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Watersheds have experienced economic and demographic development for
decades. In China, this development has been associated with environmental
degradation, including water quality deterioration, abnormal stream flow, and
biotic resource depletion. Effective watershed management incorporates
sustainability and public involvement, enabling the long-term security of the
human and natural world. Management strategies however need to take into
account local conditions, as every watershed is unique. This paper adopts the
analytic hierarchy process (AHP) combined with the random forest model to
investigate the shift in participants’ environmental awareness across different
socioeconomic groups over the past 15 years. Additionally, it scrutinizes the
changing public perceptions on the management priorities and areas requiring
enhancement. The AHP index highlighted the importance of environmental
behavioral intentions (EBI) as a component of environmental awareness (EA).
Between 2006 and 2021, significant changes occurred in public environmental
awareness (perception, knowledge, behavioral intention) and perceived
management priorities, stressing the need for timely adjustment of
management policies. Notably, environmental concern (EC) appears to have
decreased over time, reflecting effective management and increased
governmental attention. Emphasis on the recreational ecosystem services
offered by watershed forests has increased. Males, individuals aged over 40-
years-old, and individuals located in the upper reaches possessed higher risk
perceptions than other groups. These findings may help policymakers to adjust
management priorities based on geographic region and may assist them in
promoting more effective measures to communicate watershed sustainable
management goals and strategies to the public.
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Introduction

Watersheds have been extensively recognized as the most
appropriate geographic unit for sustainable resource management
(Alemu, 2016). The dynamic interconnectedness between natural
and human communities necessitates a holistic management
approach encompassing environmental, social, and economic
dimensions. Integrated watershed management (IWM) is posited
as such an approach (Andrachuk and Armitage, 2015; Wang G.
et al., 2016). Over the past two decades, a blend of overexploitation,
infrastructure expansion, and extreme weather events have
precipitated a series of ecological problems in China, including
riparian forest loss, mass movements, soil erosion, sedimentation,
water pollution, and flooding (Wang G. et al., 2016).

The Min River basin (MRB), a densely populated area, has been
grappling with water quality issues and recurrent flooding for several
decades (Wang et al., 2021), largely attributed to rapid
developmental activities reflecting anthropogenic influences. This
situation accentuates the urgent need to reevaluate the interplay
between economic development and ecological sustainability in the
watershed. The local public, being the direct experiencers and
significant stakeholders of environmental deterioration (e.g., algae
blooming, odors from water pollution), have critical insights and
demands regarding the balance between the socio-economic and
ecological environments. Their feedback is crucial for steering the
watershed towards a more sustainable future. For a sustainable IWM
to be actualized, it is critical to foster public participation and
nurture environmental awareness (Heathcote, 2009). A
comprehensive understanding of public environmental awareness,
perceptions and needs is a prerequisite for the formulation and
implementation of effective and sustainable management strategies
(McDuff et al., 2008). In a proactive response, China launched the
Environmental Awareness Program in June 2006 (CEAP, 2007),
after recognizing the significance of environmental awareness in
ecological protection. The Program provided a means of promoting
personal pro-environmental behavior and sustainable management
policies (Tam and Chan, 2018).

Environmental awareness (EA) is defined as the consciousness
and understanding of the importance of the natural environment,
existing problems, and ecologically hazardous activities (Ramsey
et al., 1992; Zsóka, 2008). Masud et al. (2013) argued that individuals
are more inclined to fulfill environmental responsibilities if they
understand the detrimental effects of taking no action. Many studies
have identified that the important components of EA include
perceptions, concerns, attitudes, knowledge, and intentions
(Umuhire and Fang, 2016; Du et al., 2018; Fu et al., 2020). EA is
a multi-dimensional concept that consists of affective (e.g., concerns,
perceptions), cognitive (e.g., knowledge), and conative components
(e.g., behavioral intentions) (Zsóka, 2008; Fu et al., 2020). In this
context, EA is delineated as a composite of environmental
perceptions, environmental concerns, and environmental
behavioral intentions.

Environmental perception (EP) is an individual’s intentional
response to external stimuli for survival or satisfaction in a specific
cultural and environmental context (Wraith and Tuan, 1975). It
describes the interaction between an individual and the natural
environment and is based on a variety of senses (Flood et al., 2021).
For instance, the public perception of a watershed environment

directly informs policymakers and managers of local perspectives,
environmental values, and responses to both the watershed
environment and the strategies utilized for its management.
Previous research on environmental perception has centered on
critical stakeholders’ perception on watershed degradation across
varying topographic settings and the underlying influencing factors
(Du et al., 2019; Mengistu and Assefa, 2021; Bergtold et al., 2022), in
addition to risk perception and awareness levels concerning
environmental issues like invasive plants and water pollution (Du
et al., 2018; Nguyen et al., 2020).

Environmental concern (EC) refers to an attitude or assessment
regarding factual information, personal actions, or the actions of
others with ramifications for the environment (Fransson and
Gärling, 1999; Poortinga et al., 2004). It may manifest as a
particular attitude driving intentions, or more broadly, as a
general attitude, set of values, or an expression of self-interest
(Fransson and Gärling, 1999). Dunlap (2020) conceptualized
environmental concern as the extent of people’s awareness about
environmental issues, their support towards initiatives aimed at
addressing these issues, and their readiness to participate in
providing solutions to these challenges. A robust correlation
exists between levels of concern, environmental attitude, and
behaviors (Minton and Rose, 1997; Milfont and Shultz, 2018; Wu
et al., 2019). Public concern regarding specific environmental issues
may fluctuate, contingent on the level of governmental attention and
the efficacy of corresponding management strategies (Scott and
Willits, 1994). Past studies have identified the association
between EC and demographic variables like age, gender,
socioeconomic status, residence locations, and political ideology
(Liu et al., 2014; Liu and Mu, 2016; Du et al., 2019; Gray et al., 2019;
Lafuente et al., 2021).

Fu et al. (2020) explicated environmental behavioral intention
(EBI) as the willingness to engage in pro-environmental activities or
behaviors. This attitude towards environmental issues mirrors a
relatively stable position (cultural stance) that individuals take in
response to the world (Wraith and Tuan, 1975; Milfont and Schultz,
2018). Pomery et al. (2009) further divided behavioral intention into
specific behavioral goal states, behavioral expectations, and
behavioral willingness. Classic examples of behavioral intention
include willingness to pay, willingness to act, and plans to engage
in an activity (Rekola and Mika, 2001; Pomery et al., 2009). In the
present study, EBI is perceived as a tendency to act or contribute
toward environment-related activities.

Analyzing the relevant literature, most studies focus on i) the
relationship among environmental awareness, knowledge,
perceptions, concerns, and behavioral intentions, and ii) the
measurement of environmental-related indices at static temporal
points and/or single factors (Rolston et al., 2017; Fu et al., 2020;
Gkargkavouzi et al., 2020; Jain et al., 2020; Liu et al., 2020; Saari et al.,
2021; Yoon et al., 2021). While many address environmental
knowledge, fewer explore environmental concerns and
perceptions—a gap this paper seeks to fill. Consistent with prior
findings emphasizing the conversion of perceptions into pro-
environmental actions, our analytic hierarchy process (AHP)
results spotlight environmental behavioral intention as the key
component of individual environmental awareness. Some studies
have also employed the AHP to study certain aspects of water
conservation (Majidipour et al., 2021; Abdrabo et al., 2023; Khatete
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et al., 2023). However, this study is unique in that it appreciates
dynamic public psycho-social perspectives and provides
comprehensive prioritization suggestions when combined with
questionnaire analysis.

Studies commonly involve stakeholders such as industry
representatives (Li et al., 2019; Guerra and Leite, 2021), farmers
(Rezadoost and Allahyari, 2014; Mengistu and Assefa, 2021), and
urban and rural citizens (Yang et al., 2019). For instance, by
analyzing survey responses, Rolston et al. (2017) determined
farmers’ perceptions of environmental improvement efforts and
IWM effectiveness in Ireland and the UK at a specific time point,
thereby highlighting the importance of local engagement and
bottom-up initiatives. Similarly, Mengistu and Assefa (2021)
investigated how socioeconomic and topographic factors
influence Ethiopian farmers’ views on water degradation. These
studies target one specific group of stakeholders, predominantly
concentrating on spatial analysis and lacking temporal dynamics. In
contrast, this study spans the entire watershed, investigating changes
in the public’s environmental indices and expands its scope beyond
singular environmental awareness measures.

Several studies have shown that today’s public considers
watershed management as a responsibility of their government,
leaning towards top-down initiatives (Rolston et al., 2017; Yu et al.,
2021). Chen et al. (2014) found that the willingness of the public in
China to contribute to water-related environmental activities was
relatively low. In the present study, questionnaires were used to
demonstrate a dynamic perspective of the public’s awareness
through temporal and spatial comparison among socioeconomic
factors and ultimately to reveal socioeconomic groups and EA
components with the largest potential to drive participation in
IWM-related activities. The employment of questionnaires is a
proven methodology for discerning stakeholders’ thoughts and
feelings, ensuring that a given management plan covers a
sufficiently broad range of social interests and retains adaptability
to changing social values (Heathcote, 2009; Fu et al., 2020). This
paper performs a dynamic and diachronic examination of
environmental awareness, and its association with individuals’
demographic and socioeconomic attributes. The gap between EA
and environmental behavior has been explored, yet a connection
with management efforts remains elusive (Kollmuss and Agyeman,
2002; Wang Y. et al., 2016; Giri, 2021). Consequently, the
questionnaires incorporate participants’ distinct anticipations
concerning the allocation of management efforts, contingent on
geographic locations along the river. Understanding dynamic
changes in public perspectives can help watershed planners to
adjust management priorities in a timely manner for maximum
effectiveness.

The necessity of IWM is reemphasized in the context of
continuing economic expansion and urbanization. By comparing
social surveys undertaken in 2006 and 2021, changes in watershed-
environment-related perceptions and attitudes toward management
efforts among relevant stakeholders were observed after 15 years of
IWM implementation. Along with identifying the interactions
between EA and management strategies, this study summarized
public perceptions of management priorities and areas in-need-of-
improvement for the lower and upper reaches of the Min River. The
study also examined how public EA changes from its three
components (perceptions, concern, and behavioral intentions)

across different socioeconomic groups and between different
spatial locations over time.

Study area

The Min River (25°23’- 28°19′N, 116°23’- 119°43′E) is located in
Fujian Province, China, originating in the Wuyi Mountains.
Spanning a length of 580 km, it has a mean discharge of
62.9 billion cubic meters. The catchment covers 60,992 square
kilometers, covering more than half of the total area of Fujian
Province. The Min River Basin (MRB) comprises 37 counties
within three administrative cities: Nanping, Sanming, and
Fuzhou. According to the Fujian Provincial Bureau of Statistics,
approximately 12.55 million residents dwell within the basin (2020),
accounting for 31.6% of Fujian Province’s total population. The
focus of this study lies predominantly on the upper and lower
reaches of the Min River, where the majority of the population
concentrates. The upper reach is mountainous, with steep slopes and
swift water flows. The lower reach is characterized by flood plains
with more areas being populated.

Socioeconomic context and secondary data
analysis

Over the past 15 years, the MRB has experienced rapid
urbanization and economic expansion. The overall gross
domestic product (GDP) of the MRB rose from 32.5 billion to
1.35 trillion US dollars between 2006 and 2020, as per the Fujian
Provincial Bureau of Statistics. All three reaches have seen increases
in GDP over the past 13 years (lower reach 14.8%, middle reach
13.1%, upper reach 14.1%) (Figure 1). The GDP of the lower reach
consistently remained the highest among the three reaches. The
main GDP sources of the MRB have shifted from primary industries
(e.g., agriculture) to secondary industries (e.g., manufacturing) and
then to tertiary industries (e.g., services). The main production
activities were agriculture and forestry in the upper reach, and
business, manufacturing, transportation, and trade in the lower
reach. The population increment was relatively modest, less than
a million. However, a clear rural-to-urban migration trend is
observed as the rural population dropped from 592 to
411 million, and the urban population expanded from 629 to
844 million (Figure 1) within the MRB.

Despite land-cover changes and agricultural expansion, there
has not been a corresponding rise in grain crop production, and the
potential for reduced land productivity and/or environmental
degradation is apparent. The increase in sown area (+10.7%)
from 2007 to 2016 alongside a decrease in grain crop production
(−15.3%) (Figure 2), reflects the pressing need for sustainable
development within the MRB (Figure 2).

The acceleration in construction and industry (Figure 2) has
enhanced urbanization and improved infrastructure, thereby
bringing potential employment opportunities and boosting the
local economy. However, increased urbanization and rural-to-
urban migration permanently transform the natural environment
(Van Berkel et al., 2019). Many negative externalities, including
environmental problems (e.g., soil erosion, waterlogging, heatwaves)
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FIGURE 1
Trends in gross domestic product (GDP) (billion CNY), primary production, secondary production, tertiary production (billion CNY), and population
(millions) in the MRB from 2006 to 2019 (Fujian Provincial Bureau of Statistics, 2007–2020).

FIGURE 2
Trends in grain and crop production (tonnes), sown area (thousand hectares), industry, and construction (billion CNY) in the MRB from 2006 to 2019
(Fujian Provincial Bureau of Statistics, 2007–2020).
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and socioeconomic polarization, emerged due to accelerated
urbanization.

Methods

Questionnaire design and data collection

Two surveys addressing similar questions were distributed,
one in 2006 and the other in 2021. Both questionnaires were
designed to investigate the public’s awareness, concerns, and
understanding of local environmental conditions and sustainable
watershed management in the MRB. A similar structure (Table 1)
was maintained for both questionnaires. The majority of the
questions from the 2006 version (Wang et al., 2013) were
retained, although they were transformed into a different style
of question in the 2021 version of the survey. Modifications
included combining and grouping related questions and
changing Likert scale questions into 5-point scales, which are
more reliable than 2- or 3-point versions (Lozano et al., 2008).
Questions in the personal information section were also amended
to accomodate the socioeconomic and demographic changes in
the MRB area as per the Fujian Provincial Statistical Yearbook
(Fujian Provincial Bureau of Statistics, 2009). Several new
questions were added to the 2021 version after reflecting on
the current issues of concern. Prior to distribution, both surveys
underwent a pretest with approximately 30 local stakeholders
from Fujian Agriculture and Forestry University to resolve any
issues (e.g., ambiguous wording, errors, or insufficient question
information).

In both years, two-stage sampling was adopted to apply both
cluster and random stratified sampling. Taking into consideration
the population distribution and density, geographic location, and
socioeconomic conditions of the MRB (Fujian Provincial Bureau of
Statistics, 2009), several representative sectors were selected in the
study area. In 2006, questionnaires were sent out by mail and
followed up in person by trained students, whereas in 2021,
respondents were encouraged to complete the questionnaire

online. In both years, random street interviews in high-use public
facilities (e.g., the National Park, a shopping mall) were also
conducted. The response rate was over 75% for both years. After
eliminating responses with lower than usual completion time and
with missing information, 829 valid questionnaires from 2006 were
selected, whereas in 2021, 933 valid questionnaires were selected.
Among these questionnaires, 829 were then randomly sampled out
of the total data set of 933 for conducting a 2-year comparison data
analysis.

Data analysis

Data were first imported and tabulated using Excel, following
which exploratory data analysis was conducted using SPSS
(Version 27). For subsequent visualization and analysis, R
(Version 4.1.2) and STATA 17 were used. As indicated above,
this study aimed to examine how public environmental
awareness (EA) changed from three perspectives (perception,
concern, and behavioral intention) over time and across different
socioeconomic groups. In the exploratory stage, statistical tests
such as the chi-square test, F-test, and t-test were used to
investigate changes in the MRB area. The F-test revealed
which type of t-test was suitable for this study. In addition to
changes in participants’ understanding and concerns relevant to
the MRB area, changes in their perceptions regarding
government strategies were also explored.

The analytic hierarchy process (AHP) was adopted to
examine the shift in participants’ EA across different
socioeconomic groups over the past 15 years. AHP is a
methodology and process for decision-making in multi-criteria
decision analysis, established by Thomas L. Saaty in the 1970s. It
offers a systematic approach for decision-makers to compare and
assign weights to multiple options. Its versatility has seen
widespread adoption in different environmental domains like
strategic planning, groundwater safety (Majidipour et al., 2021),
urban resilience (Kosova et al., 2022), irrigation system
evaluation (Khatete et al., 2023), environmental awareness and
management analysis (Du et al., 2018), stakeholder preferences
(Vo et al., 2023), and assessing flood vulnerabilities and risks
(Dandapat and Panda, 2017; Abdrabo et al., 2023). Notably, Vo
et al. applied AHP as its primary methodology for determining
weights for stakeholders’ ecosystem service preferences and
prioritizing environmental alternatives for pond ecosystems
(2023).

Here, AHP was employed to prioritize environmental-related
indices to determine the variables affecting EAs. The hierarchy
process comprises three layers: a target layer, a criteria layer, and
an index layer (Figure 3). Per a general guideline, AHP remains valid
if there are fewer than 7 criteria in each comparison matrix (Saaty
and Ozdemir, 2003). Given that the proposed hierarchy in this study
has a maximum three criteria per group, the application of AHP is
justified. During the AHP procedure, questions in the pairwise
comparison were first encoded by the importance of options and
then transformed into Likert format. Multiple literature sources
were referenced to minimize judgmental bias. The scaling guideline
for this paper was adopted from Saaty (2006), as illustrated in
Table 2.

TABLE 1 Structure and components of the questionnaire.

Section Item content

Personal Information Background information on respondents,
relationship with sustainable watershed
management, general views on the MBR

Present state and issues Perceptions and concerns about watershed states,
changes, and issues

Forest management Perspectives on forest values and forest
management activities

Government role Extent of satisfaction with local government’s
management of the MRB

Public awareness, willingness,
and participation

Extent of public willingness to participate in and
financially support watershed conservation and
management

Comments and suggestions Suggestions about sustainable watershed
management of the MBR in the future
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The AHP was utilized to ascertain the environmental indices
that underwent the most substantial changes over the 15-year
period. However, it remains unclear which socioeconomic factors
have the most pronounced impact on these environmental indices.
Although the AHP procedure assigns weights to each factor based
on various studies, biases are inevitably introduced into the indices.
To provide a more nuanced understanding of the importance of
socioeconomic factors, the random forest models were introduced to
determine the most influential socioeconomic factors toward the
three environment-related indices. This modelling approach
bootstraps the original data hundreds of times to construct
decision trees, the cumulative nature of which yields a more
representative result from the sample, potentially mitigating some
of the bias introduced through the AHP. Socioeconomic data
primarily consist of categorical information, making methods
based on decision trees more suitable in this context.

Results

The changes in socioeconomic characteristics across the
respondents are shown in Table 3. In 2006, over 70% of the
respondents were from the upper reach, while less than 29%
were from the lower reach. This was almost completely reversed
in 2021, as more than half of the respondents were from the lower
reach, indicative of the rural-urban populationmigrationmentioned
above. The number of respondents below the age of 29 increased by
around 7.4%, showing that more young people were involved in the
2021 social survey. Education levels among participants also rose,
with a 20% increase in participants holding a Bachelor’s degree,
while the number of individuals holding a college degree or lower
decreased by 15%. The change in lower annual incomes to relatively
higher incomes reinforced this trend. In general, the only
socioeconomic characteristic that did not change significantly was
the gender distribution. For both years, around 40% of the
respondents were female and 60% were male.

In general, the perceptions and awareness of the MRB area
amongst participants remained unchanged over the 15-year span. In
both 2006 and 2021, more than 55% of the participants recognized
that both economic development and environmental protection
were crucial to the MRB’s future advancement. Less than 4% of
the participants prioritized the economy over the environment.

Correspondingly, around 40% of the participants rated the
socioeconomic and environmental status of the MRB as
“intermediate” in both years. Although approximately 10% of the
participants shifted from “problematic” to “considerably well”, the
changes were not significant. Generally, participants appeared to be
optimistic regarding the MRB’s future development: 30% of the
participants changed their opinion from neutral to somewhat
optimistic, indicating a significant (p-value 0.08) improvement
from 2006 to 2021.

In both surveys, water pollution and flooding were considered to
be the most severe issues in the past, the issues that had received the
most improvement, and the primary future concerns. Industrial
waste discharge and domestic wastewater discharge were pinpointed
as the two most common causes of water pollution. Flooding, on the
other hand, was identified as having a variety of causes, including
deforestation, construction of dams and hydroelectric plants, and
river siltation. Awareness of improper riparian forest management
practices showed no significant change. In both years, respondents
reported “seldom” or “sometimes” witnessing improper
management. However, participants received more information
about IWM in 2021 than they did in 2016. Consequently, around
25% elevated their rating of MRB management from “neutral” to
“well,” and 15% escalated from “well” to “extremely well.”

Response to government sectors

The opinions of participants about government-level
management strategies also revealed insightful shifts. In 2006,
over half of the participants believed that the government should
focus on enhancing cross-reach and cross-departmental
cooperation. Contrastingly, these areas were deemed least
important in 2021. Management strategies such as strict
enforcement of MRB-related legislation, strengthened
environmental protection supervision, and integrated
management planning moved from least important in 2006 to
most important in 2021. When comparing the responses of
participants across different reaches in 2021 (Table 4), it was
found that lower-reach participants valued integrated
management and fund-raising more, while upper-reach
participants stressed cooperation within the reaches and the
government departments.

TABLE 2 Pairwise comparison scale of the Analytic Hierarchy Process (AHP).

Comparative importance Definition (compare i and j) Explanation

1 Equal importance Two indicators have equal importance

3 Moderate importance One indicator is moderately important over the other

5 Essential or strong importance One indicator is strongly favored over the other

7 Very strong importance One indicator has significant influence over another

9 Extreme importance There is evidence affirming that element i is favored over
element j

2, 4, 6, 8 Intermediate importance Intermediate values between the two adjacent judgements

Reciprocal If activity i is rated compared to j, then j is reciprocally rated compared
to i

A reasonable assumption
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In evaluating participants’ satisfaction rates towards different
government sectors, clear improvements were observed in
satisfaction with the forest management, agricultural
management, and water source utilization sectors. The
aquaculture management sector, on the other hand, showed a
slight decrease in satisfaction rates over the past 15 years. In
2021, the lower reach reported slightly lower satisfaction than the
upper reach. The differences between reaches were more
pronounced for government management, agricultural
management, aquaculture management, animal husbandry, river
maintenance, environmental conservation, and waste discharge
management.

Analytic hierarchy process (AHP)

Surveys conducted in Beijing and Shandong showed that
environmental attitudes, including willingness to pay, played a
substantial role in influencing environmental awareness
concerning water conservation and air pollution (Wang Y. et al.,
2016; Du et al., 2018). Figure 3 illustrates how questionnaire items
were grouped together to derive the three criteria regardingwatershed

EA. Given that the original questionnaire primarily comprised Likert-
scale questions, the options were transformed rather than directly
performing pairwise comparisons among the indices. This
transformation might have introduced some degree of judgmental
bias or produced different weights, but the important attributes
remained consistent (Kallas, 2011). Pairwise comparisons among
the index layers and the criteria layers were conducted in accordance
with the pairwise comparison scale (Saaty, 2006). Three sets of
comparisons weremade across the environmental perception criteria.

The recognition of the socioeconomic and ecological
importance of the watershed (A1) was compared with risk
perception regarding the state of the watershed (A2), as well as
A2 and the ability to observe environmental changes (A3). An
individual’s risk perception is affected by various factors,
including the confidence level in government sectors (Liu et al.,
2021). A pairwise comparison of A1 and A2 was carried out
accordingly. The study also compared the participants’ concerned
activities that cause environmental degradation (A4) with the level
of attention to ecosystem services (A5). Eventually, in terms of
environmental behavioral intention, willingness to pay (A6),
willingness to participate (A7), and the ability to influence others
(A8) were relatively independent of each other. The interaction

TABLE 3 Demographic and socioeconomic changes of respondents.

Variable Options 2006 2021

Number Percent Number Percent

Reach Lower reach 221 29.23% 368 54.84%

Upper reach 535 70.77% 303 45.16%

Total 756 100.00% 671 100.00%

Gender Female 268 35.53% 262 39.52%

Male 479 64.47% 401 60.48%

Total 743 100.00% 663 100.00%

Age group 0–29 84 11.53% 206 18.96%

30–39 312 42.86% 196 35.42%

40–49 244 33.52% 121 21.65%

50–99 88 12.09% 134 23.97%

Total 728 100.00 559 100.00%

Education level College and below 264 36.46% 103 15.63%

Bachelor’s 300 41.44% 414 62.67%

Master’s and above 160 22.10% 143 21.70%

Total 724 100.00% 659 100.00%

Annual income Range (10,000) Below 3.6 297 40.80% 167 25.34%

3.6–6.0 0 0.00% 97 14.72%

6.0–8.4 358 49.18% 118 17.91%

8.4–10.8 0 0.00% 119 18.05%

Above 10.8 73 10.02% 158 23.98%

Total 728 100.00% 659 100.00%
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between any of the two indicators varied case-by-case. A6 could be
restricted by income level, for example, while A7 could be restricted
by insufficient access to IWM-related activities and a lack of leisure
time (Kamaruddin et al., 2016). The watershed environmental
awareness index was finalized after composing all three criteria.

Environmental perception (C1) and environmental concern
(C2) are often reciprocal and iterative. The two can interact with
each other. A high degree of environmental perception (C1) does
not necessarily correspond to an elevated level of environmental
concern (C2). An individual may possess comprehensive
understanding and acute awareness of the biophysical conditions
without exhibiting substantial concern. Cognitive awareness does
not inherently translate to emotional engagement or concern
regarding environmental issues. The value-belief-norm theory of
environment demonstrates that changes in values modify behavior
(Stern et al., 1999). For instance, Pohjolainen et al. (2016)

highlighted a positive link between an individual’s awareness,
both cognitive and emotional, of the environmental cost of meat,
and their readiness to lessen meat consumption. Perception change
is the premise of intention-behavioral change. Hence, a higher
importance was assigned to perception over behavioral intention
(C3). Lastly, concern (C2) and behavioral intention (C3) have a
weak positive correlation as concern may be the basis for intention
and further actions (Fujii, 2006; Ng et al., 2020), and in this case, the
level of environmental concern was perceived as moderately more
important than environmental behavioral intention (−2 to −4).
Tables 5–8 show the importance matrices for the three criteria,
all exhibiting a mean consistency rate of less than 1%.

In examining the three environmental criteria and the watershed
environmental awareness index for each year, it was found that all
indices except for environmental concern increased over the 15-year
study period (Table 9). This denotes a decrease in the aggregated

TABLE 4 Management strategy focus between reaches in 2021.

Variable Lower reach Upper reach F-test p-value T-test p-value

Mean SD Mean SD

Integrated management planning 2.91 2.06 3.42 2.11 0.71 0.00***

Fundraising 4.09 1.99 4.58 2.03 0.75 0.00***

Improve public awareness 4.24 2.07 4.19 2.11 0.75 0.70

Strengthen environmental protection supervision 3.30 1.59 3.40 1.67 0.36 0.44

Strict legislation enforcement 3.38 1.73 3.41 1.86 0.23 0.80

Enhance government cooperation 4.46 1.64 4.10 1.72 0.42 0.01***

Enhance cross-reach cooperation 5.29 1.83 4.84 1.95 0.29 0.00***

***Significance level of 0.05.

FIGURE 3
Watershed Index System; Blue indicates 2006 weights, red indicates 2021 weights.
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index of the concerned range of activities causing environmental
degradation and the level of attention given to selected ecosystem
services. However, this reduction was primarily due to A4. There
was a shift in emphasis towards preferred ecosystem services, yet a
significant increase in all six ecosystem services related to watershed
forests (recreation, income source and employment, habitats for
wild fauna and flora, sustaining global ecological equilibrium,
regulation of water, air, and soil, and preservation of primordial
environment) (p-value = 0.00 for all ES). Among these, the
2021 survey saw an escalating recognition of forests for
biodiversity. As the focus on the supportive and regulatory
services of forests stayed elevated, the cultural advantages

emanating from forests drew more attention in the 2021 survey
compared to 2006.

The reduction in the number of concerning activities could
potentially be attributed to government efforts to regulate harmful
human actions, thereby improving environmental conditions.
Notably, the public concern regarding waste dumping in 2021 was
significantly lower than in 2006 (p-value = 0.04). Despite a decline in
the frequency of numerous activities—such as clear cutting, misuse of
agricultural land, dam construction, fish farming, water resource
misuse, urban expansion, and mining—no statistically significant
differences were observed in the counts of these activities between
the 2 years. Concurrently, issues such as untreated chemicals, overuse
of fertilizers and pesticides, intensive livestock production, and
exhaust emissions have emerged as new concerns, attracting
increasing public attention. Socioeconomic grouping trends
mirrored the overall changes for the entire sample (Figure 4; Table 9).

Random forest models were employed to investigate which
socioeconomic traits affected the indices most significantly. In
general, income and education appeared to have the greatest
impact. In 2006, education had the most influence on
environmental indices whereas in 2021, income had the most
influence (Table 10). However, since education and gender are
positively correlated, it can be concluded that both were
significant factors in an individual’s EA. The least influential
socioeconomic trait, on the other hand, was gender. Although
gender appeared to be the most important in the environmental
concern index in 2006, this could have occurred by chance.

Discussion

The AHP model highlighted the critical relationship between
environmental behavioral intention and watershed environmental
awareness. In the 2021 samples, the weight of EBI (0.49) ranked the
highest, followed by EP (0.26) and EC (0.24) (Figure 3). This ranking
mirrors the emphasis in other literature on the profound role of
environmental behavioral intention and perception in
environmental awareness and understanding sustainability (Wang
Y. et al., 2016; Du et al., 2018; Fu et al., 2020; Orduño Torres et al.,
2020; Saari et al., 2021; Bhagyanathan and Dhayanithy, 2023).

Impact of experience on environmental
awareness

Environmental Awareness (EA) underwent a substantial
increase over the course of the study, with the most pronounced

TABLE 5 Environmental perception matrix (left 2006, right 2021).

A1 A2 A3

A1 1 0.47/0.49 0.47/0.51

A2 2.20/2.13 1 0.87/0.96

A3 2.23/1.98 1.32/1.11 1

TABLE 6 Environmental concern matrix (left 2006, right 2021).

A4 A5

A4 1 0.64/0.70

A5 1.7 1

TABLE 7 Environmental behavioral intention matrix (left 2006, right 2021).

A6 A7 A8

A6 1 1 1

A7 1 1 1.00/1.01

A8 1 1.00/0.99 1

TABLE 8 Watershed environmental awareness index matrix (left 2006, right
2021).

C1 C2 C3

C1 1 0.47/0.91 0.47/0.50

C2 2.2/1.29 1 0.87/0.50

C3 2.23/2.11 1.32/2.00 1

TABLE 9 Change in environmental criteria and watershed awareness index.

Index Mean 2006 Mean 2021 F-test p-value T-test p-value Trend

Environmental perception 2.63 2.87 0.00*** 0.00*** Increase

Environmental concern 3.89 3.37 0.00*** 0.00*** Decrease

Environmental behavioral intention 3.41 3.72 0.00*** 0.00*** Increase

Watershed environmental awareness 3.26 3.38 0.00*** 0.00*** Increase

***Significance level of 0.05.
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enhancements occurring in EP and EBI, as indicated in Table 9. The
experience of the sample population with natural disasters and
deteriorating environments enabled most to recognize that
conserving ecological communities is as important as economic
development. The public has realized that the causalities and
economic costs related to water pollution and flooding were due
to the increasing frequency and severity of these problems (Wang G.
et al., 2016). The MRB’s residents showed a comprehensive
understanding of flooding, as they could identify a diverse range
of causes of floods. Soetanto et al. (2016) and Hong and Chang

(2020) have also shown that individuals who have experienced
flooding have higher senses of social and environmental
responsibility than those without such experience. Direct
experiences foster empirical understanding, enabling individuals
to comprehend the impacts of environmental degradation, often
leaving a lasting impression on their perceptions. Fox et al. (2020)
employed interactive media to virtually position participants either
close to or far from a polluted river, both temporally and spatially.
Their findings revealed that psychological closeness to the
environment heightened risk perception. Memories, imagination,

FIGURE 4
Environmental perception (upper left), concern (upper left), and behavioral intention (bottom). *** indicate significance levels less than or equal
to 0.05.
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and emotional engagement (e.g., concern, anger, and sadness),
amplify environmental awareness (Flood et al., 2021; Van Der
Linden, 2017). Such experiences often trigger further
information-seeking and inquiry into specific environmental
issues, promoting support for environmental policies.

Income (2021) and education (2006) emerged as the most
influential factors among five selected factors on perception,
concern, and behavioral intention based on the random forest
model. Nguyen et al. (2020) similarly noted that respondents of
the same age with higher annual income levels (>$50,000) tended to
have a higher risk perception of invasive plants. Works by Graça
et al. (2018), Marshall and Duram, (2017), and Umuhire and Fang
(2016), have consistently identified education as a potent catalyst in
amplifying individuals’ environmental sensitivity. Environmental
awareness and knowledge were reported to be at the top of the
agenda for improving environmental responsibility for young
consumers in a case from India (Garg et al., 2021).

Environmental perception analysis

When comparing the impact of individual socioeconomic
groups on the environmental perception of participants, reach
remained consistent from 2006 to 2021. With a p-value of 0.01
(2006) and 0.00 (2021), respondents from the upper reach generally
showed higher perceptions than those from the lower reach. This
finding is consistent with previous research on the Rebu Watershed
in Ethiopia, where respondents residing in the upper topographic
area perceived watershed degradation as more severe than those in
the lower topographic area (Mengistu and Assefa, 2020; Mengistu
and Assefa, 2021). Common degradation indicators like soil
productivity reduction and soil erosion are more frequently
observed in the upper reaches of watersheds where slopes are
generally steeper. Nonetheless, several pieces of literature have
indicated that the lower reach is more susceptible to water
pollution, flooding, and sedimentation, as delineated by the River
Continuum Concept (Vannote et al., 1980; Doretto et al., 2020;
Roebuck et al., 2020; Krapesch et al., 2023).

Contrary to our findings, a case study from the Shiyang River
Basin revealed that villagers in the lower reach tended to have higher
environmental perceptions and behavioral intention (Yu et al.,

2014). However, the stakeholder group in their study was
predominantly farmers, whose livelihoods are closely intertwined
with river health. Our study, on the other hand, encompassed
stakeholders from a diverse range of occupations. The economy
of the MRB’s upper reach is dominated by agriculture and forestry,
showing a strong dependency on the local ecosystem. Consequently,
this might lead to a heightened perception of environmental issues
among individuals in the upper reach. Despite the dispersed nature
of the highest-risk and lowest-risk regions, the spatial distribution of
landscape ecological risks within the MRB shows a consistent
pattern, with higher levels in the northern regions (mainly upper
reach), and lower levels in the southern regions (mainly lower reach)
(Zhang et al., 2022). Invasive species and degradation in cropland,
grassland, and forest pose high-level ecological risks. These activities
not only raise stakeholders’ awareness of environmental degradation
but also heighten their perception of associated risks. It’s worth
mentioning that there have been limited studies exploring variations
in environmental perception across different river reaches or in
various topographic settings. This study contributes valuable
insights to fill this gap.

Participants aged 40 or older displayed a higher level of
environmental perception than those under 29 years old. This
study’s findings regarding the higher perceived environmental
risks associated with older individuals are consistent with those
of Nguyen et al. (2020). The living context, experience with natural
disasters, and socioeconomic characteristics shape crisis awareness
(Hong et al., 2018; Hong and Chang, 2020; Chisale et al., 2022). It is
the level of concern and risk perception that drive higher awareness
levels (Musacchio et al., 2021). To improve the public’s EP,
policymakers should prioritize enhancing participants’ ability to
observe environmental changes, given its highest weight among the
three indices under EP. Engaging the public in the process and
providing them with the tools and resources they need to make
informed environmental observations is the key to enhancing their
ability to observe environmental changes. Effective measures include
promoting active observations, empowering individuals with the
skills to interpret environmental changes, and improving
accessibility to GIS tools and mobile applications for convenient
environmental monitoring. Such digital applications promote
citizen science initiatives, enriching conservation data and
engaging the public. The involvement of digital technologies in
environmental research enables more precise and thorough data
collection and analysis. For instance, machine learning algorithms
have been the new trend for in-depth interpretation of
environmental patterns and trends. Furthermore, digital
platforms foster channels for real-time communication and
collaboration among researchers, policymakers, and the broader
community, nurturing a more inclusive and well-informed
approach to environmental management.

Environmental concern and behavioral
intention analysis

The results showed that individual socioeconomic groups did
not have much effect on the concern index in 2021, whereas in 2006,
both reach and gender markedly affected the concern index. Male
respondents exhibited higher environmental concern than female

TABLE 10 Most influential socioeconomic traits toward environmental indices
(upper 2006, lower 2021).

Index Most
influential

Least
influential

Environmental perception Education Gender

Income

Environmental concern Gender Reach

Income

Environmental behavioral
intention

Education Gender

Income

Watershed environmental
awareness

Education Gender
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respondents (p-value 0.02). However, environmental behavioral
intention was higher in females than in males in 2006, aligning
with several previous studies that explained females’ potential to
exhibit pro-environmental attitudes and behaviors (Liobikiene and
Junkny, 2016; Hao et al., 2019; Flórez et al., 2022). Despite this,
demographic and socioeconomic features had no significant impact
on perception and behavioral intention in 2021. A similar trend was
found in recent research where the effects of demographic factors on
environmental awareness gradually fade over time due to the
universality of ecological degradation and social processes
(Marshall and Duram, 2017; Du et al., 2018). However,
environmental perception and behavioral intention have been
reported to be negatively impacted by gender differences in
exposure to environmental planning and engagement activities in
Kenya and Malawi (Munthali et al., 2019; Chisale et al., 2022;
Ombogoh et al., 2022).

Notably, environmental concern showed a reverse trend
compared to the other two components of EA (Table 9). This
means that participants identify a narrower range of activities
that they consider should be targeted to effectively combat
environmental degradation. This decline in EC might align with
the heightened government focus on specific issues, which, as
explored by Scott and Willits (1994), might lead to reduced
public concern. Dunlap (2020) posited that the government’s
assumed effective resolution of these may cause both the media
and the public to divert their attention to more critical issues. A
variety of social-personal factors (e.g., childhood experience,
education, political views, world views) could affect pro-
environmental concern (e.g., urban-rural dichotomy, norms,
social class, proximity to concerned sites) (Gifford and Nilsson,
2014). For instance, in the Chinese eastern coastal region, urban
residents with high incomes exhibit the greatest concern for the
environment (Liu and Mu, 2016). Hence, it is comprehensible to see
variations in EC given the intricate assortment of factors
influencing it.

Over the past 2 decades, theMRB has seen considerable research
and management efforts targeting major concerns like flooding and
water pollution from both biophysical and political aspects (Jiang
et al., 2011; Wang et al., 2013; Rao et al., 2019; Li et al., 2021; Zhang
et al., 2022). Integrated watershed management has been the
primary strategy adopted. Observable improvements have been
made in the water quality, evident in enhanced water clarity and
a reduction in the incidence of invasive water hyacinth. The
diminished EC may be attributable to growing public trust in the
government’s environmental management, facilitated by direct
observation of enhanced biophysical conditions and/or the
availability of resources such as management plans and
governmental reports. The 2021 survey reflected diminished
concerns over waste dumping compared to 2006. This may be
due to the positive effects of the “River Chief System” policy on
watershed pollution mitigation (Li et al., 2021), as well as the
increasing national attention to waste management and recycling.
River chiefs, akin tomayors and county heads, bear the duty for their
assigned watercourses’ stewardship, encompassing aspects such as
resource safeguarding, ecological restoration, shoreline
conservation, water pollution monitoring and control, and
regulatory supervision (CNEMC, 2023).

Climate, a pivotal facet of a river system, leads to increasing
attentiveness to climate change. Using the SWAT tool, Rashid et al.
(2021) found that the relative contribution of climate change to
decrease in theMin River’s water yield was 95%, while also markedly
influencing increases in evapotranspiration, surface runoff, and
sediment yield. This underscores the necessity of adaptive,
publicly supported strategies for water resource management in a
climate-altering milieu. The survey conducted by Wolters and Steel
(2021) also echoed these climate-related concerns, as participants
identified exhaust emissions as a newly recognized concern for air
quality and carbon emissions. Hence, adopting resilient water
management plans and climate mitigation strategies is crucial to
address climate challenges and ensure sustainability.

Policy implications

It is important to adjust plans according to stakeholder-
perceived management priorities as public demands are
constantly changing over time, as shown in Table 4. Individuals
from different geographical locations had different preferences
(Table 4). This is consistent with the findings of Hong et al.
(2018) who noted citizens’ varying preferences regarding stream
restoration due to different regional context and sociodemographic
features. Respondents in the upper reach valued cooperation within
reaches and government sectors (Table 4). The upper reach had
lower economic and technological strength compared to the lower
reach, so it is not surprising that respondents there were looking for
coordination and resource mobilization to support sustainable
development. Integrated plan development, legislation, and
supervision received increasing attention from the public over the
study period. Drawing attention to the lack of connectivity between
plans and their implementation is vital to fulfill legislators’ original
aims (Escobedo Garcia and Ulibarri, 2022). Fu et al. (2020)
emphasized that perceived management effectiveness was key to
bridging the awareness-behavior gap. Higher satisfaction with policy
implementation encouraged environmental behavior and stronger
involvement in environment-related activities. The authors re-
emphasize the need to customize management priorities based on
the local needs to increase civic satisfaction with watershed
management. Specifically, the local government should improve
the aquaculture management sector across all reaches and focus on
primary industry management, river conservation, and waste
discharge management for the lower reach. Enhanced
information-sharing would further enable MRB residents to
evaluate IWM progress and effectiveness. Researchers have also
noted the importance of targeted publicity for IWM in improving
awareness and public engagement (Rolston et al., 2017).

Conclusion

This paper offers a comprehensive understanding of
environmental awareness, including its various components and
the influence of socioeconomic factors, through a distinctive
approach that combines the Analytic Hierarchy Process (AHP)
with the random forest model. This research is based on surveys
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conducted with a relatively large sample size spanning two distinct
time periods.

The AHP index system suggested that environmental
behavioral intention was the most important component of
environmental awareness, with a weight of 0.49–0.5.
Environmental concern (0.26, 0.23) and perception were of
relatively equal importance to EA (0.24, 0.26). Socioeconomic
factors exerted limited influence on EC and EBI in 2021, while
reach, gender, and age appeared to significantly influence
individual EP. Higher risk perception was observed among
older respondents, male respondents, and respondents located
in the upper reach. The Min River Basin has seen a rising trend in
environmental awareness, encompassing both environmental
perception and behavioral intention, over the last 15 years.
This paper advises bolstering the current integrated watershed
management strategy and persistently tracking the effectiveness
of policies as well as potentially concerning activities, irrespective
of the declining apprehensions noted among survey participants.
Moreover, it is crucial to address emerging issues related to
carbon emissions, chemical disposal, and fertilizer use promptly.

This paper underscores its policy implications by demonstrating
significant shifts in EA, EP, EC, EBI, public perception of watershed-
related issues, and the effectiveness and priorities of management
from 2006 to 2021. These findings emphasize the importance of
periodically adjusting management. To realize a sustainable bottom-
up initiative, policymakers should meticulously consider the
dynamic demands of stakeholders and periodically adjust their
managerial priorities. As pro-environmental behavior is positively
associated with environmental responsibilities and recognition of
watershed importance (Minelgaitė and Liobikienė, 2021), it is
suggested to enhance the three components of EA
simultaneously. Watershed managers should tailor their
managerial focus and priorities based on regional needs to
improve effectiveness and stakeholders’ trust, with the smallest
appropriate unit being communities.

This study has several limitations that could be addressed in
future research. Firstly, the data derived from questionnaires were
self-reported, relying on the respondents’ honesty and
understanding of the questions, which may introduce certain
biases. Secondly, the study focused on a cohort in China, which
might limit the generalizability of the results to other regions with
markedly different socioeconomic settings, biophysical conditions,
and cultural contexts. Thirdly, this study primarily examined
selected socioeconomic and demographic factors, potentially
overlooking other influential factors such as occupation and
cultural beliefs. It is advisable for future research to expand on
these variables, especially exploring the relationships between an
individual’s occupation, geographic location, and Environmental
Attitudes (EAs). Lastly, to better capture the complexity of
stakeholders’ environmental awareness and other EAs, the
integration of machine learning models within the Analytic
Hierarchy Process (AHP) may enhance accuracy. Given the
pronounced impact of environmental behavioral intention, it is
recommended that future studies further investigate the
determinants of stakeholders’ participation and the gap between
intention and actual pro-environmental behavior.
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