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A B S T R A C T

Embraced for decision-making, resilience has evolved as a meaningful term in areas such as ecology, the
economy and society. After a policy of grassland contracts was implemented on the Qinghai-Tibetan Plateau, two
grassland management patterns evolved: the multi-household management pattern (MMP) and the single-
household management pattern (SMP). Within a resilience-driven perspective, this study compared the out-
comes of these grassland management patterns by measuring their effects on the resilience of grazing, ecological,
economic and social systems. Resilience indicators for each of the four systems were: grazing system (grazing
space, transhumance, water source and reproduction); ecological system (vegetation including cover, biomass,
species richness and soil properties including pH, organic carbon, total nitrogen and total phosphorus); economic
system (income, expenditure and infrastructure) and the social system (health, assistance, social relations,
cultural inheritance and institutional arrangements). In order to provide a social-ecological resilience framework
for the two grassland management patterns, a decision support tool was applied to approximately gauge the
resilience of each indicator. The results showed that each of the four systems under the MMP had a greater
degree of resilience than the SMP, and that the overall resilience of the MMP was estimated at 5.8 units com-
pared to about −5.8 units for the SMP. The relative success of the MMP was seen to rest largely on the
maintenance of traditional management practices, social networks, trust and the low cost and high efficiency of
informal institutions, which acted to reduce the risk of unsustainable development of ecological and social
systems. The important take-home lesson from this study is that contracting of grasslands to private entities on
the Qinghai-Tibetan Plateau, and in the rest of the world where similar land management practices exist, must be
undertaken with caution.

1. Introduction

The term ‘resilience’, pioneered by Holling (1973), refers to the
propensity of a natural system to retain its organizational structure and
to continue to be reasonably productive following a significant per-
turbation, or the varied rate of return of a variable after such a per-
turbation is applied to the system (Vogel et al., 2012). Contextualized as
a self-organizational process, resilience is meant to include the

interaction between different structures and physical processes, leading
to the evolution and development of the system regardless of the initial
conditions (Gunderson, 2000). Although the definition of resilience
adopted by professionals working in conservation, policy and the sci-
ences has expanded (Brown and Williams, 2015; Carpenter et al., 2001;
Ciftcioglu, 2017; Fisichelli et al., 2016; Oliver et al., 2015a), most of the
resilience-driven thinking used as a guiding framework for addressing
sustainability challenges tends to start with the premise that the social
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and ecological aspects are not identifiably separate (Cumming et al.,
2005; Rist et al., 2014). Using resilience-thinking, multiple, cross-scale
interactions, ecological thresholds and feedbacks in a social-ecological
system (SES) are likely to be better understood, allowing resource
managers and policy makers to maintain the flexibility necessary to
respond to uncertainty and change (Cumming et al., 2005; Miller et al.,
2010; Nelson et al., 2007; Plummer and Armitage, 2007).

In ecological sciences as applied in the present research paper, re-
silience refers to the ability of a multi-stable system to absorb different
magnitudes of perturbations in order to resist ‘regime shifts’ and retain
their functions and structure post-stress while maintaining the systems’
development (Bengtsson et al., 2003; Gallopín, 2006; Nelson et al.,
2007; Ng et al., 2015). Ecological resilience is evolving into a credible
paradigm for sustainable policy development, particularly for better
environmental management to help preserve natural capital in a rapidly
globalizing world (Spears et al., 2015). The diversity of species and
their specific responses to the variation, heterogeneity, and re-
dundancies and connectedness of habitats, as well as governance and
management plans are known to influence the resilience of an eco-
system (Ayala-Orozco et al., 2016; Bengtsson et al., 2003; Cutter et al.,
2008; Nyström et al., 2000; Oliver et al., 2015b; Sara and Nico, 2015).
In the social sciences, resilience is often applied to describe the ability
of groups or communities to buffer disturbances, and consequently, to
self-organize, learn and adapt despite the existence of adversity ema-
nating from social, political and environmental changes (Luthar and
Cicchetti, 2000). An ability to learn through trust and engagement are
thus the cornerstones of social resilience (Gunderson, 2000; Lebel et al.,
2006). Good social relationships (e.g., networks and individuals and
groups in communities), and improvements in the awareness of risk,
disaster management plans, insurance coverage, information sharing,
local environmental knowledge and skills and access to resources are
also relevant for enhancing the resilience of a given society (Berkes and
Jolly, 2000; Cutter et al., 2008; Olsson et al., 2004; Paton et al., 2001;
Tompkins and Adger, 2004). In the field of inter-disciplinary sciences,
resilience is used to emphasize the functioning of an SES that involves
inter-linked or coupled systems of people and nature, vital to the health
of ecosystems, human wellbeing and resource equitability for current
and future generations (Ciftcioglu, 2017; Nelson et al., 2007; Walker
et al., 2002; 2006;). A resilient SES is thus likely to continually mod-
erate and consequently adapt, while remaining within a stable domain,
because natural resource managers are able to learn and actively adapt
relevant ecosystem management policies and act to prevent un-
sustainable and undesirable development trajectories (Folke et al.,
2010; Olsson et al., 2004; Spears et al., 2015). A disturbance or a crisis
can sometimes be regarded as an opportunity for novelty, innovation
and development in a resilient SES (Folke, 2006; Folke et al., 2010). A
few previous studies have attempted to identify the characteristics of
resilient systems from a broad socioeconomic perspective (Oliver et al.,
2015a), but the research on social–ecological resilience is still very
much in an exploratory phase (Folke, 2006), and often evaluated in-
dependently by social scientists and ecologists (Cao et al., 2014a).

Human actions and nature form a tightly coupled system, so an
appropriate degree of natural resource management is sometimes
warranted to increase the resilience of an ecosystem to exogenous
factors such as stress or disturbances (Chambers et al., 2014). This can
also assist in the promotion of the overall well-being of humanity
(Ayala-Orozco et al., 2016). A transformation of strategies to increase
resilience from the conceptual stage to the implementation stage is
rather difficult or even impossible in some circumstances, due to the
mismatch across different disciplines and scales, and underlying field
conditions. Therefore, surrogate resilience indicators can be defined
and applied to the entire spectrum of SES (Carpenter et al., 2001;
Fisichelli et al., 2016). Empirical applications of resilience theory can
contribute to different policy and management perspectives by evalu-
ating the potential consequences of different manipulations made by
policy makers and natural resource managers (Cumming et al., 2005).

Many case studies on resilience, and especially in ecological sci-
ences, provide examples of these applications including: coral reefs
(Hughes et al., 2003; McCulloch et al., 2012; Mumby et al., 2007),
pollinator communities (Sara and Nico, 2015), grasslands (Craine et al.,
2013; Klimeš et al., 2013; Looy et al., 2016; Vogel et al., 2012), forests
(Scull et al., 2016), conservation of biodiversity (Sgrò et al., 2011), and
fauna (Knapp et al., 2005). In social sciences, studies have focused on
the resilience of grasslands to institutional arrangements (Schermer
et al., 2016), resilience of water resource management to government
policy (Schlüter and Pahl-wostl, 2007), and the resilience of farmland
to traditional land management knowledge (Assefa and Hans-Rudolf,
2016). In SES, studies have focused on the resilience of natural re-
sources management (Tompkins and Adger, 2004) and agricultural
systems (Ciftcioglu, 2017; Darnhofer, 2014) to climate change, and on
the resilience of SES to coastal disasters (Adger et al., 2005). Efforts to
measure and assess the resilience within these diverse fields have sti-
mulated significant research interests applied through an array of
qualitative and quantitative approaches (Quinlan et al., 2016).

However, in previous studies performed on the resilience of grass-
land systems, most of the research focused only on the effects of species
richness (Kühsel and Blüthgen, 2015), mowing in different seasons
(Klimeš et al., 2013), fire (Anderies et al., 2002), or management issues
(e.g., mowing frequency, fertilizer applications) (Vogel et al., 2012),
and seldom considered the effects of variation in grassland management
(such as the grazing space or transhumance) induced by policy on SES,
such as grassland management modifications in Maqu, on the eastern
Qinghai-Tibetan Plateau (QTP). Historically, the herders of Maqu en-
gaged in transhumant pastoralism with yak and Tibetan sheep based on
collective management, an apparently environmentally sustainable use
of the land (Cao et al., 2011; Yan et al., 2005). However, in the 1990s
grassland management in this region, as in other countries around the
world, was changed significantly through a set of policies of grassland
contracts (Cao et al., 2011; Harris, 2010; Veeck et al., 2015) due to the
influence of socio-political circumstances (Andersen et al., 2014; Singh
et al., 2013). Although all winter grasslands were required to be con-
tracted to single-households, many of the herders were unwilling to
operate in isolation because of their history of collective nomadism and
dependence on the collective lifestyle (Cao et al., 2011). With the im-
plementation of grassland contract policy, two grassland management
patterns evolved: (1) a multi-household management pattern (MMP)
where the grassland was jointly managed by two or more households
without fences between the individual household pastures, and (2) a
single-household management pattern (SMP) where grassland was
managed by individual households with fences demarcating the own-
ership, and the scope and space of the available rangeland was also
inadvertently reduced (Yeh and Gaerrang, 2011; YontenNyima, 2012).
At present, most of the MMP households have summer and winter
pastures, while most of the SMP households have only one pasture for
year-round use (Cao et al., 2013), a practice that is consistent with the
one operating in Jammu and Kashmir, Northern India (Singh et al.,
2013). Stocking rates (i.e., number of sheep per ha) were the same for
both MMP and SMP and were mandated, monitored and enforced by
Grassland Supervisor Stations (Cao et al., 2011).

In this paper, our primary aim is to explore the influence of the
above mentioned two different grassland management patterns on
grazing, ecological, economic, and social resilience, and to determine
which grassland management pattern can maintain higher resilience of
local SES in Maqu County.

2. Materials and methods

2.1. Study area

Maqu County, in Gansu province (101°–102°E, 33°–34°N), is located
on the eastern QTP and traverses the boundary of Qinghai and Sichuan
provinces in China. Its altitude ranges from 2900 to 4000 m and annual
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rainfall is from 450 to 780 mm. The average annual temperature is
1.8 °C with an average monthly low of −10.7 °C in January and a high
of 11.7 °C in July. The maximum air temperature during the growing
season can reach 29 °C, and there are, on average, 270 frost days an-
nually. The grassland area of Maqu County covers about 87 × 104 ha,
and 59% is classified as alpine meadow. This area is commonly known
as the ‘water tower’ of the plateau, because the surface runoff from this
region accounts for about 58.7% of the total runoff to the Yellow River.
There are seven villages and one town (a sub-administrative unit) in
Maqu County with a total population of 57,000 in 2015. About 89% of
the people are herdsmen. The annual production value related to an-
imal husbandry is 47 × 106 RMB, constituting about 94% of the agri-
cultural production value in this study area. Currently, about 90% of a
herder’s income is derived from the trade of livestock and their by-
products; the remaining 10% comes from the sale of medicinal mate-
rials and other goods (Cao et al., 2011).

2.2. An operational model for the grazing, ecological, economic and social
system

There are theoretically non-linear associations and influences
among the grazing, ecological, economic and social systems, and social
and economic systems affect the grazing system directly via social-
economic policies. Since the grazing system, which includes the grazing
scale, foraging, drinking, reproductive behaviors and the transhumance
of the livestock, has been affected by the grassland contract policy, we
would expect the ecological system, which includes the vegetation and
soil, to adjust in response to these changes. Consequently, a flow-on
effect is expected to ultimately be realized in the local economic and
social systems, owing to their strong coupling with the overall ecolo-
gical system. Fig. 1 shows the grazing, ecological, economic and social
systems within an SES.

2.2.1. Indicator selection for each system in SES
Based on several studies (e.g., Ayala-Orozco et al., 2016; Briske

et al., 2008; Carpenter et al., 2001; Chen and Zhu, 2015; Ciftcioglu,
2017; Cumming et al., 2005; Klimeš et al., 2013; Plummer and
Armitage, 2007), and the insights gained from our earlier research on
the measured differences between MMP and SMP, we have developed a
comprehensive set of 20 indicators to measure the resilience of each
system as follows:

2.2.1.1. Grazing system indicators. (i) Grazing space: to measure
livestock mobility; (ii) Transhumance: to assess the variety of plants
being grazed as some are very important for livestock health; (iii) Water
source: water availability for herders and livestock; (iv) Reproduction: to
assess inbreeding, which reduces genetic diversity and the long-term
health of the livestock.

2.2.1.2. Ecological system indicators. (v) Vegetation (plant cover,
biomass and species richness) and soil characteristics (pH, soil organic
carbon content, soil total nitrogen and soil total phosphorus): to
measure the ecological effects of different grassland management
patterns.

2.2.1.3. Economic system indicators. (vi) Income and expenditure: to
measure the livelihood of herders; and (vii) Infrastructure: to assess
the herder’s welfare.

2.2.1.4. Social system indicators. (viii) Equity: opportunities available
for herders to access natural resources and to participate in decision-
making; (ix) Health: the outcome of changes to the herder’s lifestyle; (x)
Assistance: to assess help available to herders when natural hazards or
manmade disasters occur; (xi) Social relations: to measure the herder’s
social network and conflicts among herders; (xii) Cultural inheritance:
the status of traditional knowledge vital to the protection of grassland,
wildlife, livestock and herder’s health; (xiii) Institutional arrangements:
costs and benefits of formal and informal institutions.

2.2.2. Scoring criteria of the indicators
In this study, the resilience of each system was gauged using a de-

cision support tool known as the Mauri Model. This model is based on
the economic, environmental, social and cultural well-being of the
Māori, the indigenous people of New Zealand (Peacock et al., 2012).
Typically, a set of scoring metrics is devised in the Mauri Model to
assess each factor based on the nature of the project. An integer value
from −2 to +2, representing the change in a Mauri’s well-being or ‘life
force’, is then assigned for each metric. A ‘2′ represents the full re-
storation of a Mauri’s well-being; 1 is a partial restoration; 0 indicates
no change; −1 is a partial degradation and −2 is a complete de-
gradation. Although the model framework was originally based on the
Māori culture, it is a plausible technique that can be applied to other
cultures as a tool for societal assessments (Peacock et al., 2012). For this

Fig. 1. Conceptual model of the social-ecological system. Solid arrows
indicate a direct effect, dashed arrows an indirect effect, and the two-
way arrows show an interaction.
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study, where the Mauri Model was used, we have assigned the values
for ‘full restoration to complete degradation’, as follows:

2.3. Grazing space

relatively large +1, relatively small −1; Transhumance: with sea-
sonal transhumance +1, without −1; Water sources: more than three
+1, less than three −1; Reproduction: without inbreeding +2, with
inbreeding−2; Vegetation and soil characteristics: higher biomass, cover,
species richness but lower pH value +1, lower biomass, cover, species
richness but higher pH value −1; Income and expenditure: high income
+1, low income −1; Infrastructure: with +1, without or less of it −1;
Equity: equity +2, inequity−2; Health: relatively good health +1, poor
health −1; Assistance: exists +2, absent −2; Social relations: good +1,
poor −1; Cultural inheritance: strong + 2, weak −2; Institutional ar-
rangements: with +2, without −2.

The total resilience of each system can be calculated as (Peacock
et al., 2012):

=
∑

S
w s

100j
j j

(1)

where Sj represents the total resilience of each system, wj is the weight
of each indicator in the system, and sj is the corresponding assigned
value of the indicator.

For the entire system for either the MMP or the SMP, total resilience
can then be calculated as (Peacock et al., 2012):

=
∑

S
W S

100T
j j

(2)

where ST is the total resilience of the four systems and Wj is the weight
of each system.

It is important to mention that in this study, wj is regarded as a
constant value because each indicator is highly correlated while Wj is a
variable because each system has a different role in the local SES.
According to the role of each system in the SES as described above, the
grazing and ecological systems are given weights of 50% and 30%,
respectively, while the social and economic systems are weighted at
10% each.

2.4. Data acquisition and analysis

Extensive data were acquired at three different times: 2005,
2009–10 and 2016. In 2005, a total of 525 herders were surveyed in
order to better understand the social, economic and cultural differences
between the MMP and SMP. In 2009 and 2010, differences in vegeta-
tion (i.e., biomass, species richness and cover) were compared between
30 MMP winter pastures and 30 SMP winter pastures in five sites with
both MMP and SMP (Table 1) to exclude the effect of topographic
factors (Cao et al., 2011, 2013; Yang, 2012).

For each selected MMP, the number of households was greater than
three; otherwise the grazing conditions were too similar to SMP (Cao,
2011). Winter pastures were selected because they often bear a higher
grazing intensity than the summer pastures due to the extended usage
period and reduced spatial mobility after privatization (Fassnacht et al.,
2015). Each site has been continuously grazed since the

implementation of the grassland contract policy, and has the same
stocking rate. Within each sampling pasture, the grassland plant com-
munities were assessed using three 50 × 50 cm quadrats.

In 2016, in each previously sampled pasture soil samples to a depth
of 30 cm were taken from 3 plots (10 m × 10 m) 10 m apart, with 3 soil
samples spaced along the diagonal (both ends and midpoint) in each
plot, to investigate the differences in soil nutrients between the MMP
and SMP. During the survey we found that a few of the MMP sites had
transformed into SMP sites by 2016. However, based on the compre-
hensive surveys, the conversion from MMP to SMP had taken place in
2014, and was therefore expected to produce little change in the stable
variables (e.g., soil nutrients).

Ground cover was estimated using the Braun-Blanquet scale, and
species richness and biomass was expressed as the mean of the species
count for each surveyed plot, and as dry weight, respectively (further
details are reported by Cao et al., 2013). Soil pH was determined using
a 2.5:1 water to air-dried soil ratio and a standard pH meter, and soil
organic content (SOC) was determined with wet dichromate oxidation
using an air-dried homogenized subsample of 0.2 g soil and titrated
with iron sulphate (FeSO4) (Qin et al., 2016). Total soil nitrogen (TON)
and total soil phosphorus (TOP) were determined using a Smartchem
140 Automatic Chemistry Analyzer (AMS/westco, Italy) (Chen et al.,
2016).

An intercomparison of the grazing, economic and social systems
between the MMP and SMP was primarily analyzed using qualitative
approaches, while statistical differences in the ecological systems were
identified using quantitative methods. Data were analyzed using SPSS
18.0 statistical software running on a MAC system (IBM, New York,
USA). All data were expressed as mean values ± standard deviation
(SD), and a one-way analysis of variance was applied to determine the
significance of differences in various measured parameters at a sig-
nificance level p < 0.05 in terms of the different grassland manage-
ment types.

3. Results

Of the 525 interviewees, a total of 489 subjects were men, which
reflected the local society and the generally low social status of women.
The mean age of the interviewees was about 38.5 years and ranged
from 18 to 75; 299 participants were illiterate, and 188 participants had
primary school level education; 417 participants had adopted the MMP,
while the remaining participants had adopted the SMP (Cao et al.,
2011).

With the exception of soil pH, values of the measured ecological
parameters were all higher under MMP than SMP. According to Eqs. (1)
and (2), and the assigned weight of each indictor, the total resilience of
the systems in the MMP was found to be 5.8 compared to a value of
−5.8 for the systems in the SMP (Table 2).

4. Discussion

4.1. Grazing and ecological systems

The SMP, with its limited grazing area imposed by fencing, could
result in reduced mobility of the livestock compared with the MMP
(Cao et al., 2013; Fernandez-Gimenez, 2002; Yan et al., 2005; Yeh and
Gaerrang, 2011). In accordance with earlier studies, with limited mo-
bility, trampling caused by livestock increased (Ao et al., 2008; Dlamini
et al., 2014; Klein et al., 2011; YontenNyima, 2012), and seed dispersal,
propagation and plant regeneration declined (Briske et al., 2008;
Ciftcioglu 2017; Liu et al., 2003; Olff and Ritchie, 1998), which in turn
will cause a reduction in shoot and root biomass as well as species
richness (Carpenter et al., 2001; Klimeš et al., 2013; Vogel et al., 2012).
With reduced biomass, SOC, TON and TOP accumulation is also likely
to decline, thus reducing stored and available soil nutrients (Grosse
et al., 2011; Hirsch et al., 2016; Li and Zhang, 2009; Ma et al., 2016;

Table 1
The number of MMP and SMP winter pastures sampled at each site.

Sites Number of sampled
MMP

Number of sampled SMP

Site 1 (101°41′E, 33°45′N) 2 2
Site 2 (102°5′E, 33°41N) 5 5
Site 3 (101°58′E, 34°1′N) 9 14
Site 4 (101°48′E, 34°0′N) 6 5
Site 5 (102°4′E, 33°33′N) 8 4
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You et al., 2014). Because of the nutrient-rich soils in the MMP, this
grazing pattern is likely to have a lower pH than the SMP, since the
contribution of decaying organic materials can lead to the release of
organic acids (Brady, 1990).

The differences in above-ground vegetation and soil nutrients be-
tween the MMP and SMP could confirm that trampling has adverse
effects on plant and soil. Similar to soil nutrient trends, biomass, plant
cover and species richness under the MMP are significantly greater than
the SMP (Table 2). Changes in soil and vegetation are therefore im-
portant facets of the ecosystem’s response to the modified grazing
patterns and understanding this is essential for conservation manage-
ment and successful restoration (Coiffait-Gombault et al., 2012;
Pazkagan et al., 2014). In addition, with limited livestock mobility
under the SMP, mortality rates of livestock can also be a significant
issue as, in the event of a natural disaster, they are unable to move to
other areas for resources (Cai and Li, 2016; Nkedianye et al., 2011).

In the MMP, with its higher total count of transitional movements
and the long distance (i.e., 30 km or more) between summer and winter
pastures, livestock graze on higher quality fresh plants. This may be
more important than the total quantity of available vegetation because
such a diet results in a balance in macro and micro minerals, which is
very favorable in terms of livestock heath and production (Al-Tabini
et al., 2012; Kerven et al., 2016; Yoshihara et al., 2013).

In general, the more plentiful the water sources, the lower the de-
gradation of the grassland. In a herder’s opinion, both the water source
and the grassland surrounding it can be damaged by over-utilization,
and the smaller water sources could simply dry up after several years of
use. Without a sufficient local water supply, the livestock need to travel
further for drinking purposes. Under the MMP, there are often three or
more water sources in the grassland, while for the SMP, there is only
one, or possibly no water source at all available to livestock. In this
case, SMP households have to dig wells, leading to over-exploitation of

underground water and thus affecting the safety of water resources in
downstream areas of the Yellow River. Therefore, reconstruction of the
proportion of the seasonal rangeland area may be an effective strategy
to prevent serious degradation of rangeland and to protect the water
sources in this alpine region (Dong et al., 2015).

Inbreeding or the freedom of gene exchange among the livestock
appears to have been hindered by the fences, and this could lead to a
decline in the rate of mating, conception and prevention of miscarriages
commonly found on the QTP by Cai and Min (2003) and Chen and Zhu
(2015). Based on Table 2 and the rules of calculation described above,
we can infer that the resilience of the grazing and ecological systems in
the MMP is estimated to be 2.5 and 2.1, respectively, while for the SMP,
the values are about −2.5 and −2.1, respectively. Compared with the
other indicators in the grazing system, inbreeding is a more serious
issue for the SMP, so in order to enhance the resilience of the SMP, or to
close the resilience gap between the MMP and SMP, more strategic
measures (such as introducing stud stocks) should be adopted to pre-
vent the inbreeding of livestock.

4.2. Economic systems

Based on our previous study, we found that SMP households were
likely to spend more than MMP households on fence construction (2500
RMB y−1) and sheepdog breeding (1116 RMB y−1). This is because
SMP households were more likely to be widely scattered and thus un-
able to share expenses with neighbors (Cao et al., 2011). Therefore,
livelihood conditions are likely to improve when the SMP is united into
the MMP. Moreover, the larger the total household size, the greater the
economic benefits (Chen and Zhu, 2015). It is important to note that
since the average household population was the same for the SMP and
MMP, the per capita income was higher and unit production cost was
lower for herders within the MMP. Generally, it was also true that the
wealthier households were able to protect their assets by purchasing
their inputs (e.g., water and feed) if their livelihoods were threatened
(Robinson et al., 2015). Several other economic benefits of the MMP
system may be realized, although they are difficult to quantify in ab-
solute terms. For example, in the year 2008, a total of 18 cattle stolen
from one family at their summer grassland were found several days
later. However, since single-family residents only had a single re-
lationship as a result of the scattered residences, timely on-site assis-
tance was not available to them when they experienced similar issues
(for more details see Cao et al., 2011). Such situations, which could
translate into better returns, indicate a broader economic benefit of the
MMP compared with the SMP.

In recent years, a specialized and intensified livestock production
system was developed to help integrate the regional economy into the
global marketplace (Perz et al., 2012). MMPs with more than 10
households were more likely to be able to take advantage of this new
system since their residential sites were concentrated which facilitated
the provision of better infrastructure (Cao et al., 2011), such as roads,
solar power, water supply and sheds. Such infrastructure were likely to
help herders to more conveniently connect with the market, increase
their sales and improve their quality of life as well as allow their live-
stock to survive the severe winter weather conditions on the QTP. Even
without government assistance, the MMP households exhibited an ex-
cellent ability to build up basic infrastructure important for the physical
and mental health of their herders (e.g., a basketball court and hippo-
drome), which provided a more sustainable work life, especially for the
younger herders. Infrastructure under the MMP had a higher score than
the SMP (see Table 2).

Through this study, we inferred that the resilience of the economic
system is about 0.3 for the MMP and about −0.3 for the SMP. It is thus
construed that if the SMP households continued to manage their
grasslands by means of fences, it may be very difficult to enhance their
economic resilience unless the government is able to provide sufficient
assistance.

Table 2
Resilience of grazing, ecological, economic and social systems for the MMP and the SMP.

Indicators MMP SMP Scoring

MMP SMP

Grazing system

•Grazing area Large Small 1 −1

•Transhumance yes no 2 −1

•Water source Three or more One or none 1 −1

•Reproduction Without inbreeding Inbreeding 2 −2
Ecological system
Plant

•Biomass (g) 42.34 ± 2.38a 34.47 ± 2.26b 1 −1

•Cover (%) 91.00 ± 0.01a 87.00 ± 0.01b 1 −1

•Species richness 18.35 ± 0.53a 15.00 ± 0.58b 1 −1

Soil

•pH 6.86 ± 0.79a 7.02 ± 0.67b 1 −1

•SOC (g kg-1) 47.27 ± 27.27a 42.96 ± 18.30b 1 −1

•TON (g kg-1) 4.60 ± 2.47a 4.28 ± 1.91b 1 −1

•TOP (g kg-1) 0.77 ± 0.32a 0.73 ± 0.32b 1 −1

Economic system

•Income (RMB) High Low or average 1 −1

•Expenditure (RMB) Low High 1 −1

•Infrastructure Better Worse 1 −1

Social system

•Equity Fair Unfair 2 −2

•Health Good Average 1 −1

•Assistance Yes Absent 1 −1

•Social relations Good Average 1 −1

•Culture inheritance Better Worse 2 −2

•Institutional
arrangement

Yes Absent 2 −2

Note: lowercase a and b means that the measured parameters are significantly different
between MMP and SMP. Part of the data came from Cao et al. (2011, 2013), Chen and Zhu
(2015), Cai and Li (2016), Ekpo et al. (2008) and Kerven et al. (2016).
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4.3. Social systems

Previous studies indicated that MMP households can access grass-
land resources (including, but not limited to water) more equitably for
livestock than the SMP (Cao et al., 2011), and have the distinct ad-
vantage that herders can adopt collective actions (Chen and Zhu, 2015).
Thus, the MMP has enhanced bargaining powers for resource ex-
ploitation and decision-making capabilities compared to the SMP (Cao
et al., 2011). From the same standpoint, Rocamora-Montiel et al.
(2014) discovered that the participation in, and implementation of,
agri-environmental measures by farmer associations were more effec-
tive than by individual farmers. With less access to additional resources
and alternative sites, the SMP had to forgo a number of traditional
disaster relief mechanisms which are available to the MMP (Fernandez-
Gimenez et al., 2002; Robinett et al., 2008; Tang and Gavin, 2015; Yeh,
2013). Furthermore, the reduced availability of fodder and water in the
SMP can contribute to an increase in the workload of women (Vij and
Narain, 2016), since women of QTP are traditionally responsible for
grazing and housework. Although the health of the herders was not
precisely measured in this study, evidence from others studies (Ekpo
et al., 2008; Kerven et al., 2016) suggested that the herders in the SMP
were less healthy than those in the MMP, mainly because the SMP
herders were less active, had lower protein intake, and their lives in a
generally remote pastoral region was relatively boring, lonely and po-
tentially dangerous.

The availability of mutual assistance was very common in the MMP.
In some cases, such as snow storms, freezing temperatures and hail,
households were likely to lose all their livestock and therefore all their
capital. If this happened in the MMP, those who lost their livestock
were often helped by the others. In addition, in the MMP, there was a
certain amount of pasture land reserved for the commons and generally
used only for sheep or old, weak cattle in the winter season. Those who
used the commons for other purposes had to give a certain number of
livestock for collective compensation, which could be used as welfare
funds. These funds helped poorer households within the MMP or even
households outside the MMP (Cao et al., 2011). This demonstrates a
good sense of social cohesion.

With fewer fences, the social system of the MMP clearly depends on
the maintenance of good relationships among neighbors and reinforces
high connectivity among the herders. In general, with more fences,
there is a chance that conflicts may increase between neighbors
(Mcgahey, 2011; Cao et al., 2011; Chen and Zhu, 2015). Due to more
amicable and functional relationships in the MMP, cooperation is very
common among households, and this can promote sharing among the
herders of various kinds of resources, such as labor, pasture, and food
(Wang et al., 2016). Based on our previous survey, if one herder could
look after three household’s livestock, then an estimated 12,000 RMB
could be saved by reducing the working costs (e.g., motorcycles used on
the farm). Building trust in social networks is a fundamental tool for the
self-organizing and the collective actions needed for the management of
resilience (Biggs et al., 2012; Lebel et al., 2006).

Local traditional knowledge, a cumulative body of knowledge ap-
plied and developed via observations of local resource users and their
respective practices for ecosystem management, is an important source
of scientific information mobilized through social networks (Andersen
et al., 2014; Olsson et al., 2004). Indigenous Tibetans have developed
many cultural traditions via the art, literature and entertainment
mediums, as well as via education and medicinal practices (Tu et al.,
2011). The traditional Tibetan cultures contain alternative knowledge
and perspectives that have contributed significantly to the conservation
of wild fauna and flora. Their habitats and ecosystems will continue to
be the basis for a sustainable way of promoting a harmonious re-
lationship between humans and nature by respecting and protecting all
living beings (Anderson et al., 2005; Foggin, 2012; Salick et al., 2007;
Shen et al., 2012; Zhang and Miao, 2007).

Flanagan and Laituri (2004) depicted the importance of

incorporating culturally specific information into various resource
management decisions. MMP households are considerably better at
sharing knowledge based on trial and error management practices
within the community by cultural transmission (Franco and Luiselli,
2014) than the SMP (Cao et al., 2011; Chen and Zhu, 2015). With the
gradual disappearance of traditional culture, younger generations have
not learned about traditional resource governance and management
first hand, which can be detrimental to the protection of nature and its
resources (Tang and Gavin, 2015). Institutional arrangements are also
very important for driving environmental change and shaping social
behavior and the outcome of natural resource management (Franzén
et al., 2015). Schermer et al. (2016) suggested institutions often include
three different elements: regulatory, normative and cultural-cognitive.
Regulatory elements involve the capacity to establish coercive regula-
tions and laws; normative elements are morally governed to involve the
creation of binding expectations in order to follow social obligations;
and culture-cognitive elements involve the creation of shared under-
standings that are taken for granted.

In the case of the MMP there are many kinds of informal institutions
including those that are flexible, responsive, multilevel and diverse, all
of which can promote the resilience of social-ecological systems (Adger,
2000). For example, to balance the relationship between livestock
numbers and grassland capacity, MMP households enacted strict reg-
ulations to limit stocking rates that each household had to adhere to.
Inspections of livestock numbers are made twice each year by MMP
representatives (Cao et al., 2011). If one household decides to settle in
town, a common phenomenon across the QTP (Du and Zhang, 2013;
Ptackova, 2011; Yeh and Gaerrang, 2011), the right to use its grassland
must be transferred to households within the MMP first, and the rental
prices must be lower than the average level. If Household A has fewer
people but has more grassland than Household B, the number of live-
stock of Household A may not reach the contracted number. Therefore,
the grassland from Household A can be rented to Household B. Fur-
thermore, the time of transhumance should be the same and rules re-
garding the prohibition of stealing and gambling can greatly influence
members within the MMP (Cao et al., 2011). These informal institutions
of the MMP perform with high efficiency and at a generally low cost.

For the SMP, decisions about when and where to graze, and how to
comply with regulations pertaining to the grazing restrictions or bans
are left at the discretion of the herders (Hua and Squires, 2015). For
those SMP herders who migrate to town, the outcome is very serious
due to the transference of their grassland use rights to others. It is well
known that these rented grasslands will be significantly degraded be-
cause without any extra supervision, the herder will likely fully use the
plant biomass. Evidence from our surveys indicated that this is very
common in Maqu, and the herders also regarded this as the most im-
portant factor causing the degradation of grasslands. In Nagqu, located
in the Tibetan region, some herders also felt that grasslands not grazed
would be degraded because plant regeneration would be suppressed by
the build-up of plant litter. This might occur in a situation when the
owner does not rent their grassland due to the rental income being too
low. Overall, an unbalanced development strategy in urbanization has
caused issues of waste of resources and environmental degradation as in
other places in China (Cao et al., 2014b).

It is easier to implement formal institutions with the MMP than the
SMP. For example, if a village is composed of the MMP, then the policy-
makers can supervise the delegates recommended by each MMP. In this
case, the management cost is expected to be low and government policy
is implemented completely due to the authority and position of the
concerned delegates. If the same village is composed of the SMP, it is
impossible for the policy-makers to supervise because the residents are
very dispersed on the QTP.

For these reasons, we assigned nominally positive indicator values
for the social system of the MMP, and nominally negative values for the
SMP (see Table 2). Based on Table 2, we can infer that the resilience of
the social system is about 0.9 for the MMP, and about −0.9 for the
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SMP, respectively, and that a lack of equity, cultural transmission and
institutional arrangements may be the most serious problems for the
SMP. Therefore, the resilience of the social system could be enhanced if
the SMP herders would recognize these issues and deliberately improve
the situation, especially the issues of cultural transmission and in-
stitutional arrangements. However, there is very little space for the SMP
to achieve equitable forage and water resources utilization due to the
limited grazing area.

5. Overview of recommendations

With acknowledgment of the difficulties in the systemic measure-
ment and prediction of the resilience of land management within social-
ecological systems (Allen et al., 2005; Standish et al., 2014), researchers
can select some key indicators to measure, quantitatively or qualita-
tively, its influences on the resilience of the whole system. In this study,
the outcomes of two different grassland management patterns were
compared on the basis of their grazing, ecological, economic and social
systems.

The extensively collated data both from field measurements and the
analyses of previous studies showed that plant and soil conditions under
the MMP were better than under the SMP, due to the larger grazing
areas or the prevalence of transhumance in the former. Also, because of
the limited fencing and cooperation between households and informal
institutions, the economic and social conditions under the MMP were
better than the SMP, all of which can ameliorate the risk of entering
unsustainable and undesirable developmental trajectories (Carpenter
et al., 2001; Hua and Squires, 2015; Folke et al., 2002; Olsson et al.,
2004; Schermer et al., 2016).

Conserving natural vegetation and maintaining resilience of the
grasslands is basic to human, social and economic well-being (Biggs
et al., 2012; Walker et al., 2002, 2006). It is also essential to alleviate or
eliminate sources of conflict between regions that depend on river
discharge from the QTP, which is the birthplace of Asia's primary rivers
and provides water resources for about 40% of the world's population
(Cao and Zhang, 2015). In order to achieve a “resilience orientation” of
grassland management (Brown and Williams, 2015), stringent and
strategic measures must be adopted to encourage the SMP to unite with
the MMP (Li et al., 2007), and scientists, organizations and government
agencies should be integrated into this effort (Dong and Sherman,
2015). Fortunately, a new law in October 2007 (the Cooperative Law)
created an opportunity for the revitalization of traditional communal
herding practices. A communal grazing system with seasonal rotation,
dependent on the new law, was developed in Inner Mongolia (Tang and
Gavin, 2015). Also, in recent years, a policy of specialized breeding was
enforced on the QTP to achieve a scale effect, exemplifying yet another
opportunity for the SMP to merge into the MMP system.

6. Conclusion

Due to its larger grazing areas or the prevalence of transhumance,
plant and soil conditions under the multi-household management pat-
tern (MMP) are more sustainable than under the single-household
management pattern (SMP). Economic and social conditions are also
more developed under the MMP. In summary, it is clear from this study
that the resilience of grazing, ecological, economic and social systems
under the MMP is higher than under the SMP, and thus the grassland
contract policy may result in long-term problems in the Qinghai-
Tibetan Plateau.

As grazing, ecological, social and economic systems interact with
each other, the relationships between them and feedback mechanisms
among them should be extensively studied in the future. In addition,
objective quantitative approaches should be used to assess the resi-
lience of each of these systems to gain more accurate and reliable re-
sults.
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