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Summary

A total of 1.773 million tons of pesticides were used in 2017 in China, which accounts for approximately
one-third of total global pesticide use. One of the main reasons farmers overuse pesticides is to reduce yield
risk. In order to synchronize pesticide application with good practices, incentives, such as a price premium
and a subsidy for certain pesticides, are considered as the main measures. Yet, it has been shown a poor
association between pesticide use and incentives. Governance structures, in addition, play an important role
in the functioning of supply chains. The imposition of pesticide restrictions and the corresponding
implementation to achieve a certain level of food safety differs between governance structures and might
have important consequences for food safety control. Besides, a highly fragmented set of small individual
producers, producer cooperatives are regarded as one of the main governance structures of agricultural

production in China.

In order to have a better understanding of the above questions, it is better to integrate behavioral economic
approaches. Therefore, this thesis aims to gain a better understanding of farmers’ pesticide use by
integrating the theoretical assumptions of prospect theory in China, followed by a study of whether and
how mental budgeting can explain differences in farmer’s reaction to different incentives from different
sources to use low-toxicity pesticides. In addition, this study finally aims at understanding whether and how
far cooperatives and food safety instruments such as training and control measures can affect the choices

of restricted and recommended pesticides.

Based on the data collected during a farm-level survey and experiments conducted in cooperation with
vegetable farmers in Sichuan Province, China, this study firstly provides quantitative estimates of the
degree of risk preferences in a sample of 393 farmers through three parameters in prospect theory (risk
aversion, loss aversion, and probability weighting parameter). An Ordinary Least Square (OLS) model is,

then, applied to understand the effect of risk preferences on the use of pesticides where two measures, the



amount of pesticides and the cost of pesticides, are selected as dependent variables. This thesis, then, tests
whether farmers engage in mental budgeting from a Likert Scale Points followed by an analysis of how
mental budgeting affects farmers’ intentions towards switching to use low-toxicity pesticides through a
Probit model. The results from the Probit model are robustly tested by using Receiver Operating
Characteristic (ROC). This study finally analyzes the effect of a farmer’s membership in a cooperative on
the revealed use of restricted and recommended pesticides through Propensity Score Matching (PSM). The
influence of existing food safety related instruments within and outside cooperatives are also estimated

through a Logit model based on the matching samples from the PSM.

The results of risk preferences support a rejection of the neoclassical model of decision-making under risk
for most of the vegetable farmers regarding loss aversion and probability weighting. 68.4% of farmers are
risk-averse with respect to yield risk while 59.8% of farmers show aversion to yield loss. 98.5% of farmers
show cognitive biases in probability weighting. The regression results show that farmers with a higher
degree of loss aversion and a greater weighted probability of potential hazards, which could incur yield loss,

tend to apply more pesticides and spend more on pesticides.

The analysis regarding mental budgeting shows that the majority of farmers categorize agricultural inputs
into different groups and that 26.46% of the investigated farmers engage in mental budgeting for pest
control practices. In addition, farmers who engage in mental budgeting report a higher willingness to switch
to low-toxicity pesticides when they face a specific subsidy compared to other farmers. Furthermore, if
offered an agricultural revenue with a price premium for quality, the willingness to switch to low-toxicity

pesticides for farmers who engage in mental budgeting is negative.

The results of the PSM show that around 12.5% more vegetable farmers would reveal the use of
recommended pesticides if they would join a cooperative. Regarding the effect of instruments, the results
show that members of a cooperative who do not receive any instrument are more likely to use restricted
pesticides. The results also show that training programs would have the biggest effect on limiting the use

of restricted pesticides, participating farmers are predicted to reduce restricted pesticides by 13.5% and
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12.4% for cooperative members and non-members, respectively. Although the effect is quantitatively small,
guality tests are predicted to increase the probability of using restricted pesticides. In addition, a certification
program would increase the probability of using recommended pesticides by 21.4% and 24.6% for
cooperative members and non-members, respectively, while obligations for record-keeping would decrease
this probability. For all interventions, the results don’t support that their effect would differ between
members and farmers outside of cooperatives. Thus, besides training and certification, additional

instruments to reach a more sustainable use of pesticides need to be reconsidered and made more effective.

Key words: Yield risk preference; Pesticide use; Loss aversion; Risk aversion; Probability weighting;

Mental budgeting; Cooperatives; Incentive; Vegetable farmer; China






Zusammenfassung

Im Jahr 2017 wurden in China 1,773 Millionen Tonnen Pestizide eingesetzt, fast ein Drittel des gesamten
weltweiten Pestizidverbrauchs ausmacht. Ein geringeres Produktionsrisiko ist einer der Hauptgrinde fir
den Missbrauch von Pestiziden durch Landwirte. Finanzielle Anreize, wie ein Preisaufschlag und eine
Subvention flr bestimmte Pestizide, gelten als die wichtigsten Strategien, um den Pestizideinsatz mit guten
Praktiken zu synchronisieren. Trotzdem gibt es keine Belege flr einen Zusammenhang zwischen
Pestizideinsatz und Anreizen. Darlber hinaus spielen Governance-Strukturen eine wesentliche Rolle fur
den Betrieb von Lieferketten. Pestizidbeschrankungen werden unter verschiedenen Governance-Systemen
unterschiedlich auferlegt und umgesetzt, um einen bestimmten Grad an Lebensmittelsicherheit zu erreichen,
was erhebliche Auswirkungen auf die Regulierung der Lebensmittelsicherheit haben kann. zusétzlich ist
eines der Governance-Struktur der landwirtschaftlichen Produktion in China ein stark fragmentiertes

Netzwerk von kleinen Einzelbauern und Erzeugergenossenschaften.

Um die oben genannten Probleme besser zu verstehen, ist es sinnvoll, verhaltensékonomische Techniken
zu kombinieren. Ziel dieser Arbeit ist es daher, ein besseres Verstdndnis des Pestizideinsatzes von
Landwirten in China zu erlangen, indem die theoretischen Annahmen der Prospect-Theorie integriert
werden und anschlieBend untersucht wird, ob und wie die mentale Budgetierung Unterschiede in den
Reaktionen der Landwirte auf verschiedene Anreize aus unterschiedlichen Quellen zum Einsatz von
niedrigtoxischen Pestiziden erklaren kann. Abschlielend soll untersucht werden, ob und wie Kooperativen
und Instrumente der Lebensmittelsicherheit wie Schulungen und Kontrollmanahmen die Auswahl von

verbotenen oder empfohlenen Pestiziden beeinflussen kénnen.

Diese Studie prasentiert zundchst quantitative Schatzungen des Grades der Risikopréferenzen in einer
Stichprobe von 393 Landwirten unter Verwendung von drei Faktoren der Prospect Theory, basierend auf

Daten, die wéhrend einer Umfrage auf Betriebsebene gesammelt wurden, und Experimenten, die in
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Zusammenarbeit mit Gemusebauern in der Provinz Sichuan, China, durchgefiihrt wurden (Risikoaversion,
Verlustaversion und Wahrscheinlichkeitsgewichtungsparameter). Der Einfluss der Risikopraferenzen auf
den Einsatz von Pestiziden wird dann mit Hilfe eines gewdhnliche Methode der kleinsten Quadrate mit

zwei abhédngigen Variablen untersucht: die Menge der eingesetzten Pestizide und die Kosten der Pestizide.

Diese Arbeit verwendet einen Likert-Skala Verfahren, um es festzustellen, ob Landwirte an der mentale
Budgetierung teilnehmen, gefolgt von einem Probit Modell, welche untersucht, wie sich die mentale
Budgetierung auf die Absicht der Landwirte auswirkt, auf Pestizide mit geringer Toxizitat umzusteigen.
Die Ergebnisse des Probit-Modells werden mithilfe der Betriebseigenschaften des Empfangers streng
validiert. SchlieRlich untersucht diese Studie mit Hilfe von paarweise Zuordnung auf Basis von
Neigungsscores den Einfluss (PSM) der Teilnahme eines Landwirts an einer Genossenschaft auf die
offengelegte Nutzung. Ein Logit Modell, das auf Passende Stichproben aus dem PSM basiert, wird
verwendet, um den Effekt aktueller lebensmittelsicherheitsbezogener Instrumente innerhalb und auerhalb

von Genossenschaften zu bewerten.

In Bezug auf loss aversion und probability weighting deuten die Ergebnisse der Risikopréaferenzen auf eine
Ablehnung des neoklassischen Modells der Entscheidungsfindung unter Risiko fir die Mehrheit der
Gemiisebauern hin. 68,4 Prozent der Landwirte sind risikoscheu, wenn es um das Ertragsrisiko geht,
gleichzeitig 59,8 Prozent risikoscheu sind, wenn es um den Ertragsverlust geht. 98,5 Prozent der Landwirte

haben kognitive Abneigungen in Wahrscheinlichkeitsgewichtung gezeigt.

Nach den Regressionsergebnissen wenden Landwirte mit einem hoheren Grad an Verlustaversion und einer
groReren gewichteten Wahrscheinlichkeit moglicher Risiken, die zu Ertragsverlusten fiihren kdnnten, mehr
Pestizide an und geben mehr fiir Pestizide aus. Die Mehrheit der Landwirte ordnete der Studie zufolge
landwirtschaftlicher Betriebsmittel in verschiedene Gruppen ein, und 26,46 Prozent der untersuchten
Landwirte nutzen mentale Budgetierung fir Schadlingsbekdmpfungspraktiken. Dartiber hinaus sind
Landwirte, die die mentale Budgetierung nutzen, sind eher bereit als andere Landwirte, auf niedrigtoxische

Pestizide umzusteigen, wenn sie mit einer spezifischen Subvention konfrontiert werden. Wenn Landwirten,
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die an der mentale Budgetierung teilnehmen, ein landwirtschaftliches Einkommen mit einem
Preisaufschlag fir Qualitat zur Verfligung gestellt wird, sind ihre Meinung eher negativ auf gering toxische

Pestizide umzusteigen.

Laut PSM wiirde der Beitritt zu einer Genossenschaft dazu flhren, dass 12,5 Prozent mehr Gemisebauern
ihren Einsatz von zugelassenen Pestiziden offenlegen. Was die Auswirkungen von Instrumenten angeht, so
deuten die Ergebnisse darauf hin, dass Genossenschaftsmitglieder eher verbotene Pestizide einsetzen, wenn
sie keinen Instrumenten erhalten. Die Ergebnisse weisen auch darauf hin, dass Schulungsprogramme die
grofte Auswirkung auf die Einschrankung des Einsatzes von verbotenen Pestiziden haben. Wobei erwartet
man, teilnehmende Landwirte reduzieren den Einsatz von verbotenen Pestiziden um 13,5 Prozent bei
Genossenschaftsmitgliedern bzw. 12,4 Prozent bei Nicht-Mitgliedern. Obwohl der Effekt quantitativ gering
ist, es wird erwartet, dass Qualitatstests die Wahrscheinlichkeit erhdhen, den Landwirten eingeschrankte
Pestizide zu verwenden. Zusatzlich wirde ein Zertifizierungsprogramm die Wahrscheinlichkeit der
Anwendung empfohlener Pestizide bei Genossenschaftsmitgliedern um 21,4 Prozent und bei Nicht-
Mitgliedern um 24,6 Prozent erhéhen, wenn eine Aufzeichnungspflicht besteht, diese Chance noch senken
wirden. Die Ergebnisse fur alle Interventionen zeigen, dass ihre Auswirkungen fur Mitglieder und
Landwirte auBerhalb der Kooperativen gleich sind. Folglich missen neben Schulungen und
Zertifizierungen auch andere Instrumente zur Erreichung eines nachhaltigeren Einsatzes von Pestiziden

evaluiert und verbessert werden.

Schlisselworter: Renditerisikopréferenz; Verwendung von Pestiziden; Verlustaversion; Risikoaversion;

Wahrscheinlichkeitsgewichtung; mentale Budgetierung; Genossenschaften; Ansporn; Gemusebauer; China
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1 Introduction

1.1 Problem statement and motivation

Food safety has become a major concern in China due to increasing agricultural productivity and living
standards. This concern has drawn some attention to the issue of pesticide use, especially pesticide residue,
which is one of the important indexes of food safety assessment. Consuming foods containing excessive
pesticide residue levels is associated with several foodborne diseases. It is commonly recognized that
excessive pesticide use is strongly correlated with pesticide residue and affects the quality of agricultural
products. In 2017, a total of 1.773 million tons of pesticide were applied in China, which accounts for
approximately 40% of the total global amount (according to data of the Food and Agriculture Organisation
of the United Nations (FAO). Figure 1.1 shows the average levels of pesticide use in agricultural production
for ten major countries. China’s average amount of pesticide use increased strongly between 1990 and 2010

and is, currently, higher than in the other countries.



Figure 1.1: Intensity of pesticide use in ten major countries
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Pesticides are primarily formulated to abate pest- and weed-related hazards and ensure productive crop
yields (Lichtenberg and Zilberman, 1986). Given that hazards due to invasive pests, fungus, and other
weeds are not fixed, the risk of yield loss is very common in agricultural production. According to recent
studies, the use of pesticides, including usage, frequency, and types of pesticides, is determined by a range
of factors such as personal, household, and farming characteristics (Feola and Binder, 2010, Ma et al., 2018,
Zhou and Jin, 2009, Wang et al., 2017, Huang et al., 2000, Khan et al., 2015, Fan et al., 2015, Dasgupta et
al., 2001, Schreinemachers et al., 2016), as well as economic factors (Fan et al., 2015). In addition, farmer’s
knowledge about pesticides and the potential risks to health are shown to have an impact on the use of
pesticides empirically (Wang et al., 2015, Jin et al., 2015, Stadlinger et al., 2011, Hashemi and Damalas,

2010).



Moreover, the effects of risk preferences are addressed in some studies (Khan et al., 2015, Liu and Huang,
2013, Hou et al., 2020). However, previous studies still lack an understanding of the effect of risk
preferences on vegetable farmers’ pesticide use, especially considering that expected utility theory (EUT),
as a synonym for standard approach, cannot reflect the effect of loss aversion as the negative utility of loss
is larger than the positive utility of gain with the same value and the bias of probability weighting where
small probabilities are overestimated and large probabilities are underestimated generally. It is said that the
limitations of expected utility theory are one of the main reasons for deviation in explanations of behavior
in the face of risk (Shaw and Woodward, 2008, Bartczak et al., 2015, Liebenehm and Waibel, 2014).
Behavioral theories, such as prospect theory and its applications in other research aspects in addition to
agriculture, on risk preferences have dramatically developed. Prospect theory, introduced by Kahneman
and Tversky (1979), presents a non-linear method to measure an individual’s level of risk preferences
including loss aversion and probability weighting. Whilst, as the measurement for the degree of risk
aversion and loss aversion, as well as the non-linear weighting of probabilities, has developed recently, it

is possible to calculate such variables via an experiment in a more accurate way (Tanaka et al., 2010).

The strategies to reduce, rectify, or improve the use of pesticides are multifaceted (Zhao et al., 2018).
Mandatory rules, such as Pesticide Management Regulations, form the baseline of pesticide use by
introducing the application scopes of different types of pesticides, amount of pesticides applied, production
and sale of pesticides, and supervision of pesticide use, etc.. Meanwhile, there are some other strategies,
such as certifications and subsidies, implemented by the government or private sectors in order to meet the
demand for vegetables with higher quality (Fan et al., 2009, MOA, 2013). These strategies aim at
motivating farmers to switch from traditional pesticides towards more environmentally-friendly ones or
even non-chemical pest control measures generally through monetary incentives. The effectiveness of these
strategies highly depends on the types and extent of monetary incentives. In order to make sure the
compliance with mandatory or private rules of pesticide use, ex-ante training, input controls, and ex-post

tests are found during daily management from both government and private sectors (Ma and Abdulai, 2019,



Zhou and Jin, 2009, Zhou et al., 2015). However, the implementation and density of such instruments differ

between different governance structures in China.

Pest control is a pivotal activity in maintaining the quality of agricultural production as well. However, the
misuse and overuse of pesticides have caused several food incidents in China, including that of “poisonous
ginger’” in 2013 (CCTV, 2013). Monetary incentives, such as a price premium or a subsidy, are the main
measures for synchronizing pesticide application with expectations on behalf of food safety requirements
(Miyata et al., 2009). Yet, previous literature, where money is assumed to be perfectly fungible, provides
conflicting evidence of the effectiveness of monetary incentives (Wilson and Tisdell, 2001, Pietola and
Lansink, 2001b, Huang et al., 2011, Skevas et al., 2012). Individual decision-making, on the other hand,
has displayed evidence of differences in incomes use depending on the sources (Thaler, 1985, Levav and
McGraw, 2009, Antonides and Ranyard, 2018). Different incomes will be budgeted into different expense
categories. In neoclassic economic theory, money is supposed to be fungible (Clot et al., 2015), which
means money is substitutable for each category in terms of incomes or expenditures. However, Thaler (1985)
demonstrates that the assumption of fungibility is not supported through experiments and introduced the
concept of mental accounting. In Thaler’s theory, money is not fungible between different categories but
fungible within a particular category. And mental budgeting, as a component of mental accounting,
describes the separation and allocation of money for different categories and purposes (Thaler, 1999). Thus,
the varying and only partial success of current incentives may follow the result of mental budgeting, where

farmers view incomes from different incentives separate to the mental account of pesticide use.

In vegetable production, the quality and safety of the products are largely related to the choice of pesticides.
Even though there have been regulations that restrict the use of some pesticides (especially high-toxicity
pesticides) in vegetable production and encourage to use pesticides with lower toxicity and higher

efficiency, such high-toxicity pesticides are still chosen by some farmers in developing countries (Wang et

1 1t was reported by CCTV (China Central Television) on May 10, 2013 that a banned pesticide, namely aldicarb, was
used for producing ginger in Weifang, Shangdong.



al., 2015, Jardim and Caldas, 2012). So far, regulations in China have specified a large range of pesticides,
mostly the high-toxicity ones, which cannot legally be used for vegetable production anymore. Such
restricted pesticides include DDT, methamidophos, parathion, and chlordimeform, etc. (Wang et al., 2015).
Restrictions are complemented by a pilot subsidy scheme for low-toxicity pesticides China’s government
started in 2013 in a few counties across ten provinces (MOA, 2013). Such a subsidy scheme aims at
encouraging farmers to voluntarily switch to use more environmentally-friendly pesticides on, for instance,

vegetable production through a decrease of cost of pest control measures.

However, food safety related instruments for regulating the use of pesticides differ among different
governance structures. The effect of governance structures on the use of pesticides has been analyzed
empirically (Ma and Abdulai, 2019, Zhou and Jin, 2009) and experimentally (Bell et al., 2016) so far.
Membership in a cooperative is shown to result in more food safety related instruments, such as training
program, test, and certification program, etc., on the use of pesticides (Ma and Abdulai, 2019, Zhou and
Jin, 2009, Zhou et al., 2015). Besides the likelihood of stricter pesticide use requirements in cooperatives
and better facilities to test and trace products, members of cooperatives might have better access to training
or supplies of less toxic pesticides which should incentivize more sustainable use of pesticides. However,
all these studies treat pesticides as a homogeneous input. Thus, there is still a lack of understanding of the

effect of cooperatives on the choice of specific pesticides, especially restricted and recommended ones.

Additionally, there is a lack of evidence whether instruments and incentives are working more effectively
in cooperatives compared to other governance structures. Small scale farming is one of the main
characteristics of most developing countries, China’s agricultural sector does not form any exception in that
respect. Given that a supervision system which can fully monitor every step of farmers during production
would be extremely costly and hard to manage (Hobbs and Young, 2000, Starbird, 2005), different
governance structures, in addition to spot markets and government’s food safety regulation, are regarded

as an alternative approach for ensuring the compliance or even better application of pesticide use rules. The



use of incentives and control measures greatly differs among these governance structures (Williamson,

1991).

Within agriculture, cooperatives can be viewed as a typical hybrid governance structure in addition to
market governance and hierarchic governance, as individual production decisions coexist with partial
higher-level coordination of decision making (Chaddad, 2012, Peterson et al., 2001). Joining a producer
cooperative is usually regarded as one of the main routes for the integration of small individual farms and
upscaling of agricultural production in China (Zhou et al., 2015). As of September 2017, there are more
than 1.933 million cooperatives in China and more than half of them provide integrated services in terms
of production, processing, and sale?. Current studies regarding the performance of cooperatives as a
governance form mainly focus, for instance, on quantifying differences in marketing results (Ruben and
Heras, 2012), the application of quality control practices (Zhou et al., 2015, Zhou et al., 2016, Jin and Zhou,
2011), or decision-making processes (Chaddad and Iliopoulos, 2013), etc.. Current studies, in addition,
reveal that the use of pesticides may follow the guidance of cooperatives (Zhou et al., 2018). Yet,
researchers have analyzed the impact of membership in cooperatives on farmer’s pesticide choices to a

limited extend only.

1.2 Research objectives and questions

This study includes three aspects in order to contribute to a better understanding of the above problems in
deep. The first aim is to explore whether and how risk preferences could have an impact on the use of
pesticides by separating risk preferences over the domains of gains and losses under a framework of
prospect theory. Two measures are applied to reflect the pesticide use behavior, the amount of pesticides
and the cost of pesticides, in order to ensure robust results. Additionally, uncovering the basic
characteristics of pesticide use in the primary stage of vegetable production is needed by decision-makers

to improve food safety management systems. To address these issues, the types of risk faced by farmers

2Source from Chinese government website, http://www.gov.cn/xinwen/2017-09/04/content_5222588.htm.
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during the entire growing season are subdivided to focus on yield risk in the current study. Thus, an
experiment involving yield risk is designed in this study focusing on understanding how and to what extent
risk aversion, loss aversion, and weighted probability of potential hazards would affect farmers’ pesticide

use decisions. The detail of the experiment refers to Bartczak et al. (2015) and Liu and Huang (2013).

Secondly, this thesis aims at understanding the different effects of different monetary incentives on the use
of pesticides. Different monetary incentives struggling to encourage the use of low-toxicity pesticides are
mainly based on changing profit or income. The effect of incentives would differ as a result of mental
budgeting where different sources of income may perform differently. However, research gaps in this area
still remain to date. Thus, how different monetary incentives affect the use of low-toxicity pesticides still
needs further study. Production-related income raised on non-differentiating markets should be used for
better pest control practices and other expenses only if money is fungible. Conversely, incomes from
incentives covering a set of behaviors more than pest control seem to have less effect on encouraging the
use of low-toxicity pesticides compared to incomes from specific incentives. Against this background, this
study aims at analyzing whether and how mental budgeting can explain differences in farmer’s reactions to
different incentives to use low-toxicity pesticides. Given that, to the author’s knowledge, there is no study
on the effect of mental budgeting on input use in agricultural production so far, this new approach helps to
understand whether different monetary incentives differ in their effect on encouraging the use of low-
toxicity pesticides and, if so, to what extent. More specifically, this study first analyzes whether farmers
assign agricultural inputs to different categories (typicality). Second, a mental budgeting scale with respect
to agricultural inputs is constructed using principal component analysis. Finally, the effect of mental
budgeting on farmers’ stated willingness to switch to low-toxicity pesticides conditional upon different

income sources is analyzed by estimating a Probit model.

Thirdly, given that there is limited understanding of the effect of governance structures on the choices of
pesticides, especially considering that different governance structures differ in food safety related

instruments, this study aims to understand the effect of cooperatives on the choice of using restricted



pesticides and recommended pesticides for vegetable farmers via two different channels. First, the effect of
membership in a cooperative on the revealed behavior is tested. As the decision of pesticide use and the
voluntary decision to join a cooperative could be driven by the same farmer’s characteristics and, thus, is a
non-negligible source of endogeneity, A Propensity Score Matching (PSM) is used to estimate the average
treatment effect on the treated (ATT). Second, the indirect effect of particular instruments is analyzed in
order to test whether members of cooperatives react differently to them. The choices of two types of

pesticides, restricted and recommended pesticides, are analyzed using a Logit model.

This research focuses on vegetable farmers in Sichuan, China. Vegetable farmers are chosen because
vegetables belong to the most important crops and are widely cultivated all over the world. Most vegetable
production requires multiple applications of pesticides, such as herbicides, fungicides, and insecticides,
before the plants mature. Pesticide residue on vegetables, however, is relevant to human health due to
commonly fresh consumption. Sichuan Province is selected as the sample area due to its importance to
China’s vegetable production, especially in the south-western region of China. According to the statistics
published by China’s Ministry of Agriculture and Rural Affairs, the total vegetable yield in Sichuan
Province was 42.4 million tons in 2015, and Sichuan is the fifth-highest ranking province in China in terms
of vegetable production. Currently, there are five major regions involved in vegetable production in Sichuan
province based on their different geographic characteristics, as well as other conditions for vegetable
industry development, such as transportation and the economy. Accordingly, the empirical background for
this study is formed by a survey among 393 vegetable farmers in Sichuan Province, China, in October and

November 2018.

1.3 Structure of the thesis

The remainder of the study is organized as follows. Section 2 explores the key concepts used in the thesis,
as well as the existing studies related to pesticide use and risk preferences, as well as studies about mental
accounting, mental budgeting, and monetary incentives for pest control practices. In addition, cooperatives

in Sichuan, China and the empirical evidence of farmers’ pesticide use is reviewed in Section 2. The



theoretical framework, methodology, and experimental design this study uses are explained in Section 3,
while Section 4 describes the data collection methods and data description. Results are presented and

discussed in Section 5, and followed by a conclusion part with some policy suggestions and methodological

implications.






2 Introduction of concepts and literature review

2.1 Pesticides as a risk management tool

Given that farmers are self-employed, especially small farms that are widely existing in developing
countries, and that there are limited alternative channels for information acquisition, pesticide use is mostly
based on self-report information (Hoppin et al., 2002). Although this kind of decision-making process is a
convenient approach, it may cause more errors or deviation of utility as a result of insensitivity to the
probability of changes in yield, especially considering potential yield loss and other risks of agricultural
production. Risk preferences are found to be one of the main aspects that could have an impact on farmers’
pesticide use (Hou et al., 2020). Apart from other determinants, farmers have a subjective trade-off between
pesticide use and potential damage to their crop or even farmer’s own health before deciding whether or
how much pesticides need to be used by evaluating its utility. Potential pest hazards, consequently, has
been revealed as a main aspect of risk occurred regarding pesticide application (Feder, 1979, Liu and Huang,
2013, Wilson and Tisdell, 2001). However, many of the decisions regarding pesticide use are, generally,
not dealt with a complex perfectly rational process, but rely more on heuristics where previous experiences
or similar cases are more important. For example, farmers are found to cultivate partly based on their own
experiences (Korsching and Malia, 1991, Jin et al., 2017, Ortega and Ward, 2016). Thus, cultivation
decisions based on bias recognized risk may happen. In the case of pesticide use, the existing evidence has
shown that farmers would overestimate damage caused by pests and apply unnecessary insecticides (Heong
et al., 1998). However, farmers’ insecticide use would decrease and their spraying methods are improved
following more professional knowledge which changes farmers’ perception of potential yield loss with
insecticide use (Heong et al., 1998, Escalada et al., 1999). Farmers’ risk perception of pest damage could
be a major reason for the overuse and misuse of pesticides (Norgaard, 1976), and farmers will make the
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optimal choice of pesticide use after resolving information asymmetry or, at least, reduce the risk of pest

hazards (Feder, 1979).

Some researchers have attempted to uncover the association between risk aversion and pesticide use (Serra
et al., 2008, Acs et al., 2009, Huang et al., 2000, Gong et al., 2016). These studies’ findings, based on
expected utility theory, indicate that risk aversion is related to the use of pesticides in terms of the choice
of healthier pest control measures and higher the amount of pesticide use. More specifically, Serra et al.
(2008) compare risk attitudes of conventional and organic farmers based on flexible utility function by Saha
(1997) showing that organic farmers are more willing to tolerate more risk than conventional ones as a
result of a higher wealth of organic farmers. Such a difference in risk preferences may be a reason for the
different choice of pest control measures. Serra et al. (2008), however, do not separate the type of risk
preferences according to sources of risk, such as health and marketing risks, which are included in the
analysis in addition to yield risk. Based on expected utility theory, Acs et al. (2009) show that the degree
of risk aversion has a strong effect on the optimal decision of a farmer to switch from conventional farming
to organic farming. It is optimal for risk neutral farmers to entirely switch to organic production, while it is
not suitable for risk averse farmers. Huang et al. (2000) find that the perception of the potential risk of yield
loss can affect pesticide application quantitatively, reflected in 2 to 3 times fewer applications for each rice
cropping season for farmers who perceive a 10% decrease of potential yield risk. Based on an experiment
regarding risk preference, Gong et al. (2016) find that farmers in Yunnan Province, China with higher risk
aversion would use more pesticides. This result holds for subsistence as well as for semi-subsistence
farmers and indicates that budgetary constraints are not binding. Consequently, fiscal measures to reduce

pesticide use might not result in a reduction of pesticide use.

Prospect theory is a non-linear method to measure an individual’s level of risk preferences including loss
aversion and biases in terms of probability weighting which represent the main differences of prospect
theory compared to expected utility theory. The above studies, however, do not take loss aversion and biases

in terms of probability weighting of potential yield loss, which are also main components of risk preferences
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in addition to risk aversion, into account. It is shown that farmers’ behavior highly relies on the reference
point and loss aversion from the comparison of actual outcome and reference point, as well as weighted
probability of potential outcomes (Bocquého et al., 2013). Bocquého et al. (2013) conduct a monetary
incentive experiment and found that prospect theory is more suitable for explaining French farmers’
behavior. In this lottery experiment, the reference point is based on the status quo or current assets, and the
empirical evidence shows that farmers care more about status quo changes than absolute benefits or losses.
In addition, the negative utility of loss is greater than the positive utility of gain with the same absolute
values influencing final utility (Kahneman and Tversky, 1979), which means that, for the same degree of

risk aversion, people still experience disutility when benefit and loss are substituted equally.

Some studies have tried to calculate the degree of loss aversion. Bocquého et al. (2013) show that farmers’
average loss aversion is 3.76. According to a monetary experiment, Liu and Huang (2013) show that cotton
farmers have an average loss aversion of 3.47, while a more recent study from Hou et al. (2020) shows a
degree of loss aversion at 3.12. These values indicate that the negative effect of loss is more than three

times the positive effect of gain.

Probability weighting is another important part that needs to be considered when studying risk related
problems. It is said that people usually overestimate small probabilities and underestimate large
probabilities in decision-making (Tversky and Kahneman, 1992), and farmers exhibit the same pattern of
behavior. For instance, the impact of severe damage to crops would be a high yield loss with a low
probability. However, although there is just a minor risk on peril, farmers purchase insurance more than
predicted by expected utility theory because of probability over-estimation (Enjolras and Sentis, 2011,
Bocquého et al., 2013). In the case of pesticide use, it may suppose farmers have an individual reference
point regarding the outcomes of pesticide use, which could further affect their pesticide use. In addition,

farmers may apply more pesticides to avoid such a negative effect when they anticipate yield loss.

However, only a few studies have tried to understand the effect of loss aversion and bias weighted

probability on the use of pesticides so far. Liu and Huang (2013) conduct a monetary lottery experiment

13



following Tanaka et al. (2010) to calculate the degree of risk aversion, loss aversion, and the parameter of
probability weighting for cotton farmers. In their study, they assume that the actual yield is always greater
than the farmers’ reference point. Therefore, only risk aversion represents the impact of yield loss. More
risk-averse farmers would use a higher amount of pesticides. More recently, Hou et al. (2020) employ a
similar monetary experiment for rice farmers in Jiangxi Province, China. However, risk aversion does not

show a stable impact empirically in their study when relying on a 90% confidence interval.

Loss aversion is regarded as a potential negative impact on health from applying pesticides and potential
financial losses incurred by purchasing pesticides for both studies by Liu and Huang (2013) and Hou et al.
(2020). Liu and Huang (2013)’s results show that there is a negative impact of loss aversion on the use of
pesticides quantitatively. Besides, Hou et al. (2020) find that farmers with a higher degree of loss aversion

are more likely to have below-average cost on pesticides and a lower spray frequency.

With regard to the effect of probability weighting. In both studies by Liu and Huang (2013) and Hou et al.
(2020), the parameter of probability weighting does not show an impact on influencing pesticide use. This
may because the authors only estimate the degree of the bias of weighted probability compared to the actual

one, but do not take the probability of potential outcomes into account as well.

All of these studies use a monetary lottery experiment to investigate the association between risk
preferences and pesticide use. However, risk preferences might be domain-specific (Weber et al., 2002).
Given individual reference points of different risks and the effect of endowment, there is a question of
whether a monetary experiment accurately reflects the effect of yield risk farmers may face during pesticide
use. In order to study risk preferences in a specific area, Bartczak et al. (2015) conduct a scenario for
understanding risk preferences of environmental issues under the framework of prospect theory.
Respondents in the experiment are presented environmental effects, specifically reducing the risk of forest
wildfires, instead of financial rewards. They are told that two other programs to further reduce the risk of
forest fires are available in addition to the current fire protection management, but the success rate differs

between the two options.
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2.2 Mental accounting, mental budgeting, and decision on agricultural production

2.2.1 Mental accounting theory

Mental accounting is the set of subjective cognitive operations for organization, evaluation, and keeping
track of economic outcomes (Thaler, 1999). Mental budgeting is one of the components of mental
accounting in addition to categorization, income labeling, and hedonic editing (Zhang and Sussman, 2018,
Antonides and Ranyard, 2018, Thaler, 1999). Mental budgeting describes the separation and allocation of
money across different expenditure purposes (Zhang and Sussman, 2018). The existence of mental
budgeting aims at simplifying decision-making processes in two perspectives. First, the budgeting process
can facilitate identifying rational trade-offs between competing uses of funds. Second, the system can act

as a self-control device which is a way for tracking spending (Thaler, 1999).

Unlike the assumption of rational choice theory that money is fungible across all possible choice sets,
reduced fungibility of money across categories of goods is the core implication of the mental accounting
theory. Here it is assumed that money is more fungible within a specific mental budget than between
different mental budgets. Empirical evidence has been shown for examples such as food consumption
(Schady and Rosero, 2008); expenditures of windfall gains (Levav and McGraw, 2009); consumers’
reaction to income and price presentation tactics (Homburg et al., 2010); and tax payments of self-employed
business owners (Olsen et al., 2019). However, the existence and expression of mental budgeting could

differ across individuals.

Categorization, furthermore, describes the behavior of classifying expenses depending on different kinds
of demands (Heath and Soll, 1996, Zhang and Sussman, 2018), and can be overlapping for different
categories (Heath and Soll, 1996). Categorization is one of the components of the theory of mental
accounting and serves as a pre-condition for reduced fungibility of money. Inputs categorized into one

category are more likely to be set in one budget, and then expenses of these inputs would be fungible.
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Under the term income labeling, it is assumed that individuals label monetary incomes according to
different budgets for categories that can hardly be substituted (Thaler, 1999, Krishnamurthy and Prokopec,
2009). Income labeling requires expenses to be categorized. Current literature shows that total expenditures
of an individual consumer are commonly sorted into several budgetary categories, such as food,
entertainment, and housing. In addition, income is labeled through its sources and, in the current research,
can be divided into windfalls/allowances or non-windfalls/allowance for instance (Thaler, 1999,
Krishnamurthy and Prokopec, 2009). Windfalls and allowances are more likely to be used for irregular
expenses. Income labeling also includes current income and future income, with current income being much

more likely to be spent than future income (Antonides et al., 2011).

With regard to hedonic editing, it explains how people evaluate gains and losses for a specific budget.
Different combinations of gains and losses differ in the resulting value of the actor (Thaler, 1985). Thaler
(1985) shows that gains are preferred to be given separately while integrated losses are more accessible for
the same amount of gains and losses. For example, two lotteries worth $50 and $100 were more preferred
by the interviewees than just one lottery worth $150. On the contrary, the majority of interviewees believed
that two separate amounts of taxes owed of $50 and $100 would make people more upset than to just receive

a letter asking for $150 (Thaler, 1985).

Thus, under the assumption that a farmer behaves according to mental accounting theory, money is less
likely to be fungible among different budget categories. As monetary incentives in agriculture aim at
increasing the income for changing production behavior, how farmers recognize, evaluate, and allocate
those incomes largely determines the effect of incentives. The next part reviews the most influential studies
to date regarding mental accounting, mental budgeting, and agricultural behavior. Besides, given that
mental budgeting is a process for segregating and tracking assigned money, the following analysis mainly
focuses on the effects of mental budgeting. However, categorization and income labeling are still premises

for the analysis of mental budgeting.
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2.2.2  Mental accounting theory and decision on agricultural production

Available studies to date based on neoclassical economic theories show a mixed effect of income on
changing pest control practices. Most studies only try to identify the effect of total or agricultural income
(Khan et al., 2015, Dasgupta et al., 2001), ignoring the specific benefit of pest control measures. There is
no clear evidence showing that an increase in total or agricultural income encourages better pest control
practices such as using low-toxicity pesticides. Some other studies also show empirically that income not

related to agriculture, such as off-farm income, may increase pesticide expenditures (Ma et al., 2018).

The application of mental accounting theory for understanding agricultural production decision
mechanisms is relatively sparse compared to analyses of consumers’ behavior. Current studies on
agricultural production decisions contain the adoption of technology and the payment of agricultural inputs

(Freudenreich and Muf3hoff, 2018, Zhang et al., 2016, Huang et al., 2020, Ocean and Howley, 2019).

More specifically, Freudenreich and MuRhoff (2018) identify the effect of different insurance and subsidy
schemes on the adoption of technology among maize farmers. An experiment was set up for 277 farmers
where one of four scenarios is presented, including either full insurance, partial insurance with 25%
deductible, partial insurance for drought only, or weather index insurance. The full insurance is tested to
have a higher effect on stimulating the adoption of a higher-yielding seed variety than other insurance
schemes. The authors argue that this is because farmers may place the cost of the premium and the

deductible in separate mental accounts.

In another study, Zhang et al. (2016) look at the extent to which Chinese farmers categorize agricultural
water fees, based on survey data from 577 farmers in Sichuan, China. Farmers break down expenditures
for agricultural water fees, the costs of seeds, pesticides, or fertilizers, and former agricultural taxes and
fees (abolished in 2004) into the two categories: agricultural production costs and political charges. Results
from descriptive statistics show that farmers categorize water fees most often as both, a cost of production
and political charge, which are 90.99% and 95.32%, respectively. Given that the authors allow cross-
typicality for these categories, farmers may regard water fees as a cost of production and a political charge
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at the same time. For the costs of seeds, pesticides, or fertilizers, farmers show intuitively expected response
behavior. There are 88.04% of farmers who report the costs of seeds, pesticides, or fertilizers are not

political charges.

Huang et al. (2020) use hypothetical scenarios of food reserve and consumption and find that farmers follow
mental accounting in deciding how much to consume from their own-produced food. More specifically,
33.49% and 34.20% of farmers apply mental accounting for rice and potatoes, respectively, when facing
surpluses of yields of these two products. In a situation of yield shortage of rice and potatoes, 45.75% and
48.81% of total investigated farmers follow mental accounting for rice and potatoes, respectively. Ocean
and Howley (2019) conduct an experiment among UK farmers trying to understand the heterogeneous
effects of different subsidy schemes on the expenses on environmental management. The results show that
there is a difference in the allocation of incomes from different subsidies for environmental management
practices when offered an environmental protection scheme or two other subsidy schemes. When offered
two less restricted payment schemes, 26.73% and 26.96% of the sum money are allocated for environmental
management, respectively, while 32.7% of the subsidy would be assigned for this purpose when offered an

environmental protection scheme.

2.3 Price premium and subsidy as incentives for pest control

Based on the hypothesis that farmers would maximize their profit, Feder (1979) indicates that increasing
the effectiveness of pesticide use can be achieved by obtaining information or by using improved chemical
inputs. Improved technology covering genetically modified hybrids, biological control, and optimized
application techniques for chemicals can be ways for improving risk control (Meissle et al., 2010). However,
farmers may not voluntarily change their pesticides use strategies unless alternative instruments are readily
available for adequate pest management (Lamers et al., 2013). Price premiums and subsidies are at the core
of the increase in income. In order to improve pest control practices, two main actors are mainly considered

as those establishing incentives: government and organizations that collaborate with farmers (Saba and
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Messina, 2003, Jin and Zhou, 2011, Zhou et al., 2016, Williamson et al., 2008, Huang et al., 2003, Wilson

and Tisdell, 2001, Skevas et al., 2012).

2.3.1  Price premium and pest control

A price premium is offered as one of the main measures by several ways, such as contract farming,
cooperatives, and certification schemes, to encourage farmers to use better pest control practices (Bijman,
2008, Thiers, 2005). Joining contract farming or cooperatives, as well as certification schemes, usually
means farmers face a price premium and extra constraints because of the pesticide use requirements (Bijman,
2008, Thiers, 2005, Haring et al., 2001). Quality control and standards are often found in provisions, along

with cultivation practices and price determination mechanisms (Bijman, 2008, Lamers et al., 2013).

A price premium is reflected through higher selling prices but with a diametrical impact on pesticide use.
Whereas some studies show that a price premium decreases the amount of pesticide use or change the way
of pest control (Yang et al., 2019, Bolwig et al., 2009), other authors provide evidence that a price premium
for certified food could even increase the use of pesticides (Nie et al., 2018), especially considering the
existence of information asymmetry in the market (Wilson and Tisdell, 2001). A price premium has no
specific component for encouraging better use of pesticides, but a mixed increase in income of all efforts
such as labor and other inputs. It is still unclear how this mixed-income might affect the willingness of
joining such programs and enhance pesticide use behavior. Thus, if a clear announcement is made about
any bonus income, the effect of a price premium on the willingness to use low-toxicity pesticides may
increase. For instance, in an experiment for contract design, Saenger et al. (2013) find that an extra bonus

following a baseline payment has the largest influence on farmers to produce higher quality milk in Vietnam.

2.3.2  Subsidy and pest control

A subsidy scheme is another common incentive to encourage farmers to adopt designated pest control
practices. The provision of a subsidy scheme conditional upon the adoption of pre-defined pesticides is a
widely used way that directly encourages farmers to use different selected pesticides, often less toxic ones

(Skevas et al., 2012). However, existing evidence shows that subsidies on low-toxicity pesticides do not
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have a reducing impact on the use of high-toxicity ones (Skevas et al., 2012). Even though a subsidy scheme
can affect the use of pesticides, its influence may be different from a price premium. Grovermann et al.
(2017) simulate the effects of different incentives to reduce pesticide use for Thai farmers. The results show
that the costs of policies for the government differ between price premium and subsidy for reaching a similar
impact. In order to achieve a 6.5% reduction of pesticide use, the policy cost of a price premium is 3900
baht per household under the premise of introducing integrated pest management. A subsidy scheme,
however, corresponds to 3000 baht per household and a 6.6% reduction of pesticide use under the same

condition.

China’s government started a pilot subsidy scheme for low-toxicity pesticides in 2013 in several counties
across ten provinces, including Hunan and Sichuan (MOA, 2013). The main purpose of the subsidy scheme
is to, on the one hand, mobilize farmers to use more expensive low-toxicity pesticides by compensating for
their costs. On the other hand, as the advantages of low-toxicity residues have been recognized, this subsidy
can help to change traditional pesticide practices. The subsidy for low-toxicity pesticides can be regarded
as an extra income to encourage better pesticide practices. In practice, this subsidy is allocated either to
farmers after declaring the types and amount of pesticides, or to pesticide dealers for lower prices of low-
toxicity pesticides within the pilot area. In view of mental accounting theory, this subsidy is specific to
pesticide use if farmers engage in mental budgeting and regard pesticides as an independent category; thus,
it may affect pesticide practices directly. Otherwise, the increased income from the subsidy would be
regarded as homogenous and fungible to other kinds of income. Yet, it is still unclear whether and how far
this subsidy could change farmer’s willingness to use low-toxicity pesticides, especially from a comparative

perspective with respect to other incentives.

2.4 Cooperatives and their role in farmers’ pest management

2.4.1 The role of cooperatives in Sichuan, China

Producer cooperatives play an important role in production in China and may have an impact in terms of,

for example, farmers’ welfare and technology adoption (Zhang et al., 2019, Ma and Abdulai, 2016). In the

20



analysis at hand, some cooperatives with decentralized decision rights regarding pesticides would represent
a kind of hybrid governance. In a cooperative, a set of standards, such as business plans and initial financing,
is formulated before according to the decentralized decision process. The control right is allocated to some
members according to the pre-established governance policies (Peterson et al., 2001). Cooperatives could
be distinguished by their decision rules in China (Liang et al., 2015). “One member, one vote” and
“proportional vote” are two voting patterns for cooperatives in China. In the “proportional vote” pattern,
core members usually have more power to formulate policies, yet other farmers still have the right to
execute transactions or instruments. Instruments such as training programs, controls of inputs, price
premiums, quality requirements, mutual supervision, and tests are commonly used in cooperatives for

ensuring the appropriate use of pesticides (Zhou et al., 2015, Kirezieva et al., 2016, Jin and Zhou, 2011).

By the end of 2017, there are 89,292 cooperatives registered officially in Sichuan Province where more
than 6.9 million households are included. Producer cooperatives in Sichuan Province cover a wide range of
agricultural sectors including grain, vegetables, fruits, and livestock. Farmers can receive services from the
cooperatives. The services provided by the cooperatives are also diverse. Not only marketing and sales are
covered, the services from cooperatives also include the procurement of externally sourced inputs for

agricultural production, technical extension, labeling, processing, and logistics (Zhang et al., 2019).

2.4.2 Pest management in cooperatives

Earlier evidence demonstrates that different governance structures as well as the existence and intensity of
various instruments result in a different performance with respect to sustainable pesticide use. To date,
training of farmers, direct supply of inputs, record keeping, certification, and testing of products are
regarded as the main instruments for ensuring food safety. Such instruments are not only found in
cooperatives, but also in other governance structures such as integrated agricultural companies and
individual farmers (Zhou et al., 2015, Wang et al., 2017). Through an enhancement of pest control

knowledge, incentives for better pest control, and offsetting of risk of pesticide misuse, farmers may better
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follow the regulations and adjust pesticide use in a way expected by public authorities or actors along the

supply chain.

In a comparative study, Zhou et al. (2015) analyze the relationship between the amount of food safety
control practices and governance structures. According to a survey of roughly 600 vegetable and fruit
household farms, cooperatives, and companies in Zhejiang Province, Zhou et al. (2015) show that
companies implement a higher degree of food safety control practice compared to cooperatives and
household farms. In particular, the documentation of input use and production management measures is
more consistently implemented by companies (Zhou et al., 2015). The authors argue that this is probably
due to the heterogeneity of decision rights. In addition, given that members in cooperatives have different
goals and farmers are involved in decision making, instruments might be less strict compared with
companies. For example, evidence shows that cooperatives in Zhejiang Province adopt fewer food safety
controls than companies and individual household farms as a result of collective and democratic decision-
making mechanisms (Zhou et al., 2015). As shown by the survey data, 28.2% of the surveyed cooperatives
do not apply product certification compared to 19.86% of the companies surveyed, and an overall average
of 23.84%. Further, 57.7% of the cooperatives do not keep production records compared to an overall
average of 49.67%. However, the difference in pesticide testing is less pronounced as 89.56% of the
cooperatives implement it compared to an average of 90.5% of all observations. Family farms have the
largest proportion of certification (90.79%), while companies have the largest proportion of recording
(60.09%) and testing (92.20%) programs. Zhou et al. (2018) further show that farmer’s way of applying
chemical inputs mainly relies on their own experience or guidance from the government or cooperatives

and the social capital of cooperatives such as trust and common goals.

More specifically, cooperatives might support their members to change their pesticide use behavior via
better information. Instruments such as training programs could be offered and provided to members.
Although other farmers might also receive training regarding pest control, a training program in

cooperatives may differ in frequency and contents as pest controls are a mutual interest (Feola and Binder,
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2010, Hruska and Corriols, 2002). Such training programs usually introduce suggested pest control
measures and the corresponding application methods, the policies of pest controls are, as well, included in

the program.

Input control is another instrument in the governance of cooperatives. The supply of inputs is a crucial link
for food safety. In order to ensure the safe supplement of agricultural inputs, some cooperatives are involved
in offering inputs, such as pesticides, to their members (Abebaw and Haile, 2013). A unique supply channel
for inputs cannot only decrease the cost due to the enhanced bargaining power and scale effect, it can also
help standardize agricultural production according to the same criterion. It is shown that unique input

management is considered by cooperative managers in Zhejiang Province (Zhou et al., 2016).

Quality requirements such as certification programs are also commonly found in a cooperative as a control
in order to meet market demands. Certification programs usually come along with a certain price premium.
Offering higher producer prices is another incentive to stimulate a lower use or even no use of pesticides.
However, the price of vegetables is not necessarily inversely proportional to the amount of pesticides. As
shown in the example of Vietnam, the lower the price of vegetables, the less chemical input farmers prefer
to use (Van Hoi et al., 2009). This is because many farmers believe that only chemical input can ensure a
good appearance of vegetables (Van Hoi et al., 2009). Given a lower price, economic theory predicts that
farmers would reduce their use of externally supplied inputs. Information asymmetry is another challenge
for certification programs. For instance, based on data from Europe, Albersmeier et al. (2009) state that
despite quality requirements for organic food, fraud is still found as a result of information asymmetries

along the supply chain.

Quality test of agricultural products is also regarded as a crucial control for regulating the use of pesticides.
Tests can be applied by either cooperatives or external agencies that aim at quality testing (Zhou et al.,
2016). However, as the tests increase the cost, some cooperatives may not implement such a policy for food

safety control.
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From the perspective of empirical models for estimating the reasons for pesticide choices, descriptive
statistics, factor analysis, Poisson regression model, and Probit model are commonly used (Adejumo et al.,
2014, Wang et al., 2015, Zhou and Jin, 2009, Sharifzadeh et al., 2018). As some factors revealed in these
studies, such as personal and household characteristics, may also affect farmers’ choice of joining a
cooperative, selection bias may occur and would have to be taken into account appropriately. In addition,
given that limited studies are focusing on understanding the effect of governance structures and the direct
and indirect effect of food safety instruments in different governance structures on the choices of pesticides,

this study aims at filling this gap.
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3 Theoretical concepts and methodology

3.1 Prospect theory, demand for pesticides, and the corresponding experimental design

3.1.1 Prospect theory and demand for pesticides

On the basis of a value function by Kahneman and Tversky (1979), a farmer’s optimal pesticide use could
be affected by loss aversion, risk aversion, and weighted probability, which are different from classical
expected utility. According to prospect theory, an input with uncertain outcomes is related to the editing
and evaluation result in people’s minds. Assume that V(-) is the process of evaluation. Then, the value of
uncertain profit is V,(m) =V, (4r) = V(g — m,y), Where my is the actual profit and m, indicates the
reference point in the farmer’s mind. The resulting value will be considered for the decision to use pesticides.

It is introduced as a two-part exponential form as follows (Tversky and Kahneman, 1992).

_ AT A > 0
V() = {—An(—Ag)"”, A <0

where a;; is the curvature parameter of the value function and A, is the loss aversion parameter. This study
follows the assumption that the value function curves of gain and loss are of the same curvature. Normally,
A 18 larger than 1, showing that the negative effect of a loss in the value is larger than the positive effect
of a gain of an equal monetary amount. The curvature parameter o,; is smaller than 1, indicating that the
slope of the value function V;, () decreases gradually with increasing income, |4m|. Thus, over the domain
of gains, the value function would be strictly concave which implies risk-averse preference of the actor

considered.

According to prospect theory, the subsequent prospect of profit, mpr, contains gains and losses. Let

w(1 — q) and w(q) designate the weighted probability of gains and losses, the function of maximized
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profit is:

m = Max(pY — piX; — ppX5")

pr = Max{[w(1 — )47’ ] + [w(q)(=2) (—=4m)?]}, subject to { Y =YX, Xy, Z)
irAp,

where m is the profit related to yield Y, a series of inputs, X;, and damage abatement by using pesticide, X,,.
More information about the production damage abatement function can be found in Lichtenberg and
Zilberman (1986). The yield Y is the outcome of a vector of inputs following Cobb-Douglas production
function. Z is a vector of variables indicating personal, household, and farming characteristics. The
probability weighting function will be w(q) = 1/exp[—In(q)]® where § shows the shape of the
probability weighting function (Prelec, 1998). A parameter § > 1 indicates that a farmer will underestimate
a small probability and overestimate a large probability, while there is no distortion of the probability
weighting function if § = 1. In addition, § < 1 indicates a farmer overestimate a small probability and
underestimate a large probability. Consequently, the prospect of profit can be expressed as a reduced-form

as.
Tpr = Tpr(Ay, 0y, 6, Gy, P, Dis Pp, Z)

As long as 6YPT/E)Xp > 0, a farmer would keep increasing the amount of pesticide use. Assuming that the

use of pesticides is independent of other inputs, the demand function for pesticides in a reduced form would

be:

Xp = Xp(Ay, 0v,6,qy, 0, 0p, Z)

In short, the demand function for pesticides shows that the amount of pesticide use is determined by risk
preference parameters (risk aversion, loss aversion, and weighted probability predicted by the parameter of
probability weighting and the probability of yield changes). As the use of pesticides is to abate hazards, the
more risk-averse a farmer and the larger her/his loss aversion, the higher the perception of yield loss. More
amount of pesticide use is expected to be applied by the respective farmer. Similarly, the higher a farmer
weighs the probability of potential hazards, the higher the perceived potential yield loss. Thus, it is predicted
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that a higher weighted probability of a potential hazard is related to more pesticide use. Personal, household,
farming characteristics, and prices of vegetables and pesticides are, as well, factors that could have an

impact on the use of pesticides quantitatively.

Thus, an ordinary least square (OLS) measure is applied to estimate the coefficients following Liu and

Huang (2013) and Hou et al. (2020). The specific equation is:
Xp =fo + :BUYO-Y + BAYAY + .Bw(qy)W(QY) + ﬁpp + .Bpppp +p7Z +u

where X, represents the intensity of pesticide use. In order to estimate such variable, two measures are
applied which are, on the one hand, the average amount of pesticides, and the average cost of pesticides on
the other hand. This is because the higher cost of pesticides is in line with the increased amount of pesticide
use and could be a substitute for the amount of pesticides to a certain degree under the assumption that the
average price of pesticides remains the same (Hou et al., 2020, Ma et al., 2018). Constant is represented by
Bo, and u is random error. Risk aversion, loss aversion, and weighted probability with regard to yield loss
are indicated by ay, 1y, and w(qy), respectively. Represent selling price and average price of pesticides
are represented by p and p,,. The vector Z represents personal, household, and farming characteristics
including age, family size, the distance to the nearest fair, planted area, educational level, geographical
characteristics, and hygienic habits after pesticide use (Huang et al., 2000, Obopile et al., 2008, Wu and

Hou, 2012, Fan et al., 2015). Boy, Bay Bw(ay): Bp+ Bp, and Bz are the corresponding coefficients to be

estimated.

3.1.2 Experimental design of risk preferences

In order to estimate risk preference parameters, this study heavily relies on a Holt-Laury-type lottery
method introduced by Tanaka et al. (2010). The experiment is divided into three sets of choices. The first
two parts aim at obtaining quantitative estimates of the degree of risk aversion and the parameter of
probability weighting. The third part aims to calculate the degree of loss aversion. Table 3.1 presents the

combinations of choices offered to respondents in the experiment.
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Table 3.1: Series of experiments of risk preferences

Option A Option B
Series 1
Increased Probability Increased Probability Increased Probability Increased Probability
income income income income
(*s1,4) (Vs1,4) (Xs1,8) (Ys1,8)
80 30% 20 70% 136 10% 10 90%
80 30% 20 70% 150 10% 10 90%
80 30% 20 70% 166 10% 10 90%
80 30% 20 70% 186 10% 10 90%
80 30% 20 70% 212 10% 10 90%
80 30% 20 70% 250 10% 10 90%
80 30% 20 70% 300 10% 10 90%
80 30% 20 70% 370 10% 10 90%
80 30% 20 70% 440 10% 10 90%
80 30% 20 70% 600 10% 10 90%
80 30% 20 70% 800 10% 10 90%
80 30% 20 70% 1200 10% 10 90%
80 30% 20 70% 2000 10% 10 90%
80 30% 20 70% 3400 10% 10 90%
Series 2
Increased Probability Increased Probability Increased Probability Increased Probability
income income income income
(Xs2,4) (Vs1,4) (Xs2,8) (Vs2,8)
80 90% 60 10% 108 70% 10 30%
80 90% 60 10% 112 70% 10 30%
80 90% 60 10% 116 70% 10 30%
80 90% 60 10% 120 70% 10 30%
80 90% 60 10% 124 70% 10 30%
80 90% 60 10% 130 70% 10 30%
80 90% 60 10% 136 70% 10 30%
80 90% 60 10% 144 70% 10 30%
80 90% 60 10% 154 70% 10 30%
80 90% 60 10% 166 70% 10 30%
80 90% 60 10% 180 70% 10 30%
80 90% 60 10% 200 70% 10 30%
80 90% 60 10% 220 70% 10 30%
80 90% 60 10% 260 70% 10 30%
Series 3
Income  Probability Income  Probability Income  Probability Income  Probability
change change change change
(xs3,4) (Vs3,4) (xs3,8) (Vs3,8)
50 50% -8 50% 60 50% -42 50%
8 50% -8 50% 60 50% -42 50%
2 50% -8 50% 60 50% -42 50%
2 50% -8 50% 60 50% -32 50%
2 50% -16 50% 60 50% -32 50%
2 50% -16 50% 60 50% -28 50%
2 50% -16 50% 60 50% -22 50%

Note: Income is measured in Chinese yuan, RMB.
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The switching values of different income increments and related probabilities in series 1 and 2 are
determining in calculating the risk aversion (¢) and the parameter of probability weighting (&) in detail.
The later the switching point for both series 1 and 2, the higher the degree of risk aversion. If a farmer
switches, for example, at the 1% question in series 1 and the 7™ question in series 2, it implies that this farmer
reveals risk-neutral behavior. With regard to the parameter of probability weighting, a later switching point
in series 1 is related to a higher value of the probability weighting parameter. In contrast, the later the
switching point in series 2, the lower the value of the probability weighting parameter. There would be no
bias of the weighted probability if, for example, a farmer switches at the 7™ question in series 1 and the 1%
guestion in series 2. The complete correspondences are shown in Table A. 1 and Table A. 2 in the Appendix.
The values of both risk preference parameters should satisfy the following condition (Bartczak et al., 2015,

Tanaka et al., 2010):

Vs1,an—17 + exp[—(=1n0.3)%] (xs1,4n-17 = Ys1,an-17) <
Ys1,8n-1° + exp[—(=n0.1)%] (Xs1,58-17 = Vs1,8n8-1°);
Ys1,an’ + exp[—(—1n0.3)%] (51,487 = Vs1,4n7) >
Ys1.ew° + exp[—(=In0.1)%] (x51,557 — Ys1,88%);
Vsz,an—17 + exp[—(=1n0.9)] (xsz,an-17 = Ysz,an-17) <
Vs2en-1" t exp[—(—ln0.7)5] (xSZ,B,N—la - ySZ,B,N—la);
Yszan® + exp[—(=1n0.9)%] (xs2, 487 = Ysz.an’) >

' Ys2n° t exp[—(—ln0.7)5] (xSZ,B,Na - ySZ,B,NU)-

(0,8) € <

where x and y are outcomes. S1 and S2 mean the outcomes in series 1 and 2, respectively. A and B indicate
outcomes in options A and B respectively. N-1 and N are rows of series 1 and 2. Following Tanaka et al.

(2010)’s paper, the midpoints of the scope with regard to o and § are applied.

The scope of the parameter of loss aversion can be calculated through a farmer’s choice in series 3 and the
given risk aversion ¢. For the same degree of risk aversion, the degree of loss aversion increases as a farmer
would switch at a later question in this series. Given that the probabilities of each income change in series

3 are the same, weighted probability can be omitted in this case. Thus, the scope of the parameter of loss
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aversion (1) should satisfy the following equation:

(o) (o) o o.

1e Xs3,an—1" T (=AL) * ¥s3 an-17 < Xs3pn-1° + (=AL) *Vs3pn-17;
g g g g
Xs3an’ + (—An) * Vs3.an® > Xs38n° + (—An) * Vs3 N7

Similarly, S3 refers to the outcomes in series 3. A and B indicate outcomes in options A and B, respectively.
N-1and N are rows of series 3. 4, and A are the low boundary and high boundary of the parameter of loss
aversion. In case a farmer continues choosing Option A in Series 3, a low boundary could only be identified
as the scope of the parameter of loss aversion is from the low boundary to infinity. Otherwise, the midpoints

between A, and A are used following Tanaka et al. (2010)’s paper.

To avoid the influence of other farmers on decision-making in the survey, the whole experiment was
conducted in a one-to-one interview at the end of the farm survey questionnaire. To anchor an endowment
of vegetable yield in the farmer’s mind, farmers were first asked to recall their vegetable yields in recent
years and imagine that the income in the experiment comes from selling vegetables. Farmers were told that
two other pesticides to further change the risk of pest hazard are available in addition to the current
commonly used ones, but the success rate differs between the two options. Thus, the increased income is
related to vegetable yields, and the income change should come from changed yields caused by pesticides.
At the beginning of the experiment, farmers were also told the choices of the experiment would determine
the types of post-experiment presents they would get after finishing the survey. The three series were
presented to farmers in turn. For each experiment, two small cards were presented to farmers where option
A and option B are written, respectively. Farmers were asked to choose one option. The experiment began
with the first row of options for each series. For all series, if the farmers continue choosing option A, the
increased income of option A and option B on the cards would be changed to the next question, and the
farmers are asked to choose again. If a farmer switches from option A to option B, the experiment moves

to the next series. An example of the choice experiment of series 1 is shown in Figure 3.1.
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Figure 3.1: Example of cards of series 1 shown to each farmer

4 N\
Option B:
10% chance of increasing by 136 yuan
90% chance of increasing by 10 yuan
. . .
P if chooses Option A
/ \ Option B:
Option A: 10% chance of increasing by 150 yuan
ption A: 90% chance of increasing by 10 yuan
. J
30% chance of increasing by - ~N if chooses Option A
80 yuan ' ' Option B:
70% chance of increasing by 10% chance of increasing by 166 yuan
20 yuan 90% chance of increasing by 10 yuan

/ \. : J

if chooses Option A

Option B:
10% chance of increasing by 3400 yuan
90% chance of increasing by 10 yuan

Then, an opaque box with ten small Ping-Pong balls inside was presented to farmers for simulating the
results of the experiments. The balls were written with numbers from 1 to 10 for indicating the probability
(for instance, in series 1, a farmer who chooses option A and picks a ball numbered 1 to 3, i.e. 30%, would
get a gain of xg; 4 While a number of 4 to 10, i.e. 70%, is related to a gain of ys,; 4). Farmers were asked to
pick the ball three times, once for each series. All participants got presents of different values according to
their options in the experiments and the simulating the results. More specifically, in order to avoid that a
farmer may ignore a small amount of monetary incentives, the experiment switched to use goods instead of
money and prepared four different types of presents, namely soap, towel, gloves, and toothbrush, which
value 5, 3, 2, and 1 points, respectively. Farmers received five points for exchanging presents after the
interview before the experiment, they would, however, received more points or fewer points according to

their answers in the experiments. Each income change of RMB 10 yuan in the experiment equals one point.

In order to illustrate the procedure, let’s assume that a farmer switches at the 4" and 3™ choices of series 1

and 3, respectively, but do not switch for series 2. The farmer, then, picks a ball numbered 1, 10, and 6 for
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series 1 to 3, respectively. This farmer would get 22.4 points (18.6, 8, and -4.2 for series 1 to 3, respectively).
Thus, the total sum of points for this farmer would be 27.4 which can be used to exchange, for instance, for

five soaps and one pair of gloves.

3.2 Mental budgeting and the corresponding measurements

3.2.1  The concept of mental budgeting and its role in incentivizing actors

Before understanding whether a farmer engages in mental budgeting, it is necessary to classify the expenses
of agricultural inputs as categorization is the main component of mental accounting theory. Thus, the first
step is to identify the categories of these expenses. This study follows a method introduced by Heath and
Soll (1996), where typicality identification is used for understanding categorization. Three categories of
agricultural inputs are considered here, which are seeds, fertilizer, and pest control measures. These
categories have been used by many existing studies (Shankar et al., 2019, Huan et al., 2005). These three
agricultural inputs are set because they form the main variable costs for agricultural production. Other costs
such as infrastructure costs are assumed to be fixed within one season. In following the principles of
categorization (Henderson and Peterson, 1992), it is assumed that seeds, fertilizers, and pest control
measures represent easily distinguishable goods?® that may be categorized with minimal thought and effort
due to prior experience. If farmers categorize a specific agricultural input into a certain category, the
respective expenses for this category will be subsumed, otherwise, the corresponding expenses for such

inputs would be fungible.

More specifically, this study provides farmers with ten specific agricultural inputs and assigns them by
breaking them down into three categories. The ten inputs include vegetable seeds, vegetable seedlings,
potash fertilizer, nitrogenous fertilizer, phosphate fertilizer, organic fertilizer, insect-proof lamps/nets, high-
toxicity pesticides, low-toxicity pesticides, and sexual attractants. Respondents are asked to assign values

to each input item for each category, which indicates which inputs belong to which category. Similar to

3 Cross typicality exists in some inputs. For example, BT cotton may have both typicality of seeds and pest control
measures. The majority of inputs, however, are still with just one typicality.
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Heath and Soll (1996)’s research, this study uses a Likert Scale Points for testing typicality. This study
applied a five-point scale, from 1 (very typical) to 5 (very untypical); when farmers felt the item did not
belong to a category, they had an option of filling in an ‘X’, which reflected null for the typical rating. All
investigated farmers were asked to answer the typicality for all selected agricultural inputs in the

guestionnaire.

The setting of mental budgets and expenses of agricultural inputs highly depend on the results of
categorization. Money is more fungible within a specific mental budget than between different mental
budgets. Thus, as a precondition for mental budgeting, farmers need to assign inputs to different categories
in a consistent way. For instance, vegetable seeds and seedlings should typically fall under the seeds
category. Fertilizer includes potash fertilizer, nitrogenous fertilizer, phosphate fertilizer, and organic
fertilizer. Insect-proof lamps/nest, high-toxicity pesticides, low-toxicity pesticides, and sexual attractants
are a part of pest control measures. The expenses, for example, of insect-proof lamps/nets, high-toxicity
pesticides, low-toxicity pesticides, and sexual attractants are an expense for pest control measures if farmers
believe these items are typical in the category of pest control measures. Otherwise, if these items show
partial typicality or non-typicality as pest control measures, they cannot be treated as falling under the

category of pest control measures.

3.2.2 Mental budget scale

In order to accept a mental budgeting behavior by a farmer, the respondent should have a budget plan for
the expenses within the categories above, and overspending within a category should be hard to accept. In
addition, if farmers spend more money on a specific input, the expenses for other inputs in the same category
should decrease but affecting inputs in other categories only minimal or not at all (see empirical evidence
of the strictness of separation for consumption from Heath and Soll (1996)). Otherwise, if farmers do not
engage in mental budgeting, it is less likely for them to show a budget plan for each category and money
should be fungible between the different agricultural inputs. Whether people engage in mental budgeting is

determined by the expenses within and across different budgets. Structural questions and purchase
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behaviors are commonly used for understanding the threshold of mental budgeting (Antonides et al., 2011,
Homburg et al., 2010, Hoque, 2017, Habibah et al., 2018, Heath, 1995, Huang et al., 2000, Hirshman et al.,
2018, Oh et al., 2016, Yang, 2020). Structural questions are set according to the properties of mental
budgeting, and the threshold of mental budgeting results from the answers to such questions. Real and
experimental purchase behaviors can also identify the threshold of mental budgeting through whether

expenses are more fungible within a specific mental budget than between different mental budgets.

However, previous studies have shown that people will categorize incomes into different mental budgets
that can be hardly substitutable (Thaler, 1999), and that money originally allocated in a certain category is
more likely to be used within the same category when prices of products or budgets of categories change
(Henderson and Peterson, 1992, Antonides et al., 2011). Here, it is assumed that a farmer applying mental
budgeting sets a budget for pest control measures including all expenses for pest control measures.
Subsequently, any monetary incentive directly linked to pest control practices would result in a change of
expenses from this budget but not of other accounts while a non-specific monetary incentive is expected to

affect all budgets.

In this thesis, in order to figure out whether farmers engage in mental budgeting for seeds, fertilizer, and
pest control measures, a mental budgeting scale was conducted following Antonides et al. (2011) and
Homburg et al. (2010). Such a scale bases on the aggregation of farmer’s responses to a set of four Likert
Scale questions ranging from following budget plans for comparison of expenses across categories. The
first question figures out whether farmers have a total budget for agricultural inputs. The second question
strives to understand whether budgets are fixed or not. The third question tries to understand whether money
is fungible within one budget. The fourth question is to understand whether money is fungible between the
budgets of agricultural inputs and other budgets. These four aspects form the core properties in order to
accept the existence of mental budgeting for a certain farmer. In comparison to the research by Antonides

et al. (2011) and Homburg et al. (2010) which just focuses on financial and consumers’ expenditure
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behavior, this study firstly carried out an analysis of the mental budgeting scale of agricultural inputs to

provide more evidence for different categories. The specific questions are as follows:

Please indicate the extent to which you agree or disagree with the following statements.

(answers: 1=totally agree to 5=totally disagree)

1. 1 set up a budget plan or reserve money for different agricultural expenses, such as seeds,

fertilizer, pest control measures, etc.

2. | never spend more than a fixed amount on seeds, fertilizer, pest control measures, etc.

3. If I spend more on one agricultural input, I spend less on other inputs in the same category.

4. If 1 spend more on either seeds, fertilizer, pest control measures, etc., the expenses in other

categories remain as before.

The mental budgeting scale consists of the factor score of farmer’s response to the four statements wand
ranges from 1 (totally agree) to 5 (totally disagree). Hence, a lower score implies that a farmer is more

likely to apply mental budgeting.

3.2.3  Farmers’ intentions towards pest control measures

Finally, in order to understand the effect of mental budgeting on farmers’ intentions towards the use of low-
toxicity pesticides, this study considered incomes from two different sources: agricultural revenue with
price premiums for quality and subsidies for low-toxicity pesticides. For each income source with an equal

monetary equivalent, each farmer has been asked to reveal his/her willingness to adopt less toxic pesticides
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on a Likert Scale ranging from 1 (totally disagree) to 5 (totally agree):

1: If you were to receive an additional agricultural revenue with a price premium for quality by
¥200% please indicate the extent to which you would agree with the statement that | prefer to

switch to low-toxicity pesticides.

2: If you were to receive a subsidy for low-toxicity pesticides by ¥200, please indicate the extent

to which you agree with the statement that | prefer to switch to low-toxicity pesticides. (Answers:

1=totally agree to 5=totally disagree)

Before asking the willingness, farmers were explained that low-toxicity pesticides are those more
environmentally-friendly pesticides and generally more expensive than normal ones. These pesticides are
subsidized in some pilot areas. Several examples, such as Pyrethrin, Dimethomorph, and Plutella xylostella
granulosa virus, etc., from the “List of main varieties of low-toxic and low-residue pesticides used in crop
production, 2016 issued by the Ministry of Agriculture and Rural Affairs were also shown to farmers in

order to illustrate the concept of low-toxicity pesticides.

3.2.4 Mental budgeting and the intentions towards pest control measures

In order to test the effect of mental budgeting on the use of low-toxicity pesticides conditional upon different
income sources, it is necessary to compare the effect of different incentives between farmers who engage
in mental budgeting and those who do not engage in mental budgeting. If farmers engage in mental
budgeting for pest control measures, the change in the corresponding budget should influence the

corresponding pest control inputs and expenses. As a result, an increase in such a budget would offset the

4 According to the National Bureau of Statistics, per capita disposable income of farmers in 2018 was 14,617 yuan.
200 yuan is close to an average weekly income. This study uses weekly rather than daily income because the effect of
daily income would be too small to affect planned decision making. Another reason for setting 200 yuan as the amount
of incentives is that before having more detailed knowledge of the local situation, the weekly income per capita
appeared to be the most reliable information. Furthermore, based on the neoclassical assumption of fungibility of
money, this study opted for an incentive which will be unaffected by the existence of mental budgeting behavior.
From the collected data, the average cost of pesticides for vegetable farmers in Sichuan Province is 205.882 yuan/mu
with a standard deviation of 226.880. The costs are similar between farms of less than 10 mu (206.354 yuan/mu with
a standard deviation of 218.561) and those strictly larger than 10 mu (204.605 yuan/mu with a standard deviation of
249.111). Thus, the incentive is rather close to the pesticide costs in vegetable production in the sample.
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negative effect of risks from potential yield losses due to changing to use low-toxicity pesticides. In this
way, farmers would be more willing to change their behavior in accordance with the increased income from

incentives.

In this research, two incentives from different income sources are considered, agricultural revenue with
price premiums for higher quality and subsidies for low-toxicity pesticides. A specific subsidy is assumed
to be part of a specific mental budget for using low-toxicity pesticides while a quality price premium does
not have an obvious announcement on using low-toxicity pesticides but for all agricultural efforts. Given
that costs of pest control practices are part of cultivation efforts and would be covered by agricultural
revenue, any increase in revenue could be also used for labor and other agricultural inputs. Against this
background, it is assumed that a farmer’s stated willingness to switch to low-toxicity pesticides facing two

different incentives differs conditional upon their engagement in mental budgeting.

More specifically, during the survey, the questions regarding typicality, mental budgeting scale, and
farmer’s intentions towards pest control measures were asked after obtaining personal, household, and
farming information. Farmers were asked to show the typicality of selected agricultural inputs firstly. Four
structural questions about mental budgeting scale were, then, presented followed by the intentions towards

pest control measures. The detail of each step complies with the descriptions in the subsections previously.

3.2.5 Econometric method for estimating the effect of mental budgeting

In this study, the outcome is a binary choice where the value “1” and “0” represent the farmers with positive
intentions towards using low-toxicity pesticides and others. The Probit model is widely used for studying
guestions where dependent variables are binomial distributions. A binary Probit model is, consequently,
suitably chosen rather than traditional linear models such as OLS in this case. Thus, in order to test the
effect of mental budgeting on the intentions towards pest control measures, a binary Probit model is applied

to estimate the probability of willingness to switch to low-toxicity pesticides as follows:

Pr(willingness = 1|X) = @(BX) = ®(By + J1M + [,2)
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where @(.) Is the standard normal cumulative distribution function, X is a vector of variables including
mental budgeting (M), and personal and household characteristics (Z). 5, and 3, are coefficients for M and

Z, respectively.

3.3 Cooperative governance and the choice of pesticides

In order to study the effect of cooperative on the choice of pesticides, it is assumed that a farmer’s choices
follow random utility theory where the unobservable utility is determined by a set of observable factors
(Adesina and Zinnah, 1993, McFadden, 1973) such as personal, household, and farming characteristics. As
the personal, household, and farming characteristics may also have an impact on farmer’s decision to join
a cooperative, the existence of an endogenous relation is likely. Thus, in order to eliminate this potential
selection bias, this study relies on the average treatment effect on the treated (ATT) to test for differences
between members and non-members of cooperatives. The empirical strategy closely follows the one

suggested by Abebaw and Haile (2013).

Assuming that farmer’s utility, U, from joining a cooperative is related to observable characteristics as

follows:

U= U(Zi)-l_gi

Where the vector Z; includes personal, household, and farming characteristics. ¢; is the error term. Personal
characteristics in this research include age and educational level, while household characteristics include a
dummy whether household members have an off-farm job(s), the number of household members, and the
distance from home to the nearest fair. Farming characteristics contain the average cost of pesticides, selling
prices of products, and size of the planted area for vegetables. All of these characteristics may have an
impact on the allocation of household capital and labor resources for agricultural production (Ma et al.,

2018, Euler et al., 2016).

Assuming that C; represents the choice of joining a cooperative. A farmer is expected to opt for joining a
cooperative when the utility U, is larger than the random utility of not joining a cooperative, U,.. As the
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utility is unobservable, this study shifts to focus on the choice of being cooperative members by a latent

variable as follows:

{CizlifUC>UnC
C,=0if U, < Uy,

The probability of joining a cooperative can be expressed as:
PT(Ci = 1|ZL) = PT(UC > Unc)

In this case, ATT is, on the one hand, the average impact of joining a cooperative on the use of restricted

pesticides, which can be estimated as follows®:
ATT = E(Dp(1) — Dp(0)|C; = 1) = E(D,(D|C; = 1) — E(D,(0)[C; = 1)

where Dy, (1) and D, (0) are dummy outcomes represent whether farmers use restricted pesticides. E

represents the conditional expected value.

Explaining the use of recommended pesticides is quite similar. The average impact of joining a cooperative

on the use of recommended pesticides can be estimated as follows:
ATT = E(D;(1) — D,(0)IC; = 1) = E(D,(DIC; = 1) — E(D,(0)|C; = 1)

where D,.(1) and D,.(0) are dummy outcomes representing whether a farmer uses any of the recommended

pesticides.

3.4 Pesticide choices and food safety instruments inside and outside cooperatives

Given that there are a large number of food safety related instruments influencing the use of pesticides and
it will be hard to study them comprehensively, this thesis focuses on a subset of commonly used ones that

are widely applied in the survey region and compare whether and how far the effect of such instruments on

5 There might be sanctions that could have an impact on the choice of pesticides. However, sanctions may happen in
secondary markets where sellers are not vegetable farmers. As current traceability systems cannot trace every batch
of vegetables, vegetable farmers who use restricted pesticides may not be discovered. Thus, this study focuses on other
more influential instruments in this research.
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the use of restricted pesticides and recommended pesticides differ between cooperative and other
governance structures. In the thesis, commonly mentioned food safety instruments, training of farmers,
direct supply of inputs, record keeping, certification, and testing of products, are studied. In addition to the
effect of cooperatives, a multi-level model is used, by following Wooldridge (2016), to examine the
association between the choice of pesticides and food safety related instruments in cooperatives where
cooperative is regarded as the group level. Group level is supposed to be related to specific instruments that
could have an impact on farmer’s decision of using restricted pesticides or recommended pesticides. Let
farmer’s choice of one of the two types of pesticides be the dependent variable, level 1 will be estimated:

C - { Cp = Poj + B1jXij + BijZij + eyj
b UG = Boj + BujXij t+ BijZi; + ey

where C; includes the choice of restricted pesticides, C;, and the choice of recommended pesticides, C,..

Bo; is the intercept, B;; and p;; are the coefficients of instruments, X;;, and personal, household, and

jo
farming characteristics, Z;;, respectively. e;; reflects a random error. Given that the intensity of instruments,
such as the amount and the frequency of implementation of food safety instruments, differs among different

governance structures, fy; and f;;, then, are affected by the governance structure. Assuming W;; is

cooperative governance, the equations of level 2 are:
Boj = Yoo + Yo1Wij + toj
B1j = Y10 + Y11 Wi +

where y,, is the intercept which also means the likelihood to use the respective type of pesticide of all
farmers. y,, is the coefficient of W ; and the effect of cooperative on the likelihood to use the respective
type of pesticide of members who do not receive any instrument. y4, is the intercept of g, ; reflecting the
effect of instruments on the choice of restricted and recommended pesticides for non-cooperative-members.

Y11 is the coefficient of W, ; with regard to f;; and reflects the extra effect of instruments on the choice of
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pesticides for cooperative members. u,; and u,; are random errors. Thus, the integral equation can be

written as:
Ci = Upe (Wi, Xij, W1 Xij, Zi;) = Yoo + YorWaj + YioXij + viaWa;Xij + BijZij + (moj + e jXij + ei))

Accordingly, whether farmers use restricted pesticides, C,, and whether farmers use recommended
pesticides, C,., are studied by using the above equation in the following study. The effects of selected

independent variables on both choice options are estimated in a Logit regression.
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4 Data collection and description

4.1 Sample area and sample size

The survey was conducted by the author with support from Leibniz Institute of Agricultural Development
in Transition Economies (IAMO) in October and November of 2018, in association with Sichuan
Agricultural University. Samples were selected through stratified sampling. A total of 17 districts or
counties in 10 cities and prefectures in Sichuan Provence were selected. In each district or county, three
townships were selected. University students were chosen as assistants. They were trained before the survey
and were allocated into six groups. Each group had a leader and was in charge of two to four districts or
counties depending on distances between villages. In particular, this study focused on those households
who plant vegetables commercially instead of ‘backyard’ farmers, who grow vegetables primarily for non-
commercial consumption. Approximately 20-30 vegetable farmers were interviewed in each district or
county. Farmers in each district and county were randomly chosen. The head of the household or a family
member who supervises the household’s farming activities were interviewed individually. In sum, 393 valid

guestionnaires were collected.

The questionnaire consists of different sections covering personal and household characteristics such as age,
sex, educational level, and income, etc.. The section farming characteristics aims at collecting information
on farm size, the area planted with vegetables, use of production inputs. This study has also gotten
information about vegetable production in detail including types of pesticides, amount of pesticides, yield,
size of planted area®, prices of inputs, selling prices, and marketing channels, etc.. In addition, this study

has investigated the organizational characteristics and food safety related information during the survey.

6 Size of planted area indicates the farmland that is used to grow vegetables over the whole year. Due to multiple
harvests of different vegetables in one year, the planted area could be larger than farm size. In addition, some farmers
do not just cultivate vegetables, but also other crops.
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More specifically, in order to collect information on the choices of pesticides, including insecticides,
fungicides, and herbicides, farmers were asked to show the package of pesticides they use for vegetable
production. Due to the consistent choices of pesticides to some extent, some farmers still keep the same
pesticides they used. For those farmers who do not keep the package, the names of pesticides were
investigated. However, there were still a small number of farmers who neither keep the package nor
remember the pesticide name. For these farmers, pictures of commonly used pesticides from their
counterparts around were shown and picked as farmers within a certain range of area are likely to buy the

same pesticides in the same place.

Each interview ended with questions to test categorization and the flexibility of spending behavior followed
by measurement of elicit variables which are necessary to quantify risk preference parameters. The details

of those questions are presented in the following.

4.2 Personal, household, farming, and regional characteristics

Table 4.1 summarises the personal characteristics of samples in this thesis. The average age of the samples
is 52.85 years old. 68% of the investigated farmers are male. The mean of the degree of the educational
level is 2.62, which means the average level of education is beyond primary school. It is worth noting that
only 15 farmers (3.8%) hold a degree of bachelor or above, while 46 farmers (11.7%) do not have

experience with any formal education.
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Table 4.1: Summary statistics of the personal characteristics

Personal characteristics Mean SD

Age (years) 52.85 10.51
Gender (“1” for male) 0.68 0.47
Educational level (‘1 = no formal education, ‘2’ = primary school, ‘3’ = 2.62 0.96
secondary school, ‘4’ = high school or technical secondary school, 5’ =

undergraduate or junior college, ‘6’ = graduate school)

Number of observations 393

Source: Own calculation using IAMO-SAU vegetable farmer survey.

Table 4.2 summarises the household characteristics of samples in this thesis. The average family size of the

samples is 4.318 with an average of 2.794 labors. At least one member in about 56.5% of the households

included in the samples had an off-farm job. The total income per year of the samples is 85505.12 yuan,

including an average agricultural income of 58441.86 yuan and an average off-farm income of 23877.25

yuan.
Table 4.2: Summary statistics of the household characteristics

Household characteristics Mean SD
Family size (number of family members) 4.318 1.691
Labors (number of labors) 2.794 1.091
Distance to the nearest fair (km) 4414 4.976
Off-farm job (“1” for yes) 0.56 0.50
Total income (yuan) 85505.12  132104.8
Agricultural income (yuan) 58441.86  122586.4
Off-farm income (yuan) 23877.25  43444.44
Number of observations 393

Source: Own calculation using IAMO-SAU vegetable farmer survey.
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Table 4.3 summarises the farming characteristics of samples in this thesis. Each responder holds, on average,
36.09 mu’ farmland, and the median farm size is five mu, including rented farmland. More specifically, 52
responders hold farmland between 50 to 1200 mu, which accounts for 13.2% of total samples. Not all of
the surveyed farmers’ farmland is planted with vegetables, but vegetable production represents a major part
of the households’ cultivation. 29.3% of the total samples are cooperative members. In the survey, the
average price of pesticides is 13.841 yuan per type, while the average selling price for vegetables is 2.301
yuan per kilogram. The average amount of pesticide use is 603.78 grams per mu, according to an average
cost of 205.882 yuan. The average cost of vegetable farming is 1388.751 yuan per mu, including costs on
seeds, fertilizers, pest control, mulch film, agri-machinery, and labor hiring. The average cost of pesticides

accounts for 14.82% of the total cost.

" Mu is a typical area unit in China. 15 mu equals 1 hectare.
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Table 4.3: Summary statistics of the farming characteristics

Farming characteristics Mean SD
Farm size (mu) 36.09 105.9
Planted area for vegetables (mu)® 33.66 95.41
Member of a cooperative (‘1° = if farmer joins a cooperative) 0.293 0.456
Change clothes (‘1° = always change clothes after applying pesticides, 1.356 0.760
‘2’=sometimes change clothes after applying pesticides, ‘3’=do not change

clothes after applying pesticides)

Wash hands (‘1 = always wash hands after applying pesticides, 2° = 1.066 0.278
sometimes wash hands after applying pesticides, ‘3’ = do not wash hands after

applying pesticides)

Average price of pesticides (yuan/type) 13.841 12.403
Average selling price (yuan/1000g) 2.301 1.775
Average amount of pesticide use (g/mu)° 603.78 1474.21
Average cost of pesticides (yuan/mu) 205.882 226.880
Average cost of vegetable production (yuan/mu) 1388.751 1150.945
Number of observations 393

Source: Own calculation using IAMO-SAU vegetable farmer survey.

Figure 4.1 shows the distribution of areas planted with vegetables. It is important to highlight that farmers

in Sichuan can cultivate vegetables multiple times per year on the same land. Thus, in Figure 4.1, the planted

area does not necessarily correspond to the physical size of a plot. Most of the vegetable farmers we

interviewed hold a planted area less than 20 mu in size per household. There are also some large farms

8 Because there are multiple harvests per year, a planted area could be larger than the farm’s size. For example,
vegetable farmers may plant several kinds of vegetables in the same planted area at different times within the same
year. In addition, some farmers cultivate other crops in addition to vegetables. Thus, the sum area of each investigated

vegetable-planted area is used to reflect the real-vegetable planted area.
® This study assumes that 1g=1ml to combine the units of liquid and solid pesticides.
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where the planted area is more than 100 mu. In the survey, not all farmland is planted with only vegetables,

but vegetable production represents a major part of the households’ cultivation.

Figure 4.1: Distribution of planted areas
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Source: Own representation using IAMO-SAU vegetable farmer survey.

Table 4.4 summarises the regional characteristics of samples in this thesis. 29% of the samples are from the

plain area. Samples from the hilly area and the mountain area account for 53.7% and 17.3%, respectively.

Table 4.4: Summary statistics of the regional characteristics

Regional characteristics Mean SD
Plain area (‘1 = household is living in the plain area) 0.290 0.454
Hilly area (‘1° = household is living in the hilly area) 0.537 0.499
Mountain area (‘1° = household is living in the mountain area) 0.173 0.379
Number of observations 393

Source: Own calculation using IAMO-SAU vegetable farmer survey.
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4.3 Parameters for the experiment of prospect theory

4.3.1 Experiment of series 1and 2, risk aversion, and probability weighting

Risk aversion and probability weighting parameter are measured through series 1 and 2 of the experiment.
Figure 4.2 shows the distribution of the switching points in series 1 and 2 of the experiment. 91 of the total
sample of vegetable farmers in the survey, 23.16%, which is the largest proportion, do not switch from
option A to option B in either series. A number of vegetable farmers switch in the first few options of series
1 and series 2. In addition, switching at the 7" option in both series is preferred by 15 (3.82%) vegetable
farmers in Sichuan. This situation is similar to switching in the 1% option in series 1 and not switching in

series 2, which is chosen by 19 (4.83%) respondents.

Figure 4.2: Switching points of yield risk preference in series 1 and 2
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Source: Own representation using IAMO-SAU vegetable farmer survey.

The distribution of the resulting parameter of risk aversion calculated from the answers to series 1 and 2 is
shown in Figure 4.3. There are 294 (74.8%) vegetable farmers who have a value that is less than 1. This

implies that most farmers are risk-averse. In other words, farmers would be sensitive to changes in vegetable
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yields. In Figure 4.3, it is also shown that vegetable farmers with a very low degree of risk aversion between

0 and 0.1 represent the largest group, which accounts for 23.4% of all samples.

Figure 4.3: Distribution of risk aversion
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Source: Own representation using IAMO-SAU vegetable farmer survey.

Theoretically, for a risk-neutral farmer, a parameter equal to unity is expected. In this case, a total of 294
vegetable farmers (74.8%) show aversion to yield risk, and 13 (3.3%) of them show neutrality to yield risk.
The other 86 farmers show risk-appetite behavior, i.e. the curvature parameter of the value function is
strictly larger than 1, which accounts for 21.9%. Figure 4.4 also documents that risk-averse farmers are not
homogeneous as there are 77 respondents (19.6%) clustering around 0.4 to 0.6 in addition to extremely
risk-averse farmers (92 respondents accounting for 23.4% of the sample) with a value strictly less than 0.1

(<0.2).

The distribution of the parameter of probability weighting is shown in Figure 4.4. The values of the
parameter of probability weighting are also based on the farmers’ choices in series 1 and 2 of the experiment.
The distribution of the parameter of probability weighting is close to a normal distribution with the majority
of farmers clustering in the interval between 0.5 and 0.8. Most of the vegetable farmers have a parameter

of probability weighting between 0.6 and 0.7. This means farmers would slightly overestimate the small
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probabilities and underestimate large ones. It is also worth noting that 19 farmers hold a parameter of

probability weighting larger than 1.4, which means these farmers would underestimate the small

probabilities and overestimate large ones.

Figure 4.4: Distribution of Parameter of probability weighting
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Source: Own representation using IAMO-SAU vegetable farmer survey.

Figure 4.5 shows the distribution of weighted probability. As introduced in the description of the theoretical

framework, the weighted probability is calculated by the function, w(q) = 1/exp[—In(q)]® where & is the

probability weighting parameter (Prelec, 1998), and q is a farmer’s perceived probability of a change in

hazards if they continue current pest control measure. 184 vegetable farmers (46.8%) predicted that hazards

would not change in the future. However, 129 farmers (32.8%) have a weighted probability larger than zero

versus 80 farmers (20.4%) with a negative weighted probability. This means that 32.8% of farmers

predicted hazards would increase, and the vegetable yield may face more risks in the future.
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Figure 4.5: Distribution of weighted probability
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Source: Own representation using IAMO-SAU vegetable farmer survey.

4.3.2 Experiment of series 3 and loss aversion

Series 3 of the experiment aims at measuring the degree of loss aversion. Figure 4.6 shows the distribution
of the switching points in series 3 of the experiment. Most respondents (34.86%) switched at the second
question. However, only 3.31% of the sample of vegetable farmers switch at the 7™ question of the series.

Of the total sample, 6.87% do not switch from option A to option B in series 3.

Figure 4.6: Switching points of yield risk preference in series 3
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Source: Own representation using IAMO-SAU vegetable farmer survey.
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Figure 4.7 shows the distribution of the loss aversion which is calculated through all three experimental
series. As loss aversion has to be calculated and is related to the degree of risk aversion, it cannot be simply
stated which farmers are neutral to losses. However, it is safe to conclude that farmers are loss averse (4 >
1) when they switch the choice of series 3 at the second question or later. Respondents who never switch
hold the largest degree of loss aversion, which would be larger than nine. More specifically, 148 farmers
(37.7%) show a loss aversion less than one, while the rest of the farmers (62.3%) hold a loss aversion larger
than one. Twenty-one farmers (5.3%) have an extremely large degree of loss aversion larger than ten. In
order to ease the interpretation of the distribution, this study follows the classification rules by Bartczak et
al. (2015) where respondents with a loss aversion parameter between 0.9 and 1.1 are classified as neutral
for loss. Respondents with loss aversion parameters less than 0.9 and larger than 1.1 are classified as
appetite and averse for loss, respectively. 235 farmers (59.8%) are found to be loss aversion, while 125

(31.8%) of total samples show loss appetite. Other 8.4% of farmers, however, are neutral to loss.

Figure 4.7: Distribution of Parameter of loss aversion
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4.3.3  Summary of risk preference parameters

Table 4.5 shows the summary of yield risk preference parameters. The mean of risk aversion, loss aversion,
and probability weighting are 0.6, 2.38, and 0.68, respectively. And the average probability of hazard
change perceived by farmers is 7.16%. Thus, the mean calculated weighted probability is 6.89%. Compared
to similar studies, these estimates indicate a higher degree of risk aversion and a similar parameter of
probability weighting. The degree of loss aversion in this study, however, is about one unit less than these
two studies. More specifically, Bartczak et al. (2015), analyze preferences with respect to financial risk,
estimated the parameters of risk aversion, loss aversion, and probability weighting, which are 0.41, 3.01,
and 0.77, respectively. Studying Chinese farmers, Liu and Huang (2013) obtained the degrees of risk

aversion, loss aversion, and probability weighting are 0.48, 3.47, and 0.69, respectively.

Table 4.5: Summary of yield risk preferences

Yield risk preference variables Mean SD

Risk aversion (o) 0.60 0.46
Loss aversion (4) 2.38 2.60
Parameter of probability weighting (&) 0.68 0.29
Probability of hazard change (%) 7.66 44.76
Weighted probability (%) 6.89 42.26
Number of observations 393

Source: Own calculation using IAMO-SAU vegetable farmer survey.
4.4 Parameters for testing mental budgeting and the intentions towards pest control measures

4.4.1 Typicality testing

Table 4.6 shows the results of the typicality rating for the selected agricultural inputs. 393 (100%) and 360
(91.60%) farmers think vegetable seeds and seedlings belong to seeds, respectively; the corresponding

ratings are 1.05 and 1.39. Just a few farmers classify these two inputs as fertilizer and pest control measures.
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More specifically, five farmers in the samples classify either seed or seedling into pest control measures.
These five farmers are not a member of a cooperative. Four of them have farmland of fewer than five mu,
while one farmer holds a larger farm with 308 mu. Only one out of the small farms has a certificate for their

vegetables.

The number of farmers who group potash fertilizer, nitrogenous fertilizer, phosphate fertilizer, and organic
fertilizer into the category fertilizer is 388 (98.73%), 388 (98.73%), 384 (97.71%), and 369 (93.89%),
respectively. The corresponding ratings for this are 1.16, 1.17, 1.16, and 1.30 for potash fertilizer,

nitrogenous fertilizer, phosphate fertilizer, and organic fertilizer, respectively.

In addition to chemical plant protection measures, the majority of farmers also classified insect proof-
lamps/nets and sexual attractants as pest control measures. The exact numbers are 382 (97.20%), 370
(94.15%), 385 (97.96%), and 364 (92.62%) for insect-proof lamps/nets, high-toxicity pesticides, low-

toxicity pesticides, and sexual attractants, respectively.

In sum, 299 farmers, i.e. 76.08% of the sample, categorize all agricultural input types according to
professional practice. In this case, farmers classify selected inputs as typical in uncommon categories are
regarded as unconventional wisdom. For example, farmers regard vegetable seeds are somehow typical for
fertilizers will be marked as unconventional wisdom. Besides, as some farmers are not very familiar with
some inputs, such as sexual attractants, they might show typicality unconventionally. Although the
remaining 24% of farmers use different categories, this does show that a large majority of farmers do
categorize agricultural inputs in the same way. In addition, with regard to commonly used inputs (vegetable
seeds, potash fertilizer, nitrogenous fertilizer, phosphate fertilizer, high-toxicity pesticides, and low-toxicity
pesticides), 354 (90.08%) respondents show completely conventional wisdom. More specifically to the
category of pest control measures, 362 (92.11%) show conventional typicality according to professional

practice.
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Table 4.6: Typicality rating for agricultural inputs

Seeds Fertilizers Pest control measures
Mean Obs. % Mean  Obs. % Mean  Obs. %
(SD) (SD) (SD)

Vegetable seeds 1.05 393 100 2.00 2 0.51 2.00 4 1.02
(0.23) (1.41) (0.82)

Vegetable seedlings  1.39 360 91.60 3.25 4 1.02 1.67 3 0.76
(0.85) (2.06) (0.58)

Potash fertiliser 2.00 2 0.51 1.16 388 98.73 3.00 8 2.04
(1.41) (0.47) (1.41)

Nitrogenous 1.00 1 0.25 1.17 388 98.73  2.00 6 1.53

fertiliser ) (0.44) (0.89)

Phosphate fertiliser ~ 1.00 1 0.25 1.16 384 97.71 2.00 5 1.27
) (0.48) (0.71)

Organic fertiliser 1.00 1 0.25 1.30 369 93.89  2.64 11 2.80
) (0.66) (1.03)

Insect-proof 4.00 1 0.25 n.a. n.a. n.a. 1.25 382 97.20

lamps/nets () (0.57)

High-toxicity 5.00 1 0.25 3.00 3 0.76 1.31 370 94.15

pesticides () (2.00) (0.79)

Low-toxicity 5.00 1 0.25 1.67 3 0.76 1.23 385 97.96

pesticides () (1.16) (0.54)

Sexual attractants 3.29 7 1.78 2.60 10 2.55 1.69 364 92.62
(0.76) (0.84) (0.95)

Source: Own calculation using IAMO-SAU vegetable farmer survey.

Note: 1) Obs. refers to the number of observations for which farmers didn’t show a typical rating that
was not “null”. 2) “n.a.” means that none of the farmers thought the item is typical in that category. 3)
The sum of the rows could be higher than the sample size (393) because farmers were asked to show the

typicality for all categories in order to see if there is cross typicality.
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Although most studies in the field of mental budgeting look at consumer behavior, the results of this study
are comparable to previous findings. Heath and Soll (1996), for instance, report that 25 of 26 respondents
total displayed typicality for “sports ticket” in one of three categories, “entertainment”. Only, one person
did not show typicality for this item. In addition, four students reported typicality for “sweatshirt” in

“entertainment” instead of “clothes” as the majority did.

4.4.2  Construction of mental budgeting scale

Table 4.7 shows for the mental budgeting scale statements the percentage of farmers who responded with
“totally agree” or “agree”. Between 35 and 64% of respondents agree with the individual statements.
Aggregating responses result in a subsample of 104 farmers (26.46%) which agree with all four statements
and would be classified as applying mental budgeting. However, 79 farmers (20.10%) always disagree with

the four statements, accounting for 20.10%, while the others remained neutral.

Table 4.7: Percentage of farmers who agree with the mental budgeting scale statements

Percentage
1) I set up a budget plan or reserve money for different agricultural expenses. 62.09
2) I never spend more than a fixed amount on seeds, fertilizer, pest control measures, etc. 36.64
3) If I spend more on one agricultural input, I spend less on other inputs in the same category. 34.86
4) If I spend more on either seeds, fertilizer, pest control measures, etc., the expenses in other 64.12

categories remain as before.

Source: Own calculation using IAMO-SAU vegetable farmer survey.

4.4.3 Pestcontrol intentions

Finally, a farmer’s willingness to switch to low-toxicity pesticides is used as the dependent variable in the
following econometric analysis. Table 4.8 displays farmers’ responses when facing the two hypothetical
options, agricultural revenue with a price premium for quality and subsidy, during the interview. Based on

the responses on the five-point Likert Scale, this study aggregates farmers who answered “totally agree”
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and “agree” into one group. They are assigned a value of “1”, while farmers who reported disagreement or
a neutral response are assigned a value of “0”. Although it would be possible to analyze the answer
categories separately, the main interest of this part is on the degree of agreement in order to distinguish
farmers applying mental budgeting from farmers not applying. Comparing the two options, more farmers
report a willingness towards adopting low-toxicity pesticides when facing a subsidy compared to a price
premium. 194 farmers show a willingness to adopt low-toxicity pesticides under both scenarios of
agricultural revenue and subsidy. 81 farmers, however, do not want to switch when extra revenue and
subsidy are offered. In addition, the average response to agricultural revenue between farmers with different
farm sizes are similar (2.861 and 2.783 for farms with less than 10 mu and strictly larger than 10 mu,
respectively), while farms with larger size response in a lower degree (1.953) than smaller farms (2.293)

with regard to a subsidy.

Table 4.8: Frequency and percentage of agreement with selected pest control measures

Pest control measures Agricultural revenue with a Subsidy

(“1” for agree, “0” for disagree and price premium for quality

neutral) Obs. % Obs. %
Willingness to switch to low-toxicity 205 52.16 282 71.76
pesticides

Source: Own calculation using IAMO-SAU vegetable farmer survey.

Note: Obs. refers to the number of observations of farmers who “totally agree” and “agree” with the pest

control statements.

4.5 Cooperatives and food safety related instruments

The final econometric part analyzes whether members in cooperatives show different choices of pesticides
compared to other farmers. The direct and indirect effects of different food safety related instruments on

cooperative members and non-members are, as well, studies. Table 4.9 shows the definitions of all variables
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used in the following tests, as well as the mean and standard deviation of these variables. More specifically,
115 farmers are members of one of the cooperatives in the survey region which accounts for 29.26% of all
samples. In order to investigate whether a farmer is still using restricted pesticides, this study cross-checks
each pesticide a farmer is using with the “Prohibited and Restricted Pesticide List (2019)” issued by the
Ministry of Agriculture and Rural Affairs. This list names 46 types of pesticides that are prohibited for all
crops and 20 types of pesticides which are restricted to be used for certain crops only. Out of the total

sample, 53 farmers are still using at least one restricted pesticide (13.49% of the sample).

Similarly, whether farmers use recommended pesticides is studied as well. These recommended pesticides
are mostly of low toxicity and may be subsidized in China in the future. As the subsidy schemes for highly
efficient and low-toxic pesticides are still in the pilot stage and differ within provinces, this study selects
pesticides, which appear on the “List of main varieties of low-toxic and low-residue pesticides used in crop
production, 2016”, as recommended pesticides here. As shown in Table 4.9, there are 238 farmers (60.56%)
who use at least one recommended pesticide in vegetable production. It is also worth noting that 8.14% of
the sample (32 investigated farmers) use both restricted and recommended pesticides. Therefore, the two

decisions cannot be modeled as alternative options.

More specifically, Table 4.9 also summarizes the characteristics revealed in the survey by dividing the
sample into members and non-members of cooperatives. The t-statistic of the mean difference is also
presented in the last column. The significance of t-statistics indicates that members and non-members partly
differ in the use of restricted and recommended pesticides without controlling for a possible selection bias
and other explanatory variables. The instruments faced by cooperative members and non-members differ
partly, too. Members seem to have easier access to services such as training and food safety control
measures. Instruments supplied outside of the cooperatives are normally supplied by the government and
sometimes by companies. For instance, the way of pesticide adoption and new pest control technology
would be introduced and extended in training programs held by the government for farmers. This is also

happening in cooperatives with different frequencies.
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Table 4.9: Summary statistics of personal, household, and farming characteristics

Variable Definition and measurement Total Cooperative Non- Difference
sample member member
(N=393) (N=115) (N=278)
Member of a =1 if farmers join a cooperative 0.293
cooperative (0.456)
Use of =1 if farmers use restricted 0.135 0.183 0.115 -0.068
restricted pesticides (0.342) (0.388) (0.320) (0.038)
pesticides
Use of =1 if farmers use recommended 0.606 0.696 0.568 -0.127
recommended  pesticides (0.489) (0.462) (0.496) (0.054)
pesticides
Training =1 if farmers attend pest control 0.529 0.852 0.396 -0.456
program training program (0.500) (0.356) (0.490) (0.050)
Supply =1 if pesticides are supplied by a 0.201 0.435 0.104 -0.330
company, a cooperative, or the (0.401) (0.498) (0.306) (0.041)
government
Test =1 if there is a quality test for 0.471 0.722 0.367 -0.355
final products (0.500) (0.450) (0.483) (0.053)
Certification =1 if there is a certification for 0.349 0.443 0.309 -0.134
vegetables 0.477) (0.499) (0.463) (0.053)
Record =1 if farmers record the names of 0.252 0.417 0.183 -0.234
pesticides used (0.435) (0.495) (0.388) (0.047)
Age Age of household head in years 52.850 51.687 53.331 1.644
(10.510) (9.595) (10.846) (1.164)
Planted area Cumulated planted arable land 33.663 60.385 22.609 -37.776
over the whole year in mu (95.409) (136.850) (68.960) (10.418)
Educational Achieved education of household 2.623 2.930 2.496 -0.434
level head: (0.961) (0.905) (0.957) (0.104)

=1 if not formally educated

=2 if finished primary school,

=3 if finished secondary school
=4 if finished high school or
technical secondary school

=5 if finished undergraduate or
junior college

=6 if finished graduate school

Off-farm job =1 if any household member has 0.565 0.670 0.522 -0.148
an off-farm job (0.496) (0.472) (0.500) (0.055)
Distance to fair Distance to the nearest fair in km 4414 3.789 4.673 0.884
(4.976) (3.554) (5.442) (0.551)
Household The number of household 4.318 4.557 4.219 -0.337
members members (1.691) (1.645) (1.703) (0.187)
Selling price Average selling price of 500g 1.15 1.204 1.129 -0.075
vegetables in yuan (0.888) (1.108) (0.780) (0.098)
Cost of Average cost of pesticides per  205.882 199.763 208.414 8.650
pesticides planted area in yuan/mu (226.880) (268.476) (207.746) (25.183)
Observations 393

Source: Own calculation using IAMO-SAU vegetable farmer survey.
Note: standard deviations and standard errors are shown in the parentheses
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In the survey of this study, cooperative members and non-members differ partly with respect to selected
household and farming characteristics such as the number of household members, the size of planted area,
and whether household members have at least one off-farm job. Table 4.9 also shows that characteristics
such as age, educational level, distance to the nearest fair, selling price, and cost of pesticides, do not show
huge differences between cooperative members and non-members. Given that the cooperative membership
is not independent but a result of many determinants such as personal, household, and farming

characteristics, selection bias may occur. Thus, an appropriate method is required.
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5 Results and Discussion

The estimations of this thesis are based on a sample derived from stratified sampling where sample areas
in each region of vegetable production and farmers in each sub-sample area have been randomly chosen.
Thus, the sample in this study could represent an approximately random sample of commercial vegetable
farmers in Sichuan. Following the suggestion by Berry (2016) about the use of p-values, this study just
provides some exploratory evidence. In addition, following the suggestions by Hirschauer et al. (2019), this
thesis reports coefficients, standard errors, marginal effects in the non-linear models, and confidence

intervals in the tables for effect size estimates instead of p-values.

5.1 Farmer’s yield risk preferences and pesticide use

The results of the association between yield risk preference parameters and the corresponding influence on
the amount of pesticides per planted area (g/mu) and the cost of pesticides per planted area (yuan/mu) are
presented in Table 5.1. The first three columns of Table 5.1 show the result of the amount of pesticides.
The coefficient of risk aversion is 283.304 along with a standard error of 175.353. It is shown that the
standard error of risk aversion regarding yield is comparatively large, and risk aversion regarding yield
affects the use of pesticides inconclusively when relying on a 90% confidence interval, from -5.843 to
572.450. However, loss aversion and weighted probability are tested to have a positive correlation with the
average amount of pesticide use when relying on a 90% confidence interval. The average marginal effects
of loss aversion and weighted probability are 63.424 and 3.963, respectively. It means that vegetable
farmers who are more loss averse regarding yield risk by one unit tend to apply, on average, 63.424 grams
more pesticides per mu. Besides, a higher weighted probability of potential hazards is correlated with a
higher amount of pesticide use by 3.963 grams per mu. The estimated results of personal, household, and

farming characteristics, however, do not support a rejection of the hypothesis that there is, ceteris paribus,
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no correlation with the amount of pesticide use. This is similar to the results with respect to the geographical

regions.

The last three columns of Table 5.1 show the results with respect to estimates of the determinants of the
average cost of pesticides. Contrary to the results of the amount of pesticides, the coefficient of risk aversion
is negative. The coefficient is -4.765 with a large standard error of 25.506. The effect of risk aversion on
the average cost of pesticides is also inconclusive when relying on a 90% confidence interval, from -46.823
to 37.292. Table 5.1 also shows that loss aversion and weighted probability are estimated to have a positive
correlation with the average cost of pesticides when relying on a 90% confidence interval, which is similar
to the results of the amount of pesticide use. The coefficient of loss aversion and weighted probability are
8.232 and 0.566, respectively. These results indicate that one higher unit of loss aversion and a ten percent
higher weighted probability of potential hazards would increase the cost of pesticides by 8.232 yuan per
mu and 5.66 yuan per mu, respectively. From the results of the cost of pesticides, it is also shown that the
number of family members has a positive association with the cost of pesticides. In contrast, the coefficient
of age and educational level show a negative association indicating that the elderly people and more
educated people are more likely to spend less on pesticides averagely. In addition, vegetable farmers in the
hilly area would have a lower cost of pesticides by 120.140 yuan per mu compared to their counterparts in
the plain area. The coefficient of average price of pesticides is 3.774, while the coefficient of average price
of pesticides square is -0.053. It means that in line with a higher price of pesticides, farmers would spend
more on pesticides, and the increased cost of pesticides follow a decreasing trend. This may because
pesticides are a necessity for vegetable production. The change in prices can hardly affect the use of

pesticides quantitatively.

From both perspectives of pesticide use variables, loss aversion and weighted probability show a positive
effect. It means that farmers who are more loss averse or have a higher weighted probability of potential
hazards are more likely to spend more on pesticides and apply more pesticides. One reason for this observed

behavior could be that the potential financial loss incurred by yield loss is perceived as more severe by
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more loss-averse farmer. As a result, farmers with higher loss aversion would use more pesticides to ensure
the expected yield. A higher weighted probability of potential hazards is also related to a higher expectation
of potential yield loss. This, similarly, would increase the use of pesticides for ensuring yields and avoid
potential financial loss. The effect of risk aversion, however, is uncertain on both the amount and cost of

pesticides from the estimation results of this research.

The results of this study differ from the results by Liu and Huang (2013) and Hou et al. (2020) where risk
aversion shows a positive association with the amount of pesticide use while the association between loss
aversion and the amount of pesticide use is negative. The different settings of the experiment might be one
reason. The two papers cited above derived their parameters of interest from an experiment with monetary
risk while here farmers’ response to yield risk is studied. In the studies by Liu and Huang (2013) and Hou
et al. (2020) loss aversion is regarded as loss aversion over health and shows a negative effect on pesticide
use. Actions to prevent health damages will necessarily result in a lower amount of pesticide use but the

opposite holds for actions to prevent yield loss.
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Table 5.1: Regression results of average amount and cost of pesticides

Variables Average amount of pesticides Average cost of pesticides
Coefficient [90% Confidence Coefficient [90% Confidence
Interval] Interval]
Risk preference parameters
Risk aversion 283.304 -5.843 572.450 -4.765 -46.823 37.292
(175.353) (25.506)
Loss aversion 63.424 12.189 114.659 8.232 0.780 15.684
(31.072) (4.519)
Weighted probability 3.963 1.019 6.907 0.566 0.138 0.995
(1.785) (0.260)
Personal, household, and farming characteristics
Age 7.873 -6.454 22.200 -3.921 -6.005 -1.837
(8.689) (1.264)
Family size 34.935 -39.510 109.381 15.217 4.389 26.045
(45.148) (6.567)
Distance to the nearest  -36.399 -99.093 26.295 -5.524 -14.643 3.595
fair (38.021) (5.530)
Distance to the nearest 2.785 0.335 5.234 0.214 -0.142 0.570
fair squared (1.485) (0.216)
Planted area -1.846 -4.806 1.113 -0.208 -0.638 0.222
(1.795) (0.261)
Planted area squared 0.002 -0.002 0.006 0.0003 0.000 0.001
(0.003) (0.0004)
Educational level 43.644 -107.085 194.373 -35.064 -56.988 -13.140
(91.410) (13.296)
Change clothes -105.504 -305.376 94.369 1.543 -27.529 30.615
(121.213) (17.631)
Wash hands 25.541 -443.565  494.646 17.553 -50.680 85.785
(284.489) (41.380)
Prices of input and output
Average price of 17.113 -4919 39.145 3.774 0.569 6.978
pesticides (13.362) (1.943)
Average price of -0.165 -0.463 0.133 -0.053 -0.096 -0.010
pesticides squared (0.181) (0.026)
Selling price 133.893 -253.363 521.149 -9.845 -66.173 46.482
(234.852) (34.16)
Selling price squared -17.986 -80.954 44.982 1.064 -8.095 10.223
(38.187) (5.554)
Geographical dummies
Hilly area 111.520 -194.233  417.273  -120.140  -164.612  -75.667
(185.424) (26.970)
Mountain area -37.335 -479.759  405.089 -52.000 -116.351 12.352
(268.309) (39.026)
Constant -575.76 -1846.963  695.444 465.525 280.625 650.424
(770.923) (112.132)
Observations 393

Source: Own calculation using IAMO-SAU vegetable farmer survey.

Note: Standard errors are presented in parentheses.
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5.2 Mental budgeting and pest control intentions

After receiving the answers from the four mental budgeting scale statements introduced in Section 3.2.4,
responses have to be aggregated in order to obtain a dimensionality reduction of statements as a useful
measure. In order to achieve this, here the approach suggested by Antonides et al. (2011) is used where a
Principal Component Analysis is applied to determine the mental budgeting scale. The Cronbach’s alpha
for these four mental budget statements is 0.8098, explaining 64.12% of the item’s variance. In order to
reduce the dimension of the mental budgeting scale statements, the following analysis uses the factor score
resulting from the Principal Component Analysis, which is labeled as “mental budgeting”. The density of

the factor scores is shown in Figure 5.1.

This indicator will be used as a main independent variable in order to explain farmers’ willingness to switch
to low-toxicity pesticides. In interpreting the coefficients below, it is important to note that a lower number
indicates that a farmer tends to agree more with the mental budgeting scale statements corresponding to a
higher likelihood of engaging in mental budgeting. In addition, given that mental budgeting scale is a
continuous variable, its interpretation in the econometric analysis is less straightforward. As an additional
explanatory variable, this study constructs a dummy variable (“mental budgeting dummy”) which equals
one for farmers who engage in mental budgeting. More specifically, vegetable farmers agreeing with all
four statements (i.e. answering 1 or 2 for all statements) were assigned a value of “1”, while others who
show disagreements or were neutral were assigned a value of “0”. The use of factor scores is to compare
farmers with low and high scores, while the mental budgeting dummy helps to test for differences between

farmers completely following and not following mental budgeting.

In addition, there are 187 farmers (47.58%) who received a factor score below zero according to their mental
budgeting scale statements. Given that the sum of factor scores is zero, a factor score reflects the distance

between the samples and the neutral level.
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Figure 5.1: Density of scores for mental budgeting scale statements
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Scores for mental budgeting scale statements

Source: Own representation using IAMO-SAU vegetable farmer survey.

This study also tested the effect of mental budgeting on farmers’ willingness to switch to low-toxicity
pesticides conditional upon two different incentives. Given that the dependent variable is a binary variable,

a Probit model is used to test the effect of both mental budgeting and the mental budgeting dummy.

Table 5.2 shows the Probit regression results explaining farmers’ willingness to switch to low-toxicity
pesticides conditional upon the two incentives. In order to test the robustness of the model of this study by
dichotomizing mental budgeting, this study additionally applied receiver operating characteristic (ROC) to
test the impact of mental budgeting on the willingness to switch. A detailed introduction about ROC can be
achieved from Streiner and Cairney (2007). The details of the results of ROC tests are shown in the

appendix.

Turning to the correlation of the behavioral variable with farmer’s willingness to adopt low-toxicity
pesticides displayed in Table 5.2, the coefficient of mental budgeting is -0.346 with a standard error of

0.049 when facing a subsidy. The average marginal effect of receiving the 200 yuan would increase the
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willingness to switch for farmers holding one-unit lower mental budgeting factor score by almost 10% in
the case of the subsidy. Although the coefficient and the average marginal effect of a price premium are
opposite to a subsidy, the standard error for a price premium is comparatively high. Thus, the results cannot
derive empirical evidence of a strong correlation between the behavioral variable and the willingness to
switch to low-toxicity pesticides. This shows that farmers who are more likely to engage in mental

budgeting react differently when facing a subsidy or a price premium.
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Table 5.2: Probit regression results of mental budgeting for the willingness to switch to low-toxicity pesticides

Variables Agricultural revenue with price premiums for quality Subsidy
Coefficient [90% Average [90% Coefficient [90% Average [90%
Confidence marginal Confidence Confidence marginal Confidence
Interval] effect Interval] Interval] effect Interval]
Mental 0.054 -0.013 0.121 0.021 -0.005 0.046 -0.346 -0.426 -0.265 -0.098 -0.116 -0.079
budgeting (0.041) (0.015) (0.049) (0.011)
Age -0.017 -0.028 -0.005 -0.006 -0.011 -0.002 -0.013 -0.026  0.000 -0.004 -0.007  0.000
(0.007) (0.003) (0.008) (0.002)
Farm size -0.0002 -0.001 0.001 -0.0001 -0.001  0.000 0.001 -0.001  0.003 0.0003 -0.000 0.001
(0.0007) (0.0003) (0.001) (0.0004)
Educational -0.064 -0.194  0.066 -0.024 -0.074  0.025 0.053 -0.092 0.198 0.015 -0.026  0.056
level (0.079) (0.030) (0.088) (0.025)
Off-farm job -0.381 -0.610 -0.153 -0.146 -0.231 -0.061 -0.136 -0.389  0.116 -0.038 -0.110  0.033
(0.139) (0.052) (0.154) (0.043)
Lnincome 0.138 0.037 0.240 0.053 0.015 0.091 0.110 0.016  0.203 0.031 0.005 0.057
(0.062) (0.023) (0.057) (0.016)
Constant -0.159 -1.458 1.140 0.092 -1.253  1.437
(0.790) (0.818)
Obs. 393

Source: Own calculation using IAMO-SAU vegetable farmer survey.

Note: Robust standard errors are presented in parentheses. As the coefficients cannot be interpreted as effects of explanatory variables on the probability

of the outcome, the average marginal effect is calculated by using ‘margins, dydx(*)’ command in STATA after Probit regression.
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Table 5.3 shows the results of a mental budgeting dummy instead of a continuous mental budgeting variable.
Farmers who agree with the mental budget statements show a similar pattern as in the mental budgeting
factor score case in terms of both incentives. The coefficients of the mental budgeting dummy for a price
premium is even negative and amounts to -0.371. Thus, farmers following mental budgeting are predicted
to show a 14.1% lower probability to adopt low-toxicity pesticides compared to the other farmers. When
faced with a subsidy, farmers following mental budgeting are predicted to switch to low-toxicity pesticides
with a 32.9% higher likelihood. These results indicate that a specific subsidy would be more effective to
encourage farmers who follow mental budgeting than a price premium. However, given that the subsidy is
offered by the government while marketing entities are able to adjust prices, prices are also important if the

government does not intervene in markets.

In addition, to obtain robust results, this study has tested the results by re-grouping ‘mental budgeting
dummy 2’ where farmers agreed with all four statements or were neutral (i.e. answering 1 or 3 for all
statements) were assigned a value of “1”, others who show disagreements were assigned a value of “0”.
The results of ‘mental budgeting dummy 2’ are similar to the previous specification ‘mental budgeting
dummy’. Farmers who engage in or are neutral to mental budgeting show an 18.6% lower probability to
adopt low-toxicity pesticides when facing an increase in agricultural revenue. Whereas, a 30% higher
probability of adopting low-toxicity pesticides under subsidy is predicted for the same group of farmers.
The detailed results are shown in Table A. 3 in the appendix. The intentions under two different sources
are, as well, re-grouped into two groups where farmers who answered “totally agree”, “agree”, and “neutral”
have been assigned a “1”, and other farmers have been assigned a value of “0”. The results are similar:
compared to the coefficient of agricultural revenue where a comparatively high standard error is shown and
inconclusive direction when relying on the90% confidence interval, farmers who engage in mental

budgeting are more willing to switch to low-toxicity pesticides when facing a specific subsidy. The detailed

regression results are shown in Table A. 4 and Table A. 5 in the Appendix.
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Table 5.3: Probit regression results of mental budgeting dummy for the willingness to switch to low-toxicity pesticides

Variables Agricultural revenue with price premiums for quality Subsidy
Coefficient [90% Average [90% Coefficient [90% Average [90%
Confidence marginal Confidence Confidence marginal Confidence
Interval] effect Interval] Interval] effect Interval]
Mental -0.371 -0.617 -0.125 -0.141 -0.232 -0.050 1.098 0.753  1.442 0.329 0.234 0.424
budgeting (0.150) (0.055) (0.209) (0.058)
dummy
Age -0.017 -0.029 -0.006 -0.007 -0.011 -0.002 -0.012 -0.025 0.001 -0.004 -0.007  0.000
(0.007) (0.003) (0.008) (0.002)
Farm size -0.00002  -0.001 0.001 -7.75e-6  -0.000 0.000 0.001 -0.001 0.003 0.0003 -0.000 0.001
(0.0007) (0.0003) (0.001) (0.0004)
Educational -0.069 -0.200 0.061 -0.026 -0.076  0.023 0.067 -0.078 0.211 0.020 -0.023  0.063
level (0.079) (0.030) (0.088) (0.026)
Off-farm job -0.392 -0.622 -0.162 -0.149 -0.233 -0.064 -0.119 -0.366  0.128 -0.036 -0.109 0.038
(0.140) (0.051) (0.150) (0.045)
Lnincome 0.137 0.035 0.239 0.052 0.014 0.090 0.111 0.020 0.202 0.033 0.006  0.060
(0.062) (0.023) (0.056) (0.016)
Constant 0.010 -1.296 1.316 -0.301 -1.624 1.023
(0.794) (0.805)
Obs. 393

Source: Own calculation using IAMO-SAU vegetable farmer survey.

Note: Standard errors are presented in parentheses. As the coefficients cannot be interpreted as effects of explanatory variables on the probability
of the outcome, the average marginal effect is calculated by using ‘margins, dydx(*)’ command in STATA after Probit regression.
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In general, subsidies generate income effects for specific mental budgeting of pest control and the increased
budgets that would change the demand structure for pest control measures. A subsidy has higher income
effects for farmers who engage in mental budgeting, while a price premium for quality shows even a
negative impact. Earlier studies show some evidence for different reactions to prices and specific subsidies,
but no similar study for mental budgeting among agricultural producers exists. A study by Pietola and
Lansink (2001a) shows that a subsidy for organic farming has a positive elasticity of 0.2 for adopting
organic technology, while a decrease of output price by 1% would increase the rate by 0.4% to choose
organic technology by farmers. The underlying reason for such different behavior might be mental

budgeting.

A price premium for quality does not show a similar impact as a subsidy. There might be several possible
reasons for this. First, farmers might perceive a price premium as not enough to compensate for potential
losses due to less strict pest control. In addition, agricultural revenue with a price premium for quality
assigned to the mental budget of pest control may be too small to encourage farmers to change their
intentions towards switching to low-toxicity pesticides. It is worth noting that all these analyses assume the
absence of risky outcomes. The situation would become more complicated if farmers would be uncertain
whether both incentives can be obtained. However, the results don’t allow to conclude that a price premium
would not affect. The simulated results from Grovermann et al. (2017) show that in order to achieve a
similar percentage reduction of pesticide use, a combination of an integrated pest management scheme and
a subsidy scheme would be less expensive than the combination of an integrated pest management scheme
and a price premium. Depending on farmer’s behavioral characteristics, farmers’ responses to incentives

might be more or less heterogeneous.

5.3 The impact of cooperative governance on pesticide choices

In addition, this study has tested the effect of cooperatives on the choice of restricted pesticides through a
propensity score matching (PSM) method. In order to test the average impact of joining a cooperative, this

study follows Abebaw and Haile (2013) and Faltermeier and Abdulai (2009)’s way. Three kinds of
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matching, nearest-neighbor matching, kernel-based matching, and radius matching, are applied in the
following tests for ensuring robustness. Table 5.4 shows the results of the estimations of ATT of cooperative
on the revealed use of restricted pesticides as well as the choice of recommended pesticides. It is shown in
Table 5.4 that if farmers would be members of a cooperative, they are more likely to use recommended
pesticides. Whereas, the estimation results do not show that being cooperative members have an impact on
the choice of restricted pesticides. According to the results of nearest neighbor matching, kernel matching,
and radius matching, the rate of using recommended pesticides would increase by 13%, 12.4%, and 12%,
respectively. For all these matching methods with regard to ATT of cooperative on the use of restricted
pesticides and recommended, there are 115 treated observations, while 278 observations are untreated. Six

treated observations are off support in kernel matching and radius matching.
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Table 5.4: Estimation of ATT of cooperative governance

Matching estimator ATT of cooperative on the use of restricted pesticides ATT of cooperative on the use of recommended pesticides

Treated  Controls  Difference  [90% Confidence  Treated  Controls Difference ~ [90% Confidence

Interval] Interval]
Nearest neighbor  0.183 0.155 0.028 -0.048 0.104 0.696 0.565 0.130 0.031 0.229
matching (0.046) (0.060)
(number of
matches=5)
Kernel matching 0.193 0.141 0.052 -0.025 0.129 0.697 0.574 0.124 0.024 0.224
(bandwidth=0.01) (0.047) (0.061)
Radius matching 0.193 0.143 0.050 -0.026 0.126 0.697 0.578 0.120 0.021 0.219
(caliper=0.01) (0.046) (0.060)

Source: Own calculation using IAMO-SAU vegetable farmer survey.

Note: ATT estimations of all these three matches are applying through ‘psmatch2’ command in Stata. Personal, household, and farming
characteristics enter as explanatory variables. Detailed results are available upon request. Coefficients are shown on top of the standard errors

in the parentheses.
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After obtaining the results of the PSM, it still needs some balancing tests to ensure the quality of matching
(Lee, 2013). In order to evaluate the reliability of ATT estimation on the use of recommended pesticides,
this study applies the balancing test based on kernel matching for testing the balanced characteristics of
cooperative farmers and others. Table 5.5 shows the results of the balancing test. The standardized
differences of personal, household, and farming characteristics are in the range of 0.6% to 13.5%.
According to Rosenbaum and Rubin (1985)’s suggestion that the matching can be regarded as successful

when all standardized differences are less than 20%, the result of the balancing test matches the expectation.

Table 5.5: Test of matching quality

Variable Mean %bias %reduction  t-statistics
Cooperative ~ Non-cooperative |bias|
member member
Age 52.037 51.291 7.3 54.6 0.53
Planted area 43.449 28.786 13.5 61.2 1.32
Educational level 2.881 2.919 -4.1 91.2 -0.30
Off-farm job 0.670 0.709 -8.1 73.5 -0.62
Distance to fair 3.805 3.832 -0.6 96.9 -0.05
Household members 4.578 4.734 -9.3 53.9 -0.71
Selling price 1.148 1.124 2.5 68.1 0.21
Cost of pesticides 207.1 200.07 2.9 18.7 0.22

Source: Own calculation using IAMO-SAU vegetable farmer survey.

In addition to the balancing test, the distribution of the estimated propensity scores of kernel matching for
cooperative-members and non-cooperative-members is shown in Figure 5.2. The distribution figure is
obtained through ‘psgraph’ command in the package of ‘psmatch2’ in STATA after executing kernel

matching (Leuven and Sianesi, 2003). It shows that most of both, cooperative-members and non-
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cooperative-members, have substantial overlap while just six observations are off support for treated

samples.

Figure 5.2: Propensity score of kernel matching

0 2 4 .6 .8
Propensity Score

I untreated I Treated: On support
[ Treated: Off support

Source: Own representation using IAMO-SAU vegetable farmer survey.

5.4 Instruments, cooperative, and pesticide choices

After testing the ATT of cooperative, a Logit model is applied to estimate the interaction effect of
instruments within cooperatives on the choices of pesticides. Table 5.6 shows the results of the choice
model for both pesticide choices whether farmers use restricted pesticides and whether farmers use
recommended pesticides. This study uses only matched observations in the Logit model in order to retain
consistency with the previous analysis. Thus, 387 observations are included in the Logit model. As the
interpretation for the coefficients in the Logit model is indirect, the average marginal effect is also shown

following the coefficient in Table 5.6. The first six columns of Table 5.6 show the regression results for the
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use of restricted pesticides, while the results for the use of recommended pesticides are included in the last

six columns.
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Table 5.6: Results of Logit regression for pesticide choices

Variables Use of restricted pesticides Use of recommended pesticides

Coefficient [90% Average [90% Coefficient [90% Average [90%
Confidence marginal Confidence Confidence marginal Confidence
Interval] effect Interval] Interval] effect Interval]

Member of a 1.165 0.007 2322 0.120 0.002 0.238 0.862 -0.295 2.020 0.152 -0.051 0.356

cooperative (0.704) (0.072) (0.704) (0.124)

Training program -1.203 -2.028 -0.378 -0.124 -0.208 -0.040 0.315 -0.246  0.876 0.056 -0.043 0.155
(0.502) (0.051) (0.341) (0.060)

Training program -0.103 -1.662  1.455 -0.011 -0.171  0.150 -1.282 -2.727  0.162 -0.227 -0.480 0.026

* Cooperative  (0.947) (0.098) (0.878) (0.154)

member

Supply -0.099 -1.323 1.126 -0.010 -0.136  0.116 -0.063 -0.949 0.823 -0.011 -0.168 0.146
(0.744) (0.077) (0.539) (0.095)

Supply * 0.133 -1.445 1711 0.014 -0.149 0.176 0.232 -1.019 1.484 0.041 -0.180 0.262

Cooperative (0.960) (0.099) (0.761) (0.135)

member

Test 0.961 0.133 1.789 0.099 0.014 0.184 0.092 -0.491 0.675 0.016 -0.087 0.119
(0.503) (0.051) (0.354) (0.063)

Test* Cooperative -0.193 -1.621  1.234 -0.020 -0.167 0.127 0.956 -0.243 2.156 0.169 -0.041  0.380

member (0.868) (0.089) (0.729) (0.128)

Certification 0.063 -0.681 0.808 0.007 -0.070  0.083 1.393 0.813 1.973 0.246 0.152 0.341
(0.453) (0.047) (0.353) (0.058)

Certification * 0.245 -0.940 1.431 0.025 -0.097 0.147 -0.182 -1.233  0.868 -0.032 -0.218 0.154

Cooperative (0.721) (0.074) (0.639) (0.113)

member

Record 0.084 -0.760 0.927 0.009 -0.078 0.096 -0.724 -1.396  -0.053 -0.128 -0.245 -0.011
(0.513) (0.053) (0.408) (0.072)

Record * -0.993 -2.287 0.302 -0.102 -0.235 0.030 -0.049 -1.131  1.034 -0.009 -0.200 0.183

Cooperative (0.787) (0.081) (0.658) (0.116)

member

Age 0.022 -0.008 0.053 0.002 -0.001 0.005 -0.016 -0.038  0.007 -0.003 -0.007 0.001
(0.019) (0.002) (0.014) (0.002)

Planted area -0.001 -0.006  0.004 -0.0001 -0.001 0.000 0.006 0.001 0.010 0.001 0.000 0.002
(0.003) (0.0003) (0.003) (0.0004)

Educational level 0.360 0.020 0.700 0.037 0.002 0.072 0.202 -0.047 0.452 0.036 -0.008 0.080
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(0.207)

Off-farm job 0.922
(0.397)
Distance to fair 0.086
(0.031)
Household 0.156
members (0.106)
Selling price 0.308
(0.165)
Cost of pesticides 0.0004
(0.0007)
Constant -6.337
(1.531)

Observations

0.269

0.035

-0.019

0.037

-0.001

-8.856

1.575

0.136

0.331

0.579

0.002

-3.818

(0.021)
0.095
(0.041)
0.009
(0.003)
0.016
(0.011)
0.032
(0.017)
0.00004
(0.00008)

0.028

0.004

-0.002

0.004

-0.000

0.162

0.014

0.034

0.059

0.000

(0.152)
-0.035
(0.279)
0.008
(0.030)
-0.021
(0.082)
-0.481
(0.149)
0.004
(0.001)
-1.120
(1.060)

-0.494

-0.042

-0.156

-0.725

0.003

-1.864

0.423

0.058

0.114

-0.237

0.006

1.623

(0.027)
-0.006
(0.049)
0.001
(0.005)
-0.004
(0.015)
-0.085
(0.025)
0.0008
(0.0001)

-0.087

-0.007

-0.028

-0.126

0.001

0.075

0.010

0.020

-0.044

0.001

387

Source: Own calculation using IAMO-SAU vegetable farmer survey.
Note: standard errors are shown in the parentheses
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It is shown that members of a cooperative who do not take any of the selected food safety instruments,
which account for a small proportion (about 15%) of cooperative members, are predicted to have a higher
likelihood to use restricted pesticides from the first six columns of Table 5.6. The average marginal effect
of membership is 0.120, which means that joining a cooperative with no food safety instruments would
increase the probability of using restricted pesticides by 12%. Yet the coefficient of cooperative for
recommended pesticides has a relatively high standard error. It is, thus, not possible to differentiate both

groups of farmers based on their use of recommended pesticides.

Turning to the effect of the instruments analyses, the estimated coefficient of training program is -1.203
with a standard error of 0.502. This coefficient is corresponding to an average marginal effect of -0.124 for
training program. It means that a training program helps to decrease the probability of using restricted
pesticides for non-cooperative members by 12.4%. In order to test the effect of each instrument for
cooperative members, this study follows Wooldridge (2016) who suggests testing a joint hypothesis. Thus,
the effect of training program by cooperative is tested through an F-test of the joint hypothesis of
instruments and the product of instruments and cooperative dummy. For the variable training program, the
value of Prob > chi2 of the F-test of the joint hypothesis is 0.015, which suggests rejecting the null
hypothesis that there is no effect of training program for cooperative members on the choice of restricted
pesticides. Thus, the average marginal effect of training program on the use of restricted pesticides is -0.135,
which means such an instrument would decrease the probability of using restricted pesticides by 13.5% for
cooperative members. However, a training program from a cooperative does not show a significant

additional impact for members.

Moreover, the estimated coefficient of testing of final products for farmers is 0.961 with a standard error of
0.503. This coefficient is corresponding to an average marginal effect of 0.099. It means that a test of final
products outside a cooperative is predicted to increase the likelihood by 9.9%. In addition, the value of
Prob > chi2 of the F-test of the joint hypothesis of the variable test is 0.093. Thus, it is suggested to reject

the null hypothesis that there is no effect of test for cooperative members on the choice of restricted
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pesticides. The average marginal effect of test is 0.079. It means the probability of using restricted pesticides
would increase by 7.9% for cooperative members when farmer’s output is subject to testing. The test from

cooperatives shows the opposite effect to the tests outside a cooperative, but not significant in this case.

In addition, educational level, off-farm jobs, distance to fair and selling price are estimated to have a positive
effect on the use of restricted pesticides when other things are held constant. The coefficient of educational
level is 0.360 which corresponds to an average marginal effect of 0.037. This means that more educated
farmers show a higher probability to use restricted pesticides and the likelihood increases by 3.7% restricted.
In addition, the coefficients of off-farm jobs and distance to fair are 0.922 and 0.086, respectively, which
correspond to an average marginal effect of 0.095 and 0.009. Thus, the probability of using restricted
pesticides would raise by 9.5% if household members have an off-farm job(s), while one more kilometer
from home to the nearest fair is also related to a higher probability of using restricted pesticides by 0.9%.
An off-farm job(s) could be related to time constraints for farming where pesticides with a lower frequency
of application and higher effectiveness would be more attractive. Restricted pesticides are normally with
high toxicity and may be believed to have such function by farmers. Moreover, the coefficient of selling
price is 0.308, corresponding to an average marginal effect of 0.032. It means that an increase of selling
price by one Chinese yuan per 500 grams would increase the probability of using restricted pesticides by
3.2%. This may because vegetable farmers believe that restricted pesticides are better suited to ensure the

yield and appearance compared to other kinds of pesticides.

The last six columns of Table 5.6 show the estimated results for the use of recommended pesticides. The
results show that cooperative members who do not receive any instrument do not differ in the use of
recommended pesticides significantly compared to other farmers in a statistical sense. With regard to the
results of instruments, certification, and record keeping show an impact on the use of recommended
pesticides. The coefficients of certification and record keeping are 1.393 and -0.724, respectively, which
corresponds to a marginal effect of 0.246 and -0.116, respectively. The p-value of joint F-test for

certification and record keeping are 0.000 and 0.071, respectively. This means cooperative farmers who
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join a certification program of green food, hazard-free food, and organic food are more likely to use
recommended pesticides by 21.4%. Whereas, record keeping harms the use of recommended pesticides.
The probability for cooperative members is predicted to decline by 13.7% if farmers record the names of
pesticides. Again, cooperatives do not significantly differ in the effect of these two instruments on the use

of recommended pesticides compared to other governance structures.

Some personal and farming characteristics such as planted area and cost of pesticides show a positive impact
on the use of recommended pesticides. The coefficients of planted area and costs of pesticides are 0.006
and 0.004, respectively. Consequently, the average marginal effect of planted area and costs of pesticides
are 0.001 and 0.0008, respectively. These results indicate that an increase of planted area by 100 mu would
result in a higher probability of using recommended pesticides by 10%. This might be driven by that large
farms might market their products directly to shops and, thus, are forced to focus more on reducing food
safety risks. The higher average cost of pesticides by 100 yuan is correlated with a higher probability of
using recommended pesticides by 8%. This result might capture the fact that recommended pesticides are
normally more expensive than traditional ones. Thus, a causal interpretation is not appropriate here. In
contrast, selling price shows the opposite influence. The coefficient and average marginal effect of selling
price are -0.481 and -0.085, respectively. This indicates that a higher selling price is related to a lower
probability of using recommended pesticides. More specifically, an increase in selling price by one yuan
per 500 grams would decrease the probability of using recommended pesticides by 8.5%. This might be
caused by the fact that there is no efficient way to distinguish the quality of vegetables currently. Thus, a
“Market for Lemons” effect could show up here, where farmers would decrease the use of recommended
pesticides for insuring a better appearance and higher yields as soon as vegetable production becomes more
profitable due to higher prices. In addition, the existence of a binding budget constraint could be an
alternative explanation. Given that recommended pesticides would be more expensive, farmers would not
switch to those pesticides for keeping yield as long as farmers have a binding budget constraint for the

expenses on pest control.
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6 Conclusion and implications

6.1 Conclusion

Neoclassical economic theory has been criticized for oversimplifying human behavior. However, different
responses to perceived values of gains and losses with the same value have been shown in the literature. In
addition, the probability weighting is not consistent with a linear assessment of probabilities as assumed by
neoclassical economic theory. Thus, the degree of loss aversion and probability weighting may also affect
decision-making when facing uncertainty. This research provides empirical evidence for a more
heterogeneous behavioral attitude among vegetable farmers by quantifying such parameters of risk

preference.

Risk preferences play an important role in explaining pesticide use quantitatively. Given that income from
agricultural production is closely related to yield risk, farmers with different risk preferences differ in
pesticide use to achieve higher yields and, hence, higher profits. Despite the potential impact of risk
preferences on pesticide use, there is still a gap on how risk preferences influence the amount of pesticide
use for vegetables, conditional upon prospect theory. This study firstly provides insight into the risk
preference parameters based on prospect theory among vegetable farmers. Furthermore, the effect of risk

aversion, loss aversion, and weighted probability on pesticide use quantitatively are studied.

The results show that 68.4% of farmers are risk-averse with respect to yield risk. 387 farmers (98.5%), in
addition, show cognitive biases in probability weighting, while 129 farmers (32.8%) weigh the probability
of potential yield loss due to hazard higher than the probability of gains. Moreover, 59.8% of farmers show

aversion to yield loss.

The estimation results show that the risk aversion does not have a consistent association with pesticide use

guantitatively when relying on a 90% confidence interval from both measures, the amount and the cost of
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pesticides. However, loss aversion can positively influence the amount of pesticide use. Farmers who have
a greater loss aversion regarding yield loss are more likely to apply more pesticides during the growing
season. Moreover, a higher weighted probability of hazards is associated with more pesticide use. From the
results of the average cost of pesticides, it is also shown that the number of family members has a positive

association with the cost of pesticides.

Taking mental budgeting into account can improve the understanding of farmers’ choices of pest control
measures. Given that most farmers categorize different agricultural inputs, farmers who engage in mental
budgeting seem to react more to monetary incentives from different income sources. This study firstly
provides some evidence on whether vegetable farmers engage in mental budgeting in terms of pest control
practices. In addition, it contributes to explanatorily extending the potential effect of mental budgeting to
production decision making, and provides some evidence on how mental budgeting of different monetary
incentives affects pest control among vegetable farmers in Sichuan, China. Moreover, this study provides
a better understanding of the decision mechanism by taking psychological factors into account compared

to current studies.

The results indicate that the majority of vegetable farmers surveyed categorize agricultural inputs into
different groups. Mental budgeting is used by slightly more than one-quarter of the respondents and plays
an important role in the effect of incentives. Farmers who engage in mental budgeting report a higher
willingness to switch to low-toxicity pesticides than other farmers when they face a specific subsidy.
However, among farmers who engage in mental budgeting, there is not sufficient evidence showing that a
price premium has a stronger effect on the willingness to switch to low-toxicity pesticides compared to

farmers who do not apply mental budgeting.

The choices of pesticides are highly related to the safety of vegetable production. Consequently, cooperative
governance is expected to control the choices of pesticides more efficiently as the rising intensity of
instruments in cooperative governance. Recent studies show that there is plenty of food safety related

instruments that are implemented in cooperatives across China. Such instruments, such as social capital,
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would have an impact on chemical inputs use (Zhou et al., 2015, Zhou et al., 2016, Zhou et al., 2018).
However, empirical studies on the impact of the effect of cooperative governance on pesticide choices are
limited. To the author’s knowledge, there are limited quantitative micro-econometric studies that examine
whether and how far cooperative governance and the instruments inside have an impact on the use of

restricted pesticides and recommended pesticides for vegetable farmers in China.

This study also aims at understanding the effect of cooperative governance on the choices of using restricted
pesticides and recommended pesticides for vegetable farmers. It is also interesting to understand whether
and how far cooperatives and other governance structures differ in the effect of different instruments on the
choices of restricted pesticides and recommended pesticides. In order to test such effect of cooperative and

instruments, a choice method with interaction variables is used.

The results of the PSM model show that cooperative governance has a positive impact on encouraging the
use of recommended pesticides. 12% to 13% of vegetable farmers would use recommended pesticides if
they would join a cooperative. In addition, the results of this study do not show evidence that joining a
cooperative has an impact on limiting the use of restricted pesticides. The results of the interaction effect
support the conclusion that the food safety related instruments have a differentiating effect within and
outside cooperatives. Thus, the different use of these instruments across cooperatives might be more

important.

The results from the Logit model show that cooperative members who do not receive any selected
instruments are predicted to have a higher likelihood of using restricted pesticides. One reason might be
that current public food safety related instruments are not quite effective for observing the choices of
pesticides. Such information asymmetry may increase the rate of using restricted pesticides by cooperative
members who do not receive any selected instruments. Furthermore, a training program regarding pest
controls is found to have a negative effect on the choice of restricted pesticides. However, such an
instrument in a cooperative does not differ in the effect on decreasing the rate of using restricted pesticides

compared to training programs outside a cooperative. As a result of limited training programs, farmers’

87



limited knowledge about restricted pesticides may increase the use of restricted pesticides (Wang et al.,
2015). Additionally, a quality test for products shows a negative impact on limiting the use of restricted
pesticides for non-cooperative-members. Although tests in a cooperative show an opposite coefficient to
the tests outside, there is still evidence showing that a quality test increases the use of restricted pesticides
in a cooperative. This probably because current tests are not very suitable for testing all pesticides. Firstly,
tests are often found in vegetable supply chains where there is a large number of vegetables. Spot check
cannot test every batch of vegetables sold in the markets. Second, rapid pesticide detection, which is widely
used for pesticide residue tests, is helpless to test some pesticides such as organochlorine pesticides and
other high-toxicity pesticides. Third, rapid pesticide detection is not suitable for some vegetables such as
onions, garlic, parsley, and mushrooms. Given the limited quality test systems, farmers may pay more
attention to the quality of vegetable appearance rather than safety. With respect to the use of recommended
pesticides, no strong evidence showing that joining a cooperative with no food safety related instruments
would have an additional impact on the use of such pesticides. Certification shows a positive impact on
encouraging the use of recommended pesticides, while record keeping shows an opposite effect for both

cooperative members and non-members.

Personal, household, and farming characteristics also show heterogeneity in the choices of using restricted
pesticides and recommended pesticides. Households that family members have off-farm jobs are more
likely to use restricted pesticides. A higher selling price is related to a higher probability of using restricted
pesticides, as well as a lower probability of using recommended pesticides. This may because farmers prefer
to keep the yields and current recommended pesticides are less competitive than normal ones. Besides, the
distance to the nearest fair is shown a positive impact on the use of restricted pesticides. In addition, farmers
with larger vegetable planted areas are more willing to choose recommended pesticides for vegetable

production.
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6.2 Implications

6.2.1 Policy implications

As the use of a higher amount of pesticides and of more average cost on pesticides is associated with
farmer’s loss aversion, it is crucial in designing appropriate interventions to reflect this behavioral pattern.
In order to mitigate unnecessary pesticide use, two aspects are worth to be considered by government and
private actors in developing future policies. First, as the pain caused by a potential loss is perceived to be
greater than the gain by an equivalent return both in comparison to an expected yield, farmers with higher
loss aversion will use more pesticides. Thus, a more stable income should incentivize farmers to use a lower
amount of pesticides. A possible strategy could be to promote contract farming where a stable pre-
announced payment could be combined with additional payments for delivery in excess of a pre-agreed
guantity (Huang and Liang, 2018, Bonazzi and lotti, 2014). This measure separates the income with higher
risk into two parts, a stable part without losses and a risky part with lower risk. It is, second, essential to
decrease the weighted probability of potential yield loss. In order to solve such a problem, farmers’
perception of the probability of potential hazards is a key factor. A hazard warning system should be
provided to help farmers develop more realistic expectations as well as more education and training about
different kinds of pesticides. The latter is expected to affect farmer’s perception of hazards and will translate

into a better informed weighted probability.

The results regarding the effect of mental budgeting point in a similar direction as findings by Ocean and
Howley (2019) or Grovermann et al. (2017). Depending on their behavioral attitudes farmers respond
differently to general monetary incentives when compared with more targeted incentives. Thus, if
governments or private organizations, such as cooperatives, want to change farmers’ pest control practices
through monetary policies, it is better to use specific incentives such as specific subsidies rather than the

pricing of agricultural products that cover more than one category of agricultural inputs. Such types of
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b

‘nudge'® would be important for future subsidy schemes in order to achieve higher effectiveness for

political tools.

However, it is worth noting that current literature also provides evidence that subsidies, such as grain
subsidy and fertilizer subsidy, do not always result in the desired impact on changing farmers’ production
behavior (Huang et al., 2011). The main reason is that some farmers do not know the value of such subsidy,
or even misunderstand the subsidy (Huang et al., 2011). This would probably lead to an allocation of money
received into other mental budgets rather than the budgets which subsidies aim at. Thus, it is important to

reflect upon farmers’ understanding of designing and implementing subsidy schemes.

There are also some implications from the results of the effect of cooperative and food safety related
instruments. Although there is no evidence shows that food safety related instruments in cooperatives have
a stronger effect on limiting the use of restricted pesticides, cooperative members are received a higher
intensity of programs than other farmers. Thus, cooperatives still play an important role in food safety
control, especially considering the policy perspective. According to the results of the Logit regression, it is
essential for cooperatives to increase the quality of training programs in order to improve farmer’s
knowledge regarding pesticide use and decrease the use of restricted pesticides. Moreover, these results
show that not only having instruments, but the effectiveness of each current food safety related instruments
also needs to be enhanced, especially quality test which show a negative impact on limiting the use of
restricted pesticides and record which show a negative impact on encouraging the use of recommended
pesticides. Thus, it is, on the one hand, necessary to refine undesirable instruments beforehand. For example,
improve tests and test each batch of vegetables in the quality test and record the results which could affect
farmers’ credit records. On the other hand, it is also important to expand the implementation of desirable

instruments such as training programs and certification.

10 Nudge is any aspect of the choice that could predictably influence people’s behavior without either forbidding any
options or changing economic incentives.
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6.2.2 Methodological implications

In addition to policy implications, there are some methodological implications from this thesis with respect
to mental budgeting. Although the quantitative results regarding the effect of mental budgeting apply to the
sample of this study only, some conclusions do have some external validity. In particular, the methodology
can be applied for the study of other aspects in agriculture such as monetary incentive schemes for organic
agriculture, resource conservation efforts, agricultural technologies, or adoption of sustainable practices.
Given the effect of a ‘nudge’, a more specific monetary incentive scheme would have a higher effectiveness
than general ones. Furthermore, replicating the approach of this study on a nationally representative sample

of farmers would allow deriving conclusions with external validity.

Reflecting on the experimental design and analysis and conditional upon availability of resources, some
aspects could be changed in follow-up studies. First, in designing the incentive set the scale effect should
be taken into account in order to test whether farmers with different farm sizes react differently. Second,
other income sources and categories of costs of agricultural production may have an impact on the budget
of pesticides when farmers regard additional inputs (e.g. treated seeds) as a pest control tool. Thus, more
income sources and categories could be included. Third, future studies could be based on experiments using
randomly controlled treatments rather than hypothetical assumptions. Implementing different incentive

schemes would provide methodologically soundest results.
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Appendix

Table A. 1: Approximations of the risk aversion (o) and the corresponding switching questions

o Switch questions in series 1

Series 2 | 1 2 3 4 5 6 7 8 9 10 11 12 13 14 Never
1 1.5 1.4 1.35 1.25 1.15 1.1 1 0.95 0.9 0.85 0.8 0.75 0.65 0.55 0.5
2 1.4 1.3 1.25 1.15 1.1 1 0.95 0.9 0.85 0.8 0.75 0.7 0.6 0.55 0.5
3 1.3 1.2 1.15 1.1 1 0.95 0.9 0.85 0.8 0.75 0.7 0.65 0.55 0.5 0.45
4 1.2 1.15 1.05 1 0.95 0.9 0.85 0.8 0.75 0.7 0.65 0.6 0.5 0.45 0.4
5 1.15 1.05 1 0.95 0.9 0.85 0.8 0.75 0.7 0.65 0.6 0.55 0.5 0.4 0.35
6 1.05 1 0.95 0.9 0.85 0.8 0.75 0.7 0.65 0.6 0.55 0.5 0.45 0.4 0.35
7 1 0.95 0.9 0.85 0.8 0.75 0.7 0.65 0.6 0.55 0.5 0.45 0.4 0.35 0.3
8 0.95 0.9 0.85 0.8 0.75 0.7 0.65 0.6 0.55 0.5 0.45 0.4 0.35 0.3 0.25
9 0.9 0.85 0.8 0.75 0.7 0.65 0.6 0.55 0.5 0.45 0.4 0.35 0.3 0.25 0.2
10 0.85 0.8 0.75 0.7 0.65 0.6 0.55 0.5 0.45 0.4 0.35 0.3 0.25 0.2 0.2
11 0.8 0.7 0.65 0.65 0.6 0.55 0.5 0.45 0.4 0.35 0.3 0.25 0.2 0.15 0.15
12 0.75 0.65 0.6 0.55 0.5 0.5 0.45 0.4 0.35 0.3 0.25 0.2 0.2 0.15 0.1
13 0.65 0.6 0.55 0.5 0.45 0.45 0.4 0.35 0.3 0.25 0.2 0.15 0.15 0.1 0.1
14 0.6 0.55 0.5 0.45 0.4 0.35 0.35 0.3 0.25 0.2 0.15 0.1 0.1 0.1 0.05
Never 0.5 0.45 0.4 0.4 0.35 0.3 0.3 0.25 0.2 0.15 0.1 0.1 0.05 0.05 0.05

Source: Tanaka et al. (2010).
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Table A. 2: Approximations of the parameter of probability weighting (3) and the corresponding switching questions

) Switch questions in series 1
Series2 | 1 2 3 4 5 6 7 8 9 10 11 12 13 14 Never
1 0.6 0.75 0.75 0.85 0.9 0.95 1 1.05 1.1 1.15 1.2 1.25 1.3 1.4 1.45
2 0.6 0.7 0.75 0.8 0.85 0.9 0.95 1 1.05 1.1 1.15 1.2 1.25 1.35 1.4
3 0.55 0.6 0.7 0.75 0.8 0.85 0.9 0.95 1 1.05 1.1 1.15 1.2 1.25 1.3
4 0.5 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1 1.05 1.1 1.15 1.2 1.25
5 0.45 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1 1.05 1.1 1.15 1.2
6 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1 1.05 1.1 1.15
7 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1 1.05 1.1
8 0.35 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1 1.05
9 0.3 0.35 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1
10 0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95
11 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9
12 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85
13 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8
14 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75
Never 0.05 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.6 0.65 0.6

Source: Tanaka et al. (2010).
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In order to test the ROC of the predictive power of the Probit model, this study uses the opposite number
of mental budgeting factor scores because a lower score is related to a higher likelihood to engage in mental
budgeting. Then ROC curves are drawn for both situations (with a subsidy and with a price premium).
Figure A. 1 and A. 2 show the ROC curves for subsidy and price premium for all samples, respectively. An
AUC (area under ROC curve) of 0.7475 shows that the result of the effect of mental budgeting on the
willingness to switch to low-toxicity pesticides is moderate, while the result for a price premium does not

show a stable effect on such willingness due to an AUC of 0.4701.

Figure A. 1: ROC curve for subsidy for total sample
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Figure A. 2: ROC curve for price premium for total sample
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Table A. 3: Probit regression results for the willingness to switch of low-toxicity pesticides by re-grouping mental budgeting scales

Variables Agricultural revenue with price premiums for quality Subsidy
Coefficient [90% Average [90% Coefficient [90% Average [90%
Confidence marginal Confidence Confidence marginal Confidence
Interval] effect Interval] Interval] effect Interval]
Mental -0.497 -0.722  -0.272 -0.186 -0.265 -0.106 1.021 0.739  1.303 0.300 0.227  0.372
budgeting (0.137) (0.048) (0.171) (0.044)
dummy 2
Age -0.017 -0.028 -0.005 -0.006 -0.011  -0.002 -0.015 -0.028 -0.002 -0.005 -0.008 -0.001
(0.007) (0.003) (0.008) (0.002)
Farm size 0.00005  -0.001  0.001 -0.0002  -0.000 0.000 0.001 -0.001  0.003 0.0003 -0.000 0.001
(0.007) (0.0003) (0.001) (0.0004)
Educational -0.067 -0.199  0.064 -0.025 -0.074 0.024 0.066 -0.079  0.210 0.019 -0.023  0.061
level (0.080) (0.030) (0.088) (0.026)
Off-farm job -0.390 -0.622  -0.159 -0.146 -0.230 -0.062 -0.133 -0.381 0.114 -0.039 -0.112  0.033
(0.140) (0.051) (0.151) (0.044)
Lnincome 0.136 0.035 0.237 0.051 0.014  0.088 0.112 0.020  0.203 0.033 0.006  0.059
(0.062) (0.023) (0.055) (0.016)
Constant 0.055 -1.249  1.359 -0.202 -1.526  1.121
(0.793) (0.805)
Obs. 393

Source: Own calculation using IAMO-SAU vegetable farmer survey.

Notes: ‘mental budgeting dummy 2’ = 1 if farmers agreed with all four statements or were neutral (i.e. answering 1 or 3 for all statements).
Standard errors are presented in parentheses. As the coefficients cannot be interpreted as effects of explanatory variables on the probability of the
outcome, we calculate the average marginal effect by using ‘margins, dydx(*)’ command in STATA after Probit regression.
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Table A. 4: Probit regression results for the willingness to switch to low-toxicity pesticides facing agricultural revenue with a price premium by re-grouping intentions

Variables Coefficient Average [90% Confidence Coefficient Average [90% Coefficient Average [90% Confidence
marginal Interval of average marginal Confidence marginal Interval of average
effect marginal effect] effect Interval] effect marginal effect]
Mental -0.028 -0.010 -0.035 0.015
budgeting (0.041) (0.015)
Mental -0.206 -0.077 -0.167  0.014
budgeting (0.150) (0.055)
dummy
Mental -0.195 -0.073 -0.155 0.010
budgeting (0.136) (0.050)
dummy 2
Age -0.022 -0.008 -0.012 -0.004 -0.023 -0.008 -0.013  -0.004 -0.022 -0.008 -0.012 -0.004
(0.007) (0.003) (0.007) (0.003) (0.007) (0.003)
Farm size -0.0007 -0.0002 -0.001 0.000 -0.0004 -0.0001 -0.001  0.000 -0.0004 -0.0002 -0.001 0.000
(0.0007) (0.0002) (0.0007) (0.0003) (0.0007) (0.0002)
Educational -0.110 -0.041 -0.090 0.007 -0.112 -0.042 -0.090  0.007 -0.110 -0.041 -0.089 0.007
level (0.079) (0.029) (0.080) (0.029) (0.080) (0.029)
Off-farm job -0.153 -0.057 -0.141 0.027 -0.163 -0.061 -0.145  0.024 -0.158 -0.059 -0.143 0.025
(0.138) (0.051) (0.138) (0.051) (0.138) (0.051)
Lnincome 0.079 0.030 -0.002 0.061 0.079 0.029 -0.003  0.061 0.079 0.029 -0.002 0.061
(0.052) (0.019) (0.053) (0.019) (0.053) (0.019)
Constant 0.995 1.086 1.064
(0.734) (0.741) (0.739)
Obs. 393

Source: Own calculation using IAMO-SAU vegetable farmer survey.
Notes: ‘mental budgeting dummy 2’ = 1 if farmers agreed with all four statements or were neutral (i.e. answering 1 or 3 for all statements). And the intentions equal to 1 if

farmers answered “totally agree”, “agree”, and “neutral”.
Standard errors are presented in parentheses. As the coefficients cannot be interpreted as effects of explanatory variables on the probability of the outcome, we calculate the

average marginal effect by using ‘margins, dydx(*)’ command in STATA after Probit regression.
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Table A. 5: Probit regression results for the willingness to switch to low-toxicity pesticides facing subsidy by re-grouping intentions

Variables Coefficient ~ Average [90% Confidence Coefficient ~ Average [90% Confidence Coefficient ~ Average [90% Confidence
marginal Interval of average marginal Interval of average marginal Interval of average
effect marginal effect] effect marginal effect] effect marginal effect]
Mental -0.434 -0.103 -0.121 -0.086
budgeting (0.056) (0.011)
Mental 1.311 0.349 0.239 0.459
budgeting (0.265) (0.067)
dummy
Mental 1.376 0.348 0.265 0.430
budgeting (0.221) (0.050)
dummy 2
Age -0.012 -0.003 -0.006 0.001 -0.011 -0.003 -0.007 0.001 -0.015 -0.004 -0.007 -0.000
(0.009) (0.002) (0.008) (0.002) (0.009) (0.002)
Farm size 0.0006 0.0001 -0.000 0.001 0.0006 0.0002 -0.000 0.001 0.0006 0.0002 -0.000 0.001
(0.001) (0.0003) (0.001) (0.0003) (0.001) (0.0003)
Educational -0.025 -0.006 -0.043 0.031 -0.005 -0.001 -0.042 0.039 -0.010 -0.002 -0.041 0.036
level (0.094) (0.022) (0.092) (0.024) (0.093) (0.024)
Oft-farm job 0.094 0.023 -0.042 0.087 0.096 0.026 -0.043 0.094 0.103 0.026 -0.040 0.093
(0.164) (0.039) (0.157) (0.042) (0.160) (0.040)
Lnincome 0.050 0.012 -0.011 0.034 0.053 0.014 -0.011 0.039 0.056 0.014 -0.009 0.038
(0.058) (0.014) (0.057) (0.015) (0.057) (0.014)
Constant 1.045 0.553 0.619
(0.858) (0.835) (0.844)
Obs. 393

Source: Own calculation using IAMO-SAU vegetable farmer survey.

Notes: ‘mental budgeting dummy 2’ = 1 if farmers agreed with all four statements or were neutral (i.e. answering 1 or 3 for all statements). And the intentions equal to 1 if
farmers answered “totally agree”, “agree”, and “neutral”.

Standard errors are presented in parentheses. As the coefficients cannot be interpreted as effects of explanatory variables on the probability of the outcome, we calculate the
average marginal effect by using ‘margins, dydx(*)’ command in STATA after Probit regression.
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R

Questionnaire to farmers

R VAN N VA s o AR E AT JE 28 5 A G AV & AT FE B AN DY )1 A R 2 R AT A . AT H 1)
H IR0 T R HUE B R B . (EULIEAE b, W38 T AR Afbb 1 AR (10 RFE B ¥R 4T N, DA GRS d E B VA I RCR AT 5 =K.
Good morning/afternoon/evening, | am and | am conducting a survey on behalf of the German research institute IAMO &

Sichuan agricultural university. The purpose of the project is to study the situation of pest control measures. Your input will help to identify the way that vegetable farmers
use pest control measures. Based on the study, the researchers could have a better understanding of farmer’s behavior in pest control measures.
EXR—TRERAAREE. BRENGEERATHATE, FEREBURHREG . BANHEV IR R E A M RER . WFEIERE 1AM P )IRIEK
2N, B ATEEARET A BB IE LA R BRIt E AR A .

This is a research survey. The information you provide is only for research needs and will not be presented to the government. The whole process will be anonymous
and strictly confidential. Anonymized research data will be archived at IAMO and Sichuan agricultural university in order to make them available to other researchers
in line with current data sharing practices.

HE:
Lo AU P ERSE A JEATHR 1], AR AL R PRG3R i)
2. ZUYNIRFEFBEREE. WRAEKTREDIN, A—NSHR R FEER 77T UARE R .
3. UL — 1%
Rules:
1. If farmers grow vegetables, continue to ask the following questions. Otherwise, give up and find another farmer.
2. The person to be interviewed shall be the one who leads farming activities. If not possible to interview this person, another knowledgeable household member
involved in decision making about farming can be interviewed instead.
3. Only one questionnaire for each household.
WA R4 W H
Name of the interviewer Date of the interview
/A TRX
City/Prefecture
/X
County /District
2 [H
Township /Town
T
Village

ANMAERER
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A. Personal characteristics

A01 47 (Gender) 1.53 (Male) 0.%¢ (Female)
A02 B (Age) % (Years old)
1.7% %4 #(H (Not educated)
2./N% (Primary school)
3. ]9 (Secondary school)
A03 #E 7K°F (Educational level) 4.1/ H1°% (High school/Technical
secondary school)
5.4 BHK %
(Undergraduate/Junior college)
6.1F 70 2E (Graduate school)
B. KEERHER B
B. Household characteristics
BO1 FIE N A EUE (How many family members living in your household?) = (Number)
B0O2 KIEE5 5171 NE (How many of them are labors?) 5 (Number)
FRE R A 20 NEELME BLA ) T AR ?
(How many household members do off-farm jobs?) o e
BO3 N & (Numb
RRA, WBKE 85 MU (Number)
(If ”0”, go to B0O5)
. S T PR " R (Returning dail ##E (Number
sz 1 | VLM 2R LI KA A AT Returning dally) | BOR (Number
- Please specify the number of returning daily or not returning daily B R A fEIR (Not returning ¥ (Number)
daily)
s0s o | REEHFTA 25 AU HRRAR AL AR {2 $BE (Number)
- (How many household members just do off-farm jobs?)
FREM A 20 N R NFHRN TAE? e
B04 , ) , o ## (Number)
(How many household members are engaged in full time agricultural activities?)
FREMATHZ D NTR T 9 FXFEHE Wit ? s
BO5 e ) ¥ (Number)
(How many people finished 9 years compulsory education (Secondary school)?)
R BRI % \
BO6 BRI 20 . Tk (km)
(How far is your home to the nearest country fair?)
K B B AR % 7T ? .
BO7 AR BOLHAR TS 2L . . Tk (km)
(How far is your home to the nearest shop for agricultural inputs?)
R BRI MRAT A 218 ? .
B
08 (How far is your home to the nearest bank?) TR (km)
BO9 &K BB R R 20 ? TK (km)
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(How far is your home to the nearest public transport stop?)
1. ¥k (Adobe)
5 1 R 2 g 7 Z.E?E%@ (Stone and wood)
B10 (What type of house do you live in?) 3.1 (Brick)
4 ‘W IREE L (Reinforced concrete)
5. At GEVL) (Others (Please specify))
1.5 A (No)
2.H 1T % (Bicycles)
B11 BRI T HAAWE?  (nf2ik) 3. =5 ZE /BN ZE (Tricycle/electric vehicles)
(Which modes of transport you have in your family?) (Multiple choices available) | 4.4~ (Motorcycle)
5.75% % (Car)
6. Ath (3 UiH]) (Others (Please specify))
C. MANFIHRER

C. Income and expenditure characteristics

co1 R EE (2017) it Z 2 ¥
(How much income of your household last year (2017)?)

02 R L (2017) folaifg e % /b7 ¥
(How much income from agricultural activities last year (2017)?)

03 WREE (2017) THIANRZZD? ¥
(How much income from wage work last year (2017)?)

con | EREF Qi WO QUL AL, AL REL? N
(How much capital income, such as land rent, house rent, dividends, etc., last year (2017)?)
R EAE (2017) HBMERN GMIFRON, 7724, IR, AREND, W75 &2
?

o5 (How much transfer income, such as subsidies, pension, dibao, poverty allowance, donations, ¥
etc., last year (2017)?)
MRBEHEBERN, BkE coe
(If there is no transfer income, jump to C06)
RN A 2D RO AN ?

Co5_1 . o . Y
(How much agricultural subsidies in transfer income?)
R AT 2 MIRIR?

C05_2 G . ¥
(How much dibao in transfer income?)
RN AT 2 /02T R R ?

C05_3 . . Y
(How much poverty allowance in transfer income?)
A 2ot B AT 0K N N

co6 (Do you keep a book for daily expenses?) L2 (Yes) 0. 4% (No)
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1=AFH AR, 2=FE, 3=A1E, 4=AFE, s=FFEAFE
(1=strongly agree, 2=agree, 3=uncertain, 4=disagree, 5=strongly disagree)

a)  ARZIUNAE B K B R S AR
(I have to invest substantial monetary efforts to be able
to buy agricultural inputs.)

b) VR ZHS N KB I [A] R A - 75 L R AR N
(I have to invest a lot of time to receive the agricultural
inputs | need.)

AEZ RIRE BRI LR 3k ?

Cco7
(To what extent do you agree with the following statements?)

c) ARBLRAE 2 KR Fr G B AR BN b

(I cannot buy the agricultural inputs | need locally at all.)

d)  ARMEHN i P 5T e DAIA B AR A T
(The quality of agricultural inputs is not matching the
quality | would like to have.)

D. R FAFRIEA =15 B

D. Farm and vegetable production characteristics in last year (2017)

EHREE (2017) BHFIIBHEA 2 /D w?

D01
(What is the size of farmland used in 20177?)

H (Mu)

BRIP4 (2017) 2R ?

(How much farmland has been rented from other farmers in 20177?)

R A EAN"0”, B3] D03
(If “0”, jump to D03)

D02 T (Mu)

(SRR e e 2t

D02 1
- (What is the land rent per Mu?)

JG/Hi (Yuan/Mu)

BEMHHEE (2017) [ 2D T2

D03
(How much farmland has been leased to other farmers in 20177?)

H (Mu)
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D04 1 BARHIIR L 4E (2017) BRIFEFRANE L. (F1 H R A 5 2 1) DU A

D04 Please specify the situation of vegetable production and selling last year (2017) (List four species with the largest planting area)

b

—he

%
i

x

(919e31989n Jo swenN)

B/ E w2

(niAl/esae Bunueld)

B i FE IR
(Certification)
%‘iﬁn 1", ?ﬁ%‘iﬁuon
Fill in "1" if there is.
Otherwise, fill in "0".

LT |29 |AO
An (g (Mg
25 ff:;
%a i S Bt 2.
2 == < == 0
Bl = | Ko | K <
£ ® @
X o o 0Q
)
< by @
g g| &
o] o =8
S o
=8
o

¢
)

TV

(300s/ pI=IA

e RE, HEES S

MR RSAS . T/ R

(Marketing  channel, amount of | (Costs of production: yuan/mu)

vegetables sold, and revenue)

i 7 2RI WE &3 MY ET ME (kT WD |4 |3 D KD

(Marketing channel) w3 WL |Fao kg M S %y (I BT M °—T'i_ Tg [ftg

1354t iR AL #2588 2|73 8 mg we (B [we | 3
. ~ =2 — @ = % E = EE o |iE 2'_( [} ~

(To the cooperative) frg 2L 2 = 3 2z = B Mg al

2 LA g s = Gs S| 3| 8

(To the company) § B BT E E =

spoEiphms | 8| 8 2

(In the market by myself)
4345 A i

(To middleman)

5.3 At GEBLED
(Others (Please specify))
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DO5 & 555 T 57 & A% EL B ER SR W T ik 5t 220

1. 5 g R 517 2 EHHHFEOIENT 1 22 17 3B G ARSI 2 F3 15 4G IENT3 4 % 5.2 % 0504 (5L
C05 Please compare the prices of the following products and the market price of conventional vegetables.

1. Equal to normal vegetables 2. 1 to 2 times higher than 3. 2 to 3 times higher than 4. 3 to 4 times higher than 5. More than 4 times higher

normal vegetables normal vegetables normal vegetables than normal vegetables
D05_1 To A FE B (hazard free vegetable) D05_2 2RO BR K (green vegetable) DO5_3 HHLHSE (organic vegetable)

D06 KRHERENER

D06 Willingness to change current marketing channel

e e o e i 5 1.4E % 48 (Really want to
iR LTS {24 T A A 2 oL tneally ’
. . 2.H i (Want to somewhat)
(Do you want to change your current marketing channel for selling vegetables?) L e .
D06 . 3. ¥LE (Not decided)
W% 3./4./5., BRI E kA )
(If 3./4./5., jump to E) 4.4 A (Do not want to somewhat)
5.9 % A 4H (Do not want to at all)
LA KA (The price of vegetable is
low)
2IEFE I TV HHI RS IRIE (New
D06 1 Ffta? marketing channels appear recently)
~— | (Whatis the reason?) 3. S A o B EROR ™A% (Quality
requirement is too tight)
ALt CiE UL B ) (Others (Please
specify))
RAEAVS SR Y

E. Organizational characteristics

BRBIAT E1E4?

(Are you currently a member of a cooperative?)

EO1 \ 1. Y N
R, B E02 TIANT (Yes) 0. MM (No)
(If no, go to E02)
e RS (SN
ive?
F01 1 (Do you have shares of the cooperative?) 1.2 (Yes) 0.7 (No)

WRE, Bk3 eo01_3
(if no, go to EO1_3)

BRG S SEAA R & R ?
EO01_2 (Do you have a contract with cooperatives for vegetable marketing | 1. (Yes) 0.7 (No)
and farming?)
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WmREH, B2 E01_a
(If no, go to E01_4)

BT AL?

E01_3 (What's the contract form?) 1.1 A1 (Written) 0.1 k& ¥ (Oral)
1.5k #% 5 (Engage in decision-making every time)
B2 5EE A R KSR ERE? 2.4% 25 (Often engage in decision-making)
EO1_4 (How often do you engage in annual general assembly meeting in | 3.— X (Neither often nor rarely)
your cooperative?) 4 8/8 %25 (Sometimes engage in decision-making)
5. A2 5 (Never engage in decision-making)
1.5k #% 5 (Engage in decision-making every time)
WS 55 VEH R IR 2 L IR ERE? 2.4:% 2 5 (Often engage in decision-making)
EO1 5 (How often do you engage in special agenda meeting in your | 3.—f (Neither often nor rarely)
cooperative?) 4 1%/8 2 5 (Sometimes engage in decision-making)
5. A2 5 (Never engage in decision-making)
. __.HH (u ”
S FE A AR R IR ST 27 by e member one voter)
E01.6 (What is the type of decision-making in the cooperative meeting?) 2. 4%/ £L5 (Based on the proportion of shares)
3. HAth (UL (Others (Please specify))
A E HR SR ? & "
EO1_7 (Can you quit the cooperative freely?) L.HE (Yes) 0.~ (No)
1=k FEE, 2=F=E, 3=AE, 4=FAFm, 5=JHEARE
(1=strongly agree, 2=agree, 3=uncertain, 4=disagree, 5=strongly disagree)
a) AEHLER IO R R
(Cooperative always cares about the interest of farmers.)
b) G AL I E BN T B LR 2 AP 1)
(The management of the cooperative is fair to all
members.)
o) EEHREREAE SMAERE
1 - The management of the cooperative has a high degree
cor g | ETEEKREE ERGLTIA? e P gh deg

(To what extent do you agree with the following statements?)

d) SEFH-KRALS AR

(The relationship with the cooperative is satisfactory.)

e) PRFIEE/FA AL H bR

(I know the organizational goals of the cooperative.)

f)  VREE S VERE I 55 IR U & ) e
(I know the financial status and profitability of
cooperative.)

g) AEAEREILFSS ISEHIEFE H bx

(Cooperative and farmers work together to achieve
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common goals.)

RS N R A G A F 2
(Do you have a contract with a company for vegetable marketing
and farming?)

MREAMASEH AR EARBTER, B2 F

N8
2| MBS AEMAMA AR 2), MBKD 03 147 (Yes) 0547 (No)
(If not a cooperative member and no contract with a company, go
toF)
(If have a contract with cooperative, go to E03)
AR R ?
E02_1 g‘;?f:i’fj;tract form?) 1.1 A1 (Written) 0.1 k& (Oral)
N 1.5 4 1A (Sales contract)
E02_2 (i\jNIEaEt/:]s%h%tE? f contract?) 254 InFPHE IR 554 1A (Sales and services contract)
ype of contract: 3AHE A I LA [ (Sales and base contract)
fereds B B S AT & H 2 . -
E02.3 (Can you quit your current contract freely?) L. (Yes) 0.7 (No)
1=ARHFAE, 2=FE, 3=/E, 4s=AFE, s=FFARE
(1=strongly agree, 2=agree, 3=uncertain, 4=disagree, 5=strongly disagree)
a) AFEEFORERIIH R
(Company always cares about the interest of farmers.)
b) ] HYE BN T AR BCHR A P
(The management of the company is fair to all farmers.)
o NEIMEEEAEMEE
(The management of the company has a high degree of
et % KRR LR B F A ? credibinv)
E02_4 d) S52AFKKRLANHE

(To what extent do you agree with the following statements?)

(The relationship with the company is satisfactory.)

e) PRENEA R HLH bR
(I know the organizational goals of the company.)

f)  URFNIE 2> =) I 55 IR0 48 ) e
(I know the financial status and profitability of the
company.)

g) A SRRILFESS LI FE H bR
(Company and farmers work together to achieve common
goals.)
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E03 SRS TR

EO3 Resolution of concerns

B /AR EAAAERT “ LR B R M4 HR S AP E A — B0 gy
%?

Is there a settlement procedure agreed upon for concerns on inconsistent payment of

E03 1 vegetables? 1.6 (Yes) 0.5 A (No)
WREE, B3P e03_3
(If no, go to E03_3)
£03.2 ’@@WW¢%éﬂ%ﬁﬁ%%%%éﬁ%%%%ﬁ%%%ﬂﬁ*ﬁﬁ%%%? 1.4 (Yes) 0.7% 4 (No)
(Is there any extra fee for compensating inconsistent payment in the agreement?)
1. 5358 1% H) (Discuss with buyers)
EO3 3 YRIE B PR G FR S A RO — B, e FRER BN ? 2.9 EUAF (Local government)
- (Who do you ask for assistance if you face inconsistent payment?) 3.7%F% (Court)
4 A GiEVLH)  (Others (Please specify))
E03.4 ZH4F(2017) 1808 B3 S bR g B S A TF A — B E L4 ? L4 (Yes) 0.4 (No)

(Have you suffered inconsistent payment in 20177?)

E04 FEEFE BRI HIAES, AR RE SR T IR A AHER

EO4 Please confirm which specifications are required by the company or cooperative in the process of growing vegetables

R A F] sa AR AL SR A A A 2 . B s A= W B 3 v A1 e

E04_1 (Only can use pesticide, physical or biological pest control materials provided by | 1.5 (Yes) 0.7%# (No)
company/cooperative)
BRI T ut
E04_2 (Quality of vegetables) 147 (Yes) 0.247 (No)
25, Wk ) 15 ¥ it ) e 2 .
£04.3 VST E&i%%ﬁif%@i/ﬁfaﬁ@_ﬁﬁﬁﬁ 14 (Yes) 0.4 (No)
(Type of pesticide, physical or biological pest control measures)
25 af ) = L bk A foty EL .
con 4| B DIEEERN I SED R AR 145 (Yes) 0.4 (No)
(Amount of using pesticide, physical or biological pest control measures)
25, By J R AL IS .
cons | KB DNEEUE I D O G L7 (Yes) 0144 (No)
(Frequency of using pesticide, physical or biological pest control measures)
WOERZ T, AR 2451145 24 ‘
EO4 ] B
046 (Gap period of pesticide) 14 (Yes) 054 (No)
E04_7 | HARZER (iEUEEH) (Other requirements (Please specify))
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F. R 5 BB IR O SEHE TR L

F. Practice of pest control measures

FO1

(If no, go to F12)

AP BRI R s R A 2 2
(Do you use pesticides during vegetable production?)

MERNMEH, BB F12

1.8 F (Yes) 0.4 FH (No)

FO2 Z4F (2017) RZGEHABN (FE.

HREN TR, BNE"0")

FO2 Situation of pesticide use last year (2017) (Tips: If the pesticides are supplied freely, fill “0” in price of pesticide)
REGLFRA] 2 W N RIAS 5, HIRTAIARY), WK Z AR

The name of pesticides can be found in the table below. If there is no pesticide listed in the table, please specify the name of the pesticide.

1.9 $E#% (Phosphorus)

2. %} it % (Parathion)

3. %45 5 (Chlorfenvinphos)
4. H [z 1% (Methamidophos)
5. = Wit (Trithion)
6.8 4L K H (Omethoate)

7.°K 281 (Ethoprophos)

8.3 K &, (Aldicarb)

9. K £ Ji (Methomyl)

10.50 H H (Trichlorfon)

115 7N 7N
(Hexachlorocyclohexane) 12.7% &
J& (Carbofuran)

13.2K 4hJIk (Chlorbenzuron)
14.B £ 2% (Avermectin)
15. %1 % (Glyphosate)
16. 547 i (Glufosinate)
17.:%% R (Hymexazol)

18 ARAREH 5% (Mancozeb)

19.V4% 2 (Tetramycin)
20.%Z IH R (Carbendazim)
21. 5% R (Iprodione)
22.KIEfi% (Cyromazine)
23.J& % F| (Procymidone)
24. = Wl (Triadimefon)

25.0% Wt & ®F (Enoyl
mancozeb)

26. I E: i E & (Thiophonate-
methyl)

27 WG L P 4E 1 R K IR #h
(Emamectin-benzoate)
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FO2_1 FO2_2 FO2_3 FO2_4 FO2_5 FO2_6 FO2_7 FO2_8 FO2_9 F02_10
o | RAMRK| o | RAMOMKE | RAMAN | RANHE | g5 ke 5 | T2IE (Multiple | 65 | 1L FAEAABENL | 4o 5
S g pidl 24 § (Size. . of (Pric.e_ of | (Amount of ﬁ 3 % '% g choices available) M2 (M:.mual backpack ﬁﬁ % %
% g (Type of ] g pesticide pesticide per | used g (d o4 S | 0.Jc (No) 4 3 | sprinkler) % g g'
TR = | pesticide) % iy per box/bottle) bottles, 7 ) H 8 < | 1. (Mask) % éh 2. AR LGP Z L i S e
a3 R box/bottle) boxes, and o fhy=o P FE P (Pesticide spray foggin KT
R @ . xe W 3 | 20T %3 cide spray fogging | 7 o
& S L i t‘Jags) _| %S R § | (Rubber gloves) < mactnne+) %;t e
& | LARH e | & fr | BAAL(Unit): | BR fiz ° W2 | 3R ® | 3HLEHmEE 5 B g
(|n5e+cficide) (Enit): JC/HR(ELES) | (Unit): 3 };% a (Protective }3 (Mobile sQrayer) Eﬁ? %
2. 5B =Tt/ (yuan/bottle, | jffi/&/4% 8 2 | clothes) 5 | 4 REGWHN 2 Il
(Fungicide) (ml/bottle) | box or bag) (Bottle, box, § q%‘ 4.1 & (Spraying vehicle) 7>D .
3.BR 5L AT or bag) S < | (Protective shoes) 5. HAh GEUED S
(Herbicide) (g/box) § 5.5 IR (Other (Please specify))
L/ REA g_: (Protective =
(g/bag) ® | glasses) ®
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R (2017) MU BRI 55 = 5 W S i o o 35 B v R 551 2

(Did you buy a pest control service for vegetable production from a third party last year

FO3 (2017)2) 1.4 (Yes) 0.4 (No)
MEEA, BEE Fo4 (If no, jump to FO4)
TG I 3K 1) 88 =5 9 L iR IR S5 i 2 2 22 s
F03_1 (How much is that pest control service?) JL/Hi(Yuan/Mu)
- ; 1.2 /22 (Always
o | ERERRAEBRRL? S B e )
D ixt f pesticides? )
(Do you use a mixture of pesticides?) 3 KA 2 (Never)
1.75 Y55 B FH (Reuse after cleaning)
2.H¥ZEFF (Discard)
3. 7% (Deep burial)
FOS TR A AR 25 0 256 ? 4.J5¢ 45 (Burn)
(How to deal with pesticide packaging?) 53245 K AU 4 (Sell to a scrap buyer)
6.0% B K 25 JK 3£ W) 18] Wi b (Send to
pesticide waste recycling station)
7.4 GGEULHD  (Other (Please specify))
1.~ — k¥ H (Keep for the next use)
2.3} (Discard)
fo6 1 JE L b R 4 ) A 25 2 3.8 0 2 Ak %J‘fﬁﬁﬁﬁ%(lncrease
(How to deal with remaining pesticides after application?) cu\r\rent usage ar‘1d use it out) N
4.3% B A 25 1% 35 W) 18l W sk (Send to
pesticide waste recycling station)
5. AR (iEULEH)  (Other (Please specify))
- . o 1. 5584 (Always
oy | BRI EAERE AR R A A B e )
(Do you change your clothes right after finishing pesticide application?) 3:U\5|€Z<Z\ (Never)
4,5»\‘57;:/_\ = A ) \
Beh x?’fﬁﬁﬁmﬂ,’?)ﬁﬂjﬂﬁ'ﬁ.{%f ' . . LI 2 (Always)
(Do you take a shower right after finishing pesticide application?) A ,
4| 9 . \A
(If always, jump to F11) 3. MHKAZ (Never)
- o am 15722 (Always
oy | ERB R AL T2 B e e e
(Do you wash your hands right after finishing pesticide application?) 3:U\§|€$Z\ (Never)
R 1.5 /2% (Always)
g o SEAR G G S IR 2
o | BRBRIMIERS RIS P TR (Somatimes)

(Do you wash your face right after finishing pesticide application?)

3. MRA S (Never)
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BRI AR BE R TIR?

1.5 5% 2> (Always)

F11 — 2. G BHEZ (Sometimes)
(Do you check the weather forecast before application?) 3 MKAZ (Never)
T AE PR 550 )3 R o FH A s A s R B v e Tt e 2
. . . . s
F12 ;ﬁ;)/;gés%?hé?cﬁjl:;:lologlcal pest control measures during vegetable production?) 18] (Ves) 0. /R (No)
(If no, go to F14)
F13 TR B AT F BRI v s e (v 23%)
Please specify which of the following physical and biological pest control measures you are using (Multiple choices available)
1.5 %55 (Hydroponics) 9.74:1% 77 (Sexual attractant) 16.77 27, (Matrine)
2.2 (Ethanol) 10.% J1 K B # S b (Habitat of natural  17.5& 12§ % (Pyrethrins)
3./NJ54T (Baking soda) enemies of pests) 18.% 75 %F % (Spinosad)
4572 /JLT M (Chitin) 11077 AT (Insect lamp) 1958k 2 (Oligosaccharin)
5.f1 1 (Paraffin) 12.75 =% HF B (Bacillus thuringiensis) 205 fth Ci5 Ul B ) (Other (Please
6.K% 1 (Trichoderma) 13.2 Kb 2K ZF M A (Paenibacillus  specify))
7.5 B/ (Insect net) polymyxa) 14.75 %h FR 41 (Potassium
8.Ff HUEL#R (Insect resistant board) permanganate)
15.% /R Z W (Bordeaux mixture)
TN
RS T 2 B L 2 DL 0 2 LAJES (Aways)
Fi4 (Do you read the instructions for use before using pest control measures?) 2 A {2 (Sometimes)
3. MK Z (Never)
W SR AR Ak S8 24 1R RE B VR A i, A U UR R 2 dn e AR
fe? . . 1.3 11 (Increase)
F15 (If you contlnu? your current pest control measures, how do you think pest hazards 277 (Stay constant)
would change in the future?) 3.8/ (Decrease)
MEEFERE, NP3 F16 R
(If “Stay constant”, go to F16)
F15 1 Bfkoaf 2 /b Refk? Low (%) 0-10-20-30-40-50-60-70-80-90-100 High
- (How likely do you think pest hazard would change?) (%)
WA R K S48 21 R SR a9 R« SKR R O R XU
Eﬂ%ﬂéﬁiﬁﬁx”}ﬁﬂé? ) | 1.0 (Increase)
(If you continue your current pest control measures, how do you think that skin
F16 N ] 2. /N4E (Stay constant)
irritation, headaches, and nausea would change in the future?) 3.4/ (Decrease)
MEEFEAZE, BT F17 i
(If “Stay constant”, go to F17)
F16 1 HAR oA 2 /b ATReE? Low (%) 0-10-20-30-40-50-60-70-80-90-100 High
- (How likely do you think skin irritation, headaches, and nausea would change?) (%)
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F17

A0SR R IR R A AR R B, AT 22 /b R R Indp s BT IA 4 I ) i

H?

(If the prices of pest control measures go down, how likely will you increase the use

of pest control measures?)

Low (%) 0-10-20-30-40-50-60-70-80-90-100 High
(%)

G. Jis HR S5 Bl ¥ A it ) B AR L

G. Technique to manage the use of PCMs

GO1 FIE RS ERIHIE R h R T T SR LA A4 i A i A 55 BRI B 7

(M)

GO1 Please confirm which service(s) & supervision(s) has/have offered by the following entities and which ones you have taken (Multiple choices available)

AL (Entity)

AT H1EHE BURFHLAL FoAt (35 B¢ 9A)

(Company) (Cooperative) (Government) (Other (Please
specify))

1IRHE T (Offered) | 132t T (Offered) | 132 T (Offered) | 1427 (Offered)

2T (Taken) 28 A T (Taken) 2/ T (Taken) 28 A T (Taken)

3R | 3EE RS 3.0 e RS 3.5 S 3RS

(Partly free taken) | (Partly free taken) (Partly free taken) (Partly free taken)

4.5 PR
(Freely taken)

VR EIN
(Freely taken)

4.5 PR
(Freely taken)

VR R EIN S
(Freely taken)

GO01_1

B P2 B4 (Vegetable production training)
IR T IRME, MR E Go2 (If “1” in offered, ask G02)

G012

gt 2y, WEBAEYIBT IR R R

(Supplement of pesticides, physical or biological pest control
materials)

SRR T HRAE, TR E Go3 (If “1” in offered, ask G03)

R BAER, NI E Goa (If no in taken, ask GO4)

G013

gy il BAC Ly . B AR R IR

(Storage of pesticides, physical or biological pest control materials)

GOl 4

AL TTIA(E B
(Offer market information of vegetables)

GO01_5

FE A i B 4G (Verification of product quality)
SRk RE T R4, MR E GoS5 (If “1” in offered, ask GO5)

GO02

ERES IR Z R
(How many times of production training per year do you attend?)

REL (Times)
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MEF T HMmes, BaEm AT/ S ER/BT S — At & | LTI & 2 £5PL_E(More than 2 times higher than market price)

2 W BT I SR AR R i ? 2.LE T A B 1 3] 2 £% (1 to 2 times higher than market price)
GO03 (Compare to the market price, how do you think the cost of | 3.5 37 H AFE T (Almost equal to market price)

pesticides, physical or biological pest control materials supplied by | 4.EL T F8MK 1 1 2 3% (1 to 2 times lower than market price)
company/cooperative/government and public advisory institute?) 5.t K 2 £% LA (More than 2 times lower than market price)

TSR EL SE A 2 W3 A= Ml iR k) ? 1P TR ¥ )5 (Agricultural materials store nearby)
Go4 (Where do you buy pesticides, physical or biological pest control | 2. 43 (Online purchase)
materials?) 3. AR GEULAH)  (Other (Please specify))

1AL IRER AT (Test for each batch)
2.2 F WA (Often tested)

3.— /% (Neither often nor rarely)

A BRI (Sometimes tested)

5.7% 8 2 #0 (No actual verification)

T P g 380 1R 7 it o B N A3 28 2 4] 2
GO05 . . e
(What is the frequency of product quality verification?)

G06 TEFPAEER S AT P RIEF T BREE s REFE ARG R ?

GO7 MR & Z BB B = N\ B ?

G06 Which following information of pest control practice do you record during vegetable production?
GO07 And which aspects are monitored by video or supervisor?

K2y PER B G JEORR IR G06_1 1183 1 (Record) 0.7% 1C. 3% (Not record)

Source of pesticides, physical or biological pest control measures G07_1 1.5 #| M5 B (Supervised) 0.7% =% I &
(Unsupervised)

K2y P EAEYE HUE BTG IR 44 B G06_2 | 1.it3% [ (Record) 0.7%1C.3%(Not record)

Name of pesticides, physical or biological pest control measures G07_2 1.5 3| M5 B (Supervised) 0% =% I E
(Unsupervised)

e Wy e A Y HUERE R B J7 = G06_3 113K 1 (Record) 0.7%1C. 3% (Not record)

Application measure of pesticides, physical or biological pest control measures | G07_3 1.5 3| M5 B (Supervised) 0% % I E
(Unsupervised)

A2 Yy E A Y ORI B A H G06_4 113K 1 (Record) 0.7%1C. 3% (Not record)

Application date of pesticides, physical or biological pest control measures G07_4 |13 #| W B(Supervised) 0% % W E
(Unsupervised)

Ae 2. YA Y UERT R B G06_5 1183 1 (Record) 0.7%1C. 3% (Not record)

Amount of pesticides, physical or biological pest control measures G075 |13 #| M B(Supervised) 0% % W
(Unsupervised)

BRWERRT, RS G06_6 1.¢3% 1 (Record) 0.3% 1 3% (Not record)

Gap period of pesticides before harvest G07_6 1.5 3| W5 B (Supervised) 0% = M &
(Unsupervised)

HoAth G GO6_7 | i3k T (Record)

Others (Please specify) G07_7 52 3| 15 B (Supervised)
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H. 7R S ERIE R BRIRAE L E AR E

H. Information source and extra professional education

TEMATAL 1 i ST P B UEBIA FB? (Rl 2k

1.HEAE (TV)

241 JE (Neighbors)
3.7 b (Label)

4R BT (Seller)

HO1 i i trol ? .
(Whe.re do yf)u get .the information about current pest control measures 5 4L LK (Agricultural extension agent)
(Multiple choices available)) A ths i
6.2 1E 4t (Cooperative)
7./~ #] (Company)
8. HAth (iEULEA) (Other (Please specify))
R GHEZILHRFRES?
(Have you received instructions for using pest control measures?) .
HO2 . 1.7 (Yes) 0.7% 4 (No
IR, W6 Ho3 (Yes) 0543 (No)
(If no, go to HO3)
LHAL(TV)
250 J& (Neighbors)
- s SN , 3.BUfF (Government)
ST B T TR 22 (T3 o R (Posticide seler]
H 2 1 . . . . ? . . AN )Zl‘ ‘
02_ (Where do You receive instructions for using pest control measures? (Multiple 5.4 bHE HLH (Agricultural extension agent)
choices available)) P .
6.5 1E+L (Cooperative)
7./3 7] (Company)
8. At (iEULH) (Other (Please specify))
1.H B 45 (Own experience)
2. 88 5S4 (Introduction from neighbors)
3.7 47 (Label)
N 4 R4 (Introduction from Seller)
:fé_’:\ 15 VAN Eﬂiﬁ ? .
HO3 o BB £ 2 T SN HET LA $8 5 (Instruction from Agricultural

(What is the main basis of your use of pest control measures?)

extension agent)

6.5 1E#:48 S (Instruction from Cooperative)
7.2 7)48F (Instruction from Company)

8. HiAth (iEUELH]) (Other (Please specify))
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. D>ERK F 525 1. Experiment for mental accounts

11 RMVAEFEEN B HL B 4 11 Typicality of agricultural input items

EURHEARNTIRVBAREZKEE BT A, BHIC

Please indicate that to what extent you think the following agricultural inputs are a typical kind of A, B, and C?
(E%: 1=3pF A, 2=8%, 3=FHE, =147, s=FEIHE; x=FFFX—F)

(Answers: 1=very typical, 2=typical, 3=not sure, 4=atypical, 5=very atypical ; X=not belong to this category)

A Fh¥ B. fLAE C. i 5E pr R f it
(Seed) (Fertilizer) (Pest control measures)

101 SEHT (Vegetable seed)

102 SETH (Vegetable seedling)

103 HE (Potash fertilizer)

104 8 (Nitrogenous fertilizer)

105 e (Phosphate fertilizer)

106 A HLAE (Organic fertilizer)

107 Bl kA /4T (Insect proof lamp/net)

109 TR A< 24 (High-toxicity pesticide)

109 K754 24 (Low-toxicity pesticide)

110 577 (Sexual attractant)

12 LEBEER
12 Mental budget scale

RIELLE 1) B33, FRABAARRERUTEHNEE

Base on the classification above (I11), please indicate that to what extent do you disagree or agree about the following statements.

(E%: 1=BARAR, 2=RA%, 3=7E, 4=TFHE, 5=BHATFR

(Answers: 1=strongly agree, 2=agree, 3=uncertain, 4=disagree, 5=strongly disagree)

11 RS IFER T B R FERTR AR AL ST BRI . FEEE
| set up a budget plan or reserve money for different agricultural expenses, such as seed, fertilizer, pest control measures, etc. (Degree)
112 LR B R PTE S TT A S AR Sl — e B, AR S Oy 2 TR FEEE
I never spend more than a fixed amount on seed, fertilizer, pest control measures, etc. (Degree)
13 HORTERE— TR AN ERITE AR Z I, VREAEN X —J7 TH HAR BT H 165 o FERE
If | spend more on one agricultural input, | spend less on other inputs in the same categories. (Degree)
114 LM IR, R EIRERE T AL AL 2, A SR R AR AR T T A FEFE
If I spend more on one of seed, fertilizer, pest control measures, etc., the expenses on other categories remain as before. (Degree)
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) AR S DI A S

J. Experiment for the effect of income labeling and accounting

B, JEMNAFEREL RS 200 &R, EXFUTHRRKBEREHME?

Please indicate that when you get more money by ¥ 200 from different sources, to what extent do you agree about the following statements.
(H%: 1=82FAE, 2=R&, 3=THE, 4=TFHE, s=RIIFEHR

(Answers: 1=strongly agree, 2=agree, 3=uncertain, 4=disagree, 5=strongly disagree)

0L PR ARZG I | 102 ARASTGTIER ARG | 103 AR e A R A 25 104 PR TFFAE AR 2y, Fe i 1l

& M, BB hnfiE T | (J03 1 will switch to use low- | FI¥EL AP BTG
(JO1 1 will decrease the | Z Ik EFE LR ZS toxicity ones.) (JO4 1 will switch from pesticides to
amount of pesticide use.) | (JO2 | will not give up using non-chemical measures.)

normal pesticides, but prefer to
use more low-toxicity ones.)

LA™ e
(1.Agricultural revenue)

2.4 o B R AR A
B

(2.Agricultural revenue with a
requirement on quality)
3ARRHOIN

(3.0ff-farm income)

45 VEALEA A )7 4L
(4.Dividend from a cooperative
or company)

5.5 HUE BT VA MU

(5.A subsidy for low-toxicity
pesticides)

K. PEX R SER

K. Experiment for yield risk

K01

EIAEE 2 UERERRTR], BFERMEREER. F—IRE A FRE 30L& MEVR IR 80 76, TO%FIHLEIMIN 20 o, WRMHEH—NK
74 B SAR 10%RINLE AR RSN AN X 76, 90%FIHLS /R ARSI BN 10 JE.

REBFNS ATNIEFEY2 BG? (FERKHPIED, BAENE" 0"

Br: MERREAE—IEFELZTAB, B, 75 5 MEWZN B, FEHANIEY"), ZKLVEHIRE. WREKRAKE, FHAMRICIED A,

Try to recall the vegetable yield of the last years and imagine that the price is fixed and there is a pesticide A where you have a 30%
chance to increase your vegetable income by ¥80 and 70% to increase by ¥20. Now there is another pesticide B of different probabilities
and increasing incomes, if opportunity B offers you a 10% chance to increase your vegetable income by ¥X and 90% to increase by ¥10.
Do you want to switch the opportunity from A to B? (Fill “1” if needed to record or monitored, otherwise “0”)
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Tips: If farmers switch, for example, at the 5% option, mark it and ignore subsequent questions. If farmers do not switch, then mark
option A.

HFEA WEZ (Probability) 30% 70%
(Option A) 0. BE A EE SN (Increased vegetable income) () 80 20
% B % (Probability) 10% 90%
(Option B) 1. BN FESEWN (Increased vegetable income) () 136 10
2. WINHIERSFEN (Increased vegetable income) () 150 10
3. IR SEIRN (Increased vegetable income) () 166 10
4. BN SEWN (Increased vegetable income) () 186 10
5. A B SN (Increased vegetable income) () 212 10
6. BWIIER SN (Increased vegetable income) (___ ) 250 10
7. WEINAERSEUON (Increased vegetable income) () 300 10
8. M N EE U (Increased vegetable income) () 370 10
9. A A B SZUWN (Increased vegetable income) () 440 10
10. BE N BE SN (Increased vegetable income) ( ) 600 10
11. BN BESZWN (Increased vegetable income) () 800 10
12. BN BESZWN (Increased vegetable income) () 1200 10
13. BN BESZWN (Increased vegetable income) () 2000 10
14. HEHINAI B SEUN (Increased vegetable income) () 3400 10

K02

Bl 2 ENERRTE, RIZHERMERERR. RS CHERE 90N ARSI 80 76, 10%FIHLE34N 60 6. WREAH—MNR
25D, MWHRE T0RRIPL IR EIERSEBAIG N X T8, 30%HIHLEE/RIIERIE NG N 10 JT.

REBFNE CMEFEN.D B2 (FEREHIED, BHENE"0")

B MRRRAEE—EESTAND, B, £ 5 METEAND, FEHAE"), ZBELSHHE. MRERRRAKRE, BARICIERC.

Try to recall the vegetable yield of the last years and imagine that the price is fixed and there is a pesticide C where you have a 90%
chance to increase your vegetable income by ¥80 and 10% to increase by ¥60. Now there is another pesticide D of different probabilities
and increasing incomes, if opportunity B offers you a 70% chance to increase your vegetable income by ¥X and 30% to increase by ¥10.
Do you want to switch the opportunity from C to D? (Fill “1” if needed to record or monitored, otherwise “0”)

Tips: If farmers switch, for example, at the 5% option, mark it and ignore subsequent questions. If farmers do not switch, then mark
option C.

HEHEC HEZ (Probability) 90% 10%
(Option C) 0. B IMAYERSZUWN (Increased vegetable income) () 80 60
HEHD HEZ (Probability) 70% 30%
(Option D) 1. BN 5ESE N (Increased vegetable income) () 108 10
2. BN R SEN (Increased vegetable income) () 112 10
3. BN ERSEUN (Increased vegetable income) () 116 10
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4. BEINEIFSEUIN (Increased vegetable income) (
5. WIMA BRSO (Increased vegetable income) ( 124 10
6. YWHNTIER SN (Increased vegetable income) ( 130 10

) 120 10
)
)

7. BN ERSEUN (Increased vegetable income) () 136 10
)
)

8. BRI ERSZUN (Increased vegetable income) (_ 144 10
9. HE ARSI (Increased vegetable income) (- 154 10
10. BN BESZWN (Increased vegetable income) (__ ) 166 10
11. B BESZWN (Increased vegetable income) (__ ) 180 10
12. BN SEN (Increased vegetable income) () 200 10
)
)

13. HE A BE SN (Increased vegetable income) ( 220 10
14. BE N BE BN (Increased vegetable income) ( 260 10

K03

EAET 2 ERERR '], BEFERMEREERN . F—NREGEFEIRE 50% KNS MRKEREWA X T8, S50%HKINLEm/D Yoo, WREHE R —NREAF,
MHRE S0%HIHL I IR IR X TTR 50%5HIHL =8> Y TT.

REBFNE ETMEFENESF B2 FEREHIED, BHENE"0")

Bor: MBERRBEA—EEREANF, @, 7£58 5 /MNETZRNF, 7EHATHF E9), ZIECUSHE NS,

Try to recall the vegetable yield of the last years and imagine that the price is fixed and there is a pesticide E where you have a 50%
chance to increase your vegetable income by ¥X and 50% to decrease by ¥Y. Now there is another pesticide F of different probabilities
and increasing incomes, if opportunity F offers you a 50% chance to increase your vegetable income by ¥X and 50% to decrease by ¥YV.

Do you want to switch the opportunity from E to F? (Fill “1” if needed to record or monitored, otherwise “0”)

Tips: If farmers switch, for example, at the 5% option, mark it in option F and ignore subsequent questions.

1% E (Option E) 1%+ F (Option F)

MEZE (Probability) 50% 50% Mt (Probability) 50% 50%
1| S M BRI Changed vegetable income (___) 50 8 222 I 5 € WL\ Changed vegetable income | o "
2 | AR ERSEN Changed vegetable income () g 3 (Eﬁ ’E)EI’J % S UL N\ Changed vegetable income €0 4
3 | A ERSEN Changed vegetable income () 5 3 (Eﬁ ’E)EI’J % S UL N\ Changed vegetable income €0 4
4 | BUEINERAE Changed vegetable income (___) 5 8 (Eﬁz E‘é)ﬂ"] B YT\ Changed vegetable income | 3
5 | BRI EIL Changed vegetable income () 5 16 (Eﬁl ’?E)El"] % 2 W N\ Changed vegetable income €0 3
6 | A HIBESEU Changed vegetable income () 5 16 (Eﬁl”}E)El"J 7 2 W N\ Changed vegetable income 60 28
7 | AR ERSEN Changed vegetable income () 5 16 EE& ”EZEI"J 7% S UL N\ Changed vegetable income €0 9
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L. R R R s B S

L. Experiment for health risk

Lo1

EIAEEEJERNETFXH, BRETMERAR. HF—MEFEA, FRF 305N F/RIALR-RREEM 40 Ju, 70%HHLHN 10 Ju. WRENFH—ME
#B, W\HHRHE 10 SRR REIEN X 78, 0N /R IR-R RGN 5 JT.

REBFH= ATEFEN < B G? (FEREHIED, BEME"0")

B MRERRAE—EBERTAB, BN, 7E5 5 MEBEANB, FEHAE"), ZBELUSHEE. MRERRRAKRE, BARICIER A.

Try to recall the medical expenditure of the last years and imagine that the medical price is fixed and there is an opportunity A where
you have a 30% chance to increase the balance of your social insurance card by ¥40 and 70% to increase by ¥10. Now there is another
opportunity B of different probabilities and increasing balances, if opportunity B offers you a 10% chance to increase the balance of
your social insurance card by ¥X and 90% to increase by ¥5.

Do you want to switch the opportunity from A to B? (Fill “1” if needed to record or monitored, otherwise “0”)

Tips: If farmers switch, for example, at the 5% option, mark it and ignore subsequent questions. If farmers do not switch, then mark
option A.

EFE A i (Probability) 30% 70%
(Option A) 0. BN 4% (Increased balance) () 40 10
kB ME (Probability) 10% 90%
(Option B) 1. BN AR (Increased balance) () 68 5

2. HEINA 4240 (Increased balance) () 75 5

3. BE A 4%l (Increased balance) () 83 5

4. WEHNE 4280 (Increased balance) ( ) 93 5

5. # NI 4% (Increased balance) () 106 5

6. H NI 4% (Increased balance) () 125 5

7. HEINHI A% (Increased balance) () 150 5

8. WA A 4%l (Increased balance) () 185 5

9. MEHNHI 4% (Increased balance) ( ) 220 5

10. BN A% (Increased balance) ( ) 300 5

11. ¥ INE 4240 (Increased balance) () 400 5

12. ¥ INA 42 %0 (Increased balance) () 600 5

13. #E AR (Increased balance) () 1000 5

14. N4 (Increased balance) () 1700 5

L02

Bl 2 ERBRT S, BRIRETMERAE. H—MEREC, FF I0NHIHLE/RIKALIR-RREIE I 40 7, 109NN 30 6. WREHE 7 —E

D, WHRE 70N EIRIIAARRREIG X 7T, 309N FEIRIIALRRRBUE M 5 5.

PRETHFNL C TN S D B2 (EREHIET, BENIE"0")

Br: MRRREE-EFNZAD, B, £F 5 METEND, EHAED"), REEVEHHE. mRRRAHEE, FHAIRCER C.

Try to recall the medical expenditure of the last years and imagine that the medical price is fixed and there is an opportunity C where
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you have a 90% chance to increase the balance of your social insurance card by ¥40 and 10% to increase by ¥30. Now there is another
opportunity D of different probabilities and increasing balances, if opportunity B offers you a 70% chance to increase the balance of
your social insurance card by ¥X and 30% to increase by ¥5.

Do you want to switch the opportunity from C to D? (Fill “1” if needed to record or monitored, otherwise “0”)

H®FC ME (Probability) 90% 10%
(Option C) 0. B INA 4% (Increased balance) () 40 30
1%+ D WEZ (Probability) 70% 30%
(Option D) 1. YA 4% (Increased balance) () 54 5

2. BN 4240 (Increased balance) () 56 5

3. W INA 4% (Increased balance) () 58 5

4. EINH) 420 (Increased balance) () 60 5

5. BN 4% (Increased balance) () 62 5

6. B4 %0 (Increased balance) () 65 5

7. BN 42 %0 (Increased balance) ( ) 68 5

8. K1 420l (Increased balance) ( ) 72 5

9. AN 4% (Increased balance) () 77 5

10. N AR (Increased balance) () 83 5

11. BN 440 (Increased balance) () 90 5

12. BN 440 (Increased balance) () 100 5

13. BN R4 (Increased balance) ( ) 110 5

14. ¥EINHI 4% (Increased balance) () 130 5

L03

ElIARE £ VERBERT X, BRRETMIERAZE. HF—MEHE, RF 0% IR RREIX JT, 50N Y o, WRIEEH 5 —/EFF,
MAFARE S0%HITLEI IR IR RREA X JT, 06PNl Y JT.

REBFN S EMEEYS F 5?2 (FEREHIEHED, BEME" 0"

Bor: MBERRBAEA—EEXZANF, @ln, £ 5 /MNETZRNF, AT F E9), ZIECUSHE NS,

Try to recall the medical expenditure of the last years and imagine that the medical price is fixed and there is an opportunity E where
you have a 50% chance to the balance of your social insurance card by ¥X and 50% to decrease by ¥Y. Now there is another opportunity D
of different probabilities and increasing incomes, if opportunity F offers you a 50% chance to increase the balance of your social
insurance card by ¥X and 50% to decrease by ¥Y.

Do you want to switch the opportunity from E to F? (Fill if needed to record or monitored, otherwise “07).

Tips: If farmers switch, for example, at the 5% option, mark it in option F and ignore subsequent questions.

“1”

1% E (Option E) 1% $¥ F (Option F)

1% (Probability) 50% 50% MW (Probability) 50% 50%
1 | RHLA (Changed balance) () 25 -4 441, (Changed balance) () 30 221

REAE4E, (Changed balance) () 4 -4 REAEAE (Changed balance) () 30 -21
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3 | &%k (Changed balance) () 1 -4 A4, (Changed balance) () 30 221

4 | %74k (Changed balance) () 1 -4 A4, (Changed balance) () 30 -16

5 | RHLA (Changed balance) () 1 -8 REAZLE (Changed balance) () 30 -16

6 | RHLA, (Changed balance) () 1 -8 RAAZLE (Changed balance) () 30 -14

7 | &% 4L (Changed balance) () 1 -8 A4 (Changed balance) () 30 -11
M=% (Appendix)

WL P ALY FIEE N (The gifts presented to farmers is/are)

AR (Soap)

# & (Number)

E 111 (Towel) %% (Number)
F Il (Toothbrush) ¥ (Number)
F£ (Gloves) #& (Number)
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