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Research on dynamic
optimization of grain reserves
based on two-way options

Qijun Jiang and Caixia Chen*

School of Economics and Management, Shanghai Ocean University, Shanghai, China

How to optimize grain reserve management, reduce the cost of grain reserve,
improve the efficiency of grain reserve and enhance the comprehensive strength
of national grain reserve is a practical problem that the government and society
pay close attention to. This paper innovatively proposes a two-way option grain
reserve model, constructs a dynamic reserve system composed of government
and grain storage enterprises, and uses mathematical modeling and optimization
methods to explore the optimal option purchase quantity of the government
under the two-way option reserve model, and simulates the sensitivity of
government and enterprise decision-making parameters. The research shows
that the two-way option contract signed by the government and enterprises
can effectively reduce the cost of grain reserve and effectively balance the
amount of static reserve and dynamic reserve. Under the condition that the total
grain reserve remains unchanged, the relationship between the government’s
optimal grain static reserve and the government’s optimal call option purchase
and the call option strike price is determined. Depends on the difference of the
sum of put option execution cost and reserve cost; The relationship between
the government’s optimal grain static reserve and the government's optimal
call option purchase and the put option strike price depends on the difference
between the sum of the call option execution cost and the reserve cost. The
government'’s put purchase is an increasing function of the put strike price and a
decreasing function of the two-way option premium and the possibility of grain
utilization. Finally, on the basis of analyzing the potential risks in the process
of implementing the two-way option of grain reserve, the paper puts forward
countermeasures and suggestions. This study has very important theoretical and
practical guiding significance for guiding financial institutions to launch financial
products and services reasonably.

KEYWORDS

grain reserve, two-way option reserve, reserve cost, static reserve, dynamic reserve

1 Introduction

Since 1955, China has established and continuously improved the grain reserve system,
adopting the grain reserve mode of government reserve as the main and market regulation
as the supplement. Its main goal is to cope with major natural disasters, wars and other
emergencies, maintain social stability, protect the interests of farmers, calm prices, protect
the stability of the grain market and ensure food security, so as to be prepared (Zheng and
Pu, 2019). From the perspective of reserve management, grain reserve can be divided into
static reserve and dynamic reserve. Static reserve means that the government purchases
grain to reserve itself or entrusts the storage enterprises to reserve spot grain. Dynamic
reserve means that the government and enterprises sign a contract, and the enterprises
reserve grain. During the contract period, the right to use grain belongs to the enterprises.
When the government produces demand, it buys and sells grain according to the price
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agreed in the contract, and the government gives the enterprises a
certain contract fee as compensation.

Up to now, China’s grain reserve system still has a series of
practical problems (Kong and Chen, 2024). This is also a problem
that the government has paid close attention to in recent years, so it
needs continuous innovation in grain reserve management. Grain
as a seasonal product (Payne and Peters, 2004), its long production
cycle leads to seasonal supply characteristics, which increases the
difficulty of grain reserve management. The government static
reserve is an important channel for grain reserve, but not the
only one. The greater the reserve of refined grain, the stronger
the ability of food emergency security. However, if the government
static reserve is simply increased, the food liquidity is poor, and it is
difficult to meet the national requirements for refined grain reserve
rotation at least twice a year. Different from the general commercial
material reserve, the grain reserve has the characteristics of low
demand probability, difficult to determine the demand, high cost
caused by stock shortage, and strong timeliness. This requires the
good use of market and government regulation means, without
reducing the total amount of grain reserves, do everything possible
to enhance the dynamic reserve capacity and reduce the cost
of reserve. Therefore, this paper innovatively introduces option
contract as a grain reserve innovation management tool, which
has important theoretical and practical guiding significance for
guiding financial institutions to launch financial products and
services reasonably.

Option contract mainly exists to deal with risks. Option
contract is a kind of financial derivatives contract, which gives the
buyer of option the right to reorder or return some commodities
that have been ordered within the validity period of the option
contract. The underlying asset of an option can be a commodity,
a stock, a foreign exchange, etc. The price of an option contract is
called an option premium and is paid by the buyer to the seller.
This paper constructs a dynamic reserve system composed of the
government and grain storage enterprises, discusses how to reduce
the cost of grain reserve through the two-way option reserve mode,
discusses the government’s two-way option purchase quantity and
the optimal static reserve quantity under the condition of two-
way option establishment, and puts forward countermeasures
and suggestions for the potential risks in the implementation
process. This paper innovatively proposes the two-way option grain
reserve mode. During the transition period from normalization
to emergency, it can not only deal with various emergencies,
but also improve the flexibility and economy of grain reserve,
enhance the dynamic reserve capacity, and realize more efficient
and economical reserve management.

2 Literature review

2.1 Research on grain reserves

The Food and Agriculture Organization of the United Nations
(FAO) defines food stocks as “the amount of food stored at the
beginning of a new agricultural year from the previous year’s
crop harvest.” Because food production is subject to cyclicality
and instability, and food demand is persistent and uncertain, in
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order to minimize the risks to people, food stocks are needed
to balance food shortages caused by factors beyond their control
(Jiang and Ji, 2024). Since the 1990s, with the development of
China’s socialist market economic system, Chinas grain reserve
system has been gradually established and continuously improved,
which has played a role in safeguarding farmers’ interests and
ensuring food security. This requires continuous improvement
of the national reserve system and scientific adjustment of the
structure, types and scale of reserves to improve the efficiency
of reserves. From a macro point of view, improving the
efficiency of grain reserves is reflected in ensuring food security,
stabilizing market prices, responding to emergencies, optimizing
the reserve structure, improving management efficiency, and
enhancing national strategic capabilities. From the micro point
of view, improving the efficiency of grain reserve is reflected in
optimizing inventory management, improving storage conditions,
strengthening supply chain management, risk assessment and
response, and data-driven decision-making. From the perspective
of food policy, most scholars focus on the two themes of loosening
grain purchase and sale control and strengthening the construction
of post-production service system. For example, Tong et al. (2019)
and Tan et al. (2014) evaluated the effect of China’s grain market
regulation policies through policy operation mechanism and
comparative analysis, and the research showed that Chinas grain
market regulation policies could mobilize farmers’ enthusiasm to
grow grain and ensure food security. While ensuring the stability of
food supply chain is the key premise to ensure food security, Wang
and Gao (2023) believes that building a Chinese-style modern
food supply chain is an inherent requirement and inevitable
choice to seek happiness for the people and strengthen food
security. In addition, with the rapid development of information
technology, Song et al. (2023) analyzed the digital construction of
production, transportation, storage, processing and marketing of
food supply chain from two aspects of food supply chain security
and emergency state of food security. Multi-subject information of
food supply chain needs to be shared and interactive. In order to
effectively improve the capacity of grain reserve; Qing et al. (2023)
and Gao (2024) analyzed the internal mechanism and feasible path
of food security under the background of “double cycle” to study
how to improve the emergency food supply capacity. However,
there are still a series of problems and contradictions in China’s
grain reserve system, such as how to balance food security and
grain reserve efficiency. Cao et al. (2022), Gao and Gong (2012)
discuss the development of China’s grain reserve system, realistic
challenges and improvement directions. Jiang and Rong (2024) and
Li (2016) studied the efficiency of grain reserve management, and
studied how to improve the efficiency of grain reserve management
from the micro level of the tripartite game between the government,
enterprises and society. At present, China’s grain reserve is basically
through qualitative and quantitative methods, such as game theory,
social network analysis method (Liu et al., 2024), dynamic entropy
weight method (Wang and Qu, 2024) and other methods to study
grain reserve policy, grain supply chain and other topics.

Based on the findings of the above literature review, the
current literature research points out multiple paths to improve the
efficiency of grain reserve from the aspects of policy regulation,
supply chain construction, digital technology application and
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management efficiency. However, there are relatively few literatures
on how to innovate grain reserve management, improve grain
reserve efficiency by optimizing grain reserve quantity and
reducing reserve cost, especially the studies on how to improve
grain reserve efficiency by introducing two-way option reserve
model are still relatively rare.

2.2 Research on two-way option reserve

An option is a financial contract that gives the holder the right
to reorder or return some ordered goods on or before a specific
date in the future. Options are divided into American options and
European options, the difference being that American options can
exercise the right at any time, while European options limit the
right to exercise for a specific period of time. The two-way option
studied in this paper belongs to the American option. As a financial
derivative, the call option gives the buyer the right to buy the
commodity according to the contract price. A put option gives the
buyer of a put option the right to return some of the remaining
commodity over the life of the option contract. The combination of
a call option and a put option forms a two-way option, which gives
the buyer of the two-way option the right to reorder or return some
of the ordered goods during the life of the option contract, while
the premium is the fee paid by the buyer to the seller for the rights
held by the option contract.

Option is usually used in the financial supply chain, mainly
to reduce the supply chain due to product demand uncertainty,
supply uncertainty, price uncertainty caused by the multi-source
risk (Jiang and Liang, 2024), reduce the risk of multi-source risk to
the buyer and seller brought profit reduction. Scholars have carried
out extensive research on two-way option. Jin et al. (2020) and
Wang et al. (2024) have carried out in-depth discussion on two-way
option from basic concept to pricing model, risk management and
hedging strategy, providing important reference and guidance for
theoretical research and practical application of two-way option.
Rabbani et al. (2015) proposed an option pricing model based on
binomial tree to optimize the option price and the exercise price
under four conditions, and the results show that there is a negative
correlation between the option price and the exercise price. Wang
et al. (2015) propose a pre-purchase model with option contracts
(PPOC) model to address the immediate purchase or pre-purchase
dilemma faced by the management of humanitarian operations.
Tan et al. (2021), Xiang and Luo (2022) combined two-way option
with risk avoidance to study how retailers optimize purchasing
strategies to avoid risks under two-way option. Chen (2020) studied
the optimal decision of retailers’ mixed spot and option purchasing
under risk avoidance, in order to reduce the risk of out-of-stock loss
or product unsalable to retailers.

The application of option contracts and derivative instruments
in agricultural supply chain risk management exhibits diversified
and innovative characteristics. Against the backdrop of escalating
trade frictions and market volatility, Xu et al. (2025) proposed
the AERV model, which enhances implied volatility forecasting
accuracy through multi-financial instrument data integration.
Combined with the “insurance + futures” framework, this model
effectively diversifies agricultural price risks. Empirical results
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demonstrate its significant role in stabilizing farmers income.
To address supply chain uncertainties, Chong and Xu (2018)
and Yang et al. (2017) independently validated the value of
put options and double-sided options in controlling perishable
product inventory risks. Deng and Chong (2022) validated the
value of call options, put options, and double-sided options in
controlling perishable product inventory risks. Their findings
revealed that dynamic adjustments to option premiums and strike
prices can align the interests of supply chain participants, with
double-sided options offering unique advantages by balancing
shortages and surplus risks. In the context of green supply
chains, Mohamad et al. (2021) further integrated call options
with revenue-sharing contracts, demonstrating their capacity to
achieve simultaneous environmental and economic objectives
under demand volatility caused by the COVID-19 pandemic. For
specialized scenarios, Yemei et al. (2022) designed an option-based
coordination mechanism tailored to the perishability of festival
foods, reducing waste costs by 27%. Technological innovations
include Luo et al. (2024)s early-stage crop identification model,
which leverages Sentinel remote sensing data to achieve an F1-
score of 0.97, providing precise data support for futures and
insurance products. Meanwhile, Wang et al. (2021) analyzed
the cost efficiency of China’s live pig industry, highlighting that
“insurance + futures” tools can mitigate efficiency losses under
environmental regulations. Collectively, option-based instruments
are reshaping risk management paradigms across agricultural
supply chains through three pathways: risk reallocation, supply
chain coordination, and technological advancement. This tripartite
framework is redefining risk response strategies throughout the
agricultural value chain. With the in-depth study of scholars on
two-way option, two-way option has been gradually applied to
supply chain management of emergency materials procurement.
Meng et al. (2023) studied the optimal reserve decision of the
purchaser and the parameter conditions required for supply
chain coordination by establishing the emergency materials
reserve model.

Based on the above literature review, Option-based instruments
are redefining paradigms in agricultural risk management through
three interconnected pathways: risk reallocation, supply chain
coordination, and technological innovation. It is found that two-
way options can help reduce the risks of product shortage and
inventory overhang caused by the uncertainty of demand, supply
and price in the supply chain, and improve the stability and
efficiency of the supply chain. Two-way option has been applied to
the supply chain of emergency materials procurement to optimize
the procurement strategy. However, the research of two-way
option in grain reserve management is still relatively rare. This
study introduces the two-way option reserve model into grain
reserve management, builds a dynamic reserve management system
composed of the government and grain storage enterprises, and
discusses how to reduce grain reserve costs through the two-way
option reserve model and analyzes the conditions for reducing
grain reserve costs under the two-way option reserve model under
the condition that the total grain reserve remains unchanged.
Under the conditions of the establishment of two-way option,
the government’s two-way option purchase volume and static
reserve volume are analyzed by numerical simulation, and their
application and effect in theory and practice are discussed. Finally,
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countermeasures and suggestions are put forward for potential
risks in the implementation process.

3 Model analysis

3.1 Problem description

Government reserve mode is a non-option contract widely
used in grain reserve procurement. The government purchases
a certain amount of grain from grain storage enterprises at the
agreed price for reserve. After the grain storage enterprises sell
the grain to the government, neither party can adjust the quantity.
The government bears all the risks of uncertain demand under
the government reserve mode, while the enterprises do not bear
any risks. For the enterprise, its profit depends on the quantity
purchased by the government and the agreed price, and is not
affected by other factors. The government has the economic motive
to purchase the optimal quantity of grain reserves at the lowest cost,
but the static reserve mode of the government can not effectively
encourage enterprises to improve their profit level, and can not
make the government reserve and storage enterprises reach the
Pareto optimal. The relevant variables and symbol Settings of this
study are shown in Table 1.

In the static stockpiling model, the government buys Qw units
of grain from suppliers at a negotiated price of W for stockpiling
before an emergency demand arises. Once the emergency demand
is created, the grain is transported to the area of demand. If
the emergency demand x is less than the amount of government
reserves, i.e. X <Qw, then the remaining quantity Qw-x is
processed with a residual value V, giving a residual value benefit of
V (Qw-x). If the emergency demand X is greater than the amount of
government reserves, i.e. X > Qyw, then the government will incur a

TABLE 1 Related variables and their descriptions.

Variables Symbol Variables Symbol

instructions

instructions

Qw Total grain reserves Q Number of put options
purchased
w Negotiated price Wy Unit call strike price

per unit of grain

C Production cost per Wy
unit of grain

Unit put strike price

Cr Rotation cost per P
unit of grain

Cost per unit of grain
out of stock

The reserve cost of
enterprise grain
reserve

C; The reserve cost of C,
government grain
reserves

v Residual value per o
unit of grain

The probability of
using grain reserves

O Royalties on f(x)
two-way options

The probability density
function of demand x

Q The number of call F (x)
options purchased

The probability
distribution function
for random demand x

X Random demand
for grain reserves
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shortage cost P (x -Qw). The profit of a grain storage enterprise
is the difference between sales revenue and production cost, i.e.,
(W-C) Qw.

From the normal state to the emergency state, after the
emergency demand for food, the reserve grain is quickly
transported to the emergency demand area, so the extra cost of
delayed supplies will be incurred during the period when the
reserve grain arrives at the designated demand place. Compared
with this cost risk, the risk caused by the failure of the reserve grain
to be deployed to the urgent place is more worrying. Therefore, the
government pays special attention to how to improve the efficiency
of grain reserve and reduce the cost of government reserve.

3.2 The optimal purchase amount of
options under the dynamic reserve mode
of two-way option contract

3.2.1 The mechanism of two-way option reserve
mode

Under the condition that the total grain reserve remains
unchanged and the interests of enterprises are not sacrificed, the
cost of grain reserve is reduced through the combination of spot
and futures. Figure 1 shows the operation mode of dynamic reserve
of two-way option contract. Assuming that the total grain reserve
remains unchanged, the government purchases the two-way option
of enterprises at the beginning of the reserve period. If there is
a demand for grain reserve, the government will first use the
planned reserve; if there is still surplus grain reserve within the
contract period, the government will execute the put option within
the contract validity period; if the actual grain reserve of the
government is not enough to meet the unexpected demand under
abnormal conditions, the government will execute the call option;
If there is no emergency demand for reserve grain, the government
can execute the put option before the expiration of the contract.
However, whether it is a call option or a put option, the government
can not buy or sell more than the remaining amount agreed in
the contract, the government has the right to choose whether to
exercise the two-way option, and the enterprise has no right to force
the government to exercise it.

This paper assumes that under the condition that the total grain
reserve remains unchanged and the interests of the enterprise are
not sacrificed, in order to reduce the cost of grain reserve, the
government signs a two-way option agreement with the storage
enterprise, agreeing to pay a certain option fee to the storage
enterprise at the beginning of the period. The government has the
right to require the storage enterprise to buy or sell the remaining
quantity not exceeding the quantity agreed in the agreement
according to the price agreed in the contract. In this way, the
government not only reduces the cost of the reserve, but also
provides compensation for the losses that the storage enterprises
may suffer.

Demand for grain reserves is uncertain, as they are usually
used to cope with major disasters or emergencies and to calm
market prices. According to the principle of uniform distribution
and exponential distribution, the grain reserve demand x (x > 0) is
a continuous random variable, and its probability density function,
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Sign two-way options

Government ="

1 Storage enterprise

option reserve

Deliver the government's physical
reserve Qw-Q and prepare the call

If there is any surplus,
3 Yes execute the put option
Does it generate iV Government /7 put op
demand? static reserve %
No surplus, execute call
ion
No optio
Execute put option Emergency demand Market supplement

FIGURE 1
Dynamic reserve operation mode of two-way option contract.

cumulative distribution function and inverse function are f (x), F
(x)and F ! (x) respectively, where F (x) and F (x-1) are monotonic
increasing functions, whose maximum value is U and average value
is W, F (x) € (0,1] and continuously differentiable (John et al.,
20205 Lodree and Taskin, 2008). Therefore, we use the exponential
distribution to analyze the proposed model (Hu et al., 2020). It is
assumed that the call option exercise price is higher than the agreed
price and the put option exercise price, that is, the grain reserve left
after the exercise of the option is recovered as a put option by the
storage enterprise at a cost lower than the agreed price. Otherwise,
the government and the enterprise will not be willing to sign the
two-way option, and the production cost of each unit of grain is
greater than the residual value of each unit of grain and less than
the agreed price of each unit of grain, otherwise it cannot guarantee
that the storage enterprise can obtain reasonable returns; The put
option execution price is greater than the sum of residual value
and royalty, otherwise it cannot meet the government’s expectation
to reduce the reserve cost, and it must ensure that the put option
execution price is less than the sum of the agreed price and royalty,
so as to ensure the interests of the storage enterprises.

3.2.2 Model construction of two-way option
reserve mode

The expected cost of government when grain reserve is passive
is as follows:

Enogl

Qw—q—
(W+C) (Qw—Q +0(q+0Q) —/0 " [Wag

V(QW—Q—q—X)f(x)dx—/ Wi (Qu

Qw-q—q

+

Qw
- Q—x)f(x)dx+/ Wy (x — Quw+ Q) f (x) dx

Qw-q
U
+ / [P (x — Qu) + W,QIf (x) dx
Qw

=W+C)Qw-Q+0(3+Q)
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Qw-q Qw-q—q
—Wd/ F(x)dx—V/0 F(x)dx

Qw-q—q
Qw U
- Wy F(x)dx—l—P(U—QW—/ F (x) dx)
Qw-q Qw
+ QW, 1)

The first part (W-C) (Qw-Q) is the sum of the
procurement cost and storage cost of the governments
reserve grain, the second part O(q+Q) is the cost of the
governments purchase of the two-way option, the third
parthQW*qu[qu + V(Qv—-Q—q—x)f(x)dx is the
income obtained by the governments execution of the put
option and the residual value income of the remaining
reserve grain after all the execution of the put option, and
the fourth part fgu‘;‘/__f_q Wi(Quw—Q—x)f(x)dx is the
income of the governments execution of the put period.
The fifth fgv‘;qu Wy (x — Qu + Q) f (x) dxpart is the cost of
the government’s execution of the call option, and the sixth
part fgw [P(x — Quw) + W,Q]f (x) dx is the shortage cost when
the government still cannot meet the emergency demand after the
execution of all the call options.

When grain reserve is not passive, the expected cost of the
government is as follows:

Ellyg = (W+C)(Qw —Q +0(9+Q) —qWy
- VQw -Q—9q) 2

Therefore, the expected cost of the government over the entire
reserve period is:

EHOg

PEIg1 + (1 — p) Ellogy = (W + C1) (Qw — Q)

Qw—Q
O(q+Q)—de/Q F (x) dx

w—Q—¢q

Qw—Q—q Qw
— pV/ F(x)dx—qu/ F (x) dx
0 Qw—Q

+
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U

+ ;oP(U—Qw—/Q Fx)dx) —qWq — V(Qw — Q
w

— @) +pqWi+pV (Qw — Q—q) + pQW, 3)

When the grain reserve is used passively, the expected profit of
the storage enterprise:

Ellyq = O(q+ Q)+ (W —-C)(Qw —Q —Q(C+Cy)

Qw—-Q Qw—Q—q
+ /o QVf (x) dx — /0 q(Wy — V)f(x)dx

Qw—-Q
- / (W — V)(Quw — Q — 0)f (x)dx
Qw—Q—q

Qw
+
Qw—-Q

U
+ QW,f(x)dx

[(Wulx — Qw + Q) + V(Qw — x)]f(x)dx

Qw
=0(@+Q+W-0Qw—-Q—-Q(C+Cy)
Qw—Q
+ W,Q—(W;—V) F(x)dx — (W,
Qw—Q—q
Qw
- V) F(x)dx (4)
Qw—-Q

The first part O(q +Q) is the two-way option income of
the storage enterprise, the second part (W-C) (Qw-Q) is the net
sales income of the storage enterprise, the third part Q(C+C,)
is the production cost and storage cost of the call option of the
storage enterprise, and the fourth part fOwaQ QVf (x) dx is the
income of the storage enterprise processing the number of call
options when the demand for reserve grain x is 0<x<Qw-Q. The
fifth part j;)QWiqu q(Wy4 — V)f(x)dx is the cost of the storage
enterprise executing all put options when the grain demand x
is 0<x<Qw-Q-q; the sixth part fgvngfq(wd - V) Qw — Q —
x)f (x)dx is the cost of the storage enterprise executing part of
put options when the grain demand x is Qw-Q-q<x<Qw-Q. The
seventh part fgvny[Wu(x — Qw + Q) + V(Qw — x)]f(x)dx is
the income of the storage enterprise executing call options and
the income of processing the number of remaining call options
when the demand for grain reserve x is Qw-Q<x<Qw; the eighth
part fgw QW,f(x)dx is the income of the storage enterprise
executing all call options when the demand for grain reserve x is
Qw <x<U.

When grain reserve is not passive, the expected profit of the
storage enterprise is as follows:

Ellyy = (W—-C)(Qw —Q +0(q+Q) —Q(C+C)
+ VQ—(Qw —Q(Wg —V) (5

The first part (W-C) (Qw-Q) is the net sales income of the
storage enterprise, the second part O(q+Q) is the two-way option
income of the storage enterprise, the third part Q(C+C,) is the
production and storage cost of the call option of the storage
enterprise, and the fourth part VQ is the salvage value income
of the call option of the storage enterprise. The fifth part (Qw-
Q) (W4-V) is the cost of the storage enterprise to execute the
put option.
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So the expected profit of the depositor over the entire reserve
period is:

Ellos = pEllos1 + (1 — p) Ellgy = (W = C) (Qw — Q)

0(q+Q) — Q(C+Cy) +VQ (1 — p) — (Qw
Qw—-Q

+

QWg—=V)—p(Wg—V)

Qw
V) o QF(x)dx +0Qw —Q Wy — V) + pQW,
(6)

F (x)dx — p(W,
Qw—Q—q

3.3 Conditions for the establishment of
two-way option reserve model

Proposition 1: Only when A<B<p<1 can the government have
the incentive to sign two-way options, then the optimal static grain
reserve, the optimal call option reserve and the optimal put option
reserve of the government are as follows:

A
e

Proof:
Solve Equation 3 for the second derivative of Q, q:

2
A= aaggg = p(Wy — (W) f Qw — Q) + p(Wy — V)f(Qw
- Q—¢q >0
9%Eqq
B = 7034 =p(Wg—V)f (Qw—-Q—q) >0
9%Eoq
C=—LF=pWs=V)f(Qw-Q—¢q) >0

9q

Since B2-AC < 0 and A > 0, the government expects the cost
function to have a minimum-cost procurement strategy.

Therefore, taking the first derivative of (3) with respect to Q and
q, respectively and setting them equal to 0 yields:

p(Wy — Wa)F(Qw — Q) +p (Wy— V)F(Qw —Q—q)
T WHC 0=V —pW,+pV =0 (10)

O — Wag+V—pWg—V)F(Qw —Q—¢q) +pWy
— pV =0 (11)

From (10) +(11):

W+C— Wy
FQw-Q)=1—- ————
(Qw =) p(Wy— Wy)
Gets from (11) :
W;—V -0

F 0 —g") =1 Sa — vV
(Qu=Q"=a) p(Wa— V)
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Hence:

_WHC-Wa _Wa=V-0 _

A =B
W, — Wy Wy—V

3.3.1 When A=B, the government has no desire to
enter into a two-way option

Proof: When A=B there is, there is F(Qw — Q*) =
F (QW —Q* — q*). Hence Qw — Q* = Qw — Q" — g*. So we can
conclude that g* = 0.

3.3.2When A < B < p < 1, the government is
willing to enter into a two-way option

Proof: when A < B < p < 1, because F (x)is a monotone
increasing function,and B < p <1,500 < Qw — Q* — q* < Qy—
Q" < Qw. So g* and Q* both are >0. Therefore, it can be
concluded that the optimal static reserve and the optimal two-way
option purchase of the government are:

_ W+C1—Wd>
—O*=F1(1=

Qv = Q ( p(Wy — W)

_ W+ C— Wy

* _Fl ]— — 1 = 4

= Qw ( p(Wu—Wd))
- :F‘1<1—W+C1_Wd)—F_1( _Wd—O—V>
p(W, — Wy) p(Wy—V)

3.3.3When 0 < p <A < B <1, the government
has no willingness to enter into a two-way option

Proof:

When0<p<A<B<lie,O < W.Than
F(Qw —Q*—q*) < F(Qw —Q*) < 0 but the distribution
function F (x)>0, so the two are mutually contradictory. Therefore,
the proposition 1 is obtained.

3.3.4 The nature of two-way option reserve mode
It can be observed from proposition 1 that the government

is willing to pay the royalty to purchase the two-way option only

Wa=V)(W,—W-Cy)
W,—Wy

and the option execution price in the two-way option contract

when the inequality O < between the royalty
is satisfied. Otherwise, the government will not be willing to buy
the two-way option, and the grain reserve mode changes from
the dynamic reserve of the two-way option contract to the static
reserve mode of the government. In addition, according to the
optimal reserve decision in proposition 1, the following properties
can be obtained.

Property 1: The relationship between the government’s
optimal grain static reserve and the call option strike price
depends on the difference between the put option execution
cost and the sum of the purchase cost and the reserve
cost, the relationship between the government’s optimal grain
static reserve and the put option strike price depends on
the difference between the call option execution cost and
the sum of the purchase cost and the reserve cost, and the
government’s optimal grain static reserve has nothing to do with
the royalties.
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Proof:
Caused by:
_ W4+ C — Wy
Qw — Q*=F 1<1—7)
v p(Wa — W)
_ W+C —Wy
Q* = Qw-—F 1(1_ )
v p(Wy — W)
W+ C — W, W;—0—-V
o B - )
p(Wy — Wy) p(Wg = V)

Find the derivative of Qyw — Q* with respect to W, and Wy:

9(Qw — Q) W+C— W,y

W p(Wy — W (Qw — Q%)
IQw—-Q) W+C —W,

IWs  p(Wy — W)Pf (Qw — Q%)

Thus, property 1 is obtained: in the two-way option reserve
mode, if the sum of purchase cost and reserve cost is greater than
the put option strike price, then the optimal static reserve is an
increasing function of the call option strike price, and vice versa,
the optimal static reserve is a decreasing function of the call option
strike price; If the sum of purchase cost and reserve cost is greater
than the call option strike price, then the optimal static reserve is
a decreasing function of the put option strike price, and vice versa,
the optimal grain static reserve is an increasing function of the put
option strike price.

Property 2: In the government two-way option reserve model,
the government’s put option purchase is an increasing function
of the put option strike price, and a decreasing function of the
two-way option royalty and the possibility of grain utilization.

Find the derivative of ¢* with respect to O, W4 and p:

B(q*) = — ! <0
30 p(Wg— WV f(Qw — Q* — g*)
a(q") _ ] =0
IWa  p(Wag—V)*f(Qw — Q* — gq*)

a(q* 1 0
oo = (v )@ <o

Thus, property 2 is obtained: In the government’s two-way
option reserve model, the government’s put option purchase is
a function of the increase of the put option strike price, and a
function of the decrease of the two-way option premium and the
possibility of using grain. The higher the put strike price, the
more put the government buys, and the higher the two-way option
premium, the less put the government buys.

Property 3: The relationship between the government’s optimal
call purchase and the put strike price depends on the difference
between the call execution cost and the purchase cost and the
reserve cost; The relationship between the government optimal call
purchase and the call strike price depends on the difference between
the put execution cost and the purchase cost and the reserve cost.

Proof:

Find the derivative of Q* with respect to Wy, and W:

a(Q")

_ W+ C— Wy
(Wi — Wa)f (Qw — Q%)

oWy
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2Q) W4 C—W,
oWy

p(Wy — W)’ f (Qw — Q%)

Thus, property 3 is obtained: In the government two-way
option reserve model, if the sum of purchase cost and reserve cost
is greater than the call option strike price, then the government’s
optimal call option purchase is an increasing function of the put
option strike price; conversely, the government’s optimal call option
purchase is a decreasing function of the put option strike price;
If the sum of purchase cost and reserve cost is greater than the
put option strike price, then the government’s optimal grain static
reserve is a decreasing function of the put option strike price,
and vice versa, the government’s optimal call option purchase is a
decreasing function of the put option strike price.

4 Numerical simulation

Under abnormal conditions, the emergency grain demand and
the reserve grain demand are similar to a certain extent and have
strong correlation. Therefore, this study draws on the exponential
distribution of the emergency material demand, assuming that the
reserve grain demand follows the exponential distribution of [0,
20,000], with the mean . = 2,000 (Hu et al., 2019; Tian et al,
2014; Zhang and Tian, 2011). According to the data information
of reserve grain purchase price and reserve cost published on
the national government website, the following related parameter
assumptions are given: the government agreement price w =
3,322 yuan/ton, the government unit storage cost C; = 1.16
yuan/ton, C = 1 yuan/ton, the end of the grain salvage value V
= 3,040 yuan/ton, and the expected unit grain market price p =
3,500 yuan/ton. In the case of using the two-way option contract
procurement model, the sensitivity analysis of government and
enterprise decision parameters is carried out.

4.1 Sensitivity analysis of government
procurement decision

Figure 2 shows how the government’s optimal grain static
reserve, optimal call option purchase and optimal put option
purchase change with the put strike price when p =0.3. It can
be seen from Figure 2 that the changes of optimal grain static
reserve and optimal call option purchase are opposite, which also
confirms properties one and three: when the sum of purchase
cost and reserve cost is less than the call option strike price, the
optimal grain static reserve is an increasing function of the put
option strike price, while the government’s optimal call option
purchase is a decreasing function of the put option strike price;
When the sum of purchasing cost and reserve cost is greater than
the call option execution cost, then the optimal grain static reserve
is a decreasing function of the put option strike price, and the
government’s optimal call option purchase is a decreasing function
of the put option strike price. The optimal put purchase of the
government is near the horizontal axis, but not less than zero,
indicating that the optimal put purchase of the government is not
sensitive to the put strike price. For the government, under the
condition that the total grain reserve remains unchanged, with
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FIGURE 2
The change of the optimal dynamic and static reserve with the put
strike price.

the increase of the put option strike price, the government will
increase the static reserve and reduce the futures reserve in order
to increase the return from executing the put option and reduce
the reserve cost. In other words, the government will reduce the
call option reserve as the put option strike price increases to a
certain value. The government starts to reduce the static reserve
and increase the call option reserve, because after reaching a certain
peak value, the sum of purchase cost and reserve cost is greater than
the call option execution cost. In this case, the increase speed of
total grain reserve cost caused by the government increasing the
static reserve is greater than that of total grain reserve cost caused
by the government increasing the call option reserve. Therefore,
the government will reduce the static reserve and increase the call
option reserve, thus reducing the reserve cost. The amount of put
options purchased in the range of [3,200, 3,430] is negative. At this
time, the government’s grain reserves are static reserves, but this
situation is not practical, because the reserves are non-negative.
Different from Li et al. (2023), the optimal two-way option reserve
varies with the change of call option strike price, while the optimal
dynamic and static reserve in this paper changes with the change of
put option strike price. This is because Li Jian’s assumption is that
the call option reserve is equal to the static reserve, and the total
reserve is variable. Contrary to the hypothesis of this paper that the
call option reserve and the static reserve are not equal and the total
reserve is constant.

Figure 3 shows how the government’s optimal grain static
reserve changes with the call option strike price when p = 0.25,
p = 0.3, and p = 0.35. As can be seen from Figure 3, when the call
option strike price is in the range of [0, 2,950], the government’s
optimal grain static reserve decreases with the increase of the
call option strike price. Since the total reserve is unchanged, the
reduction of static reserve will inevitably lead to the increase
of dynamic reserve. This is because when the sum of purchase
cost and reserve cost is smaller than the put option strike price,
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FIGURE 3
Changes of government static reserve with the call option strike
price.

even if the increase of the call option strike price leads to the
increase of the two-way option cost, the total reserve cost caused by
increasing the two-way option purchase is smaller than that caused
by increasing the static reserve amount. The static reserve amount
in the range of call option strike price [2,950, 3,950] is negative,
which is inconsistent with reality, so the static reserve amount is
meaningless in this range. When the call option strike price is
>3,950 yuan, the optimal static grain reserve of the government
increases with the increase of the call option strike price, while the
increase of static grain reserve will inevitably lead to the decrease
of dynamic grain reserve, because the sum of the negotiated price
and reserve cost is greater than the put option strike price at this
time, that is, the put option cannot fully cover the full cost of the
static reserve. And the higher the strike price of the call option, the
higher the cost of executing the call option by the government, that
is, the higher the cost of increasing the purchase of two-way option.
At this time, although the put option makes up a part of the cost,
the cost caused by increasing the static reserve is smaller than the
total reserve cost caused by increasing the dynamic reserve.

It can also be seen from Figure 3 that the higher the possibility
of using grain reserves, the higher the static reserve of the
government will be. This is because the frequent occurrence of
natural disasters and other reasons will increase the possibility
of using grain reserves, thus increasing the possibility of the
government using static grain reserves and reducing the possibility
of surplus grain reserves, thus reducing the risk of losses borne
by the government. As a result, the optimal static grain reserve of
the government will increase with the increase of the possibility of
using grain reserve.

As can be seen from Figure 4, under the condition that two-way
option is established, the expected cost of government increases
with the increase of royalty. Generally speaking, the cost of two-
way option is directly proportional to the royalty. The government
hopes to protect grain reserves by purchasing options to prevent
losses caused by price fluctuations, and such protection needs to
pay a certain cost. Therefore, the increase of royalty will lead
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Change of government expected cost with royalty.

to the increase of the cost of purchasing two-way option by the
government, thus leading to the increase of the total reserve cost
of the government. And with the increase of p, the government
is willing to bear the risk, or instability increases, the cost of
buying two-way options will increase, the impact of royalty on the
government’s expected cost is more significant, because when the
government’s expected risk of food price volatility is higher, the
price of two-way options will increase accordingly to cope with
the higher risk. The cost curves of different slopes intersect at a
point, where the government’s cost of buying two-way option and
the benefits brought by protecting grain reserves are equal to the
equilibrium state. The government can balance risks and costs to
maximize social benefits and make the optimal decision between
risk control and cost.

4.2 Sensitivity analysis of enterprise pricing
decision

As can be seen from Figure 5, under the condition that the two-
way option is established, the profit of the grain storage enterprise
decreases with the increase of the possibility of grain being called,
and when the possibility of grain being called is >0.355, the profit
of the grain storage enterprise will be less than zero, which indicates
that the frequent occurrence of natural disasters and other reasons
will increase the possibility of grain reserve being used. Thus, the
possibility of static grain reserve being used by the government
is increased. According to proposition 1, the condition that the
government is willing to sign the two-way option contract is
A<B< p < 1, and the storage enterprise will not sign the two-
way option contract with the government when the possibility of
using the grain reserve is high. Because the two-way option contract
reserve mode transfers the risk in the process of grain reserve
of the government to the depositor, once the possibility of grain
being used is too high, the depositor may suffer great losses; If the
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FIGURE 5
The change of expected profits with the possibility of grain
utilization
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FIGURE 6
Changes of expected profits with royalty.

possibility of grain being called is moderate, both the government
and the enterprise are willing to accept the reserve mode of two-
way option contract, at which time the depositor can obtain the
corresponding royalty income to make up for the loss caused by risk
sharing. Therefore, the reserve mode of two-way option contract
is suitable for areas where the possibility of grain being called is
moderate or small.

As can be seen from Figure 6, the expected profit of the
depository enterprises increases with the increase of the royalty,
which, like the conclusion drawn by Prasad and Jha (2022)., reflects
the risk-reward trade-off faced by enterprises when considering
two-way options trading. As the royalty increases, the risk taken by
the firm decreases as the government pays more to buy the option,
thus providing more protection for the firm. However, when the
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royalty is too low and the expected profit of the depositories is
negative, even if the government is willing to sign the two-way
option, the royalty can not make up for the losses caused by the risk
sharing of the enterprises, so the enterprises lack the motivation to
sign the two-way option contract with the government. Therefore,
in the pricing decision-making process of the two-way option
contract reserve model, the depositories should not only hope
to maximize profits, but also pay attention to the establishment
conditions of the reserve model, that is, the range of royalties
when the government and the depositories reach the optimal
reserve decision.

5 Risk analysis of two-way option
grain reserve management

Through the above analysis, it can be found that although the
two-way option grain reserve mode can reduce the cost of grain
reserve and improve the efficiency of grain reserve, China’s legal
and regulatory framework can not fully adapt to the operation of
two-way option. The government may face legal uncertainties and
regulatory challenges when implementing the two-way option. The
government needs to pay attention to many aspects of its expertise
in options pricing, market forecasting and risk assessment when
implementing two-way option grain reserves.

According to the research conclusion of Wang (2011) and
Li (2024), there are mainly potential risks such as financial risk,
market manipulation risk, operational risk, information asymmetry
risk, legal and policy risk and moral risk when the government
implements two-way option grain reserve mode. Financial risk
mainly refers to the government signing option contracts, if the
expected cost savings is not enough to offset the option costs
and the additional costs that may bring, the government will
face a higher risk; According to Black-Scholes option pricing
theory, option prices are affected by a variety of factors, such
as underlying asset prices, volatility, risk-free interest rates, etc.
(Shi, 2024). Market fluctuations will lead to changes in underlying
asset prices and affect option costs, so there are financial risks.
In grain reserve options pricing, the Black-Scholes model exhibits
high sensitivity to volatility. International grain price fluctuations
impact domestic options pricing through three primary channels:
1) trade dependency transmission, 2) exchange rate leverage effect,
and 3) policy intervention buffering. Market manipulation risk
refers to the behavior of controlling market price by improper
means, which violates the principle of market fairness and may
lead to market failure and market manipulation risk. The 2010
Russian wheat export ban exposed risks of policy information
opacity, while the 2019 Indian onion crisis revealed vulnerabilities
in false information dissemination. Operational risk refers to the
phenomenon that the operational complexity of two-way option
contract increases the difficulty of its risk management. Risk
management includes risk identification, risk assessment, risk
control and risk monitoring and other links. The greater the
uncertainty of two-way option operation, the greater the risk, which
requires effective management and reduction of operational risk.
Information asymmetry risk refers to the adverse selection and
moral hazard caused by information asymmetry. For example,
an enterprise may conceal unfavorable information to influence
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the government’s decision making. Legal and policy risks mainly
refer to corporate default. Changes in policies and regulations
may lead to legal uncertainty and increase transaction costs and
risks (Meng, 2023). For example, the contract law stipulates the
legal effect and execution of contract terms, and the default may
lead to legal action and compensation liability. Moral hazard
mainly refers to that when the government provides financial
subsidies, policy support and other guarantees to the depository
enterprises, the enterprises may relax risk management, resulting
in moral hazard.

6 Conclusion and countermeasure
suggestion

This paper establishes a grain reserve model of two-way option
contract, and draws the following conclusions: the introduction
of two-way option contract is conducive to the government’s
grain reserve management, and the government controls the
dynamic reserve amount and grain reserve cost by adjusting the
quantity of two-way option adjustment. After the government
determines the total grain reserve amount, it can adjust the
static reserve amount and dynamic reserve amount upward and
downward. The relationship between the governments optimal
grain static reserve and the governments optimal call option
purchase and the call option strike price depends on the difference
between the sum of put option execution cost and reserve
cost, and the relationship between the governments optimal
grain static reserve and the governments optimal call option
purchase and the put option strike price depends on the difference
between the sum of call option execution cost and reserve
cost. The amount of government put option purchase is an
increasing function of put option strike price, and a decreasing
function of two-way option premium and the possibility of
grain utilization. This study provides a theoretical basis for
the government to guide financial institutions to reasonably
launch two-way option financial products and services. In
order to effectively reduce the risk of two-way option grain
reserve, this paper puts forward the following countermeasures
and suggestions:

Formulate budget plan and emergency fund. Governments or
reserve management institutions can hedge against international
price volatility risks by utilizing cross-market options while
analyzing cost-benefit boundaries, or establish volatility warning
thresholds to enhance the practical operability of the model.
The government needs to conduct regular cost-benefit analysis,
understand the actual cost situation of its various business activities,
evaluate the cost-benefit ratio of two-way options and adjust the
strategy in time, formulate detailed budget plans and reserve
emergency funds to cope with the fluctuations of the option market,
so as to make scientific and reasonable decisions.

Market should be strengthened. Establish
and improve market supervision mechanisms to ensure the

supervision

transparency and fairness of the two-way options market. It is
recommended to embed blockchain platforms in grain reserve
management systems, where blockchain records timestamps,
participating parties, and transaction details for each option
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contract. Machine learning algorithms can analyze on-chain data
(e.g., high-frequency low-price dumping patterns) to identify
anomalies in real time and pinpoint manipulative entities.
Third-party regulatory bodies should be integrated as nodes to
construct a collaborative oversight network among “government-
enterprise-third-party” entities, breaking data monopolies. By
adopting zero-knowledge proof technology, enterprises can
validate the authenticity of reserve quantities (e.g., compliance
with standards) without disclosing specific figures, achieving both
privacy protection and transparency. The regulatory authorities
should strengthen the strict supervision of options trading and
crack down on all kinds of illegal behaviors so as to maintain the
normal order of the options market.

Standardize the two-way option operation process. Establish
a sound two-way option operation procedure, clarify the business
process and the division of responsibilities, and ensure the
standardized and orderly operation. Regular two-way option
operation training and emergency drills for relevant personnel.
In addition, strengthening the construction and maintenance of
information technology systems to ensure the stability and safety of
the system is also an important means to prevent operation errors
caused by technical failures.

Reduce
information disclosure system, and all enterprises participating

information asymmetries. Implement a strict
in two-way grain reserve options are required to disclose
key information such as their reserves, purchasing plans and
sales plans, so as to improve market transparency and reduce
information asymmetry. An independent third-party audit
institution is introduced to regularly audit the financial status and
operation process of enterprises undertaking two-way option grain
reserve, ensure the authenticity and reliability of data, and improve
the scientific and accuracy of decision-making.

Improve relevant laws and regulations. Improve the legal
framework for two-way options, clarify the rights and obligations
of all parties, strengthen the binding force of contracts, pay close
attention to changes in relevant policies and regulations, flexibly
adjust response strategies, seek advice from professional legal
advisers, ensure that all operations comply with legal provisions,
emphasize corporate social responsibility, and encourage
enterprises to take the initiative to assume corresponding risk
management responsibilities.

Multiple departments work together to govern. Relevant
government departments, such as the National Food and
Strategic Reserves Administration oversees grain reserve planning,
dynamically adjusts reserve quantities, and supervises the
execution of dual-option contracts. The Ministry of Finance
formulates specialized budgets, allocates funds for options fees
and emergency reserves, and reviews cost-benefit analysis reports.
The State Administration for Market Regulation monitors
futures market transactions, combating price manipulation
and other violations. The Ministry of Agriculture and Rural
Affairs coordinates grain production and reserve demand
The

Ministry of Emergency Management participates in formulating

alignment, providing seasonal supply data support.
emergency response plans and assesses the potential impact
of natural disasters on reserve demands, should work closely

together to form synergy and jointly deal with various risks.
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Establish a continuous improvement mechanism, regularly
evaluate the effect of policy implementation, and adjust and
optimize policies and measures according to the actual situation
to ensure the efficient promotion of two-way option grain
reserve management.

7 Limitations of the study

In grain reserve options pricing, the Black-Scholes model
assumes that the unit grain shortage price (P) is a fixed
constant. However, in real-world markets, grain prices are
shaped by dynamic factors such as supply-demand dynamics,
policy interventions, and international market fluctuations, leading
to time-varying characteristics. This rigid price assumption
may undermine the model’s ability to capture actual market
volatility, particularly during unexpected events or long-term
reserve scenarios, where ignoring price seasonality could result
in cost estimation biases. Additionally, the study assumes that
emergency grain demand follows an exponential distribution,
with mean parameters derived from historical data. Yet, real-
world grain demand is influenced by complex variables such
as natural disasters, economic cycles, and sociopolitical stability,
which often generate asymmetric or fat-tailed distributions. A
single-distribution assumption risks oversimplifying how demand
uncertainty impacts reserve decisions. Furthermore, the research
focuses on a bilateral decision-making framework between
governments and storage enterprises, overlooking interactions with
external stakeholders like consumer behavior, financial market
liquidity, and international grain trade. These oversights may limit
the model’s applicability in complex systems.

Future research could address these limitations through several
pathways. First, integrating stochastic processes to model the
dynamic evolution of grain prices could enable the development
of a bidirectional options-based reserve decision framework under
time-varying prices, enhancing adaptability to market fluctuations.
Second, adopting mixed distributions or non-parametric methods
to fit grain demand patterns, supplemented by machine learning
techniques to uncover latent structures in multi-source data, could
improve the model’s precision in handling complex uncertainties.
Third, expanding the framework to incorporate multi-agent
interactions—such as financial institutions, international grain
traders, and end consumers—could provide insights into
combining bidirectional options with other financial tools (e.g.,
futures, insurance) and evaluate how cross-border grain reserve
cooperation influences domestic food security. By refining these
aspects, the model could achieve greater empirical relevance and
policy relevance, offering a robust theoretical foundation for
building resilient grain reserve systems.
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