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Abstract
Purpose – Degradable mulch film (DMF) is a potential alternate to polyethylene (PE) mulching. In this
regard, the purpose of this paper is to explore the effects and paths of natural disaster shock and risk aversion
influencing farmers’DMF adoption.

Design/methodology/approach – This research is conducted by collecting cross-sectional data of corn
farmers in Zhangye, China. First, by using the Tobit model, the paper attempts to explore the effects of natural
disaster shock and risk aversion influencing farmers’DMF adoption. Second, IV-Tobit model is applied to deal with
endogenous problems between risk aversion and DMF adoption. Additionally, the researchers used a moderating
model to analyze feasible paths of natural disaster shock and risk aversion impacting farmers’DMF adoption.

Findings – The outcomes show that natural disaster shock and risk aversion significantly and positively
affect farmers’ DMF adoption. Though risk aversion plays a significant moderating effect in influencing
farmers’ DMF adoption by natural disaster shock, the moderating effect has a serious disguising effect. By
considering the heterogeneity of risk aversion, the paper further confirms that if the intensity of natural
disaster shock is increased by one unit, the intensity of MDF adoption by farmers with high-risk aversion also
tends to increase by 15.85%.
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Originality/value – This study is the pioneer one, which is evaluating the intensity of farmers’ DMF
adoption from adoption ratio, investment amount, labor input and adoption time. Additionally, the research
provides important guidelines for policymakers to motivate medium and low-risk aversion farmers to adopt
DMF.

Keywords Risk aversion, Corn farmers, DMF adoption, Hydro-meteorological diaster

Paper type Research paper

1. Introduction
Over the past three decades, climate change caused by greenhouse gases triggered the
frequency and severity of natural disasters, i.e. hydro-meteorological and climatic disasters
(Serrano-Ruíz et al., 2020). The natural disasters, in turn, damage the agricultural sectors of
many developing countries and putting them at risk of growing food insecurity around the
world (Tilman et al., 2011). Extreme weather conditions such as low temperature, drought
and floods have generally increased food crisis, especially in some developing countries
having the weak potential to resist the natural disaster shock (Abd-Elmabod et al., 2020;
Maponya and Mpandeli, 2012). According to the recent report of the Food and Agriculture
Organization (FAO, WHO, IFAD, WFP and UNICEF, 2020), it is documented that
approximately 690 million people around the world are facing hunger. The main reason
behind such shortfall of food is climate change that affects rainfall patterns and ultimately
agricultural production, leading to higher food prices and food insecurity (Theurl et al.,
2020). So there is an urgent need to take prompt actions to combat such uncertain
circumstances faced by people in developing countries by improving farmers’ resistance and
adaptability to natural disaster shock and boosting agricultural output sustainably.

To prevent and mitigate the adverse effects of disasters on agricultural productivity,
polyethylene (PE) mulching played a vital and significant role in enhancing agricultural
productivity (Li et al., 2018; Wang et al., 2009). However, the PEmulching has a highly stable
molecular structure, high tensile strength and customizability, which is easy to be finely
broken but is challenging to conserve the natural environment (Borrowman et al., 2020;
Sintim and Flury, 2017). Residual mulch lowers the permeability of soil-water, declines the
levels of soil microbial activities and soil fertility and also degenerates the soil structure and
quality (Shogren, 2000; Chen et al., 2019). Additionally, in developing countries, farmers’
awareness regarding environmental protection is minimum, the labor cost of mulch film
recycling is also relatively high and the industry chain of mulch film recycling has not yet
been established (Immirzi et al., 2009). Therefore, these factors accelerate the PE mulching
pollution, which, in turn, threatens food security and put adverse effects on the ecological
environment, especially in deprived areas heavily reliant on agriculture (Yin et al., 2019).

Contrary to the PE, a mixture of degradable masterbatch and plastic particle
masterbatch, i.e. degradable mulch film (DMF), is a promising alternate that has the
potential to not only overcome undesired environmental effects but also lead to augment
crop yield (Qian et al., 2018). So DMF is emerged as a potential alternate to PE mulching
both technically and agronomically (Mario, 2017). In the existing literature, numerous
researchers focused on biodegradable mulch and photodegradable mulch films (Zhang et al.,
2020). Among them, the biodegradable mulch film is considered as most important based on
its division into corn starch-based biodegradable mulch film and potato starch-based
biodegradable mulch film. Biodegradation is mainly achieved by the effect of
microorganisms in nature on the DMF (Sintim and Flury, 2017). On the other hand, the
photodegradable mulch film is produced by mixing photodegradable particles and plastic
particles. The DMF is broken by light irradiation and turns into organic matter, carbon
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dioxide and dust, thereby degrading the mulch film (Kyrikou and Briassoulis, 2007). Thus,
the degradation rate of DMF is greatly affected by environmental factors such as
temperature, light and humidity (Tang andMa, 2018).

Moreover, existing research studies mainly used a comparative experimental method to
analyze the effects of DMF on heat preservation, drought resistance and moisture
preservation as compared with PE mulching. Moreno and Moreno (2008) used tomato
growers’ data in Brazilian and described that although the biodegradable mulch film
degrades fast, this degradation mainly occurs in the later stage of crop growth without
affecting yield and quality of the crop. Touchaleaume et al. (2016) in southern France found
by investigating corn farmers that DMF is sufficient to ensure the heat demand required for
the growth of crops. Besides, other scholars also evaluated the eco-environmental effects of
DMF. They believed that it could conserve the moisture of soil, maintain solute transport,
improve the water resource utilization efficiency, reduce pesticide residues and, in turn,
maintain food safety (Ming and Chen, 2020; Deng et al., 2019).

Despite the advantageous effects of DMF, still, farmers in developing countries prefer to
adopt PE mulching and their enthusiasm for DMF is considerably low (Shen et al., 2019). In
this regard, no published article is available in the present literature that has focused on
exploring the mechanism of possible factors influencing the farmers’ DMF adoption.
Farmers’ DMF adoption belongs to green production behavior/technology, which results
from the combined effect of internal and external factors. From the perspective of external
factors, DMF can reduce natural disaster shock and increase crop yields (Ming and Chen,
2020). From the standpoint of internal factors, the reason for adopting DMF by farmers may
be to avoid natural disaster shock and environmental damage such as soil pollution caused
by the PE mulching, which indirectly manages or controls crop production risks (Maponya
andMpandeli, 2012).

So based on the above discussion, this paper attempts to make the following significant
contributions to the existing literature. First, this study is the pioneer one which is
evaluating the intensity of farmers’ DMF adoption from perspectives of adoption ratio,
investment amount, labor input and adoption time. Second, natural disaster shock and risk
aversion are incorporated into the unified analysis framework of farmers’ DMF adoption
and the effects and path of natural disaster shock and risk aversion are also discussed.
Third, the IV-Tobit model is adopted to deal with the possible endogenous issue between
risk aversion and farmers’ DMF adoption. Finally, based on the empirical findings, different
countermeasures are proposed to promote farmers’ DMF adoption, generally in the context
of developing countries and particularly in the context of China.

The remaining part of the paper is structured as follows: Section 2 encompasses the
theoretical background. Section 3 covers the empirical analysis. Then, empirical results are
presented in Section 4. Based on the empirical findings, the conclusion and policy
recommendations are narrated in Section 5.

2. Theoretical background
2.1 Natural disaster shock and farmers’ green technology adoption
A rich body of literature concerning the impacts of natural disaster shock has shown that it
undergoes a transformation from natural phenomena to social risks emphasizing the
economic loss due to natural disasters (Wei and Liu, 2020). The previous research
evidenced that natural disasters such as drought, floods and locusts raging have reduced
the grain output by 27.15% each year in East Africa developing countries (Thornton et al.,
2010). Hence, the consensus is that natural disaster shocks are a major culprit exacerbating
the agricultural vulnerability in developing countries (Jones and THornton, 2003).
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Nevertheless, there is considerable controversy regarding the relationship between natural
disaster shocks and farmers’ adoption of green technology.

Some scholars believe that natural disaster shock exerts a “restriction” effect on farmers’
green technology adoption (Guo et al., 2017; Cole et al., 2013). Specifically, natural disasters
are prone to have devastating effects on agricultural production and capital stock
(Binswanger and Sillers, 1983). Although farmers can actively take part in planting those
crops that are adaptable to the seasons’ fluctuations to reduce losses as the fixed investment
in the early production is challenging to recover, which may exert a financial burden and
lead to vulnerability of the whole family (Yang et al., 2016). For smooth household
consumption and sustainably maintaining family livelihoods, some farmers seek non-
agricultural employment such as migrant work or business to compensate for the losses
caused by natural disasters (Adeagbo et al., 2016). Therefore, natural disaster shock is the
principal factor inhibiting farmers from adopting green technologies owning to reduced
income and labor transfer.

However, other scholars hold that natural disaster shock has an “inducing” effect on
farmers’ green technology adoption (Kide, 2014; Idrisa, 2012). Farmers in developing
countries have strong industrial dependence. This dependence arises from experience,
psychological confidence and difficulties in choosing other industries (Kuhl, 2020).
Traditional small-scale farmers are not willing to adapt to modern sustainable agricultural
development, so they are unable to resist natural disaster risks. In this vein, the agricultural
transformation and upgrading based on the adoption of green agricultural technology have
become a universal demand for farming operators (Idrisa, 2012) and farmers suffering from
natural disaster shock are willing to replace traditional planting techniques with green
agrarian techniques.

2.2 Natural disaster shock, risk aversion and farmers’ degradable mulch film adoption
The possible reason for the above dispute is that they ignored the heterogeneity of farmers’
risk aversion. Specifically, Haile et al. (2020) considered that small farmers with a strong
sense of risk aversion are more inclined to manage climate risks. As the intensity of natural
disaster risk increases, farmers with high-risk aversion tend to allocate the family income
and labor resources, enhance agricultural investment and family labor and adopt DMF to
alleviate low temperatures or drought risk damage. Farmers with medium-risk aversion are
more inclined to engage in part-time agriculture and spend free time outside of agricultural
production for engaging in other industries such as business or commerce. These farmers
may support agricultural investment through non-agricultural income, thereby increasing
the DMF adoption. Non-agricultural household income supplementing agricultural
production investment has become the primary mode of smallholder farming in low-income
developing countries (Tessema et al., 2013). Additionally, Qian et al. (2020) addressed that
farmers with low-risk aversion are negatively and significantly related to adaptation
strategies. Low-risk aversion farmers routinely avoid playing their role in agricultural
operations and prefer to switch to non-agricultural industries such as migrant workers or
business operations. Therefore, their enthusiasm for adopting DMF maybe somehow
relatively low. Based on the preceding analysis, we have designed our research to explore
the impact mechanism of natural disaster shock and risk aversion on corn farmers’ DMF
adoption (Figure 1). Also, this research puts forward the following hypotheses:

H1. Natural disaster shock and risk aversion significantly and positively affect the
DMF adoption of corn farmers with high-risk aversion.

Natural
disaster shock

63



H2. Natural disaster shock and risk aversion significantly and positively affect the
DMF adoption of corn farmers with medium-risk aversion.

H3. Natural disaster shock and risk aversion significantly and negatively affect the
DMF adoption of corn farmers with low-risk aversion.

3. Methodology
3.1 Study area
The study area named Zhangye is located in the western part of Gansu province, China. It is
located at 97°20’–102°12’ east longitude and 37°28’ ~ 39°57’ north latitude, with a total area of
39,436.53 square kilometers, accounting for 8.67% of the total area of Gansu Province (Figure 2).
Zhangye governs Ganzhou, Linze, Gaotai, Shandan, Minle and Sunan counties, having climate
types of plain with warm temperate arid climate and mountain area with semi-arid alpine
climate. The main meteorological disasters are drought, sandstorm and dry, frost, etc. Besides,
Zhangye is a profoundly impoverished area in western China. Corn is themain crop and in 2018,
the corn production area was 1.2 million hectares, accounting for 18.29% of the agricultural
sown area. To adapt to natural conditions and ensure the growth of crops, farmers have used
more than 300,000 hectares of mulch film in Zhangye (Wang, 2017).

3.2 Sample selection
The samples and other data were collected from 2nd January to 16th January 2019. The
research team used a stratified random sampling method to gather data from 6 counties of
Zhangye. Three townships from each county, five villages from each town and 15 farmers
from each village are randomly selected for the study purpose. A total of 1,350
questionnaires were distributed in the survey, 120 invalid questionnaires such as blanks and
information omissions were eliminated and 1,230 valid questionnaires were finally used for
analysis. The survey questionnaire’s content includes the corn farmers’ individual, family,
business, environmental and societal characteristics, DMF adoption and social capital in the
year 2018. The research team also collected data from meteorological and agricultural
departments of each county to ensure the types and frequency of natural disasters that
happened in the year, 2018. Also, we used SPSS 22.0 software to further test the sample’s
reliability and validity. The results show that the Cronbach a value is 0.8415 and the Kaiser-
Meyer-Olkin (KMO) value is 0.7221(p< 0.01), indicating that the sample is well represented.

3.3 Dependent variables
The vast majority of research studies divided technology adoption into adoption decision
and adoption intensity. In the research sample, only 34.17% of corn farmers decided to
adopt the DMF. Although adoption decision is a necessary factor in determining farmers’

Figure 1.
Mechanism analysis
and hypothesis

Naural disaster
shock

High-risk aversion

Medium-risk aversion

Low-risk aversion

Corn farmers
DMF adoption

Enhancing investment and labor
H1 +

Supplementing investment

Withdrawing from agriculture
H3

H2 +

Notes: + represents positive influence; — denotes negative influence
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behavior within the framework of planned behavior theory, it inevitably brings about
the problem of sample self-selection (Ntshangase et al., 2018). Therefore, the intensity of
technology adoption has become a more substantial indicator to measure farmers’
agricultural technology adoption. In the existing literature, the measurement of
technology adoption intensity is mainly based on the ratio of adoption area to total
cultivated land area, investment amount, labor input and adoption time (Paltasingh,
2018). Therefore, we adopted exploratory factor analysis to comprehensively measure
the intensity of farmers’ DMF adoption from adoption ratio, investment amount, labor
input and adoption time.

We extracted the common factors according to the fundamental principle, i.e. feature
value is greater than 1. The results show that the feature value of the common factor is
3.2720, the variance contribution rate is 83.26%, the Cronbach’s a value is 0.8112, the KMO
value is 0.7021, the approximate chi-square value is 125.206 and the probability value is
0.000. Consequently, the indexes show excellent reliability and validity. Given some
negative values of the factor analysis result, to make the result more intuitive, the factor
value of the sample is converted into an index of 1–100 by following Bian and Li (2000). The
conversion formula is as follow:

Factorafterconversion ¼ Factorbeforeconversion þ B
� �

A

A ¼ 99= Factormax � FactorMinimumð Þ
B ¼ Factormax � FactorMinimumð Þ=99� �� �� FactorMinimum

(1)

Figure 2.
Map of the study area
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Factorafterconversion, Factorbeforeconversion, Factormax and FactorMinimum represent the factor
value of each sample after and before conversion, the maximum and minimum values of
factors in all samples before conversion, respectively. The descriptive analysis of farmers’
DMF adoption intensity is shown in Table 1.

3.4 Explanatory variables
Drawing the weighted assignment method by Wei and Liu (2020), this study measured the
intensity of natural disaster shock. The question in the questionnaire is, “In the past three
years, which type of natural disasters have you suffered from? 1 = drought, 2 = cryogenic
freezing, 3 = flooding and 4= insect pests and diseases.” This is a multiple-choice
question. In the sample, according to the occurrence ratio, the occurrence order natural
disasters is: drought (62.17%) > cryogenic freezing (55.25%) > insect pests and diseases
(30.12%) > flooding (27.29%). Then, the four disasters are converted into a discrete binary
variable: “choice = 1, no choose = 0” and assigned a weight to each of the natural disasters
according to their proportion. Finally, the intensity of natural disaster shock can be achieved
by accumulating the weight assignment results of each natural disaster. The calculation
formula is as follows:

Disaster ¼
Xk

i

wi � Indicatori=
Xk
i

wi; i ¼ 1; � � � ; k (2)

where Indicatori denotes the ist indicator (drought, cryogenic freezing, insect pests and
diseases, flooding).wi represents indicator weight (the ratio of natural disaster occurrence).

In this study, we adopted the special scenario method proposed by Nakano and Magezi
(2020) to judge the degree of risk aversion by asking farmers about the decision to grow corn
under different expected price risks in the market. The question in the questionnaire is,
“which of the following situations will you decide to grow? 1 = At 0.15–0.55 USD/kg, the
average price is 0.35 USD/kg; 2 = At 0.20–0.50 USD/kg, the average price is 0.35 USD/kg;
3 = At 0.25–0.45 USD/kg, the average price is 0.35 USD/kg; 4 = At 0.30–0.40 USD/kg, the
average price is 0.35 USD/kg; 5 = The price is 0.35 USD/kg set by the government.” If the
farmer chooses 1, the farmer has the lowest risk aversion; if he or she chooses 5, the farmer
has the highest risk aversion. Additionally, according to expected price risks, we divide risk
aversion into low-risk aversion (expected price is 1 and 2), medium-risk aversion (expected

Table 1.
Descriptive analysis
of farmers’ DMF
adoption intensity

Index Implication Maximum Minimum Mean

The intensity of farmers’
DMF adoption

The score of exploratory factor
analysis (before conversion)

�1.3014 1.2985 0

The score of exploratory factor
analysis (after conversion)

100 1 37

Adoption ratio The ratio of farmer’s DMF adoption
area to family cultivated land area (0–1)

0 1 0.3125

Investment amount Cost of purchasing DMF (US$) 64.1225 291.2082 178.5712

Labor input Labor required for laying DMF (people) 2 9 4.2625

Adoption time The time required for laying DMF(day) 3 11.5 6.1725

Note: Labor includes family labor and hired labor
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price is 3) and high-risk aversion (expected price is 4 and 5). The descriptive analysis of
explanatory variables is given in Table 2.

3.5 Control variables
To avoid problems of endogeneity, heteroscedasticity and autocorrelation, the control
variables such as gender, age and education of household’s head, environmental awareness,
net family income, price gay between DMF and PE, social network, farmland location and
technology training are incorporated in the model.

From Table 3, it is found that male households head account for 72.19% of the sample
and are still acting as the primary decision-makers in the family. About 73.85% of
household heads are from age above 40 years, with an average of 57.18 and 71.45% of

Table 3.
Summary statistics
of the sampled corn

farmers

Variables Definition (%) Mean SD

Gender Male = 1 72.19 0.72 0.25
Female = 0 27.81

Age 18–40 years 26.15 57.18 8.20
41–60 years 40.35
61þ years 33.50

Education 0–6 year (primary school) 36.28 7.19 1.72
7–9 (middle school) 35.17
10–12 (high school) 20.25
12þ (university) 8.3

Family net income <1000 US$ 28.30 1785.20 65.25
1001–2000 40.15
2000–3000 22.10
>3000 9.45

Social network
No. of homogeneous relationship (blood, kinship and
geographic relationship people) 76.25 7.19 2.54
No. of heterogeneous relationship (technical extension
staff and market sales staff, etc.) 23.75 1.35 0.46

Farmland location Flat area = 1 64.30 0.64 0.17
Sloping area = 0 35.70

Environmental
awareness

DMF can improve the ecological environment
(1 = strongly disagree–5 = strongly agree 2.65 0.89

Technology training No. of training about DMF in 2018 3.15 0.96

Price gay Price gay (US$) between DMF and PE/kg 1.16 0.25

Table 2.
Summary statistics

of explanatory
variables

Index Implication Maximum Minimum Mean

Natural disaster shock Weighted assignment 0.9102 0.2025 0.6805
Drought Choice = 1, no choose = 0 1 0 0.6217
Cryogenic freezing Choice = 1, no choose = 0 1 0 0.5525
Flooding Choice = 1, no choose = 0 1 0 0.2729
Insect pests and diseases Choice = 1, no choose = 0 1 0 0.3012
Risk aversion Expected price risks (1–5) 5 1 0.3701
Low-risk aversion Expected price risks (1–2) 2 1 1.6025
Medium-risk aversion Expected price risks (3) 3 3 3.0000
High-risk aversion Expected price risks (4–5) 5 4 4.4016

Natural
disaster shock

67



household heads have received education less than nine years i.e. primary andmiddle school
level, with an average of 7.19 years.

In the context of net income, about 70% of households have net income below 2,000 USD,
with an average of 1,785.20 USD and is regarded as low-income areas in China.
Approximately 76.25% of households’ social network is homogenous based on blood,
kinship and geography. Farmers have fewer exchanges with heterogeneous social personnel
such as personnel of agricultural extension and market sales, which also has proven that
poor areas in rural society are a typical acquaintance society. Additionally, 64.30% of the
cultivated land is flat land and the proportion of slope land is only 35.70%, providing
favorable conditions for corn planting in arid and semi-arid areas.

3.6 Empirical analysis
3.6.1 Tobit and IV-Tobit model. The typical characteristic of Tobit model is that the selection
equation model can express the constraints, which supports certain continuous variables under
the constraints (Wooldridge, 2006). Thus, the Tobit model is mainly applied to analyze
restricted continuous data where the range of the dependent variable is partially or all limited.
By following the study of Paltasingh (2018), who also used the Tobit regression model to
analyze adoption intensity, we examine the effects of natural disaster shock and risk aversion
on corn farmers’ DMF adoption. The model assumes that the observed dependent variable (the
intensity of DMF adoption)Yj for observations j= 1,. . .n satisfies:

Yj ¼ max Y�
j ; 0

� �
(3)

WhereY�
j is a latent variable generated by the classical linear regressionmodel:

Y�
j ¼ b 0Xj þ Uj; Yj¼

Yj
� if Yj

� > 0

0 if Yj
�# 0

(
(4)

Where Xj is a vector of regressors, b 0 is the corresponding vector of parameters and Uj is
assumed to be independent normally distributed:Uj�N(0, s 2).

The empirical latent variable model to analyze the effects of natural disaster shock and
risk aversion on corn farmers’DMF adoption is specified as follows:

Y�
j ¼ b 0 þ b 1X1j þ � � � b nXnj þ « j (5)

Where Xnj represents the explanatory and control variables in this paper, « j denotes the
random error term. Besides, there may be a mutual causality between risk aversion and
farmers’ DMF adoption. Farmers with a higher risk-aversion may tend to adopt DMF.
Moreover, Frankel and Romer (1999) believed that geographic factors are the ideal factors to
be taken as instrumental variables. Therefore, “the closest distance between cultivated land
and water source” is selected as an instrumental variable. Thus, we use the IV-Tobit model
for model estimation to eliminate the estimation bias caused by possible endogenous
problems.

3.6.2 Moderating effect model. To explore the path of natural disaster shock and risk
aversion influencing corn farmers’ DMF adoption, we further verify the moderating effect of
risk aversion influencing corn farmers’ DMF adoption by natural disaster. Following Wen
et al. (2005), a group regression and Tobit models are used to test the moderating effects of
risk aversion.
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4. Results and discussion
4.1 Evaluation of models fitting effect
We use the hierarchical regression method to estimate the Tobit model (Model 1,
Model 2 and Model 3). From Table 4, the values of the LR x 2 test are 135.25, 135.03 and
135.70, as well as p values, which are all 0.000. Specifically, compared to Model 1 and
Model 2, when natural disaster shock and risk aversion are added into the Tobit model
simultaneously, the value of LR x 2 turned larger and the explanatory variables’
marginal effects (MEs) turned less, indicating the fitting effect of Model 3 is better.
Besides, if the natural disaster shock or risk aversion is omitted, the estimated result of
the model may be overestimated.

Furthermore, taking into account the endogeneity of risk aversion, IV-Tobit is used and
found that the MEs of natural disaster shock and risk aversion are further reduced.
Therefore, correlation and endogeneity are performed to determine whether there is an
instrumental variable. First, according to the correlation test rule (Xu et al., 2018), risk
aversion is taken as the explained variable and the closest distance between cultivated land
and water source as the explanatory variable to perform the first-stage Tobit regression,
obtaining the fitted value of the endogenous variable. The result in Model 4 shows that the
F-test value is 13.2405 (P= 0.0000), indicating that the endogenous variables (risk aversion)
and instrumental variables are highly correlated. Second, the fitted value of the endogenous
variable is used as an explanatory variable for IV-Tobit regression and Model 4 reports the
regression results of the second stage. The results show that Wald x 2 test value is 147.29
(P= 0.0000), DWH test value is 8.2503 (P= 0.0000), supporting the rejection of the null
hypothesis, i.e. risk aversion is an exogenous variable. Therefore, Models 1–3 equations
have serious endogenous problems and the Tobit model regression estimation leads to
biased results in this case.

Table 4.
Influencing effects of

natural disasters
shock and risk

aversion

Variables Tobit (Model 1) Tobit (Model 2) Tobit (Model 3) IV-Tobit (Model 4)

Natural disaster shock 0.1725** (0.0814) 0.1402** (0.0704) 0.1385** (0.0621)
Risk aversion 0.2812*** (0.0862) 0.2618*** (0.0902) 0.2006*** (0.0666)
Gender 0.0904* (0.0502) 0.0726* (0.0403) 0.0604* (0.0323) 0.0665* (0.0357)
Age �0.1002*** (0.0335) �0.0802*** (0.0211) �0.0962*** (0.0283) �0.0902*** (0.0251)
Education 0.1329 (0.0914) 0.1244 (0.0778) 0.1201 (0.0741) 0.1190 (0.0799)
Family net income 0.0105** (0.0477) 0.0104** (0.0495) 0.0105** (0.0482) 0.0105** (0.0460)
Social network 0.0606*** (0.1650) 0.0502*** (0.0132) 0.0485*** (0.0134) 0.0506*** (0.0177)
Farmland location 0.1820*** (0.0430) 0.1841*** (0.0484) 0.1720*** (0.0457) 0.1712*** (0.0502)
Environmental
awareness 0.0436 (0.0335) 0.0391 (0.0283) 0.0496 (0.0330) 0.0401 (0.0282)
Technology training 0.0529 (0.0348) 0.0625 (0.0429) 0.0735 (0.0495) 0.0622 (0.0403)
Price gay 0.1104*** (0.0312) 0.0902*** (0.0249) 0.1046*** (0.0288) 0.1062*** (0.0331)

LR x 2 test 135.25*** 135.03*** 135.70***
Wald x 2 test 147.29***
Prob> F 0.0000 0.0000 0.0000 0.0000
The first stage model
(F test) 13.2045***
DWH test 8.2503***
Sample 1230 1230 1230 1230

Notes: The ME reported in the table. Robust standard errors (SE) in parentheses. ***p < 0.01, **p < 0.05,
*p< 0.1
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4.2 Influencing effects of natural disaster shock and risk aversion
According to Model 4, natural disaster shock shows significant results with positive impact
(ME = 0.1385, SE = 0.0621) and infers that if the intensity of natural disaster shock is
increased by one unit, the intensity of farmers’ DMF adoption will increase by 13.85%.
Drought and cryogenic freezing are the main meteorological disasters in the sample area,
which are still the main reasons behind farmers’ DMF adoption. Compared with PE
mulching, our research also confirms the applicability and advantages of DMF through
farmers’ behavior response toward natural disaster shock (Borrowman et al., 2020). Our
results are in alignment with the results of Deng (2019) and Kide (2014), who also proved
that natural disaster shock has an “inducing” effect on farmers’ green technology adoption.
Of course, what further requires is that we believe that there are two possibilities of the
inducing effect: subjective acceptance and passive adaptation. In the context of natural
disaster shock, farmer’s experience has provided sufficient technical expertise for DMF
adoption such as the depth of soil cover, the time of DMF adoption and the amount of water
and fertilizer (Li et al., 2020). Besides, psychological confidence plays an important role for
farmers in adopting new technologies (Torske et al., 2016). By agricultural infrastructural
reforms such as drip irrigation and artificial hail prevention, it is apparent that new
technologies can reduce the risks of lower yield caused by conventional natural disasters.
Therefore, natural disaster shock may stimulate corn farmers to adopt DMF actively. On the
other side, there is a vocational skill bottleneck in the job transition of farmers in poor areas.
Low-skilled occupations cannot guarantee family income stability and registration system
barriers for farmers entering into urban make it difficult for them to integrate into the city
sustainability (Peou, 2016). Therefore, some farmers are willing to adopt DMF to reduce the
damage of natural disasters shock and increase agricultural production income.

In the context of risk aversion, it is positively and significantly influencing farmers’ DMF
adoption (ME = 0.2006, SE = 0.0666), denoting that if the degree of risk aversion increases
by one unit, the intensity of farmers’ DMF adoption increases by 20.06%. Risk aversion is
mainly manifested in farmers’ risk attitude, which is a state of faith, opinion or tendency
that can be selected based on a certain type of fact or conditions (Elwell, 2009). Our findings
are in alignment with the outcome of De Brauw and Eozenou (2014). They stated that
farmers in developing countries are generally taking risk aversions seriously and they are
willing to switch to adaptive measures to combat risks. Some farmers spare no effort to
avoid risks and adopt DMF has proven their deviation from the profit maximization goal to
agricultural production behavior (Liu and Huang, 2013). In terms of promoting corn yield,
DMF and PE have similar effects and in most studies, there were found no significant
differences in crop yields (Ghimire et al., 2018). The farmers who adopt DMF are more
concerned about the risk of soil pollution caused by PE mulch film residues and then adopt
the DMF with higher market prices to avoid the “vicious circle” of environmental pollution
and corn production (Yin et al., 2019). However, it needs to be soberly observed that the
existing research conclusions do not seem to explain well that some farmers in poor areas
have given up traditional agricultural production or have not adopted new agricultural
production technologies, but instead are engaged in migrant labor, commodity trade or
tourism to achieve livelihood transformation. To explain possible internal mechanisms, our
research in 4.3 further analyzed the path of natural disaster shock influencing corn farmers’
DMF adoption by giving full consideration to the heterogeneity of risk aversion.

Furthermore, we also find that some vital control variables significantly influence
farmers’ adoption of DMF. If the head of the household is male, the adoption of DMF
increases by 6.65%, just as Ernah and Waibel (2016) concluded that male-headed
households are more likely to adopt agricultural technologies. In the context of age, if the
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age of households’ head is increased by one year, it is expected that the intensity of farmers’
DMF adoption decrease by 9.02% that entails that the older the head of the household is, the
more conservative the ideology and lower willingness to adopt new technologies as found in
the study of Ma and Abdulai (2019). Our research also confirms that price gay is a driving
factor in farmers’ production-consumption decisions and is parallel to the study of Silva
et al. (2020). Compared with PE mulch, the price of DMF is generally higher and farmers
with more net family income are more likely to adopt DMF. Therefore, if the price of gay
expands by one dollar, the intensity of farmers’ DMF adoption will increase by 10.62% and
if household net income increases by one dollar, the intensity of farmers’ DMF adoption will
also increase by 1.05%. Consistent with Liverpool-Tasie and Parkhi (2020), it is believed that
social network plays a crucial role in the farmers’ technology adoption. If the social network
increases by one person, farmers’ DMF adoption will increase by 5.06%. Besides, compared
with sloping land, the farmers’ DMF adoption in plain areas will increase by 17.12%.
Although the sloping land may have lower temperatures and greater water evaporation, it
does not have the topographical advantages of DMF adoption.

4.3 Influencing path of natural disaster shock and risk aversion
To explore the path of natural disaster shock and risk aversion influencing corn farmers’
DMF adoption, we further verify the mediating effect between natural disaster shock and
farmers’ DMF adoption by considering the heterogeneity of risk aversion. Table 5 shows the
influencing path of natural disaster shock and risk aversion via the Tobit model and group
regression. According to Model 5–7, the values of the LR x 2 test are 76.28, 60.16 and 67.25 at
the 1% significance level, respectively. Consequently, Model 5–7 has an excellent fitting
effect. Besides, to better explain the model estimation results between different groups of
risk aversion, we plotted the relationship between the degree of risk aversion and the ratio of
non-agricultural income (Figure 3). It is found that if the degree of risk aversion is higher, the
ratio of non-agricultural income is lower and the intensity of farmers’ DMF adoption may be
greater. However, if the degree of risk aversion is lower, the non-agricultural income of
farmers is higher and they may concentrate on non-agricultural work.

Figure 3.
Relationship between

the degree of risk
aversion and the ratio

of non-agricultural
income
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From Model 5, natural disaster shock positively influences the high-risk aversion farmers’
DMF adoption, denoting that if the intensity of natural disaster shock increases by one unit,
the intensity of high-risk aversion farmers’ DMF adoption will increase by 15.85% and
hypothesis H1 is confirmed. Likewise, the research of Petrolia et al.(2013) evidence the same
and stated that although farmers in deprived areas have a shortage in resisting natural risks
they are not still at loss and keep a strong desire to adopt innovative agricultural
technologies. From the perspective of risk management, farmers can reduce risk damage
through risk response measures before behavioral decisions and implement risk prevention
and control strategies at the lowest cost (Chhun et al., 2020; Deh-Haghi et al., 2020). Farmers
with high-risk aversion tend to consider the marginal and expected utility of DMF adoption,
make full use of the optimal effects of DMF such as soil pollution control, nutrients
conservation and soil erosion prevention that PE mulching does not have, and then allocate
the remaining family funds and labor to enhance DMF adoption. Pan et al. (2018) in their
study also considered that some farmers even make short-term loaning decisions to
continuously increase the intensity of green agricultural technology adoption.

However, the H2 hypothesis is falsified as natural disaster shock has not shown a
positive and significant impact on medium and low-risk aversion farmers’ DMF adoption.
However,H3 is confirmed. Cost-benefit estimation is the key to explore whether farmers can
adopt green agricultural technology and the cost-benefit also determines the degree of
farmers’ participation in environmental governance (Prem et al., 2010). As far as medium-
risk aversion farmers are concerned, they are in a state of hesitation in adopting DMF
because they are engaged in non-agricultural occupations such as migrant workers or
commerce in the idle season, while in spring and autumn when agricultural production is on
the peak, they keep on engaged themselves in corn production. Zhao (2014) states that it
precisely owns to the instability of non-agricultural jobs, the reality of poor working
conditions and the mentality of farmers inclined to stable food guarantees and the best
choice for medium-risk aversion farmers is non-agricultural concurrent employment.
However, due to the low chain of corn planting industry and the income earned from part-
time work is relatively higher than corn planting (Todaro, 1969), farmers pay insufficient
attention to the environmental pollution that PE mulch may bring and generally express the
preference for lower-priced PEmulch instead of DMF.

If farmers have a low degree of risk aversion, they usually adopt a comprehensive
evaluation of the cost of risk damage and the effectiveness of risk aversion and then take
decisions to temporarily leave agricultural production to transfer natural risks (Peou, 2016).
Therefore, for low-risk aversion farmers, they remain silent and let go of the natural disaster
shock and the willingness and intensity of DMF adoption are relatively low. Our research
has further confirmed the findings of Gomez-Zavaglia et al. (2020) and Ioannou et al.(2020)

Table 5.
Influencing path of
natural disaster
shock and risk
aversion

Variables
High-risk aversion

(Model 5)
Medium-risk aversion

(Model 6)
Low-risk aversion

(Model 7)

Natural disaster shock 0.1585** (0.0717) 0.1201 (0.0755) 0.1120 (0.0692)
Control variables Controlled Controlled Controlled
LR x 2 test 76.28*** 60.16*** 67.25***
Prob> F 0.0000 0.0000 0.0000
Sample 568 317 365

Notes: The ME reported in the table. Robust standard errors (SE) in parentheses. ***p < 0.01; **p < 0.05;
*p< 0.1
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and state that with the intensification of global climate change, agricultural production had
suffered more severe damage and a great number of small farmers have abandoned the
cultivated land management and agricultural production, especially in developing countries
and numerous farmers are shifting to cities, which further jeopardizes the sustainable
agricultural development and, in turn, threatening global food security (Table 5).

5. Conclusion and policy implications
Although PE mulching has the advantage of drought resistance, maintaining soil
temperature and moisture preservation, white pollution has further weakened the
quality of cultivated land and restricted the sustainable development of agriculture. In
this vein, DMF is considered as a potential alternate to PE mulching, to diminish the
undesirable environmental and economic drawbacks that occurred by the application of
PE agricultural mulch. Unfortunately, it is apparent that the enthusiasm of farmers for
DMF adoption is not high.

Our research concludes that the intensity of farmers’ DMF adoption is relatively low and
the natural disaster shock and risk aversion show significant results with positive effects. If
the intensity of natural disaster shock and risk aversion is increased by one unit, the
intensity of farmers’ DMF adoption will increase by 13.85% and 20.06%, respectively.
Additionally, risk aversion has shown a positive and significant moderating effect on corn
farmers’ DMF adoption by natural disasters shock. What needs attention is that the
moderating effect had serious disguising effects. Specifically, based on the heterogeneity of
risk aversion, we state that if the intensity of natural disaster shock increases by one unit,
the intensity of high-risk aversion farmers’MDF adoption will increase by 15.85%.

Nevertheless, natural disaster shock does not significantly impact the medium and low-
risk aversion farmers’ DMF adoption. In short, the outcome of our research conclusions
provides essential guidelines for policymakers to stimulate and manage target populations
such as medium and low-risk aversion farmers to improve the intensity of DMF adoption.
Also, we also found that the role of the government and the endogenous forces of farmers
are weak in promoting the adoption of DMF by farmers.

In essence, the policies aiming at promoting farmers’ DMF adoption should include the
following three aspects. First, the government should formulate a price subsidy policy for
DMF based on the price difference between DMF and PE, reducing the additional cost
pressure on farmers’ DMF adoption. Second, the government and cooperative organizations
should conduct demonstrations publically, provide technical guidance and stimulate
farmers, especially low and medium-risk aversion farmers to fully realize the incomparable
advantages of DMF adoption in not only increasing the production but also conserving and
protecting the environment and improving their confidence in resisting natural disaster
shock and enhancing the ability and degree of risk aversion. Finally, the government should
speed up the cultivation of professional farmers, improve the new agricultural management
system, attract more talents to engage in specialized agricultural production and
initially solve the problems of non-farming and low DMF adoption. Additionally, the
agricultural insurance system should be established and improved. The construction of
farmland water conservancy and other infrastructures should be strengthened to enhance
agricultural risk resistance and provide the necessary guarantee for the promotion of DMF
adoption.

Our research also provides important enlightenment for future research: when exploring
the influencing factors or mechanisms of farmers’ green agricultural technology adoption,
the scholars should fully consider the heterogeneity of risk preference and risk aversion,
which is a foundation for putting forward differentiated and incentive policy. Of course, in
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our study, DMF adoption is also affected by natural factors such as light, temperature and
humidity and their degradation speed may not match the crop production cycle. Moreover,
owing to a lack of data, this research did not consider the effects of other socio-economic
factors such as organizational participation and extension of agricultural technology. These
shortcomings provide exciting avenues for future research.
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