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Abstract: Reasonable carbon sequestration and mitigation measures play an important role in reducing
greenhouse gas emission and realizing regional sustainable development. How willing herders
are to participate in carbon sequestration and mitigation directly determines the corresponding
implementation effect. Relevant studies mostly focus on forest households and peasant households,
but great uncertainty remains regarding herdsman households. Based on a survey of 404 herdsman
households in Inner Mongolian grasslands, this study assessed the cognitive level and participation
willingness of herders on carbon sequestration and mitigation of grasslands, and investigated the
factors influencing their willingness to participate in the activity. We found that the cognitive level
of herders on carbon sequestration and mitigation in Inner Mongolian grasslands was relatively low,
with 83% of herdsman households having low cognition and 17% in the state of medium cognition.
However, herders are mostly willing to take grassland carbon sequestration and mitigation measures,
with 60% of herdsman households being willing to participate, 28% moderately willing to do so,
and 12% of unwillingness. This pattern was mainly influenced by the impact of carbon sequestration
and mitigation on household income, the economic subsidies and the call for ecological environment
protection from the government. The herders tend to be willing to participate when they think that
the government calls for ecological environment protection are essential. In contrast, they tend to be
unwilling to participate if they think the subsidies too low and the negative effect of sequestration
measure on income is essential. We found that the family financial income of herders is a key factor
limiting the improvement of participation willingness in this area. It is necessary to improve the
cognition of herders for the development of carbon sequestration and mitigation projects.

Keywords: carbon sequestration and mitigation; participation willingness; Inner Mongolia grassland;
Logistic analysis; Decision tree model

1. Introduction

At present, global warming has become an indisputable fact. According to the fifth assessment
report by Intergovernmental Panel on Climate Change (IPCC) [1–3], the global average surface
temperature has risen 0.85 ◦C from 1850 to 2012. A series of natural, social, economic, and ecological
problems that are caused by global warming have become an international focus [1,2]. Human activities
was considered to be a main driver. Terrestrial ecosystem has become one of the most important means
for the implementation of carbon sequestration and mitigation, so as to deal with global warming [4,5].
Globally, many countries and government jurisdictions considered reducing emissions across natural
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terrestrial ecosystem as a part of their climate change targets, such as the Chicago Climate Exchange,
which provided an good example of carbon market on private rangelands, the California that has taken
efforts to make carbon sequestration and mitigation through the management and conservation of
natural lands [6–8]. However, the implementation of carbon sequestration and mitigation should
not only be an obligation of a nation or its government. Families were considered as a direct
participant of the policy, and their cognition level and participation willingness are directly related to
the implementation of relevant policies [9,10]. Thus, it is of the same importance to explore cognition
level and participation willingness of carbon sequestration and mitigation as the policy of government.

Inner Mongolia Autonomous Region is an important animal husbandry production base in China,
with the number of cattle and sheep ranking first of all the provinces in the country, and its greenhouse
gas emission ranked first of four major pastoral areas [11]. However, the grassland in Inner Mongolia
Autonomous proved to be a stable carbon sink, but the high carbon sequestration potential has not
received much attention [12,13]. Since the 1980’s, the land system of “double rights and one system”
has been implemented in vast pastoral areas of Inner Mongolia grasslands to distribute livestock and
pastures to households, making family pastures the subject of production and management [12]. As a
relatively independent management unit, family pastures have independent decision-making power
to grassland management. Therefore, in-depth understanding of cognition, participation willingness,
and decision processes of herders on carbon sequestration and mitigation would be directly related to
the implementation and popularization of carbon sequestration and mitigation measures in grassland
areas, which would play an important role in realizing sustainable development of the area [14].

2. Literature Review

Many literatures have been reviewed to investigate participants’ willingness to join environmental
programs, and the participants’ willingness was influenced by many factors, mainly including
internal and external influencing factors [15–17]. Internal influencing factors referred to individual
characteristics of the participants, such as the age of family members, their education degree, their
knowledge and experience about carbon sequestration and mitigation, the number of labor force,
and the financial income of the family [14,18,19]. For example, higher participation willingness was
found in families with generally younger members than those with aging members, and in families
with high financial income than those with poor financial income [20–22]. The family financial income
is considered to be a key factor to participation willingness [17]. External influencing factors included
government policies and call, previous participation in carbon sequestration and mitigation measures
and the influence of other participants around the family. For example, participants in areas with
strong government call had high participation willingness [8,15].

However, both scientific and governmental studies that are related to carbon sequestration and
mitigation mostly focused on agricultural, forestry, and wetland ecosystems, while few highlighted
the grassland ecosystem to date [23–25]. In this study, Baoligen and Beilike ranch in Xilinhaote City,
Inner Mongolia Autonomous Region was taken as an example to evaluate the cognitive level and
participation willingness of herders on grassland carbon sequestration and mitigation, and to analyze
the factors that are influencing the willingness of herders on carbon sequestration and mitigation based
on the survey targeting 404 herdsman households. Finally, the decision-making processes on their
willingness to participate in carbon sequestration and mitigation was investigated in order to make
the project more reasonable and achieving higher participation levels.

3. Materials and Methods

3.1. Study Area

The study area is located in Xilinhot City of Inner Mongolia Autonomous Region (115◦18′–117◦6′ E;
43◦2′–44◦52′ N) and it belongs to typical grassland of Inner Mongolia. Subjected to the influence of the
middle temperate semi-arid continental climate, mean annual precipitation there is 295 mm, and annual
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average temperature is −0.1 ◦C. Minimum and maximum temperatures take form in January and July;
and, they are −22.0 ◦C (January) and 18.3 ◦C (July) on average, respectively. Physiognomy type is
dominated by high plains and hills, and chestnut soil acts as the major soil type. In 2016, the population
turns into 267,000, and among which, the Mongol forms its principal part, occupying 28%. Gross
regional domestic product climbs to RMB 22,814,000,000 (equivalent to about 3,347,000,000 USD),
and stock farming was the leading industry. Meanwhile, per capita income of pastoral residents is RMB
22,245 [26]. Herders in the research area mainly come from three ethnic groups, the Han nationality,
the Mongolian nationality, and the Hui nationality. The number of household members varies from
two to six. The livestock composition of herders can be divided into three categories. The first mainly
deals with large livestock, such as cattle and horses, the second is to operate small livestock mainly
represented by sheep, and the third is to operate large livestock and small livestock at the same time.

3.2. Herdsman Survey

Based on questionnaire survey, a 24-day household investigation (June–July of 2017) was carried
out in Beilike ranch (equivalent to township in terms of the administrative level) and Baoligen town
(equivalent to township in terms of the administrative level). When considering that great differences
lie in their demographic compositions, pasture conditions, management modes, and geographic
positions, etc., a questionnaire survey for each town involving as many herders as possible and
their participation rates in both towns reached 80% or above. To be specific, the number of herders
taking part in this survey in Beilike ranch was 255 (information of 1 questionnaire has been lost and
become invalid), that of Baoligen town was 150. In this case, the total quantity of herders achieving
valid questionnaire survey was 404 (Figure 1). A survey on herders was conducted in three groups
simultaneously. Each group consisted of two project participants and one local translator proficient
in Mongolian and Mandarin; furthermore, while one project participant was in charge of recording,
the other together with the translator took responsibilities for interviewing and investigating. Before
the survey, we introduced the local carbon sequestration and mitigation policy and its impact on the
household income of every herdsman household, so that herders could make objective responses.
There are two main policies of grassland carbon sequestration and mitigation, the balance of livestock
(feeding a certain number of livestock based on the area of grassland, beyond the range) and the policy
of closure against grazing. The former subsidized 3 RMB per mu (1 mu = 666.67 m2; equivalent to
about 0.44 USD), while the latter subsidized 10 RMB per mu (equivalent to about 1.47 USD). In fact,
if the herder participated in the policy, they do not need to put in extra labor. The two policies both aim
to control and reduce the number of livestock, having a negative impact on household financial income.
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3.3. Data Analysis

3.3.1. Evaluation of Herders’ Cognition on Grassland Carbon Sequestration and Mitigation

Based on the survey data, herders’ cognition on grassland carbon sequestration and mitigation
was quantified by using a common evaluation standard of herders’ answers about carbon sequestration
and mitigation in grassland areas. There were four questions aiming at the theme of “grassland carbon
sequestration and mitigation” (Table 1).

Table 1. Question setting and evaluation standards of herdsman households’ cognition on grassland
carbon sequestration and mitigation.

Question Evaluation Standard

Do you know that temperature rise is mainly a result of the increase in carbon
dioxide concentration?

Low Medium HighDo you know that grasslands can absorb carbon dioxide?

Do you know that carbon can be sold for money (carbon trading)?

Do you understand carbon sequestration and mitigation policies?

3.3.2. Analysis on the Willingness of Herdsman Households to Participate in Grassland Carbon
Sequestration and Mitigation and the Corresponding Influencing Factors

Survey results of the participation willingness of herdsman households on carbon sequestration
and mitigation were divided into willing, neutral, and unwilling types, and then the overall situation
of participation willingness on carbon sequestration and mitigation in the area was collected. As an
independent decision-making subject of grassland management, family pastures would make its own
decisions based on the costs and benefits of carbon sequestration and mitigation measures. Therefore,
influencing factors of herdsman households’ willingness to participate in carbon sequestration and
mitigation were divided into costs, benefits, and other external factors (Table 2). Cost influencing
variables included economic costs, workforce costs, and skill costs of carbon sequestration and
mitigation measures. Benefits influencing variables included internal benefits and external benefits.
External benefits referred to the impact of carbon sequestration and mitigation measures on family
income and the restoration of grassland ecological environment. Other external influencing factors
included the cognitive level of herdsman households on grassland carbon sink as well as carbon
sequestration and mitigation, and the adoption of carbon sequestration and mitigation measures by
surroundings. In order to further analyze the influencing factors and mechanisms on their participation
willingness, the influence of uncertain factors of herdsman willingness was excluded, and herdsman
households (286 in total) whose participation willingness was divided into willing and unwilling
were selected to establish a binary logistic regression model to analyze the main influencing factors.
A decision tree was used to analyze and explore characteristics of their willingness to participate in the
project in this area along with their participation process. Logistic regression analysis was performed
via SPSS 20.0. The decision tree analysis was carried out by using the “ctree” function of the “party”
package of R language.

Table 2. Meaning and value range of variables in the binary logistic regression model.

Variable Type Variable Subtype Variable Name Variable Meaning

Response variable

The willingness to adopt carbon
sequestration and mitigation
measures under the existing
conditions (Y)

0 = willing
1 = unwilling
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Table 2. Cont.

Variable Type Variable Subtype Variable Name Variable Meaning

Influencing variable

Benefit factor

The impact of adopting carbon
sequestration and mitigation measures
on family income (X1)

very important = 1
moderately important = 2
not important = 3

The effect on grassland ecological
protection (X2)

very important = 1
moderately important = 2
not important = 3

The response to the government call for
ecological environment protection (X3)

very important = 1
moderately important = 2
not important = 3

Cost factor

The importance of providing economic
subsidies by the government (X4)

very important = 1
moderately important = 2
not important = 3

Corresponding trainings and guidance
on taking carbon sequestration and
mitigation measures (X5)

very important = 1
moderately important = 2
not important = 3

The number of family members
engaged in pasturing occupations (X6) specific number

Other factors

The cognitive level of carbon sink and
carbon sequestration and mitigation on
grasslands (X7)

The numbers of
“Low” question

The adoption of carbon sequestration
and mitigation measures by the
surrounding people (X8)

very important = 1
moderately important = 2
not important = 3

4. Results

4.1. Cognition on Grassland Carbon Sequestration and Mitigation by Herdsman Households

In this study, four questions were set up about herders’ cognition on carbon sequestration and
mitigation (Table 1). Generally speaking, the herders had very low cognition in view of grassland
carbon sequestration and mitigation in research area, 83% of the herders were in the state of low
cognition, and only 17% were in the state of medium cognition (Figure 2).
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4.2. Herders’ Willing to Participate in Grassland Carbon Sequestration and Mitigation and the Corresponding
Influencing Factors

The statistical analysis on the willingness of 404 herdsman households to participate in grassland
carbon sequestration and mitigation showed that 60% were willing to adopt relevant measures,
28% held a neutral attitude, and 12% were unwilling to be part of it (Figure 3). A logistic regression
analysis was carried out after herdsman households with neutral willingness were excluded (118 in
total). First, the multicollinearity diagnosis was performed on eight explanatory variables, results
of which showed that variance inflation factors of the selected eight explanatory variables were
all smaller than 10, indicating no significant multicollinearity between the explanatory variables.
The overall effect of the model was significant (p < 0.01), indicating a good fitting effect on the data.
Among the eight explanatory variables, the three explanatory variables, including “the impact on
family income”, “the government call for ecological environment protection”, and “the importance
of providing economic subsidies by the government”, suggested the highest explanatory rate for the
willingness of herdsman households to participate in carbon sequestration and mitigation, with the
regression coefficients being −1.262, 1.01, and −1.219, respectively (Table 3).
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Figure 3. Proportion of the willingness of herdsman households to participate in grassland carbon
sequestration and mitigation.

Table 3. Estimation results of the willingness of herdsman households to participate in carbon
sequestration and mitigation based on the logistic regression model.

Explanatory Variable Regression Coefficient Standard Error p

The importance of the impact on family income −1.262 ** 0.441 0.005

The protection effect on grassland ecological environment 0.557 0.326 0.094

The response to the government call for ecological environment
protection 1.01 ** 0.332 0.003

The importance of providing economic subsidies by the government −1.219 ** 0.322 0.000

The corresponding trainings and guidance for carbon sequestration
and mitigation measures 0.357 0.331 0.298

The number of family members engaged in pasturing occupations 0.094 0.344 0.604

The cognitive level of carbon sink and carbon sequestration and
mitigation in grassland −0.211 0.399 0.18

The adoption of carbon sequestration and mitigation measures by the
surrounding people −0.27 0.208 0.224

Constant −0.619 1.166 0.595

** indicated the significance of 1%.
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4.3. The Decision-Making Process of Herdsman Households to Participate in Carbon Sequestration
and Mitigation

In order to further explore the decision-making process of herdsman households to participate
in carbon sequestration and mitigation in the research area, a conditional inference decision tree was
established by selecting three explanatory variables with significant influence on the willingness of
herdsman households to participate in logistic regression analysis (Figure 4). The results suggested
that when herdsman households made decisions to do so, they would follow four decision-making
processes as shows with the result of willing or not. Every split in this decision tree is based on the
three significant explanatory variables above. Through the decision tree, 286 herders were classified
into four groups. The first group has 142 herders, 90.8% of them are willing to participate, and 9.2% are
not willing. The second group has 76 herders, 85.5% of them are willing, and 14.5% are not willing.
The third group has 37 herders, 51.4% of them are willing, and 14.5% are not willing. The fourth group
has 31 herders, 87.1% are willing, and 12.9% are not willing. The feature of herders that are unwilling
to participate is considering the negative effect of carbon sequestration and mitigation measures to be
very important. The financial income of herders is a key factor that is limiting the improvement of
participation willingness in this area.
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5. Discussion

Unlike some studies in other areas, such as forest, farmland, and wetland, the results of this
study showed that 83% of the 404 herdsman households that were surveyed in this area were in the
state of no understanding for grassland carbon sequestration and mitigation, and only 17% were
in the state of understanding, implying a considerably lower cognitive level [6,21,22]. Hong found
that peasant households who had previously participated in carbon sink projects had a significantly
improved cognition level than those that did not participate in these projects [23]. Therefore, the lower
cognitive level by herdsman households in grassland pastoral areas than those in forest areas may
be resulted from the stronger carbon sequestration capacity of the forest ecosystem than that of
the grassland ecosystem, prior attention paid to carbon sequestration and mitigation in the forest
and other areas, and earlier implementation of carbon sequestration and mitigation measures in
these areas, which is making carbon sequestration and mitigation related knowledge more popular.
As the essential economic activity subjects and the most basic decision-making units in pastoral areas,
herders have become the most important and direct influencing factors for ecological environment
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changes in pastoral areas by utilizing grassland resources and economic management behaviors.
Moreover, their cognitive level on grassland carbon sequestration and mitigation would influence
the promotion and implementation of the corresponding measures there, as well as the subsequent
sustainable development [8,14,27]. However, this study shows the herders’ cognitive level, and the
protection effect of carbon sequestration mitigation on grassland has no significant influence on herders’
willingness to participate. This may be mainly due to the fact there are a large number of herders
(83% of 404) with low cognition in the research area. Unlike Zhu et al. [22] but similar to Kong et al. [21],
we find that the number of family members and the corresponding trainings and guidance have no
significant effect on herders’ willingness to participate. This finding may be explained by the fact that
local carbon sequestration and mitigation policies are easy to be adopted. Adopting these measures
does not require much labor or related trainings and guidance.

It is interesting to note that herders have relatively strong willingness to participate in carbon
sequestration and mitigation measures in this area (willing, 60%; neutral, 28%; and, not willing, 12%)
when compared with other regions in China and other countries, and the government call has a
relatively strong impact on herders willingness [17,23]. This finding may be attributed to the long
tradition culture of Mongolian plateau and the trust of herders to government [17]. Since the ancient
times, the Mongolian people living in the vast land of the Mongolian plateau have gradually formed a
set of habits and customs that are based on the harmonious coexistence between man and nature and
the sustainable use of natural resources. On this basis, they have formulated the ancient customary
law and written customary law of the han state of Mongolia to the present day, in order to protect
the grassland resources and water resources [28]. In addition, the government calls for ecological
environment protection, such as carbon sequestration and mitigation, to respond to the impact of
global warming and the promotion of the construction of ecological civilization. Therefore, herders
and the government agree on the issue of protecting grassland. Meanwhile, this result indicates
that herders have a high cognition of the local sustainability problems but little of the knowledge
of the international carbon trading. Thus, the low cognition may restrict the future establishment
of carbon market in this area, which is considered to be an effective way of carbon sequestration
and mitigation [8,29]. On the other hand, although herders have a relatively strong willingness to
participate in carbon sequestration and mitigation measures in this area, there is also one group
with relative high unwillingness to participation based on the conditional inference decision tree
analysis. Similar to many previous studies, the family income plays a key role in improving herders’
willingness [15,17,22,24]. This suggests that it is important to protect the herders’ family income for
improving their willingness.

This study has some limitations because it was conducted in a relative small temporal and spatial
scale. Future studies should consider a longer temporal scale and a larger spatial scale to make a
comprehensive analysis of herders’ willingness to participate in the project. In general, in order to
effectively improve the willingness to participate, it is important to protect the family income of
herders. However, the two policies of carbon sequestration and mitigation in this area both aim to
control and reduce the number of livestock, which would cause potential economic loss. It is necessary
to implement other practices, such as inter-sowing grass and legumes, fertilization, and introducing
earthworms [30]. It is important to improve the herders’ cognition of carbon market and international
carbon trading for the future establishment and operation of carbon market, even though the cognitive
level has no significant influence on willingness to participate in this study.

6. Conclusions

This study assessed the carbon sequestration and mitigation participation willingness of herders
and its influencing factors in Inner Mongolian grassland. The result indicated that herders have
high participation willingness but low cognition of carbon sequestration and mitigation in this area.
The family income is the key influence factor. Therefore, protection of herders’ family income should
be taken into full consideration in carbon sequestration. Considering the local current measures and
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its potential consequence of economic loss, it may be better to consider some other measures such as
inter-snowing grasses and legumes, fertilization, irrigation and so on. In addition, in consideration of
future establishment of carbon market it is necessary to strength the cognition of herders, even the
cognition level has no significant influence on willingness to participate in this area.
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