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Abstract
The notion of the study is to re�ect the concepts and bene�ts of rainwater harvesting to the households
to recharge ground water that manifests sustainable ground water. Hence to study the adoption of
rainwater harvesting the Theory of Planned Behaviour and Norm Activation Model has been synergized.
The constructs such as personal norm, subjective norm, intention to acquire rainwater harvesting
knowledge, environmental responsibility and environmental concern have been used to explain the
adoption of rainwater harvesting. A sample size consisting of 400 participants constructing and likely to
construct houses have been had taken for the study. Structural Equation Modelling was used to analyze
the data, inter alia moderation and mediation analysis was also done. The study results typically show
that all the factors show signi�cant relationship with adoption of rainwater harvesting, similarly intention
to acquire rainwater harvesting knowledge moderates the relationship exists between environmental
concern; environmental responsibility and rainwater harvesting. Based on the results, signi�cant
theoretical and social implications have been made.

1. Introduction
Groundwater is available almost everywhere beneath the land surface and is a chief source of water to
domestic, industrial and agricultural use, though nonrenewable (Alley et al., 1999) it plays a signi�cant
role to the nations’ economic and social development (Pophare et al., 2014). However, the increase in
population as urges in enabling farming, infrastructure and industries mandates the individuals and
institutions to use more water and results in the exploitation and depletion of groundwater resources. The
adverse effect attributed by the scarcity of ground water would be very severe, hence traditionally Indians
had the practice of water harvesting, however in the current context because of its decline (Kumar et al.,
2006) the respective Governments through ordinance mandated the establishment of rainwater
harvesting system to residential, commercial and industrial buildings (Centre for Science and
Environment). Nevertheless, most of the individuals show less interest, that consequently lacks periodical
maintenance and radically requires thorough understanding and needs increase in responsibility and high
concern towards sustainable groundwater. As rainwater harvesting (RWH) increases the ground water
quality and level (Glendenning & Vervoort, 2010), researchers have urged to adopt serious strategies to
alleviate substantial exploitation of groundwater (Pophare et al., 2014). Similarly, very less researches
were carried out as how and why individuals establish rainwater harvesting system in their respective
premises. It is felt by the researcher that if individuals have a concern towards environment and feel
responsible for the depletion of groundwater resources certainly no nation would face water crisis. Based
on this premise the current research employs the Theory of Planned Behaviour (TPB) and Norm
Activation Model (NAM) with the addition of constructs like intention to acquire knowledge to investigate
the adoption of rainwater harvesting system.

The Theory of Planned Behaviour propounded by Ajzen (1991) remained as a prominent and pioneer
model to predict individuals’ intentions. In its inception TPB was used to predict health related behaviours
(Godin & Kok, 1996; Sheeran & Taylor, 1999), however because of its signi�cant predicting power (Conner
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& Armitage, 1998; Conner et al., 2003) it has been extensively used in social science studies, subsequently
serves as an imperative tool to predict and promote pro-environmental behavioral intentions (Masud et
al., 2016). Similarly, the Norm Activation Model propounded by Schwartz’s (1977) as intends to
understand how the pro-environmental behaviors are nurtured, is adopted to explain the adoption of
RWH. At the same time certain constructs away from TPB have been inherited from prior studies based
on the concrete notion that; subjective norms (SN) signi�cantly in�uenced behavioral decisions in the
adoption of energy-e�cient lighting (Lee et al., 2013), personal norm (PN) inherited from NAM, on the
purchase of pro-environmental products (Kim & Seock, 2019), intention to acquire knowledge on
comprehension of knowledge and knowledge transfer (Pérez-Nordtvedt et al., 2008), environmental
responsibility (ER) derived from NAM (Yue et al., 2020), on sustainable consumption (Barr et al., 2011),
environmental concern (EC) on individual behavioural change (Wong & Wan, 2011). Whereby,
constellation of constructs drawn from prior studies though explained different outcomes the current
study intends to de�ne the adoption of rainwater harvesting in India. Moreover, based on the extensive
reviews, no studies have explored these constructs to explain the behaviour of individuals towards the
adoption of rainwater harvesting (ARWH). In the meantime, substantial investment has been made in
India on rainwater harvesting purported to be�t the needs of the society in alleviating water scarcity
(Kumar et al., 2006) and to promote sustainable groundwater. Similarly, Pandey et al. (2003) suggested to
undertake research purported to investigate the reasons behind the shrouded interest towards RWH.
However, due to the ignorance and withering responsibility of the individuals towards the seriousness of
the imminent adverse effect of exploitation of groundwater and usefulness of rainwater harvesting
people inadvertently implement rainwater harvesting systems in their respective premises which further
leads to rebound effect.

Several researchers have suggested the signi�cance of RWH to human society and environment.
Amongst, Pandey et al. (2003) signi�ed the RWH system as an adaptation to climate change, improving
irrigation (Boers & Ben-Asher, 1982), collectively indoor use, food production and groundwater recharge
(Stout et al., 2017), similarly several other researchers have studied RWH in line with the aforesaid
approaches. Hence, to provide a worthy and realistic perspective to understand and explain the gaps
between the less intention towards rainwater harvesting and behaviour of Indians, this research expanded
with the constructs like personal norm, intention to acquire rainwater harvesting knowledge,
environmental responsibility and environmental concern.

2. Theoretical Basis And Hypotheses

2.1. Rainwater Harvesting (RWH)
In contemplation with the maladies like egregious water scarcity, excessive �oods and jarring water
pollution, rainwater harvesting has become an unparalleled panacea which is imperative for the growing
population. Rainwater harvesting is the method of collecting and storing rainwater for various purposes
(Boers & Ben-Asher, 1982). Being India a tropical monsoon country its potential to harvest rains is
irresistibly possible, despite the growing awareness of need for rainwater harvesting (Kumar et al., 2006),
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there is low adoption of rainwater harvesting in India. This study assumes the low adoption of RWH is
because of the shrouded environmental responsibility and concern. Hence, to comprehensively explore
the original reasons for the low adoption of rainwater harvesting this empirical study adopts personal
norm from Norm Activation Model, intention to acquire rainwater harvesting knowledge (IARWH),
environmental responsibility, environmental concern along with the subjective norms of the Theory of
Planned Behaviour.

2.2. Personal norms (PN)
Moral obligations play a signi�cant role on the moral intentions when individuals are confronted with
handling situations which con�icts self and public interests (Lam, 1999). Personal norms or moral norms
are connoted as the humanistic values, manifests as obligations and compassion that are imbued within
oneself and gets transpired when encountered with social tribulations. Accordingly, Schwartz (1977)
de�ned personal norms as the internalized core values that are presumed as moral obligations and plays
a key role in decision making. Researchers like Lindenberg & Steg (2007) argued that individuals are
steered to elicit pro-environmental behaviors based on the inner motivation as guided by the conscience
or morality. Further, Schwartz (1977) a�rmed that personal norms do play a poignant role in performing
altruistic behaviour. The value system, predicting ability of the repercussions of events and the
preparedness to bear the responsibility in�uence the personal norms of individuals (Stern, 2000).
Similarly, other empirical studies also have a�rmed the in�uence of personal norms on pro-
environmental behaviours and actions (Stern & Dietz, 1994; Mehmetoglu, 2010).

In the meantime, several researchers have addressed the active engagement of personal norms on the
pro-environmental behaviour. Amongst them, Doran & Larsen (2016) asserted that personal norm posits a
strong positive relationship to choose eco-friendly travel options. Similarly, personal norms signi�cantly
impacted the purchase of pro-environment apparel (Kim & Seock, 2019). The study conducted by
Wynveen and Sutton (2015) signi�ed that; individuals embracing personal norms plant trees, and use
products that consume less energy to mitigate the adversities of climate change. Similarly, Shanmugavel
& Solayan (2021) signi�ed a positive relationship between personal norms and green products purchase
intention among the centennials in India. This shows that personal norm is an intrinsic motivation that
usher people to adopt rainwater harvesting in their premises. Binding personal norms with intention to
acquire RWH knowledge, environmental responsibility, environmental concern and adoption of rainwater
harvesting, following hypotheses are proposed:

H1a. Personal norms positively in�uences the intention to acquire RWH knowledge.

H1b. Personal norms positively in�uences individuals’ responsibility towards the environment.

H1c. Personal norms positively in�uences environmental concern possessed by the individuals.

H1d. Personal norms positively in�uences the adoption of rainwater harvesting.

2.3. Subjective norms (SN)



Page 5/30

Subjective norms are the guidance that oneself derives or inherits from others to perform an action (Lam,
1999), therefore prior empirical evidence signi�es its signi�cant role on individuals’ behavioral intentions
and actions. Fishbein & Ajzen (2011) de�ned subjective norms as the reference to individuals from
known and important persons’ actions and behaviours to perform a task. Earlier Ajzen (1991) construed
that the internalized social pressure plays an active role in leveraging behaviours. Even in the day-to-day
activities subjective norms do play a signi�cant role.

Several researchers have explained the signi�cant role of subjective norms on pro-environmental
behaviours. For example, Marcos et al. (2021) investigated the in�uence of subjective norms on water
conservation and found that it holds a strong binding with the individuals’ intention to conserve water.
However, the other study conducted by Kim & Seock (2019) discovered that social norm signi�cantly
in�uenced pro-environmental purchasing behaviour. López-Mosquera et al. (2014) poignantly unveiled
the signi�cance of social norms by stating that individuals would intend to spend for environmental
conservation. Experimental studies have also proved that subjective norms positively affect individuals to
engage in pro-environmental behaviour (e.g. Reese et al., 2014; Mair and Bergin-Seers, 2010). Hence, this
study assumes that subjective norms will be a strong predictor to adopt rainwater harvesting in their
premises. Tying subjective norms with intention to acquire RWH knowledge, environmental responsibility,
environmental concern and adoption of rainwater harvesting, following hypotheses are proposed:

H2a. Subjective norms positively in�uences the intention to acquire RWH knowledge.

H2b. Subjective norms positively in�uences individuals’ responsibility towards the environment.

H2c. Subjective norms positively in�uences environmental concern possessed by the individuals.

H2d. Subjective norms positively in�uences the adoption of rainwater harvesting.

2.4. Acquisition of rainwater harvesting knowledge
(ARWHK)
Knowledge is a supreme power which enables the cognitive skill of individuals (Zagzebski, 2017),
similarly motivates the intellectualism that oneself possess (Fantl, 2012). Based on the arguments made
by Zagzebski (2017), knowledge is acquirable as the acquisition of knowledge includes knowledge of
persons, things and own self. However, knowledge acquisition from external sources is predominant
among majority of the people. Therefore, knowledge is an understanding about a subject matter. The
acceptance behaviour of individuals is in�uenced by the attitude towards knowledge adoption (Davis,
1989). In addition, MacRae (1999) has urged the need to design programs to create awareness about the
sources that deteriorates the ecological status and to remediate the environment.

Several researchers have stated the linkage between knowledge and attitude (e.g. Bagheri et al., 2019;
Shim et al., 2009). Individuals who acquire knowledge through sustainable development education
programs necessarily shapes a sustainable future (Hadjichambis et al., 2015). A study conducted by
Fielding & Head (2012) a�rmed that knowledge predicts more pro-environmental behaviour. However,
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some of the researchers also have stated that linear relationship does not exist between knowledge and
action (e.g. Skamp et al., 2009; Chhokar et al., 2011). Hence, this study presumes that intention to acquire
knowledge do play a signi�cant role in the adoption of rainwater harvesting. Further, this study construes
that intention to acquire RWH knowledge mediates the relationship between personal norms and
subjective norms with the adoption of RWH. In view of the above discussion the following hypotheses are
framed:

H3a. Intention to acquire RWHK positively in�uences the adoption of RWH.

H3b. Intention to acquire RWHK mediates the relationship between personal norms and adoption of RWH.

H3c. Intention to acquire RWHK mediates the relationship between subjective norms and adoption of
RWH.

H3d. Intention to acquire RWHK positively in�uences the environmental responsibility.

H3e. Intention to acquire RWHK positively in�uences the environmental concern.

2.5. Environmental responsibility (ER)
Environmental responsibility is one of the signi�cant attributes that facilitate to internalize and solve
environmental related issues and problems by involving in making pro-environmental decisions and
transforming the society to do so. Environmental responsibility is attributed as an inherent behavior of
individuals’ environmental interest manifested from their concern towards environmental security and
welfare to redress environmental problems through day-to-day activities in maintaining the environment
(Wong et al., 2018; Choudri et al., 2017). Inter alia, studies have also shown that environmental
responsibility could be in�uenced through environmental education (Slavoljub et al., 2015).
Environmental responsibility could be manifested by keeping the environment clean; consuming less and
optimal use of energy; involves in raising hands against environmental evils. In addition, DesJardins
(1998) highlighted the importance of environmental responsibility in the corporate level and Furman &
Erdur (1999) at the individual level.

Some of the prior researchers have discovered the in�uence of environmental responsibility towards the
pro-environmental behaviour. Amidst, Yue et al. (2020) demonstrated the signi�cant effect of
environmental responsibility on green consumption behaviour and environmental concern. Another study
conducted by Kaiser and Scheuthle (2003) discovered the in�uence of environmental responsibility on
the eco-friendly behavior. Further, Stern et al. (1999) con�rmed the linear relationship between
environmental responsibility and pro-environmental behavior, similarly Attaran and Celik (2015)
rea�rmed the linear relationship between environmental responsibility and purchase intention of green
buildings. In line with the above discussions this study assumes that environmental responsibility
demonstrates a signi�cant connection with the adoption of rainwater harvesting. Accordingly, following
hypotheses are proposed:
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H4a. Environmental responsibility positively in�uences the adoption of RWH.

H4b. Environmental responsibility positively in�uences environmental concern.

H4c. Environmental responsibility mediates the relationship between personal norms and adoption of
RWH.

H4d. Environmental responsibility mediates the relationship between subjective norms and adoption of
RWH.

2.6. Environmental concern (EC)
Environmental concern is categorized as individuals’ attitude (Minton & Rose,1997) that might be
developed through the perceived personal threats duly caused by environmental deterioration (Baldassare
& Katz, 1992). Hence, this study assumes that greater the environmental concern is a consequence of
high level of environmental information acquired. In the meantime, several researchers have construed
environmental concern as a strong positive predictor to pro-environmental behavior (e.g. McDonald et al.,
2015; Felix et al., 2018). Accordingly, several researchers have studied the impact of environmental
concern on pro-environmental behaviour and in accordance with the prior researchers this study assumes
the adoption of rainwater harvesting as one of the pro-environmental behaviours.

In general, researchers have also felt that individuals possessing greater degree of environmental concern
instantaneously take actions against mugging environmental problems and involves empathetically to
protect the environment (McDonald et al., 2015). Similarly, a study conducted by Minton & Rose (1997)
proved that environmental concern signi�cantly in�uences the purchase decision of eco-friendly
products. Inter alia, Nagarajan & Chidambaram (In Press) discerned the direct and indirect in�uence of
environmental concern on the purchase intention of electric vehicles. Another study has also elicited the
impact of environmental concern on environmentally responsible behaviour (Fransson & Gärling, 1999).
In the meantime, Suki (2016) showed the positive direct effect of environmental concern on green
consumption intention. Moreover, prior studies have also shown that environmental concern in�uenced
the willingness to pay for eco-friendly products (Xu et al., 2020). In view of the discussions this study
proposes the following hypotheses.

H5a. Environmental concern positively in�uences the adoption of RWH.

H5b. Environmental concern mediates the relationship between personal norms and adoption of RWH.

H5c. Environmental concern mediates the relationship between subjective norms and adoption of RWH.

2.7. Moderating variable: intention to acquire rainwater
harvesting knowledge (IARWHK)
Another interesting aspect in the contemporary information era is the in�uence of information and the
intention to acquire knowledge. Hence, among others Hilgert et al. (2003) is of the opinion that
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individual’s knowledge about a speci�c subject would in�uence their attitude toward performing a
behavior. Further, the theory of consumer socialization states that individuals gain knowledge through
various agencies (Ward, 1974). In the meantime, several studies have also proved the signi�cant effect of
environmental knowledge on pro-environmental behaviour (e.g. Vicente-Molina et al., 2013; Onel &
Mukherjee, 2016). Further, Masud et al. (2015) argued that knowledge about the adversities of climate
change favours actions to mitigate climate change. Similarly, Pérez-Nordtvedt et al. (2008) is of the
opinion that comprehensiveness of the subject matter rests with the learning intention. Albeit, the role of
intention to acquire knowledge in enabling environmental responsibility and environmental concern with
adoption intention of rainwater harvesting builds a gap in in academic literature. Therefore, this study
assumes the moderating in�uence of IARWHK can help the environmentalists, government and
academicians to better understand the individuals’ contention and intention to adopt rainwater harvesting
to facilitate sustainable groundwater. Hence, in light of the above discussions, this study surmises that
environmental responsibility and environmental concern will exert a stronger effect on the adoption
intention of rainwater harvesting.

H6a. The impact of environmental responsibility on the adoption intention of rainwater harvesting is
positively moderated by the intention to acquire rainwater harvesting knowledge.

H6b. The impact of environmental concern on the adoption intention of rainwater harvesting is positively
moderated by the intention to acquire rainwater harvesting knowledge.

2.8. Proposed research model
To predict the individual’s pro-environmental behaviour and behavioural change, several researchers have
used and validated the Theory of Planned Behavior (TPB) (e.g. Ru et al., 2018; Wang et al., 2016;
Armitage and Conner, 2001). Though the TPB intends to investigate the behavioural intent, subjective
norms play a crucial role as suggested by Aliabadi et al. (2020) in the context of sustainable water
management through rainwater harvesting in Iran. Moreover, several researchers including Ajzen (1991)
have suggested to add pertinent variables that holistically explain the intended behavior (e.g. Tommasetti
et al., 2018; Sánchez et al., 2018). At the same time, several researchers also have claimed the Norm
Activation Model (NAM) as one of the best theoretical lenses to study the pro-environmental behavior in
the light of its predictive power (e.g., Onwezen et al., 2013; De Groot and Steg, 2009). Though the NAM
proposed by Schwart (1973) investigated the altruistic behaviour in a limited spectrum, it has been
extended to study pro-environmental behaviours in its extended forms (Stern et al., 1999; Stern, 2000).
Inter alia, few researchers have also argued that moral norms could enhance the predictive power of TPB
further (e.g. Whitmarsh & O'Neill, 2010; Fielding et al., 2008). Based on the suggestions made by prior
researchers the personal norm has been added and inherited from the Norm Activation Model (Kim &
Seock, 2019), similarly, the environmental responsibility has also been added as derived from NAM (Yue
et al., 2020). In addition, Zhang et al. (2017) a�rmed NAM to examine individual’s environmental
complaint intention which is ascribed as pro-environmental behaviour. Based on the inputs from the prior
study as environmental concern is a pro-environmental behaviour, this study claims environmental
concern as one of the variables of NAM. In addition, intention to acquire knowledge about rainwater
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harvesting is added as this study assumes that intentions are scuttled by personal and subjective norms.
Accordingly, the hypothetical has been proposed and shown as Fig. 1.

3. Research Methodology

3.1. Research design and sample
The proposed hypothetical model was investigated using a cross-sectional design. The data were
collected using non-probability sampling procedure (convenience sampling) to garner responses required
to perform the study. The data were collected during a �ve-day construction equipment event in India
during December 2019. 420 samples comprising individuals who were constructing and likely to
construct individual houses were identi�ed during the event, subsequently they were also introduced the
purpose of the study and requested to consummate the structured questionnaire. Finally, we could receive
403 usable data and used only 400 which was quite adequate to execute the study. Table 1 shows the
demographic characteristics of the sample.
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Table 1
Socio-demographic characteristics of the sample

Characteristics   Frequency (N 
= 400)

Percentage
(%)

Gender Male 284 73.5

  Female 106 26.5

Age 20–25 2 0.5

  26–30 3 0.8

  31–35 68 17

  36–40 113 28.2

  41–45 104 26

  46–50 58 14.5

  51–55 43 10.7

  > 56 9 2.3

Educational
Background

Under-graduate like B.A., B.Sc., B.Com., BCA., etc 57 14.2

  Post-graduate degrees like M.A., M.Sc., M.Com.,
MCA., etc

88 22

  Professional Degrees like B.E., B. Tech., M.E., M.
Tech., M.B.A., etc

253 63.3

  Others 2 0.5

Income < Rs. 20,000 10 2.5

  Rs. 20001, – Rs. 30,000 29 7.2

  Rs. 30001- Rs. 40,000 49 12.3

  Rs. 40001-Rs. 50,000 139 34.8

  Rs. 50001 – Rs. 60,000 75 18.7

  Rs. 60001 – Rs. 70,000 51 12.7

  > Rs. 70,000   11.8

Place of
residence

Urban 306 76.5

  Rural 94 23.5

Construction
area

< 1000 Square feet 261 65.3
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Characteristics   Frequency (N 
= 400)

Percentage
(%)

  > 1000 Square feet 139 34.7

3.2. Measurement
The survey instrument consists of six constructs explained through 22 items. In order to be�t the
objectives of the study and to get rid of possible biases the validated measures from prior studies were
meticulously selected and used. However, few items were modi�ed to best suit to the context of rainwater
harvesting. Likert’s seven-point scale ranging between 1 (strongly disagree) and 7 (strongly agree) were
adopted for all items. The questionnaire also included 4 demographic questions and 1 question relating
to the construction of house. The constructs, its items and their sources are presented in Appendix A.

3.3. Data analysis
The data were analyzed with the use of Microsoft Excel, SPSS 23.0 and AMOS. Further, to study the
proposed hypothetical model 1 the two-stage structural equation modelling was used as suggested by
Anderson and Gerbing (1988). In the �rst stage con�rmatory factor analysis (CFA) was performed to
check the validity and reliability of the constructs, subsequently the structural model was analyzed. The
current study uses 400 samples from the 403 samples collected which is a good size, hence as
suggested by Leong et al. (2019) the co-variance-based structural equation modelling (SEM) was
adopted. Similarly, as suggested by Hair et al. (2017) the current study ful�lls the samples to the items
used, and the loadings in the CFA suggests the employment of SEM. Further, we found the skewness-
kurtosis values lesser than 2 and not exceeding 4 respectively con�rm the data free from univariate
normality issues, which further suggests to use SEM (Kline, 2005). The mediating role of intention to
acquire rainwater harvesting knowledge on the path between personal norms and adoption intention of
rainwater harvesting, and subjective norms and adoption intention of rainwater harvesting as signi�ed by
H3b, H3c, H4c and H4d is presented as model 2 and given in Fig. 1. Further, the moderating role of
intention to acquire rainwater harvesting knowledge on the relationship between environmental
responsibility, and environmental concern on the adoption intention of rainwater harvesting was studied
through H6a and H6b, and presented as model 3 as given in Appendix C.

4. Results

4.1. Respondents’ pro�le and characteristics
Socio-demographic details of the study units is presented in Table 1. The study consists of 73.5% male
and 26.5% female respondents. Relating to the distribution of age 28.3% of the respondents are between
31–35 years of age. In addition, 63.5% of the respondents possess professional degrees like B.E., B.
Tech., M.E., M. Tech., M.B.A., etc. It is also signi�cant to note that 34.8% of the respondents’ income falls
between Rs. 40,001–50,000 and 76.5% of the respondents’ hail from urban areas. Regarding the
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construction area of the house 65.3% of the respondents were constructing or likely to construct houses
below 1000 square feet. 
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Table 2
Results of the Measurement Model

Construct Items Mean
(SD)

Loadings AVE,

MSV &
ASV

Composite
Reliability

Personal norm PN1

PN2

PN3

3.14
(1.10)

3.01
(1.23)

3.21
(1.17)

0.916***

0.692***

0.728***

0.616,

0.285 &
0.223

0.826

Subjective norm SN1

SN2

SN3

SN4

3.23
(1.17)

3.24
(1.11)

2.96
(1.06)

2.83
(1.04)

0.683***

0.792***

0.740***

0.872***

0.600,

0.373 &
0.270

0.856

Intention to acquire rainwater
harvesting knowledge

IARWH1

IARWH
2

IARWH
3

3.85
(1.75)

3.02
(1.57)

2.89
(1.49)

0.651***

0.851***

0.731***

0.561,

0.294 &
0.214

0.810

Environmental responsibility ER1

ER2

ER3

ER4

3.01
(1.30)

3.06
(1.22)

2.89
(1.09)

2.78
(1.02)

0.944***

0.952***

0.843***

0.818***

0.794,

0.397 &
0.253

0.939
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Construct Items Mean
(SD)

Loadings AVE,

MSV &
ASV

Composite
Reliability

Environmental concern EC1

EC2

EC3

EC4

3.12
(1.03)

3.30
(1.11)

3.24
(1.01)

3.01
(1.12)

0.889***

0.959***

0.928***

0.841***

0.820,

0.373 &
0.319

0.948

Adoption intention of rainwater
harvesting

AIRWH1

AIRWH2

AIRWH3

AIRWH4

2.87
(1.15)

2.90
(1.23)

2.75
(1.03)

3.01
(1.29)

0.755***

0.713***

0.734***

0.897***

0.605,

0.397 &
0.325

0.859

*** signi�cant at 99% con�dence level

Con�rmatory factor analysis �t indices: X2/df = 2.461 (Ideal < 3.0); GFI = 0.941 (Ideal > 0.900); AGFI = 
0.918 (Ideal > 0.900); CFI = 0.973 (Ideal > 0.900); RMSEA = 0.054 (Ideal < 0.08).

*** Denotes values signi�cant at 99 % con�dence level.

AVE denotes Average Variance Extracted; MSV denotes Maximum Shared Variance; ASV denotes
Average Shared Variance.

Notes: EC = environmental concern; PN = personal norm; SN = subjective norm; IARWH = intention to
acquire rainwater harvesting knowledge; ER = environmental responsibility; AIRWH = adoption
intention of rainwater harvesting

4.2. Assessment of measurement model
Initially the Cronbach’s alpha value was tested (shown in Table 3) to ensure the su�ciency of internal
consistency, resultantly the individual constructs score more than 0.77 and con�rms to the suggestions
of Nunnally & Bernstein (1994). Subsequently, the convergent and discriminant validity were examined.
Table 2 as shows the item loadings for all the constructs above 0.65 and the average variance extracted
(AVE) above 0.56 indicates an excellent content and convergent validity (Hew & Kadir, 2016). Further a
good discriminant validity is assured, as the values of AVE were greater than the MSV (Maximum Shared
Variance) and ASV (Average Shared Variance) (Hew & Kadir, 2016). Similarly, the values of composite



Page 15/30

reliability as greater than 0.8 determines an excellent �t. Inter alia, the discriminant validity could be
checked from Table 3. through the correlation matrix. The diagonal values as signify the square root of
AVE's and greater than the corresponding inter-correlations ensures the discriminant validity. Thus how,
the measurement model shows an adequate level of reliability and validity. Further based on the studies
of Leong et al. (2012) we employed the �t indices like; χ2/df, goodness of �t index (GFI), adjusted
goodness of �t index (AGFI), comparative �t index (CFI) and root mean square approximation (RMSEA) to
measure uni-dimensionality and to minimize measuring bias. The corresponding values for these �t
indices given in Table 2, satisfy the threshold values (e.g. Leong et al., 2019; Hair et al., 2010). 

Table 3
Inter-correlation and √AVE values

Constructs Cronbach’s α EC PN SN IARWH ER AIRWH

EC 0.945 0.905          

PN 0.809 0.534 0.785        

SN 0.852 0.611 0.473 0.775      

IARWH 0.773 0.534 0.380 0.456 0.749    

ER 0.937 0.542 0.457 0.469 0.372 0.891  

AIRWH 0.852 0.598 0.503 0.570 0.542 0.630 0.778

Note 1: The diagonal values represent the √AVE.

Note 2: EC = environmental concern; PN = personal norm; SN = subjective norm; IARWH = intention to
acquire rainwater harvesting knowledge; ER = environmental responsibility; AIRWH = adoption
intention of rainwater harvesting

4.3. Common method bias analysis
The current study relies on data that are self-reported, hence there is a need to assure the data free from
common method bias (CMB) issues (Podsakoff et al., 2003). Similarly, Chopdar & Balakrishnan (2020)
suggested to check CMB issues when common tools were used to measure all variables. Therefore, we
used Harman’s single factor analysis (Harman, 1976) which has extensively been used by several
researchers (e.g. Podsakoff et al., 2003; Malhotra et al., 2006; Wong et al., 2015). With the use of SPSS 23
exploratory factor analysis was performed by considering all the 22 items using unrotated factor
solution. Resultantly, the �rst factor explained 39.87 per cent of the variance which is lesser than 50
percent, satis�es Podsakoff et al. (2003) ‘s recommendation and con�rms the data free from CMB issues
(Hew & Kadir, 2016; Lin et al., 2014).

4.4. Structural model evaluation
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The second stage of the SEM shows the results of hypothesis testing of model 1 as exhibited in Table 4.
The relationship between personal norm and intention to acquire rainwater harvesting knowledge was
found to be statistically signi�cant (β = 0.229; p < 0.001), thereby H1a got accepted. Similarly, the
relationship between personal norm and environmental responsibility was also found to be signi�cant (β 
= 0.288; p < 0.001), thereby H1b was accepted. In addition, the relationship between personal norm and
environmental concern was found as signi�cant (β = 0.227; p < 0.001), whereby H1c got accepted. Further,
a signi�cant relationship exists between personal norm and adoption intention of rainwater harvesting (β 
= 0.123; p < 0.05) and H1d was also accepted. Next, the subjective norm was tested with the intention to
acquire rainwater harvesting knowledge (β = 0.375; p < 0.001); environmental responsibility (β = 0.298; p < 
0.001); environmental concern (β = 0.327; p < 0.001) and adoption intention of rainwater harvesting ((β = 
0.189; p < 0.001); thus H2a, H2b, H2c and H2d got accepted. Similarly, statistical relationship was
examined between the intention to acquire rainwater harvesting knowledge with adoption intention of
rainwater harvesting knowledge (β = 0.231; p < 0.001), environmental responsibility (β = 0.148; p < 0.05)
and environmental concern (β = 0.247; p < 0.05), whereby H3a, H3b and H3c got accepted. Then a robust
positive relationship exists between the environmental responsibility and adoption intention of rainwater
harvesting (β = 0.352; p < 0.001); and environmental concern (β = 0.226; p < 0.001), therefore H4a and H4b
got accepted. Finally, a statistical signi�cance exists between environmental concern and adoption
intention of rainwater harvesting (β = 0.124; p < 0.05) and H5 got accepted. Further, through linear
regression analysis the variance in�ation factors were estimated and proves the absence of
multicollinearity issues between the independent and dependent factors. Additionally, Table 4 shows the
estimated values of VIF lesser than 10 con�rms the study free from multicollinearity issues based on the
results as signi�ed by Brace et al. (2000). Further, the hypothetical model holds an excellent �t. X2/df = 
2.871 (Ideal < 3.0); GFI = 0.928 (Ideal > 0.900); AGFI = 0.910 (Ideal > 0.900); CFI = 0.938 (Ideal > 0.900);
RMSEA = 0.068 (Ideal < 0.08). Finally, a good predictive validity was also derived by the conceptual model
as the variance calculated were 0.231, 0.34, 0.47 and 0.52 respectively for the intention to acquire
rainwater harvesting knowledge, environmental responsibility, environmental concern and adoption
intention of rainwater harvesting. 
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Table 4
Results of hypotheses testing

Endogenous constructs Exogenous constructs Standardised
Estimates

VIF

Intention to acquire rainwater
harvesting knowledge

Personal norm 0.229*** 2.641

Environmental Responsibility Personal norm 0.288*** 2.312

Environmental concern Personal norm 0.227*** 1.486

Adoption intention of rainwater
harvesting

Personal Norm 0.123** 1.931

Intention to acquire rainwater
harvesting knowledge

Subjective norm 0.375*** 1.671

Environmental Responsibility Subjective norm 0.298*** 2.327

Environmental concern Subjective norm 0.327*** 1.647

Adoption intention of rainwater
harvesting

Subjective norm 0.189*** 2.138

Adoption intention of rainwater
harvesting

Intention to acquire rainwater
harvesting knowledge

0.231*** 2.383

Environmental responsibility Intention to acquire rainwater
harvesting knowledge

0.148** 2.431

Environmental concern Intention to acquire rainwater
harvesting knowledge

0.247*** 2.657

Adoption intention of rainwater
harvesting

Environmental responsibility 0.352*** 2.521

Environmental concern Environmental responsibility 0.226*** 1.786

Adoption intention of rainwater
harvesting

Environmental concern 0.124** 2.641

*** denotes p < 0.001; ** denotes p < 0.05

VIF = variance in�ation factor

4.5. Analysing the direct and indirect effect (model 2)
The total, direct and indirect effects noti�ed in model 2 were analyzed using AMOS with 3000
bootstrapped sample with 95 % signi�cance level (Preacher & Hayes, 2008) as shown in Table 5. Initially,
the indirect effect of intention to acquire rainwater harvesting knowledge on the path between personal
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norm and adoption intention of rainwater harvesting, and subjective norm and adoption intention of
rainwater harvesting was examined. The results indicated that intention to acquire rainwater harvesting
knowledge created a positive impact between personal norm and adoption intention of rainwater
harvesting, and subjective norm and adoption intention of rainwater harvesting. At the same time, a
positive direct effect exists between both personal norm and adoption intention of rainwater harvesting;
and subjective norm and adoption intention of rainwater harvesting and signi�es the presence of partial
complementary mediation. Subsequently, the indirect effect of environmental responsibility on the path
between personal norm and adoption intention of rainwater harvesting; and subjective norm and
adoption intention of rainwater harvesting was checked. The study shows the existence of positive direct
relationship between personal norm and adoption intention of rainwater harvesting and; subjective norm
and adoption intention of rainwater and similarly indirect relationships through environmental
responsibility. This further proves the existence of partial complementary mediation. Finally, the direct
and indirect relationships of personal norm; and subjective norm with adoption intention of rainwater
harvesting was checked and con�rmed the indirect effect of environmental concern on the relationships
between personal norm; and subjective norm with adoption intention of rainwater harvesting. As both the
direct and indirect effects are positive this study again proves the existence of partial complementary
mediation. 
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Table 5
Results of Mediation Analysis

  Effects Effect of

IARWHK on
AIRWH

Effect of

ER on AIRWH

Effect of

EC on AIRWH

PN Total Effects

(std. error, lower bound, upper
bound)

0.321***

(0.058,
0.429,0.203)

0.333***

(0.072,
0.480,0.202)

0.323***

(0.073,
0.466,0.190)

Direct effect

(std. error, lower bound, upper
bound)

0.248***

(0.057,
0.362,0.139)

0.198***

(0.058,
0.462,0.182)

0.209***

(0.077,
0.370,0.072)

Indirect effect

(std. error, lower bound, upper
bound)

0.073***

(0.026, 0.134,
0.031)

0.135***

(0.033,
0.212,0.079)

0.114***

(0.037, 0.200,
0.055)

SN Total Effects

(std. error, lower bound, upper
bound)

0.461***

(0.051,
0.557,0.355)

0.461***

(0.059,
0.579,0.346)

0.463***

(0.059,
0.579,0.348)

Direct effect

(std. error, lower bound, upper
bound)

0.340***

(0.057,
0.453,0.226)

0.312***

(0.072, 0.469,
0.241)

0.301***

(0.071,
0.447,0.166)

Indirect effect

(std. error, lower bound, upper
bound)

0.121***

(0.030, 0.188,
0.070)

0.149***

(0.031,
0.222,0.100)

0.161***

(0.048,
0.276,0.083)

*** denotes signi�cant at 99% con�dence level; n = 400; bootstrap iterations = 3000.

Notes: PN = personal norm; SN = subjective norm; IARWH = intention to acquire rainwater

harvesting knowledge; ER = environmental responsibility; EC = environmental concern; AIRWH

= adoption intention of rainwater harvesting

4.6. Analyzing the moderating in�uence of intention to acquire rainwater harvesting knowledge (model 3)

Based on the discussions made, this study assumes the existence of the moderating effect of intention to
acquire rainwater harvesting knowledge on environmental responsibility and environmental concern
speci�ed through H6a to H6b. Through the product term (Independent Variable X Moderator) the
existence of moderation is tested. Intention to acquire rainwater harvesting knowledge (IARWHK)
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signi�cantly moderated the relationship between environmental responsibility and adoption intention of
rainwater harvesting (β = 0.518; p < 0.001) and; environmental concern and adoption intention of
rainwater harvesting (β = 0.656; p < 0.001), thereby, H6a and H6b got accepted. This implies that IARWHK
strengthens the positive impact of environmental responsibility and environmental concern on adoption
intention of rainwater harvesting. Further it could be inferred that greater the intention to acquire
rainwater harvesting knowledge augments the effect of environmental responsibility and environmental
concern on the adoption intention of rainwater harvesting. The results of the moderation are well depicted
through interaction graphs in Appendix B.

5. Discussions
Several researches authenticate the employment of the Theory of Planned Behaviour and Norm
Activation Model on individuals’ pro-environmental behaviour. However, very scant researches have used
the combination of factors like personal norm, subjective norm, environmental responsibility and
environmental concern. Additionally, this study has employed the intention to acquire rainwater
harvesting knowledge to predict the adoption intention of rainwater harvesting which remains new in the
context of pro-environmental behaviour and decisions. However, in the research on rainwater harvesting,
scholars have focused on gender, awareness and social status (Kanyi et al., 2016) and much on
procedures and outcomes (e.g. Ding et al., 2021; Jones & Hunt, 2010; Pandey et al., 2003). It is based on
the contention that no systematic investigation has been made to study the rainwater harvesting with the
acquaintance of intention to acquire rainwater harvesting knowledge. In this perspective this study �lls
this gap, and the results show that intention to acquire rainwater harvesting knowledge is kindled by
personal norm and subjective norm which further moderates environmental responsibility and
environmental concern to predict the adoption intention of rainwater harvesting. In line with the �ndings
of Aliabadi et al. (2020) personal norm was found to be one of the in�uential drivers to predict the
adoption intention of rainwater harvesting. It is further found that personal norm in�uences
environmental responsibility and concern. Consequently, environmental responsibility and concern were
determined as the strong predictors of adoption intention of rainwater harvesting and also mediates the
relationship of personal norm and subjective norm on the adoption intention of rainwater harvesting.
Subsequently, subjective norm enables the adoption intention of rainwater harvesting and supports the
�ndings of Lam (2006) in the context of water conservation. Similarly subjective norms in�uence the
intention to acquire rainwater harvesting knowledge, environmental responsibility and concern and �nally
resorts in the adoption intention of rainwater harvesting.

5.1. Theoretical contributions
This empirical work contributes signi�cantly towards the academic edge of the adoption intention of
rainwater harvesting which is imperative in the egregious downfall due to excessive and de�cit rainfall.
The outcomes of this study add new knowledge in view of the behavioural perspective of rainwater
harvesting literature by signifying the vital drivers of environmental responsibility and concern, and
further reveals their impact on the adoption intention of rainwater harvesting. Similar to the results of
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prior studies, personal and subjective norms are noted to be the signi�cant contributors to environmental
responsibility and concern and strong predictors to the adoption intention to rainwater harvesting. It is an
interesting and novel �nding that intention to acquire rainwater harvesting is activated by personal and
subjective norms which further leads to the adoption intention of rainwater harvesting. Another notable
contribution of this work is the moderating effect of intention to acquire rainwater harvesting knowledge
on environmental responsibility and concern. Further the mediating aspect of intention to acquire
rainwater harvesting, environmental responsibility and environmental concern on the relationships
between personal norm; subjective norm and adoption intention of rainwater harvesting are also the
signi�cant contributions.

5.2. Societal implications
Developing environmental responsibility is presumed as a challenge though it results in environmental
and ecological concern (DesJardins, 1998). However, this study �nds different way to develop
environmental responsibility and concern and draws few signi�cant implications that will be useful to the
policy makers and the society at large in promoting sustainable ground water. First, the study considered
the factors such as; environmental concern, personal norm, subjective norms, intention to acquire
rainwater harvesting knowledge, environmental responsibility to explain or to predict the intention to
adopt rainwater harvesting. All these factors signi�cantly contributed to adopt rainwater harvesting.
Several studies thought ascribed the signi�cance of rainwater harvesting (e.g. Kumar et al., 2006; Kanyi et
al., 2016) this study too a�rms the imperativeness of rainwater harvesting for sustainable ground water.
Hence, the role of government and non-government organizations in this regard is signi�cant to
transform the general public orient towards the sustainable ground water. This study indicates that policy
makers need to provide poignant information about rainwater harvesting to make the general public
internalize the adoption of rainwater harvesting as personal norm, environmental concern and
environmental responsibility play signi�cant role in the intention to adopt rainwater harvesting in the
study. Similarly, the individual households who adopted rainwater harvesting should be publicized by
means of placing a placard or similar tools to induce the subjective norm, because subjective norm plays
key role in the transformation of people towards the adoption of rainwater harvesting. In addition,
incentives should be provided to the households by means of reductions in house taxes and others.
Further the Government can install rainwater harvesting system to individual households in a subsidized
rate to enthuse the households about its signi�cance, because environmental concern, personal norm
and environmental responsibility could be enthused by means of these sorts of activities. The
Government needs to do public service advertisement through, television channels, print media and social
media as the intention to acquire rainwater harvesting knowledge induces environmental responsibility
and environmental concern. Inter alia, the reach of all these platforms in disseminating social messages
is phenomenal. Finally, the community can establish a model for the households who installed and
promote implementing rainwater harvesting.

6. Conclusions
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Triggered by the egregious exploitation of ground water and the substantial runoff water leading to
excessive �oods during rainy season on one side and the deprivation of water for drinking, farming and
industrial purposes on the other side, this study intends to gain a better understanding of the sustainable
ground water by means of rainwater harvesting among the people. In summary, our study extends the
research by the application of both the Theory of Planned Behaviour and Norm Activation Model and
explored the signi�cance of intention to acquire rainwater harvesting knowledge to the adoption intention
of RWH. Our �ndings suggest that personal norms, subjective norms, intention to acquire rainwater
harvesting knowledge, environmental responsibility and environmental concern signi�cantly in�uence the
adoption of rainwater harvesting. Similarly, the �ndings suggest that intention to acquire rainwater
harvesting knowledge moderates both environmental responsibility and environmental concern to adopt
rainwater harvesting. The study results further show the mediating effect of intention to acquire rainwater
harvesting knowledge, environmental responsibility and environmental concern on the paths between
personal norm; and subjective norm and adoption of rainwater harvesting.

6.1. Limitations and future research directions
Finally, we signify the limitations of our study. First, our sample represents the participants in a �ve-day
construction equipment event in India. Though it represents people across the country, we cannot fully
represent samples from the length and breadth of India. Therefore, the �ndings may attach some
residence bias. Future extensive research covering all cities, major towns and villages can be undertaken
to investigate people across different levels. In addition, our study identi�es the factors such as personal
norm, subjective norm, intention to acquire rainwater harvesting knowledge, environmental responsibility
and environmental concern however, there are other factors like cost to install rainwater harvesting
system, incentives to install, need for rainwater harvesting and others can be adopted to better explain the
adoption intention of rainwater harvesting. Similarly, other prediction models can be adopted as simple
technologies are used in the installation of RWH system. Future research can focus on the link between
the in�uence of technological knowhow of rainwater harvesting and environmental knowledge due to the
increasing rebound effect.
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