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Case Study

Combining Water Resources, Socioenvironmental,
and Psychological Factors in Assessing
Willingness to Conserve Groundwater

in the Vietnamese Mekong Delta
Tycho M. A. Klessens1; D. Daniel2; Yong Jiang3; Boris M. Van Breukelen4;

Lisa Scholten5; and Saket Pande6

Abstract: Freshwater resources in coastal areas are under intense pressure from excessive groundwater extraction, which amplifies saltwater
intrusion (SWI) into coastal freshwater aquifers, such as in the Mekong Delta. Studies that combine socioenvironmental data and households’
psychological factors next to salinity measurement data to design groundwater conservation strategies are rare. In this study, these aspects are
combined to explore their influence on the public willingness to conserve groundwater using a Bayesian belief network model. We analyzed
313 household survey data spread over three districts in the coastal province of Tra Vinh, located in the Vietnamese Mekong Delta. The level
of salinity is significantly correlated with the willingness to conserve groundwater. The top three socioenvironmental characteristics that
influence willingness are the level of salinity, type of employment—i.e., being a farmer—and frequency of being exposed to groundwater
or SWI promotional activities. Social norm, i.e., perceived social pressure, is the most influential psychological factor that determines will-
ingness. This study reveals an urgency for the local government to intervene and create social pressure regarding the issue. DOI: 10.1061/
(ASCE)WR.1943-5452.0001516. © 2021 American Society of Civil Engineers.

Author keywords: Groundwater conservation; Bayesian belief networks; Mekong Delta; Behavioral model; Saltwater intrusion (SWI).

Introduction

Human population growth and climate change are expected to have
substantial impacts on global water resources throughout the 21st
century (McDonald et al. 2011). While freshwater availability is
predicted to remain constant in the future, the water demand is
increasing globally, by about six times in the last century (Wada
et al. 2016).

Groundwater has a vital role in supplying freshwater to human
activities. For example, it was estimated that almost 40% of the
irrigation worldwide relied on groundwater (Siebert et al. 2010)
and 2.5 billion people rely on groundwater as their daily drinking
water source (Grönwall and Danert 2020). However, extensive ex-
traction results in groundwater depletion and leads to undesirable
consequences, such as reducing the food production, land sub-
sidence, and saltwater intrusion (SWI) (Alfarrah and Walraevens
2018; Minderhoud et al. 2017; Mukherjee et al. 2018).

The negative impact of excessive groundwater extraction is more
evident in coastal areas because groundwater depletion contributes
to the sea-level rise (Wada et al. 2010). People living in coastal re-
gions also face SWI, which can be worsened by the groundwater
abstraction (Klassen and Allen 2017). Yet, with 70% of the world’s
population residing in these areas, they are among the most densely
populated regions in the world (Webb and Howard 2011), often
with enormous socioenvironmental importance.

Located at the mouth of the Mekong River, the Vietnamese
Mekong Delta (VMD) is one of the most densely populated coastal
areas in the world (Tuan et al. 2007). Similar to other coastal
areas, it is subject to severe groundwater depletion and SWI while
heavily relying on groundwater to augment water supply. An esti-
mated average abstraction rate of 1,924; 000 m3 every day from
550,000 exploitation wells for drinking water, irrigation, and indus-
try purposes is the leading cause for groundwater depletion and
SWI in the VMD (Shrestha et al. 2016). Extreme SWI has affected
more than 50% of the area in the VMD and caused an economic
loss of more than $300 million (Mai et al. 2019). This situation has
also led to on average 18 cm of land subsidence between 1990 and
2015 in the area (Minderhoud et al. 2017).

Lack of groundwater information, lack of knowledge and
awareness among inhabitants, and a lack of regulations and guide-
lines for a groundwater permit system and management aggravate
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the risk of groundwater overexploitation and SWI (Klassen and
Allen 2017). Groundwater conservation is essential for alleviating
the impact of the SWI on freshwater and also on the daily life of the
inhabitants. The possible measures can be categorized into hard and
soft solutions (Wutich et al. 2014), also called as hardware or soft-
ware (Peal et al. 2010). The hard path relies almost exclusively on
providing equipment or infrastructure, such as piped water supply.
The soft approach is mainly related to human behavior and requires
the involvement of local communities in prevention and adaptation
activities such as good hygiene practice and water-saving (Smajgl
et al. 2015; Sonego et al. 2013). While hard paths are commonly
used, they are very cost-intensive and often do not lead to sustained
adoption. A combination of hard and soft measures are expected to
result in a better solution in the long run (Pagano et al. 2018). Water
managers are increasingly embracing behavioral approaches to
meet water demand (Wutich et al. 2014).

A previous review by Koop et al. (2019) found that most of the
water conservation behavioral studies focus on socioenvironmental
factors and lack the understanding of psychological factors that in-
fluence the water conservation behavior. Furthermore, they also
stated that most of these studies were conducted in developed coun-
tries, indicating the need to understand the situation in low- and
middle-income countries. Therefore, this study fills the gap by
combining socioenvironmental and psychological predictors with
an interpolated salinity data to assess the willingness of households
in the Tra Vinh province to conserve groundwater. Tra Vinh ranked
among the five provinces most affected by climate change in Vietnam
(Tran et al. 2018), highlighting the importance of conserving
groundwater in this area. A probabilistic Bayesian belief network
(BBN) and statistical analysis are used to attribute the households’

variability in willingness to change to socioenvironmental and
psychological characteristics. Moreover, by adding salinity meas-
urement as one of the socioenvironmental characteristics (SECs),
we could contrast the water quality with the willingness of people
to conserve groundwater.

Materials and Methods

Study Setting

The study mainly focuses on nine communes in three different dis-
tricts within the Tra Vinh province: Duyên Hải, Càng Long, and Trà
Cú (Fig. 1). The Tra Vinh province is located in the coastal low-
lands of the VMD, about 150 km from Ho Chi Minh City, and is
important for agri- and aquaculture. About 80% of the total area in
Tra Vinh is used for agriculture (Van and Koontanakulvong 2019).
Groundwater is the primary water source for the 1.3 million inhab-
itants living in the province and is used for household, industry, and
irrigation purposes (Hai 1999). In 2007, the average daily ground-
water abstraction in Tra Vinh was about 187,685 m3=d by an esti-
mated 84,600 wells, of which only 121 were licensed (Sanh 2010).
In 2016, the groundwater abstraction in the dry season was esti-
mated to be 346,279 m3=d, which indicates that total groundwater
abstraction has increased about twofold in the last 10 years (Van
and Koontanakulvong 2019).

In May and June 2019, we conducted a cross-sectional study in
nine communes and interviewed 313 households (Fig. 1) to represent
the communes. This study is the continuation of a previous ground-
water study in the same area (Van and Koontanakulvong 2019).

Fig. 1. The TDS distribution map of the study location in Tra Vinh province, including 313 households surveyed (solid dots) and 417 TDS measure-
ments (transparent dots). (Map data from GADM.)
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However, not all communes visited in 2018 were able to be revis-
ited in 2019 due to the difficulties to get a permit from the local
districts. Every commune consists of six to eight villages and in
every village eight households were randomly selected. For each
selected household, the survey was conducted by interviewing
the oldest member present at the time.

The survey covered: (1) sociodemographic information of the
household; (2) psychological information related to knowledge
and perception on groundwater abstraction and SWI; (3) expecta-
tions on future water availability; and (4) water use practice and
patterns. Structured interviews were used to facilitate quantitative
assessment and statistical analysis.

The questionnaire of the survey was translated from English into
Vietnamese in collaboration with Ho Chi Minh City University of
Technology, back-translated into English, and reviewed for accu-
racy and possible interpretation errors by the first author. We used
the Open Data Kit (ODK) platform on a smartphone for the inter-
view, and the data was digitized to allow analysis. All interviewers
were trained and a pilot test was performed among students from
the Ho Chi Minh City University of Technology prior the survey.
Moreover, informed consent was obtained from all participants
prior to the interview, and ethical approval was given by the Human
Research Ethics Committee of Delft University of Technology
(ref. no. 753).

Groundwater Salinity Distribution

From January to March 2017, water quality measurements were
performed at 417 points in Tra Vinh by a local technical team from
the SALINEPROVE project. The measured variables included the
salinity level measured by electrical conductivity (EC), which
then was converted to total dissolved solid (TDS) by multiplying
the EC values by 0.65 (Rusydi 2018), assuming that the ground-
water temperature of all sampling points is at around 25°C of the
third aquifer (Upper–Middle Pleistocene aquifer) at a depth of
70�140 m, i.e., EC was measured at 25°C. This aquifer is mostly
used for groundwater abstraction. We then created the TDS distri-
bution map using ArcGIS 10.6 (ESRI, Redlands, California)
(Fig. 1). TDS (mg=L) was used as a proxy of salinity in water.
The TDS concentrations at each of the 313 households was ob-
tained based on the household’s coordinates in this interpolated
TDS field. We further categorized the salinity level into nonsaline
(<500 mg=L), slightly saline (500�1,500 mg=L), and moderately
saline (1,500�7,000 mg=L) based on ranges recommended by
Rhoades et al. (1992).

SECs

We identified six SECs that influence the willingness of households
to conserve groundwater from water conservation and other water-
related behavioral studies:
1. Presence of children under the age of 18, indicated by the num-

ber (a continuous scale) of children under 18 years old (Clark
and Finley 2007; Davies et al. 2014; Gamma et al. 2017);

2. Level of education (Daniel et al. 2019; Syme et al. 2000);
3. Type of employment, e.g., agribusiness and service (Irwin et al.

2016), measured on a nominal scale;
4. Age of the respondent (Mosler et al. 2010);
5. Promotion activities (Daniel et al. 2019; George et al. 2016;

Mosler et al. 2013); and
6. Wealth as measured by the household assets, e.g., presence of

TV, radio, and the house’s types of roof and floor (Russell and
Fielding 2010; Willis et al. 2013).

We used the frequency of having heard the SWI information to
represent the promotional activities related to SWI mitigation or
adaptation. The frequency was measured on a five-point scale
(1 = never to 5 = all the time). Finally, a variable level of saline
water, quantifying salinity at household levels, was included to
see its relationship with the psychology and willingness of people
with regard to groundwater conservation.

RANAS Psychological Framework

The risk, attitude, norm, ability, and self-regulation (RANAS)
framework was adopted to elicit psychological information from
the households (Mosler 2012). The framework enables one to mea-
sure key psychological factors underlying behavior so as to design
and evaluate behavioral change strategies that target a specific
behavior in a specific population. Moreover, RANAS can be used
to measure the willingness or intention, habit, and behavior of the
respondents (Mosler and Contzen 2016). The risk factor reflects a
person’s awareness and understanding of a threat, here unsustain-
able groundwater usage and using saline water at home. Attitude
captures a person’s emotions that arise when thinking of a particular
practice, e.g., the convenience of using groundwater compared to
other sources of water. Norm represents a person’s perceived social
pressure towards the behavior or practice, e.g., of sustainable
ground water use. Ability measures a person’s own confidence
in his or her ability to perform the behavior, e.g., personal confi-
dence to get and use a nongroundwater source. Self-regulation rep-
resents a person’s attempts to plan and self-monitor behavior
and manage conflicting goals, i.e., person’s self-management.
The RANAS framework inquires psychological information at
the subfactor level (Table 1). The scale used in the questionnaire
followed the recommendations of the RANAS practice guide,
which recommends the use of a five-point Likert scale (Mosler
and Contzen 2016).

RANAS offers some advantages compared to other psychologi-
cal frameworks whose constructs have proven validity regarding
water-related behaviors, such as the health belief model (Rainey
and Harding 2005) or Integrated Behavioural Model for Water,
Sanitation, and Hygiene (IBM-WASH) (Dreibelbis et al. 2013).
These include: (1) standardized questionnaire structure and clear
guidelines for applying the method, (2) easy adaptation to any kind
of water-related behavior, (3) clearly defined behavior change tech-
niques (BCTs), and (4) amenability to testing of causal structures.
The RANAS framework has been used in many water-related
behavioral studies (Daniel et al. 2019; Inauen et al. 2013; Lilje et al.
2015), including handwashing behavior (Seimetz et al. 2016) and
even Ebola prevention (Gamma et al. 2017).

Outcome Variable: Willingness to Conserve
Groundwater

Intention or willingness can be defined as a person’s readiness to
practice a behavior. To measure the willingness of people to con-
serve groundwater, we combined the answer of two questions: “Are
you willing to change your daily water source (from groundwater to
another water source)?” and “How much do you expect you can
reduce your groundwater usage and change this with another water
source?”. Both questions were answered using a five-point Likert
scale, from 1 = no groundwater reduction expected to 5 = large
reduction expected. We named the outcome variable as willingness
to conserve groundwater.

We then created a simple index by summing those two answers;
the range of possible scores is 2–10. For the BBN analysis, the
index was divided into yes, i.e., willing to conserve groundwater

© ASCE 05021034-3 J. Water Resour. Plann. Manage.
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(score ≥ threshold that identifies upper half of the possible scores),
and no, i.e., not willing to conserve groundwater (score < thresh-
old). We used a score of 6 as a threshold for yes and no because we
assume that households with higher scores communicated their
much stronger willingness to conserve groundwater than those with
a score less than six. This is similar to converting a real valued
outcome variable to a binary outcome variable (Pande et al. 2009).

Statistical Analysis

A principal component analysis (PCA) was first performed to
reduce the dimensionality of the variables by creating new variables
along the dominant axes of their respective variations, i.e., the prin-
cipal component, before being used in the BBN model (Ringnér
2008). The first principal component of the household data on
assets, such as a car, fridge, and air conditioning, was used to create
a relative wealth level among the participants. It is called wealth in
the analysis. The households were divided into three categories
based on the PCA scores: poor (40% of the lowest scores), middle
(the next 40% of the scores), and rich (20% of the highest scores)
(Vyas and Kumaranayake 2006).

Using all RANAS subfactors in the BBN structure to predict the
outcome variable would make the BBN model very complex and
therefore was avoided (Cain 2001). Instead, we summarized the
subfactors into one variable to represent each RANAS factor using
PCA. For example, the principal component of behavioral factor
risk was constructed using three questions: perceived vulnerability,
perceived severity, and factual knowledge (see Table 1). The PCA
scores were discretized (transformed into the categorical values)

and the households were divided into three categories with equal
width based on their PCA scores: low, moderate, and high (Daniel
et al. 2019). For example, the PCA scores range from 1 to 6. House-
holds who have scores of 1 and 2 are categorized as low, 3 and 4 as
moderate, and 5 and 6 as high. The scoring was done similarly for
the other four psychological groups (attitude, norm, ability, and
self-regulation).

Finally, Chi-square tests were applied to assess potential rela-
tionships between the SECs and the psychological factors and also
between other categorical-typed variables. We also performed non-
parametric tests to assess the correlation between two variables,
e.g., the correlation between the level of salinity with the willing-
ness to conserve groundwater (Spearman rank-order correlation rs)
or the significance of difference in medians between groups,
e.g., the differences of median willingness to conserve groundwater
between the three districts (Kruskal-WallisH). All statistical analy-
sis used IBM SPSS Statistics 25 (IBM, Armonk, New York).

BBN Analysis

BBN is a directed acyclic graph representing a hypothetical causal
relationship between variables (Pearl 1988). The strength of a
relationship between a cause variable (where the arrow starts, called
a parent node in BBN) and an affected variable (called a child node)
is depicted by the values in its corresponding conditional probabil-
ity table (CPT). CPT can be determined by expert judgement,
empirical data, other model outcomes, or a combination of these
(Cain 2001). In our case, we used empirical data, i.e., household
interviews, and salinity observations.

Table 1. Description of RANAS psychological subfactors and corresponding questions

Psychological
factors Question Scale Median

Risk Perceived vulnerability Do you think the risk of you not having enough freshwater will increase in
the future?

1–5 3

Perceived severity How big is the impact of saltwater intrusion in groundwater on your daily
life?

1–5 2

Factual knowledge Four true/false questions to test the general knowledge of saltwater intrusion
and groundwater depletion.

1–5a 1

Attitude Belief about quality Have you experienced a decrease in quality over the past years? 1–5 3
Belief about convenience Is GW the most convenient water source? 0–1b 1

Belief about cost Is cost the main reason for you to use this type of water source? 0–1b 0
Belief about visual Is visual appeal the main reason for you to use this type of water source? 0–1b 0

Norm Descriptive How many of your neighbors/friends have already changed their water
source due to saltwater intrusion?

1–5 2

Injunctive People who are important to you, how much do they approve of you to
adapt/change?

1–5 5

Personal Is it important to look for alternatives water sources? 1–5 5

Ability Confidence in continuation–1 How confident are you to always get unsalted water, if you have many things
to do?

1–5 4

Confidence in continuation–2 How confident are you to get unsalted water for your daily purpose if your
primary water source is prohibited by the government or if you found that
your water source is salty?

1–5 4

Confidence in performance How difficult would it be to get unsalted water every day? 1–5 5

Self-regulation Action control–1 How much attention do you pay to the level of saltiness of water when using
for drinking water?

1–5 2

Action control–2 How much do you pay attention to the level of saltiness of water when using
for irrigation purposes?

1–5 2

Commitment With your knowledge about the impact that saltwater intrusion and/or
groundwater depletion can have on the Tra Vinh province, how strong of an
obligation do you feel to change your household water consumption?

1–5 3

a1 means respondents could not answer all four questions correctly.
bAnswer options: yes or no. Median was calculated based on all the respondents’ answers to that question.
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BBN was considered over other methods, such as structural
equations modeling and regression analysis, because BBN analysis
enables one not only to proceed from hypothesized causes to
effects, but also to deduce the probabilities of different hypothesized
causes given the effect (Laura 2007). Moreover, BBN models con-
veniently illustrate and model possible interrelationships between
variables (Cain 2001).

The BBN model designed in this study consisted of three levels
of hierarchy: Level 1 (the outer layer) is the level of SECs such
as education and age, Level 2 (intermediate layer) is the level of
five RANAS psychological factors, and Level 3 is the measured
outcome variable willingness to conserve groundwater. The main
assumption is that SECs influence behavior via psychological
factors (Daniel et al. 2020). The BBN structure was created based
on statistical relationships between the SEC and the RANAS var-
iables and linking the latter to the outcome variable. For example,
we found a statistically significant relationship between the variable
level of saline water and all RANAS factors except norm. There-
fore, we linked them in the BBN structure.

We used the software GeNIe 2.2 (BayesFusion, Pittsburgh) to
visualize and perform the BBN analysis. The software uses the
expectation-maximization (EM) algorithm to estimate the CPT val-
ues from the data (Do and Batzoglou 2008). Tenfold cross-validation
was used in the same software to assess the model’s performance
(Rodriguez et al. 2009). A total of 90% of the data are randomly
selected for learning the parameters (CPT) and 10% for evaluation.
The model’s performance was assessed by the area under the curve
(AUC) value of the receiver operating characteristics (ROC) curve
(Greiner et al. 2000) and also the percentage to accurately predict
the outcome variable of 313 respondents.

We performed Bayesian inference to see the effect of each
category in each node on the outcome variable. This was performed
by setting the category in each node to 100% and observing the
effect on the outcome node. For example, we set the node employ-
ment to 100% agribusiness and assessed the updated probability
of the outcome node. We performed a similar approach to other
categories in node employment as well as in other SEC and psycho-
logical nodes.

In addition, the diagnostic inference was performed to set the
desired condition in the outcome node and infer the distribution
of states in SEC and psychological factors that could lead to the
desired outcome (Zabinski et al. 2018).

In order to assess regional and household variation in the will-
ingness to conserve groundwater, the BBN model was used to sim-
ulate the willingness of the 313 households individually. This was
done by inputting the seven SECs data of households (nodes in the
outer layer) in the model and record the prediction of the proba-
bility of that household conserving the groundwater. The predicted
willingness was plotted on the interpolated salinity in one map to
visualize the variation of predicted willingness to conserve ground-
water with regard to its salinity level.

Results

SECs of the Respondents and Relevant Information

The median age of the respondents was 47 years (M ¼ 48,
SD ¼ 13). Most of the respondents were male (66.8%), and most
of them had children below the age of 18 (69.3%). Of the respond-
ents, 13.1% reported having no education, 51.1% reported having
completed primary school, 26.5% finished secondary school, and
9.3% attended college. The majority of the respondents followed a
Vietnamese folk religion (60.7%) or Buddhism (32.6%). About

59.4% of the respondents worked in the agribusiness sector,
followed by 19.5% as a daily laborer and 11.8% as working in
business.

Among the 313 surveyed respondents, 99% had access to
groundwater either directly or indirectly and the remaining used
rainwater stored during the rainy season. While only 59% made
direct use of groundwater and used it as a primary water source,
e.g., using private wells (median of the well depth is 90 m,
i.e., the third aquifer), the remaining 40% had access to or used
piped water supply that also originated from groundwater abstrac-
tion. The majority of the respondents (64.9%) were never or rarely
informed on anything related to groundwater or SWI, suggesting a
lack of information and promotion, while 20.1% said that they
sometimes heard about the topic, and only 15% had often encoun-
tered promotion or information regarding the topic.

The TDS values among respondents’ groundwater ranged from
423 to 3,647 mg=L (median ¼ 598 mg=L). The median value is
categorized as slightly saline (500�1,500 mg=L) (Rhoades et al.
1992). Moreover, there was a significant difference in salinity be-
tween the three districts [Hð2Þ ¼ 256.7, p < 0.001 with degrees of
freedom = 2]. The medians of salinity in districts Càng Long, Trà
Cú, and Duyên Hải were 2,886, 454, and 560 mg=L, respectively.
In addition, there was a significant difference in median willingness
to conserve groundwater between three districts [Hð2Þ ¼ 23.67,
p < 0.001]. The median score of willingness to conserve ground-
water in district Càng Long, Trà Cú, and Duyên Hải were 6, 5.5,
and 6 (in a range of 1–10), respectively. Moreover, we found that
the level of salinity has a significant, but weak, correlation with the
willingness to conserve groundwater [rsð313Þ ¼ 0.143, p ¼ 0.01].
This indicates that people who suffer from saline water were more
willing to conserve groundwater.

When we asked the respondents about who is responsible for
supplying nonsaline water, 57.8% of them answered district
government, followed by 28.1% answering central or provincial
government, and 14.1% responded that it is their own responsibil-
ity. Furthermore, the relationship between this variable and the
psychological factor ability is also significant ½χ2ð4Þ ¼ 40.62,
p < 0.001], in which respondents who said that the responsibility
is on the government perceived a much higher level of ability.

Almost all of the respondents (91.4%) werewilling to pay a higher
fee for water. Among these respondents, more than half of them
(54.5%) want to pay more for higher quality water, while 32.8%want
to have a more constant supply, indicating that most of the respond-
ents were not satisfied with the quality and/or supply of their water
sources. The remaining respondents answered that they want to pay a
higher fee to have a better taste of water (2.4%) and comply with the
social norms, i.e., follow what others practice (10.1%).

Relationship Analysis between SEC and Psychological
Factors

The results of the Chi-square tests to assess potential relationships
between the SECs and psychological factors are shown in Fig. 2.
Variables employment, level of saline water, and SWI or Ground-
water (GW) promotion had a significant relationship with four
psychological factors, while wealth only had a significant relation-
ship with risk. Psychological factor self-regulation had the most
significant relationship with SECs; six out of seven SECs were sig-
nificantly linked to self-regulation.

BBN Analysis

The BBN model in Fig. 3 illustrates the final structure of the BBN
model inspired by the relationship tests between SECs and
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psychological factors. The BBN structure portrays the respondents’
characteristics (Fig. 3, the nodes in the top layer), i.e., the percent-
age in each node indicates the percentage of respondents having
certain characteristics. The BBN model predicted that the response
yes to the willingness to conserve groundwater was 57% and no
was 43%, indicating that more than half of the respondents are will-
ing to conserve groundwater. The overall model accuracy in
predicting the outcome variable of 313 respondents was 76.99%.
Moreover, the AUC value was 0.74, which classifies the model as
moderately accurate (Greiner et al. 2000). The model shows that the
perceived levels of norm and ability being high were 55% and 50%,
respectively. In addition, almost half of the respondents (41%) per-
ceived a low level of self-regulation, and the distributions of risk
and attitude perceptions were relatively similar.

Table 2 gives the results of the predictive inference of each node
on the willingness to conserve groundwater. The most influential
SEC node was the level of saline water and employment
(ΔP ¼ 7%Þ, followed by SWI information (ΔP ¼ 3%Þ, where
ΔP indicates a corresponding change in outcome probability of
willing to conserve groundwater. From the psychological factors,

norm (ΔP ¼ 18%Þ was the most important psychological factor,
followed by risk (ΔP ¼ 12%Þ and attitude (ΔP ¼ 11%Þ.

The diagnostic inference does not reveal a significant difference
in the distributions of all SECs, i.e., the changes in the distribution
of SEC nodes from Figs. 3 and 4 was only 0%–2%. The difference
in the distributions of psychological factors was bigger than SECs,
especially in the node norm. The maximum change in the distribu-
tion was 6%. This was in line with the results of predictive infer-
ence that norm was the most influential psychological factor.

The results of the predicted willingness to conserve groundwater
by the SECs of households are visualized in Fig. 5. The map shows
that there is a variation of the household’s willingness considering
all the seven SECs, especially between the Càng Long and Duyên
Hải districts.

Discussion

To the best of our knowledge, this is the first study that combines
the results of salinity measurements, SECs, and psychological fac-
tors of respondents in examining the public’s behavioral willing-
ness for groundwater conservation, especially in the Mekong
Delta. The salinity measurements show that people in the Tra Vinh
province suffer from (slightly) saline water (median ¼ 598 mg=L).
Sea-level regression and transgression phases over the last few mil-
lennia resulted in trapped seawater in inland areas, i.e., Càng Long,
which is the main reason why the salinity levels inland are higher
than on the coastline (Duyên Hải) (An et al. 2014; Van Pham et al.
2019). However, anthropogenic activities, e.g., through ground-
water extraction, worsen SWI (Shrestha et al. 2016). This study
then focuses on the behavioral aspect of groundwater extraction
in order to alleviate the anthropogenic effect on SWI.

Furthermore, results show that water being saline is an impor-
tant driver of household willingness to conserve groundwater. This
has also been reported by another study in India that found that the
level of groundwater contamination by nitrates positively influen-
ces the willingness to protect groundwater (Mukherjee 2008). This
implies that households are often late in realizing the negative

Fig. 2. Significant relationships between SEC and RANAS psycholo-
gical factors (p ≤ 0.05).

Fig. 3. The final structure of the compiled BBN model. The percentages in each node indicate the probability of a node being in a certain state.
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consequences of excessive ground water use, i.e., people are more
willing to conserve groundwater only after they have saline water at
home. Households may extract groundwater without realizing that
the groundwater capacity is limited and that the source can run dry

(Richey et al. 2015). One of the possible reasons for this is infre-
quent groundwater or SWI awareness campaigns or information
sharing activities, i.e., 65% of the respondents have never or rarely
heard anything regarding groundwater abstraction and its potential

Table 2. Bayesian inference of the probability of willingness to conserve groundwater. The value of each category in each node was individually set to 100%
one at a time, and the updated probability, PWilling ¼ Yes (%), of the outcome node being yes is reporteda

Nodes Updated PWilling ¼ yes (%) ΔPWilling ¼ yes (%)b

Socioenvironmental
(SEC) nodes

Children <18 No Yes 2
55 57

Age (in years) <41 41–55 >55 1
56 56 57

Level of saline water Not saline Slightly saline Moderate saline 7
53 56 60

Education level None Secondary High school College 1
56 57 57 56

Employment Agribusiness Daily labor Business Other 7
57 54 60 53

Wealth Poor Middle Rich 1
57 56 57

SWI/GW promotion Rarely Sometimes Often 3
56 58 59

Psychological nodes Risk Low Moderate High 12
52 56 64

Attitude Low Moderate High 11
51 55 62

Norm Low Moderate High 18
45 51 63

Ability Low Moderate High 6
53 54 59

Self-regulation Low Moderate High 4
54 59 58

aFor example, by setting the value of not saline in node Level of saline water to 100%, the updated probability of outcome node Willingness to conserve
groundwater was 53%, while the baseline situation was 57% (Fig. 3).
bΔP is the difference between the lowest and highest value of the updated probability of outcome node being yes.

Fig. 4. Diagnostic inference: most probable states of all SEC and psychological factors that lead to the probability of willingness to conserve ground-
water to 100%. The percentages in each node indicate the probability of a node being in a certain state and the arrows indicate the assumed cause and
effect variables.
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consequences. This is also inferred by the BBN model that the level
of risk perception is positively correlated with the frequency of peo-
ple being exposed to groundwater information or SWI awareness
campaigns (Fig. 2).

The type of employment is the most important socioenviron-
mental characteristic. People working in agribusiness, e.g., farmers,
can serve as potential targets for groundwater conservation programs
and need to be involved in a groundwater conservation intervention
in this area (Smith et al. 2016). Furthermore, 80% of the area of Tra
Vinh is used for agribusiness (Van and Koontanakulvong 2019).
Agribusiness is also the most dominant occupation among the
respondents (59%), and it heavily depends on water availability,
being the sector that is most vulnerable to groundwater depletion
and SWI.

We also found that people entrust the solution of excessive
groundwater abstraction and saline water to the local government.
This suggests that the respondent’s ability to get nonsaline water
relies on the performance of the government to solve the issue,
e.g., managing and reducing demand, or providing alternative water
sources besides private groundwater wells. The study therefore em-
phasizes the need for local governments to urgently find solutions.
A positive finding is that almost all of the respondents are willing to
pay extra for better water quality and more reliable supply. Next to
providing a reliable piped water supply, introducing groundwater
charges could reduce the overuse of groundwater, i.e., make it more
efficient, as also suggested by Danh and Khai (2015). These solu-
tions, however, are technology-focused, costly, and difficult to
implement.

Since norm was found to be the most influential psychological
factor, implementers could leverage social norms to create a

favorable social pressure to conserve groundwater among the com-
munity. The normative message, i.e., promotional activities that
target social norms, have been found effective in inducing water
conservation programs (Ferraro et al. 2011; Landon et al. 2018;
Schultz et al. 2014). Reinforcing favorable social norms within
communities can be done by regulating the use of groundwater,
informing the respondents about their peers’ behavior, raising cer-
tain expectations, or by making a public commitment to reduce
groundwater usage (Bernedo et al. 2014; Ferraro et al. 2011; Koop
et al. 2019). In the case of the VMD, Hamer et al. (2020) argue that
the current groundwater regulation and governance are weak,
i.e., water resource usage is not clear, and there is neither monitoring
nor long-term vision regarding groundwater resources. Therefore,
we emphasize to improve the current groundwater regulations and
then positively influence social norms among groundwater users.

Our results can inspire intervention strategies for Tra Vinh. For
example, an intervention strategy for an area with high salinity and
high willingness, e.g., the Càng Long district, can be to enforce
restrictions to groundwater use or to introduce fees to reduce
demand, alongside increasing the use of water from alternative water
sources. At the same time, in areas with low willingness, e.g., the
Trà Cú district, soft interventions can be used to increase the aware-
ness and improve the willingness to conserve groundwater. For
example, providing information about one’s water use and saving
performance as compared to the average of one’s neighbors has
proven to lead to significant water savings by invoking social
norms (OECD 2017). In combination with information about the
importance of water-saving, this can facilitate conservation behav-
ior among the population. Next to soft interventions to balance
groundwater extraction and recharge, these could be complemented

Fig. 5. The predicted BBN model of the willingness to conserve groundwater by the SECs of the respondents in Tra Vinh. (Map data from GADM.)
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with hard interventions in the area as well, e.g., introducing water-
saving appliances to storage and provision of water from alternative
sources (Sønderlund et al. 2016). Pumping strategies should also be
introduced to prevent excessive groundwater extraction (Sreekanth
and Datta 2014).

Our model performance (AUC ¼ 0.74 or moderately accurate)
is slightly lower than that in the study by Daniel et al. (2019), who
investigated the use of household water treatment in rural Nepal.
Daniel et al. (2019) reported an AUC of 0.85, but also classified
it as moderately accurate. One possible reason behind moderate
accuracy could be that the model doesn’t account for still-unknown
important SEC variables that influence the RANAS psychological
factors.

The BBN model structure relies on statistical correlations and
hence should be cautiously used in inferring the hypothesized
causal relationships between variables. Daniel et al. (2019) sug-
gested to design a BBN structure that conforms with the literature
and balances the statistical relationships with model complexity
and model performance. Nonetheless, the BBN model is only a
parsimonious representation of complex relationships between
socioenvironmental, psychological, and water use–related inten-
tions in the area. The findings should therefore be interpreted with
caution.

Future studies could include other SECs that may influence the
willingness to change water sources. Moreover, a better under-
standing of (ground) water usage patterns of households is needed,
e.g., when and for what do they use which type of water source,
howmany liters of groundwater do people use per day, and for what
purpose. In addition, future research could focus on improving ac-
cess to alternative water sources that can substitute groundwater
abstraction. Furthermore, our study is a cross-sectional study that
aims to capture the perceptions at one given point in time. Salini-
zation is a slow process and the perceptions of people with regard to
it may also change slowly. A longitudinal study assessing people’s
perceptions should be conducted to see how the perceptions change
following the increased level of salinity. Lastly, we used interpo-
lated TDS values at the household locations, and the accuracy
of the interpolated field depends on the density of TDS measure-
ment points in the neighborhood of the households and the inter-
polation scheme used. We suggest measuring TDS at location of
the household’s water source to get more accurate TDS values
rather than relying on the interpolated TDS values.

Conclusions

Groundwater conservation is challenging and requires more than
just hard solutions. A synergetic implementation of hard and soft
solutions, which entails the involvement of local communities, is
expected to have a long-term impact. In this study, we used a BBN
model to combine salinity measurements with socioenvironmental
and psychological information of households collected from an
extensive survey in the Tra Vinh province to understand the drivers
of willingness to conserve groundwater. We found that the respond-
ents in Tra Vinh are willing to conserve groundwater. One of the
main reasons for that is that they are facing the issue of saline water.
Additionally, the type of employment and the exposure to ground-
water information or awareness campaigns were found to be impor-
tant SECs that distinguish households who are willing to change.
The psychological factor norm was found to be most important and
needs addressing, for example by regulating the groundwater usage
and by initiating public commitments to reduce the groundwater
usage. Finally, this research emphasizes the urgency for the local
government in the Mekong Delta, especially the Tra Vinh province,

to act now, especially because most of the respondents rely on the
capabilities of the local government to solve the issue of excessive
groundwater extraction in the region.
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