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This paper builds a new order agriculture supply chain model based on the characteristics of a new
mode of order agriculture. Firstly, establish an agriculture cooperative in accordance with the
development of regional economy and farmers buy a share according to the land area. Then the
agriculture cooperative gets profits by signing a contract with agricultural products acquiring
company. Part of the income is used to pay dividends for farmers. Besides, to ensure the interests of
the farmers, the cooperative will give the farmers a fixed income according to the stock. Based on
these, we build a new three-level order agricultural supply chain consisting of a company, a
cooperative and farmers. And calculate the income of cooperative under different risk aversions using
the measure of conditional value-at-risk (CVaR).Then set up a constraint optimization model, obtain
the minimum land area that farmers participate in cooperative can get more interests and the
minimum fixed income that cooperative provides by the Lagrange function and relevant KKT

Yuquan Cui conditions.
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1. Introduction

With the gradual deepening of China’s rural economic
system reform, the mode of agricultural production and
operation is also changing to meet the needs of the new market

up.

leading enterprises or introducing foreign capital, are led
by the company and signed the contract of production and
marketing with farmers.

(2) the farmers+intermediary or brokers, relying on
economy development. A new type of production and intermediary organizations to develop agricultural
management mode, “farmers+cooperative+company”, which production and management.
is a new three-level order agricultural supply chain has grown (3) the farmers+professional wholesale market, mainly

relying on the wholesale market to develop the

Order agriculture, which is also called contract farming, production and sales of agricultural products.

connects the agricultural production and the market through the (4) the farmers+scientific research market, mainly relying on
contract. That is farmers sign the contract which including the the scientific research and technology service
varieties, quality, price, quantity, delivery date of agricultural departments to sign the contract of crop seed production,
productions and responsibility and obligation of participants and develop the production and marketing of seed
with agricultural leading enterprise before production. Then industry.
farmers grow produce according to the contracts!. (5) Agricultural technology departments or merchants,

At present, there are five main forms of order agriculture in
our country:
(1) the farmers+leading enterprises, mainly relying on the

agricultural technology departments organize production
order agricultural products.

Among these, the form of “farmers+leading enterprises”
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started in nineteenth century from 30s to 40s in foreign
countries, which has a long history. It is widely adopted by
developed countries as a kind of management mode that can
effectively link the purchase and sale chain of agricultural
products. In the past 1930-1950 years, the order agriculture
developed rapidly in Europe and America. The United States,
The United Kingdom, Canada, France, Holland, Hungary and
other countries have participated in it. The agricultural
products involved in the order are mainly concentrated on grain,
animal husbandry, fruit, canned vegetable and seed production.
So order agriculture has become one of the basic features of
modern agriculture in developed countries at the end of the
twentieth century.

Compared with the developed countries, China’s order
agriculture started late and originated in the southeast coastal
area of 1980s.Order agriculture has effectively linked
production and marketing, which has changed the phenomenon
of farmers’ blind follow up in the past, and solved the problem
of sales of products, so it has been welcomed by farmers. But
compared with the complete order agricultural system in
foreign countries, the present order agriculture in China is still
in the stage of trial and exploration. Because there is no
complete financial environment support, no special laws and
the regulatory system is still in a blank state. Which leads to the
increasingly serious problems exposed in the development of
China’s order agriculture, the most prominent problem is the
low order performance rate. The survey by Jinyong Guo'? in
Jiangxi Province showed that only 38.3% of the farmers
fulfilled the contract and included farmers without full
compliance. Aiqun Wang and Ying Xia™ studies show that the
proportion of contract modes is the largest among the various
modes of agricultural industrialization in China. Among them,
the contract between farmers and the national leading
enterprises is 86%,but the order performance rate is only
20%.The main reasons are the following two aspects:

Firstly, it’s inseparable from the basic situation of farmers in
China. As we all know, there are a large number of farmers, but
the production scale of individual farmers is small, which
results in the weak position of farmers in the order agriculture.
The weak negotiation ability, the risk aversion of farmers
themselves and the factors such as price and output of
agricultural products will all affect farmers” decision-making.

Secondly, it’s also related to the unique characteristics of
order agriculture. The seasonal characteristics of agricultural
products are very strong. They have a long product lead time

but a short inventory time. The sales season is short and the
salvage value is low. Furthermore, there are many factors that
influence the output such as season, weather, natural disasters,
pests and disease and so on. Besides, prices are also affected by
the market volatility. All of these features will affect the setting
of order agricultural contracts™.

In the empirical research of Jiujie Ma, Xuegao Xu™ shows
that only under the condition of high equilibrium strength,
order agriculture can achieve low cost performance rate. But
the small scale of production and risk aversion of farmers make
farmers and companies obviously unbalanced. The research of
Bin Li and Mingzhi Liu® also confirms this. The biggest
impact of the company+farmers mode on the whole contract
agriculture is the risk from farmers, while the risk from the
external market is relatively mild.

Therefore, the low order performance rate has become the
core problem of order agriculture to be solved urgently, so
many scholars have studied this problem. The research from
the economics analysis by Yan Hul™ shows that the existence of
moral hazard and opportunism has led to the low performance
of the order due to the asymmetric information. Zylbersztajnt®
shows that the performance rate of farmers is in direct
proportion to the scale of their production from the analysis of
the influence factors. Sartwelle et al.”! studies shows that
farmers who are close to the market are more likely to default.
The empirical research by Hongdong Guo™® shows that the
order fulfillment rate of implementing the strategy of “prices
change with the market” is much higher than exercising the
other price strategies. And it’s also believed that the rate of
order performance for farmers with special requirements and
incentive measures is higher than the rate of order performance
without these provisions.

The reason of the low order performance comes down to the
facts that the unfair distribution of profit and the unbalance of
risk-taking between farmers and company. Order agriculture
not only has the risk of agriculture itself, such as natural
disasters, price fluctuations and other natural risks and market
risks, but also has institutional risk and credit risk. Liangyuan

Sun, Yueheng Zhang™!

through the analysis of the
characteristics of China’s agricultural transformation from
planned economy to market economy and gradually into the
perfect market economy and pointed out that the natural risk of
agriculture has given place to the market risk and institutional
risk. Fenggin Liut? through the study of large order

agricultural cases, further pointed out that the moral risk of the
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order agricultural contract is the hidden action. Leading
enterprise entices farmers to sign the unreasonable contract by
hiding knowledge, action, which pushes the market risk to

31 pointed out

farmers and then leads to the credit risk. Jing Liu
that the price agreement reached by both parties does not let the
market risk out, but transfers between each other. Considering
the China farmers are scattered individual farmers, they are
unable to attend the rapid change of price and variety of
agricultural products, as well as the scarce information of
cultivation, sales channels and price fluctuation of agricultural
products. A lot of information is not available to farmers or is
very expensive to get. Therefore, the great sales risk and price
risk are difficult to bear for farmers who have only a few acres
of land. On the other hand, acquiring company, as a leader, has
its absolute advantage in the transaction with farmers, because
of its decision-making system, organization system, perfect
marketing system and communication ability with the
government. As a result, scattered farmers are very hard to
freely choose their trading partners to sign contracts voluntarily,
and often have to accept supplementary contracts provided by
agricultural related enterprises with market monopoly. (Zuhui
Huang™¥, Xiaxian Ful**)

To sum up, the interests of farmers are not guaranteed, the
risk is too high, and the risk aversion of farmers themselves, all
of which lead to a serious breach of contract farming. On the
surface, the breach of contract is the short-term behavior
between farmers and enterprise, but its intrinsic root is that the
mechanism of interest risk is not sound. (Zhaosheng Xuel*®)
Hence, it is necessary to establish a coordinated contract
mechanism between farmers and company.

The investigation and study found that many places adopted
the agricultural model of “farmers+cooperative+company”.
Yanping Zhang™™s research shows that small-scale farmers
can increase the scale of production by joining cooperative,

2. Model
First, the relevant assumptions are put forward:

which improves farmers’ signing rate and ensures the
performance rate. It can be seen that the establishment of
cooperatives can not only improve farmers’ order fulfillment
rate, but also ensure farmers’ income and reduce the risk of
farmers, which is beneficial for farmers and acquiring company.
For cooperatives, signing contracts with acquiring company
has a bigger voice than a single farmer, and the risk is much
smaller than that of farmers because of a variety of agricultural
products. Further, nowadays the Internet is so developed that
cooperatives can set up a brand, use the Internet to publicize
and create brand effect, which can not only attract the attention
of people, but also attract more acquiring company and strive
for more resources for cooperatives. The rational distribution
of the interests of the cooperatives and the guarantee of the
income of farmers are the key to attract farmers to join the
cooperative. The uncertainty of the agricultural product market
makes the production plan of agricultural products also the key
to determine the profitability of the cooperatives.

Based on the above situation, this paper puts forward a new
type agricultural model of “farmers+cooperative+company”.
That is, farmers can join the cooperative and share the income
according to the proportion of their land area. Moreover, the
cooperative will provide a fixed interests to farmers according
to the size of land area, so as to ensure the basic interests of
farmers. The cooperative will hire employees to grow crops,
and farmers can also choose to be employees so that they can
get an extra salary. Build a constraint optimization model on
the basis of the supply chain model. Then calculate the
minimum land area for farmers to choose to join the
cooperative can gain more benefits and the minimum fixed
interests provided by cooperative to ensure the income of
farmers by Lagrange function, which provides a theoretical
basis for the establishment of cooperatives.

(1) The cooperative will grow N (N > 1) kinds of crops and each yield is Q; (i =1... N) .

(2) The market demand for agricultural products is x; .(x; is a non-negative random variable and its distribution function is

F () ,probability density function is f () )

(3) The prices of agricultural products are as follows:
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. r
a. Order price: w; ;

b. Market purchasing price: W (Wi is a non-negative random variable and its distribution function is G () ,probability

density function is g () W € [/-\I , B ])

. Selling price: p;.( pjis a non-negative random variable and its distribution function is H () ,probability density
function ish(-), pj € [Ci .D; ] );

The cost of growing agricultural products by cooperative is C (Qi ) (i =1... N) ;

The cooperative will employ workers to grow agricultural products and the wages of workers are proportional to the production
of agricultural products in order to increase the enthusiasm of workers. That is the whole wages of workers are

2 ¢i3Q; (°i3 > 0) .Farmers can apply to become workers. If the total number of workers is @ and among them the number
i=1

of farmers is b(O <b< a)

The fixed interests that cooperative provides for farmers is M yuan per unit area.

The total area of all farmers joining the cooperative is S ;

Agricultural products are not easy to be preserved and its selling season is short, so we ignore the final value of the products in
this paper.

For each kind of agricultural products, the company will purchase from cooperative according to the rule of “price changing
with the market”. That is, at the end of production season, if the order price is less than the market purchasing price, then
company will purchase the products at the market purchasing price; otherwise, the company will purchase at the order price.

Based on the above hypothesis, we give the revenue functions as follows™!:

The cooperative:

7o = (pigl[Qi max (wI Wi ) ~c(q)- ci3Qi] _ Ms o)
Farmers:
b ci20
. C' i
7 :(1—(/;)%[(3 max(w wr)— (QI)—cngi]+MS+':1I3I @)
= a
Company:
N
2= [py min Q. %)~ Q max (w, w )] ©

i=1

The farmers here refer to all the farmers who joined the cooperative. For a single farmer, if the land area is S, (Sl = %) (n > 1)

and the farmer chose to be a worker, then the farmer’s revenue function follows:

N
2 ci2Q
T§1 = E(:l.— ¢7)§1|:Q| maX(Wi,Wir)—C(Qi)—Cngi]+ MSl +£ (4)

n 1= a
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3. Decision Models

Although the cooperative has a certain anti-risk ability compared to individual farmers, it is not risk preference. Therefore, the
cooperative should not only consider the expected income of agricultural products, but also take into account the risk of income in
the production plan. Therefore, we use the conditional value-at-risk (CVaR) to measure the average income of cooperative below the
quantile IThen considering the decision behavior of farmers and cooperative in this case.

A specific definition of CVaR is given below:
CvaR, (g (x, y)) =E I:g (x, y) | g (x, y) <q, (y):| = 1fg(x,y)sq,7 g (X, y) D(Y) dy (5)
n

Here, E is the expectation function; 77 € (0,1] is the degree of risk aversion of decision-makers; g(X, y)is the revenue function;

p(y) is the probability density function of the random variable y ; q,, is the quantile of y .That is

q,(y)=sup{v|Prig(x,y)<vj<n} (6)

A more general definition of CVaR is given as below™:

CVaR77 (g (x, y)) = max{Vv + 717 E [min (g (x, y) -V, 0):| @)

veR

Then we calculate according to the definition.
The revenue function of cooperative is given by equation (1).The ¢ ,M and S in (1) are the fixed value defined by farmers or

cooperative. Therefore, the revenue function of a kind of products follows:

7T :Qi max(wi,wir)—C(Qi)—ci3Qi (8)

1
Then we calculate the CVaR of 7;.Letg (Qi ,v) =V+— EI:min (ﬂ'i -V, O)i|,that is

g(q.v) :v_ljZi |:v—(Qi max(wir,wi)—C(Qi)—ciSQi )T ac(wj) @

n

For ease of calculation, let D (Qi ) =C (Qi ) + ¢;3Q; ,then

o(av) =15 [- (o ~0(2))] eo(w)-=F[v-(m -0 ()] s6() e

The maximum value of g (Qi ,v) is calculated in three cases:

(@ v< inir - D(Qi),itfollows g(Qi,V):Vand%i’v):1>O
() QW —D(Q,)<v<BQ, - D(Q),it follows
r v+D(Q))
9(Q.v)-v- 71711\\4 (V - (QiWir -o(Q )))dG (w)- ;fwir A (V - (QiWi -o( )))dG (w;) 2
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29 (0;.v) l_le(w{)_l[e(w D(Q‘)]_G(W{)] 1_1({” D(Qi)jm)

ov n n Qi n Qi

a9 (Q V) 1 i
avl =g -p(Q) ™1 ” © (Wi ) (13)
(av) 1
avl lV:BiQu—D(Qi): 1_*G(Bi) <0 (14)

(@) ~v-— a1 (v=(ul ~0(9;)))as () - ;I\Zir (v- (o -0(a) e (w) a9

a9\ Qv 1 ry 1 r 1
v n n n
Assume V" is the optimal value of the maximum of g (Qi , v) tis known from the above three cases that g (Qi , v) is a concave
function of vV .Therefore,
. 1 r . -1 r .k r
if 1-—G|w; J<O0thatisO <G (H)SWi ,we can obtainv = w; Q; —D(Qi)and
n

g(Qi’V) =V = WirQi - D(Qi) (17)

L1 r o -1 . -
ifl-—G\w; ) >O0thatis wy <G (77) < BjthereisaV that satisfies

9(Qi.v)=wq - 11(;.;1(77)(% - )QidG (w)-o(e) (18)
In summary;,

w ¢ -0(Q). 0<6 " (n)=u
g(Qi,V) = {N r r 1 _
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gpigl(wirQi -o(g )) - Ms, o< (n)<w

Ty = (20)

N[ 1 ¢y r r -1
Next, we discuss the decision-making behavior of farmer and cooperative under the two cases.

310<G (;7) < wir

3.1.1 The Decision-Making Behavior of Farmer
The study by Fei Ye, Qiang Lin?"! shows that the revenue function of individual farmer without cooperative is

;sz:Qmax(W,Wr)—C(Q) (21)

Here, Q is the yield of the farmer and assume the per unit yield is ;W is the market purchasing price of the produce; W' is the

2
order price between the farmer and company. C (Q) = Cp + ¢1Q +¢,Q s the cost function of Q and C, stands for the fixed cost

of farmer such as the tool wear; C, is the input ratio of planting agricultural products, such as seeds, fertilizers, pesticides, etc; C, is
the effort ratio of farmers.
So for a farmer with the land area S, ,should he choose to participate in the cooperative or contract with company in an individual

form? If the farmer does not have labor, of course he will choose to join the cooperative. So it is assumed that the farmer has a labor.
The particular calculation is made below.
Constraint model:

min z = M$; (22)
st.—x, <0, (23)
T, =7 <0 (24)
That is
min z = MS
s.t.MnS; — q)igl(QiWir - D(Qi )) <0 (25)
> cis0
CinO:
S19 max (wr , w) -C (Slq) - E(1— go) igl[Qi max (wir VW ) — D(Qi ):| - MS$§; - ﬁ <0 (26)
n = a

Here D (Qi ) =C (Qi ) +¢i3Q; and C (Qi ) is the cooperative’s cost function of planting. Assume that
C (Qi) = Cjp *+ C1Q; +Cj2Q; - Ciois the fixed cost such as the loss of machines; C;; is the input ratio of growing crops in

cooperative, such as seeds, fertilizer, pesticide and so on. C;, is the effort ratio of cooperative.

Let
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L(Sl,l,,u)=z+ﬁ(—7re)+,u(7rf2—ﬂfl) (27)
Which is the Lagrange function of constraint model (22)(23)(24).And the relevant KKT conditions are

6L(Sl, A, ,u) r 2
7:M+A(Mn)+y qmax(w ,W)—clq—Zczq S$-M)=0 (28)

051
aL(Sl, A, ,u)
7:51+/1(n81)+y(—51):0 (29)
oM

M=7z,)=0,A>0 (30)

Obviously, the revenue function of cooperative must be positive, that is — 7z, < 0 . Hence, we can get A = O from the equation (30).
Thus, solve the equations (28)(29) and we can obtain
u=1
r
max|\w ,w)-c¢;

2¢5q

Corollary 1.1fthe M , ¢ and Q, (i =1...N )Which set by the cooperative satisfy

U GROREY > (o -0(q)) <0

2C2q i=1
C](/)(max (Wr , W) - Cl)
M > (33)
2

max(wr , w)— (o
2¢,q
r
max (w ,w) -
Prove: From the above constraint model and Lagrange function, it can be seenthat S; = is what we need. But
2C5Q
2

then the minimum area of farmer that choose join the cooperative can get more interestsis S, =

S, must satisfy inequalities (25)(26).For (25),replace the S, into it and can obtain the (32).That is

N ; Mn(max(wr,w)—c )
> -p@))> oar (34)
Then,clearly
r
N Mn{max{w ,w]-c
El(Qi max(wir 'Wi)_D(Qi ))> ( Z(Czq(p) 1) (35)
That is
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‘i(l—(p)_g (Qi maX(Wir’Wi)‘D(Qi))<—M 1_¢)(max(wryw)_01) (36)

n =1 2¢,qp

For (26), the left side is

N
2 Ci3Q;
>19max (Wr ! W) ~c(sy0) - E(1 ~0) igl(Qi mex (Wir Wi ) -o(q )) - MSs; — Eiia
n a a
(max(wr,w)—cl)2 M(l—q))(max(wr’w)—cl) M (max(wr,w)_cl) g Ci3Qj
< — CO — _ _ i=1
4c2 2C5qp 2¢5q a

(aglmaxo w)—c,)-2m fmaxw w)—g) 29
4c,q¢ a

Co

According to the inequality (33) and max (Wr , W)> C,,Ciz >0 which is set before we can get the equation above is negative.

Which satisfy the (26).

3.1.2 The Decision-Making Behavior of Cooperative

For the cooperative, how to make the production plan for each crop before the planting season begins so that it can get the
greatest interests? The calculation follows.
Constraint model:

min z = -, (37)

stz,,—m <0, (38)
N

- ZcisQi <0, (39)
i=1

z<0
Inequality (39) means that the wages of workers are positive.
Substitute the relevant functions:

> 50
C. -
s.t.Q max(wr , W) -C (Q) - i(1 - (p) g |:Qi max (er o Wi ) -D (Qi ):| - MS1 - ﬁ <0, (41)
n i=1 a
N
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N
Let L(Qi,/’l,,u)= Z+ﬂ(ﬂ'f2 —ﬂ'fl)+ﬂ(—I§1C|3Ql) (42)
And the relevant KKT conditions are

M —(P(Wir ~Cjp —265Q; - Ci3) +
oQ;

A _1(1_¢)(max(wir’wi)_cil_Ci3_ZCiZQi)_Cig +ﬂ(—ci3)=0 (43)

n a

- —o(-0;)+ —i(l—w)(—Qi)—zi ru(-q)=0 @

oL (Qi A ﬂ)
i3

ﬂ(nfz—nfl)=o,azo (45)

The condition that the cooperative attracts farmers to join is to gain more interests. Thatis 7 ¢, — 7¢4 < 0.So we can get =0

from the (45).Then substitute it into the equations (43)(44):
r
—(P(Wi ~Ci1 ~ Cj3 ~ 22Q; ) +u(-gz) =0

o(-q)+u(-q)=0

Solve them and we can obtain

H=¢
Wir —Cy
Q=—12 (46)
2c,,

Corollary 2. If the parameters set by the cooperative satisfy

N(w —c, —2C, (W —c, MS

Z{( i i1 |3X i Il)_CiO > (47)

= 4c;, ¢

M > q¢(rmx (wr,w)— cl)
2

Then the optimal production that can not only bring the cooperative the best interests but also ensure that farmers can gain more

W —Cy
incomes by joining the cooperative is Q, = '2—'1 : (I =1...N )
Ciz

Conclusion 1.when0 < G (7)< W', if the parameters set by the cooperative satis
n i

i{(wir — ¢, — 26, W' _cil)_cm} _Ms

4, ¢
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M > q¢(max (wr,w)— cl)
2

Then the optimal production of the cooperative is

r
— C .
Q=M "C% (j-1..N)
2c,,
And the minimum area that the farmers choose to join the cooperative can gain more incomes is
_ max(wr : W)— C

S
! 2¢,(

32 W <G*(n)<B,

In this case, the revenue function of the cooperative is

7, = ¢i{w{q [ "w-wac(w)-b@ )} -Ms )

3.2.1 The Decision-Making Behavior of the Farmer
Firstly, set up the constraint model,

min z=MS,
st.—r, <0,

i, — 7 <0
Substitute the functions

min z = MS,

S.t.MI’]Sl _¢i|:wirQi - D(Qi )_%J‘;l(n)(wi _Wir bidG(Wi )} <0 (49)

z CisQ,

S,q max (w', w)—c(slq)—%(1—¢)i: [@: max (wi, w! )- D(Q))]- Ms, - = —<0(s0)

Let
L(Sy, A, )= 2+ A(= ”e)"':u(”fz _”fl)-

Which is the Lagrange function of the model and the relevant KKT conditions are

W: M +1(|\/|n)+lu(q max(wr,w)—clq—ZCZqZSl—M)ZO (51)
1
LAt (s} -5,) -0 2
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M=7,)=0,1>0 (53)

Obviously,— 7, <0, thus A =0, z =1and

max(wr : W)— C,
2¢,9

S, = (54)
Corollary 3.1f the parameters set by the cooperative satisfy

N

5w -0@)-2 [ " -w sl - Ml w)-6) g,

i1 2¢,q¢

M > q¢(max (Wr,W)— cl)
2

- o : : o rnaXGNrnN}—q
Then the minimum area that the farmers choose to participate in the cooperative can gain more benefits is S; = > .

c.q
3.2.2 The Decision-Making Behavior of the Cooperative

In this case, how to make the production plan that can bring the cooperative the greatest interests? Analysis follows.
Constraint model:

min z=-x, <0

str,—my <0

- i Ci3Qi <0
i=1
Substitute the functions,
-1
minz = MS — goigll w Q- D () - ;I\Zr (”)(wi —w )Qi dc (w; ) (56)
st.
> 650
. C- i
Qmax(wr,w)—C(Q)— i (1- ¢)ig:1|:Qi max(wir,wi)— p(q )} ~ s, _'=1:" < 0(57)
N
—ElcisQi <0

LetL(Qi ,/1,;1) =1 +/l(7rf2 _”fl)+#(_iglci3Qi)'

Which is the Lagrange function of the model and the relevant KKT conditions are

M ——p| W - oy - o3 - 265Q; - 1IVGVF_1(U)(Wi B Wir)dG () |
oQ; -
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/1(_%(1_¢)(max (Wir W, )_ Cyp —Cis —2C;,Q )_ CT:j +4(—c,5)=0 (58)
aL(Qi ’/W‘) 1 Q;
R BT A e

aCi3 n a
Mzp—704)=0,420 (60)

The requirement that the cooperative attracts the farmers is the more benefits. So 7, — 7, <0 ,then we can get A =0 from

equation (60).And

H=9¢
W —Cpy — 1J.Gr (77)<Wi - W )dG(Wi )
Q = 77" (61)
2c,

From equations (58)(59).
Corollary 4. If the parameters set by the cooperative satisfy

w[z(wir —Cig _Cis)_ (Wir —Cy— P)2 _ZP]_CiO >E (62)

2, ¢

M > q¢(rmx (wr,w)— cl)
2

Here P = lfvcjir_l(n)(wi - Wir )dG (Wi )
n

Then the optimal production that can not only bring the cooperative the greatest interests but also ensure the farmers gain more
incomes by joining the cooperative is

Wir —Cjp — lfv(iir_l(n)<wi - Wir)dG (Wi )

Q =

2C|2
Conclusion 2.When Wir<G’l(77)s B, ,if the parameters set by the cooperative satisfy the inequality (62) and
r
q(p(max(w ,W)—Cl)

M > ,then the optimal production that can bring the cooperative the greatest benefits is
2

w - Cip - 1]\,(2;1(77)(% - W{)dG (Wi )
n

2C|2

And the minimum area that the farmers join the cooperative can get more incomes is
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r
max(w ,W) - Cl

Sl =
2c,q
4. Example
Assume that the cooperative grows three kinds of crops and the relevant parameters are as follows:
crops Wi w;" w; Cio Ciy Ci2 Cis G (Wir )

1 u(02) 1 1.27 300 0.2 | 000004 | 0.1 0.635
2 U@L4) | 25 2.3 500 04 | 0.00005 | 0.1 0.433
3 U(26) 4 4 700 0.6 | 0.00006 | 0.1 05

Here the market purchasing price W; obeys a uniform distribution respectively, and we choose the median Wim for comparing.
If0 < 77 < 0.433, then the optimal production of the cooperative is

r
Wi —Ci1

Qj =
2C|2

The cost function is
(@) g
C\Qi ) = Cip + ¢inQj +Cj2Q

and D (Qi ) =C (Qi ) + ¢;3Q; - Then substitute the data.

Crops 1 2 3
Qi 13375 19000 28333
D (Qi ) 11468 28050 68698
inir 16986 43700 113332
Qi max(wi s Wi ) 16986 47500 113332

Assume the individual farmer without the cooperative plants the crop 1and the relevant parameters are as follows.

W

m

w

r

W

Co

G

C,

u(o,2)

1.27

300

0.2

0.00005

2
The cost function of the individual farmer is C (Q) =y +¢qQ +¢c,Q .And the C,should be larger than C,, because of the

specialization and scale of the cooperative.

Assume that the land area of the farmer satisfy
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_ max(wr : w)— C,

S
! 2,0

Then for an individual farmer, the production is

max (wr , w) -
Q=5q= = 10700 (63)
2c2

And the revenue is

7o = Qmax (wIr , w) ~c(Q) = 54245 (64)

For a farmer that join the cooperative, firstly the fixed incomes that the cooperative provides is

ol ) ) o ) ofm( ) )

MS§, = = 5724.5¢ (65)
2 2¢,q 4cy
Obviously, the fixed incomes must satisfy MS; < 7 ¢, .That is
r 2
(p(max(w ,w)—cl) .
< (max(w ,W)— ¢ - CZQ)Q - Cp
4c,
4(max (w ,w) -C - CZQ)QCZ —4cycq
Q< =0.95 (66)

Assume that the total number of workers @ = 8and the proportion of the land area N =10 .Then the revenue of the farmer
that joins the cooperative is

3
1 3 i & Ci3Q
ri=-(1-0) izl(Qi max (wi W, ) -o(q )) P Msy + L 77182 -12385.7¢ (67)
n = a

If ¢ satisfy the inequality (66), then clearly
7718.2 —1235.7¢ > 5424.5

Thatis 7, > 7, .In this case, the changing image that 7, about ¢ isshown by the real line in the figure below. Obviously,

the larger the ¢ is, the smaller 7, is, but will not less than 7 ¢, = 5424.5 .t follows that the cooperative can ensure the interests

of the farmers and reduce the risk.
And the revenue of the cooperative is

3
7y = (p_Zl(Qi w -D(g )) — MnS, = 8857¢ (68)
1=
The changing image that 7z, about ¢ isshown by the broken line in the following figure. Clearly, the larger ¢@ is, the greater the

profit 7, .So the cooperative and the farmers must define ¢ before signing the contract.
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The scale of the cooperative in the example here is small and the benefit is low. In the actual operation, the cooperative can

expand the scale to attract more farmers and increase profits.

5. Conclusion

This paper constructs a three level order agricultural supply
chain model of “farmers+cooperative+company”, and obtain
the specific benefits of the cooperative under different
risk-aversion by the CVaR measure, then set up the relevant
constraint model and analyses the different decision-making
behaviors of the cooperative and farmers by the Lagrange
function. It follows that the minimum area that the farmers can
gain more benefits by joining the cooperative and the minimum
fixed incomes that provided by the cooperative to ensure the
farmers’ interests.

It can be seen that the establishment of the cooperative
can not only guarantee their own interests, but also ensure the
benefits of the farmers. Which can improve the contract
signing rate and the order fulfillment rate of the farmers and
provide a solution for the low performance rate in the order
agriculture.

With the rapid development of modern society, many
young people choose to go out and start their own businesses,
which leads to the increasing number of left behind elderly and
children in rural areas. Most of them are weak in labor capacity,
so the establishment of the cooperative is very important. Thus,
the cooperative mode of order agriculture will become more
and more mainstream, and this article provides a theoretical
basis for the establishment of the cooperative, which will
further develop the scale and unification of agricultural
production in China. But this article is in the perfect state of
analysis, in fact, there are many uncertainties, such as the
specific game behavior between the cooperative and

companies,  competition  between  cooperatives  and
cooperatives, which will have impacts on cooperatives’
decisions. These problems can be further studied to make the

cooperative closer to life.

References:

1. Rehber E. Vertical coordination in the agro-food
industry and contract farming: A comparative study
of Turkey and the USA.[R]Food Marketing Policy
Center, University of Connecticut,2000.

2. Jinyong Guo. Empirical study on farmer’s cooperative
behavior in agricultural product marketing---based on
the survey of farmers in Jiangxi Province. [D] Wuhan:
Huazhong Agricultural University, 2007:134.

3. Aiqun Wang, Ying Xia. Research on default in
contract and countermeasures in the operation of
agricultural industrialization.[J]JResearch on Grain
Problem, 2007(1): 17-21.

4. Fuquan Wei, Lihuang Yuan. Comparison of domestic
and foreign order agriculture and the experience of
foreign countries. [J] World Agriculture, 2010(7):
12-14.

5. Jiujie Ma, Xuegao Xu. Analysis of the market
structure and the performance of order agriculture.
[J]Problem of Agricultural Economy, 2006(2):37-42.

6. Bin Li, Mingzhi Liu. Assessment of default risk in
order agriculture a empirical analysis based on
Shandong Province. [J] Food and Nutrition in China,
2009(9):37-40.

1783

Bingjie Liu', RAJAR Volume 04 Issue 06 June 2018



10.

11.

12.

13.

14.

15.

16.

17.

18.

“Analysis of Supply Chain Optimization Model Based on new Cooperative Order Agriculture Model”

Yan Hu. Economics analysis on the performance rate
of contract farming. [J] Journal of Changchun
Engineering College: Social Sciences, 2006, 7(3),
47-49.

Zylbersztajn D. Tomatoes and courts: Strategy of the
agro-industry facing weak contract enforcement [C].
School of Economics and Business-University of Sao
Paulo, Brazil, 2003 (8):1-19.

Sartwelle J,0' Brien D, Tierney W, et al. The effect of
personal and farm characteristics upon grain
marketing practices [J].Journal of Agricultural and
Applied Economics, 2000, 32(1):95-111.

Hongdong Guo. Research on order arrangement and
performance mechanism of agricultural leading
enterprises and farmers. [D] Zhejiang: Zhejiang
University, 2005.

Liangyuan Sun, Yueheng Zhang. Characteristics and
risk management of agricultural risk in the transition
period. [J] Issues in Agricultural Economy, 2001(8):
20-26.

Fenggin Liu. Incomplete contract and the barrier to
performance based on order agriculture. [J] Research
on Economy, 2003(4):22-30.

Jing Liu. Comparison and selection of option market
and order agriculture in the risk prevention of
agricultural products market. [J]
Economy, 2012(5): 124-126.

Zuhui

perspective of

Agricultural

Huang, Wenhua Jiang. The institutional
agriculture and rural
development--theoretical review and application
analysis. [M] Beijing: China Agricultural Press,
2002(10):180-188.

Xiaxian Fu. Issues and institutional innovation in
agricultural industrialization. [J] Journal of Zhejiang
University, 2004(5):5-12.

Zhaosheng Xue. The guidance and application of
option theory to order agriculture. [J] China Rural
Economy: 2001(2):73-76.

Yanping Zhang. Analysis of implementation and
influencing factors based on order agriculture of
“farmers+cooperative+company”. [J] Journal of
Jiangxi Agricultural University: Social Sciences,
2012(4):6-12.
Giannoccaro,

Pontrandolfo. Supply  Chain

Coordination by Revenue Sharing Contracts [J]

19.

20.

21.

22.

International Journal of Production Economics,
2004(4):131-139.

Yang L, Xu M H, Yu G, et al. Supply Chain
Coordination with CVaR Criterion[J]. Asia-Pacific
Journal of Operational Research, 2009,2 6(1):
135-160.

Rockafller T.R., Uryasev S. Optimization of
Conditional Value-at-risk [J]. Journal of Risk, 2000,
2(3):21-24.

Fei Ye, Qiang Lin. Coordination contract mechanism
of order agricultural supply chain of “company+
farmers” based on CVaR. [J] System Engineering
Theory and Practice,2011(3):450-460.

Yanlian Lai, Guoping He. Optimization method. [M]
Beijing: Tsinghua University Press, 2008(12): 169-
179.

1784

Bingjie Liu', RAJAR Volume 04 Issue 06 June 2018



