
 CHEMICAL ENGINEERING TRANSACTIONS  
 

VOL. 46, 2015 

A publication of 

 
The Italian Association 

of Chemical Engineering 
Online at www.aidic.it/cet 

Guest Editors: Peiyu Ren, Yancang Li, Huiping Song 
Copyright © 2015, AIDIC Servizi S.r.l., 
ISBN 978-88-95608-37-2; ISSN 2283-9216 

Dynamic Output-Price Contract of Agricultural Supply Chain  
Jian Tan*a,Houying Zhangb 
a School of Management Science, Guizhou University of Finance and Economics, Guiyang, 550025 China 
b School of Business Administration, Guizhou University of Finance and Economics, Guiyang, 550025 China 
tanjian123@126.com 

From the perspective of mechanism design, we analyzed the choices of the farmers’ supply and prices of 
leading enterprise of the agricultural supply chain in the case of uncertainty supply of farmers and variable 
price of leading enterprise by the trading mechanisms including uniform price and discrimination price, and 
comparative analyzed the relevant properties of the two kinds of trading mechanism. The results showed that: 
For the uniform price trading mechanism, the quantity of farmers submit below its real supply at the low price, 
and above their true supply quantity at the high price. For the discrimination price trading mechanism, the 
quantity of farmers submit below their real supply at the low price, and equal their true supply quantity at the 
high price. Contrast to price discrimination auction, the more retailers participate into the trading mechanism, 
the less distortion of quantity submitted of farmers. From mechanism design point of view, leading enterprise 
tends to use uniform price trading mechanism for procurement of agricultural product. 

1. Introduction  

Agricultural modernization, industrialization and urbanization promote each other, which is the objective law of 
the modernization process has been proved. Agricultural industrialization is an important system innovation in 
China's rural areas, it is the foundation of the development of agricultural modernization, its essence is a 
benefit community formed by the association of agricultural multi agent, they follow the "risk sharing, benefit 
sharing" benefit distribution mechanism by contract as a link. Therefore, it is very important to establish a 
reasonable profit distribution mechanism for agricultural industrialization management. Contract determines 
the distribution of interests and risk sharing among the main bodies of the supply chain, according to the 
contract to take responsibility, to fulfill the power, to obtain benefits. The contract allows farmers and 
enterprise not only wouldn’t change their operating independence, but also can ensure their interests within 
the organization through the contract.  
There are three main types of agricultural industrialization in China. The first category is the primary "farmer + 
market", that is, the individual farmer enter the market to participate in the transaction of agricultural products, 
so that farmers, between farmers and agricultural enterprises are a pair of one-time contract relationship. The 
second category is "leading enterprise + farmer", that is, a professional enterprise (known as "leading 
enterprise") with a number of farmers signed a single or multi contract, leading enterprise centralized acquire 
agricultural products in accordance with the agreement of the price, and then processed and sold to the 
market. Leading enterprise sometimes provided with raw materials or technical guidance for the farmers at 
prenatal and production. Because the farmers grow production according to the order of the leading 
enterprise, so this mode is called "order agriculture". The third category is the "leading enterprise + farm”, 
which is, leading enterprise integrates production, processing and sales, hire farmers to work on a farm or a 
production base and pay wages to them. Some other patterns are the derivative form based on the above 
three basic modes, the difference lies in the degree of relationship between enterprises and farmers. For 
example, "leading enterprise + cooperative+ farmers" is to introduce an intermediary organization among the 
leading enterprise and farmers, enterprise and farmers sign with the cooperative respectively. This pattern is 
not different from the "leading enterprise + farmers" in nature. Another mode is “leading enterprise + base + 
farmers”, that is, leading enterprise connects with farmers by the base, and it is looser than “leading enterprise 
+ farm model”. Another mode is “professional market + intermediary organization + farmers". If we take the 
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professional market as a leading enterprise, then it is not essential to the "leading enterprise + farmers" 
(Huihua Nie, 2012). 
At present, the most suitable agricultural industrialization management for our country is the leading enterprise 
and farmers to contract as a link. Under the current system of rural land, which is based on the household 
contract management system in China, commercial capital enter the agricultural sector with role of the leading 
enterprise, at the same time, they should bear the natural and market risks inherent in agricultural production. 
Leading enterprise can reduce the uncertainty of raw materials procurement by the way of contract agriculture, 
but the risks have become leading enterprise contract risk. The concrete manifestation of the contract risk is 
the high default rate, which makes the contract extremely unstable between the leading enterprise and the 
farmers. In the researches of agricultural industrialization mode, many scholars have realized that the 
agricultural contract is a kind of incomplete contract in the agricultural supply chain. Burer et al. (2008) 
examined contract practices between suppliers and retailers in the agricultural seed industry. Under the 
assumption of uniform demand, they construct and analyze single-retailer models of various contract types 
actually used in the industry, characterized all coordinating contracts. Dubois P.and Vukina T. (2009) develop 
an analytical framework for the estimation of parameters of a structural model of an incentive contract under 
moral hazard, taking into account agents heterogeneity. They show that farmers with higher risk aversion have 
lower outside opportunities and hence lower reservation utilities. Hovelaque et al. (2009) examined the 
economic consequences of constrained supply in agricultural cooperatives and deal with the effects of adding 
price contracts to the current cooperative contract. Viaggi et al. (2010) provide an evaluation of different 
instruments designed to deal with the management of water for agriculture based on a combination of linear 
programming and a Principal-Agent model, focuses on the regulation of mixed source unmetered water and 
carries out a comparison of flat rate versus differentiated contracts as the policy instrument. Boyabatlí et al. 
(2011) analyzed the optimal procurement, processing, and production decisions of a meat-processing 
company (hereafter, a "packer") in a beef supply chain. Contract prices are taken to be of a general window 
form, linear in the spot price but capped by upper and lower limits on realized contract price. The analysis 
provides managerial insights on the interaction of window contract terms with processing options. They show 
that higher variability (higher spot price variability, product market variability, and correlation) increases the 
profits of the packer, but decreases the reliance on the contract market relative to the spot market. Wang et al. 
(2012) analyzed a single-period, unreliable yield agriculture supply chain aiming at the maximization of 
expected revenue. A risk-sharing contract is designed to coordinate the supply chain. Huihua Nie (2012) 
compared the allocation efficiency of three industrialization modes(farmers in market, leading enterprise plus 
farmers, leading enterprise plus farms),analyzed the effects of ownership, reputation, pledge and risk attitude 
on optimal agricultural contracts. Galioto et al. (2013) analyzed the optimal design of current tariff strategies 
with respect both to the actual regulator's goals and the cost recovery objective of an ideal regulator driven by 
European Water Framework Directive principles and having full information based on the logic of a Principal-
Agent model implemented as a mathematical non-linear programming model.  
Auction as a market trading mechanism is widely used in practice. Discriminate price auction, uniform price 
auction and sequential auction are always used for homogeneous multi item auction. In the existing literatures, 
the research mainly focus on fixed quantity of multi item auction (Nautz and Wolfstetter (1997); Tenorio et al. 
(1999)). But with the development of electronic commerce, online transaction mode makes the supply change 
auction get more attention in recent years. Hansen (1988) for the first time raised the issue of price 
determination of multiple items in the case of the auction problem. Mcadams (2007) through the analysis of 
the unified price auction, it is concluded that the price of the change in the supply of the auction and the 
auction of the social welfare are higher than the fixed supply. Damian (2010) analysis of the bidder in the unit 
demand auction, by comparing the uniform price auction and discriminatory price auction that uniform price 
auction can obtain higher selling price and trading volume for the seller, to obtain more income. Ausubel et al. 
(2014) established that such differential bid shading results generically in ex post inefficient allocations in the 
uniform-price. Akaichi et al. (2014) examined the effect of varying the number of bidders and units on bid 
values in multi-unit auctions, the results suggest that the uniform-price auction is sensitive to demand 
reduction, however, increasing the number of bidders or/and units can significantly decrease it. As it can be 
seen from these references, although these references have analyzed variation the supply of multi-item 
trading mechanism model, but they are all analysis of the needs of buyers in the case of one unit. 
Based on the above references, considering uniform price trading mechanism and discriminatory price trading 
mechanism, by means of the theory of relational contract (Baker et al., 2002), auction theory and incomplete 
contract theory (Grossman and Hart, 1986; Hart and Moore, 1990), study two acquisition contracts of the 
agricultural industrialization “leading enterprise + farmers” mode in the case of the variable supply of 
agricultural products and the purchase price, and comparative analysis the two contracts. First, some 
reasonable assumptions will be proposed. After that, I will analyze the optimal quantity of agricultural products 
submitted by the farmers and the optimal price of the leading enterprise of the uniform price trading 
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mechanism and discriminatory price trading mechanism. Finally, comparative analysis about the two trading 
mechanism will be discussed. According to the results, I will put forward the optimal trading contract for the 
leading enterprise. 

2. Model assumptions  

There are a leading enterprise and 	farmers in the form of contract for the purchase of agricultural products 
trading. First, the leading enterprise signs purchase contract with each farmer, there are two kinds of purchase 
price, the final price is determined according to the total submitted by all the farmers. Second, the farmers 
planting agricultural products according to the contracts, after the harvest of agricultural products, each farmer 
has two options, sell products to the leading enterprise in accordance with the contract prices or exist the 
trading. At the same time, the leading enterprise has two choices, to trade or exit. 
Suppose purchase price of the leading enterprise are only two possible prices,  and	 , where	 > > 0. 
The trading is a two-stage model, in the first phase the farmers submit their supply quantity corresponding the 
prices the second stage enterprise chooses price and volume. 
Assumption 1: Each farmer has a quasi-linear utility function	 ( , ) = ( ) + , where 	indicates the supply 
products of farmer 	 . 	 is the utility function of farmer 	 , it is continuously differentiable, monotonically 
increasing and strictly concave function, and (0) > . Because farmers are price taker, so we can get the 
supply function from utility function: = ( ) = 	{ , 0},and supply function is common knowledge. Since 

 is strictly concave and continuous, and therefore is positive about the price decreasing and continuous 
function. (0) >  means	 ( ) > 0, namely any farmer has non-zero supply when price is , also it implies 
that for ( ) = 0, the farmer will be automatically excluded from the trading. 
Assumption 2: the supply of each farmer is bounded, i.e. for any farmer	 ,	 ( ) < ∞. 
In the first phase, farmer  submit two non-negative supply  and	 ( = 1,2,⋯ , ), corresponding denote the 
supply at low price and high price respectively, therefore 	 ≥ . Unit production resell price  of the 
enterprise is proprietary information,  obey 	distributed random variables which is common knowledge for 
farmers. 
Assumption 3:	 (0) = 0. For any	 > 0, ( ) > 0, ( ) < ( ) and  is continuously differentiable and strictly 
increasing in the interval	(0, ]. 
In the second stage, the enterprise chooses high price or low price, or cancel auction, the enterprise's 
strategy	 ∈ { , , }. 
If the enterprise chooses	 , the farmer  supply 	units; if the enterprise chooses	 , the farmer  supply  
units; if the enterprise chooses	 , there is no any farmer will supply products. Farmers’ payment depend 
on the form of the trading mechanism. The enterprise's purpose is to maximize profits, its decision-making 
depends on its type (profit		 ) and total submit vector	(∑ , ∑ ). 
3. Uniform price trading mechanism  

In the uniform price trading mechanism, all farmers can obtain the same price for each unit of products. If the 
enterprise chooses low price, the farmer  payment is	 , the profits of enterprise is −  multiply of the total 
supply at low price. If the enterprise chooses high price, the farmer  payment is	 , the profits of enterprise 
is − 	  multiply of the total supply at high price. 
Proposition 1: In the uniform trading mechanism, the optimal strategy of the leading enterprise is: 

( , ∑ , ∑ ) = 		 		 								 ∗ 			 ∗ 			                                                                                                                   (1) 

where ∗ = (	 ∑ − 	 ∑ )/(∑ − ∑ )									∑ − ∑ < 0																	∞																																                    

Proof: By assumptions we can know, only when > , enterprise maybe can obtain non-negative profits, so 
when ≥ , the optimal strategy is to cancel the trading for the enterprise. In addition, because	 ≤ , 
therefore we have to discuss the two cases: 
The first case is		∑ < ∑ : 
If there is no difference to choose 	 	or 	  for the enterprise, then we have		( − )∑ = (	 − )∑ , so we 
can obtain ∗ = (	 ∑ − 	 ∑ )/(∑ − ∑ )	 , and ∗ > . Which means that ( − 	 )∑ ≤ ( −	 )∑ 	when		 ≥ ∗, in this case the optimal choice for the enterprise is	 , otherwise 	 . 
The second case is ∑ = ∑ : 
In this case the enterprise in order to maximize profits, because the supply at low price and high price are the 
same,  is optimal choice without doubt. 

525



Proposition 1 characterizes the enterprise behaviour. If and only if unit production profit is lower than	 , the 
trading will be cancelled; if and only if unit production resell price more than the threshold value decided by 
Eq. (1),the enterprise will select high price. From Eq. (1) can be seen, ∗depending on farmers supply at 
different prices, which indicates that farmers are not entirely a price taker, they can change their supply to 
influence enterprise pricing options. 
For farmers, they choice ( , ) to maximize their expected utility. Farmers have known the enterprise 
production profits distribution	 , and aware that the enterprise determine ∗ by the Eq.(1), so the probability of 
enterprise to choose low price is	 ( ∗) − (	 ) , to choose high price is		1 − ( ∗), the probability of the 
option to cancel the trading is (	 ). So farmer  expected utility is determined by: 	 ( , ) = ( ( ∗) − (	 )) ( ) + (	1 − ( ∗)) ( )                                                                             (2) . . ≥  
Where ( ) = 	 − ( ),	 ( ) = − ( ),	 ( ) denotes the utility of farmer  in the case of supply 

 units when the enterprise chooses low price. ( ) denotes the utility of farmer  in the case of supply  
units when the enterprise chooses high price.  
Proposition 2: Under the hypotheses 1 and 3, the following proposition holds: 
(1)	 ∗ ≤ 0,if and only if ∑ = 0 equation holds;	 ∗ > 0. (2)	 ( ) < ( ). (3)	 > ≥ 0. 
Proof: According to the hypotheses, we can get	 ≥ ≥ 0. According to Proposition 1, if = , we can 
know	 ∗ = ∞,then the enterprise would choose low price at this time, therefore < 	are the optimal strategy 
for the farmers, thus (3) holds. 
For Eq. (1) with respect to  and , respectively, partial derivative, we have: ∗ = (	 	 ) ∑(∑ ∑ ) ≥ 0	 ∗ = − (	 	 ) ∑(∑ ∑ ) ≤ 0, if and only if ∑ 	equation holds.therefore (1) is established. 

For the quasi-concave functions ( ) and ( ), we have (0) = 0and (0) = 0. Because 	 < 	 ,so ( ) < ( )  for ∀ > 0 . Since ( )	 is quasi-concave function, so ( ) < 0	when < ( ) , ( ) > 0	 
when > ( ), and ( ) reaches its maximum when = ( ). Similarly, we can obtain ( ) > 0 when > ( ),	 ( ) < 0 when < ( ),and ( ) reaches its maximum when = ( ) for ∀ > 0. We can 
know that trading equilibrium solutions exists, so the first-order condition of ( )  with  exist. Suppose < ( ) ,then ( ) < 0  and ( ) < ( ) .Because ( ) < ( ) ,so ( ) < ( ) ,then 	 ( , ) =( ∗) ∗ ( ) − ( ) + ( ∗) ( ) < 0,this is inconsistent with the existence of equilibrium solutions, 

so  > ( )	and ( ) > 0，then ( ) < ( ),therefore (2) is established. 
In the proposition 2, (1) shows that the impact of supply submitted by farmers on the enterprise's choice, it can 
improve the probability of enterprise choose low price by reducing supply at low price and increasing supply at 
high price.（2）denotes that the utility of the farmer in the enterprise's choice of low price is lower than that of 
the enterprise's choice of high price. (3) shows that the supply of the farmer submitted in the high price is 
strictly higher than the low price. 
Proposition 3: In the uniform price trading, ≤ ( ),if and only if	∑ = 0 equality holds. ≥ ( ),if and 
only if ( ) = 0 equality holds. 
Proof: The first order condition for Eq.(2) with :	 ( ∗) − ( ) + ( ∗) ∗ ( ) − ( ) = 0, then ( ) = + ( ∗)	 ( ∗) ∗ ( ) − ( ) < . Since  is an increasing function, so we get = ( +(	 	 ) ∑(∑ ∑ )	 	 ( ∗)( ∗) ( ( ) − ( ))) ≥ ( ) . When ∑ = 0	 ,it can obtain = ( ) . Similarly we can get = ( − (	 	 ) ∑(∑ ∑ )	 	 ( ∗)(	 ) ( ∗) ( ( ) − ( ))) by the first order condition for Eq.(2) with	 .so ≥ ( ). 
When ( ) = 0,then = 0. So if and only if ( ) = 0,	 = ( ). 
Proposition 3 shows that in the uniform price trading, the supply quantity submitted by farmer is lower than his 
actual supply at low price, the supply submitted by farmer is higher than his actual supply at high price. 
By the above analysis, it can be known that the equilibrium of the uniform price trading is always inefficient, 
and the supply is always distorted. There are two reasons. First, for the enterprise, different from the complete 
competition market, the unit production resell price is higher than the marginal cost. Secondly, farmers always 
cover up the true supply in different prices, which leads to distribution inefficiency. This can be seen from 
proposition 3. 

4. Discrimination price trading 

In the discrimination price trading, the enterprise adopts different retail price for different supply submitted by 
farmers. Compared with the uniform price trading, in addition to the payment of rules, the others are the same. 
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In this paper, the payment rules of discrimination price trading is: each farmer submit different supply ( , ) 
for the two prices, and < . If the enterprise chooses low price	 , the farmer supply  units item, obtain 	for each unit, the total payment is	 ; if the enterprise chooses high price	 , farmer obtain   units with 
price 	 per unit, the rest − units are paid  per unit, and then the total payment is	 + ( − ) . If 
the enterprise cancel the trading, the payment is 0. 
Proposition 4: In the discrimination price trading, the enterprise's optimal strategy is: 

, , = 		 		 	 >	 > 		 ≥	 ≥ 	 	 																																																																																																																																	(3)	 
Proof: Suppose = ( − )∑ ,	 = ( − )(∑ − ∑ ). If the enterprise chooses low price, the profit is	 ; if 
the price is high, the profit is	 + . If < , the profit of enterprise is negative regardless of his choice of high 
or low price, so at this time the optimal strategy for the enterprise is cancel the trading. If ≤ < , then > 0, < 0 , the optimal strategy for the enterprise is low price. If ≥ 	 ,then > 0, > 0 , the optimal 
strategy for the enterprise is high price. 
Proposition 4 shows that the optimal strategy of enterprise in discriminate price trading is only dependent on 
its own unit production resell price, which has nothing to do with the supply of the farmers. 
Proposition 5: In the discrimination price trading, = ( ),	 ≤ ( ) ,if and only if ( ) = 0,the equation 
is established. 
Proof: According to proposition 4 we can know, the probability of the enterprise chooses low price is	 ( ) −( ), the probability of choosing the high price is	1 − ( ). The farmer's expected utility is: 	 ( , ) = (1 − ( ))( ( − ) + − ( )) + ( ( ) − ( ))( − ( ))                              (4) 

The first order condition about Eq.(4) with :	(1 − ( )) − ( ) = 0,so = ( ). According to the 

first order condition with we get ( ) − ( ) − ( ) − (1 − ( ))( − ) = 0 .so = ( −( − ) ( )( ) ( )) ≤ ( ),if and only if ( ) = 0,the equation is established. 

Proposition 5 shows that in the discrimination price trading, the farmer will choose to submit their true supply 
at high price, submit lower supply than their real needs at low price. And it also shows that discrimination price 
trading has also led to inefficient allocation of resources. 

5. Comparative analysis 

Proposition 6: The probability of choosing low price by enterprise in uniform price trading is higher than that in 
discrimination price trading; the probability of choosing high price by enterprise in uniform price trading is 
lower than that in discrimination price trading. 
Proof: According to proposition 1 and 4,we can know that, when ∗ = (	 ∑ − 	 ∑ )/(∑ − ∑ )	, ∗ >	 ,then the probability of choosing high price by enterprise in uniform price trading is 1 − ( ∗), which is 
lower than the probability 1 − (	 ) in discrimination price trading. The probability of choosing low price by 
enterprise in uniform price trading is ( ∗) − (	 ) higher than (	 ) − (	 ) in discrimination price trading. 
As shown in Figure 1. 
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Figure 1: price selection probability in uniform price trading and discrimination price trading 

Corollary 1: In the uniform price trading, the more participating farmers, the less supply distortion. In the 
discrimination price trading, the supply distortion has nothing to do with the number of farmers. 
Proof: According to proposition 4 and 5, the equilibrium strategy of the enterprise is only related to the unit 
production resell price in the discrimination price trading, has nothing to do with the number of farmers. 
Suppose there are  farmers for farmer 	 type in the uniform price trading, then there are  farmers 
participate in the trading, we can get ∑ =∑ ∑ / ,	∑ =∑ ∑ / , so ∗ = (	 	 ) ∑(∑ ∑ )	 ,	 ∗ =(	 	 ) ∑(∑ ∑ )	 . When → +∞ , 	 ∗ → 0 , 	 ∗ → 0 , and = lim → (	 + ( ∗)( ∗) ∗( ( ) − ( ))) →	 ( ),	 = lim → (	 − ( ∗)(	 ) ( ∗) ∗( ( ) − ( ))) → 	 ( ). 
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Thus it can be seen that in the uniform price trading, the more farmers, the more close to the real supply. 
Therefore, from the perspective of mechanism design, if more farmers involved in the trading, compared to 
discrimination price trading, enterprise would tend to use the uniform price trading.  

6. Conclusion 

In this paper, from the perspective of mechanism design, we analysed the choices of the farmers’ supply and 
prices of leading enterprise of the agricultural supply chain in the case of uncertainty supply of farmers and 
variable price of leading enterprise by the trading mechanisms including uniform price and discrimination 
price, and comparative analysed the relevant properties of the two kinds of trading mechanism. The results 
showed that: For the uniform price trading mechanism, the quantity of farmers submit below its real supply at 
the low price, and above their true supply quantity at the high price. For the discrimination price trading 
mechanism, the quantity of farmers submit below their real supply at the low price, and equal their true supply 
quantity at the high price. The optimal strategy of enterprise in discriminate price trading is only dependent on 
its own unit production resell price, it has nothing to do with the supply quantity of the farmers. But the optimal 
strategy of enterprise in uniform price trading connects with the supply quantity of the farmers. Contrast to 
price discrimination auction, the more retailers participate into the trading mechanism, the less distortion of 
quantity submitted of farmers. From mechanism design point of view, leading enterprise tends to use uniform 
price trading mechanism for procurement of agricultural product. This paper only discussed the two price 
trading, if there are more than two prices for the manufacture to choose, the result is how? This is what needs 
to be further studied in the future. 
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