Agricultural Economics — Czech, 70, 2024 (5): 207-225 Original Paper

https://doi.org/10.17221/221/2023-AGRICECON

Subsidy policies for the grain supply chain considering
postharvest loss of grain and agricultural pollutant
emission in China

PaN Liu!, BIN ZHAO?, HAODONG TANG?, JIAMIN ZHU'*

! Management Science and Engineering, School of Information and Management Sciences, Henan
Agricultural University, Zhengzhou, P. R. China

2Logistics Engineering Management, School of Information and Management Sciences, Henan
Agricultural University, Zhengzhou, P. R. China

*Corresponding author: 19903916760@163.com

Citation: Liu P,, Zhao B., Tang H., Zhu J. (2024): Subsidy policies for the grain supply chain considering postharvest loss
of grain and agricultural pollutant emission in China. Agric. Econ. — Czech, 70: 207-225.

Abstract: To reduce agricultural pollutant emission (APE) and postharvest loss of grain (PHLG), the Chinese gover-
nment enacted a series of subsidy policies; however, the profit-oriented supply chain members are seriously lacking
or reducing APE and PHLG efforts. To address this issue, we considered as the research objective a grain supply chain
consisting of a producer, a retailer and the government. We proposed the concept and functional expressions of supply
chain members’ reduction efforts for APE and PHLG. We then proposed two main variables: the environmental inno-
vation subsidy coefficient and the quantity attenuation factor of grain. According to the actual situation, four investment
subsidy models were proposed. The results showed the following: i) supply chain members’ equilibrium prices and
incomes were negatively correlated with the degree of the producer’s APE effort regardless of whether the supply cha-
in members were investing in PHLG technology; i) when the government subsidises APE and PHLG technology for
other supply chain members, the government should stop subsidising the retailer’s inputs in reduction loss technology
to ensure that the government’s own interests are not damaged; iif) the government’s income was restricted by the
degree of its subsidising of other supply chain members. This study provides a theoretical support for the government
to formulate appropriate policies to reduce APE and PHLG, which is important for maintaining national food security.

Keywords: agricultural non-point source pollution; environmental innovation subsidy; grain loss; policy recommen-
dations; quantity attenuation factor

Grain production is an important part of agricul- production will affect the sustainable development
tural production activities. The issue of grain security  of future generations. In SSA (sub-Saharan Afica), agri-
is related to a country’s stable development, and the cultural productivity has been increased through great-
degradation of environmental quality caused by grain  er investment in agricultural mechanisation (Olase-
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hinde-Williams et al. 2020), but investigators in other
studies have shown that agricultural production activi-
ties, meeting the basic demand for grains, have caused
environmental pollution problems (Harizanova-Bartos
and Stoyanova 2019; Tamagno et al. 2022). According
to the Boston Consulting Group and XAG joint release
(BCG and XAG 2022), “The Road to Carbon Neutrality
in Agriculture; agricultural activities account for 17%
of global greenhouse gas emissions, and this proportion
increases to 21% to 37% when grain storage and trans-
portation are considered (Vermeulen et al. 2012). In ad-
dition, results from the 2"! National Water Resource
Survey in China showed that approximately 60% of land
resources were contaminated (Zhang et al. 2015). Al-
though agricultural production activities entailed the
release of several pollutants, the problem of posthar-
vest loss of grain (PHLG) was extremely serious and
indirectly threatened national food security. For in-
stance, according to a Food and Agriculture Organiza-
tion (FAO 2013) study, approximately one-third of the
world’s grain is wasted every year, with an economic
loss of approximately USD 940 billion and greenhouse
gas emissions from grain waste totaling 8% of global
emissions (Van Gogh et al. 2017). According to the
National Food and Strategic Reserves Administration
(2021), PHLG in China exceeded 350 million tonnes,
causing environmental damage and economic losses.

In China, the government had formulated relevant
policies for subsidising PHLG reduction and agricul-
tural pollutant emission (APE) management [see Ap-
pendix D in the Electronic Supplementary Material
(ESM)]. Because of the profit-driven nature of grain
supply chain members, the national average adoption
of scientific grain storage equipment was less than
40%, and the transportation proportion of bulk grain
was only 25% (National People’s Congress of the PRC
2020). These data show that the existing PHLG reduc-
tion policy cannot mobilise the loss reduction efforts
of the supply chain members; therefore, we should
improve the PHLG reduction policy to mobilise the
loss reduction efforts of the supply chain members.
In addition, how will subsidising APE reduction affect
PHLG reduction policy?

The key to solving these problems is to understand
the subsidy and investment rules of supply chain mem-
bers considering their APE and PHLG reduction ef-
forts. Related research is focused on in the next section.

Firstly, we address APE and its subsidy strategy. Since
1980, relevant agricultural pollution prevention and
control measures were taken in China and achieved
initial results, but there were still deficiencies in ag-
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ricultural pollution prevention and control. In recent
years, agricultural pollution has attracted domestic
and foreign scholars to study it as an important branch
of global environmental pollution (Agboola and Bekun
2019; Gokmenoglu et al. 2020; Balogh 2023). Accord-
ing to Dhakal et al. (2022), the global agricultural sec-
tor contributes approximately 22% of greenhouse gas
emissions. Agriculture accounts for use of 70% of glob-
al water resources. Chemicals from fertilisers and pesti-
cides used in agricultural activities are discharged from
farmland into bodies of water, leading to the pollution
of water resources. For example, agricultural activities
in China have led to significant water eutrophication
and pollution, with more than 90% of lakes and rivers
affected by varying degrees of eutrophication. Thus,
from a Chinese perspective, agriculture serves as a ma-
jor source of environmental pollution and waste gener-
ation. Nagendran (2011) outlined the complexity of ag-
ricultural waste, its effects and possible management
options and also established an international data-
base on agricultural waste. Agricultural pollution was
a typical nonpoint source pollution, and most studies
on agricultural pollution were in three areas: pesticide
and fertiliser pollution (Tan et al. 2022), soil pollution
(Wei et al. 2023) and water pollution (Zou et al. 2023).
Research on agricultural pollution has focused mainly
on three aspects: countermeasure research, monitor-
ing and controlling (Duan et al. 2022; Hou et al. 2022).
Agricultural pollution subsidy strategies were a hot
topic of discussion among scholars (Chen et al. 2017;
Chandio et al. 2022), but they mostly focused on green
agricultural subsidies (Peng et al. 2022; Yi et al. 2023).
To encourage supply chain members to reduce agricul-
tural pollution effectively, Chen et al. (2017) studied the
effects of environmental innovation subsidies (EISs)
and output subsidies on agricultural pollution reduc-
tion, and they concluded that the EISs outperformed
the output subsidies in reducing agricultural pollution
and increasing output quantity. On the basis of these
results, Zhang et al. (2021) conducted a study with
results showing that a mixed subsidy strategy based
on EISs and output subsidies was effective in reducing
agricultural pollution and increasing output.

Secondly, we address PHLG and its subsidy strat-
egy. Research on PHLG in the grain supply chain has
focused mainly on factors influencing it and counter-
measures. Generally speaking, the influencing factors
that contribute to grain loss at each postharvest stage
were similar, so scholars mainly analysed it accord-
ing to harvest (Hou et al. 2021), storage (Arthur et al.
2023) and transportation (Mogale et al. 2016). In addi-
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tion, some of them focused on the whole supply chain
(Bendinelli et al. 2019). Nyambo (2015) found that the
degree of superiority and inferiority of grain seeds af-
fected postharvest losses. Yusuf and He (2011) found
hermetic grain storage could help farmers produce
more revenue by reducing postharvest loss. In addi-
tion, there are many studies on PHLG reduction strate-
gies, but the investigators in these studies ignored the
grain producers’ degree of effort towards postharvest
loss reduction and the game relationships among sup-
ply chain members, such as in the study of loss reduc-
tion in harvesting by Guo et al. (2019). There are also
scholars focused on the optimisation of loss reduction
models (Fu et al. 2019). On the basis of the quantum
game concept, Li et al. (2022) studied the effects of the
supply chain members’ degree of effort towards reduc-
tion loss on their incomes from the two aspects of the
reduction loss effort and postharvest loss. At pre-
sent, most research is performed through statistical
analysis and experimental methods. By conducting
a randomised controlled trial with panel data from
1 200 smallholders in Uganda and evaluating an im-
proved storage technology, Omotilewa et al. (2018)
found that the technology could reduce average stor-
age losses by 61% to 70%. An and Ouyang (2016) inte-
grated market equilibrium among farmers, stochastic
crop vields and postharvest loss into the design of the
grain supply chain system to propose a bilevel robust
optimisation model with applications to case studies
in the American state of Illinois and in Brazil.

Finally, we address subsidy strategies of the grain
supply chain considering APE and PHLG. Investigators
in most studies used lifecycle assessment (Cakar et al.
2020), stochastic optimisation (Cattaneo et al. 2021)
or other methods (Kuiper and Cui 2021) to quantify
the environmental effect of grain loss at different points
in the supply chain or in a certain country (Garcia-
Herrero et al. 2021). However, they did not take APE
and PHLG subsidy strategies into consideration.

To sum up, the current research is deficient in the
following aspects. Few researchers have studied the re-
lated subsidy policies on the basis of the supply chain
members’ degree of effort towards reduction losses
and emissions. Few researchers explored the effects
of the grain reduction subsidies and EISs on supply
chain members’ incomes on the basis of game theory.
Few researchers have considered PHLG to explore the
combined effects of APE and PHLG subsidies on the
returns of supply chain members.

To resolve these questions, we took as our research
subject a grain supply chain consisting of a producer,

a retailer and the government. We modified the de-
mand function by considering supply chain members’
efforts concerning APE and PHLG reduction. We then
proposed and analysed four subsidy and investment
models based on the government’s subsidy behaviours
and supply chain members’ investment behaviours
in APE and PHLG reduction.

This study has three contributions:

i) We proposed the concept of reducing the level
of PHLG and its related equations to reflect the reduc-
tion efforts of supply chain members. Because the data
related to the costs of grain loss reduction were more
complete, we used the cost of grain quantity reduction
to reflect the input of PHLG technology.

ii) We revised the market demand by considering the
effects of the maximum APE allowed and the supply
chain members’ PHLG reduction effort on grain quan-
tity loss.

iii) We proposed four investment and subsidy mod-
els for APE and PHLG reduction technology and then
analysed the investment subsidy rules in different
models.

MATERIAL AND METHODS

The No. 1 central document of the Central Com-
mittee of the Communist Party of China and the State
Council proposed promoting the reduction of losses
in the grain supply chain; stabilising the grain subsi-
dies scale; and reducing grain loss in production, stor-
age, consumption and other links. At the same time,
promoting green agricultural development includes
managing agricultural waste, preventing soil pollution
and establishing an environmental monitoring system
(State Council the PRC 2023). On the basis of these
concepts, there are four models for the government’s
subsidy policy.

NEL: the supply chain members will not invest in en-
vironmental innovation technology and reduction loss
technology.

ENL: the producer will invest in environmental inno-
vation technology, and the government will subsidise
the investment.

EL: the producer will invest in environmental inno-
vation technology and reduction loss technology, and
the government will subsidise the producer.

ELB: on the basis of the EL model, the retailer will also
adopt reduction loss technology, and the government
will subsidise the supply chain members’ investment.

Variable descriptions can be found in Table 1 and be-
low. e the unit APE of grain producer. y: the degree
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of effect of pollution on APE reduction. &: the sensitiv-
ity to pollution emissions factor of consumers. {: the
government yield subsidies. s: the environmental inno-
vation subsidy coefficient. s : the reduction loss subsidy
coefficient for the producer. s,: the reduction loss sub-
sidy coefficient for the retailer. a,: the quantity attenu-
ation factor of grain in the producer. a,: the quantity
attenuation factor of grain in the retailer. k: the cost
factor for pollution control. k,: the cost coefficient for
loss reduction for the producer. k,;: the cost coefficient
for loss reduction for the retailer. A: the post-harvest
loss rate from the producer. A;: the post-harvest loss
rate from the retailer. m: the producer loss per unit
before adopting the loss reduction technology. m: the
retailer loss per unit before adopting the loss reduc-
tion technology. M: it is a constant and indicates the
maximum value of the allowable APE. p : the wholesale
price of grain. p,;: the retail price of grain.

Table 1. Variable descriptions

Variable Description

€, unit APE of grain producer

Yy degree of effetct of pollution on APE reduction

9 sensitivity to pollution emissions factor of consumers
B government yield subsidies

s environmental innovation sudsidy coefficient

5, reduction loss subsidy coefficient for the producer
8, reduction loss subsidy coefficient for the retailer
a, quantity attenuation factor of grain in the producer
a, quantity attenuation factor of grain in the retailer
k cost factor for pollution control

k| cost coefficient for loss reduction for the producer
k, cost coefficient for loss reduction for the retailer
A post-harvest loss rate from the producer

A post-harvest loss rate from the retailer

producer loss per unit before adopting the loss

" reduction technology
" retailer loss per unit before adopting the loss
1 reduction technology
i i = {NEL, ENL, EL, ELB}
M constant indicating the maximum value of the al-
lowable APE
P, wholesale price of grain
b, retail price of grain

APE - agricultural pollution emission; NEL — no subsidy
model; ENL - subsidy model 1; EL — subsidy model 2;
ELB - subsidy model 3

Source: Author's own elaboration
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Problem description

i) We assumed that before adopting environmental
innovation investment, the unit of pollution emis-
sion of the grain producer is e, The final pollution
emission after investing in environmental innovation
is ye,, the emission reduction Ae is (1 - y)e, and the
degree of pollution emission reduction is Ae / ¢, =
le,— (L —=Y)e,] /e, =Y.

ii) Similar to Liu (2019), we assumed that the rela-
tionship between the cost of pollution reduction and
the degree of pollution reduction is a quadratic rela-
tionship, the cost of pollution reduction is C = ky? / 2
and the cost coefficient of pollution abatement is k.

iii) Before adopting the reduction loss technology,
the postharvest loss rate of the producer is \; after
adopting the reduction loss technology, it is a \. We as-
sumed that the unit loss of the producer before adopt-
ing the reduction loss technology is m. After adopting
the reduction loss technology, it is aAm, and the
level of reduction loss is (m — a Am) / m =1 — a\.
The cost of the reduction loss is ¢, = «,(1 - 0(1)\)2 /2.
We assumed that the postharvest loss rate of the re-
tailer is A ; after adopting the reduction loss technol-
ogy, it is a,A,. We assumed that the unit loss of the
retailer before adopting the reduction loss technol-
ogy is m,. After adopting the reduction loss tech-
nology, it is 0(2)\1m1, and the level of reduction loss
is (m, —a, A\ m) / m=1-a\ . The cost of the reduc-
tion loss is ¢, = K,(1 — a,\,)*/ 2.

iv) Similar to Zhang et al. (2021), we assumed that
the demand formula is D' = M — dye, — p,. M is a con-
stant and indicates the maximum value of pollution
emission. § indicates the sensitivity coefficient of con-
sumers to pollution emission. p,, and p,, indicate the
wholesale price of grain and the retail price of grain
in the i model i = {NEL, ENL, EL, ELB}.

v) We assumed that the government will offer a sub-
sidy to share the environmental innovation investment
of the producer; similar to the research of Zhang et al.
(2021), the subsidy coefficient is s. In addition, to stim-
ulate the producer and the retailer to reduce the post-
harvest loss, the government will offer a subsidy with
subsidy coefficients s, and s,.

vi) Consumer surplus is an important indicator
of consumer welfare; for the government, it is an im-
portant indicator to pay attention to:

Pras 2

D;

CS= | Ddp=— 1
| Ddp== (1)
pi

where: p_ ~ — price when the market demand equals

zero;p, =M - e


https://www.agriculturejournals.cz/web/agricecon/

Agricultural Economics — Czech, 70, 2024 (5): 207-225 Original Paper
https://doi.org/10.17221/221/2023-AGRICECON
Subsidy strategy analysis P e

In the NEL model, revenue functions of the grain éy <0, égy <0 (5)

producer and the government are addressed in Appen-
dix A1 in the ESM, and the relevant optimal decisions
are as follows:

et M —P+c—38e,
b 2
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4
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In the ENL model, revenue functions are addressed
in Appendix A2 in the ESM, and the relevant optimal
decisions are as follows:

ENL M_[3+C_630Y

b = 2
e 3M —P+c—30e,y
b, =
4
DENL’ _ M+B_C_660Y
4

AN ky*(s=1) _ A-DA
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Here, A = (M + B — ¢ — 8e0y)*

Inference 1

ENL* ENL* ENL*
DB 0, B9, T,
0s 0s Os @
4
ENL* ENL*
om, 0 on, 0
Os , Os
ENL* ENL OreENE
ii) apéy <0, apgy <0, 61‘;( <0, (5)

The analytical procedure is described in Appendix B
in the ESM.

From Equation (4), it is clear that the EIS coefficient
s does not affect the equilibrium prices trend and the
revenue of the retailer and the government, but it af-
fects the producer’s revenue. At the same time, the
producer benefits will increase as the EIS coefficient
increases because the EIS will subsidise the producer’s
environmental innovation investment. Therefore, the
EIS does not affect the retailer’s revenue, but the pro-
ducer’s revenue will decrease. The government’s rev-
enue is composed of the supply chain members’ rev-
enues, consumer surplus (CSs) and associated subsidy
expenditures. This result is similar to that of Zhang
etal. (2021); however, they did not analyse the relation-
ships among the EIS coefficient, prices and the benefits
of other supply chain members.

From Equation (5), it is clear that the price will de-
crease as the producer’s degree of effort towards APE
reduction increases. We can infer that the trend of the
wholesale price is smaller than the retail price caused
by the degree of change in the producer’s APE reduc-
tion effort. This change is because the producer pro-
motes the level of effort towards emission reduction,
which increases costs for environmental innovation,
so the producer must set a higher price and then the
retailer also must. In addition, the supply chain mem-
bers’ revenues will decrease with the increase in the
level of the producer’s emission reduction effort. Un-
der certain conditions, the producer that improves its
level of APE reduction will help it obtain more reve-
nue, but the wholesale price will decrease, which has
a negative correlation with the producer’s revenue. The
government subsidies for the producer’s environmen-
tal innovation investments may not pay for themselves,
and the CS cannot compensate for the revenue lack
of other supply chain members, achieving negative
revenue growth.

In the EL model, revenue functions are addressed
in Appendix A3 in the ESM, and the relevant optimal
decisions are as follows:

EL _ M_B+C_aeoy

)2 5
pzﬂ- _ 3M—[3+4c —-38e,Y ©6)
DE M +B—c—0e,y

4
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From Equations (4) and (7) in Inferences 1 and 2, the
variation trend of the decision variables and the depend-
ent variables is consistent with the variation trend of the
EIS coefficient in the EL and ENL models. At the same
time, the producer’s revenue increases with the growth
of EIS coefficient s, and the producer’s changing range
is certain in both models. This finding suggests that, for
the producer, the trend of the change in the decision vari-
able and the dependent variable with the EIS coefficient
is not affected by the investment in PHLG technology.

From Equations (5) and (8) in Inferences 1 and 2,
as the producer’s effort to reduce APE increases, the
trend of the decision variable and the dependent vari-
able in the EL and ENL models aligns accordingly.
In both the EL and ENL models, as producers increased
the investment in APE technology, both wholesale and
retail prices decreased. However, in both models, the
magnitude of changes in the benefits for supply chain
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members were different as the producer’s degree of ef-
fort towards APE reduction increased. This finding
indicates that changes in supply chain members’ rev-
enues will be affected by the increase in the producer’s
degree of effort towards APE reduction.

From Equation (9), it is clear that reducing subsidy co-
efficient s, does not affect the trends of the equilibrium
prices and the revenues of the retailer and the govern-
ment, but it does affect the producer’s revenue. At the
same time, the producer’s revenue will increase because
of the increase in subsidy reduction factor s,. This rev-
enue increase is possible because the reduction subsidy
is to subsidise the producer’s APE reduction inputs,
which is not related to the retailer’s benefit, and the pro-
ducer’s revenue will increase. The government’s revenue
is composed of the revenues of other supply chain mem-
bers, CSs and the related subsidy expenditures. The
combination of these revenues and expenditures offsets
the effect of reducing the subsidy coefficient on the gov-
ernment’s revenue when investing in PHLG.

From Equation (10), the quantity attenuation coeffi-
cient of grain for producer a is not related to the deci-
sion variables and is negatively related to the dependent
L and ', and positively related to the de-
pendent variable 2", If the quantity attenuation coef-
) is increasing, then the
per-unit loss of quantity is increasing. If the quantity
attenuation coefficient of grain for producer a, is de-
creasing, then the per-unit loss of quantity is decreas-
ing. In essence, to maximise revenue generation across
the supply chain, it is crucial for the producer to lever-
age technological advancements fully.

In the ELB model, revenue functions are addressed
in Appendix A4 in the ESM, and the relevant optimal
decisions are as follows:

ELB _ M—ﬁ+c—5€0Y

variables 1t

ficient of grain for producer «

1

2
P = 3M —B+c—3de)y
: 4
DELB' _ M+B_c_8eoY
4 (11)
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’ 2 8
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4
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From Equations (4), (7) and (12) in Inferences 1, 2
and 3, as EIS coefficient s increases, the decision vari-
ables and the dependent variables exhibit a corre-
sponding trend. At the same time, as EIS coefficient s
increases, the producer’s revenue also increases, and
the changing range is the same in all three models.
This finding suggests that, for the producer, the change
trends of the decision variables and the dependent var-
iables with the increase in the EIS coefficient are not
affected by the behaviours of supply chain members
in APE reduction investment.

From Equations (5), (8) and (13) in Inferences 1, 2 and
3, as the producer’s effort to reduce APE increases, the
decision variables and the dependent variables show
a similar pattern of change. At the same time, with the
changes in the producer’s degree of effort towards APE

reduction, it is clear that the patterns of change regard-
ing wholesale and retail prices are the same. When the
producer increases its effort to reduce APE, the change
in the equilibrium prices will not be influenced by the
decrease in the producer’s investment in APE reduction
technology. However, the magnitude of revenue changes
for other supply chain members differs as the producer’s
degree of effort towards APE reduction increases.

From Equations (9) and (14) in Inferences 2 and 3,
we can infer that reducing subsidy coefficient s, will
not affect the trends of equilibrium prices or the ben-
efits of the retailer and the government, but it will in-
fluence the producer’s income. At the same time, as the
reduction value of the subsidy coefficient increases, the
producer benefit will increase. This finding indicates
that, as the subsidy reduction coefficient increases, the
trend and magnitude of changes in equilibrium prices
and revenues for the retailer and the government will
not be influenced by the retailer’s investment behav-
iour in loss reduction technology. However, the mag-
nitude of changes in the producer’s benefits will be af-
fected by the retailer’s investment decisions.

From Equation (15), the government separately
subsidises the costs of investment in loss reduction
technology of the producer and the retailer, and the
reduction of the subsidy coefficient will not affect the
changing trend for the equilibrium prices and the ben-
efits of the producer and the government, but it will
affect the retailer’s revenue. The government benefit
consists of the benefits from other supply chain mem-
bers, the CSs and the associated subsidy expenditures.
The loss reduction subsidy coefficient’s influence
on the government’s revenue was eliminated after mix-
ing the incomings and outgoings.

From Equation (10) in Inference 2 and Equation (16)
in Inference 3, the quantity attenuation coefficient
of grain for producer a, is not correlated with the de-
cision variables and is negatively correlated with the
dependent variables. In terms of the government’s
revenue, the EL and ELB models produce an opposite
result. The government’s subsidy for the producer’s
grain quantity attenuation coefficient o, cannot offset
the inputs to the producer. In the EL and ELB models,
the correlation between the government’s revenue and
the grain quantity attenuation coefficient is opposite,
whereas the retailer’s revenue is only negative because
the trend and magnitude of changes for the equilibri-
um prices with the increase in the quantity attenuation
coefficient for the producer will not be affected by the
retailer’s investment behaviour for the investment
in reduction loss technology. However, the magnitude
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of changes for supply chain members’ incomes are af-
fected by the retailer’s investment behaviour.

From Equation (17), the quantity attenuation coef-
ficient of grain for retailer a, is not correlated with the
decision variable 228" and negatively correlated with
the dependent variables ***" and n**" because the
larger the quantity attenuation coefficient of grain for
retailer a,, the greater the per-unit loss of quantity is.
The smaller the quantity attenuation coefficient of the
grain for retailer o, the greater the improvement rate
of the retailer’s unit quantity loss is and the smaller
the unit quantity loss is. Therefore, the retailer should
make full use of the loss reduction technology if supply
chain members want to achieve greater revenues.

Inference 4

When the conditions 1 > s > y,, C(y) < y, are met,
it is feasible for the producer to invest in APE reduc-
tion technology and the government to subsidise that
investment (see Appendix C1 in the ESM).

If we know s > /M when 0.83 < y < 1, we can know
when the government should provide a higher EIS fac-
tor s to the producer. Otherwise, the producer will re-
fuse to use APE reduction technologies because of the
input-output imbalance. When 0 < y < 0.83, the gov-
ernment is able to provide the producer a lower sub-
sidy coefficient s for its environmental innovation in-
puts. However, if the cost of APE reduction technology
is high, it will not be appropriate for the government
to provide subsidies to the producer. In this situation,
the government may provide a fixed cost subsidy to the
producer or set a ceiling on the subsidy.

Therefore, when the cost of APE reduction technol-
ogy C(y) and the EIS factor s are within a certain range,
the producer will invest in APE reduction technology
and the government will subsidise it. Otherwise, the
government will provide only a fixed cost subsidy.

Inference 5

Whens, >, Cla,, N) < T, it is feasible for the producer
to invest in APE and PHLG reduction technologies and
for the government to subsidise them.

If we know s, >, =1 + ANMa, — 1) / 4k (a A - 1)%
as the postharvest loss rate of producer \ increases, the
loss reduction subsidy coefficient for producer s, also
increases. In addition, if A <1 /(2 - a,), the loss reduc-
tion subsidy coefficient for producer s, increases as the
quantity of grain decays for producer a,. In addition,
if the costs of the PHLG reduction technology are high,
it will not be appropriate for the government to provide
PHLG reduction subsidies to the producer. Instead, the
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government can provide subsidies to the producer for
APE reduction technology.

Therefore, when the costs of PHLG reduction tech-
nology of the producer and the related subsidy factor are
within a certain range, the producer will invest in APE
and PHLG technologies, and the government will subsi-
dise them. Otherwise, the government will provide only
the APE technology subsidy to the producer.

Inference 6

Whens, > ¢, Clay, \)) < ,, it is feasible for the retail-
er to invest in PHLG reduction technology and the gov-
ernment to subsidise it (see Appendix C3 in the ESM).

If we know s, > ¢, = 1 + A\ (e X — (1 - ) /
8k, (o N, — 1)%, we can obtain that when the produc-
er’s postharvest loss rate A increases, the loss reduc-
tion subsidy factor for retailer s, will decrease. When
AN (o, = 1)(a A = 1) / 16 > k,(a X — 1)*/ 2, as the quan-
tity attenuation factor of grain for retailer o, increases,
the loss reduction subsidy factor for retailer s, will in-
crease. As the postharvest loss rate for retailer A\, and
the quantity attenuation factor of grain for retailer a,
increase, the situation does not always enable the gov-
ernment to provide a higher reduction subsidy, and
the government will provide the subsidy only if cer-
tain conditions are met. In addition, if the cost of the
technology to reduce global greenhouse gas emissions
is high, it will not be appropriate for the government
to provide a subsidy to the retailer. In this situation,
the government may not provide a technology subsidy
to the retailer.

Therefore, when the costs of PHLG reduction tech-
nology for the retailer and the subsidy for that technol-
ogy are within a certain range, the retailer will invest
in PHLG reduction technology, and the government
will subsidise this investment. Otherwise, the govern-
ment will not be able to subsidise the retailer but may-
be subsidise the producer.

RESULTS AND DISCUSSION

Case description. To verify the validity and reli-
ability of the model constructed in this article, we con-
ducted simulation experiments on the basis of real data
related to PHLGs and agricultural pollution in China.

Regarding the setting of APE parameters, the Chi-
nese government indicated in 2022 that agricultural
pollutants should include four indicators: nitrogen, am-
monia nitrogen, phosphorus and chemical oxygen de-
mand (Ministry of Ecology and Environment the PRC
2022). In this study, we selected phosphorus emissions
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as an indicator of APE. For example, in Anji County
in China, the utilisation rate of phosphate fertiliser
in wheat cultivation is generally less than 30% (Anji
County People’s Government 2022). Assuming a phos-
phate fertiliser utilisation rate of 20%, and based on an
average phosphorus application rate of 30-37.5 g/m?
for wheat, there are approximately 24-30 g of phos-
phorus emissions per m? of land (Farmers' Little 2021)
during wheat cultivation in this region. Because the pol-
lutant emission control standards should be higher than
the actual emissions by a certain margin (Chow 2011),
this study set a maximum allowable value M = 49. Based
on an average wheat yield of 0.30-0.45 kg/m? (Agricul-
tural Planting Network 2024), the phosphorus emission
value per unit of wheat output is approximately 0.08
to 0.12. Therefore, in this study, we assumed ¢, = 0.1.
The level of pollution emissions generally ranged from
0 to 1, so this study assumed y = 0.1. When construct-
ing a consumer utility function, Chen et al. (2017) intro-
duced a coefficient reflecting the consumers’ sensitivity
to environmental pollution, with a special value range
(= 0). Therefore, in this case study, we set this coefficient
as 0 = 0.6. In addition, Zhang et al. (2021) indicated that
the government subsidy coefficient for environmental
innovation should fluctuate within a certain range [0, 1];
in the case simulation, we set this coefficient to 0.3. Ac-
cording to the subsidy rules for agricultural production
issued by Pudong New Area, Shanghai, China, in 2023
(Pudong New Area Agriculture and Rural Affairs Com-
mittee, Pudong New Area Finance Bureau 2023), the
subsidy coefficient for fertilisers and pesticides should
be set at a specific value [0.25, 0.75]. On this basis,
in this study, we set the government subsidy coefficient
as s = 0.4 for environmental innovation by producers.
Regarding the setting of PHLG parameters, Zhang
et al. (2021) suggested in their research that the gov-
ernment’s output subsidy coefficient should be within
a specific range [0, 1]. However, according to the ‘In-
centive Measures for Major Grain-Producing Coun-
ties’ issued by the government in 2018 (Ministry
of Finance of the People’s Republic of China 2018),
the weighting proportions of the four evaluation indi-
cators (grain commodity volume, grain output, sown
area and performance) were clarified, with grain out-
put accounting for a 20% weight. The specific subsidy
coefficients are as follows: 0.2 for Class I regions (Zhe-
jiang, Guangdong), 0.5 for Class II regions (Liaoning,
Jiangsu, Fujian, Shandong) and 1 for Class III regions
(excluding Class I and II regions, Beijing, Shanghai,
Tianjin). Therefore, the subsidy coefficient for grain
output is further clarified [0.04, 0.2]. On the basis

of relevant policies, in this study, we set the govern-
ment subsidy coefficient for grain output as = 0.06.
The formula for calculating the grain loss rate is the
natural loss divided by the total production. On the ba-
sis of previous field investigations in major grain-pro-
ducing areas in China, we found that regardless of the
size of farmer households, the grain loss rate ranged
from 10% to 20%. This result is the same as data pub-
lished by the Chinese Ministry of Agriculture in 2012,
which reported a PHLG rate of 7% to 11% (Ministry
of Agriculture of the People’s Republic of China 2012).
In light of this finding, we set the postharvest loss rate
for producers as A = 0.1. According to Li et al. (2020),
the use of loss reduction technologies can reduce the
grain loss rate for producers by approximately 2.5%.
Based on this estimation, the theoretical attenuation
coefficient for the number of producers after adopting
loss reduction technologies should be within (0, 0.77).
In this study, we set it as a; = 0.1. In addition, accord-
ing to the research findings of Liu et al. (2023), retail-
ers experience a quantity loss rate of approximately
3% to 8% before adopting loss reduction technologies.
However, after implementing these technologies, their
quantity loss rate decreases to less than 1%. Therefore,
we set the postharvest loss rate for retailers as A, = 0.04.
Furthermore, considering that the attenuation coef-
ficient for the number of retailers after adopting loss
reduction technologies is within the range of (0, 0.33),
we set this coefficient as a, = 0.05. Moreover, govern-
ment subsidy coefficients for supply chain members’
freshness preservation measures typically are within
the range of [0, 1]. In their study on the fresh food sup-
ply chain, He and Yang (2023) set this subsidy coeffi-
cient as [0.1, 0.4]. Therefore, in the context of the grain
supply chain, we established a subsidy coefficient for
both producers and retailers that aligns with practical
considerations and is guided by theoretical principles,
setass, = 0.1, S, = 0.3.

In addition, during our analysis of the results, when
parameters y, s, s,, 5,, &, «, are considered as indepen-
dent variables, their values are not single specific num-
bers but vary continuously within the range of 0 to 1.
This finding implies that we are exploring the effect
of different values of these parameters on the results
across their entire valid range of 0 to 1.

Result analysis. On the basis of the specific descrip-
tions of the parameters in the chapter Case descrip-
tion, we conducted a case simulation analysis of the
actual situation by using MATLAB software.

The grain prices decreased as the reduction effort in-
creased. At the same time, as the producer’s effort to re-
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duce APE changed, the trend in the wholesale price was
smaller than the retail price. In addition, as the produc-
er’s effort in reducing APE increased, the supply chain
members’ revenues decreased. Therefore, if the govern-
ment wants to produce better social benefits, it should
encourage the producer to explore the best environ-
mental innovation technology for the level of APE.
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Figure 1. Variation tendencies in the NEL model
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Comparing Figures 1-3 shows that as the EIS coeffi-
cient increases, the decision variables and the depend-
ent variables exhibit a corresponding trend under the
ENL and EL models. This finding suggests that, for
the producer, the trends in the decision variables and
the dependent variables are not affected by investing
in PHLG reduction technology.
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Moreover, as the producer’s degree of effort towards
APE reduction increased, in the EL and ENL models,
the decision variables and the dependent variables
had the same trend. In both models, the magnitude

of change in supply chain members’ returns was differ-
ent as the producer’s degree of effort towards APE re-
duction increased. Therefore, the magnitude of change
in supply chain members’ returns were affected by the
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producer’s investment in APE reduction technology
as the producer’s effort increased.

According to Figure 4, PHLG reduction subsidy
coefficient s, did not affect the trends of equilibrium
prices, and the retailer and the government benefited,
but it affected the producer’s benefit. At the same time,
as PHLG reduction subsidy coefficient s, increased, the
producer’s revenue increased, and the producer PHLG
reduction subsidy stimulated the producer to adopt
PHLG reduction technology. In addition, the pro-
ducer’s quantity attenuation coefficient of grain a, was
not related to the decision variables, negatively related
to the dependent variables 2" and rrfL*, and positively
related to the dependent variable L%, Thus, to maxi-
mise their benefits, supply chain members can adjust
strategically for the most optimal degree of loss reduc-
tion on the basis of the prevailing benefit trends.

Comparing Figures 1-5, in the EL, ELB and ENL mod-
els, shows that as the EIS coefficient and the producer’s
APE reduction effort increased, the decision variables
and the dependent variables had the same trend.

Moreover, comparing Figures 4 and 5, in the EL and
ELB models, shows that coefficient of derogation sub-
sidy s, did not affect the change trend of equilibrium
prices and benefits of the retailer and the government.

https://doi.org/10.17221/221/2023-AGRICECON

benefit positively. This finding indicates that, as the
reduction of PHLG subsidy coefficient s, for the pro-
ducer increased, the trends and change scales for the
equilibrium prices and the benefits for the retailer and
the government were not affected by the investment
behaviour of the retailer in reduction loss technology,
but the magnitude of changes in the producer’s benefits
was affected by the investment behaviour of the retailer.

Comparing Figures 6A and 6D shows that PHLG re-
duction subsidy coefficient s, had no effect on the equi-
librium prices and the producer’s revenue. However,
it was positively correlated with the retailer’s revenue.
The loss reduction subsidy coefficient’s influence on the
government’s revenue was eliminated after mixing the
incomings and outgoings. Comparing Figures 4 and 6,
in the EL and ELB models, shows that the quantity loss
reduction coefficient of producer a, was not correlated
with the decision variables and was negatively corre-
lated with the dependent variables. The government’s
revenue had an opposite change. Therefore, if the sup-
ply chain members want to obtain more benefits, they
can adjust the most perfect degree of PHLG reduction
according to the benefits trend. In addition, the quan-
tity loss reduction coefficient of retailer o, was not cor-

2
related with the decision variable m2/%" and negatively

Surprisingly, this coefficient affects the producer’s correlated with the dependent variables r[fLB* and nﬁLB*.
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To enhance revenue generation among supply chain
members, the retailer must optimally leverage PHLG
reduction technology.

According to Figure 7, when the costs of APE re-
duction technology C(y) and EIS factor s were within
a certain range, the producer invested in APE reduc-
tion technology, and the government subsidised them.
If the costs of APE reduction technology exceeded
a certain range, the government did not need to subsi-
dise. In Figure 7, the government subsidy behaviour for
the producer’s APE reduction investments improved
the producer’s profitability. Simultaneously, the pro-
ducer must strive towards minimising the costs associ-
ated with APE reduction technologies, thereby render-
ing them more viable for the government subsidies.

Figure 8 indicates that when the cost of PHLG re-
duction technology and EIS coeflicient s, were within
a certain range, the producer invested in PHLG re-
duction technologies, with the government provid-
ing subsidies. However, if the cost of PHLG reduction
technology exceeded a certain threshold [C(a, ) > L ],
the government did not provide subsidies. With the
government offering subsidies for PHLG reduction
technologies to the producer, both parties can benefit:
the producer enhances its own efficiency, and the gov-
ernment also gains. For the government to reap greater

benefits, the producer should make every effort to mi-
nimise the costs associated with PHLG. Only under
these circumstances is it feasible for the government
to offer subsidies sustainably.

Observing Figure 9, for the retailer, we find that
when EIS coefficient s, and the cost of PHLG emis-
sion reduction technology C(a, A,) were within
a certain range [s, > ¢, C(ay, \)) < ¢,], the retailer
adopted PHLG emission reduction technology, and
the government provided subsidies. However, if the
cost of the PHLG emission reduction technology ex-
ceeded a specific threshold [C(a,, M) > ¢,], the gov-
ernment ceased to subsidise it directly but instead
shifted subsidies towards the producer’s loss mitiga-
tion investments and APE reduction inputs. In sum-
mary, the government’s subsidies on the retailer’s loss
mitigation investments can effectively increase the
retailer’s revenue.

We compared our results with those of other stud-
ies and discovered some differences and similarities
(An and Ouyang 2016; Chen et al. 2017). In our study,
we concluded that the EIS coefficient did not affect the
trend of equilibrium prices and returns for the gov-
ernment as well as for the unsubsidised supply chain
members, which is different from the findings of Chen
etal. (2017) and Zhang et al. (2021). The mathematical
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expressions for APE and demand may be similar. Inad-  is the same as the results of Chen et al. (2017). When
dition, the producer’s benefit also increased, which the EIS coefficient and APE reduction cost reached
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s, — eduction loss subsidy coefficient for the retailer; C — costs of agricultural pollution emission reduction technology;

a, — quantity attenuation factor of grain in the retailer; ¢ — equilibrium solution; 7 — benefit; F — zero mark

Source: Author's own elaboration

a certain range, the producer’s emission reduction be-
haviour and the government subsidies helped supply
chain members to gain high benefits without adopting
innovation. In other words, it is feasible for the gov-
ernment to achieve the goal of environmental protec-
tion by subsidising the producer’s APE reduction in-
vestment, and the result of this study is similar to that
of Zhang et al. (2021).

Robustness analysis. Because of global warming,
it is particularly important to accomplish the goal
of improving air quality. China had formulated a se-
ries of beneficial agricultural policies to subsidise the
costs of agricultural pollution control (see Appendix D
in the ESM). In the ENL, EL and ELB models, we dis-
cussed only the case in which the government pro-
vides variable subsidies, but, in practice, the govern-
ment can adopt a mixed subsidy model. For example,
subsidies for agricultural film recycling are a variable
subsidy model. To support green technology exten-
sion services, the government offered fixed and vari-
able subsidy models (Ricker-Gilbert and Jones 2015;
Chatterjee 2018). Therefore, we will make the exten-
sion models FENL, FEL and FELB. Specific changes
are as follows: ¢, indicates the fixed subsidies of the
government for APE cost reduction, c, indicates the
fixed subsidies of the government for producer PHLG

cost reduction and c, indicates the government fixed
subsidy for retailer PHLG cost reduction. The analy-
sis process is shown in Appendix E in the ESM. The
results show that when the government provides only
the fixed subsidies, these fixed subsidies have no ef-
fects on the equilibrium prices in the extended mod-
els, but they have an effect on the revenues of supply
chain members, which is similar to the results in the
variable subsidy model. If the government provides the
mixed subsidies, the effect trends of the subsidy coef-
ficients on the equilibrium prices and revenues remain
unchanged in the three models, which indicates that
the robustness of our constructed model is good.
Investigators in other studies considered the influ-
ence of only one factor and did not take into account
the influence of APE and PHLG. In addition, the two
factors may affect each other, and other investigators
did not discuss whether their results would be affected
by the combination of factors. Agricultural pollution
limits agricultural production as well as environmental
sustainability. To alleviate this dilemma, some schol-
ars had obtained important results regarding subsidy
policies for the reduction loss and emission invest-
ments in agricultural supply chains (Chen et al. 2017;
Zhang et al. 2021). In this study, we integrated APE
and PHLG to explore the government subsidy strate-
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gies and investment rules of supply chain members
to achieve the purpose of encouraging supply chain
members to reduce PHLG while achieving APE reduc-
tion. In addition, we defined the model based on the
study by Zhang et al. (2021) and proposed four subsidy
models to analyse comprehensively the effect of APE
and PHLG on supply chain members and find the best
strategy, which we also verified.

CONCLUSION

Conclusion and policy recommendation. In this
study, we proposed the concept and function expres-
sions of APE and PHLG reduction efforts, modified
the demand function by considering the dual context
of APE and PHLG reduction, proposed and analysed
four investment subsidy models according to the actual
situation and compared the benefits among the mod-
els. We found that no matter which subsidy method
was used, it was not a win-win situation for the gov-
ernment to subsidise. On the contrary, it was neces-
sary to subsidise other supply chain members that were
within a certain range to achieve a win-win situation.

i) The equilibrium prices and benefits of supply chain
members were negatively correlated with the pro-
ducer’s degree of effort towards using APE reduction
technology, regardless of whether those supply chain
members invested in PHLG technology. We found that
the government subsidies for APE technology caused
negative revenue growth for supply chain members.
We believe that at the inception of implementing APE
reduction technologies, a substantial investment in hu-
man resources, financial capital and material assets
is essential to rehabilitate and enhance the degraded
farmland ecosystems, given the heightened degree
of ecological damage.

ii) When the government subsidises APE and PHLG
technology for other supply chain members, the gov-
ernment should stop subsidising the retailer’s input
in loss reduction technology to ensure that the govern-
ment’s own revenue is not damaged. In the Material
and methods chapter, we showed that after subsidy, the
government cannot balance its benefits among supply
chain members. Thus, we suggest that the government
stop subsidising retailers’ PHLG technology inputs.

iif) The government’s revenue is constrained by the
strength of its subsidies to other supply chain members.
In a comparison of all models, for the government, in-
creasing the subsidy amount for the reduction loss and
emission inputs does not necessarily lead to an increase
in government revenue because there is a threshold

222

https://doi.org/10.17221/221/2023-AGRICECON

value for the amount of the government’s subsidy for re-
duction loss and emission technology. The government’s
revenue increases when the amount of input for supply
chain members’ technology is less than the threshold;
conversely, when the amount of input is higher than the
threshold, the government’s revenue will decrease.

iv) When the government provides reduction loss
technology subsidies to others, the government’s rev-
enue is not always positively correlated with the level
of effort of the supply chain members. In the ELB
model, the government’s revenue was negatively related
to the PHLG reduction subsidy coefficient. However,
in the EL model, the government’s revenue was posi-
tively related to the PHLG reduction subsidy coefficient.

On the basis of these study conclusions, we propose
the following pragmatic policy directions. Not all tech-
nologies will develop in a good direction, and there
may be negative effects. The government should use
technology rationally and analyse specific problems on
a case-by-case basis. The government should ration-
ally subsidise supply chain members’ technological
input under the premise of ensuring its own revenue.
The need for the government to strengthen its APE
and PHLG reduction efforts is key. The strategies men-
tioned above will help ease APE and PHLG.

There are some limitations in this article. Optimal
conditions and implementation plan for the govern-
ment’s subsidies are lacking. The mixed subsidy model
also needs to be considered. These will be an important
direction of our future work.
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