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Abstract: Scientific assessment related to the externalities of the tea ecological pest management
(TEPM) system that can affect socio-economic development and ecological benefits is important
to the sustainable development of the tea industry. This paper used the contingent valuation
method to evaluate the externalities associated with TEPM and the factors affecting its adoption
by farmers through survey data collected from Anxi county, Fujian province, China. The results
showed that the positive externalities, which were not internalized (embodied in price), affected the
willingness of tea farmers to adopt TEPM. The willingness to accept a subsidy for adopting the
TEPM system was significantly affected by the individual tea farmer’s age, education level, income,
size of plantation, knowledge of human health and risk preference. The compensation threshold of
externalities for TEPM was 5668.80 yuan per hectare per year. It is suggested that the government
should adopt this threshold as a minimum subsidy to mitigate information asymmetry in two markets,
namely ecological management technology and trading between suppliers and buyers of tea products.
Finally, production stability and improved price for high quality tea resulting from healthy ecology in
TEPM could enhance positive externalities. This coupled with other benefits, such as a reduction in
the amount of resources spent on pesticides, could result in governmental subsidies for TEPM being
gradually reduced over time.

Keywords: tea ecological pest management (TEPM); contingent valuation method (CVM);
externalities; risk preference; impact factors

1. Introduction

To prevent yield losses due to pests, most tea farmers rely on heavy application of chemical
pesticides but usually use them improperly, e.g., using the wrong type of pesticide or applying them
at the wrong time, frequency or dose. These practices can not only lead to the evolution of pesticide
resistance and cost tea farmers more, but may also give rise to outbreaks of minor non-target pests.
The resultant increases in management costs and secondary epidemic risks have reduced the direct
benefits of pest management and farmers’ enthusiasm for growing tea [1]. Simultaneously, the negative
externalities of managing pests, including toxicity to humans and animals, excessive pesticide residues
in tea production, reductions in biodiversity and environmental pollution, have increased due to
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excess pesticide use [1,2]. To counter these impacts, sustainable tea pest management should focus
on an ecological approach, i.e., tea ecological pest management (TEPM). The core of TEPM is the
use of ecological and evolutionary principles to maximize the regulatory functions of nature by
creating environmental conditions favorable for the growth and development of tea plants but adverse
conditions for pests [1]. TEPM not only can maintain functional ecologies and biodiversity to ensure
the quality and quantity of tea produced, but also reduce environmental pollution and associated
hazards to humans and animals [2], thereby optimizing ecological, social and economic benefits.

The literature suggested that adopting a TEPM system with highly positive environmental and
social externalities (public benefits) and private economic benefits would mitigate the trade-off between
the short term economic benefits of increased tea production through the use of chemical pesticides
and long-term losses of ecosystem services [3]. However, the long-term benefits regarding the use
of TEPM were not included in the income estimation [4]. The inclusion of this externality in the
calculation of economic return is highly likely to affect the plant protection strategies that tea farmers
choose to use. Policy-makers in the area of tea pest management need to understand the full benefits
(including non-market benefits) that they can expect from their policy, which favor developing an
effective policy program. Since externalities were not priced using traditional market economics,
most scholars used a hypothetical market evaluation method to investigate them [5]. One commonly
used market-based valuation method is the contingent valuation method (CVM), whereby farmers are
approached directly to determine their willingness to accept (WTA) a subsidy for non-market products
or services [6]. This method has been used to evaluate the externalities of farmlands, wetlands and
oceans [7-9] and can also be used to evaluate the externality of a TEPM system.

As the world’s economy grows, the increasing demand for safe, high quality foods incentivizes
farmers to produce safe agricultural products with low chemical residues using ecological approaches
to manage pests [10,11]. Tea, with a production area of 40,000 ha annually, is one of the main industries
in Anxi County, Fujian Province, China. In 2016, 68,500 tonnes of tea was produced in Anxi county,
17,000 tonnes of which was exported. This accounted for 2.96% and 4.78% of Chinese tea production and
exports, respectively. Over 70% of the farmers of the county worked in the tea industry with 56% relying
on it as their main source of income [12-14]. The goals of the current study were: (1) To determine
the main factors influencing a farmer’s willingness to accept a subsidy for the implementation of a
TEPM system in the region, (2) to estimate the compensation threshold necessary for TEPM and (3) to
provide some strategies for local policy makers to increase benefits derived from tea plantation and to
promote the application of TEPM.

2. Material and Methods

2.1. Comparison between Tea Conventional Pest Management and TEPM

Tea conventional pest management (TCPM) mainly focused on pest elimination, which could
increase costs and bring many negative externalities. In contrast, the TEPM system was based on
the interaction between a tea population with abiotic and biotic factors to minimize the adverse
environmental impacts of pesticides using ecological and evolutionary principles. This maximized the
regulatory functions of nature, which involved integrating multiple suitable control methods and was
guided by a comprehensive understanding of ecology and economics [1]. The TEPM system includes
three main components: (1) Dynamic and integrated management approaches of inputs, i.e., organic
fertilizers, pheromone for insect trapping and bio-pesticides; (2) temporal and spatial deployment of
tea garden management, such as alternating harvests, reduced population density and using tall tea
trees; and (3) increasing the heterogeneity of tea gardens through intercropping with green manure
crops, variety mixture and/or planting other trees. The main comparisons between TEPM and TCPM
are described in Table 1.
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Table 1. Comparisons between tea ecological pest management (TEPM) and tea conventional pest
management (TCPM).

TEPM TCPM

Improving health conditions of tea

Aim Lo Eliminating pests
populations in agro-ecosystems

Maximizing the regulatory
functions of nature through the
Strategies balanced application of resistance,  Utilizing chemical measures
avoidance, elimination and
remedy strategies

Cultivating diversified trees,
intercropping soybeans and
peanuts crops, keeping grasses on
hillsides, utilizing organic
fertilizer, pest biological and
agricultural management

Using chemical pesticides,
herbicide and fertilizer, no grass,
simplified cultivating

Key technology

Using maximum yield as the sole
target, thereby allowing many
unnecessary and negative effects
to affect the environment

and society

Optimizing economic, ecological
and social benefits (high yield,
efficiency, good quality

and safety).

Effectiveness of management

2.2. Survey Area

The survey covered 10 main production towns (Longmen, Xiping, Huqiu, Gande, Jiandou, Daping,
Longjuan, Changken, Xianghua and Taozhou) located in Anxi county in the south of Fujian province,
China (117°36’-118°17" E, 24°50’-25°26" N) (Figure 1). The county has 305,730 ha of arable land and
an average annual rainfall of approximately 1700 mm [14].

Figure 1. Map showing the geographical distribution of the ten main tea production towns of the

survey. Adobe Illustrator Artwork 17.0 software was used to create the map. (a) Location of Fujian
province in China. (b) Location of Anxi county in Fujian province. (c) The ten towns in Anxi county.

2.3. Survey Design

To obtain the direct information needed to conduct a contingency valuation method, a direct
survey involving face-to-face interviews with growers was conducted. All participants gave written
informed consent in accordance with the procedures of the Committee on Activities Involving Human
Subjects of Anxi College of Tea Science, which approved this study. The study was conducted via a
two-step process involving preliminary and formal investigations in July 2016 [9,15]. Farmers were
asked questions concerning the methods they employed to manage pests and were told what TEPM
was and what benefits it might provide. The willingness of farmers to accept a subsidy for adopting a
TEPM system was assessed through an interview at the beginning of the preliminary investigations.
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The questionnaire that formed the core of the formal investigation was carefully designed according to
the results obtained from the preliminary investigation.

The questionnaire of the formal investigation consisted of three parts (see supplemental file). Part 1
comprehensively introduced the concepts of the tea ecological pest management system and the main
tea pests using colorful pictures. This information was used to estimate the incidence of different pests
and current approaches to control them [7-9]. Part 2 consisted of four components: (1) The farmer’s
personal information (i.e., age, income and education level); (2) the size of the tea plantation; (3) the
farmer’s knowledge of environmental conservation and human health, which was used as an indicator
of a farmer’s awareness level regarding the health benefits of TEPM (1 = bare understanding, 2 = slight
understanding, 3 = general understanding, 4 = deep understanding, 5 = complete understanding) and
risk preference (1 = very low, 2 = low, 3 = medium, 4 = high, 5 = very high); and (4) environmental
factors (tea plantation soils, altitude and climate). Part 3 consisted of CVM questions to estimate a
farmer’s willingness to implement a TEPM system in exchange for a subsidy.

2.4. The Valuation Method

The double-bounded dichotomous CVM, which is suitable for estimating public goods lacking
an actual or substitute market, is one of the most widely used methods for ecosystem service
value assessment [16,17]. Hence, it can also be used to assess the externalities of environmental
management. Positive externalities of the TEPM system also pertain to a type of public goods
externality, which includes direct and indirect benefits regarding ecological and social gain [18].
Compared to the single-bounded CVM, the double-bounded dichotomous CVM enabled a better
understanding of a farmer’s willingness to accept a subsidy for implementing TEPM control measures
and improved the accuracy of the WTA a subsidy estimates [19,20].

The survey goal was to elicit what farmers in Anxi county, were willing to accept a subsidy for the
TEPM system. Questionnaires asked about tea farmers’ WTA a subsidy for ecological pest management
in two phases (Tables 2 and 3). The first step asked whether the farmer was willing to adopt ecological
management principles for tea production. If the response was negative then the reasons for the
decision were asked. If the answer was positive, the farmer was asked to make a sequence of two
bids as to what subsidy was required in the second phase. In this phase, we asked double-bounded
dichotomous choice (DBDC) questions to elicit the individual farmer’s WTA a subsidy.

Table 2. Questions for the sample selection and the willingness to accept (WTA) a subsidy.

Category Questions Answering Items

N

. Yes, I am willing to adopt.

. . - »
Sample selection questions Are you willing to adopt TEPM? 2. No, I am unwilling to adopt.

If the answer of the sample
selection question is “Yes, I am
willing to adopt”, we will ask
double-bounded dichotomous
choice (DBDC) questions to elicit
the farmers” WTA a subsidy.

The WTA a subsidy elicitation questions

Are you willing to accept BID? for
First choice the ecological management of
tea production?

—_

. Yes.

(To those who answered “Yes’) Are

you willing to accept BID! for tea
ecological pest management? 1. Yes.
(To those who answered ‘No’) Are 2. No.
you willing to accept BID" for tea
ecological pest management?

(BID', BID?, BIDY) are bidding values which are listed in Table 3.

Second choice
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Table 3. Sample distribution of subsidy bids and their willingness to accept (WTA) a subsidy.

Item 1 2 3 4 5 6 7
BID? (Initial bid) (yuan/ha/yr) 3000 3750 4500 5250 6000 6750 7500
BID! (Lower bid) (yuan/ha/yr) 2250 3000 3750 4500 5250 6000 6750
BID" (Higher bid) (yuan/ha/yr) 3750 4500 5250 6000 6750 7500 8250
Yes, Yes (%) 8.47 23.73 7.55 28.57 37.34 70.59 67.21
Yes, No (%) 10.17 32.2 16.98 33.33 28.3 15.69 26.23

No, Yes (%) 33.9 16.95 24.53 20.64 15.09 5.88 0
No, No (%) 47 46 27.12 50.94 17.46 18.87 7.84 6.56

The DBDC contained two questions: First, are you willing to undertake the tea pest ecological
management? Second, are you willing to accept a subsidy of BIDY for TEPM? If the answer was “Yes’
then a lower value second round bid (BID!, randomly assigned from the remaining possible bid values)
is made. If the answer was ‘No’, we repeated the question with a higher bid (BID"). Based on the
results of the preliminary investigations, seven different initial bids (BIDO: 3000, 3750, 4500, 5250, 6000,
6750 and 7500 yuan/ha/yr) for the subsidy of TEPM at each sampling point were determined to measure
the farmer’s WTA a subsidy. Farmers were asked whether they accepted the initial randomly-selected
bid or not. If they accepted, they were asked to answer to the same question but with a lower bid.
In cases where the farmer did not accept the bid, the same question was repeated but with a higher bid
offer. Therefore, there were four categories of response to the double-bounded dichotomous choice
(DBDC) questions: (yes, yes), (yes, no), (no, yes) and (no, no).

The probability of each of the four results was evaluated by the following logistic function:

(yy) = 1-1/(1+exp(By + B1BID} + L7 X;)

i(yn) = 1/(1+exp(Bo + BlBIDi. + Y. nXei) =1/ (1 +exp(Bo + BlBID? + Y. 1 Xki)
(ny)

(nn)

} )

ny) = 1/(1+exp(Bo+ B1BID? + ¥ 1Xs) — 1/ (1 + exp(Bo + B1BIDY + X e X)
nn) = 1/(1+exp(Bo + B1BIDY + ¥ 1 Xy;)

I

1

where i is the random order of those farmers who were willing to adopt TEPM (1 <i < 399); P; (yy),
P; (yn), P; (ny) and P; (nn) are the probabilities that the answer from farmer i was (yes, yes), (yes, no),
(no, yes) or (no, no) to each bid price, respectively; BI D? is the first bid price and BID! and BI Di1 are the
second bid prices, which are higher or lower than the first bid price, respectively; 39, 31 and ¢ are the
estimated parameters and Xj; represents the explanatory variables that might affect the value of the
individual farmer’s WTA a subsidy.

The parameters 3y, 31 and r were estimated using the maximum likelihood estimation (MLE).
The log-likelihood function is denoted as follows:

n
4 = Z [Dinynpi(yy) + Diynani(yn) —+ D?yani(ny) + D' Lnp;(nn)] ()
i=1

where, D;j Y D;j " D?y and D?” are the index variables, taking the value of 1 when the answer from
farmer i was (yes, yes), (ves, no), (no, yes) or (no, no) to each bid price, respectively, and 0 otherwise.
Following Hanemann [21], the average farmer’s WTA a subsidy was estimated as the following:

WTA = Bo+ ) biXy ®)

where, by = —(r/f31) are the variables of the marginal WTA a subsidy.
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3. Results and Discussion

3.1. Reliability and Validity of the Questionnaire

The formal survey was conducted with a total of 500 farmers across the ten towns of Anxi county
(Figure 1). Each town was represented by 50 farmers, who were selected at random. A total of
459 questionnaires were collected by eliminating invalid responses (for example, farmers did not
understand the content of the questionnaire, important information was not consistent or answers
were insufficiently comprehensive). Based on the answers, a total of 399 farmers were willing to adopt
TEPM, whereas 60 farmers were not willing to do so. Finally, the responses of the 399 interviewees who
were willing to adopt the TEPM were determined through the use of the selection questions (Table 3).

Cronbach’s Alpha was used to analyze the reliability of the questionnaire. The Cronbach’s Alpha
of the questionnaire was 0.704 (0.7 < « < 0.9) which indicated strong reliability and showed that the
questionnaire data had good internal consistency.

3.2. The Socio-Economic Characteristics

Most of the tea farmers surveyed were middle-aged (average age = 47 years old) with the largest
proportion (35.09%) in the 41-50 year age group. The second largest group (28.32%) was between
3140 years old (Table 4). 60.65% of the tea farmers interviewed were men. The education level
distribution was below the normal distribution but varied across the entire range with the largest
proportion having only primary school or below education (42.61%); 36.84% of the respondents
were junior high school graduates, while only 4.51% held a college degree or above. The average
tea plantation area was approximately 0.6 ha with a minimum of 0.07 ha and a maximum of 3.2 ha.
Farmers with tea plantations ranging between 0.4 and 0.8 ha accounted for 47.62% of growers indicating
that most were small-holders. The survey also showed that the mean annual income of the tea farmers
was 107,000 yuan with an income distribution ranging between 15,000 yuan and 500,000 yuan.
Respectively, 39.35% and 23.06% of the farmers had yearly incomes of 60,000-100,000 yuan and
100,000-150,000 yuan. With regard to their knowledge of environmental conservation and human
health, the farmers mostly showed a general understanding or better (>3) accounting for 50.58% and
29.33% of individuals, respectively. Risk averse farmers made up 95.24% of the total tea farmers
(including categories 1, 2 and 3 of risk preference), which indicated that most tea farmers preferred to
farm the way they already did, presumably because new approaches brought uncertain impacts.
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Table 4. Information regarding the tea farmers interviewed.

Variables Category Number of Individuals Percentage (%)

<30 21 5.26
31-40 113 28.32
Age 41-50 140 35.09
51-60 53 13.28
>60 72 18.05

0 170 42.61
. 1 147 36.84
Education level 2 64 16.04
3 18 451
<50,000 71 17.79
50,000-100,000 157 39.35
Income (yuan) 100,000-150,000 92 23.06
150,000-200,000 62 15.54

>200,000 17 4.26
<0.4 102 25.56
0.4-0.8 190 47.62
Size of plantation (ha) 0.8-1 71 17.79
1-1.5 29 7.27

>1.5 7 1.76
1 56 14.04
2 151 37.85
Knowledge of environmental 3 132 33.08
conservation 4 50 13.03

5 8 2

1 123 30.82
2 159 39.85
Knowledge of health 3 64 16.04
4 40 10.03

5 13 3.26

1 75 18.8

2 149 37.34

Risk index (I) 3 156 39.1
4 18 4.51

5 1 0.25

3000 48 18.64

3750 26 55.93

4500 40 24.53

Accept initial bid (yuan/ha/yr) 5250 24 61.9
6000 18 65.64

6750 7 86.28

7500 4 93.44

(1) Education level: 0 = primary school or below, 1 = junior high school, 2 = high school or
technical secondary school and 3 = college degree or above.

(2) Knowledge of environment conservation and health: 1 = bare understanding, 2 = slight
understanding, 3 = general understanding, 4 = deep understanding and 5 = complete understanding.

(3) Risk preference: 1 = very low (completely risk averse), 2 = low (highly risk averse), 3 = medium
(slightly risk averse), 4 = high (highly risk loving) and 5 = high (complete risk loving).

The bid value significantly impacted the willingness of tea farmers to accept a subsidy (Table 3).
In the double-bounded dichotomous CVM, with an increase in the bid value, the proportion of farmers
willing to accept a TEPM system increased in response to the initial bid (Table 3), according to the
economics principle of utility [22]. The bid value of 4500 yuan was the turning point, which indicated
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that the proportion of acceptance of a bid value of 4500 yuan was lower than the bid value of 3000
(Table 3). The main reason was that the farmers’ risk preference affected their WTA a subsidy (Table 4).
The proportion of risk averse (I = 4 or 5) farmers selected a bid value of 4500 yuan was 85.19%,
which was lower than the proportion of farmers who selected a bid value of 3750 yuan (94.92%).
Therefore, farmers who selected a bid value of 4500 yuan were less risk-averse and preferred to adopt
the TEPM system, therefore they had a lower WTA a subsidy value.

3.3. Reasons for Tea Farmers” Unwillingness to Adopt TEPM

The main reasons for a lack of willingness to adopt TEPM are listed in Figure 2 with 60
the interviewed farmers being unwilling to adopt TEPM. Out of this group, 30% thought they
would receive no financial support from the government for ecological management and the low
profit associated with planting tea accounted for a further 23% of responses. More concerningly,
about 13% of farmers did not believe that ecological management would have any real impact, while a
further 12% were unaware of ecological management. The remaining decliners were risk-averse.
These factors might contribute to the unwillingness of farmers to adopt ecological management
(Figure 2) suggesting that new decision-making by tea farmers could be impacted by the benefits
and risks due to asymmetric information. Thus, these farmers would make decisions according
to the opportunity cost and short-term economic benefits, in addition to the risks and benefits of
ecological management. Risk averse farmers who lacked the ability to accept innovations were more
sensitive to short-term economic returns. This resulted in the low acceptance rate among these tea
farmers regarding ecological management. All of these concerns could be solved by the teamwork
among government, tea farmers and technology supplies which will provide guidance related to
consumers” demands and available production technologies as well as help to internalize external
benefits, such as subsidies, decision making of farmers, control approaches, taxations, insurance, etc.
However, with the exception of subsidies, decisions related to production, marketing strategies must
be designed according to sustainable development of China.

Figure 2. Reasons for unwillingness to adopt tea ecological pest management (TEPM).

3.4. Economic Analysis of Tea Pest Management Mode

The profit of the conventional management (TCPM) mode was 6436 yuan/ha/yr higher than the
TEPM approach (Table 5). The economic input of TEPM was about 53,742 yuan/ha/yr and the economic
output was 94,452 yuan/ha/yr, thus generating a net economic benefit for TEPM of 40,710 yuan/ha/yr.
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In contrast, the economic cost of TCPM was lower than that of TEPM, but the economic output
was higher.

Table 5. Economic analysis of two tea pest management modes.

Items TEPM (yuan/ha/yr) TCPM (yuan/ha/yr)

Organic fertilizer 3467 + 117 0

Chemical fertilizer 6457 + 125 19,467 + 772

Chemical pesticide 1264 + 89 3626 + 236

Labor (weeding, loosening, trimming, application and picking) 32,444 + 244 28,467 + 942
The cost of planting trees and intercropping peanuts or soybeans 10,110 + 536 0

Economic input 53,742 + 1001 51,560 + 1117

Economic output 94,452 + 797 98,706 + 6223

Net profit 40,710 + 1323 47,146 + 3517

Compared with the conventional management mode, the cost increase associated with TEPM
resulted mainly from the increased labor input of tea plantation management and the economic
input of planting trees and intercropping peanuts and soybeans in the earlier stages. Labor was
the biggest economic cost for both tea pest management modes, accounting for over 60.4% and
55.2%, respectively (Table 5). There were two main reasons for this: First, it was hard to implement
mechanization in the mountain regions with terraced shapes where most tea gardens were located.
Second, the short harvesting period for tea leaves required a concentrated pulse of labor to pick
leaves within the time of optimum maturity [3]. The second greatest economic cost of TEPM
was planting trees and intercropping with peanuts or soybeans. These non-mechanized activities,
which depended greatly on local farmers, were associated with a 13.97% increase in labor cost
(Table 5). This gap of labor cost between the two planting modes resulted mainly from weeding
(=1600 yuan/ha/yr), loosening (—480 yuan/ha/yr), trimming (320 yuan/ha/yr), fertilizer and pesticide
applications (—4640 yuan/ha/yr), planting (7040 yuan/ha/yr for three years) and rotation with soybeans
or peanuts (1920 yuan/ha/yr). Thus, from an economic viewpoint, the TCPM mode was the more
reasonable choice leading to about a 7.67% saving of the economic costs and consequently a 13.6%
increase in net profit (Table 5).

3.5. The Variables of Farmers” WTA Subsidy and Estimate of WTA Subsidy

Farmers” WTA a subsidy for TEPM was correlated with age, education level, income, area of
tea plantation, knowledge of human health and risk preference (Table 6). Age had a positive and
significant impact on the farmers” WTA a subsidy with older farmers who had a lesser understanding
of new technology and were more risk-averse having a higher WTA a subsidy value, suggesting that
applicability of TEPM and national insurance would contribute greatly to future adaptation of the
strategy. The education level coefficient was negative and significant at the 1% level, implying that
farmers with higher education levels would be more likely to realize the importance of TEPM and
have a lower WTA a subsidy value. Knowledge of environment conservation and human health
were negatively and significantly associated with WTA a subsidy, suggesting that if tea farmers
paid more attention to the environment and health benefits of TEPM, they would be more willing
to adopt TEPM with a lower WTA a subsidy value. The negative coefficient of risk preference was
significant at the 0.01 level, indicating that tea farmers who favored higher risks would be more likely
to adopt a new ecological management technique. These results were consistent with findings by other
researchers [23,24]. Finally, the study indicated that neither tea plantations area, nor income had any
significant relationship with tea farmers” WTA a subsidy for ecological management. This could be
due to the fact that the variables of area and income indirectly influenced farmers” WTA a subsidy.
Table 6 showed that the value of the Log likelihood statistic was —486.8173, with p < 0.01, indicating a
high significance for the model.
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Table 6. Estimate using the double-bounded dichotomous contingent valuation method (CVM) model.

. . . Standard
Variable Coefficient () Deviation p
Constant 390.29 *** 61.2166 0.000
Age 8.1286 *** 0.847 0.000
Education level —30.9692 *** 11.2812 0.006
Income —-0.1154 1.5889 0.942
Area of tea plantation —-0.9035 2.0047 0.652
Understanding of environment conservation —20.1000 ** 10.523 0.056
Understanding of health —53.4324 *** 10.4997 0.000
Risk index —88.6346 *** 12.495 0.000
Log likelihood —486.8173
Wald chi? (7) 299.85
Prob > chi? 0.0000
Observations 399

***p <0.01;**0.01 <p <0.05.

In the estimation of the double-bounded dichotomous CVM, we excluded certain variables that
were not significant. During the fitting of the regression coefficient and the average value of the
variables into Formula 4, it was estimated that the annual average WTA a subsidy was 5668.8 yuan/ha/yr
(Table 7), suggesting that tea farmers were willing to accept this minimal subsidy of TEPM.

Table 7. Parameters estimated by the double-bounded dichotomous CVM model.

Value of Mean WTA Subsidy (yuan/ha/yr) Standard Deviation P 95% Confidence Interval
5668.8 18.264 0 6205.8 5131.8

4. Conclusions

The positive externalities from ecological management were not internalized, which affected
the adoption of ecological management by the farmers. Externalities associated with plant pest
management may be positive or negative and can be divided into short- and long-term ecological,
social and economic components [1]. The economic theory suggests that rational economists would
not only weigh the costs and short-term economic gains, but also the risks and benefits [25]. Hence,
rational tea farmers as implementers of TEPM should weigh its benefits against its costs. If the
positive externalities from ecological management could not be reflected in the market price of tea,
tea farmers would gain reduced benefits from the practice, with the exception of direct savings from
fewer pesticide applications.

To internalize the external effects of ecological management, governments should institute a
financial subsidy of more than 5668.8 yuan/ha/yr to encourage farmers to adopt this management
approach, because such a financial subsidy of TEPM (5668.8 yuan/ha/yr) would be less than the
direct economic loss (6437 yuan/ha/yr). The proposed financial subsidy of TEPM was found to be
approximately 10.55% of the economic input and could compensate the additional input. This measure
was encouraging [26], but some effective management should also be considered to improve market
information symmetry. The government should aim to improve market information symmetry. In the
technology (production) market, the technical system of ecological management is expected to serve
tea farmers. The government should encourage the technology development of TEPM to integrate
the management of major pests with ecological principles while propagating and demonstrating the
values of TEPM to encourage greater adoption. This would enhance the sense of social responsibility
among tea farmers while improving the efficiency of new technologies. In the tea market, in order
to generate effective supply and demand, tea should require reliable certification, such as organic
certification, that confers a high-quality value. Government should build supply and demand
information platforms which the public could trust, in addition to improving consumers’ purchasing
power, which could increase the price of high-quality tea, while achieving positive externalities and
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internalizing external effects. To achieve the goal of sustainable tea management, some long-term
economic and social measures, such as insurance, cooperation of industrial tea chains and improvement
regarding citizens’ awareness of social welfare, are needed. Many public policies can be used to
internalize the externality. The government can guide tea farmers to adopt TEPM in terms of
requirement guidance, technology supply, information symmetry, etc., in the long-term. However, it is
difficult to prompt TEPM, because tea farmers tend to not follow governmental guidance due to the
conflicts between short-term and direct economic benefits associated with producers and long-term,
indirect economic benefits generated for society as a whole. Therefore, the market-based regulations
including subsidies as main methods are relatively feasible at present.
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