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1. Introduction

hina is a big producer of fresh agricultural

products, with about 4 trillion tons of fruits and

vegetables entering the market every year. Fresh
agricultural products, as an important part of agriculture,
are one of the important driving forces for the growth of
agricultural economy. However, in recent years, the prices
of fruits and vegetables among fresh agricultural products
have increased greatly, while the cold chain of fresh
agricultural products has an “arch bridge effect”. Members
of both ends of the supply chain have low incomes, while
the income at the middle link is too high for the unfair
distribution of benefits. Due to the strict requirements on
transportation conditions of fresh agricultural products,
unreasonable profit distribution will lead to negative
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This article studies the problem of fresh agricultural cold chain and
constructs a comprehensive benefit distribution model with improved
Shapley value. First of all, this article considers the influence of input
factors, risk factors, effort level on benefit distribution, and uses the
entropy method , the order relationship analysis method to determine the
benefit distribution coefficient under each influence factor. Then, this article
establishes a comprehensive benefit distribution model, and uses the Topsis
method to calculate the weight of each participating enterprise. Finally, the
simulation result shows the feasibility and effectiveness of the proposed
methods. The profit distribution model in this article takes into account the
degree of contribution to participating enterprises to the cooperation and
their satisfaction with the benefits distribution, solves the problem of unfair
benefits distribution of the fresh agricultural cold chain, and thus promotes
the stability of the cooperation among participating enterprises.

cooperation attitude to supply chain members, which will
reduce the operation efficiency of the supply chain and the
quality of agricultural products, and seriously hinder the
development of cold chain of fresh agricultural products.
Therefore, how to design a fair and reasonable benefit
distribution scheme has become an urgent problem in cold
chain of fresh agricultural products.

There are few researches on the distribution of benefits
in the cold chain of fresh agricultural products, but many
scholars have studied and paid attention to the distribution
of benefits in the supply chain of agricultural products.
Huang Yong ' investigated the data of the pork industry
chain in EnShi, Hubei, and analyzed the supply of pork.
The income of chain breeding, processing, and sales
shows that the income of the sales link is much higher
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than that of processing and breeding, which greatly
affects the stability of the supply chain. Chun Feng et
al. " analyzed the situation of “low vegetables hurting
farmers” and “expensive vegetables hurting the people”,
and concluded that the main body of the supply chain
will affect the distribution of benefits. The participation
of farmers in cooperatives can increase the output and
income of agricultural products, while reducing Prices
increase overall revenue. Minghua Jin et al.”’ analyzed
the benefit distribution of agricultural product supply
chain under the background of “New Retail”, and studied
the influence of the three aspects of the supply chain’s
risk-taking, innovation ability and cooperation degree
on benefit distribution. Wenjuan Tu et al. " studied the
supply chain stability, income, and pricing of agricultural
products under different cooperative situations between
farmers and agricultural cooperatives from the perspective
of supply chain. The above literature discusses the
distribution of benefits in the supply chain in terms of
pricing, models, and partnerships, but did not involve the
decay of agricultural product freshness over time, which
affects the income of the supply chain. The freshness of
agricultural products is an important factor affecting the
sales link and the income of supply chain ©*.

In terms of interest distribution method, Shapley
value method can give consideration to both “fairness”
and “efficiency”, effectively mobilize the enthusiasm of
enterprises, and the calculation method is monotonous
and operable, so this paper intends to adopt Shapley value
method to solve the interest distribution problem of fresh
agricultural products cold chain. Representative studies
on the application of Shapley value method include:
Maersk et al. * solved the benefit distribution problem
of multi-person cooperation based on Shapley value
method. Bahinipati'” applied Shapley value method to the
cooperation field of semiconductor alliance to ensure the
fairness of benefit distribution. Jerzy Martyna * used the
Shapley value to solve the power allocation problem of
the secondary users in the Radio Network Alliance, and
verified the results with a simulation model to prove the
validity of the Shapley value. Although the Shapley value
is a relatively common method to solve the problem of
income distribution in cooperative games, this method
has certain limitations. It ignores the indirect factors that
lead to the increase or decrease of income. To solve this
problem, many scholars have improved Shapley value.
Lilin Diao et al. ® proposed the multi-weight Shapley
value method to solve the benefit distribution. . Baizhou
Li et al. " improved Shapley by using analytic hierarchy
process to determine risk factors, selected innovation
factors and risk factors of cooperative enterprises,
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and solved the benefit distribution of cooperative
enterprises. Weigan Li et al. "' studied the compensation
apportionment of various regions in the basin based on the
DEA-Shapley value model, considering the importance
of input and output in each region, and using trapezoidal
fuzzy numbers to determine the weight coefficients
of each region to improve the Shapley value method.
Compensation apportionment provides decision-making
reference. Xu et al."? used the gray correlation method to
improve the Shapley value and established a theoretical
model of the centralized market revenue distribution
mechanism, and solved the benefit distribution of the
green supply chain. Yiheng Xi et al. " used fuzzy analysis
to improve the Shapley value, considering risk, investment
and member satisfaction as influencing factors, and
constructed a supply chain cooperation benefit distribution
model. Through the above-mentioned literature analysis,
it is found that the improvement process of the Sharpley
value method has the shortcomings of strong subjectivity
or objectivity, which leads to the problem of indicator
weight deviation. On the basis of the above-mentioned
research, this article uses a combination of subjective and
objective methods to improve the shapley value model,
and discusses the distribution of cold chain benefits of
fresh agricultural products.

2. Influencing Factors of Cold Chain Profit
Distribution of Fresh Agricultural Products

It is difficult to evaluate the contribution of the partic-
ipating members in the cold chain of fresh agricultural
products to the cold chain, and the inapplicability of the
benefit distribution method will lead to non-cooperative
behavior in the cold chain cooperation of fresh agricultur-
al products and hinder the development of the cold chain
of fresh agricultural products. Therefore, by analyzing the
characteristics of the cold chain of fresh agricultural prod-
ucts and the principle of benefit distribution, this paper
proposes three factors affecting the distribution of benefits
of the cold chain of fresh agricultural products.

2.1 Equipment Investment

Investment refers to the commodities or labor used by
the enterprise in operation, the long-distance truck trans-
portation, the variety of agricultural products, the strict
and harsh transportation environment, and the high re-
quirements on the operating equipment. At the same time,
the scale of the cold chain is usually determined by the
circulation of agricultural products. All is the investment
of cold chain equipment, so equipment investment is an
important factor in evaluating the distribution of benefits
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of the cold chain of fresh agricultural products.

2.2 Fresh-keeping Effort Level

The level of fresh-keeping effort refers to the degree of
active measures taken by participating members to pre-
serve fresh agricultural products. The insurance effort
of participating members of the cold chain of fresh ag-
ricultural products is also related to market demand and
agricultural product pricing"'*. Different behaviors and
cooperative attitudes are also different, and a positive atti-
tude will inevitably increase the benefits of the cold chain
of fresh agricultural products "', Therefore, the level of
fresh-keeping effort as an influencing factor of benefit
distribution can effectively avoid participating in the neg-
ative cooperative behavior of enterprises.

2.3 Risk Assumption

In the process of cold chain cooperation for fresh agricul-

Production subject
(Farmers)

Source

Circulation subject
(Agricultural
Cooperative)

process

tural products, participating companies face the risk of
chain disconnection, time risk, production risk, etc. These
risks directly affect the operation of the participating com-
panies, resulting in a decrease in market share. In order
to reflect the benefit sharing, Risk sharing, the greater the
risk the participating companies bear, the greater the dis-
tribution of their profits. Therefore, risk-taking is an im-
portant factor affecting the distribution of benefits in the
cold chain of fresh agricultural products.

3. Problem Definition

In the fresh produce cold chain, the farmer is responsible
to order agricultural cooperatives agricultural planting,
harvesting and other work; agricultural cooperatives to
produce the collection, packaging, storage; supermarket
responsible for the procurement, orders, inspection and
other tasks, the sales of agricultural products to the mar-
ket . The cold chain operation mode of fresh agricultural
products is shown in Figure 1.

Circulation )
Sales entity

(Supermarket)
Sales Information

end

Figure 1. Cold chain operation mode of fresh agricultural products

The cold chain of fresh agricultural products has strict
requirements on operating time, temperature control,
links and service conditions. The fairness of the benefit
distribution of the cold chain of fresh agricultural products
directly affects the stability and reliability of the cold
chain of fresh agricultural products. Xiaoqing Gan et al. '*
found that the profit rate of the production link was 10%,
the monthly fund return rate was 4%, the circulation link
profit rate was 15.06%, the monthly fund return was 99%,
and the sales link profit rate was found by investigating
the Poyang Lake pig supply chain. 9.8%, and the
monthly capital return rate is 146.9%. It can be seen that
the upstream nodes that make a large contribution to
the supply chain have a lower rate of return, while the
middle and downstream nodes that contribute generally
to the cooperation have a higher profit. This reduces the
enthusiasm of many farmers to cooperate and benefits.
Unfair distribution hinders the development of the supply
chain. This paper studies the three-level cold chain of
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fresh agricultural products, considering the impact of
facility investment, preservation efforts, and risk-taking
on the benefits of the cold chain of fresh agricultural
products, using Shapley value, Topsis and other methods
to study the distribution of benefits of the cold chain of
fresh agricultural products.

To facilitate modeling, make assumptions:

(1) The participating members of the cold chain of
fresh agricultural products are all rationally involved, and
each member pursues the maximization of their own in-
terests while participating in cooperation;

(2) The implementation of the cold chain of fresh ag-
ricultural products is supported and guaranteed by agree-
ment;

(3) Before the implementation of the cold chain for
fresh agricultural products, all parties will make feasibility
predictions and cooperate only when it is “profitable”. The
distribution benefits of the cold chain for fresh agricultural
products have been estimated
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(4) Each member of the cold chain of fresh agricultural
products joins the alliance organization randomly, regard-
less of order;

(5) The cold chain of fresh agricultural products con-
sists of a farmer, an agricultural cooperative, and a seller.

4. Construction of a Cold Chain Benefit dis-
tribution model for fresh agricultural prod-
ucts with improved Shapley value

4.1 Shapley

Set N={1,2,...,n}, for any subset s in set N, there is a cor-
responding function V(S), and it satisfies:

V@)=0  7(S,US,) >V (S)+V(S,) (1)
and
SNS,=Q (2)

Then the benefit distribution determined by the Shapley
value method means:

g (V)=2W(SP[V(S)-V(S/D]i=1,2,--n 3)

W(th .

W(|S]) represents the weighting factor. S; means that
the set NV contains all the subsets of the member i. |S]
represents the number of elements in the subset S. V(S/i) is
the income after removing member i from subset S. ¢(V)=
(P1(V), p2(V),..., ¢n(V)) is the benefit distribution of the
cold chain of fresh agricultural products. The premise of
the Shapley value method is that all participating members
have an equal relationship, but it ignores the behavior
of each member that indirectly leads to the increase or
decrease of income, and cannot guarantee the fairness of
income. Participating members have different investment
in facilities and equipment, fresh-keeping efforts, and
risk-taking. These factors constitute the bargaining power
of participating members in the distribution of cold chain
benefits of fresh agricultural products. Therefore, in
the cold chain benefit distribution of fresh agricultural
products, the above-mentioned influencing factors should
be considered to revise the Shapley value of benefit
distribution.

4.2 Determination of Influencing Factor Coeffi-
cients

4.2.1 Determination of Facility Investment Coeffi-
cient

The input factors of facilities and equipment B include
the input of transport vehicles x,,, the construction of re-
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frigerated warehouses x,,, the maintenance of refrigerated
equipment x;; etc.Through the quantitative analysis of
each participating memb er’s input of facilities and equip-
ment, the weight of each participating member’s input of
facilities and equipment w” is determined:

X, X, + X5,
B
w? = 1i 2i 3i

1

5 ,i=1,2,3
Z (xy; +xy, +5,) %)

i=1

The correction factor for facility investment is

1 n
AW’ =P ==, 2 AW’ =0 When AW’ >0, it
n i=0

means that member i’s investment in the construction of
the cold chain of agricultural products is higher than the
average value of the overall input. At this time, member i
should be given more compensation in the benefit distri-

bution. When Aw® ;< 0, the benefits should be reduced.

4.2.2 Determination of the Coefficient of Preser-
vation Effort

When consumers buy agricultural products, they prefer fresh
agricultural products. According to the description of the fresh-
ness of agricultural products in the literature ', the freshness

of agricultural products is expressed as @, =6,e "™ 6,

indicates the freshness of the agricultural products at the
moment they are picked from the orchard, 0 <6, <1, Xx,;

represents the operating time of each member’s agricul-
tural products, and the above function has the following
properties:

(1) Ttt <0, it means that the freshness of agricultural

products decreases with the loss of time;
do,

ar’
al products gradually slows down with the change of time.
In order to increase the overall profit and their own
profits, each member has made efforts to preserve the
freshness of agricultural products according to their own
conditions in cooperation. 7, Indicates the natural atten-
uation index of agricultural products. After each member
adopts the preservation of agricultural products, the atten-
uation index is #=an,. a Indicates the sensitivity coeffi-
cient of preservation to the attenuation index, a € (0,1).
According to literature [18],on the assumption that prod-
uct input and cost are quadratic function, the fresh-keep-
ing input cost function of each member of the cold chain
of fresh agricultural products is defined as C=ka’, i=1, 2,
3. k represents the influence coefficient of preservation

)

> 0, it means that the freshness of agricultur-
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efforts on cost, then:
i [Ci
Hl_ _ Hoe\ [(1 \/j)ﬂo]xm} (6)

The weight of the fresh-keeping effort level of each
participating member is expressed as:

. 6,-0

i i+1
s %)

6, indicates the freshness of the supermarket selling ag-
ricultural products. The correction coefficient for the pres-

I B
ervation effort level is Aw®, = w, ——, ZAWCI- =0.When
n =0

chi >0, it means that member is actual fresh-keeping

effort level is higher than the average value of the overall
effort in the operation of the cold chain of fresh produce
of agricultural products. At this time, member i should be
given more compensation in the distribution of benefits;

When chl. < 0, the revenue should be reduced to com-

pensate other cooperative members.

4.2.3 Determination of Risk-taking Coefficient

Risk factor D includes time risk xs;, chain break risk x;;
and quality risk x,. Through the quantitative analysis of
the risk-taking of each participating member, the mea-
sured value of each indicator is standardized to obtain the
judgment matrix R=(7;),.,. This paper uses the entropy
method to determine the risk-taking weight of each partic-

ipating member ,,0 :
l

= i=(12,,n) (8)

EP =—In(n)" Y p,Inp, i=(1,2,..,n),j=(,2,.,m)

)

r.

pji = mﬂ H i:(1,2,...,"),j:(1,2,...,"’[)
3 (10)

Ji
j=1

r;indicates the normalized data of the measured val-
ue of each indicator. p; indicates the normalized mea-
surement value 7; the probability of being in the i-type

index. EZ.D represents the information entropy of each
indicator. Then the correction coefficient of risk taking

. I < .

is Aw? =w? —=, D> Aw” =0 .When Aw” >0, it
no =0

means that the actual risk taken by member i in the prac-

tice of the cold chain of agricultural products is higher

than the average value of the overall risk. At this time,

member i should be given more risk compensation during
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the benefit distribution; when Aw”, <0, it should be Re-

duce benefits.

4.2.4 Determination of Relative Coefficients
Among Influencing Factors

This paper establishes a set of influencing factors of ben-
efit distribution X={X,, X,, ..., X,,}. According to the
importance of each indicator, determine the order of the
indicators. If X, is more important than X,, it is expressed
as X>X,. The ratio of the relative importance of the eval-
uation indicators X, , and X, by experts is r,, and the value
of r, is shown in Table 2 " The order relation analysis
method is used to determine the relative weight of each

influencing factor w; .

Table 2. Attribute comparison judgment table

7 Description
1.0 Attribute X; has the same importance as attribute X,
1.1 Attribute X, is slightly more important than the attribute X,
1.2 Attribute X is obviously more important than attribute X;
1.3 Attribute X is more important than attribute X;
1.4 Attribute X; is extremely important than attribute X;
m_ m
z _ -1
wy =1+ 1Ir) " (B=mm-1,..,2) (11)
p=2"=
M e
ry=—LL (B=mm-1,.,2) (12)

Wp
4.3 Improved Shapley Value of Fresh Produce
Cold Chain Benefit Distribution Model

This article constructs the coefficient matrix A through

C

W; and wl.B W WiD. Standardize matrix A to get

matrix B = (b;),,.,,» by is the corresponding element after

standardization:
a;

i = E ) = (1,2,...,m) 13
Z(aij)Z ) ] - 9 Ligeeey ( )
i=1

b, b, .. b,
b, b .. b

B= (bij)nxm _[Pn P2 2m (14)
b, b, .. b,

Determine absolute ideal solution and negative ideal
solution:

B = {(max b,

jeJ),(minb, |j eJ )} ={b'.b;,...b,}
(15)
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B~ ={(minb,

jeJ ), (maxb,|je )} ={b.b;,...b,|

(16)
J*UJJ =J, J indicates that the larger the value,

the better the set of indicators. J represents a set of in-
dicators that the larger the value, the worse. This paper
selects 1 and 0 as the absolute positive ideal value and the
absolute negative ideal value of the positive index .

Determine the Euclidean distance of each participating
member to the positive and negative ideal point:

d; =|b, - B = \/Zm:wjf(b;—bi].)z (17)
Jj=1

O O B
j=

Determine how close each participating member is to
the ideal plan, and determine the coefficient w;:

d”/(d +d-)

S v d)

Then the improved Shapley value of fresh agricultural
products cold chain benefit distribution ¢,(V) :

ci=(1,2,...,n1) (19)

BOY = SISV (S) =V (S I+ (N)x 08~ 20)
Ses;

W(|S|) represents the weighting factor. S; means that
the set NV contains all the subsets of the member i. ||
represents the number of elements in the subset S. V(S/
i) is the income after removing member i from subset S.
w; indicates the improved benefit distribution coefficient.
d;indicates the Euclidean distance of each participating

member to the positive and negative ideal point. ¢(V)=(
&,(V), &5(V),..., ¢,(V))is the profit distribution of the cold
chain of fresh agricultural products. Whether the improved
comprehensive benefit distribution model meets the
necessary conditions for cooperation needs to be further
verified:

S 40) =L WDV ($)-V (S /D]+V (N)x (o)

Ses;

=Y (N + D V(N)x(w, —%)]
=D 4N +V(N)D (W, —%)

DN RE I

=Y 4
=V (N)

5. The Example Simulation

Currently, there are three farmers A, agricultural cooper-
ative B and supermarket C participating in the cold chain
of fresh agricultural products. It is known that the profit of
farmer A operating alone is 70,000 yuan, the profit of agri-
cultural cooperative B operating alone is 80,000 yuan, the
profit of supermarket C operating alone is 50,000 yuan;
the profits of the two-two cooperation are V,;=208,000
yuan, Vge = 179 thousand yuan, V,. = 151,000 yuan,
and the profit of the three cooperative operations V,u
= 298,000 yuan. According to the reference [17] for the
value of the relevant parameters and the value basis, this
paper sets the initial freshness 6, = 1, attenuation index
1,~0.07, k=0.5.

Table 3. Operating situation of each participating member

Main Body Cold stolrage Refrigerated truck | Refrigerator | Work time| Preservation cost (_)n-tlme rate of E(.;mpment Agr}cultuFal product
capacity agricultural products failure rate integrity rate
Farmer 2400 6 30 2 0.12 94 95 95
Agricul 1
gricultura 2600 5 40 1.5 0.11 96 97 93
cooperatives
Supermarket 1800 3 20 2.5 0.13 92 94 96

According to formulas (5) ~ (10), the weight of each participating member under different influence factors is as follows:

Table 4. Weights of participating members under different influencing factors

Influencing factors Farmer Agricultural cooperatives Supermarket
Equipment investment 0.3547 0.3198 0.3255
Freshness effort level 0.3498 0.2908 0.3594

Exposures 0.3601 0.3239 0.3160
1 2
Yy Y 1

According to formulas (11) ~ (12), ’=)?=1.1, r’=17 =1, W} = | +,%°+,7 =0.3216; The results are shown in the fol-
lowing table:
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Table S. Relative weights among influencing factors

Influencing factors Freshness effort Equlpment Exposures
level investment
Relative weight 0.386 0.2924 0.3216

Construct the coefficient matrix with the weight
coefficients in Table 4 and Table 5, and substitute them
into equations (15)~(20) to obtain the final benefit

distribution resultg.(V) .

C1 1 0.1978/(0.3803+0.1978) 1
(V) ==x253+—x10.1+29.8x[0 —2]= 1041
3 6 1.9977 3
‘ 0.1814/(0.1814+ 0.3971
40 L2064+ 1 41294208 ( )_1]:11.45
3 6 0.9977 3

! 1 0.1968/(0.1968+0.3788) 1
¢ (V) =—x14+—x18+29.8x[ —31=7:94

E) 6 0.9977

The benefit distribution results before and after the
Shapley value improvement are shown in the following
table:

Table 6. Benefit distribution before and after Shapley
value improvement

Initial Shapley 10.12 12.02 7.66

Initial allocation ratio 0.34 0.40 0.26
Facility input correction factor | 0.0214 -0.0135 -0.0078
Risk-taking correction factor 0.0268 -0.0094 -0.0173

Improved Shapley 10.41 11.45 7.94

Improve the allocation ratio 0.35 0.38 0.27

From the data in the table, it can be seen that there
is a significant difference in the income value of each
member before and after the Shapley value is improved.
From the perspective of facility investment, the correction
coefficient of farmers is greater than zero and should
be compensated. Compensation should be shared by
agricultural cooperatives and supermarkets with less
input. From the perspective of fresh-keeping effort level,
farmers’ fresh-keeping effort level is 2.14% higher than
the average, and supermarket fresh-keeping effort level is
higher than the average 0.78%. However, the correction
coefficient of agricultural cooperatives is less than zero
and should be punished to reduce the return value. From
the perspective of risk-taking, farmers performed better.
The risk of farmers exceeds 2.68% of the average.
According to the principle of proportionality between
risks and benefits "', farmers should get more rewards.

22 Distributed under creative commons license 4.0

In the initial distribution plan, the benefit distribution
coefficients of participating members are 0.34, 0.40, 0.26,
while the current benefit distribution coefficients are 0.35,
0.38, 0.27. Compared with the original plan, the benefit
distribution coefficients of farmers and supermarkets have
increased to varying degrees, while the benefit distribution
coefficients of agricultural cooperatives have decreased
more. Members with high contribution will receive more
profits, in line with the principle of high investment and
high return. The improved distribution results not only
improve the fairness of the cold chain benefit distribution
of fresh agricultural products, but also promote the
enthusiasm and stability of cold chain cooperation for
fresh agricultural products.

6. Conclusion

This paper studies the profit distribution of fresh
agricultural products in the cold chain, constructs a
profit distribution model with improved Shapley value,
and verifies it through calculation examples. The results
show that the use of Shapley value to solve the problem
of benefit distribution should fully consider other factors
besides marginal contribution. If supply chain companies
want to obtain more benefits, they must play a greater role
in equipment investment, risk-taking, and fresh-keeping
efforts. Although this paper proposes a more reasonable
cold chain benefit distribution plan for fresh agricultural
products, this paper only studies the profit distribution of
the participating companies under different cooperation
situations with precise values.The issue of benefit
distribution with clear cooperation and ambiguous returns
needs further study.
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