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Grassland degradation poses severe ecological and socio-economic risks in
China’s pastoral regions. The effectiveness of top-down policies is often con-
strained by high enforcement costs, low compliance, and a lack of intrinsic
motivation among stakeholders. To address this research gap, this study intro-
duces a novel behavioral perspective by examining environmental literacy as a
complementary, bottom-up mechanism for sustainable grassland management.
Using unique micro-level survey data from 273 herder households in Gansu and
Qinghai provinces, we construct a composite index for environmental literacy.
Empirically, we employ instrumental variable (IV) regression to establish cau-
sality and mediation analysis to unpack the underlying pathways. The empiri-
cal results demonstrate that higher environmental literacy significantly reduces
grazing intensity and the likelihood of overgrazing. These effects operate pri-
marily through these two mediating channels: enhancing ecological cognition
and improving environmental information-processing capacity. Furthermore,
we identify a disconnect between attitude and action, where pro-environmental
attitudes alone rarely translate into sustainable practices without the requisite
knowledge and skills. This study provides one of the empirical assessments of
the role of environmental literacy in pastoral systems, highlighting its potential to
complement formal institutions and foster more adaptive, self-regulated grazing
behaviors. The findings offer important insights for designing integrated policies
that promote ecological sustainability and livelihood resilience in China’s pastoral
regions.

KEYWORDS
cognitive engagement, environmental literacy, grassland management, grazing
behavior, herder

1 Introduction

Grassland degradation presents a severe and escalating ecological crisis across China’s pas-
toral regions, threatening both environmental stability and local livelihoods. Driven by climate
change and intensive anthropogenic pressures, over 50% of grasslands in arid and semi-arid
zones have undergone significant degradation (Julia Ihli et al., 2022; Lii et al., 2025), manifest-
ing in biodiversity loss, widespread soil erosion, and advancing desertification (Feng et al.,
2021; Su et al., 2021). This deterioration not only undermines the ecological services, including
carbon sequestration and climate regulation (Bardgett et al., 2021; Huang et al., 2024), but also
jeopardizes the socioeconomic sustainability of pastoral communities dependent on these
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ecosystems.

Despite sustained policy efforts, governance outcomes have
remained inconsistent and often unsatisfactory. Since the 1990s,
top-down programs like the Grain to Green Program (GGP) and
the Grassland Ecological Compensation Policy (GECP) have relied
chiefly on administrative mandates and economic incentives—
such as grazing bans and subsidies—to alleviate pasture pressure
(Lu et al, 2018; Qiu et al., 2022). While localized ecological
improvements have been documented (Allington et al., 2017;
Wang et al., 2018; Liu et al., 2023; Dong et al., 2024), these inter-
ventions have frequently failed to induce lasting behavioral change
among herders. In some cases, grazing intensity has even increased
following policy implementation, reflecting a disconnect between
regulatory design and on-the-ground practices (Hu et al., 2019;
Ding et al., 2022; Runa et al., 2025). Scholars attribute these limita-
tions to a persistent institutional gap: an overreliance on central-
ized control that neglects the agency, knowledge, and intrinsic
motivations of local stakeholders (Qiu et al., 2020; Ran, 2013; Zhou
et al,, 2022). As a result, policy fatigue has emerged, characterized
by diminishing returns from repeated, externally imposed
interventions.

This governance impasse raises a pivotal question: Can sustain-
ability be more effectively advanced through micro-level cognitive
engagement rather than solely through top-down enforcement?
Shifting the focus to herders’ internal drivers, this study introduces
environmental literacy as a critical cognitive governance mechanism
capable of complementing formal institutions. Environmental literacy,
understood as a multidimensional construct encompassing ecological
knowledge, pro-environmental values, and behavioral competencies,
provides individuals with the cognitive foundation to understand,
value, and respond to environmental challenges (Blasch et al., 2017).
Originating from the concept of basic literacy, the term has been
extended to various domains such as energy, health, and climate,
denoting the knowledge and skills necessary for informed decision-
making in specific fields (Howell, 2018; He et al., 2022; Hu et al,,
2025). In environmental contexts, it has been shown to significantly
promote pro-environmental behaviors across diverse settings, includ-
ing energy conservation (Schleich et al., 2024), sustainable consump-
tion (Tan et al., 2017), and eco-friendly farming practices (Lin et al.,
2025; Yu et al., 2022). By fostering intrinsic motivation and enhancing
self-regulated decision-making, environmental literacy may enable
herders to adopt and sustain adaptive grazing practices even in set-
tings where external policy enforcement is weak or inconsistent.

However, research on environmental literacy remains notably
scarce within pastoral systems. Existing studies have predominantly
focused on crop-based agricultural contexts, while the unique socio-
ecological dynamics of grazing systems. In these systems, herders
often operate with significant autonomy within flexible policy frame-
works, a dimension that has been overlooked. Conversely, research on
grassland management has heavily emphasized external determinants
of grazing behavior, such as policy instruments (Su et al., 2022),
market access (Cao et al., 2025), social capital (Shi et al., 2026), and
climate stressors (Feng et al., 2023), with limited attention to herders’
own cognitive and psychological processes. This dual gap underscores
the need to examine whether and how environmental literacy operates
as an endogenous catalyst for sustainable grazing in China’s pastoral
regions. Accordingly, this study seeks to explore the role of environ-
mental literacy in bridging the cognitive and behavioral divide
between top-down policy design and on-the-ground pastoral practice,
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thereby offering a pathway from policy fatigue to sustained, self-moti-
vated stewardship.

Based on micro-level survey data from 273 pastoral households
in Gansu and Qinghai provinces, this study constructs a multidi-
mensional index of environmental literacy encompassing ecological
knowledge, environmental values, and related behavioral capacities.
Using instrumental variable estimation and mediation analysis, we
empirically examine the effects of environmental literacy on grazing
intensity and overgrazing, and explicitly investigate the cognitive
and informational mechanisms through which these effects operate.
We further explore heterogeneity in these relationships across
households with different resource endowments. This study makes
four main contributions. First, it introduces a cognition-oriented
perspective to the study of grassland governance by considering
environmental literacy as a potential micro-level factor influencing
grazing decisions alongside formal institutions. Second, it develops
a systematic and operational measurement framework for environ-
mental literacy, offering a practical tool for quantitative analysis in
pastoral and other resource-dependent settings. Third, it conceptu-
alizes and empirically examines two possible channels—ecological
cognition and information processing—through which environ-
mental literacy may relate to grazing behavior. Fourth, it identifies
substantial heterogeneity in the effects of environmental literacy
across herders with differing resource endowments, providing
empirical evidence to support the design of more targeted and
inclusive grassland management policies. This study offers both
theoretical insights and practical implications for promoting sus-
tainable development in pastoral areas through micro-level behav-
ioral mechanisms.

The subsequent sections are arranged as follows. Section 2 intro-
duces the study’s theoretical foundation. Section 3 elaborates on the
research design, including data sources, measurement construction,
and descriptive statistics. Section 4 reports the empirical results.
Section 5 summarizes the main conclusions and explores related
policy im-plications.

2 Theoretical framework

2.1 Conceptual definition of environmental
literacy

Drawing on existing research, this study conceptualizes environ-
mental literacy as a multidimensional capability that supports indi-
viduals in understanding environmental systems and making
informed decisions in contexts involving ecological trade-offs. In pas-
toral settings, herders’ environmental literacy refers to their capacity
to interpret ecological information, evaluate resource-use choices, and
consider potential environmental consequences when managing
grassland resources.

Literacy involves a systemic understanding of an issue, and
scholars have proposed various frameworks for categorizing indi-
vidual literacy dimensions. We adopt the classification system of
Maurer and Bogner (2020), which conceptualizes environmental
literacy as an integration of knowledge, values, and behavior.
Environmental knowledge provides the cognitive basis for recog-
nizing ecological processes and constraints, including concepts
such as biodiversity, carrying capacity, and climate variability. Such
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knowledge can influence how individuals perceive environmental
change and assess the implications of resource-use decisions.
Environmental values refer to an individual’s moral, ethical, and
emotional orientations toward environmental issues. These values
influence how people prioritize environmental goals relative to
other considerations such as income generation or cultural tradi-
tions. Environmental behaviors encompass actions that actively
promote environmental protection that actively promote environ-
mental protection, ranging from daily habits such as waste sorting
and energy conservation to deliberate adaptive strategies such as
livestock reduction during droughts and avoidance of overgrazing.

Importantly, these three dimensions of environmental literacy are
interrelated and operate in a mutually reinforcing manner.
Environmental knowledge serves as a foundation for the formation of
pro-environmental values, which in turn drive the adoption of envi-
ronmentally responsible behaviors. In pastoral regions such as
Qinghai and Gansu, where ecological fragility intersects with strong
livelihood dependence on natural resources, this perspective high-
lights environmental literacy as a potential micro-level factor in graz-
ing governance.

2.2 Theoretical model

Building on the conceptual foundation of environmental literacy
established in Section 2.1, this section develops a formal theoretical
model to explicate its influence on herders’ grazing decisions. The
model posits that herders, as rational economic agents, make grazing
choices aimed at maximizing their utility, which comprises both short-
term economic returns and long-term ecological benefits. Drawing on
the work of Le Coent et al. (2021), we construct a utility maximization
model that explicitly incorporates grazing intensity (G) and environ-
mental literacy (EL). The model assumes that herders derive utility
from two main sources: First, economic returns from livestock produc-
tion, which are positively related to grazing intensity due to increased
output, but subject to diminishing marginal returns. Second, ecological
utility, which reflects the long-term benefits of maintaining grassland
health. This component declines as grazing intensity rises, because
overgrazing degrades the ecosystem, but its weight in the herder’s util-
ity function depends positively on environmental literacy. The utility
of herder reducing grazing intensity is denoted as u, and the utility
maximization function can be expressed as:

u(EL,G)=a(G)+b(EL).h(G)

where a'(G) >0, a"(G) < 0) capture the concave economic return
function; 4’ ( G) <0, h"(G) < 0) describe the ecological health function,
and b'( EL)> 0 indicates that higher environmental literacy increases
the relative importance herders assign to ecological well-being in their
overall utility.

The herder chooses G to maximize ,u(EL,G). The first-order con-
dition is:

&'(G)+b(EL).H'(G)=0

Given h'(G) <0, an increase in EL raises b(EL), which magnifies
the marginal disutility from additional grazing. To satisfy the first-
order condition, a'(G) must increase, which requires a reduction in G.
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Applying comparative statics yields:

oG* _ b'(EL).W(G)

=<0
OFEL a"(G) )

Since b'(EL) >0, h'(G) <0, and a"(G) <0). This unambiguously
implies that an increase in environmental literacy leads to a lower
optimal grazing intensity, in other word, EL is negatively associ-
ated with G.

Substituting the optimal grazing intensity into the utility function
reveals two reinforcing effects of environmental literacy:

" (EL)= u( EL.G" (EL))

The total derivative with respect to EL is:

dﬂ* *
g+ g <0
dEL METHO Gpr
At the optimum, the FOC ensures /g =0, so the expression sim-

plifies to:

du”
deL 1F

Where ug > 0 captures the direct effect of environmental literacy
on utility. This result demonstrates that environmental literacy
increases the weight placed on ecological well-being within the utility
function, thereby enhancing overall utility even in the absence of
changes in production output. Moreover, through its influence on
optimal grazing intensity, higher environmental literacy reduces eco-
system degradation, sustaining elevated ecological utility over the
long term.

2.3 Theoretical analysis

Building on the utility maximization framework, we incorporate
the Theory of Planned Behavior (TPB) to capture the psychological
and social drivers that may not be fully reflected in the economic
model. According to TPB, behavior is guided by three key compo-
nents: attitudes, perceived social norms, and perceived behavioral
control (Ajzen, 2011). Variations in herders’ environmental literacy
levels lead to significant differences in their attitudes toward sustain-
able versus unsustainable grazing behaviors. This integrated approach
enables us to investigate both the direct and indirect pathways through
which environmental literacy influences grazing behavior (Figure 1),
providing a behavioral science lens for interpreting the statistical rela-
tionships revealed in the empirical analysis.

From an indirect perspective, environmental literacy is
expected to operate primarily through two interrelated dimen-
sions: ecological cognition and information processing capacity.
First, environmental literacy may enhance herders’ ecological cog-
nition. This involves not only the accumulation of ecological
knowledge and practical experience but also the gradual formation
and internalization of pro-environmental values (Yu et al., 2022).
With stronger ecological cognition, herders may place greater
importance on the long-term productivity and sustainability of
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local rangelands, which in turn can influence how they evaluate
grazing intensity, seasonal timing, and resource use strategies. In
this sense, environmental literacy contributes to reshaping atti-
tudes toward the relationship between livelihoods and ecological
conditions. Second, environmental literacy may improve herders’
ability to acquire, interpret, and utilize environmental and policy-
related information. Herders with higher literacy are more likely
to understand forage growth cycles, climate variability, and early
signals of pasture degradation, and to connect these factors with
production outcomes. They may also be more capable of interpret-
ing policy guidelines, technical recommendations, and institu-
tional incentives related to grassland management (Yang et al.,
2021). Through this enhanced information-processing capacity,
environmental literacy can influence how herders assess risks,
anticipate environmental change, and adjust grazing arrangements.
These cognitive and informational processes are mutually reinforc-
ing: stronger ecological awareness can motivate further informa-
tion acquisition, while accumulated information may deepen
ecological understanding.

From a direct perspective, environmental literacy may strengthen
herders” decision-making capacity and facilitate the integration of
ecological considerations into everyday production practices (Li et
al.,, 2022). More environmentally literate herders may be better posi-
tioned to evaluate trade-offs between short-term economic returns
and long-term ecological sustainability, and to explore adaptive man-
agement strategies such as adjusting stocking rates, adopting
improved forage varieties, or modifying feeding structures during
ecologically sensitive periods. Environmental literacy may also influ-
ence how herders interpret and respond to policy instruments. A
clearer understanding of ecological principles and regulatory objec-
tives can enhance policy comprehension and perceived legitimacy,
thereby affecting the likelihood of voluntary compliance and partici-
pation in grassland conservation initiatives.

These mechanisms suggest that environmental literacy may
influence grazing governance along multiple dimensions: by
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shaping attitudes toward ecological protection, strengthening the
capacity to process environmental and policy information, and
enhancing decision-making under ecological constraints. This
framework highlights a set of theoretically grounded pathways
through which environmental literacy can be translated into
behavioral adjustments in grazing practices. The subsequent
empirical analysis is designed to examine whether and to what
extent these pathways are supported by the data. Building upon the
conceptual framework and theoretical discussion above, this study
proposes the following two testable hypotheses:

HI: Herders with higher levels of environmental literacy exhibit
significantly lower grazing intensity and a reduced likelihood of

overgrazing.

H2: Environmental literacy influences grazing behavior through

two primary mechanisms: increased ecological cognition and

improved attentiveness to ecological information.

3 Data collection

3.1 Data

Gansu and Qinghai provinces are situated in the arid and
semi-arid ecological zone of northwest China, where grassland
covers approximately 13.5% of the country’s usable grassland area
and supports 12% of the national livestock population, highlight-
ing their critical ecological role. In recent years, under the com-
bined pressures of climate change and intensified human activities,
over 45% of the grassland in these two provinces has experienced
degradation, characterized by vegetation decline, the spread of
toxic weeds, and soil desertification, posing a threat to ecological
security at both regional and broader scales. Qinghai and Gansu
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were selected as study areas due to their typicality and represen-
tativeness: both are located in the transition zone between the
Tibetan Plateau and the northern grasslands, encompassing major
grassland types such as alpine meadow and temperate steppe.
These regions exhibit pronounced ecological vulnerability, deep-
rooted pastoral traditions, and a long history of implementing
grassland ecological compensation policies, making them well-
suited to reflect the common governance challenges faced in
China’s pastoral regions. Through scientifically designed stratified
sampling and in-depth interviews, the sample obtained in this
study demonstrates strong representativeness in terms of both
grassland types and socio-ecological processes, thereby providing
a solid basis for the research conclusions.

A multi-stage sampling approach was employed to gather
household-level data from these areas, in 2020. In the initial stage,
2-3 counties with extensive grassland coverage and 2-3 with lim-
ited coverage were randomly selected from each province.
Subsequent stages included: (1) random town selection within
counties, ensuring proportional grassland type representation; (2)
random village selection within towns; and (3) random selection of
5-8 herder households per village. Structured interviews were con-
ducted with household heads using detailed questionnaires, which
gathered comprehensive data on household demographics, live-
stock production, grassland management practices, income sources,
and other relevant socioeconomic and ecological variables. After
excluding entries with missing values or serious logical inconsisten-
cies, the final dataset comprises 273 herder households from 10
counties, 30 towns, and 59 villages (Figure 2).

10.3389/fsufs.2026.1765434

3.2 Method

To investigate the relationship between herders” environmental
literacy and their grazing practices, we implement the following
regression model:

Y; = og + o Env _literacy; + a;Controls; + &;

Where Y; denotes either grazing intensity (Grazing intensity) or
overgrazing behavior (Overgrazing) of household i, Env _literacy;
represents herders’ environmental literacy. Controls; includes control
variables at the individual and household level. ¢; is an error term. ¢
, &g and a, are (vectors of) coefficients to be estimated.

The OLS estimation may cause biased results due to potential
endogeneity between environmental literacy and grazing intensity, as
unobserved confounding factors may simultaneously affect both
through the error term. To address this issue and achieve unbiased
identification of the causal effect, we employ an instrumental variable
(IV) approach using two-stage regression methods. Specifically, we
apply 2SLS and LIML estimators.

3.3 Key variables measurement and sample
characteristics

3.3.1 Dependent variable

Following standard practices in the literature (Su et al., 2021; Téth
et al, 2018), grazing intensity at the household-level (Grazing
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intensity) is defined as the total number of livestock—converted into
standardized sheep-equivalent units—divided by the household total
managed grassland area (measured in mu). When calculating the total
livestock, we also excluded the livestock animals primarily raised with
supplemental feed to focus on ecologically impactful grazing (Qiu et
al,, 2020). An additional dependent variable, Overgrazing, represents
the degree to which actual grazing intensity exceed sustainable thresh-
olds, calculated as observed grazing intensity relative to the grassland’s
livestock carrying capacity (LCC), which represents the ecologically
optimal stocking level for ensuring the long-term sustainability and
productivity of grassland resources (Qiu et al., 2020). LCC data were
collected through surveys in which herders were asked to report the
official stocking limits set by higher-level authorities. If a herder was
uncertain about these official figures, the village-level carrying capac-
ity reported by the village head was used. In cases where village-level
data were unavailable, we referred to the county-level LCC standards
provided in the National Agricultural Industry Standard No. NY/
T635-2015 (Ministry of Agriculture, 2015). Overgrazing thus captures
the extent to which actual stocking exceeds sustainable thresholds,
with higher values indicating greater ecological pressure. Specifically,
when the value of overgrazing exceeds 1, it implies that the grazing
intensity has surpassed the land’s ecological capacity, indicating a state
of ecological overexploitation.

3.3.2 Key independent variable

To capture the three dimensions of environmental literacy out-
lined in Section 2.1, we employ nine survey questions, as detailed in
Table 1. Factor analysis is utilized to construct a composite environ-
mental literacy index at the household level, serving to reduce the
dimensionality of interrelated indicators into a set of latent constructs.
This method enhances analytical clarity and efficiency by addressing
multicollinearity and preserving the underlying structure of the data.
Compared to alternative index construction approaches, factor analy-
sis offers several key advantages: it eliminates the need for arbitrary
weighting of indicators, is grounded in a solid theoretical framework,
and explicitly accounts for inter-variable correlations. These features
contribute to a more reliable and theoretically consistent measure of
environmental literacy.

In line with existing literature, we also include a set of control
variables that may influence herders’ grazing behaviors. These are
grouped into two categories: (1) characteristics of the household head,
including age and education level, and (2) household-level attributes,

TABLE 1 Components and survey indicators of environmental literacy.

10.3389/fsufs.2026.1765434

such as household size, total income, distance to township center, and
total grassland area managed.

3.3.3 Instrumental variables

This study employs two instrumental variables (IVs) to address
potential endogeneity in environmental literacy. The first IV is the
village-level average environmental literacy, excluding the respon-
dent’s own household (Env_literacy_village). This variable captures
peer-level cognitive exposure and shared informational contexts,
reflecting how an individual herder’s literacy is shaped by the local
knowledge environment. By excluding the respondent’s own value,
it also reduces concerns related to individual-specific unobserv-
ables such as personal experiences or attitudes. The second IV is a
dummy variable indicating whether the village has customary
regulations for grassland protection and grazing management
(Informal). Rather than functioning as binding enforcement mech-
anisms, such regulations are conceptualized as informal normative
settings that influence herders’ awareness, discussion, and inter-
pretation of environmental issues. In many pastoral areas, these
rules are weakly enforced and operate mainly through social com-
munication and normative signaling. Thus, their effect on grazing
behavior is hypothesized to be mediated through cognitive and
perceptual channels rather than through direct coercion. Since
both instruments are determined at the village level and are
unlikely to be influenced by unobserved individual-level factors,
they satisfy the relevance and plausibly satisfy the exogeneity con-
ditions required for IV estimation.

3.3.4 Sample characteristics

Descriptive statistics for all study variables, drawn from 273 sur-
veyed herder households in Gansu and Qinghai, are summarized in
Table 2. Grazing intensity is 0.36, indicating that, on average, herders
graze 0.36 sheep-equivalent units per mu (1 ha = 15 mu) of grassland.
Regarding Overgrazing, the average value is 2.78, implying that, on
average, actual grazing exceeds the livestock carrying capacity by more
than twice, with some households facing severe overgrazing (up to
53.46). Env_literacy, representing the composite environmental liter-
acy score constructed via factor analysis, is normalized with a mean
of zero and a standard deviation of 0.62. The average age of household
heads is approximately 50 years, with most having received only lim-
ited formal education (2.85 years on average). Households consist of

Component Survey question Mean S.D
1 if herder has perception to local climate change, and 0 otherwise 0.908 0.289
1 if herder has heard of the term “Ecological Environment,” and 0 otherwise 0.725 0.447
Knowledge
1 if herder has heard of the term “Grassland Ecosystem,” and 0 otherwise 0.579 0.495
1 if herder agrees that reduce livestock can protect grassland, and 0 otherwise 0.810 0.393
1 if a herder agrees that grassland provides forage for livestock, and 0 otherwise 0.949 0.221
Values 1 if a herder agrees that grassland regulates the climate, and 0 otherwise 0.791 0.407
1 if a herder agrees that grassland can be used for recreation and tourism, and 0 otherwise 0.846 0.361
1 if a herder adopts rotational grazing, and 0 otherwise 0.322 0.468
Behavior
1 if a herder adopts supplementary feeding, and 0 otherwise 0.322 0.468
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TABLE 2 Descriptive statistics of key variables (N = 273).

10.3389/fsufs.2026.1765434

Variables Descriptions Mean S.D Min Max
Dependent variables
Grazing intensity Grazing intensity at the 0.355 0.811 0 8.224
household-level
Overgrazing Deviation of grazing intensity 2.780 5.284 0 53.459
from ecological carrying capacity
Exploratory variables
Env_literacy Herders environmental literacy 0 0.623 —1.705 0.888
calculated by factor analysis
method
Knowledge Factor score of ecological 0 1 —2.762 0.983
knowledge
Values Factor score of ecological values 0 1 —4.004 0.901
Behavior Factor score of ecological 0 1 -1.777 2.670
behavior
Age Age of household head 50.274 10.994 25 96
Education Schooling years of household 2.846 3.949 0 16
head
Household income Household income in the 11.313 11.698 0 77.850
previous year (x10* yuan)
Household size Total persons per household 4.670 1.827 1 12
Grassland area Household grassland holding 0.990 2.967 0.002 312
area (x10" mu)
Instrumental variables
Env_literacy_village Average environmental literacy of 0 0.367 -1.397 0.840
household within the same
village after excluding the
respondent
Informal 1 if the village has customary 0.553 0.498 0 1
rules and informal institutions
for grassland protection and
grazing management, and 0
otherwise
Mechanism variables
Env_importance Herder’s evaluation of village 1.243 0.470 1 3
environmental importance
(1 = Not important,
2 = Moderate, 3 = Important)
Policy attention Frequency of herders’ attention to 1.806 1.101 1 5
national agricultural/pastoral and
ecological policy information
(1 = Rarely, 2 = Occasionally,
3 = Weekly, 4 = Several times/
week, 5 = Daily)

6.9 yuan=18$;15mu=1ha.

around 4.67 members, and the average income in the previous year is
113,100 yuan (6.9 yuan = 1 $). Notably, the surveyed herders manage
relatively large grassland areas, averaging 9,900 mu (approximately
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660 hectares). Approximately 55.3% of households report that their
villages have customary rules and informal institutions for grassland
protection and grazing management.
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4 Empirical results

4.1 The effects of environmental literacy on
herders’ behaviors

The OLS regression results reported in Table 3 explore how envi-
ronmental literacy among herders influences their grazing practices,
with particular attention to grazing intensity and overgrazing. Model
1-3 show that Env_literacy has a significantly negative effect on graz-
ing intensity across all specifications. In the full model (Column 2),
each one-unit rise in environmental literacy corresponds to a 0.123-
unit decrease in Grazing intensity, statistically significant at the 5%
level. When regional dummies are aggregated to the province level in
Model 3, the estimated effect remains stable (—0.182, p <0.01).
Similarly, Model 4-6 demonstrate a significant negative relationship
between Env_literacy and Overgrazing. Coefficient estimates range
from —1.259 to —0.740 and are statistically significant at conventional
levels, specifically the 5 and 1% thresholds. The analysis reveals that
improved environmental literacy among herders is associated with
reduced grazing intensity and a lower likelihood of exceeding the sus-
tainable carrying capacity of grassland ecosystems. Among the control
variables, evidence from Models 2 and 5 indicates that Education is
significantly and positively correlated with Grazing intensity and
Overgrazing, with coefficients of 0.036 (p < 0.10) and 0.229 (p < 0.10),
respectively. This finding indicates that better-educated herders may
intentionally intensify livestock production due to enhanced capacity
to access commercial livestock markets, and adopt productivity-
enhancing technologies. Grassland area, by contrast, shows a

TABLE 3 Results of OLS regression.

10.3389/fsufs.2026.1765434

significant negative effect on both outcome variables (—0.008, p < 0.01;
—0.123, p < 0.01). The potential explanation for this is that larger graz-
ing areas provide greater spatial flexibility, which facilitates the imple-
mentation of rotational grazing systems and allows adequate
vegetation recovery between grazing cycles.

The initial OLS findings suggest a favorable influence of environ-
mental literacy; however, these estimates may suffer from endogeneity
concerns, stemming from unobserved heterogeneity or potential
reverse causation. To address this concern, Table 4 presents the results
of IV regressions using both 2SLS and LIML estimators. In the first
stage, both instruments—Env_literacy_village and Informal—are
strong predictors of individual environmental literacy. The results
show positive and statistically significant coefficients—at the 10 and
1% levels—which provide empirical support for the validity of the
instruments employed. This result is further supported by the
Kleibergen-Paap rk LM statistics (66.344 and 75.923, p < 0.01), which
provide strong evidence against the null hypothesis that the instru-
mental variables are exogenous to the endogenous regressor. The
second-stage estimates (columns 2-5) corroborate and strengthen the
initial OLS findings. The Durbin and Wu-Hausman tests (p < 0.10)
reject the null hypothesis, supporting the use of an IV estimation for
consistency. Furthermore, The Cragg-Donald Wald F-statistic (50.274)
exceeds conventional thresholds, alleviating concerns over weak
instruments. And the Hansen J-statistics do not reject the overidenti-
fying restrictions, supporting the validity of the instruments. After
addressing endogeneity concerns, environmental literacy persists as a
statistically significant negative determinant of both grazing intensity
and overgrazing. After instrumenting for endogeneity, the magnitude

Variables Grazing intensity Overgrazing
Model 1 Model 2 Model 3 Model 4 Model 5 Model 6
—0.101%%* —0.123%%* —0.182%** —0.740%* —0.928%#** —1.259%**
Env_literacy
(0.047) (0.049) (0.066) (0.336) (0.349) (0.437)
0.004 0.000 0.025 0.004
Age
(0.003) (0.002) (0.022) (0.016)
0.036* 0.034* 0.229%* 0.224*
Education
(0.019) (0.017) (0.125) (0.135)
0.001 —0.008%** 0.016 —0.037
Household income
(0.004) (0.004) (0.026) (0.027)
—0.025 —0.002 —0.171 —0.089
Household size
(0.037) (0.031) (0.244) (0.200)
—0.001 —0.002 0.005 —0.004
Distance
(0.002) (0.002) (0.018) (0.016)
—0.008%%* —0.047%** —0.123%%* —0.326%**
Grassland area
(0.004) (0.018) (0.035) (0.118)
Region dummies County-level County-level Province-level County-level County-level Province-level
0.165%** —0.180 0.545% 1.726%%%* —0.578 3.900%*
Constant
(0.027) (0.244) (0.300) (0.250) (1.654) (1.948)
Observations 273 273 273 273 273 273
R? 0.241 0.264 0.117 0.197 0.224 0.113

The figures in parentheses are standard errors. *p < 0.10, **p < 0.05, **¥p < 0.01.
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TABLE 4 Results of IV regression.

Variables Env_literacy Model 7

Grazing intensity

10.3389/fsufs.2026.1765434

Model 8 Model 9 Model 10

Overgrazing

1st stage 2nd stage LIML 2nd stage LIML
2SLS 2SLS
0.175%*
Env_literacy_village
(0.092)
0.627%%*
Informal
(0.068)
—0.415%%* —0.429%%* —2.654#%* —2.725%%*
Env_literacy
(0.134) (0.182) (0.977) (1.173)
0.007%* 0.001 0.002 0.011 0.011
Age
(0.003) (0.003) (0.003) (0.030) (0.019)
0.013 0.039* 0.039* 0.254%* 0.255%
Education
(0.010) (0.022) (0.022) (0.099) (0.141)
0.009%** —0.005 —0.005 —0.020 —-0.019
Household income
(0.003) (0.004) (0.004) (0.033) (0.025)
0.005 —0.001 —0.001 —0.082 —0.082
Household size
(0.016) (0.030) (0.030) (0.174) (0.195)
0.000 —0.002 —0.002 —0.001 —0.001
Distance
(0.002) (0.002) (0.002) (0.023) (0.016)
—0.005 —0.051%** —0.051%%* —0.350%%* —0.351%%%
Grassland area
(0.007) (0.019) (0.019) (0.108) (0.125)
Region dummies Province-level Province-level Province-level Province-level Province-level
—1.016%** 0.384 0.375 2.940 2.890
Constant
(0.226) (0.298) (0.299) (2.226) (1.924)
Observations 273 273 273 273 273
Kleibergen-Paap rk LM
66.344%%* - 75.923%%* -
statistic
Cragg-Donald Wald F
50.274 50.274
statistic
Durbin 3.460* 2.897%*
‘Wu-Hausman 3.350% 2.799%*
Hansen ] statistic 3.070* 3.712%

The figures in parentheses are standard errors. *p < 0.10, **p < 0.05, ***p < 0.01.

of the estimated effects grows considerably. Specifically, a one-point
increase in environmental literacy leads to a reduction of 0.415-
0.429 units in grazing intensity and 2.654-2.725 units in overgrazing,
reaching statistical significance at the 5 and 1% thresholds. The pro-
nounced amplification of these coefficients suggests that the original
OLS estimates may have been downwardly biased, potentially due to
attenuation caused by measurement error or omitted variable bias.
This discrepancy highlights the importance of addressing endogeneity
to obtain more accurate and reliable estimates of the true effect of
environmental literacy on grazing practices.

To conclude, evidence from both OLS and IV estimations consis-
tently highlights the significant role of environmental literacy in facili-
tating the sustainable use of grassland resources. The IV estimates
further highlight that failing to account for endogeneity would
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underestimate the true impact of environmental literacy on grazing
practices.

4.2 Heterogeneous effects

4.2.1 Effects of environmental literacy dimensions
on grazing behaviors

To further elucidate the underlying drivers of the observed
effects, we use the three dimensions of environmental literacy, and
analyze their respective effects on both grazing intensity and over-
grazing. The results, reported in Figure 3, reveal notable heteroge-
neity among these dimensions. Specifically, both environmental
knowledge and behavior show significant negative effects on
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FIGURE 3

Heterogeneity by environmental literacy components. Points show
coefficient estimates; horizontal bars denote confidence intervals
darker color = 95% Cl, lighter color = 90% ClI

herders’ grazing intensity and overgrazing. A one-unit rise in the
knowledge score results in a 0.068-unit reduction in grazing inten-
sity and a 0.497-unit decrease in overgrazing, both significant at the
5% level. Similarly, environmental behavior is associated with a
0.069-unit (p < 0.01) and 0.547-unit (p < 0.01) decrease in grazing
intensity and overgrazing, respectively. These findings imply that
herders’ environmental literacy affects grazing behavior primarily
through cognitive understanding and practical implementation
rather than value-oriented attitudes. This suggests that policy inter-
ventions focusing on knowledge dissemination and skill-based
behavioral guidance may be more effective in fostering sustainable
grassland management than approaches that rely solely on promot-
ing environmental values or awareness. Strengthening practical
education and training programs could therefore play a pivotal role
in improving ecological outcomes in pastoral regions.

By contrast, the coefficients for environmental values are not sta-
tistically significant in either specification. Rather than indicating that
values are unimportant, this result may reflect the inherent difficulty
of measuring value orientations and their indirect relationship with
behavioral outcomes. In particular, value-related influences may oper-
ate through knowledge acquisition and behavioral capacities, whose
estimated effects absorb part of the marginal contribution of values in
the regression framework. From this perspective, the findings are con-
sistent with the idea that capability-related factors mediate how value
orientations translate into action.

Accordingly, the results should not be interpreted as evidence that
environmental values are ineffective. Instead, they suggest that values
alone may be insufficient to generate behavioral change in the pres-
ence of practical constraints, institutional conditions, and livelihood
pressures. This interpretation aligns with prior research indicating that
pro-environmental attitudes do not automatically translate into
behavioral adjustments when individuals face capability or resource
limitations (Chai et al., 2015). In pastoral contexts, where production
decisions are strongly shaped by ecological variability and economic
risk, the translation of values into practice is likely to depend on the
availability of knowledge, skills, and feasible management options.
These findings therefore highlight the importance of strengthening
capability-related dimensions, such as practical training, information
access, and adaptive management support, while recognizing the
foundational role of environmental values in shaping long-term ori-
entations toward resource stewardship.
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4.2.2 Effects of environmental literacy on grazing
behaviors of herders with different family
endowments

Next, we explore whether the effects of environmental literacy
vary across different household endowment levels. Figure 4 presents
regression results stratified by grassland area (large vs. small) and
household income (high vs. low). Among herders managing smaller
grassland areas, environmental literacy shows no significant effect on
either Grazing intensity and Overgrazing. In contrast, herders with
larger grassland holdings demonstrate significant reductions in both
Grazing intensity (—0.222, p <0.05) and Overgrazing (—1.569,
p < 0.05) associated with environmental literacy. These results suggest
that when herders have sufficient land resources, environmental lit-
eracy becomes a more influential factor in grazing decisions. The
greater spatial flexibility afforded by larger holdings likely enables
these herders to translate their ecological knowledge into concrete
sustainable practices, such as implementing rotational grazing systems
or adjusting stocking rates according to pasture conditions. However,
small-scale herders face more immediate livelihood pressures that
constrain their ability to implement sustainable practices, regardless
of their environmental knowledge.

Regarding income heterogeneity, the effect of environmental lit-
eracy is more prominent among high-income households. For this
group, environmental literacy is associated with a 0.390-unit reduc-
tion in grazing intensity and a 2.460-unit reduction in overgrazing,
both significant at the 5% level. However, no significant effects are
observed among low-income households. This pattern aligns with the
behavioral capacity hypothesis: wealthier herders can better imple-
ment environmental knowledge by affording sustainable technologies
such as rotational grazing infrastructure, tolerating short-term income
losses from stocking reductions, and accessing policy incentives like
eco-subsidies that require initial investments. Conversely, poverty
constraints may prevent low-income herders from applying environ-
mentally literate practices despite their greater vulnerability to eco-
logical risks.

The above visualization results indicate that the impact of envi-
ronmental literacy on grazing intensity and overgrazing severity
varies across herder groups with different household endowments. To
precisely test this difference and present complete estimation results,
Table 5 further reports the regression coefficients, standard errors,
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TABLE 5 Results of inter-group coefficient heterogeneity tests.

Variables Grassland area

Small Large Small

Grazing intensity

Overgrazing

10.3389/fsufs.2026.1765434

Income level

Large Low Low

High

High

Grazing intensity Overgrazing

—0.000 —0.222%% —0.075 —1.569%%* —0.390%* —0.073 —2.460%* —0.626
Env_literacy

(0.015) (0.101) (0.120) (0.677) (0.155) (0.061) (0.993) (0.431)
T-test —0.221% —1.494* 0.317%* 1.833%%*
Observations 137 136 137 136 94 179 94 179

(1) The figures in parentheses are standard errors. *p < 0.10, **p < 0.05. (2) T-test is used to exa
Permutation Test, which is implemented through 1,000 bootstrap resampling.

and statistical tests for inter-group coefficient differences for
both groups.

4.3 Mechanism analysis

To investigate the pathways through which environmental
literacy influences herders’ grazing behavior, we examine two
potential mediating factors: (1) herders’ recognition of environ-
mental importance, and (2) their frequency of seeking and pro-
cessing ecological information. As shown in Table 6 (Models
11-12), environmental literacy significantly enhances both medi-
ators. Specifically, a one-unit rise in environmental literacy is
linked to a 0.166-unit increase in environmental importance
assessment (p < 0.01), and a 0.370-unit increase in ecological
information attention frequency (p < 0.01). These findings indi-
cate that environmentally literate herders demonstrate greater
appreciation of grasslands’ ecological and productive value, while
exhibiting more proactive information-seeking behaviors
through channels like village announcements, technical work-
shops, and peer networks. This dual enhancement of environ-
mental awareness and knowledge acquisition facilitates the
adoption of sustainable grazing practices, including strategic
supplemental feeding and rotational grazing systems. Our results
therefore identify environmental cognition and information
engagement as critical transmission channels through which lit-
eracy translates into improved grazing management.

4.4 Robustness checks
4.4.1 Treatment effect model

To mitigate potential sample selection bias and reinforce the
robustness of our results, we employ a set of treatment effect
models, including Inverse Probability Weighted Regression
Adjustment (IPWRA), Augmented Inverse Probability Weighting
(AIPW), and standard Inverse Probability Weighting (IPW). These
methods jointly account for both treatment assignment and out-
come modeling, offering doubly robust estimates even in the pres-
ence of model misspecification. As shown in Table 7, across all
models, environmental literacy consistently exerts a statistically
significant effect on both dependent variables. For instance, in the
IPWRA model, the ATT for grazing intensity is —0.127 (p < 0.05),
while that for overgrazing is —0.991 (p < 0.05). The direction, mag-
nitude, and significance of these effects are reaffirmed under AIPW
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mine the significance of coefficient differences between groups. This study employs Fisher’s

TABLE 6 Mechanism analysis.

Variables Model 11 Model 12
Environmental Information
importance attention
assessment frequency
0.166%** 0.370%**
Env_literacy
(0.047) (0.096)
Control variables Yes Yes
Region dummies Yes Yes
2.605%** 1.088%*7*
Constant
(0.222) (0.407)
Observations 273 273
R? 0.072 0.214

11

The figures in parentheses are standard errors. ***p < 0.01.

and IPW approaches, lending further support to the validity and
stability of our main empirical findings.

4.4.2 CMP estimation

To strengthen the identification strategy, the Conditional Mixed
Process (CMP) estimator, as developed by Roodman (2011), is also
employed to address endogeneity. CMP jointly estimates the system
of equations using full-information maximum likelihood, allowing
for correlation in unobservables across equations. In the first stage,
the endogenous variable—environmental literacy—is modeled
using IVs to isolate exogenous variation. In the second stage, the
fitted values from the first equation, along with other relevant con-
trol variables, are used to estimate the main outcome variables,
namely Grazing intensity and Overgrazing. By jointly modeling the
system, CMP improves estimation efficiency and provides consis-
tent results even in the presence of endogenous regressors and non-
independent error terms.

As shown in Table 8 (Model 13-14), both instrumental variables
—Env_literacy_village and Informal— are strong predictors of indi-
vidual environmental literacy. In the second stage, the estimated
effects of environmental literacy on Grazing intensity (—0.429,
p <0.01) and Overgrazing (—2.725, p < 0.01) remain statistically sig-
nificant and consistent with IV and OLS results. Moreover, the signifi-
cant correlation between the error terms of the two stages
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TABLE 7 Robustness check using PSM, IPWRA, AIPW, and IPW models.

Estimate Grazing intensity Overgrazing

AIPW AIPW
ATT —0.127%% —0.173%4% —0.135% —0.991%* —1.327%%% —1.052%% ‘
Robust standard 0.072 0.053 0.071 0.496 0.357 0.484 ‘

#p < 0.10, #¥p < 0.05, **%p < 0.01.

TABLE 8 CMP estimation results.

Variables Model 13 Model 14

1st stage 2nd stage 1st stage 2nd stage

Env_Lliteracy

Grazing intensity Env_literacy Overgrazing

0.175* 0.209%*
Env_literacy_village
(0.091) (0.089)
0.627#%* 0.620%%*
Informal
(0.064) (0.064)
—0.429%** —2.725%%**
Env_literacy
(0.154) (0.996)
Control variables Yes Yes Yes Yes
Region dummies Yes Yes Yes Yes
—1.004#%* 0.375 —1.01%%* 2.890
Constant
(0.216) (0.343) (0.216) (2.233)
Observations 273 273
0.226* 0.205*
atanhrho_12
(0.118) (0.118)
Wald chi2 194.90%** 189.36%**

The figures in parentheses are standard errors. *p < 0.10, **p < 0.05, **¥p < 0.01.

(atanhrho_12 = 0.226, p < 0.10) supports the presence of endogeneity,
further justifying the use of CMP.

Overall, the robustness checks corroborate the main conclu-
sion: environmental literacy plays a substantial and statistically
significant role in mitigating excessive grazing intensity and
reducing grassland degradation risk, even after correcting for
potential biases.

5 Discussion and conclusions

Grassland degradation remains a critical ecological and
socio-economic challenge in China’s pastoral regions, where the
overstocking of livestock has placed unsustainable pressure on
fragile ecosystems. While top-down policy instruments have
attempted to curb grazing intensity through subsidies and regula-
tory controls, their effectiveness has been constrained by high
enforcement costs, limited compliance, and insufficient motiva-
tion among stakeholders. This study proposes that enhancing
herders’ environmental literacy could offer a complementary,
bottom-up governance mechanism. Based on survey data from
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273 households in Gansu and Qinghai, our analysis indicates that
higher levels of environmental literacy are associated with a sig-
nificant reduction in grazing intensity and overgrazing. This
association is primarily linked to the knowledge and behavioral
capacity dimensions of environmental literacy. By contrast, pro-
environmental values do not exhibit a statistically significant
direct association once these capability-related dimensions are
taken into account. Rather than implying that values are unim-
portant, this pattern suggests that the influence of values is likely
mediated through herders’ ecological understanding and their
ability to implement adaptive practices. Furthermore, environ-
mental literacy likely influences grazing behavior through two
interrelated pathways: by deepening ecological cognition and by
strengthening information-processing capacity. These effects,
however, are moderated by household endowments, being more
pronounced among herders with larger grassland holdings and
higher incomes, suggesting that resource availability conditions
the translation of literacy into sustainable practice.

This study contributes to two distinct but interconnected
strands of literature. First, it refines the theoretical understanding
of environmental literacy within resource-dependent communi-
ties. While the tripartite model of knowledge, values, and behavior
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is well established (Maurer and Bogner, 2020), the results suggest
that these dimensions may operate in a conditional and interde-
pendent manner in pastoral systems. The significant roles of
knowledge and behavioral capacity, alongside the non-significant
direct association of pro-environmental values in the regression
models, indicate that value orientations may exert their influence
indirectly through cognitive understanding and the ability to
implement adaptive practices, rather than through immediate
behavioral responses. This interpretation is consistent with discus-
sions in the literature emphasizing the complexity of translating
environmental concern into action (Chai et al., 2015). In contexts
where livelihood pressures are immediate and resource constraints
are binding, actionable knowledge and practical competencies
appear to play a more immediate role in shaping behavioral adjust-
ment, while values help orient longer-term attitudes and learning
processes. These findings suggest that interventions focusing solely
on awareness-raising or value promotion may have limited effects
unless accompanied by efforts to strengthen herders’ practical
capabilities and access to adaptive strategies. Second, this study
initiates a dialogue between cognition-oriented perspectives and
traditional institutional approaches to pastoral management.
Existing research has extensively documented the impacts of policy
instruments such as the Grassland Ecological Compensation Policy
(Hu et al., 2019) and market forces (Cao et al., 2025). The present
findings do not contradict these institutional explanations but
point to a complementary micro-level mechanism. Environmental
literacy can be understood as an endogenous cognitive framework
through which herders interpret and respond to external signals,
including policy incentives and ecological information. The het-
erogeneity analysis further highlights the boundary conditions of
this mechanism, showing that its influence is moderated by house-
hold endowments. This pattern aligns with studies emphasizing the
role of capital and assets in shaping adaptive capacity (Li et al.,
2023; Tong et al., 2024), while adding a cognitive dimension by
indicating that knowledge and skills are more likely to translate
into practice when supported by sufficient resources and opportu-
nities. Taken together, these findings underscore the importance of
integrating herders’ endogenous capabilities with supportive insti-
tutional arrangements, rather than viewing top-down and bottom-
up approaches as substitutes.

While this study offers meaningful insights, several limita-
tions call for cautious interpretation and contextualized applica-
tion of the findings. The relatively modest sample size and the
geographic restriction of the data to pastoral areas in Qinghai and
Gansu may affect the external validity of the results. Given the
substantial heterogeneity in ecological conditions, institutional
arrangements, and livelihood structures across China’s pastoral
regions, the conclusions presented here should be regarded as
than
Accordingly, the policy implications derived from this study are

context-specific  rather universally  generalizable.
intended as indicative and exploratory, providing possible direc-
tions for integrating environmental literacy into grassland gover-
nance rather than offering prescriptive, one-size-fits-all
recommendations.

Against this background, and in line with the empirical evi-
dence, this study supports a shift from an exclusively top-down
regulatory approach toward a more integrated model of cogni-
tive-structural With due to the

co-governance. regard
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aforementioned limitations, we propose the following four adap-
tive and actionable policy directions:

First, design and implement targeted environmental education
programs aimed at enhancing herders’ ecological cognition.
Specifically, policymakers should develop structured training
modules focused on deepening understanding of grassland eco-
system functions, grazing-carrying dynamics, and the long-term
ecological and socio-economic consequences of overgrazing.
These programs should be systematically integrated into existing
extension services, herder cooperatives, and community-based
conservation initiatives. To ensure effectiveness, educational con-
tent should advance beyond general awareness and deliver practi-
cal, locally relevant knowledge. This includes skills such as
visualizing vegetation recovery cycles, interpreting indicators of
grassland health, and estimating sustainable stocking rates.
Delivery methods should be participatory and culturally resonant,
incorporating local ecological knowledge, employing visual tools,
and involving respected community figures to facilitate trust and
practical comprehension.

Second, develop and deploy decision-support tools and train-
ing to strengthen herders’ capacity to process and act on ecologi-
cal information. This involves creating and disseminating
user-friendly, localized resources that assist herders in accurately
interpreting environmental signals. Examples include simple pas-
ture health assessment guides, weather and forage forecasting
apps, and visual aids for grazing rotation decision-making.
Training should focus on practical skills in monitoring grassland
conditions, assessing carrying capacity in real time, and adapting
management plans in response to seasonal or climatic variability.
To ensure these tools are effectively adopted, policy should sup-
port the establishment of community-based information hubs,
perhaps within herder cooperatives or local extension stations,
where herders can regularly access updated data, share observa-
tions, and collectively refine grazing strategies. Empowering local
facilitators or “ecological liaisons” to demonstrate and coach these
skills can further bridge the gap between information awareness
and informed action.

Third, focus on herders with low household endowments to
facilitate the translation of cognition into action. Multiple con-
straints in resources, technology, and information prevent herders
with limited endowments from translating environmental literacy
into sustainable practices. Policies should provide a targeted sup-
port system: lower the threshold for technology adoption through
establish
community mutual-aid mechanisms to promote equipment shar-

microcredit, material subsidies, and skills training;

ing and experience exchange, thereby enhancing collective action
capacity. This approach ensures the effective linkage between eco-
logical awareness and grazing behavior under conditions of lim-
ited endowments.

Fourth, establish an intelligent and collaborative information
governance system. The government should integrate data such as
meteorological warnings and forage supply and demand to
develop a smart pastoral platform, while establishing government-
certified diversified information channels to accurately dissemi-
nate scientific grazing guidelines, climate forecasts, and policy
updates, thereby reaching herder groups with varying levels of
cognitive understanding and technological capabilities. At the
same time, it is essential to actively expand both online and offline
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collaborative networks. By organizing collective activities such as
technical training and joint facility development and utilizing
communication mechanisms like WeChat groups and village
meetings, the exchange of experiences, mutual assistance in
resources, and feedback on ecological information among herders
can be effectively promoted.
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