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Abstract: To obtain higher yields, farmers may excessively use pesticides when they grow crops
(like rice, vegetables, or fruit), causing moral hazard behavior. This paper examines how Chinese
farmers’ moral hazard behavior in crop production is influenced by their traditional culture.
A semi-parametric logistic model is used to investigate the impact of Chinese traditional culture on
farmers’ moral hazard behavior. The results reveal that Chinese traditional culture has a positive
effect on ameliorating the farmers’ excessive use of pesticides in crop production, which leads to
a moral hazard in agro-product safety. Specifically, when we control for extraneous variables, the
probability of moral hazard decreases by 15% if farmers consider their traditional culture in their
production decisions. Moreover, the probability of moral hazard decreases by 17% if farmers consider
the traditional culture as a powerful restraint regarding the use of pesticides. Our analysis provides
some supportive evidence on the effect of Chinese traditional culture on mitigating farmers’ excessive
use of pesticides.

Keywords: moral hazard; Chinese traditional culture; agro-products quality and safety; semi-parametric
model; crops production

1. Introduction

As important input chemicals in agricultural production, pesticides play an irreplaceable role in
promoting agricultural development, increasing production, and farmers’ incomes [1,2]. However,
pesticides are a toxic chemical substance, and the pollution caused by their excessive use has done
serious damage to human health, ecological safety, and the sustainable development of agriculture [3].
According to the Ministry of Agriculture of China in 2014 [4], for the last five years, China’s pesticide
consumption is approximately 0.31 million tons per year, and the unit area pesticide consumption
is 2.5–5 times higher than the world’s average. Pesticide pollution has become a serious problem,
especially to the agro-product quality and safety. In March 2015, the “pesticide reduction and efficiency
promotion” campaign was undertaken by the Chinese government to reduce the use of pesticides and
improve efficiency.

With people's changing consumption preferences, the demand for safe agro-products is increasing
significantly. However, because of improper behavior concerning farmers’ crop production, such
as disobeying the relevant production standards or excessive use of pesticides and additives,
agro-products safety incidents occur frequently, mainly characterized by excessive pesticide residue.
Given the quality of asymmetric information in the agro-products market, farmers are inclined to use
pesticides excessively for more profits, resulting in a large number of products with inferior quality
in the markets [5,6]. Moral hazard is an economic concept, which states that those who engage in
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economic activities, in order to maximize their own utility, will have inherent incentives to take actions
unfavorable for others. As in the agro-products market, there is a principal-agent relationship between
buyers and farmers, the buyers (such as agricultural enterprises, wholesalers, supermarkets, and the
final consumers) are the principal, while the farmers are the agent. They sign a production contract
(sometimes farmers may use certificates instead of contracts, like organic certificates), the buyers
commission the farmers to produce agro-products with safe quality, and there are strict regulations on
the application of pesticides, including variety, time, and dose. However, as farmers’ behaviors cannot
be monitored during the production period, in order to get greater yields, they may pursue activities
unfavorable to buyers, such as increasing pesticide concentration, adopting banned pesticides, and
using pesticides during the harvest period; with farmers’ behaviors seriously violating the agreement
of the contract, this is thought to be moral hazard behavior (MHB) [7]. Moral hazard hinges crucially
on information asymmetry; therefore, the risk-taking party knows more about his (or her) intentions
than the party paying for the consequences of the risk [8]. Given the quality information asymmetry in
the agro-products market, farmers may excessively use pesticides in the pursuit of higher profits.

Recently, there has been growing interest in studying farmer’s MHB. Many analyses have been
undertaken to uncover the factors affecting farmers’ MHB devoted to crop production. In the literature,
factors affecting farmers’ MHB cover demographic characteristics, such as age, gender, level of
education, risk preference, farmers’ cognition, external environment of agricultural production, and
characteristics of government regulation, among others [7,9–11]. In China, the government plays a
significant role in regulating and supervising farm-level food safety, yet several unsafe food incidents
have been uncovered, leading to examination of the causes of these problems. For example, the Chinese
government has launched several programs aiming to create a favorable environment for safe farming,
including operating quality safety training, providing agricultural technical guidance, and establishing
cooperative organizations. Furthermore, the government enacted a series of strict regulatory measures,
including an “agro-products quality and safety law”, product or place certification, agro-products
quality and safety checks, and an agro-products safety traceability system.

In addition to the factors discussed above, it is still debatable whether the Chinese traditional
culture is also devoted to farmers’ MHB. However, few studies attempt to uncover the relationship
between Chinese traditional culture and farmer’s MHB. To fill this gap, this study aims to analyze how
Chinese traditional culture influences farmers’ MHB. Based on the definition proposed by North [12],
this paper classifies Chinese traditional culture as an informal institution, which is also known as
informal constraints or informal rules, referring to the social rules which gradually formed while
people were in the process of long-term social interaction, and it has been recognized and abided
by the community vulgarly, including value beliefs, social customs, traditional culture, religious
ceremony, moral standards, and so on. Through an investigation in China’s rural areas, our study finds
that Chinese traditional culture might affect farmers’ tendency to conduct MHB in crop production;
therefore, this study chooses a semi-parametric logistic model to study the impact of Chinese traditional
culture on farmers’ MHB. The evidence reveals that Chinese traditional culture has a positive effect
on avoiding the MHB devoted to usage of pesticides. The estimated results imply that, when we
control for extraneous variables, the probability of moral hazard decreases by 15% if farmers consider
their Chinese traditional culture when making crop production decisions. In addition, the probability
of moral hazard decreases by 17% if farmers consider the Chinese traditional culture as a powerful
restraint when using pesticides. Finally, we conduct a sensitivity analysis to compare our model
with the conventional logistic one. The results of logistic estimation demonstrate that the impact of
regulating government’s inspection is less effective than that of advertisement of traditional culture in
the sense of reducing moral hazard. This information contradicts the common economic consensus.

This study aims to fill this gap by providing information about how Chinese cultural prosperity
contributes to the mitigation of farmer’s MHB in crop production. The results also provide useful
information for related agricultural and cultural policy decisions. The rest of this paper is arranged as
follows. The next section summarizes the relevant literature. Section 3 defines the variables. Section 4
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presents the empirical methodology. Section 5 presents the empirical results and related discussion.
The last section concludes the paper and provides important policy implications.

2. Literature Review

The main cause of MHB lies in the difference of benefit between principal and agent; as agents’
behaviors cannot be monitored, the agents may engage in opportunistic activities. MHB seriously
affects the quality and safety of agro-products, and even the physical health of consumers. To find the
influencing factors and mechanism of moral hazard, a large number of studies have been conducted in
different subject fields, such as behavioral, institutional, and information economics. Researchers have
examined farmers’ MHB in the field of agro-products quality and safety, with the following results:

2.1. Discussing What are Moral Hazards Related with Farming

Moral hazards related with farming are defined as the violation of “production orders”, or “hidden
action” in the process of agricultural activities, such as the non-observance of agricultural production
laws, confrontation with the rules of safe farming, and overuse of agricultural chemicals [7–9,13–15].

2.2. Analyzing the Main Causes of Farmers’ MHB

By using cost-benefit analysis and the Becker–Stiegler model, as well as principal-agent theory,
researchers find that the main causes contributing to farmers’ MHB are listed as follows: the
asymmetric information between farmers and buyers, the low production cost of unsafe agro-products,
light punishment, over-profit orientation, opportunism, market failure involved with agro-products,
limitations of government regulation, and so on [16–18].

2.3. Studying on Impact Factors of Moral Hazard

Through empirical analysis of farmers’ MHB regarding production, scholars propose that the
main impact factors are additional incomes of moral hazard, discount rates of future incomes, fines, the
probability of being caught, household structure, planting area, pressure from buyers, the distribution
channels of agro-products, and so on [9,13,15,17].

2.4. Studying the Negative Effect of Moral Hazard

Researchers find that MHB may lead to failure in the agro-products market, leaving a large
number of products of inferior quality in the markets while safe agro-products are being expelled from
the market and seriously affect consumers’ health and safety. As the “lemon market” theory predicts,
agro-products with high quality cannot get a high price; therefore, farmers have fewer incentives to
engage in safe farming [6,19–21].

2.5. Researching Countermeasures to Moral Hazard

The key countermeasures to prevent farmers’ MHB include developing agricultural cooperative
organizations, establishing agro-product quality control systems, strengthening the supervision of
agro-products, and raising the standard of punishment. Moreover, positive-side incentives should also
be adopted [13,14,22,23].

As the source of agricultural production, farmers’ production behavior is the most important
factor affecting agro-products quality and safety [5]. Farmers’ production behavior is characterized
by decision-making under multiple constraints, such as the farmers’ self-discipline, organizational
constraints, buyer’s constraints, government’s constraints, and so on; these factors have been proven
by researchers. In fact, farmer behavior is complicated, in addition to the above factors, it may also
be related to the long-term social environment, such as village regulations, ethics, social customs,
moral standards, and so forth. A lot of research with regard to Chinese traditional culture primarily
focuses on its influence on residents’ correct outlook on life, worldview, and values [24], whereas less
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attention is given to its effect on farmers’ MHB. To explore the factors that affect farmers’ MHB, we try
to examine how and why Chinese traditional culture affects farmers’ MHB.

3. Data and Variables

3.1. Data

A sampling survey is conducted, as the data used in this study were not available from public
databases. The survey was undertaken by combining stratified sampling and random sampling.
We stratified the sample according to the planting types and crop yields, as the four provinces being
chosen all mainly produce rice or wheat. The data used for this paper were collected from four
provinces of rural China, as these provinces are China’s major crop producing areas, and they play
important roles in crop safety. In each selected province, two counties were randomly selected, and then
two towns per county, then about 25 households were randomly picked from each town. The counties
we chose in each province all have the same number of towns, so the conditions of a stratified sample
are confirmed, and we can use the stratified sample to obtain household survey data. The sample
collection was conducted in July and August 2013. The distribution of samples is shown in Table 1.

Table 1. Sampling Survey.

Province County Issued Questionnaires Valid Questionnaires

Jiangxi Yongfeng 52 47
Ji’an 55 53

Anhui
Bunan 56 50

Linquan 53 49

Jiangsu Binhai 50 44
Jianhu 53 49

Henan
Xinmi 56 50

Xinzheng 53 47

Total —— 428 389

The survey instrument was a closed-ended questionnaire that was modified from the baseline
survey instrument. The household survey used a structured questionnaire to collect data from
the selected households including farmers’ individual features, household characteristics, farmers’
cognition on quality and environment, government regulation characteristics, farmers’ cognition on
traditional culture, as well as farmers’ crop production behavior. In order to improve the effects
of the investigation, we carried out a pre-investigation in Nanchang county, Jiangxi province, to
check the rationality and feasibility of the questionnaire. According to the problems found in the
pre-investigation, we then revised the questionnaire. In order to avoid deviation based on the different
culture levels of farmers, the authors participated in recording answers in the questionnaire. The survey
resulted in 428 distributed samples, but 39 samples did not provide sufficiently complete information
on dependent and explanatory variables to be included in the analysis, so we discarded them, and we
finally obtained 389 valid samples. The discarded information do not differ from those adopted for the
analysis, and there is no sample selection bias.

3.2. Variable Selection

To analyze moral hazard in the use of pesticides by farmers, there are various economic and
social factors associated with the benefits and costs regarding violating the rules of using pesticides.
The choice of variables should be guided by previous research, economic theory, and the purpose of
this research. Under those principles, the variables employed in this study include fifteen explanatory
variables (in fact, the survey data contains 38 explanatory variables, and we select 15 of them according
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to the purpose of this study) and one dependent variable; the detailed definitions of each variable are
shown in Table 2.

In crop production, in order to improve the effect of pesticides or to get higher yields, farmers may
increase pesticide concentration ratios, adopt banned pesticides, or use pesticides during the harvest
period. If one or more of the above behaviors occur, they are considered MHB. Therefore, moral hazard
(Y) is a binary dependent variable indicating the existence of MHB. There are fifteen independent
variables in this paper, including five continuous variables and ten discrete variables. The detailed
definitions of each variable are shown in Table 2. Some variables need to be specified. Risk preference
(X4) is a dummy variable to show whether farmers are risk-lovers [25–27]. In our questionnaire, we set
one question to measure farmers’ risk preference, that is “there are two business program, you can earn
two thousand yuan without any risk if you choose the first one, and you may have 50% probability to
earn three thousand yuan or only one thousand yuan if you choose the second one, which one will you
choose?”. If farmers choose the first one, we classify him (or her) as risk averse, otherwise we classify
them as a risk lover (in general, including “risk neutral” is more reasonable, but due to our negligence,
we offered only two choices in our questionnaire). Employment (X7) is a binary variable standing for
whether people engaged themselves in non-agricultural employment. Environmental concern (X10)
is a dummy variable to show whether farmers are concerned with environmental protection in the
decision of pesticide use. Quality concern (X11) is a dummy variable to show whether farmers are
concerned with the quality and safety of agricultural products. Inspection (X12) is a dummy variable
to show whether government inspection systems are strict. Penalty (X13) is a dummy variable to
show whether the penalty measures are strict. Culture_1 (X14) is a dummy variable to show whether
farmers consider the traditional culture when they make crop production decisions. Culture_2 (X15) is
a dummy variable to show whether farmers consider the traditional culture as a restraint [28,29].

Table 2. Variables’ names and definitions.

Variables Definitions

Farmers’ crops production behavior

Moral hazard behavior (Y) A zero-one, discrete variable set equal to 1 if the farmers carry a
hazardous behavior, such as using banned pesticides.

Farmers’ individual features

Age of household head (X1) The true age of household head (Years)
Gender (X2) 0 = Male, 1 = Female
Education (X3) 1 = Illiterate, 2 = Primary, 3 = Junior, 4 = High school, 5 = College
Risk preference (X4) 0 = Risk Aversion, 1 = Risk lover

Household characteristics

Number of family members (X5) Actual family members (Person)
Total income (X6) Actual family incomes (Yuan)
Employment (X7) 0 = No, 1 = Yes
Non-agricultural income (X8) Actual non-agricultural income (Yuan)
Non-agricultural income share (X9) The ratio of Non-agricultural income to total income (%)

Farmers’ cognition on quality and environment

Environmental concern (X10) 0 = Not concern, 1 = concern
Quality concern (X11) 0 = Not concern, 1 = concern

Government regulation characteristics

Inspection (X12) 0 = Not Strict, 1 = Strict
Penalty (X13) 0 = Not Strict, 1 = Strict

Farmers’ cognition on traditional culture

Culture_1 (X14) 0 = No, 1 = Yes
Culture_2 (X15) 0 = No, 1 = Yes

Note: “Culture_1” stands for whether farmers consider the traditional culture when they are making crop
production decisions; “Culture_2” stands for whether farmers consider the traditional culture as a restraint in
the use of pesticides.
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3.3. Descriptive Analysis

3.3.1. Descriptive Analysis of Dependent Variables

In accordance with previous studies, farmers’ MHB is measured in terms of pesticides used in
crop production, where farmers increasing the concentration ratio of pesticides (A1), adopting banned
pesticides (A2), or using pesticides during the harvest period (A3) in the process of crop production
are considered MHB. As long as one or more of the above behaviors occurred, it is considered MHB.
Survey data show that the number of MHB is 168, accounting for 43.2% of the 389 simples, this means
that the problem of MHB is considerably serious in the process of crop production. Table 3 reports
the farmers’ MHB, the above three behaviors, the number of farmers who increased the concentration
ratio of pesticides is the highest at 144, while the other two kinds of behaviors are almost the same.
The reason may be that the agricultural production is entirely in the control of farmers, which indicates
that it is difficult for the government to regulate food safety. Specifically, the number of farmers with
only one of the above behaviors is 76, all of the above three behaviors is 8, A1 and A2 are 42, A1 and
A3 are 30, A2 and A3 are 12.

Table 3. Moral hazard behavior of farmers.

Happened or Not A1 A2 A3 Moral Hazard

NO (Y = 0) 245 331 335 221
YES (Y = 1) 144 58 54 168

3.3.2. Descriptive Analysis of Independent Variables

We divide the samples into two groups which, respectively, expressed whether farmers’ MHB
happened, and furthermore we use a t-test to identify whether variables have significant differences.
Table 4 presents the differences in the characteristics of the happened and the not-happened group
with their t-values. The t-values indicate that there are significant differences in some of the variables
used in the empirical analysis. Specifically, most characteristics of the happened group are lower than
the not-happened group. However, the risk preference and gender are all significantly higher factors
for the happened group than for the not-happened group. The differences in the mean characteristics
between the happened group and the not-happened group indicate that these factors may have impacts
on farmers’ MHB.

Table 4. Variable differences between the happened and not the happened group.

Variables Units
Happened
(n = 168)

Not Happened
(n = 221) t-Test

Mean SE Mean SE

X1 (Age of household head) Years 52.36 9.9 52.84 11.3 0.217
X2 (Gender) - 1.40 0.491 1.28 0.450 0.016 **
X3 (Education) - 2.14 0.984 2.41 0.903 0.112
X4 (Risk preference) - 0.29 0.455 0.18 0.384 0.010 ***
X5 (Number of family members) Person 4.64 2.01 4.82 1.99 0.063
X6 (Total income) Yuan 41,539.1 40,807.3 51,163.3 53,802.2 0.081
X7 (Employment) - 0.73 0.384 0.82 0.443 0.039 **
X8 (Non-agricultural income) Yuan 28,427.8 37,843.8 38,915.2 50,206.2 0.351
X9 (Non-agricultural income share) % 54.5 36.3 66.1 35.2 0.211
X10 (Environmental concern) - 0.41 0.494 0.88 0.150 0.002 ***
X11 (Quality concern) - 0.46 0.500 0.91 0.068 0.005 ***
X12 (Inspection) - 0.44 0.498 0.81 0.382 0.001 ***
X13 (Penalty) - 0.48 0.501 0.97 0.096 0.000 ***
X14 (Culture_1) - 0.58 0.402 0.87 0.177 0.002 ***
X15 (Culture_2) - 0.40 0.478 0.84 0.364 0.001 ***

Note: *** and ** denotes significance at 1% and 5%respectively.
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3.4. Correlation Analysis

Table 5 provides the summary statistics of these variables, including the mean, standard deviation,
and Pearson’s and Spearman’s correlations of the samples, to identify possible affecting factors
of farmer’s MHB. We can see that the moral hazard, total income, non-agricultural income, and
risk preference all have lower averages than their standard deviations, suggesting relatively high
volatilities. The Pearson’s pairwise correlations between the moral hazard dummy and each factor are
reported in the last second column of Table 5. The Pearson’s correlations vary from ´0.630 to 0.131.
The risk preference dummy has the largest correlation (i.e., 0.131), suggesting the stronger positive
dependence of moral hazard and risk preference than that of the moral hazard and other factors.
The largest negative correlation is detected between the moral hazard dummy and environmental
concern, indicating that concern with environmental protection plays an important role in the decision
of pesticide use.

Table 5. Summary of statistics.

Units Mean Standard
Deviation

Pearson’s
Correlation

Spearman’s
Correlation

Y (Moral hazard) - 0.437 0.497 - -
X1 (Age of household head) Years 52.820 10.720 ´0.023 ´0.031
X2 (Gender) - 1.331 0.471 0.123 0.123
X3 (Education) - 2.295 0.947 ´0.142 ** ´0.155 **
X4 (Risk preference) - 0.227 0.420 0.131 ** 0.131 **
X5 (Number of family members) Person 4.750 2.084 ´0.046 ´0.052
X6 (Total income) Yuan 46,960.470 48,733.186 ´0.098 * ´0.158 *
X7 (Employment) - 0.780 0.413 ´0.105 * ´0.105 *
X8 (Non-agricultural income) Yuan 34,335.401 45,469.784 ´0.115 * ´0.115 *
X9 (Non-agricultural income share) % 66.547 105.172 ´0.159 ** ´0.210 **
X10 (Environmental concern) - 0.731 0.444 ´0.630 ** ´0.630 **
X11 (Quality concern) - 0.762 0.426 ´0.622 ** ´0.622 **
X12 (Inspection) - 0.649 0.478 ´0.389 *** ´0.389 ***
X13 (Penalty) - 0.767 0.423 ´0.601 *** ´0.601 ***
X14 (Culture_1) - 0.798 0.402 ´0.480 *** ´0.480 ***
X15 (Culture_2) - 0.649 0.478 ´0.465 *** ´0.465 ***

Note: “Culture_1” stands for whether farmers consider the traditional culture into when they are making crop
production decisions. “Culture_2” stands for whether farmers consider the traditional culture as a restraint in
the use of pesticides. ***, **, and * denotes significance at 1%, 5%, and 10%, respectively.

4. Methodology

Our study aims to reveal whether Chinese traditional culture mitigates the moral hazard with
regard to the farmer in the excessive use of pesticides. As this study indexes the attribute of moral
hazard by means of a binary variable, the use of a conventional regression for a continuous dependent
variable may result in a misleading inference. To address this concern, we use the logistic model, which
remains the most widely used parametric method for the estimation of binary dependent variables.
This model depends on two assumptions: a known index, which is assumed to influence choice, and
a known parametric form for a distribution function, which is assumed to yield choice probabilities.
The traditional parametric logistic model approach to model binary choice is as follows:

E pY|X “ xq “ Pr pY “ 1|Xq “ F pXβq “
exp pXβq

1` exp pXβq
(1)

where the variable Y denotes the binary dependent variable with Y “ 1, indicating the existence
of moral hazard, and X stands for the independent variables including

 

Xp; p “ 1, . . . , 15
(

, which
are listed in Section 3.2. The estimation problem is to estimate the unknown parameters β. F is the
cumulative logistic distribution function. The estimation is typically facilitated by the maximum
likelihood method.
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The fitted models can be interpreted and estimated efficiently if the underlying assumptions are
correct. However, if the model specifications are not satisfied, parametric estimates may be inconsistent
and give a misleading regression result. It is possible to relax the restrictive assumption of the functional
form by using either semi-parametric or nonparametric models. In these types of models, the functional
form is unknown. The problems of estimating semi-parametric and nonparametric binary response
models have generated considerable interest since the 1990s. There exists a rich literature of the
semi-parametric estimation of binary response models, including Coslett [30], Manski [31], Rudd [32],
Coslett [33], and so on. Pagan and Ullah [34] gave a recent survey of semi-parametric approaches to
the estimation of binary response models. The semi-parametric logistic model generalizes a parametric
logistic model by expanding the linear argument pXβq to a partial linear argument pXβ`m pZqq.
The model expression is given as follows:

E pY|X “ xq “ Pr pY “ 1|Xq “ F pXβ`m pZqq “
exp pXβ`m pZqq

1` exp pXβ`m pZqq
(2)

where F(.) is a known function and m(.) is an unknown function. X contains tX4, X10 . . . , X15u and
Z includes tX1 . . . X3, X5 . . . X9u (this study categorizes the explanatory variables into two groups:
parametric and nonparametric groups. The parametric group contains variables associated with
important household characteristics, government regulation characteristics, and traditional culture,
whereas the nonparametric one contains the rest of explanatory variables). This model allows for the
modeling of the influence of a part the explanatory variables, Z, in a nonparametric way. The estimation
process uses the method proposed by Severini and Staniswalis [35]. The method starts from fixing a
value of β and to estimate a least favorable nonparametric function mβ p¨q. The estimated mβ p¨q is
then used to construct the profile likelihood forβ. As addressed in Severini and Staniswalis [35], the
nonparametric function m (.) can be consistently estimated by m̂ p¨q “ m̂β̂ p¨q. The profile likelihood
function is given by:

`
`

Y,νβ, θ
˘

“
ÿN

i“1
`
`

Yi, F
`

Xiβ`mβ pZiq
˘

, θ
˘

, (3)

where Y “

¨

˚

˚

˚

˚

˚

˝

Y1

.

.

.
YN

˛

‹

‹

‹

‹

‹

‚

and νβ “

¨

˚

˚

˚

˚

˚

˝

F
`

X1β`mβ pZ1q
˘

.

.

.
F
`

XNβ`mβ pZNq
˘

˛

‹

‹

‹

‹

‹

‚

. We maximize Equation (3) to estimate β.

On the other hand, the smoothed likelihood is used to estimate the nonparametric function mβ pZq:

`s

´

Y,νmβpZq, θ
¯

“
ÿN

i“1
`
`

Yi, F
`

Xiβ`mβ pzq
˘

, θ
˘

¨K
ˆ

z´Zi

s

˙

, (4)

where K p¨q is a Gaussian kernel function and s is the bandwidth (the details of nonparametric
estimation can be found in Li and Rachine [36]). The optimal mβ pzq can then be obtained by solving
the equation:

0 “
N
ÿ

i“1

`1
`

Yi, F
`

Xiβ`mβ pzq
˘

, θ
˘

¨K
ˆ

z´Zi

s

˙

(5)

5. Results and Discussion

This section begins with data analysis and follows with semi-parametric estimation of the
logistic model. A conventional logistic estimator is additionally used for comparison. In China,
the government prefers to use formal institutions to constrain farmers’ behavior; therefore, our
study will also compare the effect of formal institutions with informal institutions on MHB (in this
paper, government regulations belong to formal institutions, while traditional culture belongs to
informal institutions).
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5.1. Estimation of Semi-Parametric Logistic Regression

In this section, we report the semi-parametric estimates of the logistic regression by Equation (2).
The factors that affect farmers’ MHB are divided into important and non-important variables, which
are inserted into the parametric and non-parametric parts of the semi-parametric logistic model,
respectively. Our purpose is to find the variables that have a significant impact on farmers’ MHB, and
the corresponding regression coefficients. As the estimated parameters can be easily transformed to
the partial effect, this study provides the estimates of partial effects of important variables, which are
categorized into the parametric part (due to the lack of a straightforward effects estimate, this study
does not discuss the marginal effects of variables in the nonparametric section).

We write the model into the R programming language, and draw the regression results of
the model with the aid of the R 3.2.2 software (Invented by Oakland University's Ihaka Ross and
Gentleman Robert). The final regression results are shown in Table 6. It shows that risk preference (X4),
environmental concern (X10), quality concern (X11), inspection (X12), penalty (X13), culture_1 (X14), and
culture_2 (X15) are significantly related to farmers’ MHB, (while the variables that are not significant
at the 10% level as shown in Table 4, are not shown in Table 6). As researchers have verified some of
the factors, we hope to examine how the Chinese farmers’ MHB in crop production is influenced by
their traditional culture. Section 5.1.1 discusses the regression results of traditional culture cognition
variables, Section 5.1.2 is a comparison between formal and informal institutions, and other factors are
discussed in Section 5.1.3.

Table 6. Semi-parametric logistic regression.

Variables Partial Effect

X4 (Risk preference) 0.155 ***
X10 (Environmental concern) ´0.299 ***
X11 (Quality concern) ´0.299 ***
X12 (Inspection) ´0.132 **
X13 (Penalty) ´0.346 ***
X14 (Culture_1) ´0.149 **
X15 (Culture_2) ´0.167 ***

Note: *** and ** denotes significance at 1% and 5% respectively.

5.1.1. Regression Results of Traditional Culture Cognition Variables

As demonstrated in Table 6, the Culture_1 dummy is statistically significant with farmers’ MHB,
and the estimated marginal effect of the Culture_1 dummy is ´0.149. This implies that when we
control for extraneous variables, the probability of moral hazard decreases by 15% if farmers consider
the traditional culture when they are making crop production decisions. The Culture_2 dummy is
also statistically significant with farmers’ MHB, and the estimated marginal effect of the Culture_2
dummy is ´0.17. This implies that when we control for extraneous variables, the probability of moral
hazard decreases by 17% if farmers consider the traditional culture as a powerful restraint when using
pesticides. The evidence reveals that Chinese traditional culture has a positive effect on avoiding the
moral hazard with regard to the farmer in the excessive use of pesticides.

Why can Chinese traditional culture restrict farmers’ behavior? Chinese traditional culture
was fostered in an agricultural society, including many traditional ideologies such as the golden
mean, harmony, patriotism, self-improvement, moral standards, honesty, loyalty, cooperation, and
solidarity. Conveying the harmonious relationship between human beings and nature, Chinese
traditional culture has played a major role in improving farmer quality, regulating farmer behaviors,
and developing rural society and economy. Farmers with high moral standards will internalize the
excellent traditional culture, and this becomes a constraint factor on behavior. Therefore, under the
influence of Chinese traditional culture and pushed by inner moral constraints, farmers will hesitate
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to perform harmful agricultural activities, such as increasing the concentration ratio of pesticides or
using banned pesticides.

5.1.2. Comparison of the Effect of Formal Institutions and Informal Institutions on MHB.

In China, farmer’s behaviors are constrained by formal and informal institutions. Specifically,
government regulations (such as inspection, penalty, and law) belong to formal institutions, while
traditional culture is considered an informal institution. China mainly depends on formal institutions
to constrain farmers’ behaviors. Therefore, it is necessary to verify whether the formal institutions
(inspections, penalties) constrain farmers’ behaviors.

As discussed in Starbird [37], legalistic terms are the most powerful instruments to mitigate the
moral hazard, as they are compulsory. We examine whether the government’s inspection mechanism
is strict and whether the penalty system really works. In principle, the primary findings in our study
confirm the theory. As can be seen from Table 6, inspection (X12) is statistically significant with
farmers’ MHB, and the estimated marginal effect is ´0.132. This implies that the probability of moral
hazard decreases by 13% when the governmental inspection mechanism becomes strict while the
other variables remain constant. Farmers will be inclined to control the use of pesticides, as they
are conscious that the possibility of agro-products being detected is increasing. Penalty (X13) is also
statistically significant with farmers’ MHB, and the estimated marginal effect ´0.346. Implying that
the probability of moral hazard decreases by 34.6% if farmers who are caught by the supervision
department are eventually punished, while the other variables remain constant. Moreover, our findings
address the importance of the execution of the punishment system. The estimated marginal effect of
the penalty variable, ´0.346, is twice as much as that of the inspection variable. In China, the penalty
measures of the government are very effective in regulating the behavior of farmers. If one farmer
who disobeys the rules of crop production pays a large fine, most farmers will adjust their application
of pesticides accordingly. As a result, the MHB is going to decrease, in comparison with a light penalty.
After comparing with the informal institutions (Chinese traditional culture), we find that formal
institutions (inspection and penalty) are more effective in constraining of farmers’ MHB.

5.1.3. Regression Results of Different Independent Variables

As numbers of samples for A2 (58 samples) and A3 (54 samples) are not enough to provide
a consistent estimation of the semi-parametric model, this study only considers the A1 type. The results
are reported in Table 7. In our paper, A1 represents the behaviors of farmers increasing pesticide
concentration ratios while producing crops. From Table 7 we know that Chinese traditional culture is
also statistically significant with farmers’ above behavior, but the partial effect is lower than that of
moral hazard behavior (as can be seen from Table 6), the reason may be that the pesticide concentration
ratio is hard to control, and some farmers’ behaviors have certain randomness. However, under the
influence of Chinese traditional culture, there are still some farmers properly using pesticides; they do
not increase the pesticide concentration ratio while producing crops.

Table 7. Semi-parametric logistic regression of independent variables (type A1).

Variables Partial Effect

X4 (Risk preference) 0.115
X10 (Environmental concern) ´0.290 ***
X11 (Quality concern) ´0.135 *
X12 (Inspection) ´0.112
X13 (Penalty) ´0.146
X14 (Culture_1) ´0.126 **
X15 (Culture_2) ´0.071 ***

Note: ***, **, and * denotes significance at 1%, 5%, and 10%, respectively.
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5.1.4. Regression Results of Other Factors

In the literature, there have been several findings of how risk preference and farmers’ attitudes
towards the environment influence farmers’ MHB in the use of pesticides (including Gleen [15],
Philippe [18], and Teresa [38], Arthur [39], Salvatore [40]). Consistent with previous studies, our results
find that the odds of MHB will decrease if farmers are concerned with environmental protection.

As demonstrated in Table 6, risk preference (X4) is statistically significant with farmers’ MHB,
and the estimated marginal effect of risk preference dummy is 0.155, implying that the probability of
moral hazard increases by 15.5% if farmers are risk-lovers. The reason could be that those farmers are
not concerned about the negative effects of the excessive use of pesticides on environmental pollution.
Therefore, in order to save the time of agricultural production, farmers dare to take risks. That is,
risk-lover farmers have a higher inclination of moral hazard. Environmental concern (X10) is also
statistically significant with farmers’ MHB and the estimated marginal effect of environmental concern
dummy is ´0.299. This suggests that the probability of moral hazard decreases by 29.9% if farmers are
concerned about environmental pollution in rural areas. This indicates that the farmers concerned
about environmental pollution in rural areas have less of a chance of MHB than those who are not.
It may be that farmers who are concerned about environmental pollution in rural areas know the harm
of excessive use of pesticides on the rural ecological environment, so those farmers will regulate the
use of pesticides. Quality concern (X11) is also statistically significant with farmers’ MHB and the
estimated marginal effect of quality concern dummy is ´0.299. This implies that the probability of
moral hazard decreases by 29.9% if farmers are concerned about the quality of agro-products. It is
possible that the farmers concerned about the quality of agro-products have lower probability of moral
hazard than those who are not. It could be possible that farmers who are concerned about the quality
of agro-products are aware of the side effects of excessive use of pesticides on agro-products quality
and safety, for example, excessive pesticide residues, so farmers will regulate the use of pesticides.

5.2. Sensitivity Analysis

In 5.1, the estimation of a semi-parametric logistic regression is conducted as we argue that there
may exist model misspecification. For comparison, we also report the estimations of a parametric
logistic regression of Equation (1) which assumes each variable should have a linear relationship with
the dependent variable.

The estimates of parameters are demonstrated in Table 8. It can be observed that the odds ratios
vary largely from 0.011 to 4.156. The risk preference has the highest odds ratios, 4.156, implying that
the farmers with risk- taking propensity are 4.156 times more likely to use pesticides excessively.

The risk of moral hazard is 0.133 times greater for farmers who take the traditional culture into
account when they using pesticides than those who do not. On the other hand, the risk of moral
hazard is 0.279 times greater when the government’s inspection mechanism is strict than when it is not
strict. Comparing these two cases, the effect of regulating government’s inspection is less effective
than that of the advertisement of traditional culture regarding reducing moral hazard. However, this
result seems to contradict the conventional economic senses. Thus, the model misspecification may
yield incorrect inferences about the MHB.

Table 8. Parametric logistic regression.

Variables Odds Ratios

X4 (Risk preference) 4.156 ***
X10 (Environmental concern) 0.036 ***
X11 (Quality concern) 0.011 ***
X12 (Inspection) 0.279 ***
X13 (Penalty) 0.028 ***
X14 (Culture_1) 0.133 ***
X15 (Culture_2) 0.313 **

Note: *** and ** denote significance at 1% and 5% respectively.



Sustainability 2016, 8, 643 12 of 15

5.3. Discussion

As the quality and safety incidents in agro-products are highly related to the farmers’ MHB, many
researchers try to uncover the factors that impact farmers’ MHB. This study aims to analyze how
Chinese traditional culture impacts farmers’ MHB. From the above analysis, we know that Chinese
traditional culture has a positive effect on avoiding the MHB with regard to the excessive use of
pesticides. The results of this paper contribute to the literature on factors influencing farmers’ MHB
from a new perspective. Meanwhile, it is of great importance to guarantee agro-products quality
and safety at the source. Compared with previous research, this paper analyzes the farmers’ MHB
restricting factors and puts forward policy implications, and we find a new factor restricting farmers’
behavior. This is part of the research of farmers’ behavior, which enriched the research of farmers’
MHB, and deepened the understanding of the Chinese farmer’s economic and social behavior.

6. Conclusions and Implications

Agricultural chemicals, such as pesticides, play a critical role in crop production and food safety
in China. However, with the purpose of getting higher yields or better pesticide effect, farmers may
excessively use pesticides, causing the occurrence of MHB. Farmers’ MHB has resulted in serious
agro-product quality and safety problems. Regulating pesticide usage to provide safe and nutritional
agro-products remains one of the meaningful projects in 21st-century China. Therefore, finding out
the factors affecting farmers’ MHB is of great importance. As other factors have been verified by
researchers, this study examined how the Chinese traditional culture influences farmers’ MHB in the
use of pesticides based on a household survey in four provinces of rural China. The previous research
adopted binary logistic models to study farmers’ MHB, but if the model specifications are not satisfied,
parametric estimates may be inconsistent and give a misleading regression result. Instead we conduct
semi-parametric estimation of a logistic model to reveal how the Chinese traditional culture influences
farmers’ MHB. This helps in estimating the true effect of factors related to farmers’ MHB.

Three main conclusions can be drawn from the results of this study. First, we find that the Chinese
traditional culture has a significant impact on avoiding the moral hazard with regard to the excessive
use of pesticides. The estimated marginal effect of the Culture_1 dummy is ´0.1468. This implies that
when we control for extraneous variables, the probability of moral hazard decreases by 15% if farmers
consider the traditional culture when making crop production decisions. The estimated marginal effect
of the Culture_2 dummy is ´0.17. This implies that when we control for extraneous variables, the
probability of moral hazard decreases by 17% if farmers consider the traditional culture as a powerful
restraint when using pesticides. Second, this study suggests that formal institutions are more effective
in constraining farmers’ production behavior, which helps to reduce the probability of moral hazard.
Third, after comparing the estimated results with a conventional logistic model, we find that the model
misspecification may yield incorrect inferences about the moral hazard. The reason could be that some
variables are not necessarily linear with dependent variables, but we assume that there is a linear
relationship between them.

Agriculture is largely affected by weather fluctuations and climate changes, and it is full of risks.
There are abundant public risk management programs both in developed and developing countries, it
offers useful risk management strategies, such as crop insurance subsidies and crop disaster payments.
However, the risk programs, like crop insurance subsides, may cause farmers to increase chemical
use, which may also promote environmental degradation. A vast literature focuses on the potential
environmental impacts of government-sponsored risk management programs [7,9,10,41,42]. Our study
examines the relationship between Chinese traditional culture and farmers’ MHB in crop production.
The results show that the Chinese traditional cultures has a positive effect on avoiding the MHB with
regard to the excessive use of pesticides, and it provides a new idea of risk management. It is necessary
to compare our results with the existing literatures [43–46]. The existing literature mainly evaluated
the effects of public risk management policies, the results showing that the risk management programs
may incentivize activities harmful for the environment, while our study mainly examines how Chinese
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farmers’ moral hazard behavior in crop production is influenced by traditional culture, and our results
confirm the conventional view that Chinese traditional culture helps to guide farmers to adopt positive
behaviors, such as environmental friendly behavior.

This study has important policy implications. First, as government regulation measures are more
effective, in order to have a long-term and more significant impact on farmers’ MHB, government
should formulate and perfect relevant policies, such as improving the frequency of random inspections,
intensifying the penalty, and strengthening market supervision for agricultural inputs. Meanwhile,
as most farmers have little knowledge about production safety or environmental protection, training
and guidance is also needed. Second, Chinese traditional culture has a significant impact on avoiding
the MHB devoted to usage of pesticides, so we should pay more attention to the important role of
Chinese traditional culture. Therefore, it is necessary to make full use of Chinese traditional culture in
regulating farmers’ behavior. For example, we can spread the Chinese traditional culture to farmers by
mobile phone, TV, newspaper, and other forms. By strengthening the traditional culture education,
we can enhance farmers’ moral sentiments, moral standards, conscience, and social responsibility,
enabling farmers to achieve harmony between human beings and nature. Considering that farmers’
attitudes towards agro-products and environmental protection have a significant effect on farmers’
MHB, it is crucially important to improve farmers’ quality, safety, and environmental consciousness.
Village committees can also regularly publicize some agro-product quality and safety incidents to
farmers. The public can also inform farmers of the importance of environmental protection on their
health, on the quality and safety of agro-products, and the sustainable development of agriculture.
In all, our purpose is to guide farmers to regulate the use of pesticides.

While this study has made significant advancements in knowledge about the impact of Chinese
traditional culture on farmers’ MHB it, nevertheless, have its limitations. That is, the number of
samples is not large enough, we did not compare the farmers’ MHB of different regions, and we do
not consider other factors such as agricultural organizations, buyers, or the farmers’ self-discipline,
but these factors may significantly affect farmers’ MHB. There are still unresolved questions with this
paper. For example, we can refine the influence of Chinese traditional culture on farmers’ behavior
into constraints and incentives. In addition, we can expand the investigation province and increase the
sample to achieve better statistical testing and, hence, we can study whether the influence of Chinese
traditional culture varies with different rural economic development levels.
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