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Abstract: Due to its alpine geography and harsh environment, the pastoral region of Qinghai Province
is widely recognized as one of China’s concentrated and contiguous poverty-stricken regions,
while climate change, market competition and grazing control exert further pressure on the income
security of herders. After more than 1000 years of nomadic practice, cooperation and reciprocity
have been entrenched in the culture of pastoral ethnic minorities, in which a well-developed social
network may play a crucial role in herders’ social and economic activities, including their financial
and production behaviors. Based on a questionnaire survey of 278 households in two counties of
Qinghai, this study empirically examined the effects of herders’ social network on their livestock
production income and the mediation function of fund loans therein. The social network was found
to exert a significant positive impact on household income, and loans had a positive mediation effect.
By comparison, the mediation effect of formal borrowing channels was statistically significant while
that of informal channels was not, which may be attributed to the relative degree of maturity of
the two disparate financial markets. It is suggested that a closer and more inclusive social network
should be fostered, the quality of bank financial services should be improved, and the regulation on
informal credit activities should be reinforced, so as to fully exploit the positive roles of the social
network and fund loans for income growth of herder households in vast pastoral areas of China.
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1. Introduction

Situated at the Qinghai-Tibet plateau, the Qinghai Province of China has a rangeland area of
4.19 million hectares, accounting for 60.20% of the total area of the province, most of which is alpine
meadow. As the headwater region of the Yangtze River, Yellow River, and Lancang-Mekong River,
Qinghai is widely recognized as the “Asian Water Tower,” supplying vital water resources for China
and Southeast Asian countries [1]. Moreover, as one of the five largest animal production bases in
China, animal breeding is traditionally the most important, if not the only, source of income for millions
of herdsmen of ethnic minorities, including the Tibetan, Tu, and Mongolian [2]. Its alpine geography
and harsh environment mean that the production conditions for animal husbandry in Qinghai are
extremely hostile, and the Chinese government has identified this pastoral region as one of China’s
concentrated and contiguous poverty-stricken areas.

In recent decades, as a result of global climate change, the incidence of extreme weather events,
such as drought and snow storms, in this region has increased considerably, causing serious damage to
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livestock production and the security of local herders’ livelihoods [3,4]. Moreover, market competition
and the urbanization process have resulted in a continuous increase in production cost of animal
husbandry and remarkable volatility in sales prices, making it more difficult for herders to secure
their income [5]. Since the end of the last century, the Chinese government implemented several
nation-wide rangeland protection initiatives, including the Returning Grazing Land to Grassland
Project and the Grassland Ecological Protection Subsidy and Reward Scheme, all of which identified
Qinghai as one of the most important implementation areas [6,7]. The measures adopted mainly
aimed to reduce grazing pressure on grasslands by means of year-round or seasonal grazing cessation,
rotational grazing, and achieving a forage-livestock balance [8,9]. Moreover, a large swath of land
in the south of the province (17.04% of Qinghai’s total land area) was officially designated as the
Three-River-Source National Park in 2016. In the National Park, the former nomadic herders were
resettled in neighboring towns and grazing restrictions were also adopted, further inhibiting the
performance of animal husbandry and exerting pressure on the income of herdsmen [10,11].

After the introduction of rangeland conservation initiatives and herdsmen settlements, the local
government vigorously promoted the shift of livestock feeding mode to captive breeding. However,
this mode inevitably entails a significant increase in production costs due to the need to purchase
external forages and fodder, acquire fixed assets and machinery, and increase labor input [12,13].
Although the government provides subsidies, most herdsmen still have to rely on their own funds
to transform the production mode and expand the production scale. In the case of production fund
shortages, they also frequently turn to banks or contacts to borrow money [14,15]. Due to the low-profit
and high-risk nature of agricultural credit, commercial banks are usually reluctant to grant credit to
rural farmers. In this context, informal borrowing channels, such as borrowing from relatives and
acquaintances, are the most common form of borrowing among small-scale herders who wish to take
out a loan [16].

After more than 1000 years of nomadic practice, pastoralists in the vast rangeland have developed
unique and strong norms of cooperative production and mutual assistance in order to cope with
the hostile natural environment and harsh production conditions [17]. Mutual trust and reciprocity
have been entrenched in the culture of pastoral ethnic minorities [18]. As such, it is conceivable that
a well-developed social network of herders has already existed for a long time and exerted crucial
impacts on their social and economic life, including their borrowing and production activities. A social
network is, in essence, the carrier of social capital, and the varying positional features of individual
actors in the social network, in part, explain the differential levels of their own individual social capital,
and more importantly, of the social capital that they could acquire from the network [19]. Nonetheless,
studies examining the social network of pastoral herders have rarely been carried out.

Studies on the social network of crop-planting farmers in farming areas suggest that the social
network plays an important role in affecting farmer behaviors through channeling the transmission
of information, resource exchanges, and facilitating mutual cooperation and reciprocity [20–23].
For instance, during a busy farming season, farmers can receive assistance from relatives to compensate
for a labor shortage, and a farmer who has a closer relational density in their ego network can
obtain more help [24]. Farmers can also borrow money from contacts to compensate for insufficient
production funds, and a farmer with a more central position in the social network is in a better
position to replenish their capital [25]. A boundary spanner who acts as a bridge between two or
more different groups (e.g., farmer entrepreneurs, resident officials) can obtain more heterogeneous
and non-redundant information from external organizations, which can be subsequently converted
into production practices [26,27]. A farmer occupying a ‘structural hole’ position can even control,
monopolize, and filtrate the information flow to other marginal farmers [28,29].

Considering the long-standing norms of cooperation and reciprocity entrenched in the culture
of pastoral regions, we argue that the well-developed herder social network plays a crucial role in
herders’ livestock production and fund loan activities. In particular, we hypothesized that a herder
with a superior position in the social network can transform their structural advantages into resource
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and information advantages, subsequently facilitate the acquisition of both formal and informal
credit, and therefore, enhance production efficiency and household income growth by enlarging
their production scale, optimizing the configuration of input factors, and improving their production
efficiency [30,31]. In such a process, we highlighted a mediating function of fund loans with regard to
the effects of the social network on herder income.

Based on a survey involving 278 herdsmen from a typical pastoral area in Qinghai Province,
this study aimed to empirically test the effects of the social network of individual herders on their
household livestock breeding income, as well as the mediating effects of borrowing therein. We hope
that the empirical data and econometric modeling presented in this study can reveal the effect
mechanism of social networks on livestock production at the individual level, and that this research
can address the knowledge gap that exists in relation to understanding the role of social networks in
vast pastoral areas, which can guide animal husbandry and environmental policies in Qinghai and
other pastoral areas in China, and help to ensure the livestock production system more resilient to
risks arisen from policy adjustments and environmental changes.

2. Materials and Methods

2.1. Data Source and Sample Statistics

2.1.1. Data Source

The data used in this study were obtained from a field survey that was conducted in October
2019 among herders in two counties (Menyuan and Qilian) of the Qinghai Province, both of which are
typical pastoral counties in the alpine rangeland. Both counties are located in the northeast of Qinghai,
with an average altitude of more than 3500 m above sea level and an annual mean precipitation of
400–500 mm. The main bred livestock are Tibetan sheep and yak, both of which adapt well to the
hypoxia and cold climate on the plateau.

In total, four villages in Menyuan and two in Qilian were surveyed. In order to construct the
social network of the villagers, the survey targeted all households in the villages, although ultimately,
about one-third of the families were not surveyed because they left the area for various reasons
during the survey period. A face-to-face survey method was applied, and the questions covered basic
information about households and household heads, household loans and income, livestock production,
as well as the social network. A total of 333 household questionnaires were distributed. After excluding
questionnaires with missing data and obvious inconsistencies in their answers, 278 questionnaires
were deemed valid, with an effective recovery rate of 83.48%.

Following the typology developed by Borgatti et al. [32], three types of social ties were surveyed:
(1) affections, including kinship, friends, and other relations with whom the respondents had an
emotional attachment; (2) membership, which referred to an affiliation with the same organization,
such as government agencies, firms, cooperatives, etc.; and (3) interaction, including cooperative
production, information and resource exchanges, etc. Having considered the possibility that the
respondents may have forgotten some important contacts, the roster method was used. With the
assistance of local village cadres, a full list of households in the villages was compiled before the field
survey. Each respondent was required to identify seven households, which represented their most
important contacts for each category of social tie. Each respondent was requested to rate the relational
strength according to a scale which ranged from 1 (the least) to 5 (the highest). After that, the three
types of interactions were aggregated into a single social network by equally weighting each type of
social ties.

2.1.2. Descriptive Statistics of the Sample

The heads of surveyed households were mainly male, about 70% of whom were aged between
40 and 60 years old; their education level was relatively low, and 93.17% had a middle school education
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level or below; the majority of the respondents had an abundance of experience in grazing, and about
90% had more than 15 years of grazing experience (Table 1).

Table 1. Descriptive statistics of sample herders/households.

Indicators Categories No. Proportion

Gender
Male 258 92.81%

Female 20 7.19%

Age

<30 8 2.88%
30–39 49 17.63%
40–49 108 38.85%
50–60 90 32.37%
>60 23 8.27%

Years of schooling

0 106 38.13%
0–6 104 37.41%
7–9 49 17.63%

10–12 18 6.47%
>12 1 0.36%

Grazing experience (Year)

<15 30 10.79%
15–29 106 38.13%
30–44 120 43.17%
45–50 15 5.40%
>50 7 2.52%

Whether has a credit certificate
0 43 15.47%
1 235 84.53%

Proportion of labor force engaging
in livestock production (%)

<25% 27 15.17%
25–50% 31 11.15%
50–75% 22 0.079%
75–100% 198 71.22%

<500 59 21.22%

Area of household rangeland (Mu)

500–1999 167 60.07%
2000–3499 39 14.03%
3500–5000 7 2.52%

>5000 6 2.16%

Livestock number (SU) *

0–149 81 29.14%
150–299 105 37.77%
300–449 66 23.74%
450–500 10 3.60%

>500 16 5.75%

Annual income from livestock
production (Yuan)

<50,000 94 33.81%
50,000–99,999 81 29.14%

100,000–149,999 55 19.78%
150,000–200,000 33 11.87%

>200,000 15 5.40%

Loan amount (Yuan)

0 42 15.11%
0–49,999 31 11.15%

50,000–99,999 31 11.15%
100,000–149,999 42 15.11%
150,000–200,000 39 14.03%

>200,000 93 33.45%

Borrowing channel
Formal 120 50.85%

Informal 24 10.17%
Combined 92 38.98%

Note: * The numbers of all species of animals were converted into standard sheep units (SU); the conversion rule
was set as: 1 Tibetan sheep/sheep/goat = 1 SU; 1 yak = 4 SU; 1 cattle/cow = 5 SU; 1 horse = 6 SU.
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In terms of household characteristics, most families had a credit certificate; 71.22% of households
stated that more than 75% of their labor force was engaged in animal husbandry, which indicated
that animal husbandry is still the main livelihood source for most families; 60.07% of households
had 500–1999 mu (15 mu = 1 ha) of grassland, which was significantly higher than the farmland
size held by an average farmer in farming regions; overall, the breeding scale was not high, as only
5.75% of households fed more than 500 standard sheep units (SU) (the numbers of all species of
animals were converted into standard sheep units (SU); the conversion rule was set as: 1 Tibetan
sheep/sheep/goat = 1 SU; 1 yak = 4 SU; 1 cattle/cow = 5 SU; 1 horse = 6 SU) and 29.14% were found to
have a livestock number of less than 150 SU. Despite these observations, the livestock production is
generally a lucrative business, and 37.05% of the surveyed families had a mean annual income of more
than 100,000 Yuan (7 Yuan = 1 US$) in the last three years, and 5.40% of these households earned more
than 200,000 Yuan (Table 1). This annual income is even higher than that earned from crop farming in
certain more developed areas of southeast China, which may be attributed to the sustained rising price
of meats due to the continuous growth in consumption demand in recent years.

When it comes to fund borrowing, 73.74% of families had a loan worth more than 50,000 Yuan,
and 33.45% had borrowed more than 200,000 Yuan. Most of these families borrowed money from
formal financial institutions, while 50.85% of households used formal financial institutions as their
only borrowing channels, and 38.98% used both formal and informal channels (Table 1).

2.1.3. Social Network Characteristics

Using a social network visualization software package, Pajek version 5.08, the social network was
constructed, with the nodes representing the herder households, and the linkages representing their
social ties. The networks of the two counties are shown in Figures 1 and 2, respectively. Comparing the
networks between the two counties and those between villages, it can be seen that there are obvious
regional discrepancies. The relational density of Menyuan County is much higher than that of Qilian
County, which may be explained by the observation that more individual interactions take place in the
former rather than the latter. Alternatively, it may simply be due to the fact that we collected more
samples in the former than in the latter. Nonetheless, in both counties, individual interactions were
mainly concentrated in their own villages and obvious subgroups were identified. This is consistent with
the theory of “differential patterns” developed by Whyte [33], who argued that the relational closeness
of traditional rural Chinese villagers and others showed a distinct declining gradient corresponding
to blood lineage and geographical proximity. In spite of this, there are still a number of cross-village
linkages, and such linkages are much more prevalent in Menyuan than in Qilian, suggesting that
cross-village interactions occur more frequently in Menyuan than in Qilian.

In contrast to the whole social network, an ego network refers to the network that is directly
connected with an individual node. There are many structural indicators that can be used to reflect the
characteristics of an ego network. According to the two most prominent theories concerning social
networks, namely, the Strength of Weak Ties Theory proposed by Granovetter [34] and the Structural
Holes Theory by Burt [35], the network size, positional centrality and structural holes occupied
by a node are the most important aspects affecting individual behaviors. Therefore, we selected
corresponding indicators to represent the characteristics of ego networks. The software package
UCINET 6.365 was used to calculate the indicators, and the results are shown in Table 2.
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Table 2. Distribution of ego social network indicators.

Indicator Range Frequency Percentage

Network size

1–5 161 57.91%
6–10 100 35.97%

11–15 15 5.40%
16–20 2 0.72%

Effective Size

1.00–4.00 124 44.60%
4.01–7.00 101 36.33%
7.01–10.00 40 14.39%

10.01–17.63 13 4.68%

Degree of Constraint

0–0.30 146 52.52%
0.31–0.60 97 34.89%
0.61–0.90 25 8.99%
0.91–1.00 10 3.60%

Closeness Centrality

10.00–15.00 63 22.66%
15.01–20.00 139 50.00%
20.01–25.00 57 20.50%
25.01–27.08 19 6.83%
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(1) Network size. The network size of a node refers to the total number of linkages contained in
the node’s ego network, that is, the relational size of an individual herder in the whole social network.
The network size reflects the number of channels that an individual can use to acquire information
and resources through the network. Table 2 shows that 261 nodes had a network size of less than
or equal to 10, accounting for 93.88% of the total number of nodes; only 17 nodes had a network
size greater than 10, accounting for 6.12%. This result implied that self-identified strong social ties
were mainly concentrated among a small number of individual herders. As indicated by the survey
data, such individuals included those of village cadres, town government officials, grassland rangers,
and local entrepreneurs.

(2) Structural holes. According to the Structural Holes Theory proposed by Burt [35], when two
nodes that have no direct connection are connected by a third node, the third node is deemed to
occupy a structural hole. The more structural holes occupied by a node, the greater the corresponding
individual’s ability to manipulate the information and resources that flow through it. Two indicators
(i.e., the effective size and the degree of constraint) were chosen to measure the structural holes
occupied by individual herders. The former refers to the non-redundant factors in one node’s ego
network; the latter refers to the ability of a node to manipulate the structural holes in its ego network;
the formulas are constructed as follows:

ESi =
∑

j
(1−
∑

q
Piqm jq), q , i, j (1)

Ci =
∑

j
(pi j +

∑
q

piqpqj)
2

(2)

where Equation (1) indicates the effective size and Equation (2) reveals the degree of constraints.
In addition, i represents the ego node, j represents the nodes that have a direct linkage with node i,
and q represents all nodes other than i and j in the ego network of node i. Moreover, piq represents the
relational proportion that node i contributed to node q and m jq denotes the marginal strength of the
relationship between j and q, which is equal to the value of the relationship between j and q divided
by the maximum value of the relationship between j and other nodes. As a result, piqm jq denotes the
redundancy between node i and node j. Thus, the effective size of node i is equal to the ego network
size of node i minus the network redundancy. The larger the effective size of a node, the lower the
redundancy of the node’s ego network, which means that it could manipulate a greater number of
structural holes.

Similarly, pi j is the relational proportion that node i contributed to node j, and pqj represents the
proportion that node q contributed to j. Accordingly, pi j indicates the direct relational input of i to
j, and

∑
q piqpqj expresses the indirect relational input of i to j. Therefore, Ci measures the degree of

dependence of node i on all other nodes, that is, the constraint that results from other nodes. The larger
the degree of constraint, the more the node is dependent on other nodes, which means that the node is
less capable of manipulating structural holes.

According to the measurement results, 95.32% of herdsmen had an effective size of less than 10
(Table 2), which is basically consistent with the results of the network size. This suggests that, overall,
there was a rather higher relational redundancy in the social network, and there was a great possibility
that structural holes would appear and be manipulated. Correspondingly, 87.41% of herdsmen had a
degree of constraint which was less than 0.6 (Table 2), indicating that most herders had a relatively
high ability to manipulate the structural holes.

(3) Network centrality. Indicators of network centrality include degree centrality, betweenness
centrality, and closeness centrality. This paper selected closeness centrality to measure the network
centrality of individual herdsmen, which is most suitable for analyzing the independence and
effectiveness of information transmission. The formula is expressed as follows:

C−1
APi

=
∑n

j=1
di j (3)
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where di j is the distance of the shortcut between node i and node j, i.e., the number of linkages
contained in the shortcut. As a result, the closeness centrality of node i is defined as the sum of its
shortcut distances with all other nodes in the network. Hence, closeness centrality reflects the degree of
closeness between one node and all other nodes in the network, and the lower the closeness centrality,
the closer a node is to all other nodes, meaning that it occupies a more central position in the network.

No herdsmen showed a closeness centrality of less than 10, and only 22.66% were found to have a
closeness centrality of less than 15 (Table 2), which indicates that the social ties in the study area were
relatively decentralized. This finding is consistent with the fact that the geographical distribution of
herder households was rather scattered across the vast pastoral area.

2.2. Variable Selection and Definition

(1) Dependent variable. On account of our research purpose, the mean annual household income
from livestock production during the previous three years was selected as the dependent variable,
and a natural logarithm transformation was conducted on the dependent variable.

(2) Intermediate variables. The formal loan amount and the informal loan amount were selected as
the intermediate variables, and the natural logarithm transformation was conducted on both variables.

(3) Core independent variables. The four individual social network indicators were selected as
the core independent variables, i.e., the network size, effective size, degree of constraint, and closeness
centrality. Section 2.1.3 presents the calculation methods used.

(4) Control variables. In order to control for the influences of other factors, characteristics
related to three aspects of herder households (i.e., the personal characteristics of the household head,
family characteristics, and characteristics of livestock production) were input to the model as control
variables. The chosen variables for the characteristics of the household head included the gender, age,
and education level; the variables for family characteristics included whether the family had a credit
certificate and the proportion of the labor force engaged in livestock production; the variables for the
characteristics of livestock production included the livestock number and size of the rangeland area.

Variable definitions and basic statistics are presented in Table 3.

Table 3. Variable definitions and basic statistics.

Variable Type Name Definition Mean Std. Dev.

Dependent
variable Livestock production income Logarithm of mean annual household income from

animal husbandry in the last three years (Yuan) 9.786 3.851

Mediation
variables

Formal loan Logarithm of formal loan amount (Yuan) 8.771 5.252
Informal loan Logarithm of informal loan amount (Yuan) 4.347 5.338

Core
independent

variables

Network size Number of directly connected linkages with a node 5.640 3.059
Effective size Individual network size minus network redundancy 4.779 2.773

Degree of constraint Degree of dependence of a node on all other nodes,
i.e., the constraint by other nodes 0.458 0.244

Closeness centrality Sum of a node’s shortcut distances with all other
nodes in the network 19.066 2.742

Control variables

Gender 1 = Male, 0 = Female 0.928 0.259
Age Age of household heads 47.34 9.988

Education level 1 = illiterate, 2 = primary school, 3 = junior high
school, 4 = senior high school, 5 = college or above 1.935 0.921

Proportion of labor force engaging
in livestock production

Proportion of labor force engaging in livestock
production in total household labor force 0.819 0.322

Credit certificate Whether a household has a credit certificate; 1 = yes,
0 = no 0.845 0.362

Rangeland area Acreage of household rangeland (Mu) 1372.960 1236.124

Breeding scale * Mean annual livestock number in the past three
years (sheep unit, SU) 337.158 414.115

Note: * Please refer to the note of Table 1 for the conversion rule for the number of different species of animals.
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2.3. Principal Component Analysis (PCA)

A PCA is used to transform multiple original variables, which are highly correlated, into a smaller
number of linearly independent variables [36]. The variables after transformation are called principal
components, and each principal component is a linear combination of the original variables. In this
study, given the high correlation between the network size (X1), effective size (X2), degree of constraint
(X3), and closeness centrality (X4), a PCA was carried out to transform these four variables into principal
components, which were then combined into a comprehensive variable as the proxy for individual
social network characteristics. The four original variables were normalized before conducting the PCA.

2.4. Model Specifications

According to the mediation effect test process developed by Mackinnon et al. [37], the following
three econometric models were constructed to test the total effect of the social network on livestock
production income, the direct effect of social network on fund borrowing, and the mediation effect
of fund borrowing in terms of the influence of the social network process on livestock production
income, respectively:

Incomei = α0 + α1Networki + α2Xi + εi (4)

Loani = β0 + β1Networki + β2Xi + εi (5)

Incomei = δ0 + δ1Networki + δ2Loani + δ3Xi + εi (6)

In the above equations, i denotes an individual herder household. Income is the mean annual
income of herder households from animal production during the last three years; Network is the
comprehensive proxy variable of individual social network characteristics; Loan is the formal or
informal loan amount of the herder household; X is the set of control variables; and ε is the random
disturbance term. The coefficient α1 in Equation (4) represents the total effect of social networks on
livestock production income, β1 in Equation (5) represents the direct effect of the social network on
capital borrowing, δ1 in Equation (6) is the direct effect of the social network on livestock production
income, and δ2 is the direct effect of capital borrowing on income. By combining the three equations,
the mediation effect of capital borrowing can be calculated as β1δ2.

Considering that the dependent variables of formal loan amounts and informal loan amounts
tend to be zero at the corner point (i.e., no fund borrowing), Equation (5) was formulated as the Tobit
model, and correspondingly, the maximum likelihood method was used to estimate the parameters of
Equation (5). Contrarily, Equations (4) and (6) were estimated using the ordinary least squares method.
The Stata 13.1 software package was used to perform the estimation.

3. Results

3.1. Results of Principal Component Analysis

3.1.1. KMO and Bartlett Test

The Kaiser-Meyer-Olkin (KMO) Measure and Bartlett’s Sphericity Test were used to determine the
applicability of the PCA. As shown in Table 4, the value of the KMO measure was 0.710, which indicated
a high correlation between the variables. The value of the approximate chi-square statistic of Bartlett’s
test was 1281.781, and the statistical significance level was 0.000, meaning that the null hypothesis
on variable independence was rejected. Given these results, the four variables were deemed suitable
for PCA.
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Table 4. Results of the Kaiser-Meyer-Olkin (KMO) measure and Bartlett’s sphericity test.

KMO Measure of Sampling Adequacy 0.710

Bartlett’s Test
Approx. Chi-Square 1281.781

df 6
Sig. 0.000

3.1.2. Principal Components Extraction

Four components were generated, among which F1 and F2 produced the highest contribution for
the total variance of original variables. In combination, they produced a cumulative contribution rate
of 91.14% (Table 5), suggesting that these two components were sufficient to explain the total variance
of original variables, and hence, they could be extracted as the principal components.

Table 5. Total variance contribution by components.

Principal
Components

Initial Eigenvalue Extract Sum of Squares Load

Total
Variance

Contribution
Rate/%

Cumulative
Contribution

Rate/%
Total

Variance
Contribution

Rate/%

Cumulative
Contribution

Rate/%

F1 3.025 75.621 75.621 3.025 75.621 75.621
F2 0.621 15.519 91.14 0.621 15.519 91.14
F3 0.34 8.49 99.63
F4 0.015 0.37 100

3.1.3. Common Factor Variance

The common factor variance indicates the extent to which the information of the original variables
can be reflected by the extracted principal components. As shown in Table 6, all common factor
variances of the four original variables were greater than 0.7, and three of the common factor variances
were larger than 0.95, which indicated that the two extracted principal components explained the main
information of the original variables.

Table 6. Common factor variance.

Indicators Initial Extract

X1 1.000 0.953
X2 1.000 0.968
X3 1.000 0.745
X4 1.000 0.980

Note: X1, X2, X3, and X4 represent the four ego social network indicators (network size, effective size, degree of
constraint, and closeness centrality, respectively).

3.1.4. Building a Comprehensive Proxy Variable for Social Network

Based on the coefficient matrix presented in Table 7, the principal components can be calculated
for each individual herder, as follows:

F1i = (0.940X1i + 0.706X2i + 0.863X3i + 0.948X4i)/
√

3.025 (7)

F2i = (−0.264X1i + 0.695X2i + 0.007X3i − 0.262X4i)/
√

0.621 (8)
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Table 7. Coefficient matrix of the extracted principal components.

X1 X2 X3 X4

F1 0.940 0.706 0.863 0.948

F2 −0.264 0.695 0.007 −0.262

Note: X1, X2, X3, and X4 represent the four ego social network indicators (network size, effective size, degree of
constraint, and closeness centrality, respectively); F1 and F2 represent the two extracted principal components.

As the coefficients indicate, the principal component F1 had a large load on the network size,
degree of constraint, and effective size, indicating that F1 mainly measured the relational scale and
structural holes of individuals. The principal component F2 had a large load on the closeness centrality,
suggesting that F2 mainly measured the centrality of individuals in the social network.

Finally, a comprehensive proxy variable for the individual social network was calculated by
summing the values of two principal components weighted by their variance contribution rates.
The equation can be formulated as follows:

Networki =
F1i × 75.621% + F2i × 15.519%

91.14%
(9)

It can be seen that the variance contribution rate of F1 was much larger than F2, indicating
that the network scale and structure holes reflected most of the information in the original social
network variables.

3.2. Modeling Results

3.2.1. Effects of the Social Network on Household Livestock Production Income

The estimation results of Equation (4) are presented in Table 8. The adjusted r-squared was 0.482,
suggesting that, overall, the goodness of fit of the model was acceptable.

Table 8. Estimation results for the effects of the social network on household livestock production income.

Dependent Variable: Livestock Production Income

Independent Variables Coefficients

Network
0.218 ***
(0.053) †

Gender
0.158 ***
(0.050)

Age −0.003
(0.082)

Education level
0.035

(0.068)

Proportion of labor force in livestock production 0.396 ***
(0.046)

Credit certificate
0.009

(0.039)

Rangeland area 0.255 *
(0.133)

Breeding scale 0.755 ***
(0.187)

Adjusted R2 0.482
Sample size 278

Note: † Figures in parentheses are robust standard errors; * and *** are significance levels at 1% and 10%, respectively.
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The social network characteristics of individual herders had a significant positive impact on
household livestock production income (p < 1%), which was consistent with the expectation. With regard
to the control variables, the gender of household heads, the proportion of the household labor force
engaged in livestock production, and the breeding scale, all had a positive impact on the annual
livestock production income of herdsmen at the significance level of 1%, and the household’s grassland
area also had a significant positive impact, but at a marginal level of significance (p < 10%). These results
were generally consistent with our expectations.

3.2.2. Mediation Function of Fund Loans

Based on Equation (5), we further tested the direct effects of the social network on fund borrowing,
including formal loans and informal loans, and the results are reported in the columns related to
Model 1 and Model 2 in Table 9, respectively. Based on Equation (6), we proceeded to test the mediation
effects of formal loans and informal loans in terms of how the social network process affected livestock
production income, and the results are shown in the columns related to Model 3 and Model 4 in
Table 9, respectively.

Table 9. Estimation results: the influence of the social network on household livestock production
income through fund borrowing.

Dependent Variable Formal Loan Informal Loan Livestock Production Income

Independent Variables Model 1 Model 2 Model 3 Model 4

Network
0.168 * −0.344 0.184 *** 0.217 ***

(0.090) † (0.220) (0.052) (0.054)

Formal loan
0.190 ***
(0.046)

Informal loan
−0.021
(0.037)

Control variable Controlled Controlled Controlled Controlled

Adjusted R2 0.044 0.029 0.509 0.480
Sample size 278 278 278 278

Note: † Figures in parentheses are robust standard errors; * and *** are significance levels at 1% and 10%, respectively.

It can be seen from Model 1 in Table 9 that the social network had a significant positive impact
on formal loans (p < 0.10), with an impacting coefficient (β1) of 0.168. In Model 3, formal loans had a
significant positive impact on livestock production income (p < 0.01), after controlling for the impacts
of the social network as well as other factors, and the impacting coefficient (δ2) was 0.190. Moreover,
the social network also had a significant positive impact on livestock production income (p < 0.01),
with an impacting coefficient (δ1) of 0.184. In combination with the results from Table 8, all relevant
coefficients were significant, indicating that the mediation test was passed. In other words, formal loans
played a mediation effect in terms of the impact of the social network on household livestock husbandry
income, and the mediation effect accounted for 14.64% of the total effect.

From the estimation results of Model 2 in Table 9, it can be seen that the impact of the social
network on informal loans was not statistically significant; and from Model 4, the impacts of both
the social network and informal loans on the animal production income of herders were also not
statistically significant. A Sobel test further verified these results, suggesting that the mediation effect
of informal loans in respect to the impact of the social network on household livestock production
income was not significant.

4. Discussions

A comprehensive review of existing literature around crop-planting farmers in farming areas
found that the influences of the social network on household income could be mainly attributed to two
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mechanisms, namely, resource acquisition and information transmission. A large number of researchers
analyzed the role of social networks in terms of their relationship with social capital, acknowledging
that the position occupied by a farmer in the social network in part determines their individual social
capital, and a superior position (e.g., a higher centrality and possessing more structural holes) usually
means a higher individual social capital, and vice versa [38]. The differences in the characteristics
of the ego social network directly affect the ability of farmers to mobilize resources and information
from the relational network for their agricultural operations, and thus, have an effect on their income
growth potential [39,40]. Our modeling results offer further support for this conclusion regarding
herders in pastoral areas. Similar to the situation in farming areas, a herder who occupies a superior
position means that they are in a better position to acquire or even control the information and
resources that flow through the social network, which increases the probability that they can improve
their production efficiency, manage various risks arising from natural shocks and market volatility,
and thus, increase their household income. Furthermore, as indicated by Equation (9), the first principal
component F1 was dominant in determining the value of the comprehensive network proxy variable,
it is reasonable to attribute this significant positive effect to F1, which is, in turn, mainly decided by
the network size, degree of constraint, and effective size possessed by individual herders (Table 7).
In general, this result suggested that the larger the size of a herder’s ego social network, the more
structural holes a herder occupies in the social network, and the higher the level of annual livestock
production income that can be earned.

Our modeling results further verify the mediation function played by formal loans in the effects of
the social network on household livestock husbandry income. In essence, the rationale underlying the
influence of social networks on herder borrowing behavior is the same as that observed in the case of
herder household income, except that the former usually works as a mediator for the latter. A herder
who holds a superior position in the social network can utilize their positional advantages to acquire
more information and resources with regard to formal credit, and hence, they have a higher probability
of securing a loan [41,42]. Subsequently, the money borrowed is usually used to replenish production
capital, and it may contribute to a higher level of production efficiency and to higher profits.

In contrast to the effects on household income, individual social network positions could also
function as a signal of credit standing. A superior network position is perceived as a reliable credit
guarantee, thus making it easier for the corresponding individuals to obtain a loan [43]. The problem
of adverse selection is a major concern for creditors, as it hinders the availability of credit and the
development of the financial market [44]. Social network indicators are conducive to identifying the
high-quality “oranges” and to exclude the low-quality “lemons” from the market, thus avoiding the
phenomena of “bad money driving out good money.” In addition, the norms and customs inherent
to the social network of pastoral society also work as an invisible supervisory mechanism for credit
defaults [45]. A herder who holds a superior network position usually enjoys a higher reputation,
but they are also subject to greater moral constraints [46]. In this way, the social network actually serves
as a mechanism of punishment to reduce the incidence of credit defaults and avoid moral hazards.
In light of the long-standing strong social norms of mutual trust and valuing reputation that have been
entrenched in the culture of pastoral ethnic minorities, we argue that such an invisible supervisory and
punishment function wielded by herder social network should not be ignored, and is sometimes even
of vital importance.

Nonetheless, the impact of the social network on informal loans was not statistically significant,
and consequently, the mediation effect of informal loans was also insignificant. This result may be
attributed to the imperfect informal rural financial market, where the upper limit of the interest rate
is usually not restricted effectively, and usurious loans are frequently seen. In some cases, informal
loans are obtained from relatives and close friends. Therefore, the signing of the contract and its
notarization are often not finalized, and without security, disputes can easily arise. For instance,
once the lender violates the oral agreement and requests for a repayment of the loan ahead of schedule,
the borrower will enter into a financial crisis. Considering the relative underdevelopment reality of



Agriculture 2020, 10, 629 14 of 16

a formal financial market in rural China and the indispensable role played by informal borrowing
channels in replenishing capital shortage, further regulation and supervision on the informal financial
market is warranted.

5. Conclusions

Based on a field survey dataset of 278 herder households in Qinghai Province on the Qinghai-Tibet
plateau, this paper examined the influences of the social network on herders’ household livestock
production income and the mediation function of fund borrowing therein. The results indicate that the
social network had a significant positive impact on herder income and the mediation effect of formal
loans was statistically significant while that of informal loans was not. The study revealed that social
networks, via the acquisition of information and resources, influence the ability of herders to access
credit and in turn influence the potential of increasing livestock production efficiency and income
growth. They also act as an invisible form of security and create constraints via social norms, so as to
avoid moral hazard problems inherent to the financial market. The findings confirm the conclusions
drawn from studies on farming areas and fill the research gap in pastoral areas.

Three policy implications are given. First, a closer and more inclusive social network in pastoral
areas should be fostered and exploited to give a full play of its positive role in herder income growth
and improving the effectiveness of rural financial market. More ethnic cultural events, such as Nadam
Fairs, could be held, and all types of cooperatives should be supported, to provide more platforms for
herders to share information and exchange resources., Second, individual social network information,
such as the relational size and quality, can be used as an important reference for credit rating by financial
institutions, so as to mitigate the problem of adverse selection and fulfil the mediation functions
of formal loans. Third, the informal financial market should be further developed and regulated,
by enhancing the formulation and enforcement of relevant laws and regulations.
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