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Abstract
A better understanding of farmers’ perceptions of and responses to climate change is important for decision-makers to design
more effective adaptation policies. This study investigates farmers’ perceptions of climate change, actual adaption responses at
the farm level, and factors influencing farmers’ decisions on climate change adaptation in Wushen Banner, China. A question-
naire survey was conducted among 220 farmers with a random sampling technique. We found that farmers were generally
concerned about climate change. Most farmers have adopted adaption measures to address the adverse effects of climate change.
Adjusting farming behavior and using financial means were the main adaptation measures used by local farmers. The results
revealed that the implementation of adaptation measures was constrained by the lack of technology, shortage of money, and poor
infrastructure. The binary logistic regression results showed that farmers’ socioeconomic characteristics, such as education,
farming experience, and gender, had significant impacts on farmers’ decisions to choose adaptation strategies. The regression
results also indicated that farmers who believed climate change would affect their health were more willing to choose financial
instruments, and farmers who believed climate change would affect their agricultural productions were likely to diversify their
livelihoods. The findings provide some critical insights based on local perceptions of climate change and enhance our under-
standing of cognitive beliefs attached to adaptive responses.
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Introduction

Climate change has been occurring over the past few years
(IPCC 2014). Agriculture is extremely vulnerable to climate
change (Abid et al. 2019; Habtemariam et al. 2019; Kabir
et al. 2017; Nelson et al. 2009). Although climate change
may have beneficial effects on certain crops, the negative

impacts of climate change have been widely acknowledged
and documented, especially by policymakers and researchers,
which have affect farmers’ livelihoods (Zhong et al. 2019;
Arora et al. 2020). Farmers need to make adjustments to their
agricultural systems to adapt to a changing climate (Khanal
and Wilson 2019). As a factor important to agricultural activ-
ity, farmers’ perceptions of climate change and actual adaptive
responses to address climate change have direct impacts on
regional agricultural development. To help policymakers de-
velop more effective policies, there is a need to understand the
extent of farmers’ perceptions of climate change, actual re-
sponses to climate change, and the factors influencing their
adoption of adaptation measures (Habtemariam et al. 2016;
Shi et al. 2019).

In the existing literature, there are an increasing number of
studies focusing on climate change adaptation (Mase et al.
2017; Mulenga et al. 2017; Tripathi and Mishra 2017), and
some potential adaptation measures have been identified
(Deressa et al. 2011). However, climate change is expected
to affect agriculture very differently in different parts of the
world (Glantz et al. 2009). Thus, different regions have
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different adaptive strategies due to their different national,
political, and cultural backgrounds. For example, farmers in
the Midwestern USA are using off-farmwork to stabilize their
incomes in response to the impact of climate change on agri-
cultural production (Mase et al. 2017). The main adaptation
measures of Pakistani farmers are to adjust sowing time and to
plant drought-tolerant varieties (Ali and Erenstein 2017).
Farmers along the Yarlung Zangbo River in Tibet are accus-
tomed to intercropping to address climate change (Li et al.
2013). Therefore, information on the implications of actual
adaptation responses by local farmers will be useful for effec-
tive adaptation planning.

A better understanding of the factors influencing farmers’
adaptation decisions can provide references for policymakers
to develop better adaptation policies (Eitzinger et al. 2018;
Habtemariam et al. 2016; Lane et al. 2019). Recent studies
show that there are some factors influencing farmers’ adapta-
tion strategies to climate change, such as age, income, and
education. However, many of the studies focus on socioeco-
nomic and demographic factors (Ali and Erenstein 2017;
Hitayezu et al. 2017; Woods et al. 2017). Not much is known
about the effects of psychosocial and cognitive factors, such as
individuals’ perceptions (Shi et al. 2019). Analyses of local
farmers’ perceptions of climate change can provide distinct
location-based results that are important to better understand-
ing local farmers’ responses while guiding future research
(Fahad and Wang 2018; Kuruppu and Liverman 2011).

As a big agricultural country, China is highly vulnerable to
the impacts of climate change (Hou et al. 2012; Song et al.
2019; Wang and Chen 2015). Especially, rural farmers who
depend on natural resources for their livelihoods have been
severely affected by climate change (Shi et al. 2019; Zhai et al.
2018). Some studies have been conducted to understand
Chinese farmers’ perceptions and adaptation measures to
cope with climate change. For instance, Shi et al. (2019) stud-
ied the perceived efficacy of farmers on climate change adap-
tive behavior in the Loess Plateau. Kibue et al. (2016) con-
ducted questionnaire surveys on farmers in Anhui and Jiangsu
province to study farmers’ perceptions of climate variability.
Some other studies were conducted in the Middle Yarlung
Zangbo River Valley and Gorges area (Bai et al. 2010; Li
et al. 2013; Zhu et al. 2018). However, few studies have re-
ported on the current status of rural and farming-pastoral eco-
tone of China with little known about farmers’ perceptions of
climate change and adaptation measures in use. This study is
based on a survey on local farmers in Wushen Banner, which
is a representative area of the agro-pastoral ecotone in China.

The research objectives of this study are (1) to understand
farmers’ perceptions of climate change, (2) to investigate the
adaptation measures taken by farmers to cope with climate
change, (3) to identify the obstacles that affect farmers’ imple-
mentation of adaptation measures, and (4) to analyze the fac-
tors that affect farmers’ climate change adaptation decisions.

Specifically, we want to understand local farmers’ perceptions
of climate change and its impacts, what adaptation measures
are taken and their efficacy, what factors can promote farmers
to take adaptation measures, what factors prevent farmers
from adopting adaptation measures, and the positive or nega-
tive factors affecting farmers’ adaptation decisions. The find-
ings of this study can contribute to the literature on better
understanding farmers’ perceptions of climate change and fac-
tors influencing their adaptation decisions at the farm level.

Materials and methods

Figure 1 shows the schematic flow chart of this study. Based
on questionnaire data, statistical analysis was used to study
farmers’ perceptions of climate change, actual adaptation
measures, and the influencing factors in the study area.

Study area

The study was undertaken in Wushen Banner, located in the
south of the Inner Mongolia Autonomous Region, between
37° and 39° N and 108° and 109° E. The total area of this
district is 11,645 km2. In 2017, the total population of the
district was 116,277, of which the agricultural population
accounted for 77.4%. The per capita disposable income of
the region was approximately CNY 32,733 (US$4633), of
which the per capita disposable income of the farmers was
CNY 18,263 (US$2585). The average yearly temperature is
approximately 6.8 °C, and the annual rainfall is 350–400 mm.
From 1862 to 2012, the average daily temperature in Inner
Mongolia showed an obvious upward trend, increasing by
0.37 °C every decade (Hu et al. 2015). Rising temperatures
and increased drought frequency have affected local grain
production. Farmers may face more risks in the future because
of the impact of climate change.

Survey design and data collection

The survey questionnaire design was divided into three stages.
First, based on the existing research on climate change adap-
tation strategies, a preliminary questionnaire was designed.
Second, several focus group discussions (FGDs) were orga-
nized in April of 2018, where six experts on climate change,
three local government officials, and eight local farmers par-
ticipated. An informal, semi-structured discussion format last-
ing about 2 h was employed for the FGDs. Based on partici-
pants’ views and opinions on climate change and local adap-
tation behavior, the preliminary questionnaire was modified
and restructured. The five most common adaptation strategies
adopted by local farmers were identified, namely adjusting
planting methods, adopting crop diversification, choosing fi-
nancial instruments, taking rotational grazing, and investing in
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other productions. Third, the questionnaire was pretested on
30 local farmers in Wushen Banner. Then, the questionnaire
was modified based on the results of pre-surveys.

The finalized questionnaire consisted of three major sec-
tions (see Appendix). The first section was designed to
collect information on farmers’ knowledge and perceptions
of climate change and adaptation. In this study, respondents
were asked about whether they had observed any climate
variability over the past 10 years. Specifically, respondents
were asked whether they have observed any changes in
temperature, precipitation, drought frequency, and intensity
over the past 10 years. Respondents were further asked
whether they agreed with some views on climate change
and adaptation. In the second section, respondents were
asked what adaptation measures had been taken to adapt
to climate change and whether these existing measures
were effective or not. Respondents were asked about
changes in their lives as a result of adaptation to climate
change and barriers to adaptation. The third section includ-
ed a number of relevant questions regarding the respon-
dents and their household socioeconomic characteristics,
such as gender, education, age, arable land area, proportion
of labor input to farming and animal husbandry, and house-
hold income.

The final survey was conducted by the research team in
July of 2018 in Wushen Banner. Respondents were randomly
selected from Wushen Banner by using the multiple-stage
random sampling method. First, the research team selected
two towns (Galutu and Wudinghe) based on the town area
and the town population size from the six towns in Wushen
Banner. Second, five villages were randomly chosen in the
two selected towns. Third, based on the population size of
each village, 30–50 households were randomly selected in
each village. A list of farmers for each village was obtained
from the respective village leaders. The number of respon-
dents in each village was chosen based on its percentage of
households in total household of the whole village. The mem-
bers of the research team were trained to conduct face-to-face
interviews with farmers who were heads of households or
household agricultural decision-makers in each household.
Each interview lasted approximately 30–50 min. Among the
220 household heads randomly selected, 216 households ulti-
mately participated in our study.

Data analysis

In this study, descriptive statistical analysis was used to ana-
lyze survey results, such as socioeconomic characteristics of
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Fig. 1 The schematic flow chart
of this study
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the sample, farmers’ perceptions of climate change, and the
farmers’ actual adaptation measures. Because the adaptation
measure to climate change is a binary case, i.e., to adapt (1) or
not to adapt (0), per Abid et al. (2015) and Jin et al. (2018), the
binary logit model was employed to identify the factors
influencing farmers’ adoption of different adaptation mea-
sures. Parameters were estimated using the logistic program
in Statistical Package for Social Sciences (SPSS) v. 22. The
specification of the empirical model or the reduced form that
was estimated is as follows (Hosmer and Lemeshow 2000):

Y i ¼ logit Pð Þ ¼ β0 þ βi ∑
n

i¼1
X i þ εi

where Yi is a dichotomous dependent variable (respondents
using any climate change adaptation measure or not, specified
as 1 = yes, 0 = otherwise); β0 is the constant term; βi is a set of
coefficients to be estimated; and X represents a set of explan-
atory variables. The positive sign represents the explanatory
variable that helps to increase the probability of adopting a
certain climate change adaptation measure, and a negative
sign indicates the opposite effect. εi is an error term (Bender
and Grouven 1998).

Results

Basic socioeconomic characteristics of the sample

Table 1 shows the basic socioeconomic characteristics of the
respondents. The average age of the participants in our sample
was 53.57 years old. This result is realistic since many young
people leave villages for better jobs in cities. The average
educational level of our sample was elementary school.
Further analysis of educational level indicates that 29.5% of

the respondents were illiterate; approximately 27.3% had
completed their primary education; and 25.5%, 13.6%,
3.6%, and 0.5% had attained junior high school, senior high
school, college, and university, respectively. Household annu-
al income was CNY 30,000 (US$4412) to CNY 50,000
(US$7352). The overall average household size was 3 per-
sons. On average, each household owned 2.07 ha of cultivated
land. The average household grassland area was 10.88 ha. The
average number of farming years was 33.7 years. Almost half
of the household heads of our sample (48%) had access to
credit, borrowing money from banks, or rural credit unions.

Farmers’ perceptions of climate change
and adaptation

Farmers’ perceptions of climate change

The results show that most respondents were concerned about
climate change (Fig. 2). We used the five-point Likert scale to
indicate farmer concerns about climate change, with 1
representing not concerned at all, 2 representing not con-
cerned, 3 representing generally concerned, 4 representing
concerned , and 5 represen t ing very concerned .
Approximately 41.3% of respondents were very concerned
about climate change. Approximately 50.5% of respondents
were concerned about climate change. Only 3.7% of respon-
dents said they had no feelings or did not concern about cli-
mate change.

The respondents in the sample had a consistent attitude
towards climate change. All respondents agreed that climate
change was occurring. Approximately 94.5% of the farmers
believed that the average annual temperature had increased
(see Fig. 3). A majority of the respondents (85.9%) believed
that the average annual precipitation had decreased. Most
farmers (95%) agreed that high-temperature days had

Table 1 Socio-economic
characteristics of the sample Variables Descriptions Mean Std. Dev.

Age Age of the respondent 53.57 13.68

Education Education of the respondent (1 = uneducated,
2 = elementary, 3 = junior high school,
4 = senior high school, 5 = college,
6 = university, 7 =master degree)

2.36 1.172

Income Household annual income (1 = 0–5000,
2 = 5000–10,000, 3 = 10,000–30,000,
4 = 30,000–50,000, 5 = 50,000–70,000,
6 = 70,000–100,000, 7 = 100,000–150,000,
8 = 150,000–200,000, 9 = 200,000–300,000,
10 = 300,000 and above) (CNY)

4.00 1.972

H size Household population size 2.54 1.108

Farm size Cultivated land size (ha) 2.07 2.05

Grassland Grassland size (ha) 10.88 35.55

Farm years Years involved in agricultural activities 33.70 16.56

Credit Access to credit (1 = yes, 0 = no) 0.48 0.501
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increased. Approximately 90.9% of the respondents thought
that the intensity of droughts had increased, and 89.1% of the
sample believed that the frequency of droughts had increased.

Table 2 presents the results of the farmers’ perceptions
about the negative impacts of climate change on agriculture.
Very few respondents (0.5%) believed that climate change had
no impact on agriculture. Approximately 79% of the farmers
believed climate change had reduced their agricultural and
animal husbandry production yields. Most farmers (74%) be-
lieved that climate change had driven up production costs. The
proportion of farmers who believed that climate change had
led to grassland degradation was 47%. Approximately 46.1%
and 34.7% of farmers believed that climate change had in-
creased the cost of adaptation measures and had changed the
growing season of crops, respectively.

Farmers’ perceptions of climate change adaptation

The survey results show that almost all farmers (96.8%) be-
lieved that climate change had affected their farming activities
(Fig. 4). Approximately 87% of the farmers agreed that
farmers should take appropriate measures to address climate
change. Moreover, most farmers (80.3%) believed that

implementing adaptation measures could mitigate the adverse
effects of climate change. However, more than half of the
farmers (65%) believed that human capacity to cope with
climate change was limited and still at a low level.
Approximately 79.8% of the farmers thought the cost of
implementing climate change adaptation measures was high.

Farmers’ expectations of climate change and obstacles
to adapting

The results show that farmers agreed that the local climate
would change further, and the farmers estimated the propor-
tion of average crop loss due to climate change for the next
growing season at 29%. Table 3 shows the obstacles to
implementing adaptation measures. The main obstacles re-
ported by local farmers included lack of technology, money,
knowledge, and information; poor infrastructure; and water
and labor shortages. A total of 79% of farmers said they had
to address with climate change on their own. In addition,
62.1%, 80.8%, and 57.5% of farmers believed that agricultural
technology training, targeted agricultural subsidies, and im-
proved infrastructure could help improve their abilities to
adapt to climate change, respectively.

Farmers’ actual adaptation measures

Figure 5 shows that approximately 88.1% of the farmers ad-
justed their planting methods to address climate change, such
as adjusting fertilization or pesticide use behavior and chang-
ing the method or frequency of irrigation. Most farmers
(84.5%) chose financial instruments, including buying agri-
cultural insurance or seeking farm credit to adapt to climate
change. Almost half of the farmers (49.5%) had implemented
rotational grazing and rest grazing. A total of 41.6% of the
farmers adopted crop diversification in response to climate
change. Only 20.1% of the farmers attempted to diversify
livelihoods.
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Fig. 3 Respondents’ perceptions
of climate change
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Fig. 2 Farmers’ levels of concern about climate change

26488 Environ Sci Pollut Res  (2020) 27:26484–26494



In terms of the changes resulting from implementing adap-
tation measures, more than half of the respondents (57.5%)
were satisfied with the efficacy of the measures taken, with
only 11.8% of the respondents being dissatisfied or very dis-
satisfied with the measures taken. Respondents were likely to
believe that their lives had changed after adopting measures to
adapt to climate change. Specifically, approximately 62.3% of
the farmers indicated that their agricultural income ratio had
changed (Fig. 6). Many farmers (71.3%) believed that the
quality of family life had improved after implementing adap-
tation measures. Approximately 54.2% of the farmers be-
lieved that their capacity to cope with climate had improved.
Some farmers (45.8%) indicated that the quality of their arable
land or grassland improved.

Factors influencing farmers’ adoption of adaptation
measures

Binary logit models were used to investigate the factors
influencing farmers’ adoption of climate change adaptation
measures. Table 4 shows the definitions of the explanatory
variables used and their main statistics. To eliminate the influ-
ence of collinearity between variables, we performed a collin-
earity analysis on the explanatory variables. If the indicator
“tolerance” (TOL) was less than 0.1 or “the variance inflation
factor” (VIF) was greater than 10, then collinearity existed
(Bai et al. 2010). The results in Table 5 show that all the
TOL values were greater than 0.1 and all the VIF values were

less than 10, suggesting that there was no serious collinearity
problem.

The results of the regression analysis are shown in Table 6.
Almost all the explanatory variables were significant at the
10% level or less in at least one model. The likelihood value
statistics were highly significant (p < 0.001), suggesting that
the models were statistically significant. A Nagelkerke R2 val-
ue represents the fitting degree of a model and data. The value
of Nagelkerke R2 is between 0 and 1. A larger value indicates
a better fitting. When Nagelkerke R2 is greater than 0.2, it
shows a relatively good fit in social science research (Clark
and Hosking 1986). All the Nagelkerke R2 values in this study
are greater than 0.2, which indicates perfect fits. The overall
percentage represents the probability of correctly predicting
the model. Table 6 shows that the prediction accuracy of each
model was greater than 0.5.

The regression results in Table 6 suggest some important
findings. First, the model results show that farm size and ed-
ucation had significant impacts on farmers’ diversification
strategy. In comparison with other farmers, those with higher
education levels and more farmland were more likely to adopt
crop diversification to address the impacts of climate change.
Second, the modeling results show that in comparison with
other farmers, those who have farmed longer were more likely
to adjust their planting methods to address climate change.
Moreover, risk-averse farmers tended to adjust planting be-
havior to cope with the adverse effects of climate change.
Third, farmers who believed that climate change has a great

61.8%

58.1%

70.2%

76.3%

60.0%

18.0%

6.9%

10.1%

10.7%

36.8%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%100%

The cost of implementing climate change

adaptation measures was high.

Human’s capacity to cope with climate change was 

limited and still at a low level.

Taking adaptation measures could mitigate the

adverse effects of climate change.

Farmers should take appropriate measures to

address climate change.

Climate change had affected their farming
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1=Strongly disagree 2=Disagree 3=Unsure 4=Agree 5=Strongly agree

Fig. 4 Farmers’ perceptions of
climate change adaptation

Table 2 The negative impacts of
climate change on agriculture Negative impact Agreement (%)

Reducing agricultural and animal husbandry production yields 79.0

Increasing production costs 74.0

Grassland degradation 47.0

Increasing the cost of adaptation 46.1

Changing crop growing seasons 34.7

No negative impact 0.5
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impact on human health were more likely to adopt rotational
grazing. Additionally, in comparison with female farmers,
male farmers were more likely to adopt a rotational grazing
policy. Farmers who believed that climate change has a great
impact on production preferred to diversify their livelihoods.
In addition, farm size, level of education, and household in-
come also had significant and positive effects. Finally, the
regression results show that farmers who believed that climate
change has a greater impact on human health were more likely
to buy agricultural insurance and seek agricultural credits.

Discussion

The survey results show that farmers were highly concerned
about climate change. Most farmers believed that the average
annual temperature in Wushen Banner had increased and the
annual precipitation had decreased. They also believed that
the frequency and intensity of droughts in the study area had
increased. The majority of farmers (79%) in the study area
believed that climate change has negatively affected their ag-
ricultural production. In addition, respondents estimated that
the crop losses due to climate change in the past 3 years are
27.7%, which influenced their livelihoods. These findings are

comparable with those of other studies (Abid et al. 2019; Hou
et al. 2012; Mase et al. 2017; Shi et al. 2019). Previous studies
also have established that climate change has affected farming
and animal husbandry, such as the growing season of crops in
China (Li et al. 2013). Ochieng et al. (2016) and Bhatta et al.
(2015) found that a decrease in precipitation attributed to cli-
mate change is considered to be major reasons for a reduction
in crop production. Future research can pay more attention to
the differences in the impact of climate change on different
crops in the region, such as which crop got a decline in pro-
duction and how much quantity.

The results show that there are several obstacles for farmers
in adopting adaptation measures to address climate change,
such as the lack of technology, shortage of money, and poor
infrastructure. This result is comparable with those of other
studies (Abid et al. 2015; Abid et al. 2019; Jin et al. 2016;
Woods et al. 2017). Farmers are unwilling to adapt to climate
change because of limited resources and financial constraints
(Abid et al. 2019; Jin et al. 2015). Similar problems are noted in
other studies on adaptation barriers, such as the lack of money,
lack of technology, and lack of information in Pakistan (Abid
et al. 2015). The results also indicate that the most commonly
adopted adaptation measures are adjusting planting methods
and choosing financial instruments. This corroborates the find-
ings of existing research (Abdul-Razak and Kruse 2017;
Adhikari et al. 2018; Kabir et al. 2017). For instance,
Adhikari et al. (2018) found that changing planting practices
had been the major household-level adaptation practices.

The regression results show that respondents’ perceptions
of climate change have effects on choosing adaptation mea-
sures. Farmers who believe that climate change has health
effects were more willing to use adaptation measures, such
as buying agricultural insurance or seeking agricultural
credits. Earlier evidence also suggests farmers perceiving ma-
jor risks have a higher willingness to pay to reduce health risks
(Khan and Damalas 2015; Wang et al. 2018). Moreover,
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Fig. 5 Farmers’ adaptation
measures to cope with climate
change

Table 3 Obstacles to implementing adaptation measures

Obstacles Percentage

Lack of technology 49.8

Shortage of money 47.0

Poor infrastructure 46.5

Water shortage 42.4

Lack of knowledge on climate change adaptation 40.1

Labor shortage 30.4

Lack of climate change information 21.2
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farmers who believe that climate change affects their agricul-
tural production were more likely to diversify their liveli-
hoods. This is understandable. Kuruppu and Liverman
(2011) also found that the changes in climate affected liveli-
hoods forcing some respondents to move houses.

The regression results also show that farmers’ levels of
education have significant and positive effects on choosing
adaptation measures. These results are consistent with those
in other studies (Barnes et al. 2013; Whitmarsh 2011). They
found that higher levels of education resulted in more accep-
tance of climate change adaptation actions. Khanal and
Wilson (2019) also indicated that better-educated households
are more likely to employ adaptation practices. The possible
reason for this result is that higher levels of education can help
farmers better understand climate change–related information
and knowledge about climate change adaptation. In addition,

farming experience has a significant and positive impact on
adjusting farming methods. This suggests that the respondents
who have more experience in farming are more willing to
adjust farming methods. This finding is consistent with the
analysis conducted by Li et al. (2013) in Tibet that used de-
scriptive statistical analysis to indicate that farmers adjusted
planting seasons based on personal experiences. Moreover,
there are gender differences in choosing some adaptation mea-
sures. For instance, male farmers weremore likely than female
farmers to adopt a rotational grazing strategy. This result can
be explained by the fact that men are more likely than women
to access information about climate change and its adaptation.
These results are consistent with those in other related studies.
Ali and Erenstein (2017) and Li et al. (2013) also reported that
in comparison with female-headed households, male-headed
households are willing to adopt more adaptation measures.

Table 4 List of explanatory
variables and descriptive statistics Variables Definitions Mean Std. Dev.

Production effect The impact of climate change on production
and living on a scale of 1 to 5
(1 = little influence, 5 = great influence)

4.16 0.86

Health effect The impact of climate change on human health
on a scale of 1 to 5(1 = little influence,
5 = great influence)

3.92 1.04

Farm size Farm size(ha) 2.07 2.05

Gender 1 =male; 0 = female 0.63 0.48

Farm years Years of farming activities (years) 33.70 16.56

Education Education of the respondent (1 = uneducated,
2 = elementary, 3 = junior high school,
4 = senior high school, 5 = college,
6 = university, 7 =master degree or above)

2.36 1.17

Income Household annual income (CNY, 1 = 0–5000,
2 = 5000–10,000, 3 = 10,000–30,000,
4 = 30,000–50,000, 5 = 50,000–70,000,
6 = 70,000–100,000, 7 = 100,000–150,000,
8 = 150,000–200,000, 9 = 200,000–300,000,
10 = 300,000 and above) (Yuan)

4 1.97

Risk The farmer’s willingness to take risks from 0 to 10
(0 represents not willing to take risks,
10 represents very willing to take risks)

3.73 3.19

19.4%

23.6%

3.7%

12.1%

30.6%

21.3%

24.1%

24.7%

31.9%

41.2%

51.4%

51.6%

13.9%

13.0%

19.9%

10.7%
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The quality of arable land (grass land) improved.
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Fig. 6 Changes resulting from
implementing adaptation
measures
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Based on the findings of this study, some policy implica-
tions for the responsible authorities can be obtained. First, the
local government should improve farmers’ perceptions of cli-
mate change and its adaptation through increasing the effec-
tive dissemination and the training programs of climate
change adaption–related information. Then, infrastructure,
both hard infrastructure and education infrastructure, needs
to be strengthened for farmers to improve their ability to adopt
adaptation measures in response to uncertain climate change
impacts. In addition, the government should strengthen finan-
cial support, including special subsidies and investment guid-
ance, to help local farmers to adapt to climate change better.

Finally, although several findings were obtained through
this study, there are some limitations. First, the findings from
this study were based on a sample in a very specific area of
China. Obviously, climate change adaptation behavior varies
by local climate, economic, and culture. More related research
should be conducted. Second, it is important to take into ac-
count farmers’ perceptions of climate change or variability as
they are likely to shape the types of adaptation strategies
(Kuruppu and Liverman 2011). To measure farmers’

perceptions of the change in climate are accurate or not, future
research can compare the changes perceived by respondents
on temperature and rainfall with the changes in climatic pat-
tern based on historical meteorological data.

Conclusions

This study explored local farmers’ perceptions of climate
change, actual adaptation actions at the farm level, and the
factors driving and constraining farmers’ decisions to imple-
ment adaptation measures in Wushen Banner, China.

The results show that farmers in the study area were con-
cerned about climate change. Respondents agreed that climate
change was occurring and they perceived the negative impacts
of climate change. Most respondents believed that adaptation
measures should be implemented to cope with climate change.

Adjusting farming practices (e.g., fertilization, irrigation, or
planting time) and using financial instruments (e.g., credit and
insurance) were the two most important adaptation measures
to deal with climate change. The main obstacles for local
farmers in the adoption of adaptation measures were lack of
technology, shortage of money, and poor infrastructure.

Farmers’ perceptions of climate change had positive and
significant impacts on some adaptation measures. Farmers
who believed that climate change would affect their liveli-
hoods were more likely to diversify their livelihoods.
Farmers who believed that climate change would affect their
health were more willing to buy insurance or seek credits.
Farmers who had farmed longer tended to adjust their farming
behavior to cope with climate change. Farmers’ levels of ed-
ucation and farm sizes had positive and significant impacts on
farmers’ decisions to diversify crop practices. These results

Table 6 Factors influencing the
adoption of adaptation measures Variables Diversification Adjusting Grazing Livelihood Financial

Constant − 2.06 5.33 − 2.40 − 5.32** − 0.52
Production effect − 0.23 − 0.43 0.04 0.62* 0.14

Health effect 0.05 0.35 0.59*** 0.01 0.98***

Farm size 0.24** 0.35 0.19* 0.26** − 0.10
Gender − 0.04 0.14 1.37*** −0.32 0.58

Farm years − 0.01 0.12** 0.06** 0.03 0.04

Education 0.53** 0.25 0.05 0.57** 0.08

Income 0.10 − 0.11 − 0.07 0.22* 0.10

Risk − 0.12 − 0.14** 0.03 0.03 − 0.14
Summary statistics

-2Log likelihood 234.6a 99.3a 228.1a 164.8a 112.3a

Overall percentage 0.68b 0.92b 0.72b 0.82b 0.89b

Nagelkerke R2 0.21 0.26 0.28 0.25 0.30

***Indicates significance at the 1% level; **Indicates significance at the 5% level; *Indicates significance at the
10% level; a Estimation terminated at iteration number 5 because parameter estimates changed by less than 0.001.
b The cut value is 0.500

Table5 Multicollinearit-
y diagnosis indexes for
explanatory variables

Variables TOL VIF

Produtio neffect 0.72 1.39

Health effect 0.71 1.41

Farm size 0.79 1.26

Gender 0.75 1.33

Farm years 0.19 5.34

Education 0.46 2.16

Income 0.64 1.56

Risk 0.86 1.14
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provide some critical insights into local perceptions of climate
change and enhance our understanding of cognitive beliefs
attached to adaptive responses.

Funding information We would like to thank the National Natural
Science Foundation of China (41671170, 41771192) for providing finan-
cial support to undertake this study.

References

Abdul-Razak M, Kruse S (2017) The adaptive capacity of smallholder
farmers to climate change in the northern region of Ghana. Clim
Risk Manag 17:104–122

Abid M, Scheffran J, Schneider UA, Ashfaq M (2015) Farmers’ percep-
tions of and adaptation strategies to climate change and their deter-
minants: the case of Punjab province, Pakistan. Earth Syst Dynam 6:
225–243

Abid M, Scheffran J, Schneider UA, Elahi E (2019) Farmer perceptions
of climate change, observed trends and adaptation of agriculture in
Pakistan. Environ Manag 63:110–123

Adhikari S, Baral H, Nitschke C (2018) Adaptation to climate change in
Panchase Mountain Ecological Regions of Nepal. Environments 5:
42-60

Ali A, Erenstein O (2017) Assessing farmer use of climate change adap-
tation practices and impacts on food security and poverty in
Pakistan. Clim Risk Manag 16:183–194

Arora G, Feng H, Anderson CJ, Hennessy DA (2020) Evidence of cli-
mate change impacts on crop comparative advantage and land use.
Agric Econ 51:221–236

Bai SB, Wang J, Lu GN et al (2010) GIS-based logistic regression for
landslide susceptibility mapping of the Zhongxian segment in the
Three Gorges area, China. Geomorphology 115:23–31

Barnes AP, Islam MM, Toma L (2013) Heterogeneity in climate change
risk perception amongst dairy farmers: a latent class clustering anal-
ysis. Appl Geogr 41:105–115

Bender R, Grouven U (1998) Using binary logistic regression models for
ordinal data with non-proportional odds. J Clin Epidemiol 51:809–
816

Bhatta LD, van Oort BEH, Stork NE, Baral H (2015) Ecosystem services
and livelihoods in a changing climate: understanding local adapta-
tions in the Upper Koshi, Nepal. Int J Biodivers Sci Ecosyst Serv
Manag 11:145–155

Clark WA, Hosking PL (1986) Statistical methods for geographers.
Wiley, New York

Deressa TT, Hassan RM, Ringler C (2011) Perception of and adaptation
to climate change by farmers in the Nile basin of Ethiopia. J Agric
Sci 149:23–31

Eitzinger A, Binder CR,Meyer MA (2018) Risk perception and decision-
making: do farmers consider risks from climate change? Clim
Chang 151:507–524

Fahad S, Wang J (2018) Farmers’ risk perception, vulnerability, and ad-
aptation to climate change in rural Pakistan. Land Use Policy 79:
301–309

Glantz MH, Gomes R, Ramasamy S (2009) Coping with a changing
climate:considerations for adaptation and mitigation in agriculture.
FAO, Rome

Habtemariam LT, Gandorfer M, Kassa GA, Heissenhuber A (2016)
Factors influencing smallholder farmers’ climate change percep-
tions: a study from farmers in Ethiopia. Environ Manag 58:343–358

Habtemariama LT, Gandorfer M, Kassa GA, Sieber S (2020) Risk expe-
rience and smallholder farmers’ climate change adaptation decision.
Clim Dev 12:385-393

Hitayezu P, Wale E, Ortmann G (2017) Assessing farmers’ perceptions
about climate change: a double-hurdle approach. Clim Risk Manag
17:123–138

Hosmer DW, Lemeshow S (2000) Applied logistic regression, 2nd edn.
Wiley, New York

Hou XY, Han Y, Li FY (2012) The perception and adaptation of herds-
men to climate change and climate variability in the desert steppe
region of northern China. Rangel J 34:349–357

Hu Q, Pan FF, Pan XB, Zhang D, Li Q, Pan Z, Wei Y (2015) Spatial
analysis of climate change in Inner Mongolia during 1961-2012,
China. Appl Geogr 60:254–260

IPCC (2014) Climate change 2014: impacts, adaptation, and vulnerabil-
ity. In: Part a: global and Sectoral aspects. Contribution of Working
Group II to the Fifth Assessment Report of the Intergovernmental
Panel on Climate Change, Cambridge

Jin JJ, Wang XM, Gao YW (2015) Gender differences in farmers' re-
sponses to climate change adaptation in Yongqiao District, China.
Sci Total Environ 538:942–948

Jin J,WangW, He R, Gong H (2017): Pesticide Use and Risk Perceptions
among Small-Scale Farmers in Anqiu County, China. Int J Environ
Res. Public Health 14:29-39

Jin J, He R, Gong H, Wang W (2018) Role of risk preferences in
explaining the public’s willingness to pay for marine turtle conser-
vation in China. Ocean Coast Manag 160:52–57

Kabir MJ, Alauddin M, Crimp S (2017) Farm-level adaptation to climate
change in Western Bangladesh: an analysis of adaptation dynamics,
profitability and risks. Land Use Policy 64:212–224

Khan M, Damalas CA (2015) Farmers' willingness to pay for less health
risks by pesticide use: a case study from the cotton belt of Punjab,
Pakistan. Sci Total Environ 530:297–303

Khanal U, Wilson C (2019) Derivation of a climate change adaptation
index and assessing determinants and barriers to adaptation among
farming households in Nepal. Environ Sci Pol 101:156–165

Kibue GW, Liu X, Zheng J, zhangX, Pan G, Li L, Han X (2016) Farmers'
perceptions of climate variability and factors influencing adaptation:
evidence from Anhui and Jiangsu, China. Environ Manag 57:976–
986

Kuruppu N, Liverman D (2011) Mental preparation for climate adapta-
tion: the role of cognition and culture in enhancing adaptive capacity
of water management in Kiribati. Glob Environ Change-Human
Policy Dimens 21:657–669

LaneD,Murdock E, GenskowK et al (2019) Climate change and dairy in
New York and Wisconsin: risk perceptions, vulnerability, and adap-
tation among farmers and advisors. Sustainability 11:3599-3623

Li C, Tang Y, Luo H, di B, Zhang L (2013) Local farmers’ perceptions of
climate change and local adaptive strategies: a case study from the
middle Yarlung Zangbo River Valley, Tibet, China. Environ Manag
52:894–906

Mase AS, Gramig BM, Prokopy LS (2017) Climate change beliefs, risk
perceptions, and adaptation behavior among Midwestern U.S. crop
farmers. Clim Risk Manag 15:8–17

Mulenga BP, Wineman A, Sitko NJ (2017) Climate trends and farmers’
perceptions of climate change in Zambia. Environ Manag 59:291–
306

Nelson GC, Rosegrant MW, Koo J et al (2009) Climate change: impact
on agriculture and costs of adaptation, 21. Intl Food Policy Res Inst,
Washington

Ochieng J, Kirimi L, Mathenge M (2016) Effects of climate variability
and change on agricultural production: the case of small scale
farmers in Kenya. NJAS-Wagen J Life Sci 77:71–78

Shi X, Sun L, Chen X et al (2019) Farmers’ perceived efficacy of adaptive
behaviors to climate change in the Loess Plateau, China. Sci Total
Environ 697:134217-134226

26493Environ Sci Pollut Res  (2020) 27:26484–26494



Song CX, Liu RF, Oxley L et al (2019) Do farmers care about climate
change? Evidence from five major grain producing areas of China. J
Integr Agric 18:1402–1414

Tripathi A, Mishra AK (2017) Knowledge and passive adaptation to
climate change: an example from Indian farmers. Clim Risk
Manag 16:195–207

Wang YJ, Chen XH (2015) Understanding farmers’ perceptions and risk
responses to climate change in China. Front Eng Manag 2:201–210

Wang W, Jin J, He R et al (2018) Farmers’ willingness to pay for health
risk reductions of pesticide use in China: a contingent valuation
study. Int J Environ Res Public Health 15:625-635

Whitmarsh L (2011) Scepticism and uncertainty about climate change:
dimensions, determinants and change over time. Glob Environ
Change-Human Policy Dimens 21:690–700

Woods BA, Nielsen HO, Pedersen AB, Kristofersson D (2017) Farmers'
perceptions of climate change and their likely responses in Danish
agriculture. Land Use Policy 65:109–120

Zhai SY, Song GX, Qin YC et al (2018) Climate change and Chinese
farmers: perceptions and determinants of adaptive strategies. J Integr
Agric 17:949–963

Zhong Z, Hu Y, Jiang L (2019) Impact of climate change on agricultural
total factor productivity based on spatial panel data model: evidence
from China. Sustainability 11:1516-1533

Zhu GF, Qin DH, Ren JW et al (2018) Assessment of perception and
adaptation to climate-related glacier changes in the arid Rivers
Basin in northwestern China. Theor Appl Climatol 133:243–252

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

26494 Environ Sci Pollut Res  (2020) 27:26484–26494


	Farmers’ perceptions of climate change and adaptation behavior in Wushen Banner, China
	Abstract
	Introduction
	Materials and methods
	Study area
	Survey design and data collection
	Data analysis

	Results
	Basic socioeconomic characteristics of the sample
	Farmers’ perceptions of climate change and adaptation
	Farmers’ perceptions of climate change
	Farmers’ perceptions of climate change adaptation
	Farmers’ expectations of climate change and obstacles to adapting

	Farmers’ actual adaptation measures
	Factors influencing farmers’ adoption of adaptation measures

	Discussion
	Conclusions
	References


