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Abstract

Based on principal-agent model, this paper tries to solve the asymmetric information problem between the investor and
agriculture leading enterprises. A mathematical model of the incentive contract is designed, on the basis of which it is
investigated the design of the incentive contract under different risk preference, the change of the income when implementing the
incentive contract and the changing trends of the contractors’ costs when an observable variable is included in the incentive
contract. The results show that the agency costs borne by agricultural leading enterprises are positively correlated with risk
appetite and external uncertainty factors, incentive cost, risk cost as well as the total agency cost of the agriculture leading
enterprises are lower when contract invest more on low carbon technology. Finally, the conclusions are verified by numerical

simulation.
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1. Introduction

With the rapid economic development,
environmental degradation and resource depletion is
becoming increasingly serious. Countries in the
world began to pay great importance to the
development of low-carbon economy (Flamos and
Begg, 2010; Zhou et al., 2017). Low-carbon
economy is achieved through low-carbon
technologies, policy innovation to reduce greenhouse
gas emissions, in order to achieve sustainable
development (Chen et al., 2014, Flamos and Begg,
2010; Minihan and Wu, 2012). As an important
economic sector, the development of low-carbon
agriculture has gradually attracted people's attention.

Low-carbon agriculture refers to the science
and technology that aims at reducing greenhouse gas

content in the atmosphere, carbon emissions, increase
carbon sinks and adapt to technologies changing. In
the development of rural market and agricultural
industrialization, the leading enterprises of
agricultural industrialization are important carriers
and main bodies of modern agricultural system.
Besides their own business, agricultural leading
enterprises  shoulder the advance of the
industrialization of agriculture, promoting the
mission of the farmers' income and promoting
regional economic development. Therefore, the
investor needs to guide the agricultural leading
enterprises, stimulate their social responsibility,
design reasonable mechanism contracts to encourage
agricultural leading enterprises to participate in the
development of low-carbon agriculture. Agricultural
leading enterprises can use advanced technology to
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reduce carbon emissions, so as to achieve the way of
low-carbon agriculture  development. It was
demonstrated that the investors support for
agricultural enterprises can increase the agricultural
production performance, having significant positive
effect on leading enterprise performance (Chen and
Jiang, 2010; Gong, 2007; Wen et al, 2014).
However, some studies showed that the support of
the investor is sometimes lacking in efficiency. For
example, Lin and Zhang (2004) applying empirical
research through 58 agricultural listed companies’
data in the 2000-2002 showed that investor support
for agriculture is inefficient, investor support does
not bring the expectations of leading enterprises
related output of the growth. Based on the micro data
of the national agricultural leading enterprises in the
2007-2009, Cui and Liu (2014) observed that the
investor's taxation applied to support the leading
agricultural enterprises operating efficiently is
inefficient or even ineffective. The support has a
significant role to promote the efficiency and value-
added tax, but it is not a policy tool that can achieve
good policy expectations. Although studies have
shown that the current investor support policies about
agricultural leading enterprises are lack of efficiency,
some researchers still think that it is necessary and
important to carry out policy support for agriculture
leading. For example, Ying and Nie (2009) found
that it is important for the development of
agricultural economy and the agricultural income
with the investor's support, but some problems in the
process of support are the key to lack of efficiency;
Liu et al. (2011) found that investor’s support is
necessary, because the vulnerability of agriculture
itself makes the growth of agricultural leading
enterprises more difficult, while the development
direction of the leading agricultural enterprises in
investor’s support is diversification. It is difficult to
effectively monitor the leading agricultural
enterprises by the investor, resulting in the loss of
efficiency. Modern economics reveals that the cause
of efficiency loss is the existence of information
asymmetry and the investor will face the same
problem when making a low-carbon production
incentive contract (the government pays a certain
amount of compensation for the environmental
benefits produced by leading enterprises in low-
carbon production) to encourage the leading
agricultural enterprises.

The principal-agent theory can provide a
framework and method for solving the problem of
asymmetric information, showing and how to use the
principal-agent theory to design incentive contract to
encourage the low-carbon production of leading
agricultural enterprises and providing the basis
decision-making for promoting agricultural low-
carbon production. For this purpose, Antle and
Stoorvogel (2006) examined the soil carbon budget
of agricultural sustainable and impoverished potential
impact of Kenya and other three countries by case
studies. Finally, the corresponding measures are
given. Willey (2011) considered that greenhouse gas
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emission trading can play an important role in the
development of low carbon agriculture. Minihan and
Wu (2012) found the main factors of carbon emission
in agricultural production process, and considers that
the resource situation, economic development level,
technical level and consumption pattern will restrict
the development of low-carbon agriculture. Luo and
Xu (2010) argued that low-carbon agriculture is a
low-energy, low-emission and low-polluting
agricultural system in the context of global warming.
Low-carbon agriculture is a kind of new agricultural
methods with many functions such as regulating
climate and ecological conservation. Zheng and Li
(2011) proposed a sustainable agricultural
development model based on agricultural greenhouse
gas emission reduction and agricultural carbon sink
increase. Zeng et al. (2013) analyzed the
development of low-carbon agriculture in China and
found that agricultural carbon emissions are
increasing year by year in most part of China, while
carbon emission has the Kuznetz inverted "U" type
curve. Also, fertilizer and agricultural film are the
main sources of agricultural carbon emissions. They
also found that the performance of low-carbon
agricultural development in the provinces of China
meets the "Porter hypothesis" and the efficiency
value of the panel data is convergent. Based on the
experience of foreign countries and the reality of
China, Peng (2015) showed that our country should
make clear the goal of "ensuring safety, promoting
low-carbon" fiscal policy that is, increasing the size
of the agricultural subsidies improving the structure
and efficiency of fiscal subsidies aspects such as
perfecting fiscal subsidies. All these should further
increase  investment in rural environmental
protection, strengthen the agricultural science and
technology innovation.

In terms of incentive mechanism of low-
carbon agriculture, there are few foreign literatures,
and domestic literature mainly focusing on the
incentive research of circular economy. To a certain
extent, low-carbon agriculture is consistent with the
circular economic goals. Zhou and Yin (2009)
proposed a subsidy mechanism and incentive policy
based on improving the clean production and
minimizing agricultural surface sources of pollution.
Wang (2014) constructed the principal-agent model
between government and agricultural leading
enterprises. The result showed that the government
should improve the incentive strength of agricultural
leading enterprises by reducing the degree of
information asymmetry and consider the external
environment of enterprises when making supportive
policies. Yang and Chen (2016) studied the incentive
mechanism of the new agricultural management to
participate in the development of low-carbon
agriculture and obtained the correlation between the
degree of uncertainty and the observability of the
results of the new agricultural management effort.
The relationship between the optimal subsidy factor
and the variance of cost coefficient, risk aversion and
uncertain factors is studied.
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Although there are some literature on the
mechanism of low carbon development in
agriculture, there are relatively few specific
incentives for low-carbon production in agricultural
enterprises and less rational research on contract
optimization. How to design the contract and
optimize it so that agricultural leading enterprises and
the investor can get the maximum benefit,
agricultural leading enterprises to actively participate
in low-carbon production is the key goal of this
study.

2. The principal-agent model

According to the basic hypothesis of "rational
man" in economics, in this article we assume that the
investor and agricultural leading enterprises are
rational that is, both sides address minimum costs to
obtain the biggest benefit. It is assumed that the
efforts of the leading agricultural enterprises in low-
carbon production can be quantified as one-
dimensional variable, e. The output of low-carbon
production of agricultural leading enterprises is
expressed in a linear function, z (Gong et al., 2017).
Their relationship is given by Eq. (1).

T=e+40 (1)

where 7 is the agricultural output of the leading
enterprises with low-carbon production efforts; the
extrinsic uncertainty is denoted by § which follows a
normal distribution 9 N(0,62) ( ¢* is low carbon
production variance of output uncertainty).
Therefore, when E(z) =e+ 6 =e,var(r) = o’ ,
the output expectation is consistent with e, and the
variance of output has nothing to do with the low-
carbon effort of the enterprise and the output function
is denoted by z(e,6) . In addition, to observe the

performance of enterprises through efforts, the
investor cannot obtain the exact information of the
efforts of enterprises.

In this paper, we assume that the investor who cannot
replace the enterprise for low-carbon production in
the enterprise's low-carbon production process, can
invest according to the observed performance of the
enterprise, but as a risk - neutral decision — maker.
The payment function is of a linear
form S (r(e,0)) given by Eq. (2):

In the payment function, a denotes fixed
income and f the incentive intensity that the investor
gives enterprises for low-carbon production (f is low
carbon production output spillover effects of an
additional unit of the reward of enterprise income
increase). The investor, as a client, guides enterprises
to low-carbon production. This article assumes that
the enterprise has the appetite for risk, while the
investor expected utility function is in the form of

Eq. (3).

E(r-S(z)=E(r—a-pr)y=—a+e(1- (3)

Low carbon production cost function for
leading enterprise is in the form of Eq. (4).

Cle)=d+be* /2 (4)

Here d is the leading enterprise of low carbon
production of fixed investment, such as staff training
and the cost of machinery and equipment. Leading
enterprises in low carbon production effort
coefficient is b. If b = e = 0, the cost of leading
enterprises in low-carbon production is zero,
indicating that leading enterprises do not carry out
low-carbon production. The Cost Function of leading
enterprises in implementing low - carbon production
is strictly increasing and the cost function is defined

as: C(e)>0,C'(e)>0,C"(e)>0, where b>0 (b is the
effort cost coefficient). The bigger parameter b is, the
greater negative effect it has. The expected revenue
of agricultural leading enterprises is in the form of

Eq. (5).

M=a+pe—d—be /2 5)

The utility function of leading enterprises is
maximized by the von Neumann-Morgenstern utility

function. We define: U =—€™, where x is the actual
monetary income and r (different value of » leading
enterprises have different risk attitude) is an absolute
risk aversion measure. The leading enterprises are
risk averse, so the cost of risk should be credited to
the total cost. Eventually, the equivalence of income
is M.

If the random variable x is the mean m and the
variance of the normal distribution n, x_(m,n*), the

expected utility of leading enterprises is in the form
of Eq. (6).

—+00 7()(7”1) -r mfi
PV)=[ Tt k= ©)
—0 n
We can get EU)=U(m) )

2 /D) —
so “rlm=rn=/2)==r(M) 4. s equivalent

to M=m—m*/2 . As 0 is the normal distribution,
and E[S(m(e,0)—C(e)l]=a + fe—-C(e) 5
Var[S(x(e,0) - C(e)]= p’c’.

We consider S (7 (e,0)- C(e) as a random

variable x. The deterministic income M is in the form
of Eq. (7).

M=a+pe—d-2pe - L p2o (7
2 2
The risk cost is denoted by » g 2o ? / 2 , that is
to say, the absolute risk attitude of the leading

enterprises, the investor incentives for low-carbon
production of leading enterprises and external factors
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of random uncertainties are positively related with
the risk cost.

We assume the utility function of the client
(the investor) is Var(z(e,0))~- S(z(e,0)) and the
utility function of agricultural leading enterprises is
Var[S(z(e,0)— C(e)]- We can get:
oV/85<0,0U/ 35 >0;07r/ Ge<0,6c/Ge>0 . According to
the efforts e of the agricultural leading enterprises,
the corresponding reward S(z(e,d)) is paid by the
principal (the investor). The model can be established
in the form of Eq. (8).

Maxg oo [V (7(e.0) = S(x(e.0)) f (0)dO

t U[S((e,0)f(0)d0-C(e) 2 s(IR)
S.
Max, [ $(7(e,0) £ (0)d0 - C(e)(IC)
)]

The incentive constraint is (IC), and the
participation constraint (/R). The participation
constraint (/R) is the minimum income if the
agricultural leading enterprises implement low-
carbon production. The principal (the investor) sets
up the incentive mechanism, and the agent (the
agricultural leading enterprise) chooses to maximize
the effectiveness of the mechanism when
participating in the mechanism (gain/loss) (Wen et
al., 2014). The principal-agent model can be
established in the form of Eq. (9).

MaxS(lr(ae,H)) —a+e(l-7)
; a+fe—d—-be*/2-rp’c?/2>0
s.
Max,a + Be—d —be’ /2-rB*c’ /2

)
3. Model analysis

There are two kinds of information between
the principal and the agent of the principal-agent
model: symmetric and asymmetric. Firstly, under the
symmetric information the principal (investor) can
observe the low-carbon production effort of the agent
(leading enterprise). Since the client (the investor)
aims to maximize its own interests, in this case, the
client do not want to pay to the agent (leading
enterprises) more remuneration. The agent model is
simplified in the form of Eq. (10):

MaxS(/r(ae,H)) - +e(1_ﬂ)_ (10)
st a+pfe—d—be*/2=s(IR)

In this case, the participation constraint (ZR) is

satisfied and the incentive compatibility constraint
(IC) does not work. Solving linear programming

problems (Eq. 10), we can geté, ﬁ (Eq. 11).

e=1/b =0 (11)
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Substituting (11) into the participation
constraint, we can get s* (Eq. 12).

s*=s(IR)+1/2b (12)

In the case of symmetric information, the
principal (investor) can give the fixed income of the
agent (leading enterprise) equal to the sum of the cost
of the effort of the leading enterprise and the
minimum retained income. At this point, the
principal (investor) can observe the leading
enterprises of low-carbon production efforts e = 1/b
and the incentive contract is Pareto-optimum.

Theorem 1: In the case of asymmetric
information, if the share of leading enterprises is
positive, in the process of low-carbon production the
leading enterprises need to bear certain risks and the
risk is positively correlated with external uncertain
factors and risk appetite. Although the principal
(investor) cannot observe the efforts of agents
(leading enterprises), the investor can achieve their
own expectations of the maximum benefit through
the implementation of a reasonable incentive
contract. When the agricultural leading enterprises
maximize their efforts to determine their equivalent
income, we can get the optimal low carbon
production enterprise efforts by the incentive
compatibility constraint conditions. If we solve the
equation:

[O(a+ fe)—d—be* | 2—rf°0° 12]/ de=0
the optimal effort level is e=//b.

In the case of asymmetric information, if
(a,pB) 1s given, the efforts of the enterprise level
equivalent to the incentive compatibility constraint.

At this time of principal-agent problems can be
established in the form of Eq. (13).

Max ) —+e(1— B)
- 13
S_t{avL,Be—d—bez /2-rB*c” > s(IR) (13

e=B/b(IC)

Because Holmstrom-Milgrom model requires
the participation constraint as Egs. (13-15), therefore,
the solution of linear programming (Eq. 13) is
available (Eq. 14):

e=p/b,f=1/(1+rbc”) (14)

From Eq. (14), we know g >0, in the process

of low-carbon production of the leading agricultural
enterprises need to bear a certain risk. That is to say,
when r = 0, the agent (leading enterprises) is
Complete risk appetite, we can get f=le=¢. When
r>0, gdecreases gradually with the increase of », we

know that the degree of incentive is getting smaller
and smaller, the agent (enterprise) of low-carbon
production efforts are gradually reduced.
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Under the asymmetric information, the
principal (investor) will have additional risk costs
due to the incentive contract compared with
information symmetry. In the case of symmetric
information, the risk - neutral principal (investor) has
full control of the agent 's efforts, and the risk cost is
zero. In the case of asymmetric information, efforts
information for the agent (business) is private. The
risk cost is 44C (Eq. 15).

MC=rfc* 12=rc> | 2(1+rbc> ) (15)

Under the asymmetric information, the
difference between the expected return under the
higher effort of the agent (firm) and the lower effort
is the incentive cost. From Egs. (11) and (14), we can
get e (Eq. 16).

e=plb<lib=c (B <)) (16)

Cost savings of low-carbon production efforts
isAC = (2ro* +br’c*)/ 2(1+rbc*)*. So the cost of

incentives under asymmetric information can be
obtained as follows AE (Eq. 17).

AE=(e —d—c(e))—(e—d—c(e)) =br’c" / 2(1+rbc”)’ (17)
Total agency cost is AC (Eq. 18):
AC =ARC+AE =rc” | 2(1+rbc?) (18)

Theorem  2: Under the asymmetric
information, the agricultural leading enterprises can
get more share of the share and reduce the risk of
agricultural leading enterprises agent when contract
invest more on low carbon technical. If the
compensation contract can be optimized, the leading
agricultural enterprises will strive to achieve the
share, so as to maximize their own expected utility.

Under the asymmetric information, we
suppose that the investor can observe the degree of
investment in low-carbon technology of agriculture is
related to outside uncertainties, and has nothing to do
with the low-carbon production efforts of leading
enterprises, so the agricultural leading enterprises of
the reward contract S(z,n)=a+ B(x+An) (4 is
the correlation coefficient of income
andy N (0,0 ) is the degree of investment in
low-carbon technology of agriculture .

Given by the Investor of the reward contract,
we can see he leading agricultural enterprises of
certainty equivalent income is
S(z,n)=a+ fe—be’ | 2—rf (0" + Vo +2Acov(m,n) /2 s
and participation constraints can be expressed as:
a+fe—bé | 2—1f (& + o +2AcoMm,n)/ 22 SUR) - As
the agricultural leading enterprises choose the best to
determine their own maximization of income, from
the first-order derivative of agricultural leading
enterprise, we can get e=f3/b.

Because 77 and e are not associated, we
know that the investor's expected return
isE(r—a-pr)=—a+(1-pP)r.

Substituting participation Constraints and
Incentive Constraint:

n}aﬁxﬂ/b —rp*(c?+ A0l +2Acov(z,n))
/2- B*/2b - s(IR)

is the objective function of the investor. From the
first derivative about 5,4, we can get B, (Egs. 19-
20).

B=1/[1+rb(c" —cov’(B,1)/ o.)] (19)
A=-covi(B.n)/ o, (20)
Because 52,0-” >cov’(B,;7) » We can see

0<pB<1. When cov(z,n7)#0 , if contract invest
more on #, it can be seen from
B=1/[1+rb(c’ —cov’(B,n)/ 0,)]>1/(1+rbo?)

that the leading share of agricultural leading
enterprises has been improved and the incentive
contract has also been improved. The risk of the
agricultural leading enterprises is in the form of Eq.

Q).
az—covz(ﬂ,n)/a,f o

[+ 700 —co (B )] (1+7bo )

21

Var(S(r,m)) =

that is to say, the risk has been reduced.
Theorem 3: In the case of asymmetric
information, when 7,7 is correlated, the investor can

observe low-carbon production technology input of
the leading agricultural enterprises. Incentive cost,
risk cost as well as the total agency cost of the
agriculture leading enterprises are lower when
contract invest more on low carbon technical.
When 7,7 has no relation with each other, the cost of

leading agricultural enterprises does not change.
Prove: Under the condition of asymmetric
information, the risk cost is AR C, - when the

investor will observe the efforts of the agricultural
leading enterprises in low carbon production level
(Eq. 22).

_ r(c? —cov’(B,m)/ o)) (22)
"2l +rb(0? —covi(Bn) | o]

The cost savings of low carbon production is
is AC, and the incentive cost is AE,7 (Eq.23).

br’(c? —cov’(B,n)/ o)’

_ (23)
T2l +rb(c? —covi(B.n) /o)

AE
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The total agency cost is AC, (Eq. 24).

2 2 )/ 2
AC, =ARC, +AE, =T~V B10,)
n " " 2l+rb(c’ —covi(B.m) ] 0,)]
(24)

By Egs. (18) and (19), we can get the
following conclusions:
- when z,n is not related, # does not affect the

contract remuneration;
- when 7 and # is negative correlation, A is negative:
When # is positive and the value of 8 is large, the
agricultural leading enterprises can reduce the
payment to avoid external impact without paying a
higher effort as they have a better external
environment. When 7 is negative, the value of 6 is
small, and the result is opposite.
- when 7 and 7 is positive correlation, A is negative:
When 7 is positive and the value of 6 is small, the
agricultural leading enterprises have poor external
environment and make great efforts for agricultural
low-carbon production. At this time, it is necessary to
increase transfer payment to avoid external
environment. When # is negative, the value of 6 is
large, and the result is opposite.

We can get the following conclusions from
Egs. (20-22):
- If cov(z,77)=0, it does not affect the agricultural
leading enterprises to bear the cost whether # is
considered.
- If cov(z,n)=0, risk costs, incentive costs and

agency costs are reduced. In the extreme case, that is
2 _ 2 2 _ _
when o* =cov’(B,7)/o, =1,=1 , the

agricultural leading enterprises strive to achieve
optimal, and does not assume any risk. Thus, for any
observed variable which contains more information
(e,@)than the original variable ( z,77), and the cost to

the variable is less than the resulting cost of agency
cost reduction, the agricultural leading enterprises
can get more rewards with lower risk when the
observed variable is included.

4. Numerical analysis

The information between the agricultural
leading enterprises and the investor is not fully
symmetrical in the process of low-carbon production.
In this paper, the author designs the mechanism that
the investor encourages the agricultural leading
enterprises to implement low-carbon production and
analyzes the influence of the low-carbon production
technology input to the agricultural leading
enterprises in the case of asymmetric information.
The above conclusions are verified by numerical
simulation. We assume that o’ = 0.8 is the
variance of external disturbance, the covariance of
low carbon production technology input factors and
the degree of agricultural low carbonization
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iscov(z,17)=0.4, the variance of input of low-carbon
production i8 57 =06 and b»=2 is low carbon

production cost coefficient. The parameter settings in
this article are shown that the external environment
of leading agricultural enterprises is better. The result
is similar when the external environment of leading
agricultural enterprises is bad, so we omit it. In this
chapter, Matlab (R2016b) software is used for
example analysis, and the results are shown as below.
Firstly, we analyze the link between the general agent
cost and the parameter changes.

4.1. Risk preference and the influence of uncertain
factors on the general agent cost

According to the set of parameters, we can get
the agency cost of agricultural leading enterprises in
low carbon production AC, as:

AC =rc® /2(1+2rc?). The results of the numerical
simulation are shown in Fig. 1.

e

Risk-appetite.

Fig. 1. The connection between 4AC and 02 N

We can see that low carbon production agency
cost is positive related to the risk preference of
agricultural leading enterprises and the uncertainties
from Fig. 1. By the first derivative of 52, , that is:

0f/ 6a =2rbc” | (a* +rbo*) >0
op/or=ba’*c’ | (a* +rbo*)* > 0.

We know that the numerical simulation results
are consistent with the change trend of o7, 7. Under

the influence of external factors and risk preferences,
agency costs are increasing, based on their own
earnings, the investor and leading agricultural
enterprises  should make the  appropriate
interpretation of the preferences.

4.2. The impact on the reward share and risk of
leading agricultural enterprises after joining n

From theorem 2, we can get the reward share
and risk of leading agricultural enterprises (details in
Table 1). From Table 1 we can get: (1) the reward
share and risk of leading agricultural enterprises is
negatively related with its risk appetite.

Uncertainty«
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Table 1. The impact on the reward share and risk of leading agricultural enterprises after joining 7]

Reward share Risk
Not joining n Joining n Not joining n Joining n
0.8621 0.9042 0.5945 0.4333
0.7576 0.8251 0.4591 0.3492
0.6757 0.7587 0.3652 0.3051
0.6098 0.7022 0.2974 0.2614
0.5556 0.6536 0.2469 0.2264
0.5102 0.6112 0.2082 0.1980
0.4717 0.5741 0.1780 0.1747
0.4386 0.5411 0.1539 0.1552
0.4098 0.5118 0.1344 0.1388
0.3846 0.4854 0.1183 0.1249

Table 2. The impact on the incentive cost, the risk cost and the agency cost after joining 77

Incentive cost Agency cost
Not joining n Joining n Not joining n Joining n Not joining n Joining n
0.0048 0.0023 0.0297 0.2166 0.0345 0.024
0.0147 0.0076 0.0459 0.0361 0.0606 0.0437
0.0263 0.0146 0.0548 0.04576 0.0811 0.0603
0.0381 0.0222 0.0595 0.0523 0.0976 0.0744
0.0493 0.0300 0.0617 0.0566 0.1111 0.0866
0.0600 0.0378 0.0625 0.0594 0.1224 0.0972
0.0698 0.0514 0.0623 0.0611 0.1321 0.1064
0.0788 0.0526 0.0616 0.0621 0.1403 0.1147
0.0871 0.067 0.0605 0.0624 0.1475 0.1221

The reward share is improved and the low
carbon production of the agriculture leading
enterprise is encouraged when an observable variable
is included in the incentive contract. (2) The risk of
agricultural leading enterprises have a certain degree
of reduced and the floating of risk change smaller
when an observable variable is included in the
incentive contract.

4.3. Impact on the incentive cost, the risk cost and the
agency cost after joining 1.

We can get the incentive cost, the risk cost
and the agency cost before and after joining #. More
details are given in Table 2.

From Table 1 we can get: (1) the risk
appreciate is positive related to the incentive cost, the
risk cost and the agency cost. (2) Incentive costs are
significantly reduced and the risk cost change which
is gradually stabilized first reduced and then rise
when an observable variable is included in the
incentive contract. (3) The agency cost has been
reduced.

5. Conclusions

The investor is not sure about the leading
agricultural enterprises low-carbon production
efficiency, while the benefits of both parties are
different due to the different incentive contracts. In
addition, the risk attitude of agricultural leading
enterprises will also affect the contract optimization

problem. This paper studies the optimization of
incentive contracts under asymmetric information
through principal-agent theory.

This paper studies the contract problem
considering the risk preference and the degree of
effort of the agricultural leading enterprises. Also, the
agricultural low-carbon production technology is
joined in the incentive contract, which is better to
eliminate the performance changes caused by non-
self-factors of agricultural leading enterprises, and a
more effective link between performance and the
efforts of agricultural leading enterprises and low
carbon production capacity is established, so that the
design of the contract is more scientific. At last, the
research is validated by numerical simulation. The
results show that the variable of agricultural low-
carbon production technology, which contains more
information than the agricultural output function of
leading enterprises, the degree of effort and the
external uncertainties are joined in the compensation
contract. The total agent cost is reduced, so as to
realize the contract between the investor and the
agriculture leading enterprise. The investor and the
agriculture leading enterprise benefit sharing and
risk-sharing can effectively promote the low carbon
agricultural production.

This study just considers the low-carbon input
of agricultural leading enterprises in the contract,
which can reduce the incentive cost, the risk cost and
the agency cost, but we does not prove the scope of
the reduction. In addition, the distribution of
uncertain factors is assumed to be normal
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distribution, but the actual production environment is
more complex, which will be further considered in
the following research.

Acknowledgments

The study is supported with the fundings from Beijing Natural
Science Foundation (041501108), the China Postdoctoral Science
Foundation (2016M591194), Beijing Municipal Commission of
Economy and Information Technology (B16M00140,B17100110)
and the National Natural Science Foundation
(71132008,71390334). We appreciate their support very much.

References

Antle J.M., Stoorvogel J.J., (2006), Predicting the supply of
ecosystem services from agriculture, American
Journal of Agricultural Economics, 88, 1174-1180.

Cui B.Y., Liu X. (2014), Does investor tax support
improve the efficiency of agricultural enterprises? -
Empirical Evidence from 482 Leading Agricultural
Enterprises in China, Economic Issues, 9, 20-25.

Chen Q.J., Jiang R.C., (2010), A study on the influence
mechanism of "Market - policy" Dual - orientation on
agricultural enterprises' performance - an example
of the agriculture leading enterprises in Pan - Yangtze
River Delta, Nankai Management Review, 13, 123-
130.

Chen H., Wei J., Zhu D.D., Fen Q., Niu W.J., (2014), How
to achieve a low-carbon economy in China: from
individual attitudes to actual consumption behaviors,
Environmental Engineering and Management Journal,
13, 1165-1172.

Flamos A., Begg K., (2010), Technology transfer insights
for new climate regime, Environment, Development
and Sustainability, 12, 19-33.

Gong D., Tang M. Liu S., (2017), Reconsidering
production coordination: a principal-agent theory
based analysis, Advances in Production Engineering
and Management, 12, 51-61.

Gong W.H., (2007), Monitoring and analysis report of the
industrialization of agriculture national key leading
enterprises, Rural Economy and Science Technology,
18, 10-12.

Luo JW., Xu L., (2010), The origin, connotation and
development countermeasure of low - carbon
agriculture, Agricultural Modernization Research, 31,
701-703.

Liu K.C., Zhang M.L., Bao L., (2011), An empirical
analysis of the effects of diversified non - agricultural
business strategies on the output performance of
leading agricultural enterprises based on the empirical
data of agricultural leading enterprises in Jiangxi
Province, China Rural Economy, 12, 25-34.

244

Lin W.L., Zhang L.Q., (2004), The efficiency of leading
enterprises in  agricultural industrialization by
investor 's tax and subsidy - a case study based on
agricultural listed companies, China's Rural Economy,
10, 33-40.

Minihan E.S., Wu Z., (2012), Economic structure and
strategies for greenhouse gas mitigation, Energy
Economics, 34, 350-357.

Peng X.Q., (2015), Research on fiscal policy to promote
the development of low-carbon agriculture, Finance
Research, 7, 34-39.

Wen F., Gong X., Cai S., (2016), Forecasting the volatility
of crude oil futures using HAR-type models with
structural breaks, Energy Economics, 59, 400-413.

Wen F., He Z., Dai Z., Yang X., (2014), Characteristics of
investors' risk preference for stock markets, Economic
Computation & Economic Cybernetics Studies &
Research, 48, 235-254

Wen F., Xiao J., Huang C., Xia X., (2018), Interaction
between oil and US dollar exchange rate: nonlinear
causality, time-varying influence and structural breaks
in volatility, Applied Economics, 50, 319-334

Wang X., (2014), Government's incentive strategy for
agricultural leading enterprises based on principal-
agent theory, Jiangxi Social Sciences, 3, 46-51.

Willey Z., (2011), Harnessing farms and forests in the low-
carbon economy, Environments, 36, 89-90.

Xu W., Zhang Z., Gong D., (2014), Cooperative supply
chain management under asymmetric information,
Journal of Applied Research and Technology, 12, 182-
191.

Yin C.B., (2009), Research on subsidy mechanism and
incentive policy of agricultural cleaner production in
China, Ecological economy, 11, 149-152.

Yang G., Chen Y., (2016), Design of the incentive
mechanism that new agricultural operators participate
in low-carbon agricultural development, Chinese
Journal of Population, Resources and Environment,
26, 94-99.

Zeng D.L., Ji F.R., Li S.F., (2013), Empirical analysis on
the development of low-carbon agriculture in China,
Chinese Journal of Population, Resources and
Environment, 23, 30-35.

Zheng H., Li Y., (2011), Analysis of low carbon
agriculture  development  model,  Agricultural
Economy, 32, 26-29.

Zhou Z., Xiao Y., Ziqi D., Liu L., Chen X., Zeng H.,
(2017), Determinants of corporate carbon efficiency:
evidence from CDP 2011-2014 questionnaire for
Standard & Poor's 500 index companies,
Environmental Engineering and Management Journal,
16, 1595-1608.

Ying LY., Nie F.Y., (2009), A tentative study on the
institutional innovation of financially supporting the
leading enterprises in agricultural industrialization,
Economic Review, 3, 104-106.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


