen the publicity of green redevelopment
knowledge, and strengthen the promotion and application of GRIB.

Keywords: industrial brownfield; green redevelopment; theory of planned behavior; normative
activation model; corporate social responsibility

1. Introduction

The environmental damage and pollution caused by industrialization have been at-
tracting increasing attention from both society and the research community. Several public
incidents triggered by what is called “drug land” continue to gather public opinion. With
China’s rapid development, these types of land in China’s cities have already exceeded
10 million hectares as of 2014. According to the National Survey Bulletin of Soil Pollution
Status released in 2014, heavily polluted enterprise land, industrial wasteland, and indus-
trial park had a point-over-standard rate as high as 36.3%, 34.9%, and 29.4%, respectively.
These types of land are termed “industrial brownfields” because the soil of these lands
is polluted or contains harmful substances, and it must be replenished before it can be
developed and used [1–5]. In China’s “14th Five-Year Plan”, the implementation of urban
regeneration action is also explicitly proposed as an important project, and industrial
brownfield sites, as an important part of urban regeneration, are the key to realizing ur-
ban ecological restoration [6]. However, the project team conducted in-depth research
on 168 industrial brownfield redevelopment projects in 23 cities in China (see Figure 1)
and found that they generally have many disadvantages, such as low utilization and low
comfort (see Figure 2).
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Figure 1. Number and area distribution of typical industrial brownfield redevelopment projects in
the investigated cities.
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Figure 2. Analysis on the existing problems of industrial brownfield redevelopment project.

Industrial brownfield sites facing renewal pressure not only need to meet new use
functions and reasonable economics, but also need to solve the soil pollution problem,
the environmental management problem, and ensure the survival of historical industrial
heritage in redevelopment, etc. Therefore, adopting the green concept to solve the industrial
brownfield problem is the way to alleviate the problem of resource shortage [7] and realize
ecological environment remediation (see Figure 3). Developers act as direct implementers of
green redevelopment of industrial brownfield sites (GRIB) [8,9]. Their green redevelopment
behavior can effectively promote the GRIB, create more benefits, and obtain better social
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evaluation. Therefore, effectively encouraging developers to practice green redevelopment
is the key to promoting and optimizing industrial brownfield redevelopment projects [10].
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Figure 3. Flowchart of the green redevelopment of industrial brownfield.

The research to date on the green redevelopment of industrial brownfields focuses on
risk identification and driving factors. First, for risk identification, Ahmad et al. (2019) [11]
sorted risks into 16 categories based on literature classification, such as lack of standards and
regulations, insufficient policy incentives, and low public participation. Han et al. (2018) [12]
built a standard system based on existing literature and expert opinions and used the Multi-
Criteria Decision Analysis method called Dominance-Based Rough Set Approach to help
provincial governments classify brownfields to better allocate funds and reduce financial
risks. Second, from the perspective of influencing factors, Lai et al. (2020) [13] reported
that the development of the real estate market and changes in the redevelopment gover-
nance structure are important factors affecting the green redevelopment of brownfields.
Green (2018) [14] quantitatively studied the factors driving the green redevelopment of
industrial brownfields from the perspectives of stakeholders, social economy, environment,
and sustainable development. Zhang et al. (2020) [2] used the extended planning behavior
model to determine the factors of the purchase intention of real estate projects developed
in industrial brownfields to provide a basis for policy formulation and redevelopment
strategies. In the relevant research on the GRIB, Zhang et al. (2021) [10] used the ex-
tended theory of planned behavior (TPB) to study the feasibility of developers’ specific
development behaviors by setting indicators and using the partial least squares structural
equation (PLS-SEM), revealing the role of altruistic motivation in green redevelopment’s
intention–behavior gap.

In summary, the existing literature has actively explored the green redevelopment
behavior of industrial brownfields from different perspectives and has drawn many impor-
tant research conclusions, but there are still two directions that require further exploration.
Firstly, there are relatively few studies on developers’ intention and behavior in GRIB, and
most of them focus on the enterprises themselves. In this regard, this paper starts from both
rational and perceptual aspects to jointly explain the developers’ intention and behavior
towards GRIB, to broaden the new path for developers to implement the green redevelop-
ment of industrial brownfield sites, and to provide opinions for the developers to make
the actual behaviors of the green redevelopment of industrial brownfield sites. Secondly,
existing studies mainly consider individual developers, but the influence of enterprises as
a group on green redevelopment of industrial brownfield sites is also crucial. Therefore,
this paper adds corporate social responsibility (CSR) as an adjustment factor to test its
adjustment effect. In addition, in order to test the practical value of this study, this paper
combines the TPB and the normative activation model (NAM) to establish a framework
model based on a 128-item data survey of a group of leading industrial developers in China
to empirically understand the process of developers’ intentions and behaviors towards
GRIBs and the factors that influence them, and to provide a powerful and scientific guid-
ance for developers to better optimize and promote the green redevelopment of industrial
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brownfield sites. The survey provides a strong basis for scientific guidance for developers
to better optimize and promote the green redevelopment of industrial brownfield sites.

2. Materials and Methods
2.1. Materials
2.1.1. TPB and NAM

TPB is often used to explain an individual’s behavior. This theory posits that the
intention to perform a certain behavior can be predicted by the attitude toward a specific
behavior, subjective norms, and perceived behavior control. Ajzen (1991) [15] defines
attitude as an individual’s feelings about a particular behavior, subjective norms as the
perceived social pressure of required behavior or non-required behavior, and perceived
behavior control as the perceived difficulty or ability to perform the behavior. In addition
to the influence of the three elements on behavioral intentions, studies have also con-
firmed the causal relationship between subjective norms, attitude, and perceived behavior
control [16–18]. NAM is the core of the theoretical model of the influence of personal norms
on altruism proposed by Schwartz (1977) [19], that is, the causal relationship between
altruistic behavior and the perception of moral obligations due to compliance with personal
norms. Personal norms, which refer to the moral responsibility or obligation to take or
avoid a certain behavior, will directly affect the intention of individuals to produce green
redevelopment behaviors. The activation of personal norms depends on two elements:
result awareness and responsibility attribution.

2.1.2. TPB and NAM Integration Theory Hypothesis

As a rational model, TPB explores self-interested behavior and ignores the role of
irrational behavior. Therefore, TPB is not sufficient to fully explain the redevelopment
behavior. The NAM theory is widely recognized in perceptual behavior or intention [20,21],
but it lacks the role of rational behavior. Therefore, this study combines TPB and NAM to
explain the green redevelopment intention (GRI) and green redevelopment behavior (GRB)
from both perceptual and rational aspects.

2.1.3. Research Hypotheses

Many scholars have confirmed the applicability of TPB in green behavior. For ex-
ample, Yang et al. (2019) [22] created a model based on TPB and found that in the pur-
chasing behavior of green building materials, subjective norms, and perceived behavior
control have a significant impact on developers’ green purchasing behavior and attitude.
Verma et al. (2017) [23] used TPB, combined with moral reflection and responsibility, to
predict young consumers’ intention to visit green hotels, and verified that TPB is useful
in predicting young consumers’ intention to visit green hotels. Zhang et al. (2021) [10]
combined TPB with perceived risk and perceived cost, and added two altruistic motives,
attribution of responsibility and awareness of consequence, as adjustment indicators, ver-
ifying the driving factors for the GRIB carried out by developers. Therefore, based on
previous research, we proposed the following hypotheses (see Figure 4):

H1. Attitude has a significant positive impact on developers’ GRI.

H2. Perceived behavior control has a significant positive impact on developers’ GRI.

H3. Subjective norms have a significant positive impact on developers’ GRI.

According to the norm activation model, Wang et al. (2017) [24] believe that a high
degree of outcome cognition will enhance individuals’ attribution of responsibility, and
its output will promote the activation of personal norms. Guo et al. (2019) [25] concluded
that the attribution of responsibility can have a direct positive impact on personal norms.
Drawing on the above research results, this study believes that developers should first
understand the results of GRIB; the stronger their understanding of the results, the stronger
their sense of responsibility. A strong sense of responsibility will strengthen the control of
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personal norms, thus promoting the generation of GRI. The following assumptions were
proposed (see Figure 4):

H4a. Awareness of consequence has a significant positive impact on the attribution of responsibility.

H4b. Attribution of responsibility has a significant positive impact on personal norms.

H5. Personal norms of developers have a significant positive impact on GRI.

Based on TPB and NAM, Zhang et al. believe that the cognition of the results precedes
the attitude and subjective norms. Qin et al. (2020) [16] believe that the normal standard and
importance of specific behaviors in society are determined by subjective norms. Therefore,
this study proposes that the cognition of results precedes subjective norms [26]. This means
that developers who have strong cognitive results on the GRIB are more likely to form
positive judgments on their intention to act as leaders. Subjective norms are the pre-variable
of personal norms [27] and can test the importance of personal norms. Therefore, this study
believes that developers’ subjective norms take precedence over their personal norms and
that personal norms promote the formation of GRI, and the formation of the most positive
intentions will promote the occurrence of GRB. Based on this, the following hypotheses
were proposed (see Figure 4):

H6a. Awareness of consequence has a significant positive impact on subjective norm.

H6b. Subjective norms have a significant positive impact on personal norms.

H7. There is a significant positive correlation between GRI and GRB.
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2.1.4. Moderating Role between Green Redevelopment Intention and Green
Redevelopment Behavior

Christophern (2001) [28] used Meta-analysis to show that the relationship between
intention and behavior is only moderately strong, and then added adjustment indicators,
such as self-identity and emotional beliefs, to strengthen the transformation from intention
to behavior. Zhang et al. (2020) [2], combining TPB and NAM, expanded the result and
added variables such as information propaganda type; after analysis using the PLS-SEM
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model, they found that there was a gap between people’s intention to classify garbage
and their actual behavior. Although GRI can effectively motivate developers to conduct
GRB, developers as the main body of implementation will only make behavioral decisions
based on their own cognitive level and the limited information they have obtained. The
benefits of green redevelopment are usually difficult to be fully perceived by developers,
thus weakening the incentive effect of green redevelopment [29], affecting the overall
development and transformation of the enterprise.

According to the resource dependence theory, in addition to the support of developers,
the support of external environmental resources is also necessary to the survival and
development of enterprises [30]. Therefore, the survival of enterprises must be closely
related to social development. Some scholars believe that the characteristics of corporate
entrepreneurs will affect the corporate social responsibility (CSR) [31]. Therefore, referring
to the definition of regulatory effect in Wen (2005) [32], this study introduces CSR as a
regulatory variable to help promote the transformation from intention to behavior from the
perspective of enterprises.

To study the transformation of intention into reality by green redevelopment, the
following hypotheses were proposed (see Figure 4):

H8. The relationship between GRI and GRB is regulated by CSR.

In response to the above analysis, this study based on the TPB and NAM models intro-
duces the regulation index CSR to construct a conceptual model of green redevelopment of
industrial brownfields, as shown in Figure 4.

2.2. Methods
2.2.1. Questionnaire Design

In order to ensure the scientific and feasibility of the questionnaire, we pre-researched
the relevant questions before designing the questionnaire, and the specific process is shown
in Figure 5. Tests have shown that the content of the questionnaire design is viable.
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The questionnaire mainly investigated the developers’ attitude towards the green
redevelopment of industrial brownfields, subjective norms, perceived behavior control,
personal norms, awareness of consequence, attribution of responsibility, CSR, GRI and
GRB. To ensure the most appropriate reliability and validity, all indicators were selected as
mature scales, and the two components of the cost study were revised reactive indicators
and formative indicators. Attitude, subjective norms, perceived behavior control, personal
norms, attribution of responsibility, CSR, GRI and GRB are reflective indicators, while
awareness of consequence is a formative indicator. The questionnaire uses a seven-point
Likert scale and the responses range from 1 = most dissatisfied to 7 = most satisfied. Specific
items are listed in Table 1. Among them, corporate responsibility draws on the CSR scale
used in the study by Sabokro et al. (2021) [33] to measure developers’ attitudes and opinions
on green redevelopment behavior. The measurement scales of attitude, subjective norms,
perceived behavior control, attribution of responsibility, Awareness of consequence, GRI,
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and GRB are derived from the scales used in the research carried out by Zhang (2021) [10]
and Lopes et al. (2019) [34]. This study used seven statistical indicators, including gender,
age, education level, location, property rights of enterprises, years of relevant work, and
number of enterprises as control indicators.

Table 1. Questionnaire on GRIB.

Latent Variable Items Mean Standard Deviation

Attitude

Q1 I think GR is worthwhile 6.625 0.559
Q2 I think GR is wise 6.578 0.581

Q3 I am satisfied with the GR of the current brownfield 6.586 0.580
Q4 I will work hard to take measures to increase the

GR of the enterprise 6.469 0.749

Subjective norms

Q5 National policy supports the GR treatment
of brownfields 6.047 1.082

Q6 Local government supports GR of brownfields 6.578 0.581
Q7 The industry tends to use GR to industrially

treat brownfields 6.227 0.903

Perceptual behavior control

Q8 I can make independent decisions about GR 6.133 0.947
Q9 I have sufficient knowledge and ability to

implement GR 6.422 0.806

Q10 I have enough time to deal with the difficulties
encountered in the process of GR 6.289 0.611

Awareness of consequence

Q11 Without GR, the environment will be
greatly damaged 5.695 1.094

Q12 Without GR, resources will suffer huge waste 5.938 1.066
Q13 Without GR, public health will be

adversely affected 6.461 0.759

Q14 Without GR, the quality of life of future
generations will be affected 6.367 0.738

Q15 Without GR, sustainable development will
be restricted 6.406 0.765

Q16 GR can be recognized by the public 6.375 0.875
Q17 GR can get higher returns 6.352 0.787
Q18 GR can reduce land waste 6.438 0.778

Q19 Economic compensation can be obtained for GR 6.344 0.956
Q20 GR behavior helps to minimize damage to

the environment 6.234 0.948

Attribution of responsibility

Q21 As a developer, be responsible for restricting the
development of the city by not implementing GR 5.945 1.348

Q22 As a developer, be responsible for the waste of
resources caused by not adopting GR 5.961 1.360

Q23 As a developer, be responsible for environmental
problems caused by not implementing GR 5.859 1.440

Q24 As a developer, be responsible for the bad effects
caused by not adopting GR 5.922 1.303

Personal norms

Q25 Performing GR will make me feel good 6.195 0.952
Q26 I think I have a responsibility to implement GR 6.133 1.041

Q27 I promise to implement GR and make
contributions to improve the environment 6.156 0.972

Green redevelopment
intention (GRI)

Q28 I will tell others about the benefits of GR 6.102 1.014
Q29 If someone else transforms the industrial

brownfield, I would recommend a GR strategy 6.211 0.965

Q30 If I want to develop industrial brownfields, I will
adopt the GR strategy 6.180 0.947
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Table 1. Cont.

Latent Variable Items Mean Standard Deviation

Corporate social
responsibility (CSR)

Q31 All companies are jointly responsible for the
social environment 6.266 0.906

Q32 Reducing environmental pollution is the
responsibility of the company 6.281 0.901

Q33 Enterprises have the responsibility to lead
GR behavior 6.039 1.049

Green redevelopment
behavior (GRB)

Q34 I will tell others about the benefits of GR 6.031 1.118
Q35 When purchasing raw materials, we will try our

best to choose green and environmentally
friendly materials

6.000 1.053

Q36 I will actively develop green products and make
corresponding plans and schedules 5.828 1.232

2.2.2. Data Sources and Sample Characteristics

The pre-survey was conducted in September 2021. Due to the impact of COVID-19,
the GRIB was investigated through offline field visits and online questionnaires. In the
process, the questionnaire design was constantly adjusted and revised. From October to
November 2021, formal investigation and collection was carried out, and questionnaire
links of green redevelopment of industrial brownfield were distributed to specific groups
through questionnaire stars. Specifically, questionnaires were distributed to (1) partners
of large-scale industrial zone reconstruction projects, such as Shougang and Shaanxi steel;
(2) the enterprise groups actively participating in urban renewal. Rewards were distributed
within the group to encourage everyone to fill in. Participants were asked to fill in their
personal information and the questionnaire, which included items such as whether they
had the ability to make decisions on green redevelopment and whether they had formulated
corresponding special plans for green redevelopment. A total of 160 questionnaires were
distributed, and 128 valid questionnaires were obtained (recovery rate = 80%) by excluding
those from unqualified respondents, with too many identical options, incomplete answers,
and illogical answers.

The data collected in this survey were mainly from the central and western regions
of China, which is consistent with the main regional distribution of industrial brownfield
recovery projects in the country. Figure 6 presents the demographic information of the
sample. A total of 62.99% interviewees were male and 37.01% were female, with a ratio
of approximately 2:1. Most of the interviewees had bachelor’s or master’s degrees, corre-
sponding to the basic distribution of gender and education among real estate development
decision makers. Most of the participants had been working for less than 10 years (83.46%),
and the property rights of enterprises were mainly state-owned enterprises and private
enterprises (76.38%).

2.2.3. Research Methods

The structural equation model (SEM) mainly includes factor analysis and path analysis.
The biggest advantage of the structural equation model is that the properties of some
potential variables can be studied by observing variables, and the research problems
with multiple dependent variables can be handled at the same time. PLS-SEM was first
proposed by Herman Wold. Compared with the traditional structural equation model, the
partial least squares structural equation model has some advantages. Since the general
structural equation model based on covariance can also fit the reflective index, but the
requirements are stricter, the partial least squares calculation software SmartPLS3.0 was
used for analysis. Compared with the classic structural equation model based on covariance,
SmartPLS does not seek to reproduce the sample covariance matrix, and is regarded as a
soft modeling method, which does not require strong assumptions, including distribution,
sample size, and measurement scale [35]. Compared with others, SmartPLS has less sample
demand, with no requirement to analyze whether the data meet the requirements of normal
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distribution. It can also process reflection and formation models simultaneously, which is
suitable for theoretical development and prediction. Therefore, the partial least squares
method is widely used by many scholars. Based on this, this study used SmartPLS 3.0 for
the quantitative analysis of the survey data.
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3. Results
3.1. Reliability and Validity Tests

Reliability and validity were measured first, and the reliability and validity test meth-
ods of formative and reflective indicators were different. For reflective indicators, the
causality of measurement items is from indicator to indicator, and each item should have
internal consistency, exchangeability, and medium to high correlation [11], whereas for
formative indicators, the causality of measurement items is from item to indicator. Re-
moving any item can change the latent index, and the correlation between items can be
negative [36]. For reflective indicators, specifically the empirical evaluation of the combina-
tion reliability (CR) and Cronbach’s coefficient (Cronbach’s α), it is generally considered
that the Cronbach’s α and the CR are greater than 0.7, indicating a higher reliability and
convergence effect. The degree requires that the standardized factor load estimate (Std.)
should be greater than 0.7, and the average variance extraction value (AVE) should be
greater than 0.5 (see Table 2). The measure of discriminative validity requires that the
AVE value of each potential indicator is greater than the square of the correlation of each
potential indicator (see Table 3). Formative indicators should be tested for validity, usually
judged with reliability indicators, that is, the item weight should be greater than 0.2 and
significant, and the t value must be greater than 1.96. Since the formative indicators are
essentially negative regressions, the collinearity between them should also be checked, that
is, VIF < 5.
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Table 2. Index factor loading and average extraction variance.

Constructs Items Std. T-Value Cronbach’s α rho-A Combination
Reliability AVE

Attitude (ATT)

Q1 0.703 8.798

0.732 0.742 0.830 0.549
Q2 0.768 13.262
Q3 0.745 11.205
Q4 0.748 13.573

Subjective
norms (SN)

Q5 0.734 12.979
0.771 0.777 0.775 0.537Q6 0.650 8.683

Q7 0.805 19.752

Perceptual behavior
control (PBC)

Q8 0.824 21.574
0.760 0.782 0.846 0.579Q9 0.786 17.603

Q10 0.727 10.468

Awareness of
consequence (AC)

Q11 0.468 5.427

N.A. N.A. N.A. N.A.

Q12 0.732 11.527
Q13 0.682 8.362
Q14 0.643 8.900
Q15 0.652 8.690
Q16 0.536 4.231
Q17 0.606 6.231
Q18 0.836 13.663
Q19 0.606 4.237
Q20 0.855 18.219

Attribution of
responsibility (AR)

Q21 0.917 47.167 0.954 0.955 0.967 0.878
Q22 0.951 69.225
Q23 0.943 60.227
Q24 0.938 56.708

Personal norms (PN)
Q25 0.872 26.950 0.903 0.907 0.933 0.776
Q26 0.906 52.855
Q27 0.915 59.432

Green
redevelopment
intention (GRI)

Q28 0.805 17.129 0.855 0.862 0.913 0.777
Q29 0.925 45.370
Q30 0.910 34.409

Corporate social
responsibility (CSR)

Q31 0.842 16.664 0.867 0.888 0.918 0.789
Q32 0.922 43.696
Q33 0.899 36.774

Green
redevelopment
behavior (GRB)

Q34 0.935 74.577 0.886 0.899 0.929 0.814
Q35 0.902 41.505
Q36 0.869 23.542

Note: N.A. means not applicable. Due to the format, abbreviations are used here.

Table 3. Discriminant validity for the measurement model.

PN SN CSR ATT PBC AC GRI GRB AR

PN 0.776
SN 0.495 0.537

CSR 0.702 0.430 0.789
ATT 0.533 0.665 0.348 0.549
PBC 0.523 0.781 0.398 0.501 0.579
AC 0.726 0.660 0.531 0.609 0.642 N.A.
GRI 0.831 0.472 0.751 0.549 0.502 0.642 0.777
GRB 0.613 0.459 0.690 0.322 0.524 0.546 0.666 0.814
AR 0.677 0.398 0.619 0.323 0.432 0.551 0.525 0.505 0.878

Note: N.A. means not applicable. Due to the format, abbreviations are used here.

3.2. Model Structure Verification

In the TPB-NAM compound model with the adjustment effect, the explained
variance (R2) of the developers’ GRI is 75.9%, and the redevelopment behavior R2 is
52.8%, compared with a single TPB, NAM, or TPB-NAM without adjustment. The effect
model has better explanatory power (the explained variance (R2) for the developers’ GRI
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in the TPB model is 47.3%, and the redevelopment behavior R2 is 40.7%). The variance
explained by the developers’ GRI in the NAM model (R2) is 73.3%, the redevelopment
behavior R2 is 40.8%, the explained variance (R2) of the developers’ GRI in the TPB-NAM
model is 75.9%, and the redevelopment behavior R2 is 52.8%. Concomitantly, we stud-
ied the use of bootstrapping and verified the significance of all path coefficients through
repeated sampling 5000 times to estimate (see Figure 4).

3.3. Model Hypothesis Testing

Using the structural equation model constructed via SmartPLS, the hypotheses of this
study were tested, and the specific calculation results are shown in Table 4. Regarding the
relationship between attitude and GRI, the standardized path coefficient between the two
is 0.225, the T-value is 2.052, and p < 0.01, indicating that attitude significantly positively
affects GRI; therefore, H1 holds. Regarding the relationship between perceptual behavior
control and GRI, the standardized path coefficient between the two is −0.243, the T-value
is 1.817, and p > 0.05, indicating that the perceptual behavior control has no significant
impact on the GRI; thus, H2 is rejected. Regarding the relationship between subjective
norms and GRI, the standardized path coefficient between the two is 0.506, the T-value
is 4.600, and p < 0.001, indicating that subjective norms have a significant impact on GRI;
therefore, H3 is established. Regarding the relationship between awareness of consequence
and attribution of responsibility, the standardized path coefficient between the two is
0.673, the T-value is 12.480, and p < 0.001, indicating that the awareness of consequence
significantly positively affects the attribution of responsibility. Therefore, it is assumed that
H4a holds. Regarding the relationship between attribution of responsibility and personal
norms, the standardized path coefficient between the two is 0.440, the T-value is 4.578, and
p < 0.001, indicating that the attribution of responsibility significantly positively affects
personal norms. Therefore, it is assumed that H4b is established. Regarding the relationship
between personal norms and GRI, the standardized path coefficient between the two is
0.753, the T-value is 10.317, and p < 0.001, indicating that personal norms have a significant
positive impact on GRI; thus, hypothesis H5 holds. Regarding the relationship between
awareness of consequence and subjective norms, the standardized path coefficient between
the two is 0.741, the T-value is 20.324, and p < 0.001, indicating that the awareness of
consequence significantly positively affects subjective norms; therefore, hypothesis H6a
is established. Regarding the relationship between subjective norms and personal norms,
the standardized path coefficient between individuals is 0.436, the T-value is 4.730, and
p < 0.001, indicating that subjective norms significantly positively affect personal norms;
thus, H6b is established. Regarding the relationship between GRI and GRB, the path
coefficient of inter-standardization is 0.358, the T-value is 3.157, and p < 0.01, indicating
that the GRI significantly positively affects the GRB; thus, the H7 is established.

Table 4. Structural model path coefficient and hypothesis test.

Hypothesis Standardization Factor T-Value Result

H1: ATT --> GRI 0.225 2.052 ** Supported

H2: PBC --> GRI −0.243 1.817 n.s Not Supported

H3: SN--> GRI 0.506 4.600 *** Supported

H4a: AC--> AR 0.673 12.480 *** Supported

H4b: AR --> PN 0.440 4.584 *** Supported

H5: PN --> GRI 0.753 10.317 *** Supported

H6a: AC--> SN 0.741 20.324 *** Supported

H6b: SN --> PN 0.436 4.730 *** Supported

H7: GRI --> GRB 0.358 3.157 *** Supported
Note: *** p < 0.001, ** p < 0.01, and * p < 0.05. n.s. means not statistically significant. Due to the format,
abbreviations are used here.
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4. Discussion

As per the research hypothesis, CSR has a moderating effect on GRI and GRB. After the
mean value of corporate social responsibility and GRI was centered, the index of CSR × GRI
for evaluation and the regression coefficient used to evaluate the index of CSR × GRI were
generated. Afterward, it was verified whether the coefficient of the interaction term was up
to the significance level, and whether it was significant was determined (see Table 5).

Table 5. Result statistics of moderating effect.

Dependent
Variable

Moderator
Variable

Independent
Variable Original Sample T-Value Result

GRB CSR GRI 0.166 2.227 Supported

From Table 5, it is evident that the product term of CSR and GRI affects GRB (β = 0.166,
T = 2.227, p < 0.05) positively and significantly. The stronger the developer’s perception of
green redevelopment, the higher the activation level of CSR on green redevelopment, and
the more obvious the promotion effect. Therefore, it is assumed that H8 is supported. As
shown in Figure 7, when CSR increases, the indirect influence of GRI on GRB through CSR
becomes more significant, and vice versa. At the same time, it can be seen that CSR plays a
positive role in regulating the relationship between GRI and GRB.
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5. Conclusions

To explore the driving factors for the GRIB by developers, the TPB-NAM composite
model was constructed, and through the analysis of 128 questionnaires, the applicability
of the integrated model to this research was verified. The statistical results showed that
the TPB-NAM composite model helps to better explain the GRB of industrial brownfields
by developers. Simultaneously, the study revealed the gap between GRI and GRB, and
verified the promotion mechanism of CSR for the transformation of intention to behavior.
The conclusions of this study include the following three aspects.

(1) This research integrates the TPB and NAM and constructs a driven model for the
GRIB from the dual perspectives of rationality and perceptually. The statistical results
showed that the green redevelopment intention of developers is positively affected by
three factors, personal norms, subjective norms, and attitude, in a decreasing order
of influence. Among them, personal norms have the greatest influence on the GRI,
indicating that individuals will inevitably be affected by social norms. Personal norms
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can directly promote the developers’ GRI (β = 0.750), while the awareness of conse-
quence (β = 0.618) and attribution of responsibility (β = 0.440) will significantly affect
the developers’ personal norms, conforming to the basic assumptions of the NAM.

(2) Contrary to previous research by Huang et al. (2021) [37], the influence of perceptual
behavior control on the developers’ green redevelopment intention behavior is not
statistically supported in this study. This could be due to the complex construction
procedures, diverse development models, and numerous participants in industrial
brownfield redevelopment projects. As the developers often play the role of project
sponsors in the development process, their personal knowledge and technology of
green redevelopment have no significant driving effect on the development inten-
tion [38]. This is consistent with the research conclusions of Zhang et al. (2017) [39].

(3) The findings revealed that most developers show strong intentions for GRIB; however,
in reality, there are still some developers who fail to fulfill the green redevelopment
behavior, and the number of developers who fail to fulfill the green redevelopment
behavior accounts for 12.7% of the number of people with high development intention
(the average score of green redevelopment intention in the scale is more than 4 points,
but the green redevelopment behavior is less than 3 points). Research on the introduc-
tion of CSR helps understand whether it can promote the conversion of developers’
GRI to GRB, and whether CSR positively regulates the impact of developers’ GRI on
GRB. This shows that when developers realize that their company is responsible for
green redevelopment, they will have GRI, and their GRB will be stronger.

Based on the above conclusions, the following recommendations are put forward:
First, considering the influence of subjective norms on GRI, the government should develop
targeted incentive policies [40]. For example, special green funds and green loan incentives
can be established in addition to tax incentives to encourage the use of green redevelopment
methods to transform industrial brownfields. Second, local governments should give prior-
ity to the support and encouragement of industry-influencing developers to carry out green
regeneration practices for projects that sell land for development. This can be carried out
by establishing GRIB demonstration projects and using their appeal to create the industry
trend of green redevelopment. Third, the government should (1) strengthen the publicity
and education of green redevelopment knowledge; (2) enhance developers’ awareness and
the awareness of green redevelopment, enabling them to form correct values and moral
obligations; (3) proactively enhance the intention of green redevelopment; (4) carry out
green redevelopment behaviors; and (5) simultaneously enhance the developers’ sense of
belonging and corporate responsibility.

There are some limitations to this research that need to be resolved in future research.
First, the aim of this study is to analyze the consistency of GRIB’s intentions and behaviors
from the perspective of developers. Therefore, it is necessary to further verify the appli-
cability of the integrated model from the perspective of different stakeholders. Second,
when carrying out the promotion policy of GRIB, the differences in development types
should be considered. When industrial brownfields are used for different types of devel-
opment, such as residential and commercial land, this will cause different levels of public
attention. In future research, we need to consider the differences caused by different types
of development.

Author Contributions: Formal Analysis, Original Draft Preparation, Y.Z. Formal Analysis, Origi-
nal Draft Preparation, Review and Editing, X.L. Review and Editing, S.W. Content Checking and
Formatting, C.L. All authors have read and agreed to the published version of the manuscript.

Funding: This work is supported by the NSFC (51808424, 51677879, 51478384), The Ministry of Edu-
cation of Humanities and Social Science project (23YJCZH309), and the Natural Science Foundation of
Shaanxi Provincial Department of Education “Research on Risk Identification and Control Mechanism
for Green Redevelopment of Industrial Brown Land under the Guidance of Renewal”: 22JK0441.

Data Availability Statement: The datasets used and/or analyzed during the current study are
available from the corresponding author on reasonable request.



Sustainability 2023, 15, 16268 14 of 15

Acknowledgments: We acknowledge any support given which is covered by the author contributions
or funding sections.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Li, H.M.; Zhang, Y.; Chen, X.; Meng, H.; Zhang, J.; Tian, W. Technical Standard for Green Regeneration of Old Industrial Building,

1st ed.; Metallurgical Industry Press: Beijing, China, 2018.
2. Zhang, L.; Hu, Q.; Zhang, S.; Zhang, W. Understanding Chinese Residents’ Waste Classification from a Perspective of

Intention–Behavior Gap. Sustainability 2020, 12, 4135. [CrossRef]
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