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Abstract: This study evaluates how resilient farmers’ livelihoods are to climate change and what
factors influence this resilience. To measure resilience, we constructed an indicator system based
on the livelihood resilience analysis framework. We surveyed 42 experts and 630 farmers after a
climate change disturbance in Aohan Banner, Inner Mongolia, from August to October 2021, and
analyzed these data using the comprehensive index method. Meanwhile, we used a multiple linear
regression model to analyze the key factors affecting farmer livelihood resilience across different
livelihood types and towns. We found that farmers who primarily worked in agriculture had the
highest resilience scores and that livelihood resilience differed by geographical location; specifically,
livelihood resilience gradually declines from southern to northern areas and from forest and forest-
grassland to grassland locations. The results also show that education level, agricultural technology
training, transportation infrastructure, accessibility of information, awareness of climate change,
climate change perception, change in livelihood strategies, family size, and the holding size of the
arable area are positively associated with farmer livelihood resilience, while household head age
is negatively associated with resilience. We therefore advise that policymakers should diversify
agricultural livelihoods, afforest surrounding arable areas, improve transportation infrastructure,
increase learning activities and skill training for farmers, and publicize climate change knowledge.

Keywords: climate change adaptation; livelihood resilience; livelihood types; surrounding land uses

1. Introduction

Climate change is undoubtedly the most severe and noticeable environmental issue
worldwide [1,2]. Events caused by global warming, such as extremely hot weather and
heavy precipitation, threaten to worsen living standards, especially in low-income countries,
which have relatively weak resilience and high socio-economic vulnerability to climate
change [3-7]. In most developing countries, climate change severely affects socio-economic
development and, consequently, the livelihoods of residents [8]. It particularly impacts
agricultural systems, upon which many rural households in developing countries base their
livelihoods [9]. Since severe climate change profoundly impacts rural societies, including
their fresh water supplies, food security, and agricultural incomes [10], strategies to adapt
to climate change are needed for rural societies to be sustainable.

Given the increasing impact of climate change on socio-ecological systems, resilience
has gradually become a new concept in discussions of how to deal with climate change
because it encapsulates the ability of socio-ecological systems to adapt to global warm-
ing [11-15]. Resilience was first proposed by Holling [16] as a conceptual tool for measuring
the persistence of an ecosystem and its ability to maintain its original state after being

Agriculture 2023, 13, 2030. https:/ /doi.org/10.3390/agriculture13102030

https://www.mdpi.com/journal/agriculture


https://doi.org/10.3390/agriculture13102030
https://doi.org/10.3390/agriculture13102030
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/agriculture
https://www.mdpi.com
https://orcid.org/0000-0002-3353-1727
https://orcid.org/0009-0008-4381-924X
https://orcid.org/0000-0003-2130-1622
https://doi.org/10.3390/agriculture13102030
https://www.mdpi.com/journal/agriculture
https://www.mdpi.com/article/10.3390/agriculture13102030?type=check_update&version=1

Agriculture 2023, 13, 2030

20f19

disturbed by external forces. Increasingly, resilience is being widely applied in a vari-
ety of research areas, including socio-ecological systems [12,17], climate change [18,19],
natural disasters [20], and sustainable agriculture [21]. Resilience theory provides a new
tool for studying ecological environments, natural resource management, and sustainable
socio-economic development by analyzing the ability of systems to adapt to climate change.

Farmers are the basic units of productive and reproductive activities in rural areas [22],
and their ability to adapt to climate change is related to the sustainable development of
their livelihoods [23]. “Farmer livelihood resilience” to climate change refers to a farmer’s
capacity to maintain the structure and function of their livelihood system and to adapt,
learn, and transform in the context of climate change [15].

Evaluating farmer livelihood resilience after climate disasters is a critical research
topic. Research on livelihood resilience mainly focuses on several key areas: (1) conceptual
understanding. Uy et al. [24] took six coastal villages in the Philippines as research objects
to understand the micro-level favorable conditions for adapting to climate change through
the perspective of livelihood. (2) Evaluation framework construction. The sustainable
livelihoods framework was first proposed by the British Department for International
Development (DFID) [25]; Speranza et al. [17] constructed a framework for analyzing
livelihood resilience; and Sina et al. [26] developed a framework for assessing livelihood
resilience in post-disaster displacement situations. (3) Analysis of influencing factors. Wen
et al. [27] found that household savings and per capita income significantly impacted
farmer livelihood resilience to climate change in the Loess Plateau region, while Camp-
bell [28] measured the livelihood resilience of Jamaican coffee farmers under environmental
changes and found that land tenure and gender issues were important influencing factors.
(4) Resilience level measurement. Nasrnia and Ashktorab [29] used the sustainable liveli-
hood method to assess household livelihood resilience in the Bakhtegan basin. (5) Discus-
sion on livelihood resilience and strategies. Zhou et al. [20] investigated and analyzed the
characteristics and correlation between livelihood resilience and livelihood strategies of
327 households in the Sichuan earthquake-stricken area.

In general, existing studies have paid limited attention to the regional aspects of farmer
livelihood resilience, especially the systematic investigation of farmer livelihood resilience
and its influencing factors in different geographical areas. Additionally, while most of
these studies evaluated and analyzed farmer livelihood resilience through factors such as
livelihood capital and socio-economic variables, few scholars have conducted a compre-
hensive analysis of farmer livelihood resilience from the perspective of mental perception
and environmental conditions. Consequently, it is difficult to comprehensively understand
the influencing factors of subjective farmer livelihood resilience. To address these gaps, it is
important to measure farmer livelihood resilience across various livelihood types and spa-
tial patterns. It is also crucial to analyze the factors influencing farmer livelihood resilience
from the perspectives of socio-economic characteristics, external environmental factors, and
mental perception [30,31]. Furthermore, it is noteworthy that many scholars have focused
their research on China’s relocation areas [32,33], special ecological environment areas
(e.g., Loess Plateau) [27,34-36], specialized industrial chain regions (e.g., tea, apple, and
citrus farmers) [35,37,38], poor mountainous areas [39,40], tourist attractions [41,42], and
wetland heritage sites [43]. Few research studies have concentrated on agricultural counties.
However, as a major agricultural country, China faces persistent challenges related to “Three
Rural Issues”—agriculture, rural areas, and farmers. Therefore, it is necessary to study the
agricultural areas mainly based on agriculture to provide valuable insights into increasing
farmer income, promoting agricultural development, and ensuring rural stability.

This study’s objectives were as follows: (1) to assess farmer livelihood resilience to
climate change according to type of livelihood and location and (2) to identify the factors in-
fluencing farmer livelihood resilience to climate change. This study evaluates the resilience
of farmers’ livelihoods from the perspective of their livelihood type and geographical
location simultaneously and provides a reference for government decision-makers and
farmers seeking to adopt effective livelihood strategies to cope with climate change.
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In this study, we used the livelihood resilience analysis framework proposed by
Speranza et al. [17] with three dimensions: buffering, self-organizing, and learning capacity,
to evaluate farmers’ livelihood resilience.

“Buffer capacity” refers to whether the system can maintain the same structure, func-
tion, identity, and structural and functional feedback when disturbed [17,44]. Previous
studies have used the following indicators to measure buffer capacity: household labor-
ers [27,38], health and environmental issues [45,46], arable area per capita [23,47], soil
capability index [48,49], housing quality [23,38,50], savings [27], and assets [51].

“Self-organization capacity” is the ability of farmers in agricultural systems to partici-
pate in social, economic, and institutional environments and form flexible networks [17,52].
Previous studies have used the following indicators to measure this capacity in rela-
tion to farmers’ livelihood: social network [46,50], neighborhood trust [17,38], market
access [38,45,46], leadership [38,47,53,54], specialized cooperative [46,53,55], grain self-
sufficiency [17], and access to credit [56].

“Learning capacity” refers to whether farmers can learn, acquire, memorize, and
disseminate knowledge and skills and convert them into actual livelihood capital [38]. A
high learning capacity enables farmers to respond quickly to external disturbances and
shocks by adjusting their livelihood strategies to improve livelihood resilience [38,57].
Previous studies have used the following indicators to measure learning capacity: edu-
cation of household head [53], previous work experience [56,58], information accessing
capacity [17,27,38,56], purchase of insurance [38,56,59], education investment [17,27,53],
technical training [53,56], and knowledge transfer capability [17].

Livelihood resilience can help farmers to recover their livelihoods when they are
affected by climate change [15]. Factors influencing farmer livelihood resilience include
their socio-economic characteristics, external environmental factors, and mental percep-
tion [30,31]. Specifically, socio-economic characteristics include non-agricultural level of
income [60], highest level of education [26], age of household head [61], family size [53,62],
and arable area [20,63]. External environmental factors include agricultural technology
training [64], the convenience of transportation [53], accessibility of information [65], and
change in livelihood strategies [66]. Mental perception includes awareness of climate
change [67] and climate change perception [35,68].

This study is organized as follows. First, based on the livelihood resilience analysis
framework [17], we constructed an indicator system [69,70] to assess farmer livelihood re-
silience in the face of climate change. Second, we conducted separate questionnaire surveys
of agricultural experts and farmers. We selected an agricultural county, Aohan Banner of
Inner Mongolia in China, as the research area. We set the study in five different regions
in the Aohan Banner and used a sampling survey to collect data on critical factors that
influence farmer livelihood resilience. Third, the analytic hierarchy process (AHP) was used
to analyze agricultural experts’ survey data to determine the weight of three dimensions of
farmer livelihood resilience to climate change. Fourth, we then used data standardization,
the entropy weight method (EWM), and the comprehensive index method [38,71] to mea-
sure livelihood resilience using the farmers’ survey data, which quantitatively evaluated
the capacity of farmers’ livelihood systems to restore their essential function and structure
after being disturbed by climate change. Finally, we used a multiple linear regression
model to analyze the critical factors influencing farmer livelihood resilience across different
livelihood types and towns. The study flowchart is shown in Figure 1.
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Figure 1. Study flowchart (note: the pink box above represents the theoretical framework of this
study including the dimensions and indicators of farmer livelihood resilience and influencing factors.
The blue box below is an outline of the methods and results of this study).
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2. Materials and Methods
2.1. Study Area

Aohan Banner is a county located in the southeast of Chifeng in Inner Mongolia,
China (41°42'-42°02' N, 119°30'-120°54’ E) (Figure 2). Its total area is 8294 km? [72], and
its altitude ranges from 300 to 1250 m. Aohan Banner comprises 16 towns with a total
population of 595,743 and a total of 249,055 households in 2021, including 492,700 rural
residents and 176,600 rural households [72]. The region’s rural residents make up the
majority of its population, and most residents rely on agriculture for their livelihoods,
including herding and forestry. The distribution of natural vegetation differs across regions
and gradually transitions from south to north from forest and forest-steppe to steppe [73].

Legend
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Figure 2. Location of the study area.

Aohan Banner has several advantages for analyzing farmer livelihood resilience to
climate change. First, Aohan Banner is an important commodity grain production base
in China [74], and in August 2012, the Food and Agriculture Organization of the United
Nations (FAO) certified the dry farming system in Aohan Banner as a Globally Important
Agricultural Heritage System (GIAHS). Second, Aohan Banner is located in a semi-arid area
with poor natural conditions—soil desertification is now deepening due to global warming,
making the area prone to sandstorms and other disasters in the spring and autumn [75]. In
addition, climate change is also causing droughts in Aohan Banner. In recent years, these
droughts have primarily been caused by frequent extreme climate events influenced by
El Nifo [76].

2.2. Questionnaire Surveys
2.2.1. Expert Survey

We conducted surveys among agricultural experts to determine the weight of three
dimensions of farmer livelihood resilience to climate change. We utilized expert sampling to
ensure that highly knowledgeable experts were included in our research. This method was
chosen to enhance the credibility and validity of our findings by incorporating the insights
of experts with relevant and extensive knowledge in the field [77]. First, we constructed a
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sample pool from a list of experts. We identified 42 experts with many years of experience
in agricultural and forestry economics and environmental policy through a literature and
Internet search. We then contacted the experts via email and mobile messaging apps to
maximize accessibility and engagement, explaining the purpose and importance of the
study, and attaching questionnaire content. Among them, 35 experts agreed to answer the
questionnaire and returned it to us, with a response rate of 83.3%. The survey questions
asked the experts to compare pairs of dimensions and assign them scores ranging from
1 (A is the same as B) to 9 (A is extremely important than B), as shown in Table S1 in the
Supplementary Materials [78].

2.2.2. Farmer Survey

Our research strictly followed the rights and privacy of the farmers interviewed,
ensuring their voluntary participation and preventing potential harm. The personal data
collected from farmers were anonymized and securely stored to ensure their privacy and
security. Meanwhile, our research adhered to the principles of transparency and honesty
so that other researchers can replicate our findings, thus ensuring their legitimacy, ethics,
and credibility.

By the end of 2020, the total population of Aohan Banner was 597,790 [79]. With
a margin of error set to 4-5% at a 98% confidence level, a sample size consisting of
543 to 847 people was considered most appropriate. To determine whether farmer liveli-
hood resilience differed across different regions, five towns representing the north, south,
east, west, and middle of Aohan Banner were selected. These towns were Changsheng,
Sijiazi, Xiawa, Saliba, and Fengshou, which have 14, 17, 12, §, and 12 administrative vil-
lages, respectively. We conducted a random sampling survey with 10 farmers in each of
these 63 administrative villages in August, September, and October of 2021, with a total
of 630 questionnaires. We excluded 34 questionnaires that were incomplete or contained
illogical information. This left 596 valid questionnaires for analysis, with an effective
recovery rate of 94.6%.

Ten civil servants engaged in agriculture and rural-related work reviewed the ques-
tionnaire draft to assess its suitability. The farmer questionnaire comprised four parts:
(1) farmer buffer capacity, (2) farmer self-organization capacity, (3) farmer learning capacity,
and (4) influencing factors.

Referring to the classification of farmers’ livelihood types by previous studies [38,80],
we divided farmers’ livelihood types into only agriculture, agriculture as a major job, and
agriculture as a side job according to the proportion of household agricultural income in
total household income (see Table S2 in the Supplementary Materials).

2.3. Questionnaire Analysis
2.3.1. Analytic Hierarchy Process for Expert Survey

The analytic hierarchy process (AHP) is widely known as a method for collecting the
opinions of various experts to support rational decision-making [81,82]. The decision factor
weights can be expressed as follows [83,84]:

A" X V' = Ao x V7, 1)

where A is the square matrix obtained by means of pairwise comparison, Ay is the
maximum eigenvalue, and V is the eigenvector. The consistency index (CI) shows that
Matrix A has greater consistency when A, approaches 7, as indicated in Formula (2).

Apax — 1

Consistency Index (CI) = ——

@)

We calculated the vector’s final importance by integrating the relative weights of the
determinants and multiplying the weights based on the ranking of the alternatives. The
weighting equation for the alternatives is as follows:
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W= 1 (W) (1), ©

where Wi; is the total weight of the alternative i, W; is the relative weight of the valuation
standard j, and y; is the weight of the alternative i relative to the valuation standard ;.

2.3.2. Data Standardization and Weight of the Index for Farmer Survey

To eliminate the influence of dimensional and order of magnitude differences among
each measure index from the farmer survey, the original data of each measure index needed
to be standardized [38]. We accordingly applied the extremum processing method, as
shown in Formula (4) [85]. Xit — M
=211 4)

M= my

where x;; is the original data of row i and column j, m; is the minimum value of the original
value of column j, M; is the maximum value of the original value of column j, and x;j is the
standardized data of row i and column j, x:j € [0, 1].

We used the entropy weight method (EWM) to determine the weight of the farmer
livelihood resilience index, as shown in Formulas (5)—(8).

Py = mxij X% ©)
L

& =~ X ;Pijln(P,»j) (6)

g =1—¢ @)

“iT Z}li 8’ ®

where P;; is the proportion of the ith sample farmer index under the jth indicator,e; rep-
resents the entropy of the jth indicator, g; represents the different coefficient of the jth
indicator, and wj represents the weight of the jth indicator (i=1,2,...,m;j=1,2,..., n).

2.3.3. Comprehensive Index Method

The comprehensive index method [38] was adopted to measure the resilience of
farmers’ livelihoods, as shown in Formulas (9)-(12).

Bi= Wy, wi )
Si= We)_ g wpxs (10)
L= wlzj?iw wjx}, (11)

R;= Bi+Si+L;, (12)

where x;} represents the standardized value of the jth indicator of the ith sample farmer,
w;j represents the weight of the jth indicator; W,, W,, and W, represent the weights of
the dimension layers of buffer capacity, self-organization capacity, and learning capacity,
respectively, calculated using the AHP for the expert survey; B;, S;, and L; represent the
buffer capacity, self-organization capacity, and learning capacity of the ith sample farmer,
respectively; and R; represents the farmer livelihood resilience index.

2.3.4. Analysis of Factors Influencing Farmer Livelihood Resilience

We utilized the multiple linear regression model to analyze the influencing factors of
farmer livelihood resilience, because this model is more suitable for our research. Although
both logistic regression and multiple linear regression are generalized linear models, logistic
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regression is usually used to deal with the situation where the dependent variable is
classified data. The dependent variable in our study was livelihood resilience, which we
treated as a continuous variable. Therefore, multiple linear regression was deemed more
appropriate [38,86-89]. We applied the multiple linear regression analysis after confirming
that there was no multicollinearity between variables (Formula (13)).

R =a+ BiFi+u;, (13)

where R is farmer livelihood resilience, « is a constant, ; is the coefficient of the ith vari-
able, F; represents possible factors influencing the resilience of the farmers’ livelihoods
to climate change, and y; is the disturbance term (i = 1, 2, ...). We defined the influ-
encing factors based on the existing literature and the actual conditions of farmers (see
Table S3 in the Supplementary Materials for the specific definitions).

We selected town location and livelihood type as dependent variables and conducted
a one-way ANOVA, a statistical technique used to compare the means of three or more
independent groups [90] given one categorical independent variable and one continuous
dependent variable [91].

3. Results
3.1. Relative Weight of Three Farmer Livelihood Resilience Dimensions Based on the Analytic
Hierarchy Process for the Expert Survey

The AHP results showed that the weights of buffer capacity, self-organization ca-
pacity, and learning capacity were 0.3335, 0.3263, and 0.3402, respectively (see Table S4
in the Supplementary Materials). The experts thought that learning capacity was most
important for farmer livelihood resilience to climate change, followed by buffer capacity
and self-organization capacity.

3.2. Sociodemographic Characteristics of Interviewed Farmers from Valid Farmer Survey Data

Among the 596 farmers who answered effectively, their specific socio-demographic
characteristics were as follows: their average gender value was 0.53, indicating a relatively
balanced gender ratio. The age of farmers ranged from 18 to 82, with an average age of
49. The average marital status of farmers was married. The average value for the educa-
tional level of farmers was 2.07, concentrated at the junior high school level. The average
value for the annual household agricultural income of farmers was 2.97, at approximately
40,000-59,999 RMB (see Table S5 in the Supplementary Materials).

3.3. The Classification of Farmers” Livelihoods Based on the Farmer Survey

Among the 596 valid respondents, 201 households (33.72% of the sample) made their liveli-
hoods based on only agriculture, 203 households (34.06%) engaged in agriculture as a major job, and
192 (32.22%) engaged in agriculture as a side job (see Table S6 in the Supplementary Materials).

3.4. Farmer Livelihood Resilience Index Weights from the Farmer Survey

The results of the farmer livelihood resilience index in all farmer survey samples and
their weight coefficients are shown in Table S7 of the Supplementary Materials. Among
them, health and environmental issues, grain self-sufficiency, and educational investment
accounted for the highest weights of buffer capacity, self-organization capacity, and learning
capacity, respectively.

3.5. Farmer Livelihood Resilience
3.5.1. Farmer Livelihood Resilience across Different Livelihood Types

The one-way ANOVA tests for different livelihood types revealed significant differ-
ences in farmer livelihood resilience across different livelihood types. Specifically, farmers
who engaged in agriculture as a major job type (0.306) had the highest levels of resilience,
followed by those who engaged in agriculture as a side job (0.290), and those who only
worked in agriculture (0.264) (see Table S8 in the Supplementary Materials). Farmers
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who considered agriculture one of their major jobs ranked first in buffer capacity, self-
organization capacity, and learning capacity. Conversely, farmers who only worked in
agriculture exhibited relatively weak capacities in these three dimensions. Regardless of
the type of farmer, learning capacity was more highly evaluated than buffer capacity, and
buffer capacity more highly than self-organization capacity.

Farmer livelihood resilience ranged from 0 to 0.8 (Figure 3). The livelihood resilience
levels of farmers who only worked in agriculture, worked in agriculture as a side job, and
worked in agriculture as a major job were mainly concentrated in the ranges of 0.186-0.365,
0.201-0.377, and 0.211-0.398, respectively. From highest to lowest, the medians of the three
types of livelihood resilience were as follows: agriculture as a major job—0.295); agriculture
as a side job—0.266; and only agriculture—0.250.

0.800

0.600

0.400

Resilience

0.200

0.000
Sole agriculture Agriculture as a major job Agriculture as a side job
Figure 3. Farmer livelihood resilience across different livelihood types (note: hollow circles represent
outliers).

By comparing the characteristics of the livelihood resilience indicators of farmers with
different livelihood types (see Table S9 in the Supplementary Materials), we found that
farmers who only worked in agriculture had relatively weaker scores than other types of
farmers for indicators such as household laborers (B;), housing quality (Bs), assets (Bg),
leadership (S4), specialized cooperative (Ss), education of household head (L), purchase of
insurance (L4), educational investment (Ls), technical training (L¢), and knowledge transfer
capacity (Ly). The scores of the farmers who only worked in agriculture were 1.985 (B1),
2.157 (Bs), 1.945 (Bg), 0.080 (S4), 0.149 (Ss), 2.905 (L1), 0.791 (L4), 2.408 (Ls), 0.507 (Le), and
0.766 (Ly), respectively, being lower than the average scores for all farmers, which were
2.114 (By), 2.194 (Bs), 2.282 (Bg), 0.153 (S4), 0.211 (Ss), 3.077 (Lq), 0.886 (Ly4), 2.529 (Ls),
0.601 (Lg), and 0.800 (L7). Farmers who worked agriculture as a side job had relatively
weaker scores than other types of farmers for indicators such as arable area per capita (B3),
soil capability index (By), assets (By), neighborhood trust (S;), access to market (S3), grain
self-sufficiency (Sg), access to credit (Sy), previous work experience (Ly), and information
accessing capacity (L3). The scores of farmers who worked agriculture as a side job were
8.862 (Bs), 1.813 (By), 15.526 (By), 4.255 (S), 3.536 (S3), 0 (Sg), 0.984 (S7), 3.880 (L,), and
3.979 (L3), respectively, being lower than the average scores for all farmers, which were
10.748 (B3), 1.888 (B4), 19.438 (By), 4.324 (S;), 4.880 (S3), 0.032 (Se), 0.985 (S7), 4.151 (L), and
4.087 (L3).

3.5.2. Farmer Livelihood Resilience across Different Towns

The ANOVA tests showed significant differences in farmer livelihood resilience in
different towns (see Table 510 in the Supplementary Materials). Specifically, from highest
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to lowest, the farmer livelihood resilience rankings of the studied towns were as follows:
Sijiazi (0.350), Fengshou (0.323), Saliba (0.259), Xiawa (0.256), and Changsheng (0.195).
Learning capacity was relatively higher than buffer capacity in these five towns, and buffer
capacity was somewhat higher than self-organization capacity. These results for the three
dimensions were the same across livelihood types.

Farmer livelihood resilience in different towns is shown in Figure 4. Farmer livelihood
resilience decreased gradually from Sijiazi (0.350) in the south to Changsheng (0.195) in
the north.
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Figure 4. A map of farmer livelihood resilience in different towns.

The regional differences in farmer livelihood resilience indicators in different towns
(Table S11 in Supplementary Materials) showed that the town with the lowest farmer
livelihood resilience (Changsheng) was more vulnerable to climate change than other towns
in relation to health and environmental issues (B,), leadership (S4), grain self-sufficiency
(S6), education investment (Ls), and knowledge transfer capability (L7). In detail, the score
for the health and environmental issues (B,) of farmers in Changsheng was 0, lower than
the average of 0.139; the score for leadership (S;) was 0.05, lower than the average for all
farmers investigated, 0.153; the score for grain self-sufficiency (S¢) was 0, lower than the
average of 0.032; the score for education investment (Ls) was 1.763, lower than the average
of 2.529; the score for knowledge transfer capability (Ly) was 0.538, lower than the average
for all farmers, 0.800. However, arable area per capita (B3) was the highest in Changsheng,
which had the lowest farmer livelihood resilience, with a score of 24.469, higher than the
average of 10.748. On the other hand, farmers in Sijiazi, which had the highest farmer
livelihood resilience, were evaluated as being weak compared to farmers in other towns in
terms of the soil capability index (B4), grain self-sufficiency (S¢), and information accessing
capacity (L3). Specifically, the score for the soil capability index (B4) in Sijiazi was 1.721,
lower than the average of 1.888; the score for grain self-sufficiency rate (S¢) was 0, lower
than the average of 0.032; and the score for information accessing capacity (L3) score was
3.536, lower than the average of 4.087.



Agriculture 2023, 13, 2030

11 0f 19

-

3.6. Factors Influencing Farmer Resilience to Climate Change

Table 512 of the Supplementary Materials shows the results for the influencing vari-
ables of farmer livelihood resilience. The regression analysis of factors influencing the
livelihood resilience of farmers showed that the highest educational level, family size,
arable area, agricultural technology training, convenience of transportation, accessibility
of information, change in livelihood strategies, awareness of climate change, and climate
change perception had a positive effect on farmer livelihood resilience, while the age of
the household head had a negative effect on farmer livelihood resilience (Figure 5). The
regression analysis of factors influencing the livelihood resilience of farmers with different
livelihood types showed that the highest educational level, family size, agricultural tech-
nology training, accessibility of information, change in livelihood strategies, awareness
of climate change, and climate change perception had a positive effect on the livelihood
resilience of farmers who worked in agriculture as a major job (0.295), while the non-
agricultural level and age of the household head had a negative effect on the livelihood
resilience of these farmers. The highest educational level, family size, agricultural technol-
ogy training, accessibility of information, change in livelihood strategies, and awareness
of climate change had a positive influence on the livelihood resilience of farmers who
worked in agriculture as a side job (0.266). Non-agricultural level, highest educational level,
family size, arable area, agricultural technology training, convenience of transportation,
awareness of climate change, and climate change perception had a positive influence on
the livelihood resilience of farmers who only worked in agriculture (0.250), while the age of
the household head had a negative influence on the livelihood resilience of these farmers
(Table 513 in Supplementary Materials).
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Figure 5. Regression analysis results of factors influencing the livelihood resilience of farmers with
different livelihood types and different towns (the solid lines represent significance and the dotted lines
represent insignificance. ***, **, and * indicate significance at the 1%, 5%, and 10% levels, respectively).

We found that different factors in each town affected farmer livelihood resilience
(Table S14 in Supplementary Materials). The highest educational level, family size, ac-
cessibility of information, and change in livelihood strategies had a positive influence on
farmer livelihood resilience in Sijiazi (0.350), while the age of the household head had a
negative influence on farmer livelihood resilience in Sijiazi. The highest educational level,
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family size, arable area, agricultural technology training, convenience of transportation,
accessibility of information, awareness of climate change, and climate change perception
had a positive influence on farmer livelihood resilience in Fengshou (0.323), while the
non-agricultural level had a negative influence on farmer livelihood resilience in Fengshou.
Meanwhile, the highest educational level, family size, arable area, agricultural technology
training, convenience of transportation, change in livelihood strategies, and climate change
perception had a positive influence on farmer livelihood resilience in Saliba (0.259), while
the age of the household head and accessibility of information had a negative influence on
farmer livelihood resilience in Saliba. Additionally, the highest educational level, family
size, arable area, agricultural technology training, accessibility of information, awareness
of climate change, and climate change perception had a positive influence on farmer liveli-
hood resilience in Xiawa (0.256), while the age of the household head had a negative
influence on farmer livelihood resilience in Xiawa. Lastly, the highest educational level,
family size, arable area, agricultural technology training, change in livelihood strategies,
awareness of climate change, and climate change perception had a positive influence on
farmer livelihood resilience in Changsheng (0.195), while the age of the household head
had a negative impact on farmer livelihood resilience in Changsheng.

4. Discussion
4.1. Policy Implications
4.1.1. Livelihood Resilience Analysis Framework

The livelihood resilience analysis framework is a specialized tool that applies resilience
theory to the specific context of rural livelihoods and development [15]. Our study used the
livelihood resilience analysis framework to assess farmer livelihood resilience. Specifically,
according to the expert questionnaire survey results, the experts considered farmer learning
capacity more critical for livelihood resilience to climate change than buffer capacity and
self-organization capacity. Farmers need to constantly acquire new knowledge and skills to
adjust their livelihood strategies to environmental changes [20]. Building good livelihood
resilience often requires learning and adaptation [66]. Thus, the farmer questionnaire
survey results show that farmers also rank farmer learning capacity more highly than
buffer capacity and buffer capacity more highly than self-organization capacity. This
indicates that the education level in rural areas has rapidly developed as a result of the
government attaching great importance to education [92]. To facilitate the sustainable
development of farmers’ livelihoods, it is necessary to strengthen farmers’ buffer and
self-organization capacities. Increasing farmers’ natural, human, and physical capital can
enhance their buffer capacity and therefore help them better navigate livelihood risks due
to climate change. In particular, it is important to note that there are few sanitary toilets
in rural areas, and it is necessary to popularize them to improve farmers’ buffer capacity.
Meanwhile, farmers’ self-organization capacity can be improved by increasing their grain
self-sufficiency, improving their leadership abilities, and optimizing their social network
structure. To ensure balanced farmer livelihood resilience, it is necessary to stabilize their
livelihood system in the face of climate change by simultaneously strengthening their buffer,
self-organization, and learning capacities [17,27]. In June 2022, 17 ministries including
the Ministry of Ecology and Environment of China jointly issued the “National Climate
Change Adaptation Strategy 2035” [93]. This aims to address the potential impacts of
climate change on various sectors in China, including the environment, water resources,
agriculture, health, and urban and rural development, among others. It mentioned that
agricultural production is directly exposed to climate and environmental stress, and in this
regard, it is necessary to promote sustainable agricultural development and ensure the
stability of the food supply [94]. Extreme weather events such as heat waves directly affect
human health, while vector-borne diseases and lack of health services indirectly increase
health risks [93,94]. Therefore, it is necessary to study and formulate health risk assessment
programs for climate change, and comprehensively promote health adaptation actions to
climate change [93,94].
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4.1.2. Farmer Livelihood Resilience across Different Livelihood Types

Our study found that farmer livelihood resilience changes across livelihood type.
Farmers who worked in agriculture as a major job had the highest livelihood resilience,
farmers who worked in agriculture as a side job had the second-highest livelihood resilience,
and farmers who only worked in agriculture had the lowest livelihood resilience. However,
these results vary by region. For example, the resilience rankings of different livelihood
types are different in Anxi County. Specifically, Ji et al. [38] reported that, in Anxi County,
tea farmers who worked in agriculture as a side job had the highest mean value of livelihood
resilience, followed by those with a significant job in agriculture, and, lastly, those who
only worked in agriculture. We believe that our findings cannot be generalized, as Aohan
Banner is a vital pilot site for protecting agricultural heritage worldwide [95] and is an
agriculture-oriented county that is less industrialized than Anxi County. However, it is
notable that, in both studies, farmers who only work in agriculture were the least resilient.
This indicates that the simpler the livelihood strategy, the lower the livelihood resilience.
Accordingly, farmers who only worked in agriculture have a relatively weak ability to
adapt to and resist the external risks to their livelihood caused by climate change.

4.1.3. Geographical Locations of Farmer Livelihood Resilience

The main restricting factors of the livelihood resilience of farmers in the five towns
with different geographical locations are different. The town rankings of farmer liveli-
hood resilience, from high to low, were as follows: Sijiazi, Fengshou, Saliba, Xiawa, and
Changsheng. Sijiazi needs to enhance farmers’ grain self-sufficiency. Fengshou needs to
increase its arable area per capita. Saliba needs to improve housing quality and encourage
farmers to participate in specialized cooperation. Meanwhile, in Xiawa, farmers should
be encouraged to participate in technical training. Changsheng needs to increase food
self-sufficiency, improve leadership, and increase investment in education. The town
rankings of farmer per capita income, from high to low, were as follows: Sijiazi, Chang-
sheng, Fengshou, Saliba, and Xiawa [96]. Changsheng’s position is the only difference
between the rankings of farmer livelihood resilience and farmer per capita income: it has
the second-highest per capita income and the lowest livelihood resilience. We expect that
Changsheng, located in the north of Aohan, is vulnerable to natural disasters such as
drought, low-temperature damage, wind, rainstorms, hail, and frost due to its geographi-
cal and climatic conditions [97]. Accordingly, climate change may affect agriculture and
farmer livelihood resilience in Changsheng more than in other towns. Farmers resident in
Changsheng are much more vulnerable than those in other areas due to drought disasters,
having enormous effects on maintaining their traditional activities [74]. Notably, this study
highlighted that Aohan’s landscape changes from forest to grassland from south to north;
as climatic conditions become increasingly dry, farmer livelihood resilience is expected
to gradually decrease. The difference between the three environments of forest, savanna,
and grassland is mainly caused by the interaction of climate, topography, soil, and human
activities [73,75,98]. Specifically, the precipitation in Aohan increases gradually from north
to south, while the temperature decreases in the same direction [75]. Additionally, the
average wind speed in the north is higher than that in the south [75]. The elevation also
varies, with the north at 400-500 m above sea level, the middle at 500-600 m, and the
south at 600-800 m [75]. There are four soil types from north to south: aeolian soil, calcare-
ous soil, cinnamon soil, and brown soil [73,75,98]. Human activities, especially land use
and cultivation practices, play a significant role in shaping the regional environment [73].
This vulnerability to climate change is reminiscent of the susceptibility of agriculture and
economies in sub-Saharan Africa to climate change impacts, particularly the increasing
frequency of droughts leading to food shortages and poverty, and affecting economic,
social, and environmental resilience [99]. In arid environments, drought has a devastating
impact on farmer livelihoods [29]. Scholars have accordingly recommended strengthening
and integrating existing technical, policy, and institutional risk management measures to
manage drought to reduce its adverse impacts on farmers [99]. In addition, governments
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need to establish policies to improve the resilience of farmers’ livelihoods in the face of
drought disasters [27].

4.2. Factors Influencing Farmer Livelihood Resilience

We analyzed the factors affecting farmer livelihood resilience using a multiple linear
regression analysis and found that education level positively influences farmer livelihood
resilience, indicating that the stronger a farmer’s learning capacity, the stronger their
livelihood resilience. When affected by climate change, farmers can learn new skills
and experiences to alleviate their livelihood vulnerability and navigate their livelihood
dilemmas. Agricultural technology training positively influences the livelihood resilience of
farmers with different livelihood types. The acquisition of diversified new knowledge and
skills through agricultural technology training is conducive to predicting climate change
and adopting corresponding strategies to improve the adaptability of farmers to climate
change. Climate change perception has a positive influence on farmer livelihood resilience:
the greater the perception of climate change, the more likely farmers are to adopt effective
coping strategies and remain resilient. Meanwhile, household head age had a negative
influence on farmer livelihood resilience, indicating that the older the household head,
the more conservative they will be when making livelihood decisions [100]. In addition,
older household heads often choose a single traditional agricultural livelihood strategy [38],
which does not adapt well to climate change. Weak learning and acceptance capacities for
new knowledge, technologies, and information makes farmers’ livelihoods relatively less
resilient to climate change. Family size positively influenced farmer livelihood resilience:
the larger the family, the more laborers, and the more reasonable the division of labor,
which enhances the ability to resist the effects of climate change. Moreover, arable area has
a positive influence on farmer livelihood resilience. The arable area is a lifelong essential
and natural form of capital for farmers, especially for farmers who only work in agriculture.
When climate change impacts livelihood risk, farmers can protect their income by increasing
arable area, adjusting crops, and improving harvest efficiency. In the context of climate
change, enhancing farmer livelihood resilience is essential for adapting to uncertain and
fragile environments involving disturbances.

4.3. Limitations and Future Improvements

Our study has some limitations that could be addressed in future research. Firstly, due
to constraints in both funding and time, our survey sample did not cover all 16 towns, but
only selected five towns to represent different regions. Future research could broaden the
geographical coverage of the sample area to improve the credibility of the study.

Secondly, although we recruited excellent investigators and conducted training, the
survey only adopted the form of a questionnaire survey, and the investigators only raised
the questions in the prepared questionnaire. This approach is limited by its lack of under-
standing of the problems that may arise in field investigations. Future research could use a
combination of face-to-face interviews and questionnaires to increase the validity of the
data and avoid biases in the results.

Thirdly, our study only mentioned changing livelihood strategies as a factor affecting
livelihood resilience, and did not conduct in-depth analysis and research on the actual
impact of specific livelihood strategies and production means on farmers’ livelihoods. This
could be supplemented in future research.

Lastly, the influencing factors of livelihood resilience involved in our study were
limited. Future research should aim to identify and explore additional factors that might
affect livelihood resilience. Additionally, analyzing the interactions between these factors,
including possible complementary and substitutive effects, would enrich the research
content and provide a more comprehensive reference for addressing livelihood resilience
to climate change.
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5. Conclusions

We found that farmers who worked in agriculture as a major job had the highest
livelihood resilience, while farmers who only worked in agriculture had the lowest. The
results also show that resilience gradually decreases from south to north as the landscape
transitions from forest and forest-grassland to grassland. In addition, we found that several
factors are positively associated with farmer livelihood resilience, including educational
level, agricultural technology training, transportation infrastructure, accessibility of in-
formation, awareness of climate change, climate change perception, change in livelihood
strategies, family size, and the holding size of the arable area. Conversely, the age of the
household head was negatively associated with farmer livelihood resilience.

Based on these results, we recommend that policymakers focus on the following:
(1) encouraging farmers to diversify their agricultural livelihoods to reduce dependence
on single-crop output and improve resilience to climate change; (2) encouraging farmers
to plant native trees around cultivated areas to enhance agricultural biodiversity [101];
(3) improving rural transportation conditions to increase the income and development
potential of the rural economy; (4) improving farmers’ agricultural knowledge and skills;
and (5) publicize climate change knowledge and coping strategies to improve farmers’
climate awareness and coping abilities.
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