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Abstract: Household livelihood strategies are embedded in the natural and socioeconomic contexts
in which people live. Analyzing the factors that influence household livelihood choice and defining
their consequences can be beneficial for informing rural household policies. In turn, this has
great significance for fostering sustainable livelihood strategies. We grouped household livelihood
strategies based on the income distribution of 756 households and analyzed their influencing factors
and possible livelihood consequences in the watershed of Miyun Reservoir, the only source of surface
water currently available for domestic use in Beijing, China. Local farmers’ livelihood strategies can
be grouped into three types: farming, local off-farm, and labor-migrant. Farming households have
the lowest livelihood capitals, other than natural capital, compared with labor-migrant households
and off-farm households, the latter having better livelihood capital status. Geographical location,
natural capital, household structure, labor quality, and ecological policies are the main factors
affecting farmers’ choice of livelihood strategy. Local off-farm households have a significantly lower
dependency on firewood, land resources, and investment than that of farming and labor-migrant
households, and have the highest reliance on fossil fuel. This household classification can help
us understand the livelihood characteristics, impact factors, and consequences of different types
of household strategies, which also suggest tailored policy and management options to promote
sustainable livelihoods based on different household types.

Keywords: agricultural households; livelihood strategy; livelihood diversity; watershed
management; China

1. Introduction

Rural poverty and environmental degradation are two intertwined challenges developing
countries are facing. How to improve rural household livelihoods, and simultaneously realize
ecological conservation in rural areas, has become a common concern of global social organizations,
and an area of increasing research [1]. In recent years, scholarship on the relationship between agrarian
livelihoods and the environment has grown in quantity and sophistication [1–4]. Livelihood strategies
is a term that comprises the range and combination of activities and choices that people make in
order to achieve their livelihood goals, including production activities, investment strategies, and
reproduction arrangements [5]. Household and individual livelihood strategies are closely related
to the natural and socioeconomic contexts in which people live, and can determine the efficiency of
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natural resource use, as well as the means and intensity of environmental interference [6]. Researches
on rural household livelihood strategies, particularly on the types of strategies that rural households
typically adopt and the factors that shape these strategies, have contributed to our understanding of the
relationships between rural household livelihoods and the natural environment. Understanding these
relationships has important implications for realizing a win–win for rural environmental protection
and rural household livelihood improvement.

Previous studies of rural household livelihood strategies have tended to divide households into
categories on the basis of household income derived from different activities [7–9], or on the basis of
asset use and labor distribution [10,11]. However, household and individual livelihood strategies are
not fully-described only by income, asset use, or labor. These are also determined by the diversity of the
households’ assets (tangible resources like physical, financial, or natural capital, and intangible ones
like social and human capital), as well as the social institutions that govern how or whether one has
access to assets [12–18]. Therefore, livelihoods are not merely a summary measure of cash-equivalent
resources, but are complex, multidimensional, and closely related to the natural and socioeconomic
contexts in which people live [19–21]. In this study we recognize all these factors underpin livelihood
dynamics, and we use a variety of measures from our own field collected data to categorize different
livelihood types in an effort to try to better capture these issues. In addition, most studies on household
livelihood strategies are mainly focused on community or local scales, with few studies defining
strategy types and their influencing factors within specific management units, such as the watershed
scale as is the case we present here.

We investigated the watershed of the Miyun Reservoir, the only source of surface water currently
available for domestic use in Beijing, China. Ecosystem services (e.g., water provision, soil retention,
water purification) in the watershed are extremely important for water conservation. The watershed
crosses two administrative regions, Hebei Province and Beijing, which represent a large variation
in resource endowments, economic and social conditions, living standards, and rural household
livelihood activities. In this area, rural household livelihoods are gradually transitioning from
traditional agriculture to more diversified strategies. Consequently, there have been changes observed
in livelihood consequences, including dependence on natural resources, the ways in which land
resources are utilized and the efficiency of their use, and household welfare, amongst other factors.
We adopted a stratified sampling method, using data from a household survey based on participatory
rural appraisal. We then identified household livelihood strategies through factor and cluster analyses
based on distribution of income, and explained the influencing factors of different types of livelihood
strategies and their livelihoods consequences. We aimed to classify household livelihood strategy
choices and understand their livelihood characteristics, impact factors, and possible livelihood
consequences. Finally, we hope to provide tailored policy and management options to promote
sustainable livelihoods based on our findings.

2. Conceptual Framework

To provide the conceptual and theoretical foundations of this study, we present a conceptual
framework (Figure 1) for household livelihood sustainability analysis based on the sustainable
rural livelihood framework [21]. Natural (e.g., geographical location, resource endowment, etc.)
and socioeconomic (e.g., market fluctuations, education level, policy background, etc.) contexts
influence household decisions to engage in various livelihood strategies (e.g., farming, local off-farm or
labor-migrant) [6,22–25]. Subsequently, different strategies can result in different livelihood outcomes
(including security, basic material for good life, health, and environmental quality) through changes in
livelihood assets, income, energy utilization, land use, outmigration, etc. These outcomes impact the
overall sustainability of a livelihood portfolio. In light of these different livelihood consequences and
contexts, policy makers try to improve the sustainability of household livelihood outcomes through
policy innovation (e.g., eco-compensation, infrastructure construction, educational investment) [26–30].
Here, we first classify household livelihood strategy choices and then examine factors that impact
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different types of livelihood strategies and their possible livelihood consequences based on our
data. Finally, we provide tailored policy and management options with the goal of promoting more
sustainable livelihood options based on the above findings.Sustainability 2017, 9, 175  3 of 12 
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Figure 1. Conceptual framework of household livelihood strategies and livelihood outcomes.

3. Study Area and Methods

3.1. Study Area

The study was conducted in the Miyun Reservoir Watershed (40◦19′–41◦38′N, 115◦25′–117◦35′E),
which is located about 100 km north of Beijing, China (Figure 2) and is the major surface water
source for Beijing with a total area of approximately 1.52 square kilometers. The terrain is high in the
northwest, with the mountains rising to between approximately 1000 m and 2300 m, and low in the
southeast, composed mainly of hills and a few plains and floodlands.
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Figure 2. Distribution of household survey samples and county boundaries of the study area in the
Miyun Reservoir Watershed.

The Miyun Reservoir Watershed crosses two administrative regions: Hebei Province and Beijing.
About four-fifths of the watershed is located in Hebei Province with the remaining one-fifth in the
greater municipality of Beijing (Figure 2). The watershed is, therefore, affected by many factors such as
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geographical location and natural environment conditions, and there are large variations in the level
of living standards and rural household livelihood activities across the area. The average net income
of farmers in the Beijing townships is about three times that found in the Hebei Province [30].

3.2. Data Collection

Data were collected from detailed household surveys fielded in August 2014 in the upstream
watershed of the Miyun Reservoir. Participatory rural appraisal and multistage stratified cluster
sampling were used in the investigation. The survey participants were distributed across five counties,
different distances away from Beijing city. In each county, we selected 1–2 townships that represented
the average standard of living of the county; in each township, we selected one village that represented
the average standard of living of the township. Ultimately, we selected six villages among the five
counties as our survey samples. To capture spatial and jurisdictional differences, two villages were
selected within Miyun County in Beijing. House to house surveys were conducted in these six
villages, according to the total number of households in each village. We worked with a large team
of 8–10 people, spent two to three days and surveyed between 101 and 147 households per village
(accounting for approximately 35% of the total number of households in each village), attempting to
survey all households available. We carried out in-depth interviews with household members using
semi-structured questionnaires. In total, 756 valid questionnaires were obtained. The questionnaire
survey mainly focused on sociodemographic information of household members and their livelihood
activities, agriculture investments and outputs, household incomes and expenditures, and energy
consumption. We predominantly selected household heads as interviewees, as they were usually
the household decision makers and knew the key information about the family. We also verified
summaries of our data with village leaders to ensure reliability and accuracy of data.

3.3. Data Analyses

Against the backdrop of large-scale urbanization and rapid economic growth, traditional farming
is no longer the only way rural residents can make a living; they are often faced with diverse and
abundant livelihood activities from which they may choose. To investigate livelihood strategies and
determinants, we conducted three stages of analysis.

First, given the key role of the source of household income and labor force allocation in
understanding its livelihood strategy, we used factor analysis to reduce the number of dimensions
though which these factors are used to explain household livelihood strategies. According to whether
the eigenvalues are greater than 1, we extracted three comprehensive factor dimensions from seven
variables that describe the source of livelihoods, which explained 62.06% of the variability in rural
household livelihood strategies. The variables we included in the cluster analysis were:

(1) Total income: the sum of incomes that all family members earned, including wage income,
operational income, property income, and transfer income;

(2) Agricultural income: the income that farmers obtained by farming, operating orchards,
and breeding livestock;

(3) Tourism income: the income that family members obtained from other service industries such as
tourism, hospitality, and entertainment;

(4) Agri-business income: income generated by family members engaged in the processing of
agricultural products (e.g., rice milling, oil pressing, and medicinal materials processing),
agricultural services (e.g., irrigation and grain reaping), commerce, and repair services;

(5) Other local non-farm income: income generated by family members engaged in transportation,
construction projects, and other industrial or manual labor as well as education, health,
and government departments;

(6) Remittance income: income sent home by migrant workers;
(7) Moving out for work: whether family members had moved out for work or not.
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Next, we used k-means cluster analysis to classify all samples and define clusters of household
livelihood strategy types. Considering the livelihood activities in the study area, we identified
livelihood strategies by clustering households based on the share of household income generated by
different livelihood activities and household members’ migration for work.

Third, after determining livelihood strategy groups, we used a multinomial logistic model
to analyze determinants of livelihoods strategies. The model simulated the farmers’ livelihood
strategy choice based on the strategy that maximized their own effectiveness, i.e., that ensured the
maximum benefit to households. The probability calculation of farmers to choose a specific livelihood
strategy was:

Prob(Yi = j) =
exj

i Bij

1 + ∑m
k=0 exj

i Bij
= Fj(Xi, B)

j = 0, 1, 2, . . . , m; i = 1, 2, 3, . . . , N and B0 = 0

where, Prob(Yi = j) represents the probability of household i choosing livelihood strategy j out of m
strategies, xj

i represents the factors that influence household livelihood strategy selection, Bij represents
the corresponding parameters of the model to be estimated. The model selected nine independent
variables that reflect five general aspects that influence household livelihood strategies: geographical
location, natural capital, household structure, labor quality, and ecological policy [15]. The independent
variables were land area, household size, skills training, skill, the average age of household laborers, the average
education level of laborers, amount paid from the ecological compensation funds, the distance from Beijing city,
and the distance from the local county capital city. As can be seen, these factors are not just measures of
income, but also relate to the local social, institutional, and ecological contexts in which household
livelihood decisions are embedded.

Rural households’ livelihood behavior can ultimately influence the quality of the rural
environment through the utilization of natural resources. Finally, in order to compare differences
in the extent of natural resource utilization between different households, we selected the following
independent variables to measure the households’ land resource utilization and energy utilization:
crop yield per mu (1 mu = 1/15 ha), expenditure on fertilizers and pesticides, and consumption of firewood, coal,
liquefied petroleum gas, and electricity. Statistically significant differences were analyzed using one-way
ANOVA with the software stata13.

4. Results

4.1. Household Livelihood Strategy Classification

Factor 1 was significantly positively correlated with total income and choices of outmigration
for work. Factor 2 was significantly positively correlated with tourism revenues, while factor 3 was
significantly positively correlated with agriculture revenues (Table 1). Household livelihood strategies,
therefore, can be divided into three patterns: farming, local off-farm, and labor-migrant. Among the
756 peasant households, the three patterns account for 56.7%, 13.1%, and 30.2% of the total, respectively.

Table 1. Extracted factors of household livelihood and correlation with original variables.

Variables Factor 1 Factor 2 Factor 3

Agricultural income 0.12 −0.10 0.90
Tourism income 0.54 0.54 −0.20

Agri-business income 0.32 0.33 −0.21
Other local non-farm income 0.28 0.44 0.33

Remittance income 0.61 −0.57 −0.04
Moving out for work migrating 0.47 −0.66 −0.13

Total income 0.92 0.17 0.06
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The three types of household incomes present obviously different characteristics (Table 2).
Agricultural income in farming households was significantly higher than that of the other two types,
accounting for 51.19% of the total income. In addition, the local non-farming incomes of local off-farm
households was significantly higher than that of the other two types of households, accounting for
55.87% of the total income. The remittances of labor-migrant households were significantly higher
than the other two types of households, accounting for 51.16% of the total income.

Table 2. Income composition of different household livelihood strategies.

Variables

Livelihood Strategy

a. Farming b. Local Off-Farm c. Labor-Migrant

(N = 429) (N = 99) (N = 228)

Mean SD Mean SD Mean SD

Farming income (%) 51.19 b,c 35 5.84 a 23 6.72 a 19
Tourism income (%) 1.26 b 8 36.65 a,c 41 1.00 b 6
Business income (%) 0.6 b 5 10.88 a,c 28 1.44 b 9

Other local non-farm income (%) 18.03 b,c 32 8.34 a 19 5.52 a 16
Remittance income (%) 2.56 c 9 1.44 c 8 51.16 a,b 35

Total incomes (Yuan RMB) 14,585.43 b,c 17,624.24 46,628.87 a,c 55,738.90 36,116.53 a,b 41,206.64

The superscript letters indicate categories that are significantly different at the 5% level to other livelihood type i.

4.2. Livelihood Capital of Different Livelihood Strategies

Households following different types of livelihood strategies had significantly different
characteristics in livelihood capitals. Compared with households mainly engaged in farming,
off-farm households had significantly lower natural capitals and significantly higher education
levels of household laborers as well as physical capitals, social capitals, and financial capitals.
Labor-migrant households had significantly lower natural capital and average age of household
laborers, and significantly higher household sizes (Table 3). In comparison to local off-farm households,
labor-migrant households had significantly lower education levels, as well as lower physical, social,
and financial capitals.

Table 3. Descriptive statistics of livelihood capitals by livelihood strategy.

Livelihood Capital Variables

Livelihood Strategy

Average (N = 756)a. Farming b. Local Off-Farm c. Labor-Migrant

(N = 429) (N = 99) (N = 228)

Mean SD Mean SD Mean SD Mean SD

Natural capital

Land area per capita 4.8 b,c 10.6 1.90 a 4.3 2.4 a 3.8 3.7 8.5

Human capital

Household size 3.1 c 1.4 3.35 1.6 3.6 a 1.4 3.3 1.4
Number of household laborers 2.2 0.9 2.3 1.3 2.3 1.2 2.2 1.1

Average education level of household laborers 2.4 b 0.9 2.87 a,c 1.1 2.5 b 0.9 2.5 1.0
Average age of household laborers 53.6 c 10.9 52.6 13.6 50.5 a 12.9 52.5 12.0

Physical capital

House value 11.0 b 27.3 59.3 a,c 109.6 11.1 b 21.5 17.3 48.9
Quantity of household durable 8.9 b 4.5 12.7 a.c 7.7 9.31 b 4.2 9.5 5.1

Social capital

Social relation 0.1 0.4 0.2 c 1.5 0.1 b 0.3 0.1 0.4
Communication cost 81.6 b 89.2 189.0 a,c 376.1 102.2 b 106.5 101.9 165.8

Expense of cash and gifts 2549.1 b 5812.1 4006.1 a 5297.6 2838.5 4416.2 2827.2 5374.2

Financial capital

Saving 0.2 b 0.4 0.3 a,c 0.5 0.2 b 0.4 0.2 0.4
Loan 0.1 0.3 0.1 0.3 0.1 0.4 0.1 0.3

Ecological compensation funds 1774.9 b 2816.0 3031.7 a,c 5408.1 1408.3 b 2336.4 1828.9 3190.3

The superscript letters indicate categories that are significantly different at the 5% level to other livelihood type i.
The definitions of the variables are listed in the Appendix A.
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4.3. Factors that Influence Livelihood Strategy Choices

Geographical location, natural capital, household structure, quality of labor force, and ecological
policy were the main factors affecting farmers’ choices of livelihood strategies. Households that
followed a farming livelihood strategy had significantly higher natural capitals than that of other
farmers (Table 3). Owing to a greater demand for agricultural labor force, they are more likely to
choose farming as their main livelihood strategy.

Table 4 shows factors that are associated with different livelihood strategies compared against
predominantly farming strategies. Compared with farming households, shorter distances from the
city, less natural capital, higher quality of household laborers, and higher ecological compensation
funds were the main factors that promoted farmers to choose local off-farm livelihood strategies.
Less natural capital and larger family size are the major contributors to making farmers migrate out
for work (Table 4) relative to farming strategies. In addition, we found that the closer farmers lived
to Beijing or their local county seat, the higher the rate of off-farm employment. A major reason for
this is a reduction in transportation costs that have come with urbanization, which has enhanced local
tourism and business, and proximity to the city market access leads to greater off-farm employment
opportunities [31].

Table 4. Determinants of different livelihood strategies.

Explanatory Variables
Local Off-Farm Labor-Migrant

Coefficient SE Coefficient SE

Geographical location

Distance from Beijing city −0.01461 *** 0.00371 0.00169 0.00279
Distance from local county capital city −0.02454 *** 0.00723 −0.00534 0.00548

Natural capital

Land areas −0.03740 *** 0.01032 −0.03731 *** 0.00879

Household structure

Household size 0.15346 0.10209 0.18320 ** 0.06893
Average age of household laborers 0.02463 0.01350 −0.00973 0.00923

Human capital

Average education level of household laborers 0.28902 * 0.14607 −0.03388 0.10838
Skill 0.43586 ** 0.13994 0.17142 0.10683

Training 0.43131 0.45926 −0.62113 0.43857

Ecological policies

Ecological compensation funds 0.00012 ** 0.00004 −0.00001 0.00004
Intercept −1.21482 1.25675 −0.39628 0.93396

Pseudo R2: McFadden = 0.184; Nagelkerke = 0.216; Cox and Snell = 0.107. Reference category is farming.
***, **, * Indicate statistical significance at the 1%, 5%, and 10% levels, respectively.

4.4. Livelihood Consequences of Different Livelihood Strategies

Livelihood strategies differ for different groups of households based on the contextual conditions
outlined above, and households following different livelihood strategies may have different livelihood
consequences. There are significant differences between farming households and the other two
household groups in economic incomes, with local off-farm and labor-migrant households in general
having higher income per capita than farming households. Thus, non-agricultural work appears to
improve well-being for households. Farming and labor-migrant households have a higher intensity
land utilization than local off-farm households, which reflected in crop yield and expense of fertilizer
and pesticides. In terms of energy consumption, farming households use significantly higher levels of
firewood than local off-farm households, and there is no difference with labor-migrant households.
In addition, compared with farming and labor-migrant households, local off-farm households have
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significantly lower fertilizer and pesticide expenses, and significantly higher consumption of total
energy, made up of fossil energy and electricity (Table 5).

Table 5. Main livelihood consequences of different livelihood strategies.

Variable

Livelihood Strategy

Average (N = 756)a. Farming b. Local Off-Farm c. Labor-Migrant

(N = 429) (N = 99) (N =228)

Mean SD Mean SD Mean SD Mean SD

Economic income

Income per capita 4939.0 b,c 5598.2 15,029.8 a 18,664.5 11,647.2 a 16,181.4 8283.5 12,547.9

Land resource development and investment

Crop yield per mu 322.8 b 198.0 133.9 a,c 184.5 320.1 b 200.7 297.3 206.8
Expense of fertilizer 963.9 b,c 2171.4 139.9 a 276.4 540.9 a,b 612.9 728.4 1698.0
Expense of pesticide 186.5 b,c 217.0 36.4 a,c 100.4 112.8 a,b 148.5 144.6 193.6

Firewood consumption

Consumption of firewood 2615.4 b 2061.4 2021.7 a 2031.1 2334.2 2466.4 2452.9 2194.7

Fossil energy consumption

Consumption of coal 987.1 b 1130.8 1852.5 a,c 3568.24 1066.7 b 1066.5 1124.4 1673.6
Consumption of LPG 38.6 b 47.5 127.5 a,c 204.2 52.3 b 96.7 54.4 101.7

Power consumption

Consumption of electricity 1089.6 b 1031.9 3242.6 a,c 4231.6 1192.0 b 1187.2 1402.4 1965.9
Total energy consumption 2398.6 b 1426.3 3083.8 a,c 3100.5 2329.7 b 1568.5 2467.5 1788.6

The superscript letters indicate categories that are significantly different at the 5% level to other livelihood type i.
LPG stands for liquefied petroleum gas.

5. Discussion

Against the backdrop of rural-urban transformation in China, great changes have taken place in
the rural human-environment relationships, and the choices of household livelihood strategies have
become more diversified [32–34]. In this article, local households can be grouped into three types that
pursue similar livelihood strategies, specifically, farming, local off-farm, and labor-migrant. Although
the households chose local off-farm strategies relatively less often, their livelihood level, impact factors,
and livelihood consequences are significantly different from those of the other two types of households.
Households following different livelihood strategies hold widely different asset endowments. In our
research, the choice of household livelihood strategy was strongly related to geographical location
(such as the distance from the nearest market), natural capital, household structure, and ecological
policies. It is helpful for managers and policy makers to develop appropriate policies and programs
according to different types of livelihood strategies and characteristics. Appropriate management can
promote the improvement of peasant household welfare and facilitate more sustainable development
in these areas.

Households that engaged in the local non-farm livelihood strategies were able to earn higher
incomes. Previous research on rural poverty reduction has also shown that alternative livelihoods
have important implications for alleviating poverty as well as furthering conservation objectives in
rural areas [7,35]. However, farming households tend to fail to engage in other livelihood activities,
particularly in non-farm/commercial strategies, due to limitations of labor quality (education level,
skills), financial capital, geographical location, and other factors. Decision-makers should increase
non-agriculture employment skills training and provide vocational guidance to those in the agricultural
labor force who would like to get non-agricultural employment or work in town. Meanwhile, we
also found that high ecological compensation has a direct positive effect on the choice of local
off-farm livelihood strategies, and, therefore, decision-makers should provide more eco-compensation
to farmers, especially those in poor and remote areas, for improving household financial capital.
In addition, many studies have shown that non-farm activities are relatively rare in remote rural areas
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due to poor transport infrastructure and a shortage of skills [7,11]. We also found that nearer to the
urban centers and towns, there were greater off-farm employment opportunities. Thus, improving
road infrastructure and transport services may help stimulate a part of the agricultural labor force
to transfer to the non-agricultural sector, which may also help in alleviating poverty and increasing
resilience [24,25].

Different livelihood strategies not only affect the welfare level of households, but non-farm
employment and rural-to-urban labor migration can more generally lead to lower dependency on
agriculture and local natural resources.

First, our study found that the farming households were more likely to rely on firewood for
cooking and heating, as has been found in earlier work in the same region [36]. This can cause
substantial, long-term impacts on the local environment, such as deforestation and soil erosion [37–39].
However, local off-farm households were found to have significantly higher total consumption of
commercial energy amongst the three household types identified in our study. Commercial energy
such as electricity and liquefied gas are available in rural areas and can substitute firewood use,
however, due to the low incomes in these areas, especially for farming households, there remains a
reluctance to buy commercial energy, and many rural residents still spend time in firewood collection.
These findings indicate that the decision-makers need to attach importance to energy structure change
for ecological restoration in the countryside. Policies that facilitate the development of alternative
energy use, such as providing a discount for commercial energy, particularly for farming households,
could substantially reduce the consumption of firewood.

Second, some evidence has shown that farming households tend to increase crop yields
through heavy input of pesticides and fertilizers [40]. This mode of modern agriculture also
brings with it a series of adverse environmental impacts [41]. Ecological agriculture programs and
conservation-oriented training programs, concentrating on basic scientific and technological research,
should be provided free to farmers who participate in ecological agriculture.

Third, we found that local off-farm households have the lowest land use efficiency and a
large amount of agricultural land around them is abandoned. Because this abandonment of arable
land results from changes in livelihood activities, the government should make vigorous efforts
to restructure the management of natural resources to achieve the goal of rural development and
ecological protection. For example, giving subsidies to farmers to convert abandoned cultivated
land into economic forests, providing incentives to increase the scale of agricultural operations, and
encouraging agricultural land transfers, among other policies, should be implemented [42,43].

Finally, non-farm employment and labor migration increase dependency on the general economy
and job market. Meanwhile, the farm is still managed by a portion of the household and can act as a
“backup” household livelihood strategy, which helps increase overall household resilience.

Our study focuses only on the Miyun Reservoir watershed, and does not include the outside
overflow of environmental impacts of migration [44]. For example, migrant workers move out from
rural areas for employment, which can reduce the population carrying capacity on the local ecological
environment and provide the most basic conditions for ecological restoration. However, on a regional
scale, whether this shift of part of the labor force from rural to urban areas increases the pressure on
urban environments is unknown. Therefore, we still need more information regarding the large-scale
effects caused by changes in household livelihood strategies; carrying out comprehensive assessments
and considering sustainable development goals from multiple dimensions will be necessary in
the future.

In conclusion, we identified livelihood strategies by clustering households based on the share of
household income generated by different livelihood activities and the ability of household members to
migrate for work. The variables we include in the cluster analysis are total income, agricultural income,
tourism income, agri-business income, other local non-farm income, remittance income, and moving
out for work. Then we provide tailored policy and management options to promote sustainable
livelihoods based on our findings. Our study could be of great value and serve as a reference for
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further analyses of rural household livelihood characteristics, as well as provide a basis for managing
the sustainable utilization of natural resources and poverty reduction at the watershed scale.
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Appendix A. Explanatory Variable Definition

Table A1. The definition of explanatory variable in this paper.

Explanatory Variables Unit Definition

Natural capital

Land area per capita mu Average land area (in mu) per capita in each household

Land area mu Total land area of each household l

Human capital

Household size capita Number of household members

Number of household laborers capita Number of household laborers

Average education level of household
laborers Dummy variable

Illiteracy = 1; Primary school = 2; Junior high school = 3;
Senior high school = 4; Technical secondary school = 5;

Bachelor degree or above = 6

Average age of household laborers year Average age of household laborers

Training Dummy variable Receiving job training = 1

Skill Dummy variable Mastering some skill = 1

Physical capital

House value yuan Market value of the house

Quantity of household durable -

Total number of household durables, including mobile
phone, air condition, refrigerator, television, tractor,

bicycle, motorcycle, car, electric cooker, washing
machine, etc.

Social capital

Social relation capita Number of cadres in household members

Communication cost yuan/year Communication cost in each household

Expense of cash and gifts yuan/year Total cash and gifts in each household

Financial capital

Saving Dummy variable Have savings = 1

Loan Dummy variable Borrowing money from friends and relatives or bank = 1

Ecological compensation funds yuan/year Ecological compensation funds from government
per year per household

Others

Income per capita yuan/year Average income per capita last year

Crop yield per mu kg/mu/year Average crop yield per mu last year

Expense of fertilizer yuan/year Fertilizer expense per household last year

Expense of pesticide yuan/year Pesticide expense per household last year

Consumption of firewood kg/year Firewood consumption of per household last year

Consumption of coal kg/year Coal consumption per household last year

Consumption of LPG kg/year LPG (liquefied petroleum gas) consumption per
household last year

Consumption of electricity kwh/year Electricity Consumption per household last year

Total energy consumption tce Total energy consumption per household last year

Distance from Beijing city km Distance from the Beijing city

Distance from local county capital city km Distance from local county capital city
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