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1. Introduction

Consistent with increased public awareness and concern about environmental issues, many people are being concerned about food safety. In other side, the consumers of fresh produce are concerned not only about their own personal health, but that a substantial number of consumers held altruistic concerns about the effects of pesticide use on farm-workers, groundwater, wildlife, and the environment (Weaver, and et. al., 1992). In specific food safety issues, it is found that consumers are most concerned about pesticides used on crops (Finn and Louriere, 1992; Hennebery and et al., 1998).

Organic farming has been paid much attention by the government in Taiwan, because it abates the environmental pollution from agricultural production and provides safe food. The government has enforced the federal production standard for organic produce and the control system of the certification agencies since March 15, 1999. It defines that the 'pure' organic produce, including vegetables and rice, as allows no chemical inputs in the production, as well as the 'quasi' organic produce, including fruits and tea, allows only few chemical inputs in specified production periods. However, only one private certification agency has been passed through the first examination by the government up to July 2000. Since these regulations are not legislated, the organic farming is not effectively supervised by the government. Presently, it is estimated that the organic faming area is about 1,000 Hectares, less than 1% of total agricultural area. 

In Taiwan, both organic and conventional farmers positively evaluated the organic farming, except the production costs (Huang-Tzeng, 1996). The potential market share of organic produce is estimated up to 38.95％ (Huang-Tzeng and Fang, 2000). It is obvious that organic agriculture is becoming an important sector in Taiwan.

In order to evaluate the benefit of the organic farming, this study attempted to analyze the social welfare of organic farming compared to conventional farming and estimate the consumers' willingness to pay for the organic produce.

2. Welfare Analysis

There are two ways to measure the welfare impacts of the organic farming comparing to the conventional farming. One is using the concept of producer and consumer surplus, the other one is using the concept of the consumers' willingness to pay and the production cost (or the resource used). The latter one is also called resource effect (Ellis, 1992) and will be adopted to evaluate the contribution of the organic farming.

 It is found that the primary motivations to participate in the organic produce market are perceived health and environmental concerns (Morgan and Barbour, 1991). Organic agriculture contributes not only to the environment but also to the food safety. Figure 1 indicates the effects of organic produce on the market and social welfare comparing to the conventional farming. The social welfare effects are also demonstrated in Table 1.

For the exposition given here the market supply curve is treated as the marginal cost curve of the farm sector. That means the area under the supply curve represents the total production cost. Considering that the conventional farming results in the environmental pollution, Scp is defined as the marginal cost curve of the private sector and Scs is defined as the marginal cost curve of the whole society. The difference between the marginal cost of the private sector and that of the whole society is the negative externality due to the pollution of the chemical materials used in the conventional farming.

The marginal cost curve of organic farming sector, So, is higher than that of conventional farming sector because of the more labor cost and lower production quantity. The difference between the social marginal cost of conventional farming sector and the private marginal cost of organic farming sector can be also regarded as that the organic farming internalizes a part of the external cost of conventional farming. 

In Figure 1, Dc is the demand curve of the conventional produce and Do is that of organic produce. The area under the demand curve is the consumers' willing to pay for the product. At a price of Pc, the consumers' willingness to pay is (CHQcO. 

The difference between the consumers' willingness to pay and the total production costs is the social welfare. 

After observing the change from the conventional farming to the organic farming, it is found that the price increases from Pc to Po and the equilibrium quantity decreases from Qc to Qo. The private production costs increase (EGMF- (MHQcQo but the total costs decrease (DLGE + (LIQcQo. The consumers' willingness to pay for the organic produce increase (AGNC - (NHQcQo since the consumers are willing to pay more for the contributions of organic produce to the environment and food safety. Totally, the net welfare gain from organic farming is (AGE-(CSD+(SIH.
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Table 1 Comparison the social welfare of organic and conventional farming
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3. Estimation method of consumer's willingness to pay

Economists have developed techniques to measure the benefits of government-provided and quasi-public goods, such as air or water quality improvements, recreation area, permits of fishing or hunting, risk reduction of disease or harm, or even certification label of goods or service, and so on. These benefits are usually defined as the sum of individual willingness to pay (WTP) for a particular environmental improvement. The direct techniques to measure WTP, the most used method is contingent variation method (CVM), is to ask people how much they will be willing to pay for the non-market goods. Indirect techniques estimate WTP by observing the behavior of people in existing markets, such as the averting costs to avoid the harm of pollution (Laughland and et al., 1996).

Wan and Wang (1996) used CVM to estimate WTP of consumer for the certification of safe produce. Misra and et al. (1991), Weaver and et al. (1992), and Huang (1993) used the price premiums to survey WTP for the residue-free produce. 

However, the organic produce is not pure public goods but a joint-product goods. Consumers buy the organic produce for its core product, vegetables or fruits, and also for its actual product (quality), the food safety, and the augmented product, environmental contributions. 

Conjoint analysis has proved itself as a useful tool in measuring preference for multi-attribute goods and service including both private and public goods. It provides an alternative for standard demand analysis when market data are not available or when assessing new or hypothetical products or product attributes jointly (Holland and Wessells, 1998). Also, a major of conjoint analysis over the contingent valuation method is the consumers respond to a more realistic market situation (Baker and Crosbie, 1993).

Some studies have used the conjoint analysis to measure consumers' preference to the products with food safety or environmentally correlated attributes, such as the studies on the automobile by Moore and Holbrook, 1990; on the pST-supplement pork by Halbrendt and et al., 1994; on detergent by Berger and Kanetkar, 1995; on toilet paper by Fiala and Klausegger, 1995; and on wood protective coating by Buchtele and Holzmueller, 1990. 

Conjoint analysis is used in this study to measure the consumer preferences for the organic produce and to derive estimates of WTP by calculating the compensating variation. 

Conjoint analysis, also known as trade-off analysis, has been widely used in marketing research. It is a method of evaluating consumer preferences for products with multiple attributes. When consumers trade off a series of products, which are constructed from a number of features, it is possible to calculate the relative value (known as the part-worth utility in conjoint analysis) of each specification (known as the level in conjoint analysis) of each feature (or attribute) to the consumer. The utility of a specified product is therefore the total of the part-worth utilities of all attribute levels of that product. 

In Equation 1, the utility of a particular product i with m attributes (Z1, Z2, ……Zm) is a function of the level of its attributes:

(1) Ui=Ui (Z1r, Z2s, ……Zmt), 

where r,s,……,t denote the level of the corresponding attribute. 

When the level of an attribute, say the first one, changes, the utility function of the new product k also changes. 

(2) U'k=U'k (Z1r', Z2s, ……Zmt), 

The Hicksian compensating variation (CV) is the expenditure that would just compensate the consumer to hold the utility at the initial level. CV makes the consumer utility before and after the change equivalent. Suppose the price is the second attribute. The identity can be specified as follow:

(3) Ui (Z1r, Zps, ……Zmt) = U'k (Z1r', Zps, ……Zmt, CV).

CV can be converted into the price. Then the price level is changed. That means, the level of one attribute of alternative i changes, one alternative (say alternative g in equation 4), with a different price level, of the category of products can be found to hold the consumer's preference constant. The identity of equation 3 can be rewritten as:

(4) Ui (Z1r, Zpi, ……Zmt) = U'g (Z1r', Zpg, ……Zmt),

where Pi and Pg are identified the prices of alternative i and g, respectively.

The difference of the prices of these two alternatives equals to CV and also equals to the consumer's willingness to pay (WTP) or willingness to accept for the change:

 (5) WTP= Pg - Pi
In this way, WTP for organic produce is calculated. 

4. Estimation of the conjoint model

Additive conjoint model is the most often used model of conjoint analysis. This model assumes that the utility of an alternative is a linear combination of the utility of the specific level of each attribute. That is 

(5) Ui=C+Ui(Z1r)+U(Z2s)+ ……+U(Zmt),

where C is an additive constant and Ui(Z1r), U(Z2s), ……, U(Zmt) are part-worth utilities for the m attributes of the i-th alternative of the category of products. 

The part-worth utility of the attribute levels Ui(Z1r), U(Z2s), ……, U(Zmt) cannot be observed. But the consumer's evaluation of samples of the category of products by rating or ranking can be obtained by survey. Substitution of Equation 5 and transporting, we have:

(6) Ri= Ui(Z1r)+Ui (Z2s)+ ……+Ui (Zmt)+ers……t,

where Ri is the consumer's evaluation and represents the total utility of alternative i. This equation can be estimated:

(7) Ri= c + ΣRr=1b1rX1r + ΣSs=1b2sX2s +……+ ΣTt=1bmtXmt + є, 

where the estimated coefficient b's are the part-worth utilities of the attribute levels and X's are the dummy variable to indicate which level of each attribute compose the alternative i. For each attribute, only one X is 1 and the others are zero. Thus, using the data of the consumer's rating or ranking, the part-worth utilities for each level of each attribute of individual consumer are estimated. This is the reason that the conjoint analysis is regarded as a technique for decomposition of the utility.

For the purpose of this study, four important attributes influencing the purchase decision of agricultural products are identified. They are: price, production methods, certification program and quality. For each attribute, specific levels are chosen to represent the product characteristics. The attributes and levels are shown in Table 1.

Four categories for the attribute of production method, with which the vegetables could be grown, were included in this study. They were (a) no chemical inputs, which is identified with organic farming, (b) with very few chemical inputs - all of which were less than the maximum confined by government - which can be regarded as quasi-organic farming, (c) with chemical inputs in accordance with government guidelines, also called Good Agricultural Practice (abbreviated as GAP) which is a government label, and (d) with chemical inputs consistent with conventional practice in farming. 

Suppose the vegetables could be certified by public or private agencies. The three levels of certification program were: (a) government label, (b) private label and (c) no label.

Table 1 The attributes and levels used in this study

	Attribute
	Level

	Production method 
	1. No chemical inputs, which is identified with organic farming, 

2. With very few chemical inputs – all of which less than the maximum allowed by government - which can be regarded as quasi-organic farming, 

3. With chemical inputs in accordance with government guidelines, also called Good Agricultural Practice (abbreviated as GAP), which is a government label, and 

4. With chemical inputs consistent with conventional practice in farming.  

	Price
	NT40, 60, 80, 100 per catty (600g)

	Certification program
	Government label, private label and no label

	Quality 
	Grade A and Grade B


Sweet pepper was chosen in the design of this study because it is familiar to most consumers and was available in the market during the investigation period. Its price ranged from NT$40 to NT$100 per catty (600g) in the market depending on its production method, certification label and quality. The price levels were set as NT$40, NT$60, NT$80 and NT$100 per catty. 

The attribute of quality had two levels. The sweet pepper of grade A was bigger and visually more pleasant, while the grade B pepper was smaller and more crooked in shape. One photograph showing the two grades of sweet peppers was shown to respondents. 

The study involved visits to 262 consumers that used supermarkets and traditional markets in five Taipei districts. The respondents were asked to rank 12 stimulus cards, in which the full profiles of sweet peppers with one level of each attribute were stated. A sample of the cards is shown in Fig. 1.

According to the ranking, the part-worth utilities of each attribute level for each respondent were estimated by using monotone regression. Then the total utility of each vegetable for each individual was calculated by summing the corresponding part-worth utilities. Then, using the cluster analysis, the consumers are clustered into three segments based on the individual part-worth utilities of 13 attribute levels. The average part-worth utilities of each attribute levels and importance weights of each attribute for each cluster are

shown in Table 2. The importance weight of each attribute are calculated as following:

(8) Im= (PWm / Σm=1MDm) ( 100, 

(9) Dm= max (PWm) - min (PWm) 
where Im is the importance weight of attribute m, PWm is the part-worth utility of the level of attribute m.

 Examination of preference function and attribute importance for each cluster indicates that the consumers in each cluster value the product characteristic very different. Cluster 1, representing 37.4% of total respondents, are most concerned with certification, this attribute has a relative importance of 53.46%. It is also clear from their part-worth scores that they would much prefer the public label. Consumers in Cluster 2, 35.9% of total respondents, are price sensitive. The consumers in this cluster prefer the conventional produce to the organic one. Cluster3 consumers, 26.7% of total respondents, value the production method most highly. Totally, consumers consider the production method the most important attribute of the produce and have strong preference for the organic production method.

Table 2 Part-worth utilities of each attribute level and importance* of each attribute

	Attribute
	Level
	Total

(N=262)
	Cluster 1

(N=98)
	Cluster 2

(N=94)
	Cluster 3

(N=70)

	Certification label
	
	32.76*
	53.46
	22.57
	17.46

	
	No label
	-0.27 
	-0.59 
	-0.07 
	-0.11 

	
	Private label
	0.07 
	0.16 
	0.01 
	0.03 

	
	Government label
	0.20 
	0.43 
	0.06 
	0.08 

	Price per catty
	
	20.98
	11.84
	36.79
	12.55

	
	NT$40
	0.20 
	0.13 
	0.34 
	0.12 

	
	NT$60
	0.05 
	0.04 
	0.08 
	0.04 

	
	NT$80
	-0.05 
	-0.05 
	-0.06 
	-0.03 

	
	NT$100
	-0.21 
	-0.12 
	-0.35 
	-0.13 

	Quality
	
	12.07
	7.30
	20.96
	6.79

	
	Grade A
	0.06 
	0.05 
	0.15 
	-0.02 

	
	Grade B
	-0.06 
	-0.05 
	-0.15 
	0.02 

	Production method
	
	34.19
	27.40
	19.68
	63.20

	
	Organic produce
	0.23 
	0.19 
	-0.01 
	0.60 

	
	Quasi-organic produce
	0.08 
	0.10 
	0.00 
	0.14 

	
	GAP produce
	-0.07 
	0.00 
	0.01 
	-0.27 

	
	Conventional produce
	-0.24 
	-0.29 
	0.00 
	-0.48 


* The numbers in italic type is the importance weight of attributes.

5. Evaluation of willing to pay for organic produce

Substituting the organic produce for conventional one, the consumers' utility increases. The WTP is equal to the price increase to hold the utility equivalent to that before the substitution. WTP for substituting organic produce for conventional one is calculated step by step as following: 

Step 1. Calculate the difference of part-worth utility of organic and conventional produce:
(10) A = PWo - PWc.

Step 2. The reduction in utility per NT dollar increase in price is calculated as the difference in utility in different price ranges divided by the price changes. The average utility changes per NT dollar in 5 price ranges (under NT$40, NT$40 - NT$60, NT$60 - NT$80, NT$80 - NT$100) are calculated as following:

(11) B0 = PW NT$40 / 40,

(12) B1 = (PWNT$40 - PWNT$60)/20,

(13) B2 = (PWNT$60 - PWNT$80)/20,

(14) B3 = (PWNT$80 - PWNT$100)/20,

where PW's are the part-worth utilities of each price level and B's are the average change of part-worth utility per NT dollar in each price range.

Step 3. WTP is calculated as the part-worth utility difference between organic and conventional produce divided by the average change of part-worth utility per NT$. The price of conventional produce is set to be NT$40, just like the reality in the market. Considering that the B's are not the same in different price range, WTP is calculated for each price range respectively as following:

(14) if A<0, WTP= A/B0,

(15) if 0<A<B1, WTP = A / B1,

(16) if B1<A<(B1+B2), WTP= 20+(A-B1) / B2,

(17) if (B1+B2)< A<(B1+B2+B3), WTP= 40+(A-B1-B2)/B3,

(18) if A>(B1+B2+B3), WTP= 60 + (A-B1-B2-B3)/ B3.

Table 3 shows the difference of part-worth utilities between organic and conventional produce and between different price levels, and WTP for organic produce of different clusters. Here WTP means the price increment that the consumers are willing to pay more for organic produce comparing to conventional produce. That is the consumers' evaluation of the contribution of organic produce to environment and food safety 

The consumers of cluster 3, who are mostly concerned to the production method, are willing to pay the most, NT NT$225.02 per catty for the organic produce. Consumers of Cluster 2, who are price sensitive, are not willing to pay more money for the organic produce than for the conventional one. Totally, the consumers' willingness to pay for the organic produce is estimated to be NT$67.10. Adding NT$67.10 to the price of conventional produce, the consumers are willing to pay NT$107.10 for organic produce, which is a little more than the real price (about NT$100 per catty) in the market. 

Table 3 The difference of part-worth utilities and the WTP for organic produce

	
	Total

(N=262)
	Cluster 1

(N=98)
	Cluster 2

(N=94)
	Cluster 3

(N=70)

	Difference of part-worth utility 
	
	
	
	

	Upgrade from conventional to organic produce
	0.47 
	0.48 
	-0.01 
	1.08 

	Price increase from NT$40 to NT$60
	0.15 
	0.08 
	0.26 
	0.08 

	Price increase from NT$60 to NT$80
	0.10 
	0.09 
	0.14 
	0.07 

	Price increase from NT$80 to NT$100
	0.16 
	0.08 
	0.29 
	0.10 

	Willingness to pay
	67.10 
	122.34 
	-.83 
	225.02 


6. Conclusion 

This research presented two approaches to evaluation the contribution of organic farming and organic produce to the society and to the consumers. 

Using the welfare analysis, the willingness to pay (WTP) of consumers and the resource used for producing organic produce were compared to evaluate the benefit of organic farming. The results indicated that the organic farming positively contributes to the society welfare not only due to the higher WTP for its produce but also because it internalizes the external production costs and reduces the environmental pollution from the production. 
For estimation of WTP, conjoint analysis was used to develop individual consumer preference for organic produce. Sweet pepper is adopted as the sample of organic produce. 262 respondents in the supermarket and traditional market in each of 5 districts of Taipei were surveyed. Using the cluster analysis, the consumers are grouped into 3 clusters based on the structure of their individual preference function. WTP is regarded to be the Hicksian compensating variation. It equals to the change in the price that would restore the consumer utility, when substituting organic produce for the conventional produce.

It is found that the consumers' WTP differs with respect to the cluster. Suppose the conventional produce is priced at NT$40, the consumers in the three clusters, who are concerned mostly to certification, price and production method respectively, are willing to pay NT$122.34, NT$-0.83 and NT$225.02 more for organic produce. On average, the consumers are willing to pay NT$67.10 more for organic produce. Summing up the price of conventional produce (NT$40) and WTP for the contribution of organic produce, the consumers are willing to pay NT$107.10 for organic produce, which is a little higher than its market price.

This study suggests that the organic farming is absolute benefit to the social welfare and the consumers are willing to pay more for the organic produce than for conventional one. 
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嵌入效果(embedding effect)

用CA探討人們對環境的態度（environmental sensitive behavior）：對, This paper found that the relevant experience facilitates the translation of pro-environmental attitudes into consumer choice), toilet paper (Fiala and Klausegger, 1995) and wood protective coating (Buchtele and Holzmueller, 1990, The consumers in ) with different environmental implications
ssentially a new product for most people in Taiwan. 

有機農業對食品安全及環境之貢獻

黃璋如

摘要

關鍵字：有機農業，聯合分析，福利分析，願付價值，食品安全，環境保護

本研究以兩種方法分析有機農業之效益。首先以福利分析法，以消費者願付價值及資源使用來比較有機農業與慣行農業之社會福利，發現有機農業比慣行農業對福利之貢獻較大，主要原因是消費者對有機農產品之食品及環境貢獻的願付價值較高，而有機農產品的生產成本雖較高，卻是將慣行農業的一部份外部成本予以內部化，以減少環境破壞。綜合消費者願付價值及資源使用，發現有機農業對社會福利之貢獻較慣行農業為大。

另一個分析方法為以聯合分析法比較消費者對有機及慣行農產品之願付價值。本研究以青椒做為產品之樣本，在台北市選擇五個不同區的超級市場及傳統市場各一，共成功訪問了262個消費者。

聯合分析法能探討消費者對農產品的效用結構。本研究採用四個影響消費者購買之農產品屬性。各屬性及其水準分別為：價格-每斤40元、60元、80元及100元， 生產方式-全有機、準有機、吉園圃及慣行農業生產方法，認證單位：政府、民間團體及無標示，外觀-大而端正及小而扭曲。

依據消費者對13張產品樣本訪問卡之偏好排序，利用單調迴歸法，求得個別消費者之效用函數。而後以集群分析法將消費者分為三群，分別為重視認證、重視價格及重視生產方式等三群。

求得各集群對各屬性水準的成分效用值後，本研究以補償變量估計消費者對有機農產品較慣行農產品所願意多付的價值，此即為消費者認為有機農產品對食品安全及環境貢獻的經濟效益。其計算方法為：在慣行農產品價格為每斤40元，由慣行農產品變更為全有機農產品時，消費者願意多付多少錢而維持效用不變。

三個集群的消費者因其所重視的農產品屬性不同，對有機農產品願意多付的價格亦不同。重視驗證的消費者每斤願意多付122.34元，重視價格的消費者不願多付，而重視生產方式的消費者每斤願意多付225.02元。平均而言，消費者願意為有機農產品多付每斤67.10元，亦即願意以每斤107.10元購買有機農產品，這個價錢較訪問時有機農產品的市價（每斤100元）稍微高一些。

研究結果顯示，無論從比較消費者願付價值，或比較社會福利的變化，有機農產品都較一般農產品有更高效益。




Vegetables produced with chemical inputs in accordance with government guidelines.


Price: NT$80 per catty


Certified with private label


Quality: Grade B�
�
Fig. 1 Sample stimulus card
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