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Abstract: Land degradation, especially natural forest land degradation (NFLD), is a severe envi-
ronmental concern in China. This natural disaster itself and its derivative control policies have
caused some impacts on surrounding farmers’ livelihood level and strategies, but the literature on the
sustainable livelihood of different households in NFLD vulnerability is limited, and there is an urgent
need to bridge the gap and conduct studies on the sustainable livelihood of Changting, Libo, Lixian,
Menghai and Wuxi, the typical NFLD-prone areas in China. A new livelihood sustainability index
(LSI) including livelihood asset, livelihood strategy and sustainability engagement is constructed to
assess the basic situation. The results showed that: (1) The overall LSI of five NFLD areas was not
high, and the social, financial and natural assets, in particular, were relatively low. A disparity was
found among the five areas, and the rank sequence of the LSI value was sorted in a descending order:
Changting > Menghai > Libo > Lixian > Wuxi. (2) In detail, farmers in Changting had the relative
highest LSI because of the inherent high value of livelihood assets, which constrain the scores of
the livelihood strategy and sustainability engagement. (3) Households in Libo, Menghai and Lixian
had middle level LSI scores. The relative low livelihood assets in Libo and Menghai drove parts
of local farmers to carry out off-farm/forestry employment, leading to high scores of livelihood
strategy, while farmers in Lixian had lower livelihood diversification scores and higher sustainability
engagement due to their working content for the local forestry bureau. (4) The low scores of the
livelihood asset and sustainability engagement restricted farmers in Wuxi. A discussion of LSI in
the NFLD vulnerability was conducted to determine the characteristics and analyze the reasons.
Accordingly, targeted policy recommendations were proposed to realize a sustainable livelihood in
NFLD areas.

Keywords: sustainable livelihood; natural forest; land degradation; livelihood asset; livelihood
strategy; engagement; China

1. Introduction

At present, land degradation, especially the natural forest land degradation (NFLD), is
one of the global environmental concerns that influences everyone, through food insecurity,
climate change, natural disasters, and the loss of biodiversity and ecosystem services such
as soil and water conservation [1,2]. According to United Nations Convention to Combat
Desertification (UNCCD), land degradation has caused impacts on the lives of at least
3.2 billion people, and there are persistent declining trends or stress in productivity in an
estimated 20% of the earth’s vegetated surface, partly due to poor management practices,
leading to potential mass species extinction and loss in ecosystem services valued at 10%
of the global gross domestic product [3]. Data show that the global land degradation
in dry lands results in land productivity losses valued around USD 13 to 28 billion per
year [4]. From 1990 to 2015, global forests have declined from 4128 million to 3999 million
ha, whereas the global areas of natural forests have also decreased at an alarming rate, a
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net 6.5 million ha per year from 2010 to 2015 and 10.6 million ha per year for the period
1990 to 2000 [5]. In response, the global community has set several sustainable goals to
address this, including the United Nations strategic plan for forests (2017–2030), the Bonn
Challenge and the UN Decade on Ecosystem Restoration (2021–2030), etc.

Land degradation is also a major challenge in today’s China, seriously impacting
those living in the affected areas [6–8]. In most regions of China, deforestation is one of root
causes of land degradation, together with soil erosion, soil salinization and other severe
natural disasters, ultimately leading to the ecosystem services decline in these areas [9].
In 1998, an extraordinary flood in the Yangtze River area caused a direct economic loss of
CNY 166.6 billion at that time, a level of destruction seldom seen in history [10,11]. The
area affected by soil and water losses, due to water-induced soil erosion and water run-off,
amounted to 1,293,200 km2 according to 2011 statistics, of which 78.8% were mildly to
moderately affected, whilst 21.2% of land were rated intense or above [2]. In response,
China has implemented a number of major restoration projects for NFLD, such as the
Natural Forest Protection Program (NFPP), the Land Conversion from Farmland back to
Forestland Project and the and Desertification (Rocky) Control Project, resulting in certain
positive trends. As of 2016, the area of soil erosion by water in China has decreased from
1,744,100 km2 in 1985 and 1,648,800 km2 in 2000 to 1,293,200 km2 in 2011 [2], increasing
China’s forest coverage rate from 16.5% in 1998 to 22.9% in 2018 [12]. Moreover, in order
to further curb land degradation, China completely stopped the commercial logging of
natural forests in 2016 [12] and unveiled a plan, named after the Plan for the Protection
and Restoration of Natural Forests (PPRNF). This new plan was formulated to advance the
conservation and restoration of the country’s forests, with the aim of reaching a total area
of 200 million ha by 2035.

The land degradation as well as its derivative control policy and projects will in-
evitably cause some impacts on the livelihood of surrounding farmers and changes and
constraints on the choice of their livelihood strategies [13]. Therefore, farmers’ livelihood is
always regarded as an imperative indicator for relevant land degradation programs such as
the NFPP [14] and PPRNF [15], at the domestic level, and Reducing Emissions from Defor-
estation and Forest Degradation (REDD+), at the international level [16], which is also a hot
topic for scholars. In general, the research on this topic could be mainly divided into three
agendas. The first agenda is to elucidate the relation between the household livelihood
and land degradation. The spatial and temporal difference of the land degradation status
is always assessed first in combination with specific environmental and socio-economic
factors. Then, the mechanism of environmental deterioration leading to land productivity
losses and cultivation cost increase can be elaborated with an empirical analysis [17–19].
The second agenda is to evaluate the vulnerability or sustainable livelihood (SL) of farmers
regarding land degradation. Approaches including model evaluation, indicator evalua-
tion and stakeholder assessing can always be adopted to assess the status of livelihood
vulnerability or sustainability of farmers, with the analysis of the drivers, mechanism
and community perception of vulnerability [20–24]. The last agenda is about solutions
to land degradation and revenue-generating options for local farmers. Approaches such
as adaptive farming strategy, fire management practices, community involvement and
control projects will be assessed or analyzed in specific contexts, with a further policy
recommendation proposed as reference [25–28].

This paper belongs to the second agenda, which aims to evaluate SL in the context of
land degradation. Through the literature review, it was found that insufficient attention
was paid to the sustainable livelihood of different households in large-scale natural forest
land degradation (NFLD) areas. Farmers’ livelihoods are usually heterogeneous rather
than homogeneous due to their different inherent livelihood assets, livelihood strategies,
adaptive capacities and participation in Payments for Ecosystem Services (PES) [20,29],
which contribute to the disparities of livelihood outputs and livelihood sustainability.
Therefore, it is of significance to bridge the gap of the evaluation of farmers’ SL in the
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NFLD-prone areas, which could also provide the baseline data for PPRNF, the latest natural
forest conservation program, as reference.

Our research aims to evaluate the SL of farmers in different regions, based on the
sustainable livelihood framework (SLF), proposed by the Department for International
Development (DFID) in the United Kingdom [30]. There are three main research contents
in our analysis. (1) First, five different NFLD regions, which are also covered by NFPP,
PPRNF and other NFLD control projects, are selected as our study area. (2) Second, an
innovative livelihood sustainability index (LSI) system is constructed, in the context of
NFLD. (3) Last, a comparative analysis based on the above-mentioned LSI system and
entropy method is conducted in five NFLD regions. The rest of the paper is divided into
four sections as follows. The methodology and results are described in Sections 2 and 3
respectively. Section 4 discusses the mechanism behind the results and major findings, and
policy recommendations as well as the contribution of the research are presented in the
last section. Additionally, relevant policy recommendations are also formulated for NFLD
regions and PPRNF and other natural forest conservation projects as reference.

2. Methodology
2.1. Overview of the Study Area

Five targeted NFLD areas (Figure 1) have been selected as the study areas because
of two considerations: (1) all of the places have high biological values, either close to
imperative rivers or having become the home of many treasured species. For instance, Libo,
Lixian and Wuxi are close to the Yangtze River, and Menghai to the Mekong River, whilst
the Han River goes through Changting. (2) These places are in the typical soil erosion
regions of China covered by NFPP, PPRNF and other NFLD control projects. For example,
according to survey data, the total natural forest land area in Wuxi is about 326,933 ha,
while the NFLD area reaches 140,309 ha [31]. The percentage of the NFLD area rating as
intense or above is about 67%. The other basic information is as follows (Table 1):
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Table 1. Basic conditions of surveying NFLD areas.

County Changting Libo Lixian Menghai Wuxi

Coordinates 34◦19′ N
105◦18′ E

25◦8′ N
107◦57′ E

25◦40′ N
116◦20′ E

21◦96′ N
100◦45′ E

31◦29′ N
109◦21′ E

Province (municipality) Fujian Guizhou Gansu Yunnan Chongqing
Area (km2) 3099 2432 4299 5368 4030

Population (thousand) 530 180 537 329 543

Climate condition
Subtropical
Monsoon
Climate

Subtropical
Monsoon
Climate

Temperate Continental
Monsoon
Climate

Tropical
Monsoon
Climate

Subtropical
Monsoon
Climate

2.2. Data Collection

The authors conducted field research in five NFLD areas from August to September
2020 through the participatory rural assessment method, and many available data in our
research stem form field investigation and surveys. First, the in-depth interviews were
conducted with village organizations and relevant village heads to acquire data on the basic
information of natural forest protection and farmers’ livelihood situation. Second, through
random sampling, 325 farmers living around the NFLD area were selected from five sites,
and the in-depth interview was conducted during the survey. The investigation duration for
each household was about 45 min on average. The survey content included (1) households’
basic information (name, age, education level, etc.); (2) the status quo of livelihood assets
and strategies; (3) the participation or engagement in NFPP, PPRNF and other sustainable
activities. After eliminating four invalid records, 321 effective questionnaires remained.

2.3. Analysis Framework
2.3.1. Construction of the Livelihood Sustainability Index

The Livelihood Sustainability Index (LSI) in this paper is based on DFID’s SLF. This
framework is composed of five major components, including vulnerability context, liveli-
hood assets, transforming structure and process, livelihood strategies and livelihood out-
comes. The livelihood assets mainly include human (H), natural (N), physical (P), financial
(F) and social (S) assets, and the vulnerability context refers to the external environment in
which people exist, including climate change, natural disasters, socio-economic changes,
etc. The range and combination of activities and choices that people make in order to
achieve their livelihood goals are mentioned as livelihood strategies [30].

It is of significance to identify appropriate attributes and variables related to SL be-
fore constructing an LSI [32]. Based on the field survey and previous research, the first
component, livelihood assets, is chosen to evaluate the basic livelihood level of local farm-
ers, including human assets and the other four factors mentioned before. The livelihood
diversification has been verified to be sustainable, and off-farm income has also been
well-examined as a solution to boost sustainable livelihood [33]. Specifically, the off-farm
income here refers to the revenue irrelevant to traditional agricultural and forest-dependent
activities, since these are major livelihood strategies for local farmers in these five NFLD
areas. Besides, aiming at combatting NFLD in China, authorities at different levels have
promulgated a series of policies and implemented projects such as the NFPP and PPRNF,
indicating a trend seeking a win-win solution between revenue-generating for farmers and
natural forest conservation, which raises the need for an asset-based engagement approach.
Therefore, sustainable activities engagement is selected as the last component, including a
top-down approach, like the employment as forest rangers in the NFPP, and a bottom-up
path. This path includes sustainable forestry relevant industries integrating conservation
with economic development [20], which is encouraged in the PPRNF, such as traditional
Chinese medicinal herbs planting, eco-tourism, leisure and health care. Finally, we obtained
the key attributes and proxy variables to measure the SL of five NFLD areas (Table 2).
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Table 2. Livelihood Sustainability Index System.

Major
Components Sub-Components Proxy Indicator Description of Indicators

Livelihood
assets (E1)

Human asset (0.0509)

Household labor force ratio (0.0052) [32,34] Total labor force population/total household
population

Labor education (0.0079) [34]
Below primary school = 0; primary school = 1;
junior high school = 2; high school = 3; college and
above = 4

Labor skill training (0.0379) [34] Not trained = 0; trained with no effects = 1; trained
with a little effects = 2; trained with great effects = 3

Natural asset (0.2260)

Household farmland area (0.0824) [34] (Mu)

Household woodland area (0.1336) [35] (Mu)

Access to water (0.0100) [34,36] Insufficient and inconvenient = 0; either sufficient
or convenient = 1; sufficient and convenient = 2;

Physical asset (0.0224)
Household equipment assets (0.0140) [32] No = 0; 1 motorcycle = 1; 1 car/tractor = 2; 1 truck = 3

Housing condition (0.0083) [34] No houses = 0; rented house = 1; one-story house =
2; multi-story house = 3

Financial asset (0.1950)

Difficulty in borrowing (0.1018) [34] Numbers of borrowing channels

Difficulty in loaning (0.0567) [34] Difficult = 0; general = 1; easy = 2

Family savings (0.0365) [34] No = 0; a small amount = 1; a large amount = 2

Social asset (0.1171)

Connection to local cooperatives (0.0933) [37] No such organizations here = 0; have such
organizations but not willing to join = 1; joined = 2;

Social network support (0.0238) [34] No assigned cadres = 0; yes but no effects = 1; yes
with a little effects = 2; yes with great effects = 3

Livelihood
strategies (E2)

Diversification of
livelihoods (0.0381) Number of livelihood activities (0.0381) [32,34]

Off-farm/forestry
activities (0.0158)

Ratio of employment irrelevant with
traditional agricultural and forestry
activities to all (0.0158) [32]

Sustainability
engagement
(E3)

Participation in natural
forest protection (0.1407)

Times of participation in natural forest
conservation projects as forestry rangers
(0.1407)

Sustainable forestry-related
activities (0.1939)

Ratio of sustainable forestry-related
activities to all (0.1939)

Note: Mu is the land area unit in China. 1 Mu = 0.0667 ha = 666.6667 square meters.

2.3.2. Entropy Method

Shannon’s Entropy method was applied to determine the weights of different fac-
tors [38]. In general, a greater degree of dispersion indicates a larger differentiation in the
system structure, and more information can be derived [39]. The calculation method and
the process of the rural household livelihood asset index are as follows:

(1) The range method is used to standardize the data of each indicator of the inter-
viewed rural households, where i = 1, 2 . . . n represents the interviewed households, and
j = 1, 2 . . . k represents the index.

Yij =
Xij −min

(
Xj
)

max
(
Xj
)
−min

(
Xj
) (1)

(2) The second step is to calculate the ratio of the index j value of the rural household i
to the sum of the index j values of all farmers.

Pij = Yij/
k

∑
j=1

Yij (2)
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(3) The third step is to calculate the entropy value of the index j.

ej = −
(

1
ln n

) n

∑
i=1

Pij ln
(
Pij

)
(3)

(4) The fourth step is to calculate the value of each index weight.

wj =
(
1− ej

)
/

k

∑
m=1

(1− em) (4)

(5) The fifth step is to calculate the livelihood sustainability index, which represents
the aggregated index of the interviewed rural household i.

zi =
k

∑
j=1

wjYij (5)

For the single index, the maximum value Z = 1, indicating that the single indicator of
the surveying farmer is in an absolutely good state. When Z = 0, the situation is absolutely
bad; when Z = 0.5, the situation is neither good nor bad. The larger index value reflects a
better sustainable livelihood level.

3. Results
3.1. Livelihood Assets

In sum, from the perspective of five areas in total, the general livelihood asset was
1.6849 (33.70% of the full mark of five livelihood assets), and there are disparities among
different assets. Physical and human assets were exceeding or approaching the median
value whilst social, financial and natural assets are far lower (Table 3).

Table 3. Results of livelihood assets in different NFLD areas and original indicators.

Location Human Assets Natural Assets Physical Assets Financial Assets Social Assets Livelihood Assets

Changting 0.4580 0.2255 0.6838 0.3489 0.2623 1.9785
Libo 0.4690 0.1036 0.5833 0.2257 0.2937 1.6753

Lixian 0.5397 0.1771 0.4099 0.1902 0.3272 1.6442
Menghai 0.2506 0.2617 0.5180 0.2636 0.3366 1.6304

Wuxi 0.5569 0.0673 0.4356 0.2265 0.2096 1.4958
Average 0.4548 0.1670 0.5261 0.2510 0.2859 1.6849

Moreover, livelihood assets also showed disparities among different natural forest land
degradation (NFLD) areas. Farmers in Changting had relatively high values of livelihood
assets (1.9785), while farmers in Libo, Lixian and Menghai were at a close level (1.6753,
1.6442 and 1.6304, respectively). In comparison, farmers in Wuxi were at a relatively lower
level, 1.4958, which was 24.40% lower than those in Changting.

3.1.1. Human Assets

From the perspective of the human assets index, the results showed that there were
large disparities among the five NFLD areas (Table 4). Households in Wuxi and Lixian were
in the first category, whose index value was overpassing the median value, followed by
Libo and Changting, approaching the median value, and Menghai, in the lowest position.
Three variables, including labor force ratio, labor education and training, were adopted
to measure the quality and quantity of human assets. According to the labor force ratio
indicator, farmers in all of the five NFLD areas were exceeding 0.5, thus indicating that
nearly one half of family members could be regarded as labor force, and Menghai ranked
first (0.6483). The education indicator value of households in Libo was 3.2500, indicating
that most of them had a high school diploma, followed by Wuxi, Changting and Lixian,
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at the junior high school level, and Menghai, at the primary school level. Similarly, the
training situation of farmers in Menghai ranked lowest (0.7143), suggesting that most of
the surveyed farmers did not receive any training capacity building, while farmers in other
four areas did but regarded this training as having no effects.

Table 4. Description of indicators of human assets in different NFLD areas.

Location Labor Force Ratio Education Training Human Assets

Changting 0.5910 2.8000 1.6667 0.4580
Libo 0.5780 3.2500 1.3281 0.4690

Lixian 0.5064 2.5000 1.5800 0.5397
Menghai 0.6483 1.6071 0.7143 0.2506

Wuxi 0.5738 2.8859 1.5369 0.5569
Average 0.5795 2.6086 1.3652 0.4548

In general, the surveyed households in five NFLD areas had a middle level of human
assets (0.4548). The labor force ratio was over the median value (0.5795), and the education
situation was at the primary school level, while most of the interviewees received training
but considered it to have no effects.

3.1.2. Natural Assets

A great disparity was also found in natural assets (Table 5). The households surveyed
in Menghai had the highest value of natural assets (0.2617), followed by Changting (0.2255),
Lixian (0.1771) and Libo (0.1036), and Wuxi had the lowest value (0.0673), 74.28% lower than
in Menghai. Three variables, including farmland area, woodland area and access to water,
were selected as indicators for assessing the natural assets from the perspective of land
and water resources. The results showed that farmers in Menghai had the most farmland
(39.0571 Mu per capita) and woodland (17.8571 Mu per capita), which were 173.65% and
65.21% higher than the average level, respectively, indicating that the local agricultural
and natural resources were abundant and that there was little limit to them. Regarding the
indicator of access to water, ranging from 1.5101 to 1.7000, it showed that most farmers
supposed that the access to water resources were either sufficient or convenient, while
there was still a gap to the ideal situation.

Table 5. Description of indicators of natural assets in different NFLD areas.

Location Farmland Woodland Access to Water Natural Assets

Changting 7.5497 10.5133 1.7000 0.2255
Libo 9.9214 9.1655 1.6250 0.1036

Lixian 8.0240 2.6500 1.5400 0.1771
Menghai 39.0571 17.8571 1.6429 0.2617

Wuxi 6.8104 13.8592 1.5101 0.0673
Average 14.2725 10.8090 1.6036 0.1670

Looking at the five NFLD areas together, the natural assets (0.1670) ranked lowest in
comparison with the other four assets. Moreover, the single farmers had a farmland of
14.2725 Mu and woodland of 10.8090 Mu on average, and most supposed that the access to
water was either sufficient or convenient (1.6036).

3.1.3. Physical Assets

In terms of physical assets, the results showed that there was a minor difference in
the five NFLD areas (Table 6). For the overall physical assets index value, the general rank
sequence was Changting (0.6838), Libo (0.5833), Menghai (0.5180), Wuxi (0.4356) and Lixian
(0.4099). Two variables, including household equipment assets and housing conditions,
were adopted to evaluate the physical assets. It was found that households in Menghai
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had the highest equipment value (2.3929) and lowest housing condition (2.2857), indicating
that those in Menghai had relatively good travelling and bad living conditions.

Table 6. Description of indicators of physical assets in different NFLD areas.

Location Equipment Housing Condition Physical Assets

Changting 1.5333 2.6333 0.6838
Libo 1.4375 2.4219 0.5833

Lixian 1.2600 2.4000 0.4099
Menghai 2.3929 2.2857 0.5180

Wuxi 1.4966 2.4362 0.4356
Average 1.6241 2.4354 0.5261

In general, the farmers in the five NFLD areas had only one vehicle (1.6241) and a
one-story house (2.4353) on average, and the physical assets ranked first among the five
assets (0.5261).

3.1.4. Financial Assets

Three variables were chosen to reflect the financial assets of farmers, including dif-
ficulty in borrowing, difficulty in loaning and the family savings situation. A certain
disparity was observed, given the values of financial assets (Table 7). Farmers in Changting
had the highest value of overall financial assets (0.3489), whilst those in Lixian had the
lowest one (0.1902), 45.49% lower than in Changting, and Menghai (0.2636), Wuxi (0.2265)
and Libo (0.2257) were in the middle group. The surveyed households in Changting had
the highest value of the first (1.6333) and second indicators (0.9667), which were 21.56%
and 66.01% higher than the average level, indicating that farmers there had relatively good
financial access and resources. Regarding the savings indicator, farmers in Libo had the
highest value (0.9219), indicating that most of the surveyed households had a small amount
of deposit.

Table 7. Description of indicators of financial assets in different NFLD areas.

Location Difficulty in Borrowing Difficulty in Loaning Family Savings Financial Assets

Changting 1.6333 0.9667 0.6667 0.3489
Libo 1.1719 0.4375 0.9219 0.2257

Lixian 1.2400 0.6400 0.5000 0.1902
Menghai 1.3571 0.3571 0.5357 0.2636

Wuxi 1.3154 0.5101 0.8322 0.2265
Average 1.3436 0.5823 0.6913 0.2510

Judging from the general level, farmers in the five NFLD areas had the second lowest
value (0.2510), and, on average, the surveyed households had 1.3436 channels of borrow-
ing and supposed that their difficulty in loaning was between “difficult” and “general”
(0.5823), and that their savings situation was between “none” and “a small amount of
deposit” (0.6913).

3.1.5. Social Assets

The results showed that a minor disparity was observed in terms of social assets
(Table 8). Menghai and Lixian had the first and second highest overall value (0.3366 and
0.3272, respectively), followed by Libo (0.2937), Changting (0.2623) and Wuxi (0.2096).
Two variables were selected to measure the social assets, including connections to local
cooperatives and social network supports. Regarding the first indicator, the surveyed
farmers in Menghai had the highest value (1.3929), 123.19% higher than the average
level, which indicated that there were cooperatives in Menghai but local farmers were not
willing to join. The social network support indicator ranged from 2.2857 to 2.6333 in five
areas, among which Changting ranked first, being 8.13% higher than the average, which
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suggested that there were village cadres assigned to Changting to help local farmers, and
most of them thought of it as having little effect.

Table 8. Description of indicators of social assets in different NFLD areas.

Location Cooperatives Social Network Social Assets

Changting 0.5333 2.6333 0.2623
Libo 0.4375 2.4219 0.2937

Lixian 0.2600 2.4000 0.3272
Menghai 1.3929 2.2857 0.3366

Wuxi 0.4966 2.4362 0.2096
Average 0.6241 2.4354 0.2859

Looking at social assets from a comprehensive perspective, they ranked third (0.2859),
seconded by physical and human assets. The first and the second indicator of surveyed
farmers in the five NFLD areas were 0.6241 and 2.4354, respectively, indicating that the
cooperatives situation was between “no such organization” and “there was such institution
but not willing to join”, and most farmers on average thought there were assigned cadres
with little effects.

3.2. Livelihood Strategies

In confrontation with natural forest land degradation (NFLD) vulnerability and its
derivative limit access to traditional natural resources, farmers in different NFLD areas
showed a certain disparity with regard to the livelihood arrangements (Table 9). In general,
farmers in Libo (0.2801), Menghai (0.2723) and Wuxi (0.2256) had relative high values
of livelihood strategy index, 25.10%, 21.62% and 0.76% higher than the average level,
respectively, and the values of the surveyed households in Changting (0.1740) and Lixian
(0.1676) were 22.29% and 25.15% lower than the average.

Table 9. Values of livelihood strategies index in different NFLD areas.

Location Diversification of Livelihoods Off-Farm/Forestry Activities Livelihood Strategy Index

Changting 0.1211 0.0529 0.1740
Libo 0.1440 0.1361 0.2801

Lixian 0.1220 0.0456 0.1676
Menghai 0.1991 0.0732 0.2723

Wuxi 0.0826 0.1430 0.2256
Average 0.1338 0.0901 0.2239

3.2.1. Diversification of Livelihoods

Judging from the indicator value, a large disparity could be found in different NFLD
areas. Farmers in Menghai had the highest value (0.1991), followed by those in Libo,
Lixian and Changting, which had the second most various livelihoods, with values of
0.1440, 0.1220 and 0.1211, respectively. Those in Wuxi had the least livelihood strategies,
with the value of 0.0826, which was 58.51% lower than in Menghai. The reason why
the results distinguished each other was that farmers in different regions had relatively
different opportunities of livelihood to choose from. For example, farmers in Menghai had
3.4643 types of opportunities, whilst those in Wuxi only had 2.4027 types, being 30.64%
lower than in Menghai.

3.2.2. Off-Farm/Forestry Activities

Farms in different NFLD areas also have a large difference in terms of off-farm/forestry
activities. Farmers in Wuxi (0.1430) and Libo (0.1361) had relatively more activities irrel-
evant for traditional agricultural and forestry exploitation livelihoods, whilst those in
Menghai (0.0732), Changting (0.0529) and Lixian (0.0456) had less, which were 18.76%,
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41.29% and 49.39% lower than the average level. The farmers in Wuxi and Libo had high
values of this indicator owing to the fact that the ratio of alternative off-farm/forestry
activities (such as local labor, migrant labor and business) to the total income source was
large, with the proportion of 70.30% and 61.09%, respectively.

3.3. Sustainability Engagement Index

The results showed a large disparity among the five NFLD areas in terms of the
sustainability engagement index value (Table 10). Farmers in Lixian had the highest value
(0.1505), followed by Menghai (0.1155) and Libo (0.1036), exceeding the average level.
However, the surveyed households in Wuxi (0.0736) and Changting (0.0647) had relatively
lower values, which were lower than the average level.

Table 10. Values of sustainability engagement index in different NFLD areas.

Location Participation in Natural Forest Protection Sustainable Forestry-Related Activities Sustainability Engagement Index

Changting 0.0439 0.0208 0.0647
Libo 0.0393 0.0643 0.1036

Lixian 0.0667 0.0837 0.1505
Menghai 0.0693 0.0462 0.1155

Wuxi 0.0477 0.0259 0.0736
Average 0.0534 0.0482 0.1016

A similar conclusion could also be found in the selected second variable, sustainable
forestry-related activities. Farmers in Lixian ranked first (0.0837), followed by those in
Libo, Menghai and Wuxi, and those in Changting was in the last position (0.0208), which is
consistent with the fact that the higher the value is, the more farmers engage in sustainable
activities related to forestry, such as eco-tourism, Chinese medicinal herbs planting, etc.
For instance, the ratio of sustainable forestry-related activities to all income sources was
0.0333 in Changting, 79.19% lower than that in Lixian (0.1600).

Regarding the indicator of participation in natural forest protection, households in
Menghai had the highest value (0.0693), closely followed by Lixian (0.0667), but the other
three areas—Wuxi, Changting and Libo—were 0.0477, 0.0439 and 0.0393, respectively, all
lower than the average level.

3.4. Comprehensive Livelihood Sustainability Index

A minor disparity could be observed in the comprehensive livelihood sustainability
index (LSI) value (Table 11). The LSI score of different NFLD areas was sorted in descending
order: Changting > Libo > Menghai > Lixian > Wuxi. Farmers in Changting had the highest
LSI because they also had the highest livelihood assets values, while those in Wuxi ranked
lowest owing to their relatively low livelihood assets and sustainability engagement index
values. In general, the scores of five NFLD areas were not high, with the value of 2.0103.

Table 11. Values of livelihood sustainability index in different NFLD areas.

Location Livelihood Assets Livelihood Strategies Sustainability Engagement Livelihood Sustainability Index

Changting 1.9785 0.1740 0.0647 2.2171
Libo 1.6753 0.2801 0.1036 2.0590

Lixian 1.6442 0.1676 0.1505 1.9622
Menghai 1.6304 0.2723 0.1155 2.0182

Wuxi 1.4958 0.2256 0.0736 1.7950
Average 1.6849 0.2239 0.1016 2.0103

4. Discussion

Sustainable livelihood has been prominent in the fields of development and environ-
ment issues, and the sustainable livelihood framework (SLF) emerged as an effective tool
to offer a way to think about the livelihoods of rural residents, particularly the vulnerable
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population [30]. This framework encompasses the livelihood assets and livelihood strate-
gies. Moreover, the vulnerability context, including natural disasters and climate changes
that affect people’s livelihoods, was also highlighted in the SLF [32]. Therefore, the SLF
is a suitable instrument to assess the livelihood in the context of NFLD vulnerability in
this case, and to explore a sustainable solution to combat vulnerability and accumulate
livelihood assets. Additionally, inter-rural heterogeneity is also a significant feature in
contemporary China due to households’ different livelihood assets, coping strategies and
participation degrees in sustainable activities [29]. It is also vital to apply the means of
the SLF to assess the sustainable livelihood of different households in large-scale NFLD
areas. Through the livelihood sustainability index constructed in this study, the findings
are as follows.

First, from the integrated perspective of the five NFLD areas, the livelihood sustain-
ability index (LSI) was not high, indicating that there was still a gap to the ideal situation.
Regarding the livelihood assets, the social, financial and natural assets were relatively
low. The NFLD and its related policy prohibiting farmers to acquire natural resources
as previously restricted the accumulation of natural assets, the five selected NFLD areas
were also in the relative impoverished area, and the per capita disposable income of local
residents was below the national average level over the previous years (Figure 2), except
Changting, which was consistent with the fact that financial assets were also not high.
Together with its low social capital, which reflects the limited support from social networks
and institutions, the livelihood assets were at an unsatisfactory level. The low inherent
livelihood assets and formidable natural conditions have driven parts of farmers from
traditional forestry and agriculture industries to other fields, migrating to other cities to
work. These, on the other hand, were affected by China’s rapid urbanization and indus-
trialization process. According to the surveyed farmers in five NFLD areas, the top four
priority income sources were sorted in descending order: plating crops > migrant working
> local working > breeding, which has reduced the pressure on the local natural forests and
other resources. However, judging from the results of the livelihood strategy index, there
was still a gap to bridge. Moreover, regarding the sustainability engagement index, few
farmers in the five areas would participate in the top-down approach as forest rangers in
the NFPP, etc., or in the bottom-up approach including ecotourism and traditional Chinese
medicinal herbs planting, which could become a sustainable way to cope with NFLD.
Taking the three major components into consideration, the general LSI value was not high.
This reflects that the NFLD and related control policies have caused a certain impact on the
livelihoods of the surrounding rural residents, which is in line with existing studies which
concluded that the general household livelihood is influenced by natural disasters or land
degradation vulnerability [40–45].

Second, the results showed that a disparity was found among the five NFLD areas.
The rank sequence of the LSI value was sorted in descending order: Changting > Menghai
> Libo > Lixian > Wuxi. Among these areas, farmers in Wuxi had the lowest value, 1.7905,
which was 19.24% lower than the highest value of Changting (2.2171). The five areas could
be further divided into three categories. (1) The first category was Changting. Farmers in
Changting had high values of LSI because of relatively high livelihood assets, particularly
physical assets and financial assets, which was consistent with the fact that Changting
was located in a coastal province with a high level development level. Moreover, owing
to its inherent high value of livelihood assets, which made little pressure on farmers
regarding strategy transformation and sustainable activities engagement, it showed the
second lowest livelihood strategy value and the lowest value of sustainability engagement.
(2) Libo, Menghai and Lixian were in the second category, with a middle level of LSI value
in total. The average livelihood asset index value of the three NFLD areas was 1.6500,
16.60% lower than in Changting, which drove part of the farmers to change their original
livelihoods, leading to the high values in the diversification of income sources and the
ratio of off-farm/forestry activities. For example, farmers in Libo had the second lowest
natural and financial assets due to its karst landform and NFLD situation, with limited
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arable land areas, and thus they were forced to pursue other strategies. This resulted
in the highest value in the livelihood strategy index, including the second highest value
in the diversification of livelihoods and non-agricultural employment. Besides, Lixian
was a special case among the five areas. Most of the surveyed farmers were hired by
the local forestry bureau to carry out the protection and management of natural forests,
given the severe NFLD situation, so they could receive a fixed salary, which led to their
low dependence on the natural forest resources and discouraged them to multiply their
other income sources. That is the reason why farmers in Lixian had the lowest livelihood
strategy index and the highest sustainability engagement. (3) The last group was that of
Wuxi: except for the human asset, the other four assets were at the lowest or second lowest
level among the five NFLD areas, contributing to their overall low livelihood assets. The
natural asset, in particular, was the lowest limited, by its rocky alpine landform and small
fragmented arable lands. Therefore, more farmers in Wuxi were squeezed to carry out
other industries, such as migrant labors in the surrounding big cities, which resulted in the
area’s low engagement with local sustainable activities and a middle level off-farm/forestry
employment. The results of the disparity or heterogeneity of the different households were
also emphasized by many existing studies [46–48].
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Third, regarding the other NFLD areas, even though the NFLD vulnerability context,
together with conservation policies and underdeveloped economic conditions, restricted
the livelihood assets situation, the scores of the livelihood strategy and sustainability
engagement of farmers in these areas were prone to rise due to the following trends. In
China, more than 45% of rural populations have migrated to other areas to work (Table 12)
in the push-and-pull mechanism [49,50]. The needs of industrialization and urbanization,
high salaries and convenient infrastructure in cities pulled them in, whilst the NFLD
situation and prohibition policies pushed them out of their existing areas. This would
result in an increasing trend of off-farm/forestry opportunities and diversified livelihoods.
Another trend led the conceptions of community engagement and sustainable development
to be regarded as more significant for the authorities. For example, the central government
underlined the community-engaged forest rangers mechanism, the public participation
mechanism of natural forest conservation and restoration, and sustainable industries
including ecotourism, leisure and health care and characteristic planting and breeding
activities in the PPRNF, the latest natural forest protection plan promulgated in 2019 [15].
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In sum, the trend of migrated working and policy support would give rise to the livelihood
strategy and sustainability engagement situation. However, the pressure on the natural
forest resources in these NFLD areas was still a challenge. Due to China’s large rural
population base and its uncompleted urbanization process, the rural permanent residents
reached 551.62 million in 2019 [51], and part of them lived in areas surrounded by natural
forests. Farmers with limited livelihood assets and other livelihood sources might cause
pressure on the natural forest resources, which is liable to accelerate the NFLD situation
in some cases. Therefore, building greater resilience and improving the overall livelihood
security should be taken into full consideration in the rural policy-making process.

Table 12. Situation of rural migrant labors in China. (Source: China Yearbook of Household Survey
from 2015 to 2019).

Year Migrant Labor Population (Million) Ratio to Total Rural Population

2015 277.47 45.98%
2016 281.71 47.77%
2017 286.52 49.69%
2018 288.36 51.13%
2019 290.77 52.71%

5. Conclusions

This study has been an attempt to examine the livelihood sustainability of local farm-
ers in the vulnerability of natural forest land degradation (NFLD), given that the natural
disaster and its related conservation policy has caused some impact on their livelihood
assets and shifted their choice of livelihood strategies, which also raised the need of sustain-
able engagement activities as an adaptive coping mechanism or win-win solution between
livelihood improvement and environmental protection. This is particularly imperative,
since land degradation, and especially the NFLD, has become a serious environmental is-
sue, which caused massive challenges in biological safety and socio-economic development
in the surrounding areas.

5.1. Policy Recommendation

Moreover, this study also provides guidance on specific solutions to cope with NFLD
vulnerabilities in three perspectives. First, regarding the whole five NFLD areas, supports
from natural, financial and social assets shall be provided to local farmers, such as the
building of infrastructure for water access, subsidies and a stakeholder coordination mecha-
nism. Furthermore, farmers shall also be guided to multiply their livelihood strategies and
engage in more sustainable activities. Second, in detail, (1) for farmers in Changting, the
sustainability engagement shall be further improved in combination with its advantage in
livelihood assets. Other options could be adopted, including local characteristic husbandry
(e.g., of Hetian Chicken) or non-timber forest product (NTFP) planting (e.g., of Chinese
medicinal herbs). Moreover, given that Changting has the advantages of a convenient trans-
portation infrastructure and a favorable geological position, close to Amoy City—which is a
coastal city with a high socio-economic development—ecotourism could be developed here.
(2) Farmers in Libo, Menghai and Lixian were in the second group, with a middle-level LSI.
Regarding Libo and Menghai, the farmers there had relevant off-farm/forestry experiences,
so the local authorities could offer some jobs in a local nature reserve and a primitive forest
park, respectively. As regards Lixian, under the premise of finishing their daily protection
and management, local farmers could be trained in non-agricultural skills like e-commerce
and ecotourism services, etc. (3) For the households in Wuxi, active and comprehensive
supports shall be adopted. Wuxi is located in Chongqing, a regional center municipality in
southwestern China with large needs of ecological tourism. Therefore, revenue-generating
options could be adopted, including ecotourism and Chinese traditional medicinal herbs
which are suited to the natural conditions of Wuxi. Accordingly, those farmers with such
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guidance and support tend to engage more in sustainable livelihoods and multiply their
income sources.

Third, regarding the other NFLD areas in China, farmers will face the opportunities
of migrated working and the authorities’ support regarding sustainable development,
while the challenges of the pressure on natural forests from the large rural population still
exist. Therefore, integrated NFLD management measures with alternative livelihood or
livelihood assets improvement shall be the priorities for policy-makers in order to curb
NFLD deterioration and elevate the livelihood of farmers, an especially vulnerable segment
of the population. In this process, the sustainability engagement elements shall be included.
For instance, for those with employment experience, jobs related to sustainable engagement
such as forest rangers and protection personnel could be offered by the local authorities in
areas like Lixian, Libo and Menghai. Moreover, farmers in NFLD areas shall also develop
sustainable revenue-generating options in combination with local comparative advantages
and policy supports. In detail, ecotourism could be developed in areas with location
and transportation advantages like Changting and Wuxi, whilst leisure and health care
industries are suitable for areas with landscape values. Moreover, farmers could also try
NTFPs including traditional Chinese herb planting and characteristic breeding in areas
with climate advantages and local resources.

5.2. Contribution to the Literature

Through this study, two main contributions are made to the literature. First, the previ-
ous vulnerability studies mainly focused on other natural disasters, including flooding and
droughts [52–56], rather than NFLD. However, as a prominent environmental issue, NFLD
is of significance as a research subject. Therefore, an innovative livelihood sustainability
index is constructed to analyze the livelihood in the vulnerability to NFLD. On the basis of
the livelihood assets and livelihood strategy components, sustainability engagement as an
imperative complementary part of the index is proposed, which is an effective measuring
criterion, an adaptive coping mechanism and a win-win solution to NFLD. Second, this
article enriches the research on the heterogeneity of different rural households in a larger
scale and in a new vulnerability context. The heterogeneity and overall evaluation of farm-
ers’ sustainable livelihood in the background of NFLD is verified and elaborated through
empirical study, which bridges the research gap in this field and provides a reference as
baseline data for the PPRNF and other natural forest conservation projects.

This research is based on cross-section or static data, with limited content on a dynamic
study [57] on sustainable livelihood and livelihood vulnerability. Therefore, the tracing
study or time-serial analysis of the dynamic process of livelihood could be further studied.
Moreover, regarding the vulnerability, it is more complex in reality and usually comes in
plural forms [40,58]. For example, some NFLD areas suffer from land degradation as well as
other natural disasters, including typhoon and flooding, in some cases, which is also worth
exploring further. In terms of natural forest protection projects and policies, it contains
the social, economic and ecological perspectives which are relevant to the Sustainable
Development Goals (SDG) [59,60]. The future study could focus on synergies to contribute
to gender equity, environmental conservation mainstreaming and vulnerable population
welfare safeguarding through the relevant natural forest conservation policies and projects.
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