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ABSTRACT

This paper put forward a new cooperative mode of agricultural order and constructed a new order agriculture
optimization model. Firstly, an agricultural cooperative was established in which farmers are shareholders
based on the proportion of the land area. Then the cooperative obtained profits by signing purchase contracts
with agricultural purchasing companies and used part of the profits to distribute dividends to farmers. The
new order agricultural supply chain optimization model of "farmers + cooperatives + sales companies™ was
constructed and the corresponding constraint optimization model under CVaR was established and discussed.
The general analysis proved that the new agricultural order model proposed in this paper has strong practical

significance.
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1. INTRODUCTION

With the deepening of China's rural economic system
reform, poverty alleviation has been on the agenda. The
application of order agriculture with the nature of forward
transaction is of great significance. Contract agriculture,
also known as contract agriculture [1], effectively connects
farmers with the market through contracts. Recently, many
scholars have studied the risk characteristics of agriculture
order [2-7]. Meantime, the scattered farmers often
passively accept additional contracts provided by
agriculture-related enterprises with market monopoly [8,9].
In essence, it is a lack of sound interest risk mechanism
[10]. Therefore, a coordinated contract mechanism is
needed between farmers and contracting companies.

It is found that considering the participation of
cooperatives can not only ensure the benefits of farmers
and reduce the risks of farmers, but also improve the order
performance rate and increase the interests of the signing
companies [11,12]. Furthermore, some scholars have
improved the agricultural order contract model by adding
contract restrictions [13-15]. Based on the previous
research results, this paper proposed a new order
agriculture model of "farmers + cooperatives + sales
companies" based on the "company + farmer" order
agriculture.

2. MODEL DESCRIPTION AND
ASSUMPTIONS

The total cooperative land area of cooperatives is S and
farmers become shareholders in cooperatives according to
the proportion of the land area. After the sales season, the
cooperative pays dividends to farmers according to the

proportion. In order to ensure the real benefits of farmers,
the cooperative will also provide farmers with a fixed

income M yuan per unit area. The type and quantity of
crops to be planted shall be determined by the cooperatives
and the cooperative society shall plant and manage a
variety of crops, assuming that the yield of each crop

is Q(i=1...N). In addition, cooperatives need to

employ workers for labor. The workers' wages are
positively correlated with the output of agricultural

products planted. The coefficient is C,;.That is, the total

N
wages of workers provided by cooperatives are ZCBQi .
i=1

It is assumed that the total number of cooperative workers
is @ among which b farmers are employed (0 <b< a).

The cooperative and the sales company sign the sales
contract in accordance with the principle of "purchase with
guarantee and follow the market". There are the following
assumptions.

1) The market demand of

the ith (i =1,...N)agricultural product is X, . X, is a
non-negative random variable where its distribution
function is F (+) and its density function is () .

2) The price assumptions for the
ith (i =1...N )agricultural product are as follows.

The order price is Wir .The market sales price is W, . W, is
the non-negative random variable
where W € [A, Bi] and G(-) is its distribution
function, g(-) is its density function. Therefore, the
cooperative and the sale company's contract purchase price
is maX(Wir,Wi). The market sales price is p;" . P/ is a

Copyright © 2020 The Authors. Published by Atlantis Press SARL.
Thisis an open access article distributed under the CC BY -NC 4.0 license -http://creativecommons.org/licenses/by-nc/4.0/. 111



ATLANTIS

PRESS

non-negative random variable where its distribution
function is H (+) and its density function is h(-) . The cost

function to grow the ith (i =1... N)agricultural product

5C(Q).

The revenue of the cooperative, the farmers and the sales
company are given as follows [16].

7, = p3[Q max(w,w)-C(Q) -¢,Q]-Ms. (1)
7, = - )X [Q max(w ) ~C(Q)~¢.Q]

N
b2 c.Q
+MS+—=2——,
a
N
T =Z[pim mln(Qi’Xi)_Qi (Wir’Wi)]' (3)
i=1
Here, farmers refer to all farmers participating in the
cooperative. For a single farmer, assuming the farmer's
land area is S1 and the farmer applies to be a worker to
plant agricultural products, the farmer's income is

(2)

7= o - 9)3[Q max(u . w) - D(Q)]
$e.0 @
+MS§, +=——
a

3. THE DECISION MODEL

The cooperative was assumed to be risk-averse. CVaR was
used to measure the average return of the cooperative [17].
The definition of CVaR is

CvaR (g(x.y))= max v+%E[min(g(x, y)—v,O)]}

. Then consider further the decision-making behaviour of
cooperatives and farmers.

Recall that the cooperative income function is Eg.l.
Where @ and M are set by the cooperative and S is the

total land area of all farmers participating in the
cooperation. Therefore, CVaR can be calculated for the

return function of the ith product,

ie.7, =Q max(w,w )-C(Q)-c,Q.
Let g(Qi,v)=v+lE[min(7ri—v,O)] . Note
n

that D(Qi):C(Qi)+Ci3Qi . Substituting 7z, into g ,
then
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g(Q.,V)=V—%IZ" [V—(Q‘W.’—D(Q‘))]‘dG(w)—%IjJ v—(Qw - D)1 dG(w,) .
The following three cases are discussed to find the
maximum of g(Qi ,V).

(@When V<QW —D(Q,) , it can be obtained
that 9(Q,V) :vandw =1>0.

(b)when QW —D(Q,)<v<BQ,—-D(Q,). it can

be obtained that M :]_.1(;(_\/+ D(Qi)) )
n Q

Furthermore,

e (Qi'V) |v—QwLD(Q)=1_£G(Wir) ,
av =i i 77

9(Q.v) 1

—Ilv:B D =1-—-G Bi <0.
PV R (B)

(©)When v>BQ -D(Q) ,

similarly, w zl—iG(Bi) <0 .
n

LetV” be the optimal solution that maximizes the return
function g(Qi,v) :
cases, g(Qi,V)is concave with respect toV .Hence the
following discussion can be obtained.

1
Whenl——G (Wir) <0,

n

ie. 0<G(n)<w , v =wQ -D(Q) can be

obtained.

By analyzing the above three

Whenl—lG(W{) >0, ie.W <G (n)<B,,V can

n
be obtained by solving the equation
1 (v +D(Q
1__6(_@0):0 .
n Q

isV' =QG(7)-D(Q,).

Then substitute V" into the return function. It can be
obtained that
9(@Q.v) =
wQ -D(Q), 0<G™(m)<w

{w{Qi L0 —w)Qdew) -DQ). W <G (<8

7 ®)
For cooperatives, the total revenue function can be
summarized as follows.
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03 (WQ ~D(Q))-MS,

(Pﬁ; WQ,—D(Q,))—MS _(pﬁ;(%ﬁrl(m (W, —w)QdG(W)), W <G (7)<B, :

T, =

When 0 < G™(77) < W, the decisions of farmers and the
cooperative are discussed below. The similar discussion
when W' < G’l(n)s B, will not be repeated in this
paper.

3.1. The Decision-making Behavior of Farmers
Similar as the article[19], the income function of
individual farmers can be expressed
as 7, =Qmax(w,wr)—C(Q) Where Q is the
agricultural production of the individual farmer, Q is the
unit output of the agricultural product, Wis the market

purchase price of the agricultural product, W' is the order
price contracted between the individual farmers and the

sales companies, andC(Q) =c, +¢Q+¢,Q’is the cost

function about the production Q .

For an individual farmer, if he has no labor force, he will
definitely choose to join the cooperative. So this paper
assumed that the farmer has a labor force. The following
constraint model can be established.

min z = MS,
st. —x, <0,
i, =7 <0,
Assuming the planting area of farmers
isS,=S/n (n >1), the model can be rewritten as

follows.
min z = MS,

st. Mns, 3 (Qu/ ~D(Q)<0, ()

S,gmax(w’,w)-C(S,q) - MS, - ZN:Cis Q /a

2 (1-9)31Q max(w; W)~ D(Q)] <0 .
nt e ®)

Where C(Qi)is the cost of the agricultural production
Q,. And C(Qi)is assumed as the quadratic function
of Q,. That is C(Qi)z Cio +CyQ, +C,,Q7 . C,,is the
fixed cost of theith agricultural product such as the lo
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0<G(p)<w
(6)

ss of production machinery. C, is the input cost coeffic
ient of theith agricultural product including seeds, ferti
lizers and so on.C,,is the effort cost coefficient.

It is easy to see that the following
equation L(Suﬂ'! ,Ll)z z +ﬁ’(_ 7Z'e)+/1(7ff2 _”fl)
is the Lagrangian function of the model in Eq.6. And the

KKT conditions are as
follows.

W = ,u(q max(w', w) —c,q - 2¢,q°S, — M )
1

+M +A(Mn)=0. (9)

LI s . 205)+ ul-5)=0 . (10

AM-7)=0,120. (11)
Since the income of cooperatives must be greater than
zero, ie. —7, <0 . It can be obtained from Eq.11
that 1 =0 Substituting A =0 into Eq9 and
Eq.10,
M + z2(qmax (W', w)—c,q - 2¢,q°S, ~M ) =0
and S, + 4£(—S,) =0can be obtained. Then 4 =1and
the following corollary can be gotten.

Corollary 1: If the parameters M ,® and Qi are set by
the cooperative,

vl o de(max(w,w)—c)

2
Mn(max(w',w)-¢,) & .
2¢,q 92 (QwW -D(Q)) <0,

the minimum land area that farmers choose to participate
max (w’ , w) -C,

meeting and

in the cooperative is S, =

2c,q

3.2. The Decision-making Behavior of the
Cooperative

As for the cooperatives, the following constraint model can
be established similarly.
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min z=MS - ¢3(Qw, ~D(Q))
st. {Qmax(wr,w)—C(Q)—Msl—icisQ,/a—
~(1-9)3[Q max(w,w)-DQ)] }<0 (12

~>6.Q <0,

The Lagrangian function
N
is L(Qi,/’t,,u): Z+/1(7z'f2 —ﬂfl)+,u(—zl‘,Ci3Qi)

where 7., —m,, <0 is the short form of the first

constraint in the model. Its KKT conditions can be
obtained similar to the former case. Since the cooperatives
want farmers to join, they will make the benefits of
farmers joining cooperatives greater than the benefits of
individual ~ farmers by setting parameters, i.e.

iy =7 <0 . From the KKT condition, A=0.

Furthermore, the corollary can be obtained.
Corollary 2: If the parameters that the cooperative set meet

i (er _Ci1_2Ci3x\Nir _Cil)_cio >ﬁ and
i=1 4Ci2
M > q¢(max(\gr : W)_ Cl) , the benefit of farmers

participating in the cooperatives will be greater than the
benefit of individual farmers. And the cooperatives can
obtain the optimal yield of maximum

r
benefitQ, = it (i =1...N).
2 i2

Thus, the cooperative can calculate the optimal production
for each crop to gain maximum profits while farmers can
also decide the minimum land area to gain more benefits.
In this way, farmers can choose to join cooperatives with
confidence, which provides a strong theoretical basis for

the establishment of cooperatives.
whenW <G™(7)<B,,

7, = wi[w{q —%ij"” (W, —w)Q)dG(w,) - D(Qi)} -Ms

is the revenue function of the cooperative? The decision of
the cooperative and the farmers can be similarly discussed.
The discussion will not be detailed here; the following two
conclusions are provided.

Corollary 3: If the parameters set by the cooperative

M > q¢(max(wr,w)—cl)
2

meet and
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SWQ -DQ) [ @, ~w)QaG(w)] > MNMXW W) ~¢,)
n 2c,q¢

the minimum land area that farmers choose to participate

in the cooperative to benefit more
max(wr : w)— C
isS; = L
2¢,q

Corollary 4: If the parameters set by the cooperative meet
max(w",w)—c

> and
w(z(wur —C, _Cis) - (Wir —Cyi— p)z -2 p)_ Cio > m
2c,, 4
where P = lIf_ril(”)(wi —w HG(W,), the output of
77 1

agricultural products obtained by cooperatives under the
premise of ensuring farmers to join cooperatives

W —c, = 57w, —w G (w,)
¥

Q= 2c

i2

4. CONCLUSION

This paper put out a "farmers + cooperative + sales
companies" agricultural products supply chain model.
CVaR analysis was used to obtain specific benefits of
cooperatives under different degrees of risk aversion. By
using Lagrange function analysis of cooperatives and
farmers decision-making behavior, the minimum land area
that farmers choose to participate in the cooperative to
benefit more can be obtained under different conditions.
According to the analysis on the establishment of the
cooperative, there are many advantages can be seen. The
cooperative can ensure its own interests and can also
ensure the profits of farmers. The introduction of the new
agriculture order mode can improve the rural farmers
signing rate and performance rate of booking farming,
providing a better solution to the problem of the rural poor
people outing of poverty. With the rapid development of
the society, many young people choose to go out to start
their own businesses. As a result, there are more and more
old people and children left behind in rural areas in China.
Most of them have weak labor ability. It can be seen that
cooperative mode order agriculture will become more and
more mainstream. This paper provided a theoretical basis
for the establishment of cooperatives.

However, the analysis was carried out in an ideal state. In
fact, there are many uncertainties in real life such as the
specific game behavior between cooperatives and sales
companies, the competition between cooperatives and
cooperatives. The uncertainties will have an impact on the
decision-making of cooperatives. These problems can be
further studied.
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