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Abstract

Amid escalating global water scarcity and growing emphasis on demand-side interventions
for sustainable resource use, understanding how consumers’ virtual water cognition can
drive food–water resource conservation is critical for strengthening sustainable resource
governance. Through a questionnaire survey, this study constructed a Food–Water Behav-
ior Synergy Model to explore the relationship among consumers’ virtual water cognition
and food-conservation behavior, water-conservation behavior, and food–water synergistic
cognition in China. Results show that virtual water cognition significantly increased food-
conservation behavior (β = 0.158, p < 0.001) and WCB (β = 0.064, p < 0.001). Food–water syn-
ergistic cognition also positively affected food-conservation behavior (β = 0.099, p < 0.001)
and water-conservation behavior (β = 0.035, p < 0.01), consistent with the knowledge–action
framework. The magnitudes of these effects differed across subgroups (gender, education
level, major, region, and urban–rural residence). Virtual water cognition did not signifi-
cantly enhance food–water synergistic cognition (β = 0.006, p = 0.758), providing empirical
evidence of a knowledge–action gap. There was a strong direct effect of food-conservation
behavior on water-conservation behavior (β = 0.498, p < 0.001), and there was evidence
that food-conservation behavior mediated the indirect paths from both virtual water cogni-
tion and food–water synergistic cognition to water-conservation behavior. Implementing
consumer-oriented contextual interventions—such as differentiated educational guidance
and water-footprint labeling—would be conducive to translating theoretical knowledge
into practical action.

Keywords: knowledge–action framework; food–water synergy; behavioral spillover;
water-conservation consumption; food-conservation behaviors

1. Introduction
Food and water are indispensable to human survival and socio-economic develop-

ment [1]. Yet the world is facing mounting challenges from food waste and freshwater
scarcity [2,3]. In 2022, nearly one-fifth of global freshwater was lost in supply chains, while
water pollution, inefficient irrigation, and rapid urbanization have intensified water stress;
available freshwater is projected to decline substantially by 2030 [4]. Concurrently, roughly
17% of global food production is wasted annually, imposing significant environmental and
economic burdens [5]. The United Nations’ 2030 Sustainable Development Goals explicitly
target reductions in food waste (SDG 2) and the sustainable management of water (SDG 6),
highlighting the centrality of food–water interactions to global sustainability agendas [6].
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At the behavioral level, both food-conservation and water-conservation behaviors
are recognized as important forms of pro-environmental actions [7,8]. Existing studies
have primarily examined demographic factors such as gender [9], age [10], educational
attainment [11], and income [12,13]. In addition, socio-psychological determinants such
as knowledge [14], attitudes [15], and emotions and external conditions such as public
campaigns [16], infrastructure [17], and pricing [18] have also been studied. These investi-
gations commonly draw on frameworks such as the Theory of Planned Behavior [19] and
environmental behavior models, and they apply methods including structural equation
modeling [20] and multiple regression analysis [21] to identify diverse influence pathways.
For instance, Qian et al. [11] explored the association between awareness campaigns and
food waste among Chinese students, while Marlim and Kang [18] investigated the role of
water pricing in reshaping consumers’ water usage patterns. The food system is a major
consumer of water, and both production and waste embody a complex water footprint—
the direct and indirect volume of water required to produce goods. However, relatively
few studies adopt a virtual water or water-footprint perspective to examine how public
cognition influences synergistic behavior that conserves both food and water.

Tony Allan introduced the notion of virtual water in 1993 to denote the volume of
water used to produce goods and services [22]. The water-footprint concept was developed
subsequently to quantify the total volume of water consumed by a country, region, or
individual to support a given standard of living [23]. These concepts have been widely
used to trace water flows across production and trade, and they are increasingly referenced
in policy discussions about sustainable supply chains [24,25]. However, their application
at the consumption stage, particularly in understanding consumer cognition and every-
day decision-making, remains limited. This study contends that food waste prevention
represents a critical and behaviorally tractable domain in which to examine these links:
as a typical consumer-side behavior directly shaped by everyday decision-making, food
waste creates an intuitive connection between discarded food and the waste of its em-
bedded virtual water—a relationship that is both direct and conceptually accessible for
consumers. This makes it a potent focus for investigating the knowledge–action framework,
which posits that awareness of environmental costs (e.g., virtual water in food) can drive
corresponding pro-environmental behaviors.

Despite the potential of these concepts to bridge food and water conservation, em-
pirical evidence regarding whether specific cognition of virtual water and water footprint
can influence both food-conservation and water-conservation behaviors remains scarce.
Few studies have tested whether such cognition can stimulate synergistic behaviors—
coordinated actions where conservation in one domain triggers savings in another. This
empirical gap matters for two key reasons. First, behavioral synergies can amplify resource
savings, yielding outcomes that exceed the sum of isolated actions. If individuals recognize
that wasting food also wastes water, they may be more motivated to reduce waste in both
domains. Second, insights into the knowledge–action framework can guide integrated
interventions that target multiple sustainability goals simultaneously, thereby improving
both impact and cost-effectiveness. This framework encompasses the cognitive → behav-
ioral pathways through which environmental knowledge is translated into concrete actions,
as well as the mediators and contextual moderators that can create a knowledge–action
gap. The lack of empirical evidence is particularly pronounced in emerging economies,
where both food and water systems face growing stress. China, home to nearly 40 million
university students, represents a strategically important population for environmental edu-
cation and behavior-change initiatives [26,27]. University students are in a formative stage
of establishing long-term consumption habits, and their behaviors can be influenced by
targeted interventions at a relatively low cost. Although research in Denmark, Poland, and
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other Western countries has explored conservation behaviors among students [28,29], com-
parable studies in China are limited, especially those applying a virtual water perspective
to examine cross-behavioral synergies in food and water conservation.

To address these gaps, this study investigates how virtual water cognition (VWC)
influences food-conservation and water-conservation behaviors among Chinese university
students, and whether it promotes food–water synergistic cognition (FWSC). Based on a
large-scale survey (N = 5853) conducted in China, we employ multiple linear regression,
binary logistic regression, and partial least squares structural equation modeling to exam-
ine both direct and indirect pathways. Specifically, we aim to (1) profile the prevalence
and patterns of food-conservation and water-conservation behaviors among consumers;
(2) assess the relationship between VWC and each conservation behavior; (3) explore het-
erogeneity across demographic and contextual subgroups; and (4) analyze the mechanisms
linking VWC, food–water synergistic cognition, food-conservation behavior, and water-
conservation behavior. By embedding the virtual water concept into a knowledge–action
framework, this study makes three contributions. First, it advances theoretical under-
standing of the food–water nexus by connecting resource-flow knowledge to multi-domain
conservation behaviors, addressing a critical omission in existing literature. Second, it offers
empirical evidence from a large, under-researched population in a non-Western context,
enriching cross-cultural perspectives on sustainability behaviors. Finally, it provides action-
able insights for designing targeted educational strategies and consumer-level interventions
that leverage behavioral synergies to enhance food and water resource conservation.

2. Data and Methods
2.1. Data Collection

This study conducted a campus-wide online survey from 2021 to 2024 targeting all
students at Hohai University, Nanjing, to collect primary data on food-conservation and
water-conservation behaviors. Hohai University was selected for three main reasons. First,
as a top institution in water-related majors, it offers a wide range of majors related to water
resources and the environment, including economics, management, and social sciences.
This diversity of majors will reflect the impact of different professional backgrounds
on the understanding of resources, thereby enhancing the universality of this study’s
conclusions. Second, differences in students’ academic majors provide a natural contrast
group—what we refer to as “controlled heterogeneity”—which will help disentangle the
effects of individual cognitive awareness from the shared institutional context. Third,
Hohai University is located in Jiangsu Province, at the source of the South-to-North Water
Diversion Project and in one of China’s major grain-producing regions, presumably giving
students heightened awareness of the link between water resources and food security.

The questionnaire comprised two sections. The first collected demographic and con-
textual information such as gender, educational level (undergraduate/Master’s/doctoral
students), academic year, major, hometown region (classified by water availability [abun-
dant/scarce] and agricultural productivity [core/non-core production area]), and type of
residence (urban/rural). The second covered three modules: (1) water-conservation be-
haviors and influencing factors (daily practices and drivers of water-conservation actions),
(2) food-conservation behaviors and influencing factors (daily practices and drivers of
food-conservation actions), and (3) cognition of the synergy between food conservation
and water conservation (including understanding of “virtual water” and “water footprint”,
as well as recognition of the link between conserving food and conserving water). All
listed conservation behaviors reflected realistic actions that students could take within cam-
pus settings, and the knowledge acquisition channels were tailored to students’ common
learning modes.



Water 2025, 17, 3480 4 of 26

To ensure broad and voluntary participation while minimizing selection bias, the sur-
vey was promoted through multiple official university channels (e.g., student associations,
campus social media, and university newsletters). Furthermore, the questionnaire was
designed to be concise and highly relevant to students’ daily lives, which also contributed
to the high engagement rate. A total of 5861 questionnaires were distributed. After re-
moving incomplete or invalid responses (e.g., inconsistent or random answers), 5853 valid
responses were retained (valid response rate: 99.86%) for subsequent analyses. The survey
did not involve personally identifiable or sensitive information; hence, ethical approval
was not required [30]. Detailed survey items are provided in Supplementary Material S1.

2.2. Measuring Dependent Variables

Our primary focus is on food-conservation and water-conservation behaviors and their
potential synergies. The Food and Agriculture Organization of the United Nations (FAO)
defines food waste as the discarding of food still safe for human consumption at the retail,
food service, and consumer stages. In parallel, the Chinese government’s 2019 guidance for
universities emphasizes stringent water-conservation measures and the maximization of
water-use efficiency in campus management. Drawing on these definitions and the specific
campus context—where food and water waste are particularly prevalent—we asked respon-
dents to indicate which of the several specified actions they had taken (multiple responses
allowed; Figure 1; Table A1). When it comes to conserving food, consumers mainly take
direct action, while indirect actions (such as Balanced Meat-Veg, which contributes to food
conservation through the optimization of demand-side consumption structures, shifting
consumer preferences and ultimately influencing agricultural production systems at the
source) are the least popular choice. Similarly, for water-conservation behaviors, direct
actions dominated, while both indirect behaviors and the adoption of alternative technolo-
gies were the least common. This suggests that consumers tend to prioritize immediate,
tangible actions over more indirect strategies for resource conservation.

 

Figure 1. Classification of food-conservation and water-conservation behaviors. Panel
(a) depicts categories of food-conservation behaviors, and Panel (b) depicts categories of
water-conservation behaviors.

This study used binary coding: each selected option was coded as 1, and unselected
options as 0. To compute aggregate behavior scores, we applied a combined weighting
method integrating the entropy method and CRITIC method (equal weighting), summed
the weighted items, and standardized the total score (z-score) to mitigate ceiling and
clustering effects. This yielded two composite indices: the food-conservation behavior
score (FCBS) and the water-conservation behavior score (WCBS). Internal consistency was
acceptable, with Cronbach’s α = 0.660 (slightly below the conventional 0.70 threshold but
acceptable for behavioral indices). As a complementary measure, we also collected self-
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reported food-conservation behavior frequency (FCBF) and water-conservation behavior
frequency (WCBF). These were single-choice questions with five ordered response levels:
never, occasionally, sometimes, often, and very likely. Table A2 shows the distribution
of frequency variables, with the average values for FCBF and WCBF being similar. In
subsequent analyses, these frequency measures were treated as ordinal dependent variables.
In this study, WCBS and FCBS serve as behavioral score variables, while WCBF and FCBF
function as behavioral frequency variables; both are dependent variables.

2.3. Measuring Independent Variables

The key explanatory variable in this study was virtual water cognition (VWC), defined
here as domain-specific technical knowledge reflecting familiarity with scientific concepts
such as “virtual water” and “water footprint.”. Respondents were asked to self-assess
their familiarity with the terms virtual water and water footprint on a five-point scale
(very unfamiliar, somewhat familiar, moderately familiar, fairly familiar, fully familiar).
These were then combined into a composite VWC index. Figure 2 presents the distribution
of responses, indicating that overall familiarity was relatively low; on average, students
reported slightly greater understanding of water footprint than of virtual water. Familiarity
levels varied across subgroups: male students demonstrated higher familiarity with both
concepts than females; among the three educational levels, master’s students reported the
lowest familiarity; students in water-related majors showed greater understanding of both
terms than those in non-water-related fields; and respondents from rural areas exhibited
lower cognition compared with their urban counterparts.

Figure 2. Cognitive levels of “virtual water” and “water footprint” by group. Panel (a) shows the
understanding of the virtual water concept. Panel (b) shows the understanding of the water-footprint
concept. The vertical axis represents cognitive level, with higher values indicating greater familiarity
(0 = very unfamiliar, 1 = fully familiar).

Another explanatory variable was food–water synergistic cognition (FWSC), defined
here as contextualized experiential cognition capturing the extent to which individuals
perceive and internalize the interdependence between food conservation and water conser-
vation in everyday contexts. FWSC was measured using a scale comprising three items
(Table 1). Respondents were asked three questions: (1) “Is there a relationship between
conserving food and conserving water?”; (2) “Is conserving food another way of conserv-
ing water?”; and (3) “Can water-conservation campaigns improve public cognition of
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conserving food?” More than half of respondents indicated that conserving food saves
water used in crop cultivation, and approximately 35% recognized that it reduces water
use in food production (Figure A1). Furthermore, over 75% strongly agreed that there
is a strong correlation between conserving food and conserving water (Figure A2). To-
gether, these items capture students’ recognition of the interlinked nature of food and
water conservation. To construct a unified FWSC index, responses to each item were first
mapped to a 3-point ordinal scale (1–3) reflecting the strength of synergistic cognition, with
higher scores indicating stronger cognition (Table 1). The scale demonstrated acceptable
internal consistency for an exploratory three-item construct (Cronbach’s α = 0.600), and its
measurement properties are fully reported in Table A11.

Table 1. FWSC indicator measurement.

Construct Category Items Questions Options
Strength of
Synergistic
Cognition

Code

FWSC

Relationship
cognition FWSC 1

Is there a relationship
between conserving
food and conserving

water?

Unsure
No relationship 1

no relationship

weak relationship Weak relationship 2

strong relationship Strong
relationship 3

Causal
cognition FWSC 2

Is conserving food
another way of

conserving water?

Unsure
No relationship 1No relationship between

saving food and saving water

Saving food saves water used
in food preparation/cooking Weak relationship 2

Saving food saves water used
in agricultural

production/cultivation

Strong
relationship 3

Promoting
cognition FWSC 3

Can
water-conservation
campaigns improve
public cognition of
conserving food?

Unsure

No relationship 1
Water-conservation
campaigns have no

relationship with food
conservation

Water-conservation
campaigns enhance

food-conservation awareness
for only a few people

Weak relationship 2

Water-conservation
campaigns enhance

food-conservation awareness
for most people Strong

relationship 3
Water-conservation

campaigns can significantly
enhance food-conservation

awareness

Factors influencing students’ food-conservation and water-conservation behaviors are
multidimensional. Drawing on prior research of environmental and conservation behav-
iors, we incorporated six control variables covering individual and regional characteristics
to minimize omitted-variable bias. At the demographic level, controls included gender, ed-
ucation level, academic year, and major. At the contextual level, we included home-region
classification and urban–rural residence. Table A3 provides definitions and descriptive
statistics for these variables. Among respondents, 61.6% were male and 38.4% were female;
32.7% were enrolled in water-related majors. Academic status was distributed as 79.4%
undergraduates, 17.8% master’s students, and 2.8% doctoral students. Geographically,
68.5% came from water-abundant regions (including both core and non-core production
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areas) and 31.5% from water-scarce regions. The sample also achieved balanced representa-
tion across urban and rural areas. This sampling strategy supports a robust analysis of the
knowledge–action pathways underpinning food and water conservation.

2.4. Empirical Strategy

The core explanatory variable was VWC, supplemented by FWSC as an additional ex-
planatory variable. The primary dependent variables were the food-conservation behavior
score (FCBS) and water-conservation behavior score (WCBS), with corresponding behav-
ioral frequency measures as secondary dependent variables. To examine the relationship
between VWC and both conservation behaviors, we specified the following multiple linear
regression models for each consumer:

FCBS = α0 + α1VWC + ∑ giXi + εi (1)

WCBS = β0 + β1VWC + ∑ kiXi + εi (2)

where FCBS and WCBS denote standardized behavior scores, VWC is the core independent
variable, Xi represents a set of control variables, and εi is the error term. Parameters were
estimated using ordinary least squares (OLS), with α1 and β1 indicating the effect of VWC
on food-conservation and water-conservation behaviors, respectively.

To assess the likelihood of high-frequency conservation behaviors, respondents were
classified into two groups—high-frequency (“often” or “very likely”) and low-frequency
(“never”, “occasionally”, or “sometimes”)—and binary logistic regression was applied:

logit(P(High − f requency f ood − conservation)) = γ0 + γ1VWC + ∑ hiXi (3)

logit(P(High − f requency water − conservation)) = µ0 + µ1VWC + ∑ liXi (4)

where P(High− f requency f ood− conservation) and P(High− f requency water − conservation)
denote the probability of high-frequency engagement. The odds ratio (OR) for VWC indicates
how VWC influences the likelihood of frequent conservation behaviors.

2.5. Research Hypothesis

Environmental knowledge is a well-established driver of conservation behavior. Em-
pirical evidence consistently shows that individuals with greater environmental knowledge
are more likely to engage in pro-environmental behaviors [31], likely because such knowl-
edge enhances cognition of the environmental consequences of certain actions, strengthens
perceived responsibility, and fosters voluntary pro-environmental choices. In the water
sector, prior studies have confirmed that water-related knowledge is an important factor in
changing water-use habits [18]. Greater understanding of water scarcity and conservation
activities significantly improves attitudes toward water conservation.

VWC, as a specific form of environmental knowledge, emphasizes the hidden water
consumption embedded in food production, especially agricultural products. This construct
links water resources directly to the food system. We therefore posited that enhancing
VWC would not only directly influence food-conservation behavior (FCB) and water-
conservation behavior (WCB) but also promote food–water synergistic cognition (FWSC),
the recognition that conserving food inherently conserves water, thereby reinforcing both
types of behaviors. Based on this logic, we proposed the following hypotheses:

H1a: VWC has a significant impact on FCB.

H1b: VWC has a significant impact on WCB.
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H2: VWC has a significant impact on FWSC.

H3a: FWSC has a significant impact on FCB.

H3b: FWSC has a significant impact on WCB.

H4: FCB has a significant impact on WCB (i.e., engaging in FCB significantly increases the
likelihood of engaging in WCB).

These hypotheses were evaluated through the significance and direction of the corre-
sponding path coefficients in the partial least squares structural equation modeling model,
described in Section 3.4.

3. Results
3.1. Descriptive Analysis

To provide an initial assessment of the potential influence of virtual water cognition
(VWC) on food-conservation and water-conservation behaviors among Chinese university
students, descriptive analyses were conducted. As shown in Table 2, students who report
being familiar with the concepts of “virtual water” and “water footprint” exhibit signif-
icantly higher frequencies of both food-conservation and water-conservation behaviors
compared with those less familiar with these concepts. The differences are statistically sig-
nificant based on independent-sample t-tests. Moreover, familiarity with these concepts is
associated with significantly higher WCBS (p < 0.001). However, no statistically significant
difference in FCBS is observed between the two groups. Overall, these findings provide
preliminary evidence supporting a positive relationship between VWC and self-reported
conservation behaviors, particularly with respect to water-conservation practices.

Table 2. Descriptive statistics and group comparisons (t-tests) for virtual water cognition and
conservation behaviors.

Familiar with the
Concept of

“Virtual Water”

Less Familiar
with the Concept

of “Virtual
Water”

T Test
Familiar with the

Concept of
“Water Footprint”

Less Familiar
with Concept of

“Water Footprint”
T Test

WCBF 4.006 (n = 2438) 3.926 (n = 3415) 4.154 ***
(N = 5853) 4.001 (n = 2793) 3.921 (n = 3060) 4.209 ***

(N = 5853)

FCBF 3.995 (n = 2438) 3.869 (n = 3415) 5.987 ***
(N = 5853) 3.995 (n = 2793) 3.855 (n = 3060) 6.745 ***

(N = 5853)

WCBS 0.226 (n = 2438) −0.161 (n = 3415) 14.294 ***
(N = 5853) 0.163 (n = 2793) −0.150 (n = 3060) 11.970 ***

(N = 5853)

FCBS −0.010 (n = 2438) 0.007 (n = 3415) −0.619
(N = 5853) 0.010 (n = 2793) −0.010 (n = 3060) 0.762

(N = 5853)

Notes: WCBF = water-conservation behavior frequency; FCBF = food-conservation behavior frequency;
WCBS = water-conservation behavior score; FCBS = food-conservation behavior score. These abbreviations
apply to all tables and figures. *** indicate significance at the p < 0.001 levels, respectively.

3.2. Benchmark Regression Model

To further assess the influence of VWC on food- and water-conservation behaviors
(FCBF, FCBS, WCBF, WCBS), benchmark regression models were estimated using the full
sample (Table A4, Figure 3). Model diagnostics including the likelihood ratio chi-square,
F-tests, and R2 values, indicate satisfactory model fit. Variance inflation factors average
1.540, with no values exceeding the conventional threshold of 5, confirming the absence
of severe multicollinearity and supporting the robustness of the estimations. The results
reveal that VWC has a significant and positive effect on both food and water-conservation
behaviors. Figure 3a,b display the positive regression coefficients for behavior scores, while
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Figure 3c,d present the odds ratios (ORs) for behavior frequencies. In these plots, 95%
confidence intervals shown in red indicate statistical significance.

Figure 3. Forest plots showing odds ratios or regression coefficients with 95% confidence intervals for
associations between cognition, demographic and contextual factors, and conservation behaviors. Red
intervals indicate statistically significant estimates (p < 0.05); grey intervals indicate non-significant
estimates. Panels: (a) WCBS—water-conservation behavior score; (b) FCBS—food-conservation
behavior score; (c) WCBF—water-conservation behavior frequency; (d) FCBF—food-conservation be-
havior frequency. In the figure, “Degree” denotes education level and “Grade” denotes academic year.

Specifically, students with greater knowledge of VWC exhibit significantly higher
frequencies of water-conservation and food-conservation behaviors and were more likely to
engage frequently in water-conservation practices. This finding aligns with the knowledge–
action framework [32], which posits that enhanced environmental knowledge strengthens
pro-environmental attitudes and perceived behavioral control, thereby fostering sustainable
behaviors crucial for waste reduction and resource conservation. Conversely, VWC was not
significantly correlated with FCBS, suggesting that mere familiarity with “virtual water”
and “water footprint” concepts may be insufficient to directly influence food-conservation
behaviors among young adults in China. This result is consistent with the findings of
Räsänen et al. [33], which highlight the limited behavioral impact of abstract environmental
knowledge when unaccompanied by concrete, context-specific interventions.

Demographic and contextual control variables, such as gender, education level, aca-
demic year, regional water scarcity, and urban/rural residence, also significantly influenced
water-conservation and food-conservation behaviors. Regarding water-conservation, males
exhibited higher behavior scores and frequencies than females. Figure 3a,c illustrate
a nuanced role of education: higher education levels are associated with lower water-
conservation behavior scores but higher conservation frequency, while advancing academic
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year corresponds to higher water-conservation behavior scores. Regionally, students from
water-scarce and non-core production areas demonstrate greater water-conservation be-
havior scores and frequencies, likely reflecting local resource constraints and use patterns.
Rural students consistently attain lower conservation behavior scores and frequencies
compared to urban counterparts.

In terms of food-conservation behavior (Figure 3b,d), females achieve higher scores
but report lower frequencies than males. Graduate students are more likely to engage
in food-conservation than undergraduates; however, food waste tends to increase with
academic seniority. Students from water-scarce core production areas exhibit stronger
food-conservation behaviors, with even greater effects observed in water-scarce non-core
production regions. Again, rural students show lower food-conservation performance than
their urban peers. Overall, these benchmark results position VWC as a critical cognitive
driver of conservation actions, while demographic and contextual factors act as important
moderators shaping behavioral patterns.

3.3. Heterogeneity Analysis

To explore whether the associations between VWC and conservation behaviors vary
heterogeneously, we conducted subgroup analyses by gender, education level, major (water-
related/non-water-related), region (four-region classification based on water abundance
and grain-production status), and urban–rural residence.

Gender-specific results reveal distinct patterns (Table A5), reflecting both physiolog-
ical and behavioral differences between men and women [34]. VWC is positively and
significantly associated with both WCBF and WCBS among male students, whereas these
associations are not statistically significant for female students. Conversely, VWC signifi-
cantly increases FCBF for female students but shows no significant effect for males. This
divergence suggests that male students may be more inclined to translate VWC into tangible
water-conservation actions, while female students appear more responsive to VWC in the
context of food-related conservation. Such patterns may reflect differences in environmen-
tal priorities or behavioral expressions across genders: men may focus more on technical
or infrastructure-oriented measures (e.g., water-saving devices), whereas women may
prioritize everyday consumption practices, such as meal planning and portion control [35].

Educational level further shapes the VWC–behavior nexus. As shown in Table A6,
undergraduates exhibit the strongest effects, which may reflect their heightened sensitivity
to conservation messages and greater propensity to translate VWC into concrete conser-
vation actions. In contrast, the influence weakens among master’s and doctoral students.
This attenuation is consistent with the diminishing marginal knowledge effect: students
with higher academic attainment are likely to possess a higher baseline of environmental
literacy, thereby reducing the incremental behavioral impact of additional VWC [36].

Regarding academic majors, students were classified as being in either water-related
or non-water-related studies. Major-specific analyses (Table A7) indicate that VWC sig-
nificantly improves WCBS among students in water-related majors, suggesting that it
reinforces existing professional knowledge and facilitates the translation of cognition into
domain-specific actions. In contrast, students in non-water-related majors display stronger
associations between VWC and both conservation behavior frequency and scores, indicat-
ing that VWC functions as cross-domain information and serves as a novel, motivating cue
that can stimulate broader conservation practices. This pattern underscores the potential
of public education initiatives to extend the reach of water-conservation efforts beyond
specialized disciplines.

Regional variation offers some of the strongest evidence for contextual environmen-
tal effects [37]. As shown in Table A8, China was divided into four areas according to
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water abundance and grain production status (Table A9). Positive effects of VWC on
WCBS are observed across all regions, but are most pronounced in water-scarce, non-core
production areas, suggesting that resource scarcity amplifies the conversion of cognition
into behavior. In water-scarce core production areas, VWC is also significantly associated
with food-conservation behaviors, reflecting the combined pressures of water scarcity and
food production on local conservation practices. This pattern indicates that the resource
constraints experienced in daily life can strengthen the connection between environmental
cognition and actual behavior [38].

Urban–rural disparities in diet and water-use patterns [39] are reflected in conservation
behaviors (Table A10). VWC significantly influences WCBS and FCBF among urban stu-
dents, whereas for rural students the effect is most noticeable in WCBS. Urban students may
be more exposed to public campaigns (e.g., the “Clean Plate Campaign”) and information
channels that encourage food-related conservation, while rural students’ lived experience
of water constraints may focus behavioral response on direct water-conservation actions.

Collectively, these heterogeneity analyses underscore that VWC does not operate in a
social vacuum; rather, its behavioral effects are highly context-dependent. Demographic
characteristics, academic background, regional resource endowments, and location of
residence all influence the extent to which cognition is translated into concrete actions.
These findings highlight the need for governments and universities to account for such
heterogeneity when designing interventions. Targeted strategies—tailoring messages,
delivery channels, and behavioral prompts to the characteristics of specific subgroups—are
essential to maximize the conversion of cognition into sustained conservation behaviors.

3.4. Construction and Measurement of the Food–Water Behavioral Synergy Model (FWBSM)

To investigate the underlying mechanisms linking VWC, FWSC, food-conservation
behavior (FCB), and water-conservation behavior (WCB), we developed the Food–Water
Behavioral Synergy Model using partial least squares structural equation modeling (PLS-
SEM). The model captured the knowledge–action pathways connecting VWC, FWSC,
FSB, and WSB (Figure 4a). The model is nested within the knowledge–action framework,
mapping cognitive constructs (VWC, FWSC) to behavioral outcomes (FCB, WCB) and the
spillover pathway. Behavioral frequency indicators, FCBF and WCBF, were used as mani-
fest variables FCB and WCB, respectively. Frequency measures were used for two main
reasons: (i) they more accurately reflect routine engagement in day-to-day conservation
practices, and (ii) single-item frequency reduces measurement complexity and enhances
estimation stability within the partial least squares structural equation modeling frame-
work. Frequency-based and score-based measures were positively correlated (Figure A3),
with frequency-based indicators showing a particularly strong cross-behavior correlation
(ρ = 0.640, p < 0.001), thereby supporting their suitability for modeling behavioral synergy.
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Figure 4. Conceptual framework and results of the partial least squares structural equation modeling
analysis. Panel (a) presents the conceptual framework of the partial least squares structural equation
modeling, and Panel (b) shows the model estimation results. Red lines indicate statistically significant
positive paths, while black lines represent non-significant paths, indicating that the corresponding
hypotheses were not supported.

3.4.1. Assessment of the Measurement Model

SmartPLS 4.0 was used for the model analysis, following a two-step approach to
separately evaluate the measurement model and structural model [40]. The measurement
model was assessed using indicator loadings, internal consistency reliability (Cronbach’s
α and composite reliability), convergent validity (average variance extracted), and dis-
criminant validity using the heterotrait–monotrait ratio [41]. Given the exploratory aim of
this study, we applied slightly relaxed thresholds where appropriate: indicator loadings
between 0.40 and 0.70, Cronbach’s α ≥ 0.60, composite reliability ≥ 0.70, average vari-
ance extracted ≥ 0.50, and heterotrait–monotrait ratio ≤ 0.90 [42]. The detailed evaluation
results for all constructs are presented in Table A11. For FWSC, the indicator loadings
were 0.902 (FWSC 1), 0.510 (FWSC 2), and 0.660 (FWSC 3). While the loading for FWSC
2 was slightly below the ideal threshold of 0.70, it was retained as it contributed to the
content validity of the scale and its removal would not substantially improve composite
reliability. The composite reliability for FWSC was 0.740, and the average variance extracted
was exactly 0.500, meeting the minimum threshold for convergent validity. In addition,
other constructs meet the recommended criteria for reliability and convergent validity,
and heterotrait–monotrait ratio values (Table A12) are below 0.90, indicating acceptable
discriminant validity.

3.4.2. Assessment of the Structural Model

We estimated the structural model using bootstrapping with 5000 resamples to obtain
robust standard errors and significance estimates [41]. The structural results (Table A13,
Figure 4b) confirm that VWC positively and significantly affects both FCB (H1a: β = 0.158,
p < 0.001) and WCB (H1b: β = 0.064, p < 0.001). These findings are consistent with the
baseline regression analyses in Section 3.2, reinforcing the conclusion that greater under-
standing of virtual water and water footprints is associated with higher engagement in
both food and water-conservation practices. Contrary to our expectations, VWC does
not significantly influence FWSC (H2: β = 0.006, p > 0.05), providing direct empirical
evidence of a knowledge–action gap: students’ technical cognition of virtual water (VWC)
does not reliably translate into an experiential or situational recognition that conserving
food inherently conserves water (FWSC). This result indicates that technical familiarity
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alone—measured by understanding the terms “virtual water” and “water footprint”—is
insufficient to generate the cross-domain, experience-based cognition necessary for syner-
gistic behavior. Thus H2′s non-significance should be interpreted not as a null finding in
isolation, but as diagnostic evidence that the knowledge to action conversion is interrupted
at the stage of experiential linkage (FWSC). By contrast, FWSC significantly and positively
influences both FCB (H3a: β = 0.099, p < 0.001) and WCB (H3b: β = 0.035, p < 0.01), confirm-
ing the knowledge–action framework and supporting the findings of Wyss et al. [32]. These
results indicate that individuals who recognize the intrinsic connection between conserving
food and conserving water are more likely to engage in both behaviors in practice. More-
over, FCB has a strong and significant positive effect on WCB (H4: β = 0.498, p < 0.001),
consistent with prior evidence of positive behavioral spillover effects [43]. This suggests
that individuals who frequently save food are more likely to also conserve water, aligning
with the broader pro-environmental behavior literature, which posits that participation
in one environmental action increases the likelihood of engaging in others [44]. Overall,
hypotheses H1a, H1b, H3a, H3b, and H4 were supported, while H2 was not.

We further tested indirect effects using the percentile bootstrapping (95% Cl). Accord-
ing to the mediation testing procedure, an indirect effect is significant if the confidence
interval does not include zero. As shown in Table 3, the indirect paths “VWC → FWSC
→ WCB” and “VWC → FWSC → WCB” are not significant. However, there are two
significant mediation pathways: (i) VWC → FCB → WCB, with a 95% CI of [0.036, 0.063];
and (ii) FWSC → FCB → WCB, with a 95% CI of [0.066, 0.092]. These results indicate
that FCB serves as a key mediator translating both VWC and FWSC into increased WCB,
highlighting the central role of FCB in the knowledge–action framework.

Table 3. Indirect effects in the structural equation model.

Relationship Original
Sample (O)

Sample
Means

(M)

Standard
Deviation
(STDEV)

T Statistics
(|O/STDEV|) p Values 2.5% 97.5%

VWC → FWSC
→ FSB 0.001 0.001 0.002 0.307 0.759 −0.003 0.004

VWC → FWSC
→ WCB 0.000 0.000 0.001 0.296 0.768 −0.001 0.002

FWSC → FCB →
WCB 0.049 0.050 0.007 7.072 0.000 0.036 0.063

VWC → FCB →
WCB 0.079 0.079 0.007 11.655 0.000 0.066 0.092

VWC → FWSC
→ FCB → WCB 0.000 0.000 0.001 0.307 0.759 −0.001 0.002

4. Discussion
Our findings both align with and diverge from the existing literature on environmen-

tal cognition and behavior. Consistent with prior studies [45,46], we found that virtual
water cognition (VWC) and food–water synergistic cognition (FWSC) positively influence
conservation behaviors, supporting the knowledge–action framework. However, unlike
studies that assume a straightforward knowledge–attitude pathway [47], we found that
VWC did not significantly enhance FWSC (β = 0.006, p = 0.758). This indicates a clear
knowledge–action gap: technical understanding of virtual water does not automatically
translate into experiential cognition that triggers behavioral change. This divergence
underscores the need to distinguish between domain-specific technical knowledge and
contextualized experiential cognition, an empirical connection that has rarely been made in
previous virtual water or water-footprint studies. Our study thus contributes to a more
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nuanced understanding of how different types of cognition operate within the knowledge–
action framework.

4.1. Cognitive Pathways to Food and Water Conservation

Our findings demonstrate that both VWC and perceived FWSC exert positive effects
on conservation behaviors, aligning with the knowledge–action framework widely rec-
ognized in environmental psychology and behavioral economics. Cognition of virtual
water and water footprints constitutes an integral component of environmental knowledge.
Enhancing such cognition can strengthen environmental literacy and normative beliefs,
thereby increasing perceived behavioral control over water conservation and fostering
stronger intentions and practices. This is consistent with previous research [48]. However,
VWC had no statistically significant effect on FCBS. This may be because the concepts
of virtual water and water footprints are abstract and not strongly anchored to individu-
als’ everyday dietary habits, making it difficult for such knowledge to translate directly
into tangible food-conservation actions. This suggests that simply increasing technical
knowledge of virtual water is unlikely to change young people’s food consumption pat-
terns. Instead, more contextualized and experience-based educational interventions are
needed [49], particularly those that link abstract concepts to relatable scenarios in daily life.

In this study, FWSC was conceptualized as a potential mediator between VWC and
conservation behaviors. Yet the hypothesized mediating role was not supported, as the
assumed positive relationship between VWC and FWSC was rejected. The unusually weak
association between these constructs may be attributable to differences in measurement
approaches: VWC focused on understanding technical terminology, while FWSC assessed
perceived linkages between everyday practices and resource conservation—perceptions
that require less technical expertise. This discrepancy reflected a typical knowledge–action
gap: individuals may possess technical environmental knowledge without necessarily
perceiving or valuing its cross-domain implications. The inherent abstract nature of the
virtual water concept and systemic cognitive barriers may remain uncovered. Moreover,
FWSC appeared to depend more on lived experience than on abstract knowledge. Indi-
viduals who actively engaged in both food-conservation and water-conservation practices
were more likely to recognize their interconnection, suggesting that practical engagement,
rather than conceptual familiarity alone, drives synergistic cognition. In knowledge–action
terms, VWC captured an abstract understanding of the hidden water content in goods,
whereas FWSC entailed an experiential and situational appreciation of how conserving
one resource benefits another. Abstract knowledge is prone to dilution without situational
cues, whereas concrete, context-embedded cognition is more likely to trigger habitual
conservation behaviors.

These findings underscored the need for multi-faceted educational approaches that
bridge professional knowledge with lived experiences—integrating scenario-based learn-
ing, personal relevance framing, and embodied experiences—to turn abstract concepts
into actionable mental models. Beyond their practical value, these results contribute to
theoretical debates in environmental cognition by showing that domain-specific VWC
and cross-domain FWSC are related but distinct cognitive constructs, each independently
influencing behavior. This conceptual distinction challenges the assumption that technical
literacy alone is sufficient to generate complex, synergistic conservation behaviors and
provides a foundation for refining behavioral models of the food–water nexus.

4.2. Behavioral Spillover and the Mediating Role of Food-Conservation Behaviors (FCBs)

Building on the cognitive pathways identified in Section 4.1, our analysis further
confirmed a significant positive spillover effect of food-conservation behavior on water-
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conservation behavior, providing empirical support for H4. From the behavioral spillover
perspective, engaging in one pro-environmental action can increase the likelihood of per-
forming another related behavior. In our context, individuals who frequently practiced food
conservation were also more inclined to adopt water-conservation measures. This linkage
may be reinforced by both self-identity and social norms: food-conservation reinforces
an individual’s self-perception as a “conserver,” while prevailing societal expectations
regarding resource conservation can prompt the adoption of additional, complementary
pro-environmental actions.

Further evidence from the Food–Water Behavioral Synergy Model highlighted the
pivotal role of food-conservation behavior as a complementary mediator linking both
VWC and FWSC to water-conservation behavior. Specifically, VWC and FWSC not only
directly enhanced water-conservation practices but also indirectly did so by fostering
food-conservation actions. When individuals experienced, through their own behavior, the
tangible connection between food and water resources—essentially perceiving “the water
embedded in food”—their willingness to conserve water was reinforced. This process
amplified the influence of environmental knowledge on actual water-conservation practices,
illustrating the bridging role of food-conservation behavior in converting environmental
cognition into tangible conservation outcomes.

These findings suggest that promoting food-conservation practices should be seen
not only as a valuable conservation goal but also as a strategic mechanism for accelerating
the knowledge–action conversion process. For young people in particular, strengthening
food-conservation habits offers an effective entry point for fostering broader, synergistic
resource conservation behaviors. This mechanism-focused evidence provides a direct basis
for the targeted policy and practical recommendations discussed in Section 4.3.

4.3. Policy and Practical Implications

The empirical insights from Sections 4.1 and 4.2 point to the need for targeted, context-
sensitive strategies that simultaneously enhance environmental cognition and leverage
behavioral spillovers. Accordingly, we propose three interrelated recommendations.

First, virtual water and water-footprint concepts should be deeply integrated into both
formal and informal education systems, utilizing concrete cases and practical activities
to bridge the cognitive gap and overcome cognitive barriers. The benchmark regression
indicates that VWC effectively promotes water-conservation and food-conservation be-
haviors. However, the Food–Water Behavioral Synergy Model reveals that VWC does
not automatically translate into FWSC. This suggests that while students grasp the con-
cept, they fail to establish connections in their daily lives. Concurrently, as shown in the
analysis of knowledge acquisition pathways for food- and water-conservation behaviors
(Figure A4), institutional–educational and social–normative channels together account
for nearly 90% of all knowledge acquisition pathways, whereas experiential–contextual
pathways contribute the least. Specifically, dedicated modules within environmental sci-
ence, geography, or even general education courses should not only explain the concept of
virtual water but also employ concrete, impactful examples (e.g., producing one kilogram
of beef requires approximately 15,500 L of water [50]) to make hidden water usage visible
and connect it to everyday choices. In addition, designing scenario-based exercises, such
as calculating a meal’s “water footprint” or launching a “Week-long Water-Saving Diet
Challenge”, which enable students to establish direct connections between VWC and be-
haviors through sustained practical activities, effectively breaking down cognitive barriers.
Schools, households, and government departments should collaborate to foster a culture of
conservation. Education authorities can integrate food–water-conservation content into
curriculum standards; communities can organize workshops to disseminate knowledge
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to families, creating a broader societal atmosphere of resource conservation. Individual
actions should be understood within the larger context of the food–water nexus.

Second, differentiated communication and intervention strategies targeting key sub-
groups and geographic characteristics should be developed. Heterogeneity analysis in-
dicates that VWC influences behavior differently across demographic characteristics and
regions. For instance, VWC exerts a greater impact on male water-conservation behaviors
while significantly affecting female water-conservation behaviors; it primarily enhances
water-conservation behavior scores among water-related majors, whereas it broadly stim-
ulates both behaviors among non-water-related majors. In water-scarce regions, VWC
exhibits stronger behavioral conversion effects. During implementation, we must tailor
programs to audience characteristics. For males and females: male outreach can emphasize
technical, equipment, and infrastructure-based water conservation (e.g., recommending
water-efficient appliances); female outreach can focus on daily consumption behaviors,
such as meal planning and the direct water-conservation effects of reducing food waste.
Regarding majors: For water-related majors, VWC education should deepen and supple-
ment their specialized knowledge. For non-water-related majors, VWC should serve as
universal environmental literacy education, emphasizing its importance through short
videos and social media to inspire broad environmental behaviors. For regions: In water-
scarce areas, information dissemination should closely align with local water stress realities
and agricultural irrigation contexts, incorporating experiential learning to reinforce the
connection between resource scarcity and behavior. In urban areas, existing initiatives
like the “Clean Plate Campaign” can be leveraged to embed the concept of virtual water,
enhancing promotion on social media platforms.

Finally, water-footprint labeling should be introduced in food-service settings, em-
ploying behavioral nudges to promote synergistic behaviors. The Food–Water Behav-
ioral Synergy Model confirms that food-conservation behavior (FCB) strongly promotes
water-conservation behavior (WCB) (H4), demonstrating significant behavioral spillover
effects. Simultaneously, our survey indicates that over 60% of respondents believe water
footprint labels would influence their food-conservation behavior. Specifically, pilot in-
tuitive water-footprint labels (e.g., using water droplet counts, color coding, or specific
liter measurements) to indicate a food item’s virtual water content in university cafeterias,
restaurants, or food packaging. This measure can break information barriers at minimal
cost, making abstract VWC visible and actionable while reinforcing FWSC, rendering the
principle “water conservation through food conservation” tangible. Leveraging behavioral
spillover effects, this approach indirectly and efficiently promotes water conservation by
encouraging dietary choices, creating a virtuous cycle of behavioral synergy.

Collectively, these measures emphasize concreteness, contextualization, and subgroup
sensitivity as essential components for narrowing the knowledge–action gap and leveraging
positive behavioral spillovers. When integrated, they provide a coherent framework for
translating environmental cognition into sustained, synergistic conservation behaviors.

4.4. Limitations and Future Research

While this study offers valuable insights, several limitations must be acknowledged to
contextualize the findings and guide future inquiry.

First, virtual water cognition exhibits sample bias. The disproportionately high propor-
tion of students majoring in water-related majors (32.7%) may have elevated overall virtual
water cognition levels and potentially amplified the observed correlations. Consequently,
the reported impact effects may represent an upper bound estimate. Future research should
actively validate these relationships across more heterogeneous populations, including
diverse age groups, educational backgrounds, income levels, and geographic regions. This
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will help determine the boundary conditions of our model and enhance the external validity
of our conclusions, thereby improving the generalizability of our findings.

Second, this study examines the concepts of virtual water and water footprint solely
from the perspective of preventing food waste, without delving into other dimensions.
While this choice was strategic, it also imposed conceptual boundaries. This limitation
restricts a comprehensive understanding of virtual water-driven sustainable behaviors.
Future research should integrate other dimensions of virtual water studies, such as dietary
choice optimization, water use in production chains, and cross-regional virtual water
flows. This approach will provide a more holistic understanding of consumer behavior,
complementing the current focus on waste reduction.

Third, methodological limitations warrant consideration. The reliance on self-reported
measures for conservation behaviors may introduce social desirability bias, and the cross-
sectional design precludes definitive causal inferences. As previously noted, the relation-
ships may evolve over time and be influenced by unmeasured variables like social norms
or economic factors. In the future, research should combine cross-sectional surveys with
longitudinal tracking (capturing the temporal dynamics of VWC and behaviors) and ob-
jective measurements (such as smart water meter data and food waste audits) to enhance
validity. Experimental designs (such as testing virtual water education interventions) can
further clarify causal relationships.

5. Conclusions
Food conservation is crucial for achieving water-conservation consumption and main-

taining global food–water security. Based on a questionnaire survey of 5853 Chinese
university students, this study constructed the Food–Water Behavioral Synergy Model,
which is embedded within the knowledge–action framework, to examine the impact of vir-
tual water cognition (VWC) on food-conservation behavior (FCB) and water-conservation
behavior (WCB) and to explore how behavioral spillovers link these domains. The results
indicated that both VWC and food–water synergistic cognition (FWSC) directly enhance
FCB and WCB, consistent with the knowledge–action framework. Importantly, VWC and
FWSC were not significantly associated (H2: β = 0.006, p = 0.758), providing direct empirical
evidence of a knowledge–action gap: technical awareness alone does not reliably generate
the cross-domain experiential cognition required for synergistic action. FCB was found to
have a strong direct effect on WCB (β = 0.498, p < 0.001) and to mediate the indirect path-
ways through which VWC and FWSC influence WCB. Daily food-conservation practices
thus act as a practical bridge between knowledge and water-conservation actions.

By distinguishing domain-specific technical knowledge from contextualized syner-
gistic cognition, this study demonstrated that within the knowledge–action framework,
behavioral spillovers can operationalize cognition into broader resource-conservation out-
comes. Practically, the findings suggested that priority should be given to making “virtual
water” tangible in everyday food choices to facilitate the translation of awareness into
sustainable, synergistic behavior.
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Appendix A

Table A1. Specific food-conservation and water-conservation behaviors.

Variables Types Examples

Food-conservation
Behaviors

Balanced Meat-Veg A scientifically based diet ratio

Packing Leftovers Take uneaten food home
instead of throwing it away

Moderate Food Portioning Avoid overeating

Clean Plate Campaign Eat all the food provided and
avoid waste

Water-conservation
Behaviors

Reasonable Diet Choosing foods that require
less water

Innovative Water Tech Low-flow faucets or showers

Water Resource Substitutes
Reusing graywater or
collected rainwater for

non-potable uses

Unconventional Water Reusing wastewater for
landscaping

Water-Saving Appliances Dual-flush toilets or
sensor-activated faucets

Water Recycling Reusing rinse water

Source Water Conservation Promptly repairing leaks or
washing hands thoroughly

Table A2. Descriptive Statistics of Frequency Variables (N = 5853).

Variables
Water-Conservation
Behavior Frequency

(WCBF) a

Food-Conservation
Behavior Frequency

(FCBF) a

Minimum 1.000 1.000
Maximum 5.000 5.000

Mean 3.960 3.922
Median 4.000 4.000

Note: a. 1 = never, 2 = occasionally, 3 = sometimes, 4 = often, 5 = very likely.
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Table A3. Demographic and Contextual Characteristics of Study Participants (N = 5853).

Variables Categories n %

Gender
Male 3604 61.6

Female 2249 38.4

Academic Background a
Water-related majors 1915 32.7

Non-water-related majors 3938 67.3

Education Level

Undergraduate students

Year 1 1924 32.9

Year 2 1910 32.6

Year 3 428 7.3

Year 4 386 6.6

Master’s students

Year 1 552 9.4

Year 2 399 6.8

Year 3 92 1.6

Doctoral students

Year 1 51 0.9

Year 2 67 1.1

Year 3 28 0.5

Year 4 16 0.3

Geographic Distribution b

Water-abundant core production area
Urban 1626 27.8

Rural 1275 21.8

Water-abundant non-core production
area

Urban 616 10.5

Rural 492 8.4

Water-scarce core production area
Urban 502 8.6

Rural 561 9.6

Water-scarce non-core production area
Urban 516 8.8

Rural 265 4.5

Notes: a Majors were classified as water-related or non-water-related. b Regions were categorized into four types
according to water abundance and grain production: water-abundant core grain-producing, water-abundant
non-core grain-producing, water-scarce core grain-producing, and water-scarce non-core grain-producing.

Table A4. Benchmark regression of cognition on food-conservation and water-conservation behaviors
(N = 5853).

Variable WCBF (Binary Logistic
Regression)

FCBF (Binary Logistic
Regression)

WCBS (Multiple Linear
Regression)

FCBS (Multiple Linear
Regression)

Cognition 0.054 * 0.068 ** 0.153 *** 0.007
Gender −0.181 ** −0.637 *** −0.163 *** 0.083 **

Education level 0.508 *** 0.449 *** −0.199 *** 0.111 **
Academic year −0.058 −0.090 ** 0.061 *** −0.035 **

Major 0.061 0.022 0.027 −0.020
Region (1) 0.107 0.053

0.029 * 0.002Region (2) 0.134 0.211 *
Region (3) 0.309 ** 0.453 ***

Area −0.396 *** −0.094 −0.055 * −0.081 **
Constant 1.323 *** 1.486 *** −0.059 −0.035

LR chi2 79.794 *** 160.211 ***
F 44.461 *** 3.666 ***

Notes: ***, **, and * indicate significance at the p < 0.001, p < 0.01, and p < 0.05 levels, respectively. Region (1),
Region (2), and Region (3) are dummy variables from the binary logistic regression, representing water-abundant
non-core production areas, water-scarce core production areas, and water-scarce non-core production areas,
respectively. Area denotes the urban–rural distribution.
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Table A5. Comparative analysis of genders (N = 5853).

Variable Cognition Control Variable LR chi2 F

WCBF (Binary
Logistic Regression)

Male 0.088 ** Yes 56.377 *** ——
Female −0.017 Yes 26.905 ** ——

FCBF (Binary
Logistic Regression)

Male 0.054 Yes 24.049 ** ——
Female 0.086 * Yes 36.649 *** ——

WCBS (Multiple
Linear Regression)

Male 0.165 *** Yes —— 32.125 ***
Female −0.028 * Yes —— 1.415

FCBS (Multiple
Linear Regression)

Male 0.001 Yes —— 1.659
Female −0.026 Yes —— 1.230

Note: ***, **, * denote significance at the p < 0.001, p < 0.01, and p < 0.05 levels, respectively.

Table A6. Comparative analysis of education level (N = 5853).

Variable Cognition Control
Variable LR chi2 F

WCBF (Binary
Logistic

Regression)

Undergraduate
students 0.058 * Yes 70.523

*** ——

Master’s students −0.058 Yes 19.252 ** ——
Doctoral students 0.360 * Yes 7.798 ——

FCBF (Binary
Logistic

Regression)

Undergraduate
students 0.068 * Yes 134.013

*** ——

Master’s students 0.056 Yes 24.962 ** ——
Doctoral students 0.176 Yes 3.123 ——

WCBS (Multiple
Linear Regression)

Undergraduate
students 0.161 *** Yes —— 42.290

***

Master’s students 0.139 *** Yes —— 10.980
***

Doctoral students 0.047 Yes —— 0.606

FCBS (Multiple
Linear Regression)

Undergraduate
students 0.010 Yes —— 3.537 **

Master’s students −0.001 Yes —— 1.435
Doctoral students 0.015 Yes —— 0.382

Note: ***, **, * denote significance at the p < 0.001, p < 0.01, and p < 0.05 levels, respectively.

Table A7. Comparative analysis of majors (N = 5853).

Variable Cognition Control
Variable LR chi2 F

WCBF (Binary
Logistic Regression)

water-related 0.054 Yes 33.456 *** ——
non-water-related 0.050 Yes 52.549 *** ——

FCBF (Binary
Logistic Regression)

water-related 0.060 Yes 56.423 *** ——

non-water-related 0.077 * Yes 109.154
*** ——

WCBS (Multiple
Linear Regression)

water-related 0.130 *** Yes —— 15.962 ***
non-water-related 0.165 *** Yes —— 37.011 ***

FCBS (Multiple
Linear Regression)

water-related 0.000 Yes —— 1.961
non-water-related 0.013 Yes —— 3.114 **

Note: ***, **, * denote significance at the p < 0.001, p < 0.01, and p < 0.05 levels, respectively.
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Table A8. Comparative analysis of region (N = 5853).

Variable Cognition Control
Variable LR chi2 F

WCBF (Binary Logistic
Regression)

Water-abundant core
production areas 0.050 Yes 58.294 *** ——

Water-abundant non-core
production areas 0.035 Yes 24.210 *** ——

Water-scarce core
production areas 0.021 Yes 18.130 ** ——

Water-scarce non-core
production areas 0.098 Yes 5.737 ——

FCBF (Binary Logistic
Regression)

Water-abundant core
production areas 0.057 Yes 101.023 *** ——

Water-abundant non-core
production areas 0.114 * Yes 18.514 ** ——

Water-scarce core
production areas 0.055 Yes 20.324 ** ——

Water-scarce non-core
production areas 0.039 Yes 13.886 * ——

WCBS (Multiple Linear
Regression)

Water-abundant core
production areas 0.147 *** Yes —— 22.806 ***

Water-abundant non-core
production areas 0.132 *** Yes —— 6.885 ***

Water-scarce core
production areas 0.128 *** Yes —— 8.527

Water-scarce non-core
production areas 0.235 *** Yes —— 16.101 ***

FCBS (Multiple Linear
Regression)

Water-abundant core
production areas −0.011 Yes —— 2.719 *

Water-abundant non-core
production areas −0.018 Yes —— 1.206

Water-scarce core
production areas 0.079 ** Yes —— 3.967 **

Water-scarce non-core
production areas 0.018 Yes —— 2.104

Note: ***, **, * denote significance at the p < 0.001, p < 0.01, and p < 0.05 levels, respectively.

Table A9. Regional divisions in China in this study.

Types Specific Content

Water-abundant core production area Heilongjiang, Jiangxi, Hunan, Sichuan, Hubei, Anhui,
Jiangsu, Jilin, Liaoning

Water-abundant non-core production area Inner Mongolia, Hebei, Shandong, Henan

Water-scarce core production area
Fujian, Taiwan (China), Guangdong, Hainan, Zhejiang,

Guangxi Zhuang Autonomous Region, Yunnan, Chongqing,
Guizhou, Shanghai, Tibet Autonomous Region

Water-scarce non-core production area
Xinjiang Uygur Autonomous Region, Gansu, Ningxia Hui

Autonomous Region, Shanxi, Beijing, Tianjin, Qinghai,
Shaanxi, Hong Kong SAR, Macao SAR
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Table A10. Comparative analysis of urban–rural areas (N = 5853).

Variable Cognition Control Variable LR chi2 F

WCBF (Binary Logistic Regression) Urban 0.047 Yes 18.698 * ——
Rural 0.052 Yes 33.744 *** ——

FCBF (Binary Logistic Regression) Urban 0.069 * Yes 97.799 *** ——
Rural 0.064 Yes 64.784 *** ——

WCBS (Multiple Linear Regression) Urban 0.144 *** Yes —— 27.124 ***
Rural 0.166 *** Yes —— 24.230 ***

FCBS (Multiple Linear Regression) Urban 0.003 Yes —— 1.393
Rural 0.014 Yes —— 1.907

Note: ***, * denote significance at the p < 0.001, p < 0.05 levels, respectively.

Table A11. Evaluation results of measurement models.

Construct Items Loadings Cronbach’s
Alpha

Composite
Reliability

Average
Variance
Extracted

Virtual Water Cognition (VWC)

VWC 1 0.947
0.890 0.950 0.900VWC 2 0.954

Food–water synergistic cognition (FWSC)

FWSC 1 0.902
0.600 0.740 0.500FWSC 2 0.510

FWSC 3 0.660
Water-Conservation Behavior (WCB) WCBS 1.000 1.000 1.000 1.000
Food-Conservation Behavior (FCB) FCBS 1.000 1.000 1.000 1.000

Table A12. Discriminant validity (heterotrait–monotrait ratio).

FCB FWSC VWC WCB

FCB
FWSC 0.104
VWC 0.168 0.064
WCB 0.512 0.090 0.152

Table A13. Direct effects in the structural equation model.

Relationship Original
Sample (O)

Sample
Means (M)

Standard
Deviation
(STDEV)

T Statistics
(|O/STDEV|) p Values

H1a: VWC →
FCB 0.158 0.158 0.013 12.441 0.000

H1b: VWC →
WCB 0.064 0.064 0.011 5.910 0.000

H2: VWC →
FWSC 0.006 0.006 0.018 0.308 0.758

H3a: FWSC →
FCB 0.099 0.100 0.014 7.160 0.000

H3b: FWSC →
WCB 0.035 0.036 0.013 2.803 0.005

H4: FCB → WCB 0.498 0.498 0.013 38.225 0.000
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Appendix B

Figure A1. Distribution of responses to the survey question “Is conserving food another way of
conserving water?”.

Figure A2. Distribution of responses to the survey question “Is there a relationship between conserv-
ing food and conserving water?”.

Figure A3. Association between frequency-based and score-based measures of food-conservation
and water-conservation behaviors.
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Figure A4. Knowledge acquisition channels on food conservation and water conservation. Panel
(a) depicts the distribution of knowledge acquisition channels for food conservation, categorized by
inner and outer categories. Panel (b) depicts the distribution of knowledge acquisition channels for
water conservation, following the same inner and outer category framework as Panel (a).
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