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Causes of overgrazing in Inner Mongolian grasslands: Searching for deep
leverage points of intervention

Xuening Fang'? and Jianguo Wu*

ABSTRACT. The legendary Mongolian Plateau has faced increasing environmental challenges associated with overgrazing, and
achieving a sustainability transition for this region needs herders’ participation. However, why herders let grasslands be overgrazed
even after property rights were privatized—*“the tragedy of privatization”—remains unclear. We aimed to understand the causes of
overgrazing in Xilingol, Inner Mongolia, and sought deep leverage points of intervention by examining livestock decision-making
processes with semi-structured interviews. We found the following: (1) Herders generally recognized grassland degradation with
decreased plant diversity and vegetation height. (2) Nearly half of herders were not satisfied with their current quality of life, especially
in terms of income, food security, energy security, and clean water. (3) Herders prioritized economic benefits and food provisioning
services of grasslands and did not think of overgrazing as an important cause for grassland degradation. (4) Herders tended to protect
their own grasslands but over-exploited leased grasslands. (5) Herders tried to keep a high number of livestock without being able to
anticipate climatic and economic fluctuations. (6) The government’s Forage-Livestock Balance policy was widely ignored by herders.
We conclude that herders’ zeal for higher living standards, misperceptions about key drivers of grassland degradation, decoupling of
herders’ income from grasslands, inability to cope with drought, and ineffective policies together constitute the underlying causes for
overgrazing. Future grassland policies should focus more on the deep leverage points of intervention including reducing poverty and
economic inequality, improving the grassland property system, reconnecting the long-term health of leased grasslands to herders’
livelihoods, and developing holistic livestock management strategies that integrate science with herders’ traditional ecological knowledge.
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INTRODUCTION

Sustainability transition of grassland systems is essential for
achieving sustainability in the vast dryland regions around the
world (MA 2005, Reynolds et al. 2007, Liao et al. 2020a). This is
especially true for the grasslands in the Inner Mongolia Plateau,
where grasslands not only directly support the livelihoods of local
rural communities, but also provide enormous regulating
ecosystem services, such as carbon sequestration, water retention,
and dust storm control, benefiting the region and beyond (Zhang
et al. 2020, Zhao et al. 2020). However, during the past few
decades, the Inner Mongolian grasslands have severely degraded
(Wu et al. 2015, Fang et al. 2021). Studies have shown that
overgrazing is the main driver of grassland degradation in the
pastoral area of Inner Mongolia (Tong et al. 2004, Jiang et al.
2006, Fang et al. 2015). To prevent overgrazing, the central
government of China has implemented several environmental
policies to intervene in herders’ use of grasslands by setting
maximum allowed stocking rates. However, according to the
leverage points theory (Meadows 1999, Abson et al. 2017), such
measures as direct restrictions on maximum stocking rates are
“shallow leverage points” that are easy to manipulate but
ineffective in preventing grassland degradation. “Deep leverage
points,” which are places in complex systems where small
interventions often lead to large changes in system outcomes, are
less visible but more powerful and effective in dealing with wicked
problems (Fischer and Riechers 2019). Such deep leverage points
for resolving the overgrazing problem in the Inner Mongolia
grassland region are yet to be fully understood. To achieve this

goal, it is critical to understand the underlying social-ecological
causes and processes of overgrazing.

Overgrazing has long been studied by rangeland ecologists,
environmental scientists, and social scientists, among others. The
well-known “tragedy of the commons” assumes that, in a shared
and unregulated grassland, individual herders tend to act
independently according to their own interests, degrading the
shared grassland (Hardin 1968). Three strategies have been
proposed to avoid this tragedy: coercive state involvement,
privatization, and herder self-governance (Ostrom 1990). China
has chosen to privatize the property rights of grasslands (since
the enactment of the Grassland Law in 1985) to address this issue.
However, given the continued degradation of grasslands (Tong et
al. 2004, Jiang et al. 2006), the effectiveness of privatization policy
has been questioned.

If overgrazing is the main cause of grassland degradation, why
do herders not respond to grassland degradation by reducing
stocking rates even after the grasslands are privatized? This
paradox, known as the “tragedy of privatization” (Liuetal. 2015),
has attracted scientists’ attention over the past decade (Li et al.
2007, Li and Huntsinger 2011, Li and Li 2012, Liu et al. 2015,
Robinson et al. 2017). Several explanations have been proposed
to unravel this paradox. First, the privatization of grassland
property rights has led to the failure of herders’ use of traditional
wisdom for grassland management and reduced their ability to
adapt to climate change (Li and Huntsinger 2011). Second, off-
site forage supply and winter sheds lift up the constraints of
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Fig. 1. Map of the study area and spatial distribution of grassland types with the locations of interviewed
households. The photos of meadow steppe, typical steppe, and desert steppe were taken in Xilingol in

August 2019.
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natural grasslands on livestock population growth (Robinson et
al. 2017). Third, the unstable, top-down intervention policies not
only make herders insecure about future grassland property rights
(Robinson et al. 2017), but also gradually decouple the pastoral
communities from the grasslands that their livelihoods used to
depend on (Li and Li 2012). Although the above explanations all
seem plausible, they need to be examined with empirical data in
order to better understand the underlying causes of the
overgrazing problem and to seek deep leverage points to resolve
it.

Thus, this study was designed to address four research questions:
(1) Was the government’s grassland policy effective in slowing
down and reversing overgrazing? (2) Why did overgrazing still
occur after the grasslands were privatized? (3) Was the herders’
quality of life improving? (4) What are the potential deep leverage
points to resolve the problem of overgrazing? To address these
four research questions, our study was focused particularly on the
herders’ livestock decision-making processes. According to
Meadows (1998), three key points determine decision-making
outcomes: goals, perceived states, and intervention strategies.
Thus, we used semi-structured interviews to investigate herders’
livestock management goals, perceptions of the herder-grassland
system, and livestock management strategies, and then used
thematic induction and direct quotations to analyze and illustrate
herders’ perceptions and understanding of grassland
degradation.

METHODS

Study Area

Xilingol s a prefectural-level administrative region, located in the
central part of Inner Mongolia, China (Fig. 1), with a total area
of 20.26 million ha (41.4° to 46.6°, 111.1° to 119.7°) and a
population density of about 0.05 persons per hectare (Wu and
Loucks 1992, Bai et al. 2004). Under a prevailing continental
climate, the Xilingol region has a mean annual temperature of
2.2 °C, with maximal daily temperatures varying between -24 °C
and 31 °C and a mean annual precipitation of 278 mm, which
declines gradually from 433 mm in the east to 135 mm in the west
(Li et al. 2012). About 60-80% of the precipitation falls during
the growing season between May and August. With decreasing
precipitation, three zonal grassland types are distributed from
east to west: meadow steppe, typical steppe, and desert steppe
(Wu and Loucks 1992, Bai et al. 2004, Li et al. 2012). Together,
grasslands account for approximately 90% of the total land area
of Xilingol. As a traditionally pastoral region inhabited by
Mongolians, the grassland not only plays a key role in conserving
biodiversity and important ecosystem services, but also directly
supports the livelihoods of the majority of residents (Wu et al.
2015, Zhao et al. 2020).

During the past several decades, grassland policy in Xilingol has
changed substantially, with profound impacts on both grassland
ecosystems and herders’ well-being. Since China’s “reform and
opening up” in 1978, the central government has formulated two
categories of grassland policies: the land tenure reform during the
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1980s and 1990s and the ecological construction after 2000 (Wu
et al. 2015, Li et al. 2018, Fang et al. 2021). The household
responsibility system (HRS) was a milestone of land tenure
reform. Under the HRS, the grassland ownership belongs to the
collective, whereas the “contractual and use rights” belong to
herders who can manage their contracted rangelands at will. To
ensure the property rights of herders, the government also
launched the Fencing Program to demarcate the boundaries of
each households’ rangeland. The Fencing Program led to the
collapse of community cooperation in some places (Li and
Huntsinger 2011). The grassland tenure reform has greatly spiked
herders’ enthusiasm to raise livestock, leading to the doubling or
even tripling of stocking rates after a few decades (Li et al. 2007).
The rapid expansion of grazing pressure over the past decades
has greatly reduced the area of natural grasslands. Consequently,
conflicts between grassland conservation and economic
development in the pastoral region have become increasingly
prominent. Recognizing this, the central government of China
has implemented several ecological programs to protect
grasslands since 2001 (Sun et al. 2018, Frazier et al. 2019),
including the Forage-Livestock Balance policy and the No
Grazing and Rotational Grazing policy. In the Forage-Livestock
Balance policy, the government sets the maximum stocking rates
based on the balance between livestock feed required and
livestock feed available in the grassland. The No Grazing and
Rotational Grazing policy prohibited herders from grazing in
severely degraded grasslands during the seedling establishment
period (i.e., early growing season) and encouraged them to
practice rotational grazing around different seasons.

Conceptual framework

To search for potential deep leverage points of intervention in the
social-ecological systems of the Xilingol grassland, this study
followed the leverage points of intervention theory (Meadows
1999). According to Meadows (1999), there are 12 leverage points
of intervention in increasing order of effectiveness: (1) constants,
parameters, and numbers (such as subsidies, taxes, and
standards); (2) the sizes of buffers and other stabilizing stocks,
relative to their flows; (3) the structure of material stocks and
flows (such as transport networks and population age structures);
(4) the lengths of delays, relative to the rate of system change; (5)
the strength of negative feedback loops, relative to the impacts
they are trying to correct against; (6) the gain around driving
positive feedback loops; (7) the structure of information flows
(who does and does not have access to what kinds of information);
(8) the rules of the system (such as incentives, punishments, and
constraints); (9) the power to add, change, evolve, or self-organize
system structure; (10) the goals of the system; (11) the mindset or
paradigm out of which the system—its goals, structure, rules,
delays, and parameters—arises; and (12) the power to transcend
paradigms. Abson et al. (2017) further grouped the 12 leverage
points into four categories: (1) intention (goals, norms, values,
and paradigms); (2) design (structures, rules, and capacities,
maybe including physical system structures or information flows);
(3) feedback (interactions among system variables); and (4)
parameters (“mechanistic features of a system, such as taxes,
incentives, and standards, or physical elements of a system, such
as sizes of stocks or rates of material flows” [Abson et al. 2017:
32], usually the goals of decision-makers). Abson et al. (2017)
called the first two types of leverage points deep leverage points
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and the, last two, shallow leverage points. To effectively achieve
grassland sustainability transition, we believe that both the
shallow and deep leverage points should be identified.

Thus, we modified Meadows’ (1998) decision-making framework
to explore both shallow and deep leverage points of intervention
in the grassland social-ecological systems (Fig. 2). Herders’
livestock decision making is a goal-seeking feedback process in
which the perceived state of the target system is compared with
the livestock management goal, and the discrepancy is then fed
back to the target system for intervention. Herders’ livestock
decision making not only affects grassland ecological conditions,
but also directly determines their livelihoods. Thus, we regarded
the herder-grassland system as the target system and investigated
herders’ perceptions and understanding of herder-grassland
systems, livestock management goals, and livestock management
strategies. Because actionable knowledge for landscape
sustainability transition should be credible, salient, and legitimate
(Cash et al. 2003, Wu 2013, 2021, Opdam et al. 2018, Cumming
and Epstein 2020, Liao et al. 2020b), we linked herders’
perceptions and understanding of herder-grassland systems,
livestock decision-making goals, and intervention strategies with
grassland policies and scientific knowledge.

Fig. 2. The decision-making framework used in this study, in
which herders’ perceptions and knowledge about the states of
herder-grassland systems (1), livestock management goals (2),
and livestock management strategies (3) were investigated and
integrated with scientific knowledge and grassland policies to
identify the underlying causes for and potential leverage points
to ameliorate overgrazing.
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Sampling and data acquisition

We used a stratified random sampling method to identify
potential interviewees. Herder households in the study area were
classified into three groups based on grassland ecosystem types
(i.e., desert steppe, typical steppe, and meadow steppe). Random
sampling was then conducted within each group. Limited by
financial and time constraints and guided by conventional
sampling protocols, we set the sample size within each grassland
type based on population density. Specifically, the sample size for
meadow steppe (0.60 people/km?) was set to 30, and the sample
sizes for desert steppe (0.84 people/km?) and typical steppe (1.29
people/km?) were adjusted according to their population relative
to that of meadow steppe. After determining the sample size, we
used the spatial random point generation function in GIS to select
random households for potential interviewees. Geographical
coordinates of the selected samples were then loaded into a Global
Positioning System (GPS) device for navigation during fieldwork.
‘When the selected household was inaccessible, we interviewed the
nearest herder household instead. In total, we obtained 113 valid
samples, including 35 in the desert steppe, 55 in the typical steppe,
and 25 in the meadow steppe (Fig. 1).

The Xilingol Statistical Yearbook (Appendix 1) shows that the
sex ratio of the population is about one-to-one (49% females and
51% males). We interviewed more females (69%) than males
(31%), and the age of interviewees ranged from 18 to 60 years.
Our sample did not include adolescents and elderly people.
Despite the sampling biases, our survey results should be robust
for addressing our questions about overgrazing because people
aged between 18 and 60 years are the main labor force for
grassland livestock management in Inner Mongolia and because
the opinions of the interviewees were mostly reflective of those
of the households as we understood during the interview.

We conducted semi-structured interviews, between 14 August and
3 September 2019, to investigate herders’ perceptions and
understanding of herder-grassland systems, livestock management
goals, and livestock management strategies. Before starting each
interview, we explained the purposes of the data collection and
asked for consent from each interviewee, emphasizing that the
interviewer was not representing the university, government, or
any other entity in a position of political or economic power, and
that they were free to decline or withdraw anytime. The family
members of interviewees were encouraged to be present if they
were available and willing. The interview began with the basic
information of herders’ demography, livestock management, and
livelihoods. We then used a set of questions related to herders’
perceptions and understanding of herder-grassland systems,
livestock management goals, and livestock management
strategies to guide the interview (Fig. 2).

First, to examine herders’ perceptions and understanding of the
herder-grassland system, we asked them to evaluate grassland
vegetation changes, overall well-being conditions, eight specific
well-being dimensions (i.e., income, food security, health care,
education quality, gender equality, water and sanitation, energy
security, and social equity), ecosystem services, and drivers of
grassland degradation. Second, to learn if herders were motivated
to protect grasslands in livestock management, we asked: why did
herders allow for overgrazing even after they recognized its
negative impacts on the grasslands? Third, we investigated
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herders’ livestock management strategies in changing conditions
by asking how they decided the number of livestock to sell or keep
in changing climatic and economic conditions. Finally, we asked
herders about their perceptions of grassland environmental
policies, including the Fencing Program, Forage-Livestock
Balance policy, and No Grazing and Rotational Grazing policy.
The detailed questionnaire is included in Appendix 2. According
to the interviewee’s preference, the language of the interview was
either Mandarin Chinese or Mongolian (with the help of a
translator). The first author undertook all interviews to ensure
consistency in the questioning and recording of responses to the
interview questions. The interviews were voice-recorded,
transcribed, and translated into English by the first author for
analysis.

Data analysis

We used thematicinduction to analyze the qualitative data derived
from the interviews (Braun and Clarke 2006). We first started with
a deductive approach using the response options for the closed-
ended questions to identify herders’ overall perceptions and
understanding of grassland vegetation changes, well-being status,
the relationship between grazing and grassland degradation, and
grassland environmental policies. Then the inductive approach
was used to construct codes to classify herders’ responses to the
open-ended questions including the indicators herders use to
judge grassland degradation, herders’ explanations for
dissatisfaction with life, understanding of the main drivers of
grassland degradation, motivations for overgrazing, livestock
management strategies, and perceptions of grassland
environmental policies. We focused our analysis on herders’
explanations of dissatisfaction rather than satisfaction because
identifying the causes of dissatisfaction would be more helpful to
the government for improving social-economic policies.

The inductive coding process was conducted by hand in Microsoft
Word and Excel (version 2016) by the first author and cross-
checked by other researchers with similar expertise, according to
the following steps (Elo and Kynga 2008, Fang et al. 2018): first,
two coders read the interview transcripts repeatedly to identify
the keywords of herders’ responses, which were then used to
facilitate the initial coding of all the data; second, discrepancies
among the coders in their initial coding were solved by heated
discussion and recursive feedback from a third coder; third, using
techniques described by Bernard (2017; e.g., investigating
similarities and differences, checking repetitions, and sorting
codes), the resulting codes were grouped into higher level themes
by discussion among all the coders for constructing meaningful
interpretation. Microsoft Excel 2016 was also used to generate
descriptive statistics. We calculated percentages based on the data
frequency of codes or categories. Percentages in the text refer to
the number of respondents from the immediately mentioned sub-
sample who made that particular statement. To express the
original point of view of respondents, direct quotations are used.

RESULTS

Herders’ perceptions and understanding of grassland vegetation
changes, herder-grassland relationship, and quality of life

More than half of the herders perceived that the grassland had
been degrading after 2001, with fewer plant species and lower
vegetation height (Fig. 3). In total, 56% of herders thought that
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their grasslands had been getting worse over the past 20 years,
25% found that there had been no changes, and 17% believed that
their grasslands had gotten better (Fig. 3a). As one herder stated,

Fig. 3. Herders’ perceptions of changes in grassland vegetation
(a), grassland ecosystem services (b), drivers of grassland
degradation (c), and the indicators they use to judge grassland
degradation (d) in all samples under different grassland types.
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When I was a child, the grass in the grassland was so high
that I couldn’t see the sheep from a distance. But now the
grassland is getting worse every year, and there is not
enough grass to feed the sheep.

Herders used five indicators to judge grassland degradation
including plant species, vegetation height, desertification,
vegetation productivity, and vegetation cover (Fig. 3d). Among
these, plant species and vegetation height were the most widely
mentioned indicators, with a frequency of 67% and 36% of the
time, respectively. Herders’ perceptions of grassland vegetation
change varied by grassland types. Sixty-six percent of herders
perceived that typical steppes were getting worse (48% and 41%
for meadow and desert steppes, respectively), 39% of herders
perceived that meadow steppes were not changing (13% and 29%
for typical and desert steppes, respectively), 29% of herders
perceived that desert steppes were getting better (15% and 9% for
typical and meadow steppes, respectively). The indicators herders
used to judge grassland degradation varied with grassland types.
For typical and meadow steppes, plant species and vegetation
height were the most frequently used indicators whereas, for desert
steppes, the most frequently used indicators were plant species
and desertification.

Six ecosystem services were identified by herders, including
economic benefits, food provisioning, sandstorm prevention, air
purification, ecotourism, and visual aesthetics (Fig. 3b). Among
them, economic benefits and food provisioning were the most
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widely mentioned, with 98% frequency and 43% frequency,
respectively. We identified 10 drivers of grassland degradation in
the thematic induction, of which drought was the most frequently
mentioned, with 94% frequency (Fig. 3c). Only 38% of herders
regarded overgrazing as a potential driver of grassland
degradation and, among them, fewer than 10% thought that
overgrazing was directly related to grassland degradation. As one
herder stated,

I think the main cause of grassland degradation is
drought. When the precipitation is sufficient, the
grassland can grow well even if there are more livestock,
but when drought occurs, the grass will grow poorly even
if there are a few livestock grazing on it.

Herders’ perceptions of grassland ecosystem services varied by
grassland types. Herders in desert steppes were less likely to
perceive air purification (3%), ecotourism (0%), and visual
aesthetics (3%). Herders in meadow steppes were less likely to
perceive sandstorm prevention (4%). Herders’ knowledge
regarding overgrazing as a factor for grassland degradation
seemed to correlate with age and nationality (Appendix 3). A
higher proportion of middle-aged herders (35-59 years old, 26%)
than older herders (> 59 years old, 17%) and young herders (18-
34 years old, 14%) perceived overgrazing as a factor for grassland
degradation. A higher proportion of Han (33%) than Mongolians
(19%) perceived overgrazing as a factor for grassland degradation.

Herders’ satisfaction with their overall quality of life and eight
well-being dimensions are presented in Figure 4. In total, 51% of
herders felt satisfied with their overall quality of life. The overall
life satisfaction of herders in typical steppes was much lower, with
only 49% satisfaction compared to 72% satisfaction in desert and
meadow steppes. Although herders’ satisfaction with all the eight
well-being dimensions exceeded 50%, only income satisfaction
was significantly correlated (R? = 0.23, p < 0.05) with herders’
overall life satisfaction (Appendix 4). In addition, 49% of herders
remained dissatisfied with their quality of life, especially in terms
of income, food security, access to energy, and clean water.
Herders’ explanations for dissatisfaction are summarized in
Appendix 5 and Figure 5. More than 40% of herders complained
about insufficient income to support a good life and rising
economic inequality within the pastoral community. As one
herder lamented,

I am not satisfied with my current level of income. Our
neighbors have larger grassland areas and can raise more
livestock, and their annual income is much more than
ours. Now they have bought new cars and built big new
houses, but we have nothing.

For food security, herders were concerned with the accessibility
(11%) and safety of eating (12%) vegetables and fruits: on the one
hand, the vegetables and fruits in pastoral areas were expensive
and inconvenient to purchase; on the other hands, herders were
worried about the excessive use of pesticides and fertilizers for
vegetables and fruits from the markets. Insufficient water supply
and poor water quality were also problems for herders: 16% of
herders complained that the water quality was poor with high
salinity, 12% of herders stated that their water supply was
insufficient for livestock, and 5% of herders mentioned that coal
mining was polluting and depleting their water sources. For energy
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Fig. 4. Herders’ subjective evaluations of the overall quality of life and eight specific well-being dimensions related to the
Sustainable Development Goals (SDGs) in all samples under different grassland types.
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use, although most herders had access to the electricity generated
by solar and wind power, 15% complained that electricity was
unstable and insufficient for daily use.

Fig. 5. The current status of the four well-being dimensions that
herders were most unsatisfied with including poverty (a),
concerns about the safety of vegetables and fruits (b), unstable
energy supply (c, d), and shortage of safe drinking water (e, f).
All the photos were taken in Xilingol in August 2019.

Herders’ motivations for overgrazing in livestock management

We identified six explanations for overgrazing, which can be
grouped into three categories (Table 1). The most frequently
mentioned reason was the increased economic pressure: on the
one hand, the basic living expenditures for food, education, and
traffic increased rapidly (65% of respondents) during recent
decades; on the other hand, the pressure of repaying loans also
forced herders to raise more livestock (16%). As one herder stated,

I can only earn more money by raising more sheep. For
the future of my three children, Isent all of them to school
in the city of the county. My wife rented an apartment
in the city to take care of them. The annual expenses are
very high, and we still have a loan from last year’s forage
purchase. I know that having more sheep is not good for
the grassland, but I have no choice.

The transaction of pasture property rights was another frequently
mentioned reason for overgrazing. Herders complained that
renting pasture was very expensive (24%). Because the subsidies
of pasture went to pasture contractors (22%), the renters had to
raise more livestock to make a profit. Furthermore, some herders
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thought that overgrazing was a result of ineffective grassland
policies such as the privation of grassland property (11%) and the
Fencing Program (11%). As one herder said,

Bothmy father and grandfather grazed on this grassland.
Based on the current pasture allocation policy, pasture
areas per household do not change as population changes.
Thus, over years, as pasture property right is handed down
by inheritance, the sons receive smaller and smaller
pasture areas, with more and more people in the family
depending on it. And because our pasture is small, we
have to overstock to feed our family.

Table 1. Herders’ explanations for overgrazing.

‘Why do herders overstock even after Frequency Categories

recognizing its negative effects on (n=37)
grasslands?
The basic living expenditure (e.g., the 65%  Increased economic

expenditure on food, education, and
traffic) increased rapidly.

pressures

The pressure of repaying loans. 16%

Renting grasslands is very expensive, 24%  Transaction of
and the renters have to raise more pasture property
livestock to make profits. rights

The subsidies of pasture belong to 22%

pasture contractors, and the outcomes
of overgrazing are borne by the renters.

Per capita pasture decreases with the 11%  Ineffective grassland
increasing family size. policy

The Fencing Program leads to 11%

overgrazing.

Herders’ livestock management strategies and views on grassland
environmental policies

We identified six factors that influenced the herders’ livestock
decisions (Table 2). The most frequently mentioned two factors
were pasture area (87%) and drought (70%). Herders stated that
pasture size determined how many livestock they planned to raise
each year, whereas the occurrence of drought could disrupt their
annual plans by forcing additional livestock slaughter. Herders
only sell lambs in normal years, but have to sell some ewes as well
when drought occurs. Labor shortage was another factor
influencing the herd size of a household. About 27% of herders
mentioned that they lacked labor for livestock management
because of aging, illness, and young people seeking jobs in urban
areas. Some financial factors, including deposit amount (27%),
loan availability (19%), and livestock price (15%), also influenced
the number of livestock. When herders had enough deposits or
could get loans, they tended to increase the number of livestock
by renting more grasslands. With deposits and loans, herders were
also able to better adapt to droughts by renting grasslands or
purchasing supplementary forages. Livestock prices influenced
the number of livestock in different ways for the poor and the
rich: when the livestock price was low, the poor tended to sell
more livestock to maintain the livelihood and repay the loan,
whereas the rich tended to reserve more lambs to replace the old
ewes.
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Table 2. Factors influencing herders’ livestock management
strategies.

How do herders decide the number of
livestock to slaughter or stock each year?

Frequency Categories
(n=88)

A larger pasture area can support more 87%

livestock.

When a drought occurs, herders first try to buy 70%

forages or rent grasslands, but they will

slaughter some ewes if lacking funds.

Declining labor capacity due to aging or 27%

diseases leads to lower livestock numbers and

more pasture leasing.

Reduced workers in pastoral areas due to

urbanization leads to lower livestock numbers

and more pasture leasing.

With more savings, herders can rent more 27%

grasslands and support a larger number of

livestock.

With more savings, herders can cope with

droughts better by purchasing forages or

renting grasslands.

If a loan is available, herders can purchase 19%  Loan

more supplementary forages to support a availability

larger number of livestock.

If a loan is available, herders can cope with

droughts by purchasing forages or renting

grasslands.

When the livestock price is low, the poor 15%  Livestock

herders have to slaughter more livestock to price

make a living or pay off the loan.

When the livestock price is low, the rich

herders choose to reserve more lambs to

replace old ewes.

Pasture area

Drought

Workforces

Deposit
amount

Herders expressed different views on the Fencing Program, No
Grazing and Rotational Grazing policy, and Forage-Livestock
Balance policy. In total, 74% and 53% of herders were in favor of
the Fencing Program and No Grazing and Rotational Grazing
policy, respectively, whereas only 24% of herders supported the
Forage-Livestock Balance policy (Table 3). Herders said that the
Fencing Program could not only effectively prevent their
grasslands from being grazed by others, but also increase the labor
efficiency of livestock management. Although some herders
complained that the subsidy of the No Grazing and Rotational
Grazing policy was low, most of them agreed that this policy was
good for plant growth. Herders provided three reasons to explain
why they did not support the Forage-Livestock Balance policy.
First, 22% of herders said that the maximum livestock number
stipulated by this policy did not match their grasslands’ actual
carrying capacity. Second, 20% of herders mentioned that they
could adjust the livestock number by themselves based on their
grasslands’ actual conditions, and that this policy was completely
unnecessary. Third, 13% of herders complained that they would
be unable to make a living were they to strictly abide by this policy.
As a result, the actual stocking rates of this area were 2-3 times
higher than the prescribed stocking rates (Fig. 6). As one herder
stated,

The current Forage-Livestock Balance policy is mostly
a formality. The government officials occasionally come
down to inspect. But before they come, we often get
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Table 3. Herders’ views on current grassland environmental policies. The four frequencies in parentheses under the column entitled
“Herders’ overall views (%)” represent herders’ views from all three steppe types as a whole, meadow steppe, typical steppe, and desert
steppe, respectively.

Grassland Herders’ overall Specific explanation Frequency
environmental views (%) (n=94)
policy
Fencing Program Reasonable (1) Fencing facilitates livestock management and increases labor efficiency. 51%
(69, 90, 53, 79)
(2) Fencing can prevent grasslands from being grazed by others. 34%
Unreasonable (3) Fencing leads to the uneven distribution of grasslands for herders. 11%
(21, 10, 27,21)
(4) Fencing increases the trampling of grasslands by livestock, leading to pasture degradation. 5%
(5) Fencing is not good for livestock growth because it can reduce the diversity of livestock 4%
feeds.
Forage-Livestock ~ Reasonable (1) This policy is beneficial for grass growth. 24%
Balance policy (24, 19, 24, 28)
Unreasonable (2) The maximum stocking rates stipulated by this policy do not match local realities. 22%
(69, 81, 62, 72)
(3) This policy is completely unnecessary because herders can adjust their livestock number 20%
themselves according to climatic conditions.
(4) Herders cannot make a living if strict adherence to the policy. 13%
(5) The subsidy is too low to compensate for the income decline because of lower stocking 6%
rates.
(6) This policy is not flexible enough to reflect precipitation fluctuations. 6%
(7) The allocation of subsidy is irrational: the cost of this policy is borne by renters, but the 4%
subsidy belongs to the owners.
No Grazing Reasonable (1) The forbidden grazing during the rejuvenation period is beneficial for grass growth. 53%
and Rotational (53, 57, 49, 55)
Grazing policy
Unreasonable (2) The subsidy of this policy is too low to compensate for the costs of forbidden grazing. 21%
(41, 43, 38, 45)
(3) The forbidden grazing is useless, the growth of grass is mainly determined by 13%
precipitation.
(4) The forbidden grazing coincides with the lambing period when the ewes need to feed live 11%
grasses to get enough nutrition.
(5) The allocation of subsidy is irrational: the cost of this policy is borne by renters, but the 9%

subsidy belongs to the owners.

messages via WeChat in advance and hide the sheep from

inspection. Even if we are caught overstocking, we are
still willing to raise more because we still make a profit

after paying the penalty.

DISCUSSION

Was the government’s grassland policy effective in slowing down

and reversing overgrazing?

Balance Policy.

Fig. 6. A comparison between the actual stocking rate and the
maximum stocking rate stipulated by the Forage-Livestock

Our results indicate that 81% of herders did not think that the
grassland conditions were improving after 2001, of which 56%
thought that the grasslands were degrading during the past two
decades (Fig. 3a). These results seem inconsistent with the
ecological findings that reported large-scale grassland restoration
(Lietal. 2012, Muetal. 2013). We examined the relevant literature
and found two possible explanations for this discrepancy. First,
the satellite image-based vegetation indices alone, which
researchers commonly use, may not provide reliable information
about grassland degradation. Studies have shown that the
Enhanced Vegetation Index of overgrazed areas can be
significantly higher than that of ungrazed areas because invasive
and unpalatable grass species in overgrazed grasslands often have
adenser leaf structure (Karnieliet al. 2013). Second, the literature
reporting grassland restoration did not directly report the overall
changes in grassland conditions. They either distinguished the
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climatic factors and anthropogenic factors (Li et al. 2012, John
et al. 2016) or reported grassland restoration caused by land
conversion (from cropland and desertified land to grassland; Mu
etal. 2013). Those who evaluated the overall grassland conditions
also found the productivity of Inner Mongolia declined between
2001 and 2010 (Bao et al. 2014, Miao et al. 2015), and drought
was the main driver (Zhao et al. 2015). Thus, the herders’
perceptions of grassland vegetation changes were more local,
livestock-centered, and holistic, whereas the scientific studies
relied heavily on remote sensing data and land cover changes on
broad scales. The grassland policies did lead to the conversion of
large areas of arable land and desertified land back to grasslands,
but this improvement did not seem to have benefited the local
herders substantially (thus they did not feel it). Connecting
scientific information with traditional ecological understanding
could help bridge the knowledge gaps of complex situations
through bringing in new perspectives and new types of evidence
(Diaz et al. 2018, Biro et al. 2019).

Our analysis indicates that 94% of herders perceived drought as
the most important cause of grassland degradation, but only 38%
of herders believed that grassland degradation was caused by
overgrazing (Fig. 3). This is at odds with the findings of most
ecological studies that both overgrazing and drought are the main
causes of grassland degradation (Liuetal. 2013, Wangetal. 2013,
Miaoetal. 2015, Zhao et al. 2015). Grassland degradation caused
by overgrazing is usually a cumulative and slow process (Hilker
et al. 2014), and it is often difficult for herders to notice the slow
changes. By contrast, drought has a more acute and severe impact
on grasslands (Wu et al. 2014, Miao et al. 2015). Thus, the effects
of precipitation fluctuations on grasslands can overshadow the
effects of overgrazing. Misunderstanding the causes of grassland
degradation can hinder herders from adopting appropriate
strategies to cope with it.

We also found that middle-aged herders were more likely than
younger herders to consider overgrazing a cause of grassland
degradation, and Han Chinese were more likely than Mongolians
to consider overgrazing a factor in grassland degradation
(Appendix 3). Middle-aged herders usually have more experience
in livestock management than younger herders and can
accumulate more knowledge about grassland degradation in their
daily livestock management. Han herders usually lease more
pastures than Mongolian herders (the percentage of leased
pasture area to total pasture area for Mongolians and Han
Chinese was 46% and 24%, respectively). More pasture leases can
lead to a higher probability of overgrazing and grassland
degradation (Li et al. 2018). Thus, Han herders are more likely to
experience and perceive grassland degradation caused by
overgrazing. This result suggests that both the degree of herders’
livelihood dependence on grasslands and grassland property
rights may have an impact on herders’ ecological perceptions. It
also suggests that different leverage points can influence each
other.

Why did overgrazing still occur after the grasslands were
privatized?

Our results show that nearly 50% of herders did not feel satisfied
with their current quality of life (Fig. 4), indicating that they had
a strong desire to increase livestock numbers to improve their
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income. Whether or not herders considered overgrazing’s impacts
in their decision making depended on the ownership of grassland
property rights and their living standards. Herders generally
expressed a willingness to protect their grasslands, but they
preferred to maximize the use of leased grasslands because of
insecure grassland property rights, high costs, and lack of
subsidies (Table 1). Negative environmental impacts of farmland
rental, such as long-term over-exploitation of land resources and
overuse of pesticides and fertilizers, have been widely reported
around the world (Dubois 2002, Carvalho 2017, Clay and
Zimmerer 2020). In our case, the poor were not able to protect
grasslands by reducing stocking rates because they thought that
they would have to raise more livestock to make ends meet and
repay loans. As one herder stated,

I know that overgrazing will degrade the grassland, but
1 have no choice. With such a small piece of grassland,
if I do not raise more livestock, I would not be able to
support my two children to attend school in the city.

Both the decoupling of herders’ income from local grassland
conditions (Li and Li 2012, Robinson et al. 2017) and herders’
misperceptions about the drivers of grassland degradation
contributed to the herders’ lack of response to grassland
degradation by reducing stocking rates. Herders cared most about
economic profits from grasslands (Fig. 3c), and, with grassland
degradation, herders’ income still grew rapidly over the past
decades (Shang et al. 2019). The decoupling may be caused by
supplementary forage from elsewhere (Table 2), which lifted the
carrying capacity of local grasslands for livestock (Robinson et
al. 2017). In addition, most herders did not recognize that
grassland degradation was mainly caused by overgrazing (Fig.
3d). Without understanding the drivers of grassland degradation,
herders were unable to adopt ecologically sound strategies to use
and manage their grasslands.

Moreover, in a region with highly variable precipitation, herders’
strategies to keep overloaded livestock numbers stable year after
year were doomed to overgrazing. It is difficult for herders to
adjust grazing to precipitation variations without sophisticated
forecasting at hand, and even the government’s Forage-Livestock
Balance policy does not take this into account. Herders used to
cope with drought by storing grass locally, but now most herders
purchase large amounts of forage to support excessively large
livestock populations, regardless of drought. In this case, when a
drought occurs, rich herders choose to buy more forage within
their financial capabilities to support the overloaded livestock
(Table 2). This leads to livestock numbers exceeding the carrying
capacity of grasslands in dry years, creating conditions for
grassland degradation. Poor herders are forced to sell large
numbers of livestock at bargain prices in the face of drought,
which leads to poverty.

In sum, overgrazing in the Xilingol grassland region is a complex
problem caused by a combination of factorsincluding (1) herders’
strong aspiration to improve their quality of life, (2) faulty
grassland leasing policies, (3) decoupling of herders’ well-being
from grassland conditions, (4) herders’ misperceptions about the
causes of grassland degradation, and (5) inappropriate strategies
for coping with precipitation fluctuations.
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Was the herders’ quality of life improving?

Our results indicate that more than 50% of herders were satisfied
with their overall quality of life. The percentages of herders
expressing satisfaction with gender equality and education were
even higher than 80% (Fig. 4). The high life satisfaction of herders
may be because of the overall improvement in herders’ objective
well-being reported by many previous studies (Dong et al. 2015,
Huang and Jiang 2017, Shang et al. 2019). This result also
demonstrates the success of the government’s socioeconomic
policies in improving herders’ well-being. We also found that the
overall life satisfaction of herders in the typical steppes was much
lower, at 49% compared to 72% in meadow and desert steppes
(Fig. 4). Considering that the overall life satisfaction of herders
was significantly correlated with income satisfaction (Appendix
4), the lower income satisfaction in the typical steppes (Fig. 4)
may be the main reason.

Nearly 50% of herders still did not feel satisfied with their current
quality of life, especially for income. This phenomenon can be
explained, at least to some extent, by Easterlin’s paradox:
economic and material growth does not necessarily increase
human happiness because the positive effects of increasing
income can be offset by human adaption to the changes and social
comparison (Easterlin 1974). For example, herders used to be
limited to cow dung fuel and coal as their daily energy sources,
but now they have access to electricity generated by wind and
solar devices. However, many herders are still unsatisfied with
wind and solar energy (Appendix 5) and want the same stable and
sufficient electricity supply as those in agricultural and urban
areas. As a result of social comparison, herders’ demand for high-
quality energy has increased, leading to dissatisfaction. The
increased income inequality of Inner Mongolia over the past 20
years (Shang et al. 2019, Fang et al. 2021) can further exacerbate
social comparisons and lead to herders’ dissatisfaction. Thus,
despite improvement in objective well-being, there are still many
herders not satisfied with their current quality of life and wishing
to pursue a more prosperous life. However, a higher quality of
life requires more livestock to support it, resulting in more grazing
pressure on the grasslands.

The privatization of grassland property rights has multiple
impacts on herders’ quality of life. On the one hand, the land
tenure reform in the pastoral areas greatly boosted herders’ desire
for higher production, leading to the rapid growth of the
husbandry economy (Liu 2017). The growth of livestock
production provided more disposable income and food for
herders. On the other hand, under the system of property
privatization, the pasture area per household does not increase
with expanding family size. Thus, after several decades, large
families with multiple generations would have less and less pasture
per household because of the inheritance rule of pasture property
rights. The uneven distribution of pasture areas led to the income
inequality of herder households. In addition, the uneven
distribution of pastures caused by privatization contributed to an
increase in pasture rental. According to China’s grassland tenure
system, grassland rental ensures the transfer of grassland user
rights rather than owner rights (Li et al. 2018). Despite the local
government’s efforts to formalize grassland rental, contracts are
usually oral, informal, and short term, which adds to the sense of
insecurity regarding the user rights (Zhang et al. 2017, Su et al.
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2021). This insecurity not only increases herders’ fears about their
future income, but also urges them to overuse the rented pastures.

What are the potential deep leverage points to resolve the
problem of overgrazing?

Our results indicate that China’s current Forage-Livestock
Balance policy has not been effective in preventing overgrazing
because of the failed implementation by herders (Fig. 6). The
mismatch between herders’ desired stocking rates and policy-
stipulated stocking rates has been identified as an important
reason (Hou et al. 2013). Our results provide three additional
explanations for the herders’ resistance to the policy. First, the
stocking rates set by the Forage-Livestock Balance policy did not
sufficiently consider the large spatial variability in grassland
productivity across the broad region. Accurately estimating the
productivity of grassland areas owned by different herders would
be costly and formidable (Brown et al. 2011). Therefore, many
counties simply divided the entire grassland area into a few zones
and estimate the average stocking rate for each zone. Also, the
government-set maximum stocking rates were not updated
annually and thus unable to reflect the effects of precipitation
fluctuations. Second, some herders stated that they could not
sustain a good living if they strictly adhered to the official stocking
rate (Table 3). This is especially true for herders with small
grassland areas. The increased economic pressures forced them
to overstock. Third, the problem of overgrazing was further
exacerbated by the unequal responsibilities and benefits of
pasture leasing. Many herders found ways to cheat inspections,
whereas others would rather be fined than reduce livestock
numbers because having more livestock was still more profitable
even with the fine. According to the intervention theory of
leverage points (Meadows 1999), directly intervening in herders’
use of grasslands by setting maximum allowed stocking rates is
a shallow lever that is easy to implement but least effective. To be
more effective, grassland environmental policies should also focus
on deep leverage points that are more difficult to implement but
can bring about transformational change (Abson et al. 2017,
Fischer and Riechers 2019). Our results identify three potential
deeper levers to address overgrazing (Table 4):

Table 4. Potential leverage points for intervention in the Inner
Mongolia grazing system, using typologies from Meadows (1999)
and Abson et al. (2017).

Leverage Leverage points in the Inner Mongolia grazing
type systems
Shallow Parameters  To set the maximum allowed stocking rates.
leverage Feedbacks To reconnect the long-term health of rented
points grasslands with herders’ livelihoods.
Deep Design To improve the grassland governance system by
leverage integrating top-down policy and herder self-
points governance. To get herders involved in developing
holistic livestock management strategies that are
both economically profitable and ecologically
sustainable.
Intent To reduce poverty and inequity.



https://www.ecologyandsociety.org/vol27/iss1/art8/

1. To reduce poverty and inequity (change the intention of the
system). Many herders tend to overstock because of
increased economic pressures or aspirations for a better life.
Thus, for herders to use grasslands in a sustainable way,
policies need to be designed not only to eradicate the poverty
of herders, but also to reduce the income gap between
pastoral and urban areas.

2. To improve the grassland governance system (change the
rules of the system). The Chinese government has been
focusing on top-down policy regulation and privatization of
pasture property rights to address grassland degradation.
Our results show that both strategies have been ineffective
on the ground. Herder self-governance seems to be a missing
part of the solution because this strategy allows for the full
integration of herders’ knowledge into grassland
management. For example, Li et al. (2007) found that co-
management of grasslands and livestock among a few
households in Xilingol promoted sustainable use of
grasslands. However, whether this strategy can be effective
on a large scale remains to be tested.

3. To reconnect the long-term health of rented grasslands with
herders’ livelihoods (reconstruct feedbacks). In the context
of rapid urbanization, more and more herders are leaving
the grasslands and renting out their pastures. The renters
tend to overstock rented pastures to maximize short-term
profits. Without a strong link between herders’ incomes and
the rented grassland degradation, herders are not likely to
adopt strategies to ameliorate grassland degradation.

4. To get herders involved in developing holistic livestock
management strategies that are both economically
profitable and ecologically sustainable (change the structure
of information flows). Herders need to have a more
comprehensive and science-supported understanding of the
main causes of grassland degradation and learn how to cope
with droughts in an adaptive manner. Learning and
experimenting with grassland management strategies can
help introduce new information flows to the structure of
grazing systems as a significant design-level leverage point
(Tourangeau and Sherren 2020). Toward this end,
transdisciplinary landscape sustainability studies are needed
to bring together researchers and herders and bridge science
with traditional ecological knowledge.

CONCLUSIONS

In this study we investigated the underlying causes of overgrazing
in the Xilingol grassland of Inner Mongolia by systematically
examining herders’ livestock decision-making processes. Based
on semi-structured interviews with herders, we found that herders
had a strong zeal for improving their quality of life as income
disparity increased among herders and between herders and
urban dwellers. Herders’ misperceptions about the key drivers of
grassland degradation and the decoupling of herders’ well-being
from grassland ecological conditions prevented them from
adopting proactive strategies to address the problem of grassland
degradation. Herders’ improper strategies to cope with drought
also contributed to overgrazing. Our results suggest that the
current grassland policies, which were intended to control
livestock numbers by stipulating the maximum stocking rate, are
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shallow intervention strategies that are ineffective. The
sustainability transition of Inner Mongolian grasslands can only
be achieved by incorporating deeper leverage points for
intervention, including reducing poverty and inequity, improving
the grassland property system, reconnecting the long-term
grassland health to herders’ livelihoods, and collaborating with
herders to develop holistic livestock management strategies that
balance short-term gains and long-term ecological integrity.

Responses to this article can be read online at:
https://www.ecologyandsociety.org/issues/responses.

php/12878
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Appendix 1. The basic demographic information of the interviewed herders compared with
associated data from the Inner Mongolia Statistical Yearbook.
of Data from

i : Number e
Variables Categories statistical
respondents (%) yearbook (%)
Female 31% 49%
Gender Male 69% 51%
<18 2% 16%
18-34 26% 28%
Age 35-59 67% 44%
>60 5% 12%
) ) Mongolian 71% 67%
Nationality ~ Han 29% 32%
Primary school 28% 30%
Education Secondary school 60% 59%

College and university  12% 11%




Appendix 2. Semi-structured interview guides.

Demaographic information (Closed-ended)

Name: Gender: Age:

Nationality: Education: Occupation:

Basic livestock management information (Closed-ended)

Inherent pasture area: Rented pasture area: Livestock breeds:

Livestock numbers: Supplementary forage per year: | Supplementary concentrates per year:

The maximum stocking rates stipulated by the Forage-Livestock Balance policy:

Basic livelihood information (Closed-ended)

Livestock net income: Income from other sources: Loan amount:

Annual expenditures on food, clothing, traffic, heating, education, and medical treatment:

Herder’s perceptions of grassland ecological changes (Closed-ended + Open-ended)

1. Overall, how has the grassland vegetation grown over the past 20 years? (Closed-ended)
(A) Better (B) Worse (C) No change (D) Unclear

2. What indicators do you use to judge grassland degradation? (Closed-ended)
(A) Plant species  (B) Grass height  (C) Desertification (D) Grass productivity (E) Grass density

Herder’s subjective evaluation of their well-being conditions (Closed-ended + Open-ended)

3. Overall, are you satisfied with your current qualify of life? (Closed-ended)
(A) Very satisfied (B) Satisfied (C) Nottoo bad (D) Unsatisfied

4. Herders’ subjective evaluation of the following eight wellbeing dimensions (Closed-ended + Open-
ended)
(1) Income: are you satisfied with your current level of income, why?
(A) Very satisfied (B) Satisfied (C) Nottoo bad (D) Unsatisfied
(2) Food security: are you satisfied with the convenience, safety, or price of food, why?
(A) Very satisfied  (B) Satisfied (C) Not too bad (D) Unsatisfied
(3) Health care: are you satisfied with local medical facilities and the health status of your family,
why?
(A) Very satisfied  (B) Satisfied (C) Not too bad (D) Unsatisfied
(4) Gender equality: are you satisfied with the current status and division of labor between women
and men in the family, why?
(A) Very satisfied  (B) Satisfied (C) Nottoo bad (D) Unsatisfied




(5) Education: are you satisfied with your children's education level and access to high-quality
education, why?
(A) Very satisfied (B) Satisfied (C) Nottoobad (D) Unsatisfied
(6) Water & sanitation: are you satisfied with the drinking water and livestock drinking water, why?
(A) Very satisfied (B) Satisfied (C) Nottoo bad (D) Unsatisfied
(7) Access to energy: are you satisfied with your current home energy supply, and why?
(A) Very satisfied (B) Satisfied (C) Nottoo bad (D) Unsatisfied
(8) Social equity: are you satisfied with social equality, and why?
(A) Very satisfied (B) Satisfied (C) Nottoo bad (D) Unsatisfied

Herder’s perceptions and understandings of herder-grassland relationships (Closed-ended + Open-
ended)

5. What benefits do you think grasslands can provide for you? (Closed-ended)
(A) Economic benefits (B) Food provisioning (C) Sandstorm prevention (D) Air purification (E)

Eco-tourism (F) Visual aesthetic

6. What do you think are the main causes of grassland degradation? (Open-ended)

7. Do you think grassland degradation is related to overgrazing? to what extent? (Closed-ended)
(A) Very relevant  (B) Relevant  (C) Weak relevant (D) Irrelevant

8. Why do herders overgraze despite knowing its negative effects on grasslands? (Open-ended)

Herder’s livestock management strategies and views on grassland environmental policies (Closed-

ended + Open-ended)

12. How do you decide the livestock numbers to be sold and reserved each year? (Open-ended)

13. To prevent grassland degradation, the government has implemented several grassland
environmental policies, such as the Fencing Program, Forage-Livestock Balance policy, and Forbidden
Grazing and Rotational Grazing programs. (Closed-ended + Open-ended)

(1) Do you think the Fencing Program is reasonable or unreasonable, Why?

(2) Do you think the Forage-Livestock Balance policy is reasonable or unreasonable, Why?

(3) Do you think the Forbidden Grazing and Rotational Grazing programs are reasonable or

unreasonable, Why?




Appendix 3. The percentages of respondents who perceive overgrazing as a factor for grassland

degradation under different genders, ages, nationalities, and education.
Percentage of respondents who

Variables Categories rNegrr:)?%re?]{s perceive overgrazing as a factor
P of grassland degradation (%)

Female 35 20%
Gender Male 78 24%
18-34 22 14%
Age 35-59 85 26%
>60 6 17%
) ) Mongolian 79 19%
Nationality Han 34 33%
Primary school 31 29%
Education Secondary school 71 24%

College and university 11 9%
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Appendix 4. The Spearman correlations between herders’ overall life satisfaction and the eight
individual categories (*p< 0.05; **p< 0.01).
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Appendix 5. Reasons for herders’ dissatisfaction with the eight dimensions of wellbeing.

Eight wellbeing Reasons for dissatisfaction Frequency

dimensions (n=107)

1. Income The income is too low to support a good life. 41%

2. Food security Herders are worried about the abuse of pesticides and fertilizers 12%
in vegetables and fruits.
Vegetables and fruits in pastoral areas are expensive and 11%
inconvenient to purchase.

3. Health care Family members suffered from diseases. 8%
The pollution from coal mining threatens their health 4%

4. Education It is not convenient for their children to get educated in the 6%
county because of the long commute.

5. Gender equity Women usually have to do more livestock work than men. 2%

6. Water and sanitation ~ The water quality is poor with high salinity. 16%
The water volume is insufficient for drinking livestock. 12%
Coal mining is polluting and depleting their water sources. 5%

7. Access to energy The electricity generated by solar and wind is unstable and 15%
insufficient for daily use.

8. Social equity Corruption of local officers leads to social inequity. 3%
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