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Research on the coordination
mechanism between food supply chain
system and external environment

based on logistic model

JIANDONG LiuU!

Abstract. This paper upholds the ideology of building the food safety governed jointly by all
sectors of the society on the basis of the market mechanism, government regulation, self-regulation
and social supervision, tests the feasibility and evaluates the model of the original data through
adopting the Logistic model and applying SPSS19.0. As a result, it is acquired that the incentive
degrees of trust condition, information sharing condition and external environment on the food
supply chain can be perceived as the order parameter of the coordination mechanism between
the food supply chain system and the external environment. The trust mechanism can be estab-
lished through completing the contract and completing the food safety reputation feedback, etc.
the information sharing mechanism can be established on the basis of information sharing plat-
form. Additionally, the incentive mechanism can be constructed through the information sharing
incentive, tax deduction and exemption and other incentive methods.

Key words. Food safety, Food supply chain system, External environment, Logistic model,
Coordination mechanism.

1. Introduction

The food safety has been arousing the increasing attention from the nation,
society and the people. Through anatomizing the coordination mechanism between
the food supply chain system and the external environment, this paper seeks to help
all nodes of the food supply chain system with the appropriate selection of their
respective role played and the obligations assumed in the food safety. Under the
premise of guaranteeing the food safety, all nodes of the food supply chain system
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are able to acquire the maximum benefits so as to share the food safety with the
government and the social public.

2. Food supply chain system and external environment
2.1. Food supply chain system

The food supply chain system is jointly composed by the elements being in-
teracted with each other organically, including the supplier of agricultural inputs,
producer of edible agricultural products, food producers, food operator, finance,
material and information, etc. such system is perceived as the entirety with the
specific environment, structure and function. The environment involved is basically
the natural environment and the environment generated in the wake of realizing the
systematic functions.

(1) Structure of food supply chain system

The food supply chain system is deemed as the syntrophic chain or net structure
formed by the supplier of agricultural inputs, producer of edible agricultural prod-
ucts, food producers and food operator being organically interacted with each other
through exchanging the capital flow, logistics, information flow, value flow and job
flow. In this model, the orientations of capital flow, logistics, information flow, value

flow and job flow are pointed at by the arrows.

supplier of producer of Food producer Food operator 1 Food consumer
agricultural (@ edible [ > ’: |
inputs agricultural : ]

Fig. 1. Food supply system model

(2) Function of food supply chain system

The food supply chain system is functionalized to provide the safe food for the
country, society and the consumers, and to energize the development of food industry
and the development of socialist market economy.

2.2. External environment

The external environment of the food supply chain system includes government
and social main-body. Additionally, the social main-body is mainly composed by
three elements, including the third sector, consumer and public.

The government shall supervise and manage all nodes of the food supply chain
system abiding by the relevant laws and regulations of the food. The government is
deemed as the steersman to guarantee the national food safety and promote the de-
velopment of food industry. The third sector refers to the social organization isolated
from the governmental main-body and all nodes of the food supply chain system.
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Furthermore, this sector, in virtue of its powerful professional skills, impartially su-
pervises the safety of food, builds the food industry standard, and carries out the
risk prevention and control of food industry. The consumers are the trigger of the
food safety issues and the food safety incidents. In this paper, the consumers are
deemed as the main-body of the external environment of food supply chain system.
The public refers to the wider participants besides the government, the third sector
and the consumers.

3. Coordination mechanism between food supply chain
system and external environment and connotation of
coordination theory

Under the coordination mechanism, the objective functions of food supply chain
system and of external environment are consistent with each other. All sectors of the
food supply chain system exert the positive influence on the food safety. All sectors
of food supply chain system, government and social public, under the coordination
mechanism function, shall acquire different benefits in accordance with different
elements to be invested respectively as to realize the food safety. Through governing
the food safety under the coordination mechanism between food supply chain system
and the external environment, the defective food safety resource of the governmental
supervision can be effectively made up, and the food market failure can be effectively
resolved.

The system between the food supply chain system and external environment can
be classified as the open system, complicated system and the self-organizing system.
For this reason, the coordination theory can be adopted for research. The volun-
tary developing evolution between the food supply chain system and the external
environment is powered by the competition and coordination among all sectors of
food supply chain system, government and social public. The competition and co-
ordination are two reverse states and tendencies. The competition is determined by
the independence of all sectors of food supply chain system, government and social
public. The coordination is determined by the order parameter between the food
supply chain system and the external environment.

The coordination mechanism between the food supply chain system and external
environment refers to the routine or regulation abided by all sectors of food supply
chain system, government and social public decided by the order parameter as to
realize the coordinated cooperation. The three-layer function is contained: the co-
ordinated effect to realize the “1+1>2” from quantity perspective among all sectors
of food supply chain system, government and social public; new function and struc-
ture between the food supply chain system and external environment from quality
perspective; the constant promotion between food supply chain system and external
environment from the disordered condition to the ordered condition from the layer
perspective.
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4. Research of Logistic-based coordination between food
supply chain system and external environment

The system between food supply chain system and external environment is com-
plicated. The coordination mechanism formed on the basis of the nonlinear interac-
tions and order parameter among all sectors of food supply chain system, government
and social public fails to accurately express the mathematic relation. Additionally,
the dependent variable determining whether the food supply chain system and ex-
ternal environment are coordinated with each other is deemed as the classified vari-
able, rather than the continuous variable, viz. two categories of dependent variable,
“yes” (coordination) and “no” (competition). The linear regression model fails to be
adopted. For this reason, this paper seeks to analyze the coordination mechanism
between the food supply chain system and external environment based on Logistic
model, the log-linear model.

4.1. Theoretical foundation to analyze the coordination
mechanism between food supply chain system and ezx-
ternal environment based on Logistic

The existing continuous response variable y; is set as the condition that food
supply chain system and external environment are coordinated, and the range of y;
is regulated from negative infinity to positive infinity. As y! surmounts a, the critical
point making the objective function of food supply chain system consistent with that
of external environment, the food supply chain system and external environment
shall be coordinated with each other. Hence:

As y? > a, the actual response variable y; =1

As yf < a, the actual response variable y; = 0

y; = 1 indicates that the coordination is realized, and y; = 0 bespeaks that the
coordination is not realized. x; refers to the independent variable influencing the
realization of coordination: trust degree of food supply chain system and external
environment, information sharing condition of food supply chain system and external
environment, incentive from food supply chain system to external environment, and
punishment of food supply chain system to external environment. Assume that the
response variable y; of coordination realization is linearly related to the independent
variable x; influencing the coordination realization:

yr =a+bx; +c. (1)
Where ¢; refers to the error members, hence:
Py, =1|z;) =Pl(a+bx; +¢;) >0 =Ple; > (—a — bxy)] . (2)

Given that Logistic is symmetrically distributed, the formula (2) can be turned
into formula (3):

Plyi=1|z;) = Ple; < (a+bx;)] = F (a+ bx;) . (3)
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Where F refers to the CDF (cumulative distribution function) of error member
¢;. Under the model of Logistic, the variance of error member ¢; is 72/3 ~ 3.29. A
relatively simpler formula shall be acquired by the CDF F (a + bx;) as:

1
P(yizl\xi):P[CiS(a+b$i)}:m~ (4)
Such formula is perceived as Logistic function. Error member ¢; varies in the
range from negative infinity to positive infinity. As the error member ¢; tends to be
infinitely negative, the Logistic function shall be P(y; = 1|z;) = Ple; < (a + ba;)] =
He% = 0; as the error member ¢; tends to be infinitely positive, the Logistic

function shall be P(y; = 1|z;) = 7 +81,00 = 1. Accordingly no matter how ¢; is
valued, the value range of P(y; = 1|z;) = Ple; < (a+bx;)] = shall be
between 0 and 1.

The formula (4) is concerted as follow:

_ 1
1+e— ¢

1

P(yi:”xi):m'

()

The function presented is the CDF when ¢; is valued as (a + b;). In the formula
(5), ¢; is defined as the trust degree of trust degree of food supply chain system
and external environment, information sharing condition of food supply chain sys-
tem and external environment, incentive from food supply chain system to external
environment, and punishment of food supply chain system to external environment.
It is the linear function influencing the realization of coordination between the food
supply chain system and external environment.

ci=a+bx;. (6)

In formula (6), z; is set as the independent variable affecting the coordination
realization. a and b are the regression intercept and the regression coefficient respec-
tively. The conditional probability of coordination event realization is labelled as
P(y; = 1|z;) = p;. The regression model of Logistic can be acquired by the formula
(6):

e(a-l—bw,i)
pi = 11 elatoa) (7)

p; in the formula (7) refers to the probability of the i-th case realizing coordi-
nation. It is the nonlinear function able to be transformed into the linear function
composed by the trust degree of trust degree of food supply chain system and ex-
ternal environment, information sharing condition of food supply chain system and
external environment, incentive from food supply chain system to external environ-
ment, and punishment of food supply chain system to external environment. The
specific transformation is presented as follows:
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The conditional probability of realizing the coordination is defined as:

(a+bx;) 1
I1-pi=1 ‘

- 1+ e(a+bz7~,) = 1_|_e(a+bzi) . (8)
Hence, the ratio between the probability to realize the coordination and the
probability to not realize the coordination goes like:

Di — (atbz;) 9
L —p; ‘ - ©)

In view of formula (9), the ratio between p; and (1 — p;) is perceived as the
realization ratio of coordination event, referred as odds. The Odds shall be definitely
valued positively as 0 < p; < 1, and it does not have the upper bound. A linear
function can be acquired as Odds is valued as the natural logarithm:

Pi
ln(l_pi)faer:m. (10)
Formula (10) is formed in Logit, and can be expressed as Logit(y). What is at-
tached importance to such transformation is that Logit(y) is linear and dependent
on the values of the trust degree of trust degree of food supply chain system and ex-
ternal environment, information sharing condition of food supply chain system and
external environment, incentive from food supply chain system to external environ-
ment, and punishment of food supply chain system to external environment. The
range of Logit(y) is between the negative infinity to the positive infinity. As Odds
is reduced from 1 to 0, Logit(y) is valued negatively, and its absolute value grows
increasingly. The probability evaluation of coordination realization surmounting
the probability range of coordination realization shall not be considered in Logit(y)
because both a and b are the linear regression coeflicients.
As there are k independent variable(s), the formula (7) can be extended as:

ela+h_y beari)

(11)

pi = 14+ e(a+2ﬁ:1 be®ii)

As there are k independent variable(s), the formula (10) can be extended as:

Pi k '
h’l(q) =a-+ Zk:l bkﬂ:kz . (12)

Where p;(y; = 1|14 ,@2i,- -+, Zx;) is the probability of coordination realization
between the food supply chain system and external environment, as the trust degree
of trust degree of food supply chain system and external environment, information
sharing condition of food supply chain system and external environment, incentive

from food supply chain system to external environment, and punishment of food
supply chain system to external environment are given.
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4.2. Exploration of order parameter of coordination between
food supply chain system and external environment

(1) Trust degree

The trust lays the foundation for the coordination. It can be deemed as the
guarantee of the coordination. The trust involved hereof includes the trust of food
supply chain system on external environment, and the trust of external environment
on food supply chain system.

(2) Information sharing

Via the information sharing, the information asymmetry in the food market can
be adequately alleviated, the disadvantaged position of consumer and public towards
the food information can be effectively reversed, and the food market failure can be
restrained.

(3) Incentive of food supply chain system to external environment

The food safety issue can be recognized as the economic issue. The food safety
can be voluntarily guaranteed when the all sectors of the food supply chain system
acquires the economic benefits after being incented by the external environment as
much as that acquired by all sectors of food supply chain system through adopting
the opportunism.

(4) Punishment of food supply chain system to external environment

The incentive and punishment are correlated with each other. If merely the
incentive exists without the punishment, the food safety shall be entirely out of
control. The government is able to optimize such condition through perfecting the
laws and regulation and food safety standard, and elevating the operating efficiency
of laws and regulations and the food safety standard.

4.3. Logistic model of coordination between food supply
chain system and external environment

(1) Model specification
The basic form of Logistic model, In( p"'pv) =a+ ZZ:l brxy;, is adopted, where

1—
p; refers to the probability of realizing the coordination, x; refers to the influential

factor influencing whether the coordination is realized, a refers to the intercepted
member, and b refers to the linear coefficient of the influential factor.

Whether the coordination is realized is regulated as the dependent variable (y)
which is valued as 0 or 1. 0 indicates that the coordination is not realized, and 1
refers to the status that the coordination is realized. Four variables are illustrated,
including trust degree of trust degree of food supply chain system and external
environment (z1), information sharing condition of food supply chain system and
external environment (z5), incentive from food supply chain system to external envi-
ronment (x3), and punishment of food supply chain system to external environment
(z4). The specific variable features and the independent variable orientation influ-
ence are presented in the following table.
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Table 1. Sample variable and explanation

Variable

Evaluation definition

Evaluation orientation

Dependent variable: whether the food sup-
ply chain system and external environment
are coordinated with each other

Explanatory variable: the trust degree of the
food supply chain system and external envi-
ronment

Explanatory variable: the information shar-
ing condition of the food supply chain system
and external environment

Explanatory variable: the incentive degree
of the food supply chain system to external
environment

Explanatory variable: the punishment de-
gree of the food supply chain system on ex-

The coordination is real-
ized=1, not realized=0

1 distrust; 2 normally
trust; 3 highly trust

1 not sharing informa-
tion; 2 sharing informa-
tion; 3 highly sharing in-
formation

1 not incented; 2 in-
cented; 3 highly incented

1 not punished; 2 pun-
ished; 3 highly punished

ternal environment

+/-

(2) Data source

These data are originated from the questionnaire. Totally 200 questionnaires are
given out, and 162 of which are effectively collected, marking the effective question-
naire rate of 81%, surmounting the sample number required by the model. Through
adopting the SPSS19.0 software, the feasibility of original data is tested. It is de-
tected that the Cronbach’s alpha reaches 0.81. For this reason, the original data is

able to reflect the validity and veracity.
(3) Test of modeling result

Through adopting the software of SPSS19.0, the model is to be evaluated. The
Enter approach is applied to the sample. In accordance with the SPSS19.0, the
accuracy of the formula reaches 81.5%. The model evaluation results are listed as

follows:

Table 2. Sample model evaluation result

Regression Coefficient B Exp(B)  Wald
Trust Degree X1 3.528 34.071 38.454  0.000
Information sharing condition X2 2.404 11.067  25.409 0.000
Incentive degree X3 1.213 3.362 11.099  0.001
Punishment degree X4 0.000 1.000 0.000  1.000
Constant A -14.086 0.000 33.363  0.000

(4) Modeling result analysis

The significant levels of 1, x5 and x5 are basically less than 0.05. The significant
level of x4 is basically larger than 0.05. Variables including x1, x2 and x3 exert
significant influence on the model. Additionally, the x1, x2 and z3 are the order
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parameter of coordination between the food supply chain system and the external
environment.

The trust degree of food supply chain system and the external environment (z1)

The trust degree of food supply chain system and the external environment shall
exert positive influence on the coordination realization. Under the condition of to-
tally distrust, it has no way of realizing the coordination. Certainly the coordination
shall be largely probable to be realized as there is merely the normal trust between
the food supply chain system and the external environment. Furthermore, the total
trust does not even exist practically.

The information sharing condition of food supply chain system and the external
environment (x2)

The information sharing condition of food supply chain system and the external
environment shall promote the coordination realization between the food supply
chain system and the external environment. All sectors of food supply chain system
lack the original motivation to share information or encounter with the obstacle of
information sharing. For this reason, the higher the information sharing condition
is, the larger probability the coordination selection shall have.

Incentive degree of the external environment on food supply chain system (x3)

The incentive degree of the external environment on food supply chain system
shall exert positive influence on the realization of coordination. The food safety
issues are perceived as the economic issues, and they are deserved to be resolved
through adopting the economic principles. As the benefits gained through following
the incentive mechanism are larger than those gained through opportunism, the food
supply chain system turns out to be coordinated with the external environment.

5. Suggestion on constructing the coordination mechanism
between the food supply chain system and external
environment

While constructing the trust mechanism between the food supply chain system
and external environment, information sharing mechanism between the food sup-
ply chain system and external environment and the incentive mechanism between
the food supply chain system and external environment, the government shall play
its steersman role to deepen the administrative machinery reform, proactively and
effectively guide the third sector, consumer, public and all sectors of food supply
chain to participate in the coordination, stably boost the construction of third sec-
tor, establish the information sharing platform, and accelerate the construction of
overall traceability system of the food safety in virtue of the opportunity of trans-
forming the governmental functions. The third sector shall make clear its obligation
and responsibility, strengthen the self-construction and self-supervision, and build
the virtuous cycle to be supplemented with government and to realize the mutual
promotion. The consumer and public shall know the laws, understand the laws and
use the laws and massively participate in the supervision of food safety. All sec-
tors of the food supply chain system shall abide by the contract spirit, and make
practical the self-entity responsibility, strengthen the self-supervision as to seek the
innovation-based development.
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5.1. Trust mechanism of food supply chain system and ex-
ternal environment

(1) Perfect contract

The trust is characterized by the uncertainty and risk. Contract is able to ef-
fective prevent such uncertainty and risk. The practical operability and integrity
of the contract shall be elevated, the cost of the opportunism shall be elevated, the
emergency response ability towards the food safety issues shall be promoted, and the
deterrent force towards the breach of law shall be strengthened. If the uncertainty
and risk of trust are ignored, the trust itself shall result in the new food safety issues.

(2) Impartial and applicable national laws and regulation standard

The trust is characterized by the asymmetry, experience and infectivity. Any
bias applicable to the standard of laws and regulation shall result in the loss of trust
on the national public power. The foundation of trust shall be damaged.

(3) Establish and perfect food safety reputation feedback

The food safety reputation feedback can be perfected in various ways, as the
government is able to issue the enterprise exempted from inspection and release the
punished list, the third sector is able to issue the industry authentication and issue
the blacklist of the industry, the media personnel is able to report the institution
with the good reputation of food safety and expose the notorious institution of the
food safety to the public.

5.2. Information sharing mechanism of food supply chain
system and external environment

(1) Establish information sharing platform

Credit information system of all sectors of the

Based on the information sharing technology, the government shall establish and
manage the information integration center as to construct the information sharing
platform integrating finance, insurance, logistics and other services. The external
information sharing hierarchy of the food supply chain system shall be determined by
the system itself. The information sharing hierarchy of the food supply chain system
and external environment shall be determined by the government. The information
sharing platform shall mainly include the food supply chain system, risk prediction
and prevention system of food safety, food safety information traceability system
and the management system.

(2) Make the sharing prosperously through information sharing

Through the information sharing, all sectors of the food supply chain are able
to elevate the precision for predicting the requirement and promptly respond to the
market requirement. The government is able to better supervise and manage the
food safety, boost the industrial and economic prosperity and development. The
consumer and public are able to enjoy the better food safety.
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5.3. Incentive mechanism and food supply chain system and
external environment

(1) Information sharing incentive

The basis is to establish the information sharing platform, and the design of
information sharing incentive method is attached great importance. The government
and the third sector are able to jointly invite the food producer and food operator
capable of representing the industry condition to analyze the policy of developing
the food industry and industrial standard, and popularize the advanced production
technology. The government shall play the leading role, and the third sector shall
practically enter the enterprise of food producer and of food operator as to help
them with the resolution of problems faced in the production and operation. The
government shall play the leading role, and the third sector shall practically jointly
establish the training and interning base and employment base with the enterprise
of food producer and of food operator as to nurture the food personnel for the food
industry development with proficiency in theory and practice.

(2) Tax deduction and exemption

The food supervision and management department of the government shall build
the link with the tax department to deduce and exempt the tax for enterprise without
the food safety issues for a long time, especially to deduce and exempt the tax of
micro and small-sized food producing enterprise and the micro and small-sized food
operating enterprise.

(3) Lowest purchasing price of agricultural insurance and edible agricultural prod-
ucts

The edible agricultural product producer in the food supply chain system is low
in the organization degree and defective in the ability to resist the disaster. Hence,
the poverty resulting from the natural disaster is commonly occurred. The lowest
purchasing price of agricultural insurance and the edible agricultural products shall
be adopted as to help the edible agricultural producer to alleviate the loss resulting
from the natural hazard from the market value fluctuation.
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