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Abstract: Ecological compensation affects farmers’ livelihoods, as well as sustainability and social equity.
Yulin City is the core area of the energy “Golden Triangle” in China. The farmers livelihood strategy
model was used to analyse data from a household survey and interviews with selected farmers. The
paper analyses the current livelihood strategies of farmers and impact of ecological compensation from
the perspective of participation and income. The results showed that: (1) the significant difference
between the coal resource development and oil and gas resource development was agricultural planting.
Migrant work and non-agricultural self-employment in the coal resource development region were
higher than that of the oil and gas resource development region. (2) The income from agricultural
planting in the coal resource development region was significantly lower than that of the oil and gas
resource development region. The labour, non-agricultural self-employment, and transfer incomes
were higher in the coal resource development region than that in the oil and gas resource development
region. (3) Ecological compensation has a significant negative effect on participation and income from
agricultural planting, as well as a positive effect on participation and income from non-agricultural
self-employment. We have proposed measures to strengthen ecological compensation mechanisms
and improve the farmers’ livelihoods, in order to inform decision-making and high-quality sustainable
development in energy development region.

Keywords: energy security; ecological compensation; livelihood strategy; energy development;
sustainable livelihoods

1. Introduction

Energy security is a strategic issue related to global sustainable development and
regional economic and social development [1]. From a global perspective, energy demand
is confronted with various uncertainties [2], such as the aftermath of COVID-19, which
has had a substantial impact on the global energy system. China has become the world’s
biggest energy producer and consumer [3,4]. With the abundance of coal, electricity,
oil, natural gas, new energy resources, and renewable energy development, as well as
significant improvements and advances in technology and equipment, productivity and
living conditions have improved significantly. Although China has made great strides in
energy development, it also faces many challenges, such as increased pressure on energy
demand, many constraints on energy supply, outdated energy technology, and serious
damage to the ecological environment, caused by energy production and consumption [5,6].

In the context of such development, locally and globally, in 2020, China announced the
goal of carbon peak and carbon neutral, based on the inherent requirement of promoting
sustainable development and responsibility of building a community with a shared future
for humankind. The “dual carbon” target will have a significant impact on society and the
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economy. In particular, the energy development zones are key sources of carbon emissions
and have become the focus, in order to achieve the “dual carbon” target in the future [7].

Currently, energy development in energy-rich areas has brought many benefits to local
areas, such as increased investment, increased employment, and the development of ex-
tractive, transportation, and manufacturing industries. However, energy development also
brings ecological impacts, resulting in the decline of groundwater levels, surface collapse,
vegetation degradation, water pollution, and other problems [8]. As the conflict between
human activities and the ecological environment increases, ecological compensation has
become an important means to promote green and low-carbon development, promote
the overall green transformation of economic and social development, and realise the
harmonious coexistence between man and nature [9-11]. Most publications begin with
a concept definition and explore ecological compensation mechanisms [12-14]. Compre-
hensive studies and discussions on ecological compensation have been undertaken from
different perspectives, including an evaluation framework for the standard for watershed
ecological compensation [15], forest ecological compensation [16,17], and ecological com-
pensation in mining areas [18]. The studies assess the sustainability of these ecological
compensation projects. Scholars have adopted the social network analysis and synthetic
control methods, as well as other policy or event effect assessment methods, to evaluate
the environmental benefits of ecological compensation [19,20] and quantify the economic
impact [21] and poverty reduction effect [22].

In recent years, China’s ecological compensation projects aimed to achieve ecological
restoration and targeted poverty alleviation [23,24]. Farmers are the main providers of
ecosystem services and main participants of ecological compensation projects. Ecological
compensation, as a comprehensive policy adjustment mechanism to solve livelihood and
environmental problems, has a significant impact on farmers [25,26]. Research on ecological
compensation has focused on the willingness of farmers to participate in the projects and
impact on farmers’ production and lifestyle [27,28]. Some studies determine key factors
that prompt farmers to participate in local ecological compensation projects [29,30] and
how to stimulate farmers” willingness to participate through effective incentive measures,
such as cash compensation [31,32]. Other studies focus on the impact of participating
in ecological compensation projects on farmers, mostly based on the changes in farmers’
income [33] or livelihood capital [34]. Most studies describe the overall characteristics
of ecological compensation and analyse the impact of ecological compensation on local
farmers, in terms of livelihood capital.

In summary, previous studies on the impact of ecological compensation on farm-
ers’ livelihood mainly considered the impact of participation in ecological compensation
projects but did not directly examine the direct impact on the farmers’ livelihood. In ad-
dition, ecological compensation research mostly focuses on household livelihood capital.
However, in the framework of sustainable livelihoods, the change of livelihood capital is
an intermediate link in the livelihood chain [35], and sustainable livelihoods require the
reallocation of capital in other production activities. Therefore, analysis of the choices and
changes of farmers’ livelihood strategies after the implementation of ecological compensa-
tion can better reflect the impact on farmers’ sustainable livelihoods.

Yulin City, as the core of the “golden triangle” area, is a typical energy and mineral
resources enrichment area, with a fragile ecological environment and impoverished rural
areas. Implementation of ecological compensation projects directly affects the local farmers’
livelihood capital and strategies, based on project sustainability and social equity. This
paper constructs a livelihood strategy index system based on the sustainable livelihood
framework for a typical energy and resources development zone (six counties in the north of
Yulin). The results are used to assess farmers’ livelihood strategies, in terms of the rational
decision-making mechanism behind farmers” economic behaviour. The data obtained from
the household survey were used to compare and analyse the current livelihood strategies of
farmers in different energy development zones and counties. Then, the logistic regression and
multiple linear regression models were used to quantitatively analyse the impact of ecological
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compensation on farmers’ livelihood strategies, from the perspective of livelihood activity
participation and income. In addition, relevant policy proposals are put forward to strengthen
the ecological compensation mechanism and improve the livelihoods of farmers, toward the
realization of high-quality sustainable development in energy-rich areas.

2. Materials and Method
2.1. Study Area

Yulin City is located in the northernmost part of Shaanxi Province, between 36°57' to
39°34’ north latitude and 107°28' to 111°15’ east longitude, at an altitude of 1907 m (Figure 1).
It has an arid, semi-dry early continental monsoon climate. Yulin City borders Inner Mongolia
in the north, Shanxi across the Yellow River in the east, and Ningxia and Gansu in the west;
it is connected with Yan’An City in the south. Yulin City has abundant reserves of coal, oil,
natural gas, rock salt, and other energy minerals, with 6.22 million tons of coal, 14,000 tons
of oil, 100 million cubic meters of natural gas, and an average of 140 million tons of rock salt
per square kilometre underground. The territory is wide in the east and narrow in the west,
covering a total area of 43,578 km?, accounting for about 21% of the total area of Shaanxi
Province. Yulin City has jurisdiction over 10 counties, 222 towns, and 5625 administrative
villages. By the end of 2020, the total resident population of the city had reached 3,624,800 [36].
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Figure 1. Location map of the study area.

2.2. Data Source

The data relating to farmer households were obtained from a field survey of the
study area in September 2016. Multi-stage stratified sampling was adopted to select two
types of coal-, oil-, and gas-rich areas for typical county classification and typical village
sampling; then, farmer households were sampled according to the 95% confidence interval.
The participatory farmer evaluation method (PRA) was used to conduct a questionnaire
survey on sample farmers in six counties (districts) in the north of Yulin City. A total of
510 questionnaires were distributed before and after the implementation of the ecological
compensation projects, of which, 500 were collected, with an effective rate of 98.04%. Other
macroeconomic data used in this paper were derived from the Yulin Statistical Yearbook
and Yulin Statistical Bulletin of the National Economy.
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2.3. Variable Selection

Ecological compensation projects are important initiatives in energy development
zones [37]. The implementation of ecological compensation in Yulin, as well as the regional
context, is the “double-edged sword” that affects the livelihood of local farmers. The
implementation of enterprises’ compensation, government subsidies, and improvement in
livelihoods enhance the capital accumulation of farmers but also have adverse effects. The
compensation standards are generally based on compensation for land use and collapse.
As such, farmers obtain compensation for the loss of land resources, and this loss of natural
capital is the most important adverse impact. The ecology of the study area is fragile,
and the change in natural capital affect the farmers’ livelihoods. The choice of livelihood
strategy for farmers is crucial.

The strategy implies the interaction between the initiative and adaptability of farmers
in the face of livelihood pattern changes caused by ecological compensation and rational
decisions of families. According to Chamber and Conway’s definition [38], livelihood
strategy is an action in which households choose to participate in different livelihood
activities by virtue of their own resource elements and create the income level needed
for survival. In this paper, livelihood strategy is defined as livelihood activity selection
and associated income creation and reflects the impact of ecological compensation. The
livelihood activities of farmers are divided into four categories: agricultural and forestry
planting, animal husbandry, out-migrating for work, and non-agricultural self-employment.
Among these, agricultural planting has always been the most important livelihood activity
of farmers in the study area, while animal husbandry is an important auxiliary livelihood
activity, both of which have a strong dependence on natural resources. Labour mobility
has become an important demographic feature in China’s transition period, and the study
area is no exception. In particular, due to pressure on natural resources, migrant work
has become an important source of income for some local farmers. Non-agricultural self-
employment has a certain capital or technical threshold, hindering access and participation
by farmers.

Previous studies have shown that the livelihood capital status determines the livelihood
strategy choice and type of non-agricultural activities adopted by farmers (Bhandari, 2013).
Farmers have livelihood capital (including natural, financial, material, human, and social
capital) and form livelihood capacity through resource allocation, the basis for response to the
external environment and choice of livelihood strategies under ecological compensation.

Variables were set to assess the impact of ecological compensation on farmers’ liveli-
hood strategies and combined with the actual situation of the study area. The dependent
variables were divided into livelihood activity participation (Y1-Y4) and activity income
(Y5-Y3), and the independent variables included ecological compensation (P) and liveli-
hood capital (X) (Tables 1 and 2).

Table 1. Dependent variables used in the models and their definitions.

Dependent Variable Code Variable Name Variable Meaning and Assignment
Yy Participation in farming
o Y, Participation in animal husbandry participate in = 1
) LNehhggd ) Y3 Participation in migrant work not participate = 0
activity participation Y Participation in non-farming
4 self-employment
Ys Agricultural income level Proportion of plantmg income in total
household income
Yo Income level of animal husbandry Livestock farmmg mneome 1n.t0tal
Livelihood household income proportion
activity income Y, Income level of workers Proportion of income from work in total
household income
Y Level of non-farming Non-farm self-employed income in total
8

self-employment income

household income
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Table 2. Independent variables used in the models and their definitions.

In‘c;e[.)endent Code Variable Name Variable Description
ariables
P Whether to participate in ecological 2/5000
Ecological ! compensation To participate in = 1, not involved in = 0
compensation P P, Ecological compensation value Per capita ecological compensation value
/RMB
X Arable land Per capita cultivated area
X5 Grassland area
X3 Grassland area per capita
Xy Cultivated land quality
X5 Maize yield per unit area
Xe Livestock number
x Cow = 0.8, pig = 0.6, sheep = 0.4,
7 chicken = 0.1
X3 Building area
Xy Between house number
Livelihood capital X Nliterate = 0, primary school = 1, junior high
X10 Household durable consumer goods school =2, senior Eug}} SChOOl’ technical
secondary school = 3, junior college and
above =4
X11 Household labour force
X12 Per capita income
X13 Male labour force
X4 Whether we can raise the money
X5 As a percentage of health care spending
X16 Whether there are credit opportunities
X7 The values are 5, 4, 3, 2, and 1, respectively,

according to the relationship between them

Agricultural planting includes traditional food crops, such as corn, potatoes, and
beans, as well as commercial forestry and fruit industries, such as jujube trees and apri-
cots. Animal husbandry mainly refers to the raising of livestock for sale or domestic
consumption, such as cattle, sheep, and pigs. Migrant work refers to household members
working outside the farm for more than 3 months over a year, excluding where household
registration changes due to work, schooling, marriage, military, or other factors. Off-farm
local self-employment includes running shops, restaurants, repair shops, and individual
transportation. Dependent variables include livelihood activity choice and income. The

/s

livelihood activity choice variables include “participation in agriculture”, “participation
in livestock farming”, “if there were any migrant workers (Farmers who stopped farming
and went to work)”, and “participation in the non-agricultural self-employment”, and they
are virtual variables (=1 involved in the livelihood activity, not involved in the livelihood
activity = 0). Income from livelihood activities is the proportion of income from various

livelihood activities.

2.4. Model Construction

According to the sustainable livelihood framework and actual situation of the study
area, the livelihood strategies of the sample farmers are affected by ecological compensation
and livelihood capital. The livelihood results were obtained. Based on the actual survey
data of the research area, the logistic regression model and general multiple linear regression
model were selected for correlation analysis.

2.4.1. Logistic Regression Model

In the regression model, when the explained variables are dichotomous variables (e.g., liveli-
hood strategy and livelihood result), the logistic regression model is usually used for research and
analysis. The logistic regression model predicts the probability of occurrence or non-occurrence
of the event. It can screen out the more significant factors affecting the occurrence, or not, of the
event and, at the same time, eliminate the insignificant factors and generate regression coefficients
for each significant factor [39,40]. Where P is the time occurrence probability and the value range
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is 0-1, then 1 — P is the probability of non-occurrence of the event. The econometric equation of
the model is as follows:

— exp(:B0+,31X1 +ﬁ2X2+ﬁ3X3+ ...... +,3ka)
1+3x77(ﬁ0+ﬁ1x1 ‘|‘,32X2+’B3X3+ ...... +18ka)

)

The logistic function is a covariant nonlinear function. To obtain the regression coeffi-
cient, logit transformation is performed on Formula (1); that is, logarithm In[P/(1 — P)] of
the ratio P/(1 — P) is denoted as logit(P).

In[P/(1—P)] = Bo+ 1 X1 + B2Xo + Ba3Xz+------ + B Xk (2)

Logit(P) = Bo+ 1 X1 + B2Xo + BaXz+---- - + B17X17 + B1sP +¢; 3)

In Formula (3), the left side of the model is logit, which is the natural logarithm of
the occurrence probability of events. Parameters Sy, 81—f1s are the regression coefficients
to be obtained. P and X are independent variables, X1-X3, X4—X¢, X7—Xo, X10—X13, and
X14—X17 represent the farmers’ natural, physical, financial, human, and social capital,
respectively. P is the ecological compensation policy variable, either “participation in
ecological compensation (participation = 1)” or the continuous variable of “ecological
compensation fund”. These variables were used to measure and analyse the impact of the
implementation of ecological compensation policy on the farmers’ livelihoods.

2.4.2. General Multiple Linear Regression Model

In this study, continuous variables in livelihood strategies were taken as explained
variables, and the livelihood capital and ecological compensation measures of farmers
were taken as explanatory variables (livelihood capital as control variables, exogenous
variables as ecological compensation policies and measures). The general multiple linear
regression model was used to analyse the influence of the ecological compensation policy
on the explained variables under the control of household livelihood capital and other
factors. The established model equation is as follows:

Yi = Bo+ B1Xyi + BaXoi + B3 X3+ + B17Xa7i + PP + 1 4)

In Formula (4), I represents each farm household sample, f1—f15 represents the coeffi-
cient to be determined, and By represents the intercept term. Y; represents the explained
variable, including the continuous variable in the livelihood activity and income index of
the livelihood activity to be studied; P and X are explanatory variables. X;—X3, X4—Xg,
X7-X9, X10-X13, and X14—X17, respectively, represent the variables of farmers’ natural,
physical, financial, human, and social capital, respectively. P is the ecological compensa-
tion policy variable, either the dichotomous variable “whether to participate in ecological
compensation (participation = 1)” or continuous variable “ecological compensation fund”.
u; is a random interference term, indicating all other factors that may affect the explained
variable that are not included in the model.

When the dependent variable is “participation in livelihood activities” (Y1, Y», Y3,
Y,, dichotomous variables), the logistic regression model was used to conduct regression
analysis on the relevant data of the sample farmers. When the dependent variable is
“income from livelihood activities” (Y5, Y¢, Y7, Yg, continuous variables), the general
multiple linear regression model was adopted. For each dependent variable Y;, two models
were fitted, respectively. The ecological compensation variable P in the independent
variables of the two models needs to be changed. The ecological compensation variable
in model 1 is “whether to participate in ecological compensation”, and the independent
variable group is P1 and X;-X17. In model 2, the variable of ecological compensation is
“per capita ecological compensation fund”, and the independent variable group is P, and
X1—X17. During the regression model fitting process, correlation tests were carried out on
the model.
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3. Results and Analysis
3.1. Sample Characteristics

The sample survey involved 24 administrative villages of 12 towns in 6 counties
(districts). The types of ecological compensation were government, local enterprises, and
the combination of enterprises and government. The compensation methods included
cash, policy, material, and technical compensation. The farmers in the study area were
divided into the coal resource and oil and gas resource development zones. The ratio of
male to female farmers participating in the survey was 56.87:43.13. The dominant age
group was 51-60 years old, accounting for 41.4%, and those over 60 years old accounted
for 25.2%. The proportions of households headed by 41-50 and 31-40 year olds were 18.6%
and 11.2%, respectively. Households headed by persons under 30 years of age accounted
for the smallest proportion, only 3.6% (Table 3). The educational level of household heads
was mainly in primary school and below, accounting for 47.4%, with junior high school
followed by 172 households, accounting for 34.4%. The proportion of high school education
was 13%, with college education or above being the lowest, with only 26 households,
accounting for 5.2%. Most of the 231 households were farmers, accounting for 46.2%. The
second category was migrant workers, accounting for 33.2%. Self-employed households
were the lowest, accounting for 20.6%.

Table 3. Basic characteristics of sample rural households.

Household

Characteristics Description Frequency (Unit) Ratio (%)
<30 age 18 3.6
3140 age 56 11.2
Householder age 41-50 age 93 18.6
51-60 age 207 414
60 more age 126 25.2
Primary and below 237 474
Household head Junior high school 172 34.4
education level High school 65 13.0
Junior college or % 59

above

Head of the . Farming 231 46.2
household profession Migrant worker 166 33.2
Businessman 103 20.6

3.2. Selection of Livelihood Activities

There are significant differences between the participation of farmers in livelihood
activities in the coal resource and oil and gas resource development zones (Table 4), espe-
cially in agricultural planting. The proportion of farmers participating in agricultural and
forestry planting in the oil and gas resource development zones reached 71%, significantly
higher than that of the coal resource development zones (34%). In terms of non-agricultural
self-employment, the degree of participation in the coal resource development zones was
significantly higher than that of oil and gas resource development zones, at 37.5% and
22%, respectively. There was a marginal difference in the degree of participation in animal
husbandry and migrant work between the coal and oil and gas resource development
zones. Land collapse and soil pollution caused by coal resource development can seriously
affect farmers and cause them to change their livelihood activity. Farmer households that
cannot maintain or improve their livelihood by relying on the original land resources turn
to non-agricultural self-employment by going out for work or using compensation funds.
The exploitation of oil and gas resources occurs through drilling wells, which occupy less
farming land, enabling planting and breeding activities to continue. Traditional agricul-
tural production remains the dominant activity, and the proportion of non-agricultural
self-employment is small. Therefore, farmers in the oil and gas resource development zones
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are more engaged in agricultural business activities, while farmers in the coal resource
development zones are more likely to choose non-agricultural livelihoods.

Table 4. Livelihood activities of farmers in different energy development zones.

Participation Rate of Livelihood Activities (%) Difference T-Test
Coal Resource Oil and Gas Resource .
Development Zone Development Zone T Value Sig Value
Agro forestry 34 71 —3.97 *** 0.00
Animal husbandry and aquaculture 22 28 —1.43** 0.05
Migrant work 52.5 45 1.05* 0.07
Non-agricultural self-employment 37.5 22 2.86 *** 0.00

Note: *, **, and *** represent significance at the statistical levels of 10%, 5%, and 1%, respectively.

There were significant differences in the participation of farmers in various livelihood
activities across the different counties (Figure 2). In terms of agricultural and forestry planting,
Dingbian County had the highest participation, accounting for 80%. Fugu County had the
lowest participation of farmers, accounting for 20%. In the aspect of animal husbandry, Yuyang
District had the highest degree of participation, accounting for 60%; Shenmu County had
the lowest participation, with only 6%. Dingbian County had the lowest number of migrant
workers, accounting for 32%. The participation rate of other counties in migrant work was
relatively high, with marginal differences between the counties. In terms of non-agricultural
self-employment, Shenmu County had the highest degree of participation, accounting for 58%;
Fugu County accounted for 42%, while the rest of the counties had less than 20% participation.
The results show that the degree of participation in migrant work in each county was relatively
high, and the difference was small. The difference in participation in agricultural and forestry
planting, animal husbandry, and non-agricultural self-employment was greater. Shenmu
County and Fugu County consisted of mainly migrant workers and those in non-agricultural
self-employment, and the degree of participation in planting and animal husbandry was
relatively low. The dominant livelihood activity in Yuyang District was animal husbandry,
with participation in non-agricultural self-employment. In Dingbian County, agricultural and
forestry planting were the main livelihood activities, with low participation in migrant work
and non-agricultural self-employment.

Legend

Agriculture & forestry Fusi
Animal husbandry

Migrant workers
Non-agricultural operations

'L.I

Yuyang

Hengshan

Jingbian

Dingbian

100 km

Figure 2. Livelihood activities of farmers in different counties.
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3.3. Income Level of Livelihood Activities

In addition to the above four livelihood activities, farmers’ income sources include
transfer income, such as government subsidies, ecological compensation funds, and other
income. There were significant differences in the income levels of farmers’ livelihood
activities across the energy development zones (Table 5). In terms of income from agri-
culture and forestry, the income level and proportion of total household income in the
oil and gas resource development zones (7458 yuan, 30.71%) were significantly higher
than that of the coal resource development zones (2651.48 yuan, 11.02%). Non-agricultural
self-employment income and the proportion of total household income in the coal resource
development zones were 12,385 yuan, 18.96% higher than that of the oil and gas devel-
opment zones (6420.75 yuan, 11.55%). In terms of migrant workers’ income, there was a
significant difference in migrant workers” income between the coal resource and oil and
gas resource development zones. However, the proportions of migrant workers’ total
household income in the coal resource and oil and gas resource development zones were
30.52% and 28.54%, respectively, and the difference was minimal. Farmers in the oil and
gas resource development zones have a large area of cultivated land and rely on traditional
agricultural planting as their main source of income. The overall cultural quality and skill
level of these farmers are low, and the migrant workers mainly do menial jobs, with low
and unstable income. In response to coal development and ecological compensation policy,
farmers in the coal resource development zone change their livelihood activities and turn
to migrant work and non-agricultural self-employment as their main source of income. In
addition, a higher ecological compensation standard increases the transfer income level
and size of the coal development zone.

Table 5. Level and composition of income in different energy development zones.

Income Level and Ratio (%)

Coal Resource Oil and Gas Resource
Development Zone Development Zone

Agricultural and forestry Income level (RMB) 2651.48 7458
planting income Ratio (%) 11.02 30.71
Income from Income level (RMB) 4611.39 1448
animal husbandry Ratio (%) 13.77 8.63

Income of migrant workers Income level (RMB) 20,658.42 15,440
& Ratio (%) 30.52 28.54

Non-farming Income level (RMB) 12,385 27,625
self-employment income Ratio (%) 18.96 11.55

T for i Income level (RMB) 18,670.13 9420.75
ransier ncome Ratio (%) 20.57 15.78

Other i Income level (RMB) 658.42 2943.75
ther income Ratio (%) 5.16 479

There are significant differences in the contributions of livelihood income across the
counties (Figure 3). The contribution rate of income from work to household income is rel-
atively high, with an average of 31.67%. The contribution rate of agricultural planting and
non-agricultural self-employment varies greatly among counties. In terms of agricultural
planting, Dingbian County had the highest contribution rate of 42.71%. Shenmu County’s
contribution rate was only 3.44 percent, and 50 percent of counties contributed less than
20 percent. In the aspect of animal husbandry, the contribution rate of the Yuyang District was
the highest (38.16%), and the contribution rate of other counties and districts was generally
low. In terms of labour, Fugu County has the highest contribution rate of 42.69%; a total of 67%
of counties contributed more than 30%, and Dingbian County had the lowest contribution
rate of 14.56%. In terms of non-agricultural self-employment, Dingbian County contributed
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the least, only 5.54%; Shenmu County had the highest contribution rate of 36.79%. After the
implementation of ecological compensation, Fugu County farmers are mainly engaged in en-
ergy work directly or indirectly, and the contribution rate of agricultural and forestry planting
and breeding is small. Most of the farmers in Shenmu County used high compensation funds
to independently emigrate, invest, buy carsand engage in non-agricultural self-employment,
such as opening shops, restaurants, and repair shops. Large areas of land were abandoned,
and agricultural planting participation and income levels were low. Yuyang District farmers
use compensation funds to expand the scale of breeding; there are also some young people
engaged in the transportation of self-employed, migrant workers, so the contribution rate of
animal husbandry is the highest.

Legend
[Fugu
Agricultural and forestry income

Animal husbandry income
Income from migrant workers
Non agricultural operating income
Transfer income

Other income

la,

Dingbian

Jingbian

100 km

Figure 3. Differences in revenue contribution in various counties.

3.4. Impact of Ecological Compensation on Farmers” Choice of Livelihood Activities
3.4.1. Influence on Agricultural Planting

From the perspective of participation and compensation value, ecological compensa-
tion has a negative impact on farmers’ participation in agricultural planting (Y1), which is
significant at 1%, with values of —0.919 and —0.673, respectively (Table 6). This indicates
that the more farmers participate in ecological compensation, the lower their participation
in agricultural planting. Because the ecological compensation standard applied in the
study area is mainly land compensation, farmers obtain compensation funds at the cost of
cultivated land resources, and the loss of cultivated land resources promotes participation
in other, more profitable livelihood activities. From the perspective of livelihood capital,
natural resources have the most significant positive impact on farmers’ participation in
agricultural planting, which was significant at 1%. The size of the male labour force has
a negative impact on farmers’ participation in agricultural planting, which is significant
at 5%, with a value of —0.483. This is because natural capital, especially cultivated land
resources, is the basis of farmers” agricultural production. The area and quality of culti-
vated land directly affect farmers” willingness to participate in agricultural planting, as
well as their productivity. With ecological compensation and loss of natural resources,
farmer households with a greater male labour force see the greatest changes in livelihood,
compared to households with a smaller male labour force, who remain highly dependent
on traditional agricultural planting.
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Table 6. Regression results of the impact of ecological compensation on choice of livelihood activities.

Yl Yz Y3 Y4
MODEL 1 MODEL 2 MODEL 1 MODEL 2 MODEL 1 MODEL 2 MODEL 1 MODEL 2
P Py —0.919 *** —0.624 1.467 ** 1.294 **
P, —0.673 *** —0.451* —1.224 *** 1.315 ***
LR L 2'589 X% *% LR L EE L LR LR
Xq 2.743 et 0.092 0.064 —0.106 —0.149 —0.057 —0.026
Natural
capital X3 1.959 * 1.685 * 47.366 *** 62.603 *** 0 0 —0.793 *** —0.786 ***
X3 0.521 *** 0.506 * —0.01 —0.132 —0.282 *** —0.219 *** 0 0
Material Xy 0.103 ** 0.084 ** 19.442 *** 20.752 *** —0.047 *** —0.051 *** —0.040 *** —0.043 ***
capital X5 —0.086 —0.022 9.015 7.004 —0.143 —0.062 0.221 ** 0.229 **
p X 0.006 0.026 7.751 7.891 —0.047 —0.073 0.347 * 0.397 *
Financial Xz 0.023 0.016 * 0.003 0.106 0.653 0.542 0.411 *** 0.436 ***
capital Xg 1.067 * 0.736 1.007 2.583 1.051 0.543 0.587 *** 0.233 ***
p Xy 0.14 0.259 69.248 86.325 0.317 0.784 0.305 *** 0.350 ***
Xi0 —0.189 —0.139 —57.889 ** —73.995 ** 0.632 ** 0.781 ** 0.271* 0.301 *
Human X11 0.379 * 0.281 1.452 *** 1.063 *** 0.101 *** —0.033 —0.262 —0.265
capital X1z —0.483 ** —0.432 ** —2.112 —1.484 1.439 *** 1.485 *** 0.688 0.714
X3 2.825 *** 2.738 *** 1.053 ** 1.562 ** 9.562 *** 9.945 *** 381 1.019
X4 0.223 0.145 12.026 22.999 —0.516 —0.641 0.161 0.226
Social Xi5 —0.632 * —0.678 * —27.806 —56.228 —0.125 —0.324 0.125* 0.097 *
capital X16 1.165 1.099 —3.973 —4.781 —45.693 * —45.408 * 2.521 2.517
Xqy 0.83 0.648 1.001 1.133 20.466 21.355 —1.017 * —1.013 *
Aclj-R2 0.533 0.538 0.638 0.638 0.626 0.632 0.574 0.263

Note: *, **, and *** were statistically significant at 0.1, 0.05, and 0.01, respectively.

3.4.2. Influence on Animal Husbandry

The influence of ecological compensation on farmers’ participation in animal hus-
bandry (Y7) was not significant and did not pass the significance test. From the perspective
of compensation funds, the negative impact had a low significance, at 10%, with a regression
coefficient of —0.451 (Table 6). The participation of farmers in livestock farming depends
on the combined influence of the local natural environment, production conditions, and
household production methods. Participation is restricted by the grazing prohibition policy.
The degree of participation of the farmers in livestock farming across most counties was
lower. The impact of ecological compensation is not significant. Grassland area, animal
husbandry quantity, and labour force level were the most significant factors affecting farm-
ers’ participation in animal husbandry, which are all significant at 1%. Natural capital, such
as the extent of grassland, extent of cultivated land, and quality of the resources provide
the means for the animal husbandry and breeding industries. The size of the labour force
will have a great impact on benefits of animal husbandry.

3.4.3. Influence on Migrant Work

The effect of ecological compensation on farmers’ participation in migrant work (Y3)
has a significant positive effect and passes the significance test of 1%, with a regression
coefficient of 1.467 (Table 6). The type of compensation fund has a negative effect, which
was significant at 5%, and the regression coefficient was —1.224. Farmers’ participation in
ecological compensation is largely at the cost of land resources, and the loss of cultivated
land increases participation in migrant work. On the other hand, the higher the compensa-
tion value, the more likely the farmers will shift to non-agricultural activities. With higher
livelihood capital, the more migrant workers there are. Livelihood capital, specifically
human capital, influences farmers’ participation in migrant work, which was significant at
1%. Both natural capital and animal husbandry quantity have significant negative effects
on farmers’ participation in migrant work, which also passed the significance test and was
significant at 1% confidence level. The loss of natural capital, especially cultivated land,
promotes a shift in livelihood, increasing participation in other livelihood strategies, such
as migrant work.
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3.4.4. Influence on Non-Agricultural Self-Employment

The positive effect of ecological compensation on farmers’ participation in non-
agricultural self-employment (Y5) was only significant at 10%, and the regression coefficient
was 1.294. The type of compensation fund had a significant positive effect, which was signif-
icant at 1%, with a regression coefficient of 1.315 (Table 6). This is because non-agricultural
self-employment requires greater capital investment. The type of compensation fund
had a more significant impact on participation in non-agricultural self-employment. The
higher the compensation, the greater the participation in non-agricultural self-employment.
Financial capital had the most significant positive impact on farmers’ participation in
non-agricultural self-employment, while natural capital and livestock quantity factors had
significant negative effects, significant at 1%. In addition, education level, health, and
access to transportation have a positive impact on farmers’ participation in non-agricultural
self-employment, which is significant at 5%.

3.5. Impact of Ecological Compensation on Farmers’ Income from Livelihood Activities
3.5.1. Influence on Agricultural Planting Income

The value of ecological compensation had a negative effect on agricultural planting
participation and income level (Y5), which was significant at 1%, with regression coefficients of
—0.063 and —0.067, respectively (Table 7). The higher the ecological compensation standards,
the more likely there will be a change in livelihood. With the implementation of an immigrant
relocation compensation policy or increase in the value of passive or active compensation,
farmers will choose other livelihood strategies, and farming activity participation and income
level will decrease. Natural and human capital were the most significant positive factors
impacting agricultural planting income, which were significant at 1%. The number of livestock
and credit opportunities had a significant negative effect, which was significant at 1%. While
natural capital, such as cultivated land area and quality, can directly affect the output value and
agricultural planting income, human capital, especially the size of the labour force, affected
the participation in and scale of agricultural planting. Although an increase in the extent of
animal husbandry increases the extent of planting, forage crops negatively impact agricultural
planting income level and participation.

3.5.2. Influence on Animal Husbandry Income

The impact of ecological compensation on participation in animal husbandry (Yj)
is not significant and did not pass the significance test. The type of compensation fund
had a positive effect on participation in animal husbandry, which was significant at a
5% level, with a regression coefficient of 0.047 (Table 7). Although the implementation of
ecological compensation had little effect on participation in animal husbandry, the type of
compensation fund can support participation and investment in animal husbandry, through
expanding the scale of breeding and increasing animal husbandry income. Natural capital,
livestock quantity, and transportation accessibility were the most significant positive factors
affecting livestock income, which were all significant at 1%. Natural capital, such as arable
land and grassland, can support animal husbandry, thus improving the income toward
livelihood. In addition, convenient transportation brings information about development
to farmers.
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Table 7. Regression results of impact of ecological compensation on income from livelihood activities.

Y5 Y6 Y7 YS
MODEL 1 MODEL 2 MODEL 1 MODEL 2 MODEL 1 MODEL 2 MODEL1 MODEL 2
P Py —0.063 *** —0.005 0.005 *** 0.112 ***
P, —0.067 *** 0.047 ** —0.094 *** 0.181 ***
Natura 1 X1 0.027 **+* 0.015 **+* —0.037 —0.048 —0.122* —0.146 * —0.077 ** —0.032 **
capital Xa —0.036 —0.042 0.207 *** 0.198 *** —-0.025 —0.019 —0.060 —0.088
P X3 0.822 *** 0.83 *** 0.033 *** 0.032 *** 0.008 * 0.032 * 0.001 0.007
Material X4 —0.103 *** —0.089 *** 0.749 *** 0.749 *** —0.183 *** —0.199 ** —0.040 *** —0.040 ***
capital X5 0.008 0.010 —0.016 —0.001 —0.073 * —0.051 0.044 ** 0.056 **
P X6 —0.004 —0.030 0.063 * 0.076 * 0.086 0.093 0.032 * 0.080 *
Financial Xy —0.014 —0.010 0.003 0.019 0.024 0.035* 0.040 *** 0.041 ***
capital Xs 0.096 * 0.056 * 0.028 0.019 —-0.017 —0.004 0.081 *** 0.141 ***
P X9 —0.070 *** —0.051 *** 0.066 ** 0.058 ** —0.008 0.000 0.013 *** 0.062 ***
X10 —0.053 ** —0.015 ** 0.033 0.033 0.082 *** 0.080 *** 0.067 ** 0.043 **
Human X11 0.202 *** 0.148 *** —0.128 * —0.118 * 0.283 *** 0.289 *** 0.070 ** 0.145 **
capital X12 —0.101 ** —0.092 ** 0.153 * 0.144 * 0.045 **+* 0.077 *** 0.057 ** 0.092 **
X13 0.022 *** 0.041 *** 0.042 ** 0.042 ** 0.041 ** 0.033 ** 0.041 ** 0.053 **
X14 0.022 0.051 0.055 * 0.06 * —0.066 * —0.073 —0.076 —0.063
Social X15 —0.03* —0.057 * 0.033 *** 0.045 *** 0.004 —0.032 0.043 *** 0.063 ***
capital Xi6 0.018 —0.021 0.018 0.031 —0.231* —0.255 * 0.204 * 0.320 *
Xi7 0.048 0.057 —0.062 ** —0.065 ** 0.312* 0.301 * 0.010 0.053
Adj—R2 0.744 0.760 0.793 0.795 0.744 0.752 0.637 0.649

Note: *, **, and *** were statistically significant at 0.1, 0.05, and 0.01, respectively.

3.5.3. Influence on the Migrant Work Income

Ecological compensation on the income (Y7) positively affects participation in migrant
work, which is significant at 1%, with a regression coefficient of 0.005. However, compensa-
tion funds have a negative effect on participation in migrant work, also significant at 1%,
with a regression coefficient of —0.094 (Table 7). Ecological compensation can directly or
indirectly cause farmers to shift their mode of production, thus increasing participation in
migrant work, especially for those not willing or able to engage in non-agricultural self-
employment and are strongly dependent on migrant work income. While compensation
funds can provide sufficient economic support for farmers to engage in higher-income
independent non-agricultural work and further improve the overall income level of the
household, ecological compensation can negatively impact the degree of participation in,
and income from, migrant work. Various human capital factors had a significant positive
impact on household migrant work income, which were significant at 1%. The quantity
and quality of the household labour force, especially the number of males, support partici-
pation in migrant work and allow for the optimal allocation of the labour force within the
household, increasing the overall income from migrant work.

3.5.4. Influence on Non-Agricultural Self-Employment Income

Ecological compensation policy has an obvious positive effect on participation in
non-farm self-employment and income levels (Y3), as well as compensation funds, which
were significant at 1%, with regression coefficients of 0.112 and 0.181, respectively (Table 7).
Because non-agricultural self-employment requires capital investment, farmers who receive
greater compensation funds will optimise configuration. Household labour will shift to a
more profitable non-agricultural self-employment, thus improving their level of participa-
tion and income. Financial capital and transportation accessibility were the most significant
positive factors affecting non-farm self-employment income, which were significant at 1%.
Human factors, such as labour force level, education level, and health status, also have
a significant positive impact on non-agricultural self-employment income, which were
significant at 5%. The influence of natural capital on non-agricultural self-employment
income is less significant.
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4. Discussion and Conclusions
4.1. Disscusion

In September 2020, General Secretary Xi Jinping made a solemn commitment to peak
carbon and carbon neutrality at the General Debate of the 75th Session of the United Nations
General Assembly. The realization of carbon peak and neutrality requires an extensive
and profound economic and social systemic transformation. The energy structure and
system face enormous changes, and the related costs to energy security will be felt in the
short term. The implementation of the “dual carbon” strategic goals requires a transition to
low-carbon energy systems and economy, particularly in the energy development zones.
Ecological compensation is an important means to promote regional development and
people’s income [41-44]. The following discussion is based on the results of this paper:

There are obvious differences in the livelihood strategies in different energy devel-
opment regions. The number of participants of agricultural planting in the livelihood
in the oil and gas development zone (71%) is significantly higher than that of the coal
development zone (34%). The proportion of non-agricultural self-employment, animal
husbandry, and migrant livelihood in the coal development zone is higher than that of
the oil and gas development zone. In terms of migrant labour activities, the proportion of
coal resource development zones is significantly higher than that of oil and gas resource
development zones. In terms of income from livelihood activities, the income from labour,
non-agricultural self-employment, and transfer income in coal resource development zones
are higher than those in oil and gas resource development zones. This situation will push
farmers to change their livelihood strategies and diversify their livelihoods [34,45].

There are significant differences in the farmers’ choice of livelihood strategies and
income levels in different counties. The highest participation of farmers in agricultural
planting, migrant work, and non-agricultural self-employment are Dingbian County (80%),
Fugu County (64%), and Shenmu County (58%). The farmers in Yuyang County have
the highest participation in animal husbandry. The highest income contribution from
the sum of agricultural planting, animal husbandry, migrant work, and non-agricultural
self-employment are Dingbian (42.71%), Yuyang (38.16%), Fugu (42.69%) and Shenmu
(36.79%). This shows that farmers’ livelihoods are heavily dependent on natural assets, and
the conditions of natural assets are difficult to change in a short period of time. Therefore,
farmers’ livelihood strategies and income levels will remain different in various types or
regions [46,47].

The livelihood strategies vary with the factors affecting farmers” participation and
amount of compensation funds of ecological compensation. The way of farmers’ partic-
ipation and amount of compensation have a negative impact on planting activities and
positive impact on non-agricultural self-employment activities, and they are significant
at the 1% level. Participation in ecological compensation has a significantly negative ef-
fect on agricultural planting income, which is significant at the 1% level. The amount of
compensation has a significant positive effect on the income of animal husbandry and
non-agricultural self-employment, and has a negative effect on the income of migrant work
and agricultural planting, both of which are significant at the 1% level. Therefore, farmers
do not necessarily increase livelihood assets in ecological compensation [34,48], although
farmers understand the benefits of ecological strategies, as economic benefits still largely
dominate farmers’ livelihood strategies [49].

4.2. Conlusions

The paper constructed a livelihood strategy index system based on the sustainable
livelihood framework for the Yulin energy and resource development zones (six counties in
the north). A comparative analysis was undertaken regarding the livelihood strategy status
of farmers in the different energy development zones and counties using data obtained
from a household survey. Then, the logistic regression model and multiple linear regression
model were used to quantitatively analyse the impact of ecological compensation on
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farmers’ livelihood strategies in the study area, in terms of livelihood activity participation
and income. The conclusion is as follows.

The significant difference between the development of coal resources and oil and gas
resources lies in agricultural planting. The number of migrant workers and non-agricultural
self-employment in the coal resource development zone is higher than that of the oil and
gas resource development zone. There are obvious differences in the income composition
of farmers in the coal resource and oil and gas resource development zones. Furthermore,
for farmers with different livelihood strategies, ecological compensation has significantly
different impacts on their participation and income.

4.3. Countermeasures

Design flexible ecological compensation by region. Ecological compensation is the
relationship between the subject and object of compensation. According to the results of the
household survey and interviews, the current ecological compensation policy in the study
area focuses on financial compensation and material compensation, with little emphasis on
relevant technical training and policy support. Most of the compensation funds are derived
from leasing land, which has poor stability and affects the sustainable development of the
project. The optimal design of ecological compensation should be informed by the national
energy distribution system, regional energy development types, degree of ecological impact,
programme of implementation, industrial structure, and farmers’ livelihood characteristics.
This will enable farmers to participate in ecological compensation projects and improve
their livelihoods.

Implement market-based and diversified methods of ecological compensation. Ecolog-
ical compensation projects reduce the natural capital of farmers in the energy development
zones, weaken subsistence agriculture and food security, reduce the income of farmers en-
gaged in agricultural planting as their main livelihood, and change the inherent livelihood
capital pattern of farmers. The ecological compensation mechanism can be diversified and
improved through cash compensation, establishing industrial parks, optimizing forestry,
the transformation of energy production and energy development zone enterprises, and
expanding the cultivated area of cash crops. On this basis, farmers could improve their
income from ecological compensation projects, and the sustainability and social equity of
these projects would be enhanced.

Promote the development of ecological compensation systems. The development of
energy resources is aimed at revitalizing the region. The rational development of resources
and establishment of ecological compensation mechanisms are necessary for regional co-
ordination and sustainable development. Ecological compensation is compensation for
the damage to environmental resources, balancing resource exploitation and protection
of the environment. Ecological compensation mechanisms should be developed with
multi-stakeholder participation. The carbon neutral goal should be incorporated into devel-
opment projects, and the green transformation of energy should focus on the continuous
improvement of environmental governance and energy security.

There are obvious differences between the study area and other energy develop-
ment zones, in terms of ecological compensation methods, standards, and values. These
differences have varying degrees of impact on farmers’ livelihood strategies and capital.

4.4. Limitations and Future Research

The deficiencies of this paper are mainly manifested in the following aspects: on
the one hand, this paper needs to visit and investigate in the process of research. Due to
subjective and objective reasons, the case materials and data will inevitably be insufficient,
especially the long-term livelihood data in the process of ecological compensation. On the
other hand, the research area selected in this paper has a certain representativeness, but
there are still limitations, due to the different conditions of energy development zones in
the country.
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According to the shortcomings of this paper, this paper will continue to study the
following aspects to make up for the shortcomings. First, continue to pay attention to the
promotion of ecological compensation policies and farmers’ livelihood strategies in China’s
energy development zones. Expand the study of typical cases, visit and investigate more
typical cases, enhance the feasibility of case studies, and dig deep-level mechanisms. Try a
multi-regional comprehensive study to compare the differences in ecological compensation
and farmers’ livelihood strategies among energy development regions. Second, try a multi-
regional comprehensive study to compare the differences in ecological compensation and
farmers’ livelihood strategies among energy development regions. Finally, the research
period is extended to analyse the complete action process of the policy, in order to better
predict future trends.
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