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Abstract—To reduce the post-harvest losses of the whole grain 

supply chain, the Chinese government often provides two kinds 

of subsidies to encourage the enthusiasm to use losses reduction 

equipment, namely, subsidizing loss reduction level or 

subsidizing loss reduction inputs. To explore which subsidy 

model is more beneficial to the loss reduction effect, four 

investment subsidy models were constructed and analyzed. The 

research indicated that: (1) When a certain condition is met, 

subsidizing loss reduction level can lead to higher returns for 

grain supply chain members than subsidizing loss reduction 

inputs. (2) Compared with the single subsidy model, the mixed 

subsidy model (subsidizing both post-harvest loss reduction 

level and loss reduction inputs) can make grain producers 

obtain higher profits. However, it failed to maximize the 

government benefit compared with only subsidizing the post-

harvest loss reduction inputs. (3) The subsidy coefficient about 

the loss reduction level is related to quality and quantity loss 

reduction levels. 

 

Index Terms—case study, game theory, grain post-harvest 

losses, losses reduction level, subsidy policy 

 

I. INTRODUCTION 

rain security is crucial for human life. Under resource 

and environmental constraints, a country's grain output 

cannot continue to increase. At this time, reducing grain post-

harvest losses is an important way to ensure grain supply. 

Grain post-harvest losses in China (hereafter, GPHL) were a 

serious problem. According to the China Agricultural Sector 

Development Report 2023, the annual losses of grain storage, 

transportation, and processing in China remain at more than 

35 billion kilograms. Studies show that about 27 percent of 

China's grain is lost or wasted each year, 45 percent of which 

is related to post-harvest handling and storage [1]. In addition, 
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the utilization rate of resources and technology in GPHL has 

stayed low. For example, the transportation proportion of 

bulk grain is only 25%, whereas 22.35% of rice is stored in 

metal containers [2]. 

To reduce the post-harvest losses of the whole grain supply 

chain, The Chinese government has developed various 

subsidy policies, as outlined in Table I. 

Table I reveals that the Chinese government often provides 

two kinds of subsidies to encourage enthusiasm to use loss 

reduction equipment, namely, subsidizing loss reduction 

level or subsidizing loss reduction inputs. In this background, 

urgent questions arise regarding the optimal investment 

subsidy model and the subsidy threshold. Therefore, in this 

paper, we will explore the following questions: 

(1) Which investment subsidy model is more effective? 

(2) What are the subsidy thresholds under different 

investment subsidy models? 

However, most of the existing research focuses on two 

aspects. Firstly, the measurement of GPHL [3]-[6], cause 

analysis [7]-[14], and reduction measures [15]-[18]. Secondly, 

subsidy strategies within the grain supply chain primarily rely 

on statistical and experimental methods [19]-[22]. Numerous 

scholars have also employed game theory to investigate 

government subsidy [19], [23]-[25]. 

Existing research has the following deficiencies:(1) GPHL 

can be divided into quality losses and quantity losses. The 

existing research on grain loss subsidy mechanisms lacks 

comprehensive consideration of grain quality and quantity 

losses. (2) Few studies have explored the impact of different 

government loss reduction subsidy models on loss reduction 

effect. Therefore, we focused on the government GPHL 

reduction subsidies (subsidizing GPHL reduction level or 

subsidizing GPHL reduction inputs) and explored the optimal 

investment subsidy model by using game theory. In addition, 

grain quality reduction level and quantity reduction level 

were considered comprehensively. 

To solve the above questions, we introduced the concepts 

of grain quantity and quality loss reduction level, along with 

their functional expressions, and refined the demand function. 

Based on the impacts of existing subsidies, we constructed 

and analyzed four investment subsidy models. The results can 

enrich the theoretical framework of GPHL reduction 

subsidies in the grain supply chain. It also provides support 

for government policy formulation and supply chain 

investment decisions. 

Our contributions are as follows: (1) We proposed novel 

concepts and functional expressions for grain quality and 

quantity loss reduction levels. Considering the convenience 

of data obtaining, we use quality and quantity loss reduction 

costs to reflect loss reduction inputs. (2) We modified the 

market demand function considering the influence of grain 
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quality loss reduction level on consumer acceptance. (3) We 

constructed four investment subsidy models and worked out 

the subsidy threshold. 
TABLE I 

SUMMARY OF RELEVANT GRAIN SUBSIDY POLICIES FROM CHINA 

Date Policy Name Policy contents 

2002 
Subsidy for high-

quality seed 

The subsidy is provided according to the 

planting area, which encourages grain 

producers to use good seeds and then 

improve grains’ yield and quality.  

2004 

Purchase subsidy for 

agricultural 

machinery 

Grain producers who buy agricultural 

machinery can receive a certain 

percentage of the subsidy. 

2004 
Direct subsidy for 

grain 

The subsidy is provided according to the 

planting area, which encourages grain 

producers to grow more grains.  

2006 Integrated subsidy 
This subsidy is mainly to compensate 

for the rising cost of production means. 

2015 

Agricultural support 

and protection 

subsidy 

This subsidy includes subsidy for high-

quality seed, direct subsidy for grain, 

and integrated subsidy. 

2016 Four subsidies 

This subsidy includes subsidy for high-

quality, the purchase subsidy for Grain, 

and the integrated subsidy.  

2016 

Subsidy for the 

protection of 

cultivated land 

capacity 

This subsidy includes the subsidy for 

high-quality Seed and the integrated 

subsidy. 

2020 

Subsidy for 

agricultural product 

loss reduction 

This policy proposes that by 2025, the 

loss rate of agricultural product 

processing should be reduced to less 

than 5%. 

2021 
Food Conservation 

Action program 

Strengthen grain production links, 

transportation links, processing links, 

and other links to reduce grain losses. 

2024 

Opinions on the 

implementation of 

subsidies for the 

purchase and 

application of 

agricultural 

machinery from 

2024 to 2026 

Subsidies shall be provided in 

proportion, and the estimated proportion 

of the subsidy amount shall not exceed 

35% in principle. 

Data Source: http://www.moa.gov.cn/ 

 

II. LITERATURE REVIEW 

Our research involved the following two aspects. Firstly, 

we focused on the post-harvest losses within the grain supply 

chain. Secondly, subsidy strategies of the grain supply chain. 

A. Post-harvest losses of grain supply chain 

Research on post-harvest losses within the grain supply 

chain predominantly focuses on three areas: (1) Measurement 

of GPHL. In developing countries, post-harvest losses can 

reach up to 70% [3]. Accurately measuring the losses is 

crucial for understanding the severity of the problem and 

developing effective intervention strategies. Therefore, many 

studies focused on the measurement methods of GPHL [4]-

[6]. (2) Cause analysis. People often attribute it to outdated 

harvest techniques and inadequate post-harvest infrastructure 

[7]. Some scholars also carried out specific analyses of each 

supply chain link [8]-[12]. Research has shown that 

traditional harvesting and threshing methods lead to 

substantial grain spillage and damage. Insufficient drying 

facilities and poor storage conditions make the grain 

susceptible to pests, mildew, spoilage and so on [13], [14]. 

The presence of foreign objects in rice collections is known 

to pose significant concerns for both food safety and product 

quality. [15] (3) Reduction measures, such as variety 

improvement, farmer education, enhanced storage techniques, 

and integrated pest management, are implemented. [16]-[19]. 

B. subsidy strategies of grain supply chain 

Studies on subsidy strategies within the grain supply chain 

primarily rely on statistical and experimental methods. For 

instance, Yi et al. [20] examined the impact of grain subsidies 

on farming households, while Ricker-Gilbert and Jones [21] 

studied the effects of corn warehousing subsidies on farmer 

adoption behavior. Other works assessed the introduction of 

new storage technologies [22] or analyzed the impacts of 

agricultural machinery subsidies [23]. Numerous scholars 

have also employed game theory to investigate government 

subsidy [20], [24]-[28], although few have applied it 

specifically to GPHL reduction subsidy strategies [29], [30]. 

Current research reveals two significant gaps: (1) Few 

studies incorporate game theory, taking into account both the 

reduction of quantity and quality losses when examining 

government subsidy policies. (2) There's a dearth of 

comparisons between subsidizing GPHL reduction level and 

GPHL reduction inputs, along with an exploration of subsidy 

thresholds under different models. This research 

comprehensively discussed government subsidy strategies 

that take into account the reduction of grain quality and 

quantity losses. 

 

III. PROBLEM PRESENTATION 

In our study, we chose grain producers and the government 

as our research subjects. If the grain producer invests in 

GPHL reduction equipment, the Chinese government will 

provide a series of subsidies. We divided these subsidy 

models into the following three types: subsidizing GPHL 

reduction inputs independently, subsidizing GPHL reduction 

level independently, and subsidizing both GPHL reduction 

inputs and GPHL reduction level. Therefore, four investment 

subsidy models were constructed, namely, NCL, CNL, LNC, 

and CLB (this is shown in Fig.1). We refer to the CNL and 

LNC models as a single subsidy strategy, while we describe 

the CLB model as a hybrid subsidy strategy. 

Subside GPHL 

reduction inputs

Subside GPHL 

reduction levels

Subside both GPHL 

reduction inputs and levels

Adopt the GPHL 

reduction equipment

Without adopting the 

GPHL reduction 

equipment

Grain producers The government

No subsidy policy

Model 

NCL

CNL

LNC

CLB

 
Fig. 1  Four investment subsidy models 
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A. Parameter Specification 

Table II displays the parameters used in our research. 
TABLE II 

THE DESCRIPTION OF THE RELATED VARIATE 

Parameter Explanation 

1  
The unit quantity loss coefficient of grain producers before 

adopting GPHL reduction equipment. 

c  The plant cost of grain producers. 

C  The GPHL reduction inputs of grain producers. 

a  Basic demand for grain. 

m  The unit yield of grain. 

0q  
The initial quality of grain during the harvest stage is 

important. 

1  
The quality loss coefficient of grain producers before 

adopting GPHL reduction equipment,
11 0  . 

1k  
The cost coefficient of the quantity loss reduction from 

grain producers. 

2k  
The cost coefficient of the quality loss reduction from grain 

producers. 

i  { , , , }i NCL CNL LNC CLB= . 

ip  The retail price of grain in the i  model. 

maxp  The price is when the market demand equals zero. 

s  The subsidy coefficient of loss reduction inputs. 

1F  The subsidy coefficient of loss reduction level. 

1  

The loss coefficient per unit quantity of grain producers 

when the government subsidizes loss reduction inputs, 

10 1  . 

1  
The quality loss coefficient of grain producers when the 

government subsidizes loss reduction inputs, 
1 1  . 

'

1  

The loss coefficient per unit quantity of grain producers 

when the government subsidizes loss reduction level，
'

10 1  . 

'

1  
The quality loss coefficient of grain producers when the 

government subsidizes loss reduction level, 
'

1 1  . 

  
The reduction level of quantity losses when the government 

subsidizes loss reduction inputs, 
11 = − . 

  
The reduction level of quality losses when the government 

subsidizes loss reduction inputs, 
1 1 = − . 

'  
The reduction level of quantity losses when the government 

subsidizes loss reduction level, ' '

11 = − . 

'  
The reduction level of quality losses when the government 

subsidizes loss reduction level, 
' '

1 1 = − . 

B. Assumptions 

(1) We assume that the unit yield of grain is m . Before 

grain producers adopt the GPHL reduction equipment, the 

unit quantity losses of grain producers can be expressed as 

1m . When the government subsidizes GPHL reduction 

inputs, the unit quantity losses of grain producers are 1 1m  . 

Thus, the GPHL reduction level 
( )1 1 1

1

1

1
m m

m

  
 



−
= = − . 

When the government subsidizes the GPHL reduction level, 

the unit quantity losses of grain producers are 1 1
' m  . Thus, 

the GPHL reduction level 
( )1 1 1' '

1

1

1
m m

m

  
 



−
= = − . 

Similar to Liu and Ls et al. [31], [32], the quantity losses 

reduction cost 2
1 2k  (or ' 2

1( / 2)k  ). 

Without adopting the 

GPHL reduction 

equipment

Adopt the GPHL 

reduction equipment

Subside GPHL 

reduction inputs

Subside GPHL 

reduction levels

0q

0q

0q

1 0(1 )q−

1 1 0(1 )q −

'
1 1 0(1 )q −

Product flow Quality attenuation

Grain producers Consumers

 
Fig. 2.  Deterioration situation of grain quality in different loss reduction 

backgrounds 

(2) We assume that the initial quality of the grain at the 

harvest stage is 0q (see Fig. 2). Before grain producers adopt 

the GPHL reduction equipment, the quality of the grain 

decreases to ( )1 01 q− . When the government subsidizes 

GPHL reduction inputs, the quality of grain decreases to 

( )1 1 01 q −  (due to 1 1 = − , ( ) ( )1 1 01 1q  − = +

( )1 01 q − ). When the government subsidizes GPHL 

reduction level, the quality of grain decreases to 

( )'
1 1 01 q −  (due to '

1 1  = − ， 

( ) ( )( )'
1 1 0 1 01 1 1q q   − = + − ). Here, 

( ) ( )1 1 11 1 1 0   −  −   and ( )'
1 11 1  −   

( )11 0−  . 

(3) When the government subsidizes GPHL reduction 

inputs, the quality losses q  are 1 1 0( 1)(1 )q − − , and the 

reduction level of quality losses are 1 0(1 )q q − =  

1( 1) − = . When the government subsidizes the GPHL 

reduction level, the quality losses q  are '
1 1 0( 1)(1 )q − − , 

and the reduction level of quality losses is 1 0(1 )q q − =  

' '
1( 1) − = . Like Chen & Chen [33] and Mla et al. [34], we 

assume that grain producers’ inputs of quality loss reduction 

are 2 2
2 1 2( 1) 2 2k k − = (or ' 2

2 1( 1) 2k  − = ' 2
2 ( ) 2k  ). 

(4) Considering the convenience of data acquisition about 

GPHL reduction cost, we proposed to use quality loss 

reduction cost and quantity loss reduction cost to reflect the 

GPHL reduction inputs. Namely, the GPHL reduction inputs 

of grain producers equal 2 2
1 22 2C k k = +  (or C =

' 2 ' 2
1 2( ) 2 ( ) 2k k + ). 

(5) Similar to Nie et al. [35] and Zhang et al. [36], we 

assume that the demand formula can be as 

1 2

1 0a ( 1) (1 )
z zi

iD p q = − + + − . When { }i NCL= , 2z =1  

and 1z =0 , otherwise, 2z =1  and 1z =1 . 

(6) To stimulate grain producers to reduce GPHL, the 

government will offer a subsidy with a variable coefficient. 

We assume that coefficient s  or 1F . 

(7) Consumer surplus is an important index to measure 

consumer welfare. It reflects the difference between the 

actual market price and the maximum price that consumers 

are willing to pay for a certain quantity of goods. The function 
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expression of consumer surplus in this paper is as follows: 

2

2

mas

i

p

i
i

p

D
CS D dp= = . 

(8) We assume that the grain demand is in tight equilibrium, 

that is, the output is saleable. 

 

IV. RESULTS 

A. NCL Model 

In the NCL model, grain producers will not adopt the 

GPHL reduction equipment. The profit functions of grain 

producers and the government are as follows: 

1( ) (1 )NCL NCL NCL
p p c D = − −  (1) 

NCL NCL NCL
g p CS = +  (2) 

From equations (1) and (2), we can get proposition 1 (the 

analysis process sees Appendix A-1).  

Proposition 1. In the NCL model, we constructed the 

optimal decision about equilibrium price, and benefits of 

grain producers and the government (see Eq. (3) and Eq. (4)). 

* 0 1

* 0 1

+ (1 )

2

+ (1 )

2

NCL

NCL

a c q
p

a c q
D





+ −
=


− − =



 (3) 

2
* 1

2
* 1

(1 )

4

3 2

8

NCL
p

NCL
g

A

A







 −
=




−
=



（ ）
 (4) 

Here, 
0 1+ (1 )A a c q = − − . 

B. CNL Model 

In the CNL model, grain producers will adopt the GPHL 

reduction equipment, and the government will subsidize the 

GPHL reduction inputs. The profit functions of grain 

producers and the government are as follows: 

1

2 2
1 2

( ) [1 ( 1) ]

(1 )[ k ]
          

2

CNL CNL CNL
p p c D

s k

  

 

= − − +

− +
−

 (5) 

2 2
1 2[ k ]

2

CNL CNL CNL
g p

s k
CS

 
 

+
= + −  (6) 

From equations (5) and (6), we can get Proposition 2 (the 

analysis process is similar to it in Proposition 1). 

Proposition 2. In the CNL model, we constructed the 

optimal decision about equilibrium price, and benefits of 

grain producers and the government (see Eq. (7) and Eq. (8)). 

* 0 1

* 0 1

( 1) (1 )

2

( 1) (1 )

2

CNL

CNL

a c q
p

a c q
D

 

 

+ + + −
=


− + + − =



 (7) 

2 2 2
* 1 1 2

2 2 2
* 1 1 2

[1 ( 1) ] (1 )[ k ]

4 2

[3 2 ( 1)] k

8 2

CNL
p

CNL
g

E s k

E k

   


   


 − + − +
= −




− + +
= −



 (8) 

Here, 
0 1( 1) (1 )E a c q = − + + − . 

According to proposition 2, we can get inference 1 (the 

analysis process sees Appendix B-1). 

Inference 1. 

① 
*

0
CNLp

s


=


, 

*

0

CNL
p

s





, 

*

0

CNL
g

s


=


 

From ① in inference 1, we can get that in the CNL model, 

the subsidy coefficient of GPHL reduction inputs ( s ) does 

not influence the equilibrium price and the government 

income ( *CNLp  and *CNL
g ), but positively correlates with the 

grain producers income ( *
p
CNL ). 

The phenomenon can be attributed to the following factors. 

Grain producers typically face high marginal production costs. 

The government subsidy for GPHL reduction inputs can 

effectively address economic limitations of scale. In this way, 

the marginal costs for grain producers are reduced, which 

increases the supply of grain. Because of the tight balance of 

grain demand in the grain market, the income of grain 

producers will be increased. However, the subsidy 

predominantly impacts the supply side. Due to the 

assumption that output is saleable, the equilibrium price is not 

influenced by the subsidy coefficient. In other words, the 

government subsidy does not directly lead to a decrease in the 

equilibrium price but rather alleviates supply constraints. 

Furthermore, government subsidies, as a form of market 

intervention, primarily serve to assist grain producers in 

ensuring the continuity of production and the stability of 

supply. It doesn’t aim to regulate the equilibrium price or 

increase the government’s income. 

② 
*

0
CNLp




=


, 

*

0

CNL
p







, 

*

0

CNL
g







 

From ② in inference 1, we can see that quantity loss 

reduction level (  ) does not influence equilibrium price 

( *CNLp ), but negatively correlates with both producer and 

government income ( *CNL
p  and *CNL

g ). 

This phenomenon can be attributed to the following factors. 

The demand for necessities such as grain is relatively stable 

and has a low-price elasticity. Therefore, the equilibrium 

price is not affected by the reduction level of quantity losses. 

In addition, any reduction in quantity losses enables grain 

producers to sell more grain, which in turn leads to an 

increase in storage and transportation costs. Since the 

equilibrium price of grain remains unchanged, the additional 

revenue generated by selling more grain is not enough to 

offset these increased costs. Government revenue is 

composed of the profits of supply chain members, consumer 

surplus, and related subsidy expenditures. The decline in 

grain producers’ profits leads to a decrease in government 

revenue. 

③ 

*

*

0 1 1

1

*

0 1 1

2 2
2 0 1 1

0

(1 )[ ( 1) 1]
0

2 ( 1)

( 1)[2 ( 1) 3]
0

4 ( 1) [3 2 ( 1)]

CNL

CNL
p

CNL
g

p

q E

k s

Aq

k q



   




   


   





 − + −

= =
 −

 − + − = =
  − − − +

，

，
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From ③ in Inference 1, we can see that quality loss 

reduction level (  ) positively correlates with equilibrium 

price ( *CNLp ). When the reduction level of quality losses (  ) 

is below a certain threshold, it positively correlates with both 

producer and government income ( *CNL
p and *CNL

g ). 

Conversely, it negatively correlates above this threshold.  

This phenomenon can be attributed to the following factors. 

As the reduction level of quality losses increases, the quality 

of grain supplied in the market improves. In this case, 

consumers are willing to pay a higher price. This willingness 

increases the equilibrium price. For grain producers, when the 

reduction level of quality losses is below a certain threshold 

(Here, we got 0 1 1

1

(1 )[ ( 1) 1]

2 ( 1)

q E

k s

  


− + −
=

−
), the rise in 

equilibrium price enables grain producers to sell grain at a 

higher price, thereby increasing profits. However, as the 

reduction level of quality losses continues to rise, the 

marginal benefits decrease. When the reduction level of 

quality losses is higher than this threshold, the cost of further 

increasing the reduction level of quality losses will be higher 

than the profit brought by the improvement in grain quality. 

Due to the increase in grain producer income, government 

revenue will also increase under certain circumstances. When 

the reduction level of quality losses is lower than a certain 

threshold, the government income increases (Here, we got 

0 1 1

2 2
2 0 1 1

( 1)[2 ( 1) 3]

4 ( 1) [3 2 ( 1)]

Aq

k q

  


  

− + −
=

− − − +
). However, when the 

reduction level of quality losses exceeds this threshold, the 

government income decreases.  This could be because the 

revenue from improved grain quality is insufficient to cover 

the associated subsidy expenditures. 

C. LNC Model 

In the LNC model, grain producers will implement the 

GPHL reduction equipment, and the government will 

subsidize the GPHL reduction level. The profit functions of 

the grain producers and the government are as follows: 
'

1

' 2 ' 2
' '1 2

1

( ) [1 ( 1) ]

( ) ( )
           ( )

2

LNC LNC LNC
p p c D

k k
F

  

 
 

= − − + −

+
+ +

 (9) 

' '
1( )LNC LNC LNC

g p CS F   = + − +  (10) 

From equations (9) and (10), we can get Proposition 3 (the 

analysis process is similar to it in Proposition 1). 

Proposition 3. In the LNC model, we constructed the 

optimal decision about equilibrium price and benefits of grain 

producers and the government (see Eq. (11) and Eq. (12)). 
'

* 0 1

'
* 0 1

( 1) (1 )

2

( 1) (1 )

2

LNC

LNC

a c q
p

a c q
D

 

 

 + + + −
=




− + + −
=

 (11) 

' 2 ' ' 2 ' 2
* 1 1 2

' '
1

' 2 ' ' 2 ' 2
* 1 1 2

( ) [1 ( 1) ] ( ) ( )

4 2

             ( )

( ) [3 2 ( 1)] ( ) ( )

8 2

LNC
p

LNC
g

E k k

F

E k k

   


 

   


 − + +
= −


+ +


− + + = −



 (12) 

Here, ' '
0 1a ( 1) (1 )E c q = − + + − . 

According to Proposition 3, we can get inference 2 (the 

analysis process sees Appendix B-2). 

Inference 2. 

① 

*

1

0
LNCp

F


=


, 

*

1

0

LNC
p

F





, 

*

1

0

LNC
g

F


=


 

From ① in inference 2, in the LNC model, the subsidy 

coefficient ( 1F ) of the loss reduction level does not influence 

the equilibrium price and the government income ( *LNCp and

*LNC
g ), but positively correlates with the grain producers 

income ( *
p
LNC ). 

The main reasons for this phenomenon are as follows. 

Restricted by many factors such as land resources and 

technological input, grain producers often face higher 

marginal costs. Government subsidies increase the marginal 

benefits of grain producers by covering part of the costs. 

Therefore, the subsidy coefficient is positively correlated 

with the income of grain producers. In a tight equilibrium 

market, the equilibrium price is greatly affected by the 

demand side, while government subsidies mainly affect the 

supply side. They do not directly lead to a drop in the 

equilibrium price, but rather ease supply constraints. As a 

form of market intervention, the main function of government 

subsidies is to support grain farmers and ensure the continuity 

of production. 

② 

*

'

* 2
' 1 1

'
1

*

'

 0

4
0

0

LNC

LNC
p

LNC
g

p

F E

k



 









=


 −

= =



 
 

，  

From ② in inference 2, we can see that the reduction level 

of quantity losses (
' ) does not influence the equilibrium 

price ( *LNCp ), but negatively correlates with the government 

income ( *LNC
g ). When the reduction level of quantity losses 

(
' ) is below a certain threshold, it positively correlates with 

the income of grain producers ( *LNC
p ). Conversely, it 

negatively correlates above this threshold. 

This phenomenon can be attributed to the following factors. 

In a tight market, grain demand is relatively stable and price 

elasticity is low. Therefore, the reduction level of grain 

quantity losses will not affect the equilibrium price. For grain 

producers, profits will increase as the reduction level of 

quantity losses increases when the level is below a certain 

threshold (here, we got 
2

' 1 1

1

4F E

k




−
= ). This is because the 

cost of loss reduction measures is relatively low in the initial 

stage, but the effect is significant. The increase in grain 

production makes up for the costs borne by grain producers. 

Therefore, the profits of grain producers in the initial stage 

are positively related to the reduction level of quantity losses. 

However, as grain producers continue to increase the 

reduction level of quantity losses, their marginal benefits 
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continue to decrease. Once the threshold is exceeded, the 

costs of further reducing losses become large. The additional 

benefits brought by increased grain production are not 

enough to offset these costs, thus showing a negative 

correlation. Furthermore, the additional income of grain 

producers and consumer surplus are not enough to offset the 

cost of subsidies, so government revenue is negatively 

correlated with the reduction level of quantity losses. 

③ 
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* '
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' 2 2 '
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* '
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From ③ in inference 2, we can see that the reduction level 

of quality losses ( ' ) positively correlates with equilibrium 

price ( *LNCp ). When the reduction level of quality losses ( ' ) 

is below a certain threshold, it positively correlates with both 

producer and government income ( *LNC
p and *LNC

g ). 

Conversely, it negatively correlates above this threshold.  

The emergence of this phenomenon can be attributed to the 

following factors. As the reduction level of quality losses 

increases, the quality of market grain supply improves, and 

consumers are willing to pay higher prices, causing the 

equilibrium price to rise. For grain producers, the cost of loss 

reduction measures is relatively low in the initial stage, and 

the effect is significant. The increase in equilibrium prices 

allows grain producers to obtain higher profits, making up for 

the costs of reducing grain losses. Therefore, the reduction 

level of quality losses is positively related to the income of 

grain producers in the early stages. However, as grain 

producers continue to increase the reduction level of quality 

losses, their marginal revenue decreases, and the additional 

revenue is not enough to offset the cost of inputs. The income 

of grain producers will be negatively related to the reduction 

level of quality losses (here, we got the threshold
'

' 1 0 1 1

2 2 '
2 0 1 1

(1 )[ ( 1) 1]

2 ( 1) [ ( 1) 1]

F Aq

k q

  


  

− − + −

+ − + −
＝ ). From the aspect of the 

government, the profits are positively correlated with the 

reduction level of quality losses when certain conditions are 

met (here, we got 

'
' 0 1 1

2 2 '
2 0 1 1

( 1)[2 ( 1) 3]

4 ( 1) [3 2 ( 1)]

Aq

k q

  


  

− + −
=

− − − +
). 

However, the marginal returns diminish as the reduction level 

of quality losses continues to rise. Once the threshold is 

exceeded, the additional profits of grain producers no longer 

cover the costs, thereby affecting the government's income. 

D. CLB Model 

In the CLB model, grain producers will adopt the GPHL 

reduction equipment, and the government will subsidize both 

GPHL reduction inputs and GPHL reduction level. The profit 

functions of both the grain producer and the government are 

outlined below: 

'
1

' 2 ' 2
' '1 2

1

( ) [1 ( 1) ] (1 )

[ ( ) ( ) ]
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CLB CLB CLB
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 (14) 

From equations (13) and (14), we can get Proposition 4 (the 

analysis process is similar to it in Proposition 1). 

Proposition 4. In the CLB model, we constructed the 

optimal decision about equilibrium price, and benefits of 

grain producers and the government (see Eq. (15) and Eq. 

(16)). 
'

* 0 1

'
* 0 1

( 1) (1 )

2

( 1) (1 )

2

CLB

CLB

a c q
p

a c q
D

 

 

 + + + −
=




− + + −
=

 (15) 

' ' 2
* ' '1

1

' 2 ' 2
2 1

' 2 ' ' 2 ' 2
* 1 1 2

[1 ( 1) ]( )
( )

4

(1 )[ ( ) ( ) ]
    

2

( ) [3 2 (1 )] ( ) ( )

8 2

CLB
p

CLB
g

E
F

s k k

E k k

 
  

 

   


 − +
= + +


 − +

−

 − + +
 = −


 (16) 

According to Proposition 4, we can get inference 3 (the 

analysis process sees Appendix B-3). 

Inference 3. 

① 

*

1

0
CLBp

F


=


, 
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1

0

CLB
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1

0

CLB
g

F
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From ① in inference 3, we can see that the subsidy 

coefficient ( 1F ) of the loss reduction level does not influence 

the equilibrium price and the government income ( *CLBp and

*CLB
g ), but positively correlates with the income of grain 

producers ( *
p
CLB ). 

There are several main reasons for this phenomenon. Due 

to the constraints of many factors such as land resources and 

technological input, the marginal production costs faced by 

grain producers are generally high. Government subsidies can 

partially offset the producers' cost expenditures and increase 

their marginal benefits. Therefore, the subsidy coefficient is 

positively correlated with the income of grain producers. The 

equilibrium price is greatly affected by the demand side, so 

the subsidy coefficient does not affect the equilibrium price 

in a tight balance market. Government subsidies are a form of 

market intervention. Their main function is to support grain 

producers and ensure the continuity of production and the 

stability of supply. Therefore, the subsidy coefficient has 

nothing to do with government revenue. 

②
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From ② in inference 3, we can see that the reduction level 

of quantity losses ( ' ) does not influence the equilibrium 

price ( *CLBp ), but negatively correlates with the government 

income ( *CLB
g ). When the reduction level of quantity losses 

( ' ) is below a certain threshold, it positively correlates with 

the producer's income ( *CLB
p ). Conversely, it negatively 

correlates above this threshold. 

This phenomenon can be attributed to the following factors. 

Under the condition of tight balance between grain supply 

and demand, grain demand is relatively stable and price 

elasticity is small, so the equilibrium price is not affected by 

the reduction level of quantity losses. For grain producers, 

when the reduction level of quantity losses is below a certain 

threshold, the profit is positively correlated with the level of 

loss reduction (here, we got 
' 2

' 1 1

1

4 ( )

4 (1 )

F E

k s




+
=

−
). This is 

because the initial cost of reduction measures is relatively low 

and can yield significant effects. The revenue from increased 

quantity compensates for the costs. However, the producers' 

marginal returns will diminish as they continue to increase 

the reduction level of quantity losses. Once the threshold is 

exceeded, further increasing the reduction level of quantity 

losses necessitates substantial costs. The extraneous earnings 

fail to cover the additional costs, leading to a negative 

correlation. Furthermore, the government subsidy provides 

economic incentives for grain loss reduction. It greatly 

motivates grain producers to invest in loss reduction 

technology. The government income consists of the grain 

producers’ income, consumer surplus, and related subsidy 

expenditures. As the reduction level of quantity losses 

increases, the government subsidy expenditures rise. The 

increase in producers’ income and consumer surplus cannot 

offset the government subsidy expenditures. Thus, there is a 

negative correlation between the government income and the 

reduction level of quantity losses. 
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From ③ in inference 3, we can see that quality loss 

reduction level ( ' ) positively correlates with equilibrium 

price ( CLB*p ). When the reduction level of quality losses ( ' ) 

is below a certain threshold, it positively correlates with both 

producer and government income( *CLB
p and *CLB

g ). 

Conversely, it negatively correlates above this threshold.  

The phenomenon can be attributed to the following factors. 

The reduction of quality losses leads to improvement in the 

quality of grain supply. In this case, consumers are willing to 

pay higher prices, which leads to an increase in equilibrium 

price. For grain producers, the initial costs of reduction 

measures are relatively low and yield significant effects. The 

rise in the equilibrium price allows the grain producer to 

achieve higher revenues, compensating for the costs invested 

in quality loss reduction. Therefore, there is a positive 

correlation between the reduction level of quality losses and 

the grain producers' income initially. However, the marginal 

returns will diminish as the reduction level continues to 

increase. Once it exceeds a certain threshold (here, we got 

' 1

2 (1 )

F

k s
 = −

−

' '
0 1 1

2

q (1 )[ ( 1) 1]

2 (1 )

E

k s

  − + −

−
), there will be a 

negative correlation. This may be because further improving 

the reduction level of quality losses needs substantial costs.  

In this scenario, the additional revenue generated from high-

quality grain falls short of covering the associated costs. The 

government income consists of the grain producers’ income, 

consumer surplus, and related subsidy expenditures. 

Therefore, when the reduction level of quality losses is below 

a certain threshold (here, we got '
0 1( 1)Aq = − 

'
1

2 2 '
2 0 1 1

2 ( 1) 3

4 ( 1) [3 2 ( 1)]k q

 

  

+ −

− − − +
), it has a positive 

correlation with the government income. However, the 

marginal returns will diminish as the reduction level of 

quality losses continues to increase. When it exceeds the 

threshold, the revenue gained by the grain producers fails to 

cover the subsidy expenditures. Hence, the reduction level of 

quality losses shows a negative correlation with the 

government income. 
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From ④ in Inference 3, in the CLB model, the subsidy 

coefficient of GPHL reduction inputs ( s ) does not influence 

the equilibrium price and the government income ( CLB*p  and 

*CLB
g ) but positively correlates with the producers’ income 

( *
p
CLB ). 

The phenomenon can be attributed to the following factors. 

Due to the constraints of land resources, technical input, and 

many other factors, grain producers typically face high 

marginal production costs. The government subsidy for 

GPHL reduction inputs can effectively reduce the marginal 

costs. Both the grain supply and the grain producer’s income 

will increase in this way. However, the government subsidy 

primarily affects the supply side. In a tightly balanced market, 

grain prices may be strongly influenced by the demand side. 

Therefore, the government subsidy does not directly lead to a 

decrease in equilibrium price but can alleviate supply 

constraints. Moreover, as a form of market intervention, the 

main role of government subsidy is to assist the grain 

producer. It ensures the continuity of production rather than 

directly regulating market prices or increasing the 

government income. 

E. Analysis of Subsidy Strategy 

Inference 4. When 11 s    or 2( )C    can be met, 

the CNL model is feasible. (The analysis process is Appendix 

C-1). 

According to inference 4, the government subsidy for 

GPHL reduction inputs can increase both the grain producers’ 

income and the government income when certain conditions 

are met. Therefore, the grain producers adopt GPHL 
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reduction technology and the government subsidizes GPHL 

reduction inputs is feasible. 

Inference 5. When 1F  , the LNC model can make the 

grain producers gain higher profits than the CNL model. (See 

Appendix C-2 for the analysis process). 

According to inference 5, when the subsidy coefficient for 

loss reduction level exceeds a certain threshold, subsidizing 

loss reduction level yields higher returns for the grain 

producer compared to subsidizing GPHL reduction inputs. 

Conversely, when the subsidy coefficient is below this 

threshold, subsidizing GPHL reduction inputs yields higher 

returns for the grain producer. The critical value of the 

subsidy coefficient for loss reduction level has been 

calculated to be 
2 2 ' 2 ' 2

1 2 1 2
1 ' '

( 1)( ) ( ) ( )

2( )

s k k k k
F

   

 

− + + +
=

+

' 2 ' 2 2 2
1 1

' ' ' '

[ ( 1) 1] ( 1) [ ( 1) 1] ( 1)

4 4 )

A A     

   

+ − + + − +
+ −

+ +( ) (
. In 

addition, we found the threshold of 1F  is positively 

correlated with 
'  and negatively correlated with  . In a 

certain range, the threshold is positively correlated with 

( ' ). Otherwise, it is negatively correlated. 

Inference 6. When 1F  , * *CLB NCL
p p  , *CLB

p 

*CNL
p , *CLB

p  *LNC
p , the CLB model can make the grain 

producers gain higher profits than the others. (See Appendix 

C-3 for the analysis process). 

According to inference 6, when the subsidy coefficient 

for loss reduction exceeds a certain threshold, the producer's 

income under a mixed subsidy strategy is higher than that 

under other subsidy strategies. Therefore, to encourage grain 

producers to adopt GPHL reduction technology and enhance 

the post-harvest loss reduction level, the government can 

implement a mixed subsidy strategy. 

 

V. CASE STUDY 

A. Case description 

Based on the research of Zhang et al. [27], we assume the 

following assumptions combined with the actual situation: 

According to the investigation of grain losses in Shangqiu 

City, Henan Province, grain losses are different for different 

farmers or grain producers in Shangqiu City. For grain 

producers using backward technology, the quantity losses and 

quality losses of grain averaged 8%-18% and 6%-20%. For 

grain producers using advanced technology, the quantity loss 

rate and quality loss rate of grain were less than 3% and 2% 

respectively. Therefore, we further assume the relevant 

influence values as 1 0.01 = , 1 0.1 = , 0.4 = , 1 0.5 = , 

0.3 = , 1 0.4 = . In addition, set 3a = , 0.5c = , 0 2q = , 

1 10k = , 2 10k = . Based on the above values, propositions, 

and inferences, the following results are obtained. 

Figure 3 shows the variation trends of equilibrium price 

and benefits with s , , and   in the CNL model. It can be 

seen from Figure 2 that the subsidy coefficient of GPHL 

reduction inputs ( s ) will not influence the equilibrium price 

and the government income but is positively correlated with 

the grain producers’ income. The quantity losses level ( ) 

will not influence the equilibrium prices. With the increase of 

the reduction level of quantity losses, profits for grain 

producers and the government will increase in a certain range 

and decrease beyond this range. The reduction level of quality 

losses (  ) is positively correlated with the equilibrium price. 

With the increase of the reduction level of quality losses, the 

incomes of grain producers and the government will increase 

in a certain range and decrease beyond this range. 

Figure 4 shows the variation trends of equilibrium price 

and benefits with 1F , ' , and '  in the LNC model. The 

subsidy coefficient of the GPHL reduction level ( 1F ) will not 

influence the equilibrium price and the government income 

but is positively correlated with the income of grain producers. 

The reduction level of quantity losses (
' ) will not influence 

the equilibrium price. With the increase in the reduction level 

of quantity losses, the profits of grain producers and the 

government will increase in a certain range and decrease 

beyond this range. The reduction level of quality losses ( ' ) 

is positively correlated with the equilibrium price. With the 

increase of the reduction level of quality losses, the incomes 

of grain producers and the government will increase in a 

certain range and will decrease beyond this range. 

Figure 5 shows the variation trends of equilibrium price 

and benefits with 1F ,
' , ' , and s . The subsidy coefficient 

of the GPHL reduction level ( 1F ) will not influence the 

equilibrium price and the government income but is 

positively correlated with the income of grain producers. The 

reduction level of quantity losses (
' ) will not influence the 

equilibrium price. With the increase of the reduction level of 

quantity losses, the incomes of grain producers and the 

government will increase in a certain range and decrease 

beyond this range. The reduction level of quality losses ( ' ) 

is positively correlated with the equilibrium price. With the 

increase of the reduction level of quality losses, the benefits 

to grain producers and the government will increase within a 

certain range and will decrease beyond this range. Besides, it 

is positively correlated with the equilibrium price. The 

subsidy coefficient of GPHL reduction inputs ( s ) does not 

correlate with the equilibrium prices and the government 

income but is positively correlated with the grain producers’ 

income. 

Figure 6 compares the income variation trends of grain 

producers and the government with s  and C  under the 

models of NCL and CNL. As we can see, when the subsidy 

coefficient of GPHL reduction inputs ( s ) is less than a certain 

value, subsidizing GPHL reduction inputs can help grain 

producers and the government obtain more benefits compared 

with adopting none subsidy policy. When the GPHL 

reduction inputs ( C ) are less than a certain value, grain 

producers and the government can obtain more benefits by 

subsidizing GPHL reduction inputs than adopting no subsidy 

policy. Grain producers invest in the GPHL reduction 

technology, and the government subsidizes the GPHL 

reduction inputs is feasible when certain conditions are met. 

Figure 7 shows the change trends of the producers’ income 

with 1F  in models of CNL and LNC. Here we set 0.2s = . 
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As we can see, when the subsidy coefficient of GPHL 

reduction level ( 1F ) is greater than a certain value, 

subsidizing GPHL reduction level can make grain producers 

gain more income than subsidizing GPHL reduction inputs. 

Conversely, subsidizing GPHL reduction inputs is more 

conducive to the income of grain producers. As we can see 

from Figure 8, the threshold of 1F  is positively correlated 

with '  and negatively correlated with  . It is positively 

correlated with  ( ' ) in a certain range. 

Figure 9 shows the variation trends of the producers’ 

income with 1F  among the models of NCL, CNL, LNC, and 

CLB.  As we can see, when certain conditions are met, the 

grain producer's income in the mixed subsidy mode is higher 

than in the other three models. When certain conditions are 

met, subsidizing GPHL reduction inputs can help the 

government gain more benefits than in the other models. In 

other words, when certain conditions are met, the mixed 

subsidy can improve the grain producers’ income. However, 

the government cannot gain more benefits compared with 

solely subsidizing GPHL reduction inputs.

 
Fig. 3.  The variation trend of equilibrium price and benefits with s , , and 

  in the CNL model. 

 
Fig. 4.  The variation trend of equilibrium price and benefits with

1F , 
' , 

and '  in the LNC model. 
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Fig. 5.  The variation trend of equilibrium price and benefits with
1F ,

' , ' , 

and s  in the CLB model. 

 
Fig. 6.  The income variation trends of grain producers and the government 

with s  and C . 

 

Fig. 7.  The variation trend of incomes with 
1F  between the CNL model and 

the LNC model. 
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Fig. 8.  The variation trend of 1F  with  ,
' ,  and

' . 

 
Fig. 9.  The variation trend of government and grain producers’ income with 

1F  among NCL, CNL, LNC, and CLB models. 

B. Robustness analyses 

The robustness of the proposed views will be discussed in 

this section. In the proposed models of NCL, CNL, LNC, and 

CLB, we only discussed the case of the government providing 

variable subsidies. Besides providing variable subsidies, the 

government can also provide fixed subsidies and mixed 

subsidies. Based on the three existing investment subsidy 

models in the case of variable subsidies, three models in the 

case of fixed subsidies can be expanded, namely DCNL, 

DLNC, and DCLB. We use 1S and 2S  respectively represent 

the government fixed subsidies for the GPHL reduction 

inputs and GPHL reduction level (see Appendix D for a 

detailed analysis process). The results demonstrated that 

when the government solely provided fixed subsidies, they 

did not affect the equilibrium price or government income in 

the extended models (DCNL, DLNC, and DCLB models). 

However, it had a significant effect on the income of grain 

producers. The result is similar to that in the variable subsidy 

models. If the government provided both fixed subsidies and 

variable subsidies, the effect of the subsidy coefficient on the 

equilibrium price and the income remains unchanged under 

the three expanded models (DCNL, DLNC, and DCLB 

models). All these indicate that the models constructed in this 

paper have good robustness. 

C. Discussion 

GPHL reduction is an important measure to increase grain 

supply and ensure national food security. For this reason, 

numerous countries have introduced corresponding subsidy 

policies. Some scholars have made significant progress in 

reducing post-harvest losses through investment subsidy 

policies in the grain supply chain. [37], [38]. However, some 

differences exist in this study. 

In terms of research perspectives, most of the existing 

studies focus on the impacts of government subsidies on 

agricultural pollution and output. Few studies concentrate on 

GPHL reduction subsidy policies for grain. For example, 

Chen et al. studied agricultural subsidy policies from the 

perspective of environmental impact. They found the impacts 

of two agricultural subsidy programs (quantity subsidy and 

emission reduction innovation subsidy) on agricultural 

pollution [37]. Peng and Pang analyzed the impacts of the 

government subsidy on the production decisions of risk-

averse farmers. Their research showed that with the increase 

of subsidies, the overall target output of farmers would also 

increase. This indicated the government subsidy had a 

positive impact on farmers with a high degree of risk aversion 

[38]. 

Chinese grain supply and demand have been in a tight 

balance for a long time. We proposed the idea that production 

equals demand and compared existing studies [36], [37]. The 

assumptions in this paper are more realistic. Furthermore, we 

categorized post-harvest grain losses into two distinct types: 

quantitative losses and qualitative losses. We then introduced 

the concept of loss level for both quantity and quality, which 

served as the basis for refining the demand function. loss 

Given the ease of data acquisition for GPHL reduction inputs, 

we utilized grain quality and quantity loss reduction costs to 

accurately represent the GPHL reduction inputs of grain 

producers. In this paper, we focused on two kinds of 

government subsidy policies: subsidizing GPHL reduction 
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inputs and GPHL reduction level. Subsidy strategies of grain 

supply chain were proposed considering both grain quality 

and quantity loss reduction levels. 

In this study, we analyzed the impact of different 

parameters on equilibrium price, grain producers, and 

government returns based on the four proposed models. 

However, other studies have not yet proposed and analyzed 

the influences of these parameters on decision variables in the 

grain supply chain [29], [36], [37], [39]-[41]. 

 

VI. CONCLUSIONS AND SIGNIFICANCE 

A. Conclusions  

We aimed to investigate the ideal model and the threshold 

for subsidies under various investment subsidy schemes. We 

proposed the concept and function expression of grain 

quantity and quality loss reduction level. Then, four 

investment subsidy models for GPHL were constructed and 

analyzed. We found some intriguing things in the process. 

(1) In order to promote the adoption of GPHL reduction 

facilities and technology, Chinese government can provide a 

subsidy for the GPHL reduction inputs. In this way, the 

income of grain producers will be improved when the GPHL 

reduction inputs are below a threshold. 

(2) The government subsidy does not guarantee an increase 

in the incomes of grain producers. When the quantity or 

quality loss reduction level is too high, the government 

subsidy cannot improve the income of grain producers. 

Therefore, the Chinese government should pay attention to 

these two parameters to avoid blind incentives that lead to 

resource wastage. 

(3) Subsidizing the GPHL reduction inputs can enable the 

Chinese government to achieve greater benefits with lower 

investment. The grain producers and the government can 

obtain higher revenue than subsidizing the GPHL reduction 

level in certain range. 

(4) Subsidizing the GPHL reduction level is feasible when 

a suitable subsidy coefficient is determined. We have 

calculated the subsidy threshold is related to grain quality and 

quantity loss reduction level. The government can determine 

the subsidy coefficient based on these factors. 

(5) Compared with the single subsidy model, the mixed 

subsidy model can make the grain producers obtain higher 

profits. However, it failed to maximize the government 

income compared with only subsidizing the GPHL reduction 

inputs. 

B. Significance 

Our research has some scientific value. (1) Academically, 

we put forward the concept and function expression of the 

quantity and quality loss reduction level of grain producers 

and amended the demand function. Based on the influence of 

GPHL reduction level on the incomes of grain producers and 

the government, four investment and subsidy models of grain 

loss reduction were constructed and analyzed. These models 

could compensate for the lack of research on GPHL reduction 

subsidies and enhance the theory of grain supply chain 

management. (2) In practice, the investment subsidy rules in 

different modes in this paper can help grain producers make 

appropriate investment decisions in loss reduction technology 

adoption. For the government, these subsidies rules can help 

it develop appropriate subsidy strategies to ensure grain 

security. 

The results hold significant implications for the Chinese 

government as they formulate policies to reduce GPHL. 

(1) Establish reasonable subsidy thresholds: The 

government should scientifically determine subsidy 

thresholds based on the reduction levels of quality losses and 

quantity losses. When the level is too high, the subsidy policy 

should be adjusted appropriately to avoid ineffective 

investment. 

(2) Encourage technological innovation: The government 

can support enterprises in researching and developing 

efficient and low-cost grain loss reduction equipment, 

thereby reducing the cost of GPHL reduction through 

technological innovation and increasing producers’ 

enthusiasm for adopting grain loss reduction equipment. 

(3) Optimize the subsidy approach: The government might 

consider subsidizing the GPHL reduction inputs rather than 

solely subsidizing the GPHL reduction level. When the 

subsidy coefficient for the reduction level below a certain 

value, this approach can not effectively increase the grain 

producers’ profits and social benefits. 

(4) Adopt a mixed subsidy model: The government can 

implement a mixed subsidy model that combines GPHL 

reduction input subsidy with GPHL reduction level subsidy 

to encourage grain producers to adopt GPHL reduction 

technologies. At the same time, it is important to balance 

producers’ profits with social benefits to ensure the 

effectiveness of the subsidy policy. 

C. Future research 

There are some limitations. Although GPHL reduction 

subsidies for grain producers were considered in this paper, 

the coupling relationships between the GPHL reduction 

subsidy and other subsidies were not discussed. In addition, 

we only discussed the case of variable subsidies provided by 

the Chinese government. The government can also provide a 

mixed subsidy strategy, such as combining variable subsidies 

with fixed subsidies. In the next study, we will focus on these 

issues and explore them further in the future. 

 

APPENDIX 

Appendix A. 

Appendix A-1. 

Proof. Based on Assumptions (5), we know that in the 

NCL model ( )1 01NCL
NCLD a p q= − + − , and put it into 

formula (1). We solved the first partial derivative of NCL
p  

concerning NCLp  and let it equal to zero. So we can got 

*NCLp . Then put *NCLp  into the demand formula NCLD  and 

got *NCLD . Based on *NCLp  and *NCLD , we further got 

*CNL
p  and *CNL

g . 
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Appendix B. 

Appendix B-1. 

According to Proposition 2, we can get 
*
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2 0
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= −


＜ . Thus, we can get inference 1. 

Appendix B-2. 

According to Proposition 2, we can get 
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. Thus, we can 

get inference 2. 

Appendix B-3. 

According to Proposition 2, we can get 
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0
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＞ . Thus, we can get inference 

3. 

Appendix C 

Appendix C-1. 

If * *CNL NCL
p p  , grain producers will adopt the loss 

reduction technology, thus, we got 11 ( 1)s  − ≥ ＞

2 2 2
0 1 1 1 2

2 2
1 2

[ ( 1)] [ ( 1) 1]

4 22( )

c a q E k k

k k

    

 

− + − + − +
+ +

+
，  we 

call it 11 s ≥ ＞ . If * *
g g
CNL NCL  , the government 

subsidizes the loss reduction inputs will get more social 

benefits, therefore, we can get 
2 2

1 2

2

k k +
＜

2
1(2 3)

8

A −
 

2
1[2 ( 1) 3]

8

E  + −
− , we call it 2C ＜ . Namely, when 

11 s ≥ ＞  and 2C ＜  can be met, investment behavior of 

grain producers in the GPHL reduction technology, and 

subsidy behavior of the government on this investment is 

feasible. 

Appendix C-2.  

If * *LNC CNL
p p  , subsidizing the loss reduction level will 

help the government gain more benefits, we can get 1F＞

2 2 ' 2 ' 2 2
1 2 1 2 1
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. We call it 1F ＞ . Take the partial 

derivative of 1F  concerning  ,  ,
' , and ' , we can get 
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Appendix C-3. 

If * *CLB NCL
p p  , we can get 

' 2 ' 2
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' ' 2 2
1 1
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. If * *CLB CNL

p p  , 

we can get 
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4
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, and we know that 

* *CLB LNC
p p   

Appendix D 

In the DCNL model, the income functions of grain 

producers and governments are as follows: 
2 2

1 2
1

(1 )[ k ]
( ) [1 ( 1) ]

2

CNL CNL CNL
p

s k
p c D

 
  

− +
= − − + −

1S+ ，
2 2

1 2
1

[ k ]

2

CNL CNL CNL
g p

s k
CS S

 
 

+
= + − − . Based 

on this, we present optimal decisions about equilibrium prices, 

grain producers, and government yields. 
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* 0 1

* 0 1

( 1) (1 )

2

( 1) (1 )

2

CNL

CNL
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a c q
D

 

 

+ + + −
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Here， 0 1( 1) (1 )E a c q = − + + − . Based on this and 

Section Ⅴ, the following table data is obtained. 

1S  s  *DCNLp  
*DCNL

p  
*DCNL

g  

0.1 

0.1 3.037 4.5103 7.4035 

0.3 3.037 4.7603 7.4035 

0.5 3.037 5.0103 7.4035 

0.7 3.037 5.2603 7.4035 

0.9 3.037 5.5103 7.4035 

0.3 

0.1 3.037 4.7103 7.2035 

0.3 3.037 4.9603 7.2035 

0.5 3.037 5.2103 7.2035 

0.7 3.037 5.4603 7.2035 

0.9 3.037 5.7103 7.2035 

0.5 

0.1 3.037 4.9103 7.0035 

0.3 3.037 5.1603 7.0035 

0.5 3.037 5.4103 7.0035 

0.7 3.037 5.6603 7.0035 

0.9 3.037 5.9103 7.0035 

0.7 

0.1 3.037 5.1103 6.8035 

0.3 3.037 5.3603 6.8035 

0.5 3.037 5.6103 6.8035 

0.7 3.037 5.8603 6.8035 

0.9 3.037 6.1103 6.8035 

0.9 

0.1 3.037 5.3103 6.6035 

0.3 3.037 5.5603 6.6035 

0.5 3.037 5.8103 6.6035 

0.7 3.037 6.0603 6.6035 

0.9 3.037 6.3103 6.6035 

The calculation process of DLNC mode and DCLB mode 

is like that of DCNL mode and will not be described here. 
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