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Abstract 

It aims at group incentive and alliance scale of collaborative logistics alliance. It 

defines the connotation of collaborative logistics alliance based on theories related to 

domestic and overseas logistics alliance and it establishes group incentive model under 

single alliance leader and multiple alliance leaders based on double layer principal-agent 

theory. Solution shows that, in group incentive model of logistics alliance, incentive 

coefficient under one alliance leader enterprise is the same as that under alliance leader 

decision-making system containing several enterprises. Group scale of logistics alliance 

can be determined when certainty equivalent wealth of alliance leader decision-making 

system and alliance member enterprise is equal to their respective retained income. 

 

Keywords: Collaborative logistics; Internet of things; Scale design; Agricultural 
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1. Introduction 

Development of modern agricultural product logistics requires logistics integration and 

logistics alliance is an important way to realize integrated agricultural product logistics 

and also an important channel to reduce logistics cost and to reinforce cooperation among 

logistics enterprises. At present, researches of most domestic scholars on logistics alliance 

mainly focus on the connotation, formation mechanism, cooperative relationship, partner 

selection, benefit distribution and knowledge transfer etc. It is mentioned in the literature 

that logistics alliance is a loose group constituted by several independent logistics 

enterprises to complete specific logistics tasks and there is no control or affiliation 

relationship among alliance partners and it is a form of organization between logistics 

enterprise and market transaction relationship. Current researches does not study group 

incentive problem of collaborative logistics alliance based on double layer principal-agent 

theory. Therefore, the thesis will introduce group incentive model into logistics alliance 

and will establish group incentive model of collaborative logistics alliance based on 

double layer principal-agent theory to solve “hitchhike” problem in group management. It 

analyzes monitoring cost of alliance leader enterprise (body) in monitoring process of 

“hitchhike” and discusses scale design problem of logistics alliance based on this. 

Therefore, the thesis studies a significant topic having theoretical exploration and 

practical guidance. 

 

2. Connotation Definition of Collaborative Logistics Alliance 

As complexity, integrality and high risk of modern agricultural product logistics 

service outsourcing increase, more and more logistics enterprises establish various 

logistics alliances to reduce transaction cost, to reduce uncertainty, to complement each 
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other’s advantages and to generate collaborative effect. Xu Yang etc. [2] think logistics 

alliance is logistics enterprise strategy alliance with logistics as basis for cooperation. It 

refers to the process that, in order to realize target of logistics strategy, two logistics 

enterprises or above form an enterprise combination to complement each other’s 

advantages, to trust each other, to undertake risks and share interests jointly through 

various agreements and contracts. Wang Ruogang etc. [8] think virtual logistics alliance is 

the process that two logistics enterprises or above keep independence and form a 

intensification logistics partnership which is stable temporarily through equity 

participation or contract combination so as to expand logistics market, reduce logistics 

cost and increase logistics efficiency together. Virtual logistics enterprise alliance is a 

kind of dynamic alliance. Dominant enterprise establishes logistics enterprise alliance 

according to specific logistics business requirement and the alliance will collapse after the 

task is completed. In the various logistics alliances, collaborative logistics alliance is a 

common form. In this kind of logistics alliance, one alliance leader enterprise or “alliance 

leader decision-making system” formed by several logistics enterprises formulates rules 

of the game and other member enterprises decide whether to participate in operation of 

logistics service. In order to complete one logistics task, combination of various logistics 

capabilities may need to be provided and logistics enterprise must combines internal 

capacity and external capacity of the enterprise in proper way to meet customer need and 

ensure enterprise profit. Mahoney and Pandian differentiate “competitive collaboration” 

and “particular collaboration” and proves that organization can create value when it 

combines different capacities closely and this kind of particular collaboration promotes 

the need for combination. Based on above analysis and definition of related logistics 

alliances, the thesis defines collaborative logistics alliance as follows: 

(1) Alliance leader of collaborative logistics alliance may be an enterprise or “alliance 

leader decision-making system” constituted by several powerful logistics enterprises; 

(2) Collaborative logistics alliance is a kind of alliance form for division and cooperation 

among different logistics enterprises; 

(3) In collaborative logistics alliance, the alliance leader combines logistics capabilities of 

different logistics enterprises to create value; 

(4) Collaborative logistics alliance is a kind of interim organization form between 

logistics enterprise and market transaction; 

(5) Collaborative logistics alliance meets essential features of general strategic alliance: in 

order to reach the common strategic target, several logistics enterprises form a loose 

and networked alliance having complementary advantages, coordination and 

distribution of responsibilities and joint action. They cooperate with each other and 

undertake risks and share interests jointly based on joint action. 

 

3. Construction and Solution of Group Incentive Model 
 

3.1. Fundamental Assumption and Parameter Setting 

The thesis provides the following fundamental assumptions according to connotation 

definition of agricultural product logistics alliance: (1) assume there is 1 alliance leader 

enterprise and n member enterprises in the collaborative logistics alliance and logistics 

task is completed by all member enterprises; (2) principal agent relationship between 

customer enterprise and alliance leader enterprise and member enterprises are as follows: 

customer enterprise relegates logistics task to alliance leader enterprise with customer 

enterprise as the first principal, alliance leader enterprise as the second principal and 

member enterprises as the agents. The thesis makes the following assumptions based on 

above assumptions. 

Assumption 1: according to assumption 2, assume that effort level of member 

enterprise in logistics alliance on logistics service is , the first principal customer ie
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enterprise and alliance leader enterprise can not observe effort level of member enterprise 

directly. 

Assumption 2: effort level selection of each member enterprise on logistics task is one-

off and the effort cost , where b is parameter for effort cost of member 

enterprise and it is a constant. 

Assumption 3: assume is the effort output of the th member enterprise and 

is the effort output coefficient of the th member enterprise. Output of whole logistics 

alliance at this time is , where is the output random variable of the th 

member enterprise and it obeys normal distribution with variance of . 

Assumption 4: set as constant return and as income distribution coefficient set by 

customer enterprise,  as income distribution coefficient set by alliance leader 

enterprise,  as monitoring cost of alliance leader enterprise for logistics service of 

member enterprise and as retained income of member enterprise. Assume constant 

return of alliance leader enterprise is equal to that of member enterprise and the constant 

return is shared by member enterprises. 

Assumption 5: assume customer enterprise and alliance leader enterprise are risk 

neutral and alliance member enterprises are risk aversion. Utility function of member 

enterprise is , where is actual income of the th member enterprise 

and is the risk aversion of the th member enterprise. Its expression is

. Risk cost of alliance member enterprise is . 

 

3.2. Construction and Solution of Group Incentive Model 

On the basis of the assumption and parameter setting above, construct the following 

group incentive model (1) according to principal agent theory. 

 

s.t.                                                                                     (1) 

s.t.(IR)  

(IC)   

(IR) and (IC) are incentive compatible constraint and participation constraint 

respectively. (1) First formula represents expected revenue of client enterprises. Second 

formula represents expected revenue of alliance leader enterprise. 

According to participation constraint in model (1), it can be calculated that: 

，                                                                                                          (2) 

Derive  from  to calculate: 

,                                                                                                        (3) 

Deterministic equivalent income of logistics alliance is: 

                                                                          (4) 

Use formula (1) to derive  from formula (4) and command it to be zero to calculate: 
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                                                                                                             (5) 

Sum of deterministic equivalent incomes of client enterprises and logistics alliance is: 

                                                                                (6) 

Use formula (6) to derive  and command it to be 0 by combining formula (2) to 

calculate: 

                                                                                        (7) 

It can be calculated from formula (7) that: 

                                                                                                             (8) 

The conclusion 1 can be obtained from formula (5) and formula (8). 

Conclusion 1:  increases with the increase of  and decreases with the increase 

of  and . Comparatively speaking, change magnitude of  with these factors is 

smaller than that of  with these factors. it means function of two incentive coefficients 

on alliance members is , which means alliance member enterprise are more 

sensitive to . 

 

4. Allocation of Supervision Cost 

It is known from formula (5) and formula (8) that, on premise that  are assumed to 

be determined,  mainly depend on risk aversion  of every alliance member 

enterprise and information variance  observed in output. According to principal agent 

theory, the larger , the smaller incentive obtained by alliance member enterprise. 

Method to reduce  is to strengthen supervision, which requires client and alliance 

leader enterprise to make balance between supervision cost and revenue. What’s more, 

specific supervision cost is difficult to quantized because it increases with the decrease of 

. In group incentive model of agricultural product logistics alliance, supervision cost of 

alliance leader enterprise is the fixed cost of extra expenditure after one agent is added. 

Generally, this fixed cost is less than supervision cost calculated by traditional incentive. 

At this moment, cost will be saved necessarily. The saved cost is actually allocated by 

alliance member enterprises. If the added enterprise is set as the principal in model (1), it 

can directly supervise member enterprises. As member enterprises have motivation to 

laze, client enterprises are required to be set as second-level principal to supervise it. 

Therefore, alliance member enterprises have paid for it and the share of residual value is 

reduced. Sharing proportion is change from  to . Because under such allocation 

system, alliance member enterprise become the claimant of residual value and they ought 

to assume part of supervision cost. 

According to incentive theory, incentive coefficient calculated under the balance 

between supervision cost and revenue is less than the incentive coefficient in the case 

without supervision cost. It indicates that alliance member enterprise share less residual 

value as they actually undertake part of supervision cost. However, cost undertaken by 

alliance members is recessive and it is difficult for alliance members to sense it. In group 
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incentive model, supervision cost of alliance members is explicit.  not only has 

incentive function but also has restraint function. In group incentive model, supervision 

cost undertaken by client enterprises is and total supervision cost undertaken by 

all the member enterprises is: . 

 

5. Scale Design of Collaborative Logistics 

Sometimes in agricultural product logistics alliance, multiple logistics enterprises well 

matched in strength and scale may coexist. They may joint up to compose the “alliance 

leader decision-making system” of logistics alliance to make decisions about operation of 

alliance, which also reflects the democracy of the decision to some degree. Assume 

alliance leader decision-making system exists in logistics alliance, number of enterprises 

in alliance leader decision-making system is  and other assumptions are the same as 2.1 

construct the following group incentive model (9). 

 

s.t.                                                                                  (9) 

s.t.(IR)  

(IC)  

 

According to participation constraint in model (9), it can be calculated that: 

，                                                                                                        (10) 

Derive  in  according to (10) to calculate: 

,                                                                                                      (11) 

At this moment, deterministic equivalent income of logistics alliance is: 

                                                                     (12) 

Derive  in formula (12) by combining (9) and command it to be zero to calculate: 

                                                                                                          (13) 

Sum of deterministic equivalent incomes of client enterprises and logistics alliance is: 

                                                                           (14) 

Derive  from formula (11) and command it to be 0 by combining (11) to calculate: 

                                                                                      (15) 

It can be calculated from formula (15) that: 
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Combine formula (5), formula (8), formula (13) and formula (16) to draw conclusion 2. 

Conclusion 2: in group incentive model of logistics alliance, the incentive coefficients 

to set 1 alliance leader enterprise and alliance decision-making system of  multiple 

enterprises are equivalent, which means  and . 

It can be known that multiple alliance leader enterprises have no impact on 

.Under circumstances of constant number of alliance members, the increase of alliance 

leader enterprise will influence the average revenue of alliance enterprises and member 

enterprises. When the expected utility is less than fixed income, alliance leader enterprise 

will have no motivation to supervise and members will not have motivation to provide 

high-level service. Therefore, number of alliance leader enterprises has correlation 

relationship with alliance group scale. 

On the basis of analysis above, assume deterministic equivalent incomes of alliance 

leader enterprises and member enterprises are equal to their reserved revenue respectively 

and output variances, risk aversions and outputs of alliance member enterprises are the 

same to research the relationship between  to draw conclusion 3. 

Conclusion 3: relationship between number of enterprises in alliance leader decision-

making system and number of alliance members is: 

                                                                          (17) 

Authentication: assume deterministic equivalent incomes of alliance leader enterprises 

and member enterprises are equal to their reserved revenue respectively and output 

variances, risk aversions and outputs of alliance member enterprises are the same and the 

following relation exists. 

                                                                         (18) 

Relationship between  derived from formula (18) is: 

                                                                          (19) 

It is known from formula (19), when  is determined,  increases with increase of 

 and decreases with increases of effort cost of alliance member enterprise. It also 

explains, when number of enterprises in logistics alliance is relatively large and there is 

difficulty in supervision, number of enterprise in alliance leader decision-making system 

can be increased appropriately. 

Corollary: when , minimum group scale  of alliance member enterprise 

required in setting one alliance enterprise leader enterprise is: 

                                                                           (20) 

Formula (20) explains, in operation process of logistics alliance, only when then 

number of alliance number achieves a certain scale, it is significant to increase the number 

of enterprises in alliance leader decision-making system. 
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hitchhike problem. One of the main reasons for common “hitchhike” in logistic alliance is 

the output of alliance is common. Individual contribution of every alliance member is 

hard to distinguish, which results in the motivation to laze for some alliance members. In 

consideration of the existing problem above, the thesis draws the following conclusions 
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based on double-layer principal agent theory: comparing incentive coefficients  of 

client enterprises and alliance enterprises, incentive coefficient  alliance member 

enterprises set for alliance leader enterprises is more sensitive; in the group incentive 

model of collaborative logistics alliance, incentive coefficients to set 1 alliance leader 

enterprise and alliance leader decision-making system including multiple enterprise are 

equivalent; when the number of member enterprises in collaborative logistics alliance is 

relatively large and there is difficulty in supervision, number of enterprise in alliance 

leader decision-making system can be increased appropriately and scale of logistics 

alliance can be determined according to relationship between  number of enterprises in 

alliance leader decision-making system and number of alliance member enterprise; in 

operation process of logistics alliance, only when then number of alliance number 

achieves a certain scale (when ), it is significant to increase the number of 

enterprises in alliance leader decision-making system. 
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