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ABSTRACT

This paper presents a game theory model involving one insurance company (the insurer) and one agricultural
producer (e.g., crop growers and agribusinesses). The latter uses blockchain oracles (e.g., Internet of Things) to
gather information from the ecosystem and update smart contracts when disasters occur, thereby avoiding sales
losses. In some cases, the agricultural producer may adopt fraudulent behaviors and falsify the extent of the
damages to receive higher economic compensation since the insurer does not have full visibility over the agri-
cultural producer's business. However, the insurer can decide to support the agricultural producer's blockchain
investment to obtain accurate information about the real damages; hence, eliminating information asymmetry,
mitigating false claims, and offering additional advantages to the agricultural producer, such as quick re-
imbursements for damages managed by smart contracts and no extra verification costs. Our findings show that
collaboration on blockchain enhances investment strategies, reduces insurance fees, and yields a profit-Pareto-
improving outcome. However, the joint investment can fail under some specific conditions, including equal
price and reimbursement rates, high disaster avoidance capabilities, maximum coverage requirements, low
verification costs, and delayed payments. Therefore, collaboration for blockchain technology requires a joint

analysis of economic and operational implications.

1. Introduction

Climate change disasters and other crises, such as agricultural dis-
eases and crop damage, cause significant economic losses to the agri-
cultural industry and adversely affect food production. Consequently,
insurance providers play a substantial role in insuring investments in the
agricultural sector to mitigate the impact of risks for agricultural pro-
ducers and other agricultural firms (Fang et al., 2021). Events such as
devastating floods and destructive earthquakes severely impact the
agricultural sector. At the same time, insurance companies face a high
risk for reimbursement payments, which imposes revisions to insurance
costs and plans (De Haen and Hemrich, 2007).

In the agricultural sector, despite notable advancements in achieving
a resilient agricultural system through the transition to modern agri-
culture (Singh and Sharma, 2022), the developments of genetically
modified crops (Kovak et al., 2022), and the implementation of sus-
tainable practices and the extension of circular agri-food systems
(Miranda et al., 2021; De Giovanni, 2026), companies face significant
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difficulties in managing all possible risks associated with agricultural
businesses (Mol et al., 2020). Accordingly, comprehensive insurance
programs are essential to address the production and financial risks
posed by unpredictable natural hazards and severe weather issues in this
sector (Chen et al., 2023).

Nowadays, insurance companies devise services aligned with the risk
levels and production scales of agricultural producers. They collect
monthly or yearly premiums to provide reimbursements for potential
production damages up to a predetermined limit outlined in the contract
(Kahan, 2008). However, the agricultural sector is facing challenges
with immediate damage recognition and payment due to traceability
and trust issues between agricultural producers and insurance firms.
Several business issues remain unresolved: recognizing and estimating
real damage, making timely payments, investing time and resources in a
correct validation process, avoiding cheating and fraudulent behaviors
while creating a transparent system, and determining and/or negoti-
ating the proper amount to reimburse without incurring litigation
procedures.
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Table 1

Real-world case of blockchain technology in agricultural insurance.

Real-world use
cases

Blockhain role

Connection to this study

WaterTrack®

Lemonade
Crypto Climate
Coalition”

Arbol®

ZhongAn'

This project aims to utilize
blockchain-based smart
contracts to control the
irrigation schedule using
trustworthy real-time data.
This leads to optimizing
irrigation, which positively
affects crop damage.
Protecting Kenyan farmers
against drought and floods
with parametric crop
protection blockchain
powered by Chainlink® on the
Avalanche platform.
Moreover, using smart
contracts enables fast
payments without the need to
file claims, which previously
took months.

Offering a transparent,
automated, and fast
reimbursement to producers
by adopting blockchain
technology, smart contracts,
and parametric insurance for
predefined scenarios related
to disasters such as
hurricanes, floods, crop
damage, and freeze events.
ZhongAn, as an Insurtech
company, utilizes blockchain
technology to track the life
journey of chickens in organic
farming. The real-time data
includes information such as
their chickens' whereabouts,
their daily exercise (in the
form of steps taken during
daily walks), and the type of
food they are eating.

It indicates blockchain can
mitigate the possibility of
crop damages by controlling
operations such as irrigation
(see parameter ¢ in Table 2).

These are two examples of
using parametric insurance
program leading to
eliminating verification and
timely payment using
blockchain (see parameters c,
and § in Table 2). Moreover,
as it is a parametric insurance,
the assumption is that the
smart contracts will be
executed automatically
according to the trusty
collected data, which
prevents fraudulent claims or
at least the reimbursement is
accepted by both parties (see
parameters r and y in

Table 2).

This example indicates
blockchain technology can
increase trust among the
insurer and the insured by
using blockchain-based smart
contracts that can be
automatically executed
according to the real-time
data, eliminating the
verification process and
reducing the risk of document
manipulation (see parameters
¢, and y in Table 2).

2 https://blockchainusecases.com/supply-chain-management/blockchain-
for-tracking-water-usage-and-conservation-in-agricultural-supply-chains/?
(accessed October 06, 2025).

b https://blog.etherisc.com/etherisc-protects-another-7-000-kenyan-farm

ers-as-part-of-the-lemonade-crypto-climate-coalition-e169eca3d6bc

March 31, 2025).

¢ https://chain.link/(accessed March 31, 2025).

d https://www.avax.network/(accessed March 31, 2025).

¢ https://www.arbol.io/post/parametric-insurance-what-it-is-and-how-it-ca

n-enable-businesses-worldwide-to-achieve-financial-climate-resilience

(accessed

(accessed March 31, 2025).

f https://www.scmp.com/business/companies/article/2123567 /blockchain-
and-facial-recognition-zhongan-techs-recipe-changing? (accessed March 31,
2025).

According to the literature, these issues and obstacles can be
addressed using blockchain technology (Ruzza et al., 2025), which has
been applied to similar issues in various industries (Dutta et al., 2020).
The blockchain records information from different sources and uses it to
activate smart contracts. Smart contracts are programmed with triggers
that automatically activate a series of actions when certain conditions
are met. For example, data from advanced meteorological sources, such
as military and other reliable weather forecast services, act as software
oracles for a blockchain (De Giovanni, 2020). Without the intervention
of humans, smart contracts integrate real-time weather data for agri-
cultural planning, influencing the supply chain to obtain the cleanest
water for the manufacturers and quick response planning to potential
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natural disasters, such as floods or droughts (Wang et al., 2021).
Furthermore, blockchain can be a platform where the data obtained
from the ground may be connected to smart devices, such as tempera-
ture and humidity sensors, through the communication protocol of other
devices in the IoT (Internet of Things) network, which acts as hardware
oracles (Maleki Vishkaei and De Giovanni, 2024). This granular weather
data is then used to obtain better farming results by adjusting the irri-
gation system to the needs of the plants (Torky and Hassanein, 2020).
So, for example, if the IoT sensors signal a spike in the underground
moisture, the system's sensors can trigger the water systems to provide
less water to the field, thus avoiding a possible overflow. This action can
be recorded on the blockchain, as proof of sustainability.

Rather than just integrating data, the blockchain can capture trace-
ability and transparency throughout the food production and distribu-
tion network. Information about natural disasters is recorded across the
entire supply chain, and strategies are automatically adjusted by smart
contracts and documented in the blockchain (Sunny et al., 2020). Sur-
veillance drones monitoring crops and sensors embedded in the mete-
orological stations can track plant health and water needs. These
systems allow agricultural producers to adjust their strategies to address
disruptions while recording all modifications on a blockchain, thus
providing a transparent record of the actions taken by the company
during disruptive periods.

Agricultural and insurance companies both face the consequences of
disasters and may be interested in implementing blockchain technology.
The agricultural producer can adopt blockchain technology, aiming to
prevent damage by accessing reliable real-time data to facilitate
decision-making for different operations. The cases “WaterTrack” in
Table (1) supports this idea. We also must take into consideration that
reducing product damage can indirectly benefit the insurer as well as it
may reduce the total reimbursement cost. Moreover, in the literature,
there are several articles that provide frameworks for adopting block-
chain by agricultural producers aiming to develop smart farming solu-
tions by integrating blockchain technology with other technologies such
as drones, IoT, and smart contracts (Hawashin et al., 2024; Sadiq et al.,
2024). Moreover, blockchain technology can be beneficial for agricul-
tural producers, as it enables automatic recognition and compensation
of damages by the insurer without unreasonable delay in payments. The
examples “Lemonade Crypto Climate Coalition”, and “Arbol” in
Table (1) emphasize the efficiency of this technology in fast payment.

In addition, the insurer has several motivations to support agricul-
tural producers’ blockchain investments to enjoy the automation of
coverage verification, recognize fake damage claims, and reduce the
time required for reimbursement services (Kim and Kang, 2017; Jha
et al., 2021). This is further evidenced by reports provided by the
United States Department of Agriculture. Accordingly, in 2023, they
estimated overpayments equal to US$362 million, indicating an
improper payment rate of about 2.58% of total expenditures (Risk
Management Agency, 2024). In 2022, the overpayments were around
US$289 million (Risk Management Agency, 2023). These reports are
based on an annual sample review analysis." The leading causes of
overpayment include difficulties verifying policyholder certifications
(such as acreage and production evidence), administrative and process
errors in recognizing actual claims, failures to access necessary data, and
missing documentation.” The examples of “Arbol” and “ZhongAn” in
Table (1) discuss the importance of transparency in agricultural insur-
ance to adopt parametric insurance solutions that ensure accuracy in
analyzing the claims and increase consumer trust in organic products. In
fact, blockchain technology facilitates robust traceability (Pun et al.,

! https://www.rma.usda.gov/policy-procedure/bulletins-memos/informatio
nal-memorandum/com-25-001-risk-management-agency (accessed December
26, 2025).

2 https://www.gao.gov/assets/870/864365.pdf (accessed December 26,
2025).
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2021; Biswas et al., 2023), ensures the authenticity of data sources,
automatically validates the legitimacy of insurance claims, and reduces
both the verification costs and possible litigation costs (Luo et al., 2022;
Omar et al., 2023).

Overall, the examples in Table 1 highlight that blockchain adoption
generates benefits for both agricultural producers and insurers, although
these benefits are typically analyzed separately in practice. On the one
hand, producers benefit from improved decision-making and reduced
damage through better data and automation. On the other hand, in-
surers benefit from enhanced transparency, reduced fraud, lower veri-
fication costs, and faster claim settlement. These interdependent effects
suggest that blockchain investment by producers can generate positive
externalities for insurers. In this context, a joint investment
arrangement—where the insurer partially supports the producer's
blockchain adoption—can be interpreted as a mechanism to internalize
these benefits and align incentives across parties. The present study
builds on this intuition and provides a formal framework to analyze the
optimal level of such collaboration.

Considering the trade-offs, insurers can propose collaborating with
agricultural producers in this investment to obtain two primary advan-
tages. Firstly, the insurance company mitigates the issue of information
asymmetry, which leads to fraudulent claims due to the difficulty of
verifying the reported incident accuracy and is potentially driven by the
agricultural producers' opportunistic behavior (Dionne, 2013; Kao et al.,
2022). Secondly, insurance companies must consider the costs associ-
ated with investing in blockchain technology, which may outweigh the
potential losses due to inaccurate or fraudulent incident reports.
Therefore, the insurer's participation decision reflects a trade-off be-
tween the costs of supporting blockchain adoption and the expected
gains from reduced information asymmetry, lower fraud exposure, and
improved operational efficiency. These incentives are consistent with
observed applications of blockchain in agricultural and parametric in-
surance (see the cases in Table 1), where improved data transparency
and automation directly affect insurers' cost structures. In this context,
collaboration emerges as a rational and economically grounded strategic
choice rather than an imposed arrangement. Accordingly, in this paper,
we seek to answer the following questions:

RQ1) Given that the agricultural producer might face significant
disruptions due to natural disasters, should blockchain be imple-
mented to predict these disasters and adjust the smart contracts
accordingly?

RQ2) Should an insurer support the agricultural producer's block-
chain investment to prevent the agricultural producer from falsifying
the extent of the damage?

RQ3) Under what conditions would both the agricultural producer
and the insurer find it advantageous to collaborate on adopting
blockchain?

To address our research questions, we use a Stackelberg game with
two scenarios. For RQ1, we examine the independent investment sce-
nario where the producer invests in blockchain solely, using oracles and
smart contracts to mitigate disaster losses, while the insurer lacks access
to blockchain data. This preserves information asymmetry and allows
fraudulent claims to persist. For RQ2, we analyze the joint investment
scenario where the insurer contributes to the blockchain investment,
gains direct access to the information flow, and relies on smart contracts
that eliminate verification costs and payment delays, thereby removing
incentives for opportunistic behavior. For RQ3, we compare equilibrium
outcomes across the two scenarios to identify when collaboration is
advantageous for both parties.

Our findings reveal that, under specific conditions, increasing the
effectiveness of blockchain in preventing damage reduces unit insurance
costs and increases total investment in blockchain technology. More-
over, within the cooperative scenario, the relationship between unit
reimbursement and unit revenue significantly influences optimal
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insurance, production, and investment decisions. Interestingly, cooper-
ation is not always economically convenient. In particular, it may not
arise when price and reimbursement are equal, coverage rates are high,
verification costs are low, or delayed payments benefit the insurer.
These results show that collaboration depends critically on the align-
ment between technological effectiveness and contractual parameters.

This study contributes to the literature by linking blockchain adop-
tion to both operational and insurance decisions within a unified
framework. In particular, it shows that blockchain simultaneously af-
fects production outcomes—by reducing damage—and insurance
processes—by improving the efficiency and reliability of re-
imbursements. This dual role is especially relevant in agricultural con-
texts, where production risks and financial compensation are tightly
interconnected. A key contribution is to provide an economic rationale
for joint investment in blockchain technology. While existing applica-
tions emphasize traceability and automation, the model demonstrates
that these features generate direct benefits for insurers by reducing
fraud, lowering verification costs, and improving payment efficiency. As
a result, insurers may have incentives to support producers’ blockchain
adoption in order to internalize these benefits and align incentives.

The analysis also highlights the trade-offs associated with collabo-
ration. For producers, blockchain improves operational control and
enables more efficient investment, but reduces the scope for overstating
damages. For insurers, it enhances transparency and reduces risk
exposure, while requiring upfront investment. These opposing effects
determine whether cooperation is advantageous. Although the analysis
focuses on agricultural insurance, the framework applies more broadly
to contexts where digital technologies generate shared benefits across
supply chain actors. Examples include perishable goods, pharmaceuti-
cals, and other sectors characterized by high uncertainty and informa-
tion asymmetry. From a managerial and policy perspective, the results
indicate when blockchain investments should be pursued collabora-
tively rather than independently. In particular, they emphasize the
importance of aligning technological capabilities with contractual
design and regulatory conditions, which may vary across industries and
regions.

The remainder of the paper is structured as follows. Section 2 offers a
review of the current literature concerning blockchain adoption in in-
dustries and value chains. Section 3 introduces and formulates the game
theory model, whose equilibria are presented in Section 4. Section 5
compares the findings of the various scenarios and Section 6 extends the
models by endogenizing some parameters. Section 7 provides the find-
ings and Section 8 concludes, by highlighting the study's limitations and
suggesting potential research extensions.

2. Literature review

Nowadays, catastrophes are related to global warming and other
crises, such as pest outbreaks and diseases, jeopardizing food production
by disrupting operations and threatening the agricultural sector's
economy (Barrett, 2021). Forecasts show climate change will cause
more frequent crises, such as floods and droughts, which negatively
impact the productivity of the agricultural sector (Schoengold et al.,
2015). For instance, in China, the average crop area affected by
annual droughts has increased by approximately 120% since 1950 due
to climate change issues. As a result, many more cultivation regions
suffer from flood disruptions than they did in the past. These issues grab
the attention of policymakers as they expect a growth rate of 44% in
areas threatened by drought, already by the end of the 21st century
(Huang et al., 2015). Consequently, the world is experiencing an
accelerated pace in the frequency and severity of these events due to
climate change, which underscores the need for devising effective
strategies to mitigate the impact of the relevant risks and ensure resil-
ience (Chen et al., 2023). Implementing these strategies requires the
adoption of new initiatives and technologies along with collaboration
among partners in the agricultural industry, such as agricultural
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producers and insurance companies (Rao, 2007). However, their con-
flicts of interest complicate the trade-offs and mutual profits, requiring
more investigation to derive optimal strategies and successful decisions.

2.1. Agricultural producers investing in blockchain

In the agricultural sector, one possible way to mitigate the risks derived
from ecosystem instability is the adoption of digital technologies to support
the agricultural business (De Giovanni, 2026). The advent of new tech-
nologies, such as satellite imagery, remote sensing, and big data analytics,
enables insurers to improve their risk assessment accuracy and tailor in-
surance offers according to the type of challenges, along with the proba-
bility and severity of damages in the agricultural sector (Kovak et al., 2022;
Singh and Sharma, 2022). Many technologies have been analyzed,
including the potential of adopting blockchain in agriculture. Studies have
explored various aspects and dimensions of blockchain-based business
models driving innovations in the farming marketplace (Leducet al., 2021),
data sharing between partners along the supply chain (Wang et al., 2021),
ensuring food quality and safety (Dong, 2021; Yen-Ting et al., 2022),
traceability, waste reduction, and operational efficiency (Hastig and Sodhi,
2020; Yadav et al., 2022), and building capabilities for sustainable
competitive advantage (Behl et al., 2022). According to the Food and
Agriculture Organization report (FAO, 2019), blockchain will play an
important role in activating smart contracts, especially in agricultural in-
surance, improving traceability and food safety, and enhancing monitoring
systems in the food value chain. Moreover, the agricultural sector can
benefit from blockchain technology to mitigate and prevent product dam-
age. For example, the adopting of blockchain in addition to other technol-
ogies such as computer imaging, drones, and the Internet of Things (IoT),
can be useful to record information on the blockchain and facilitate the
proof for undertaking prevention activities aiming to mitigate damages
related to a lack of irrigation monitoring, quality control, and disease
detection (Bodkhe et al., 2022). Blockchain allows for the creation of
vehicular ad-hoc decision-supporting systems to monitor weather condi-
tions, humidity, crop growth and soil conditions, fertilization, irrigation,
and asset lifecycle (Sharma et al., 2022). In other words, blockchain records
all these pieces of information and transfers all validated information to
smart systems to provide proactive measures against damages and mitigate
the risk of revenue loss as well as alleviate the economic consequences for
both agricultural producers and insurers (Bodkhe et al., 2022).

Although there are several articles discussing the role of blockchain
in the agricultural industry, the literature does not analyze the trade-offs
and synergies among the insurers and agricultural producers in terms of
the impact of adopting blockchain technology on their optimized stra-
tegies, such as production and insurance fees. For instance, Bai et al.
(2021) develop a game theory model to manage an agricultural green
supply chain concerning blockchain technology aiming to improve trust,
traceability, and transparency in the system. They consider each
greenhouse to manage a specific number of sensors and choose a set of
players to receive certain agricultural information in which the block-
chain ensures the trust value of each player. Yet, the proposed model
focuses on environmental sustainability rather than insurance or
compensation design. Most previous articles consider blockchain
adoption for analyzing its capability in improving transparency in
tradeoffs between partners in a supply chain, primarily between sup-
pliers and retailers (De Giovanni, 2020; Dong et al., 2023; Biswas et al.,
2023). However, they do not discuss the trade-offs related to its joint
adoption in a network to address the challenges in the agricultural in-
surance field. In this study, we analyze contractual interactions between
insurers and producers, integrating blockchain's operational role in
traceability, fraudulent claims, and accelerating reimbursement.

2.2. Agricultural producers subscribing to insurance

In the agricultural sector, agricultural producers can subscribe to
insurance plans to cover possible damages caused by either natural
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disasters or disruptive events. Market and financial insurance are well-
known risk management tools in the agricultural industry. Other tools
include adopting future price contracts, using fertilizers and pesticides,
conducting crop rotation plans, and investing in genetically modified
crops (Skevas et al., 2014). Risk aversion and other factors, such as
contract items, purchasing experience, and competitor purchase ratios,
play a significant role in agricultural producers adopting crop insurance
schemes (Lyu and Barré, 2017). Insurance plans are popular for
compensating for low yields due to agricultural risks. However,
administration procedures and costs to verify the claims are challenging
in this industry (Anderson and Monjardino, 2019).

Insurance programs share the risk consequences between the insured
and the insurer and come in different types. Crop insurance focuses on
issues related to harvest damages and low yields. Revenue insurance
guarantees a minimum revenue for the insured company or producer
(Assa et al., 2021). Moreover, there are different categories of insurance
plans according to the prevalent damage types in a specific region. For
instance, hail insurance is popular where crops suffer from hail damage.
However, insurance adoption rates depend on the frequency of these
types of events, user's education levels, and payment policies (Finger
and Lehmann, 2012).

Nevertheless, adopting and benefiting from insurance programs in-
cludes several challenges for agricultural producers and insurers. The
procedures regarding assessing and verifying the damage claims cause
complexities to the insurance system due to a lack of accurate infor-
mation and documentation, delays in sharing proper information, and
the need for onsite evaluations (Glauber, 2004). Moreover, these pro-
cedures are time-consuming, possibly leading to delays in reimburse-
ment payments, in addition to the occurrence of opportunist activities
due to a lack of transparency (Walters et al., 2015).

Despite the literature studies various aspects of agricultural insur-
ance in terms of challenges related to verification and reimbursement
procedures, there is no article that focuses on independent and joint
investment in blockchain technology, analyzing optimized strategies
considering the trade-offs between both the insurer and the agricultural
producer. For instance, some studies focus on insurance schemes in the
agricultural sector using game theory models to analyze the trade-offs
between partners in the supply chain. Assa et al. (2021) provides a
theoretical framework for an insurance product on price indexes with
the intention of stabilizing farm revenue. They investigate a game theory
model to analyze the impact of the proposed insurance product in
attracting investment in the agricultural sector and discuss how insur-
ance can increase the benefit of the investment. However, the authors do
not address fraud prevention or transparency issues. Li et al. (2023)
study the role of agricultural insurance in a supply with three main
players (i.e., a manufacturer, a bank, an insurer) under three scenarios:
insurer-led Stackelberg, bank-led Stackelberg, and vertical Nash. Their
outputs illustrate that the manufacturer purchases insurance in all sce-
narios if the bank is highly loss averse. However, despite the fact that
agricultural insurance increases the profits of all players, it reduces
supply chain efficiency in terms of production quantity. This study does
not consider verification costs, information asymmetry, or the use of
blockchain technologies to alter incentive structures. So, unlike Assa
et al. (2021) and Li et al. (2023), we explicitly incorporate fraud pre-
vention and verification costs into the modeling framework, showing
how blockchain alters incentives for opportunistic reporting.

2.3. Agricultural producers and insurers collaborating through blockchain

In business-to-business relationships, such as the trade-offs between
insurance firms and agricultural producers, blockchain mitigates
paperwork processing and redundancies by storing. It verifies and shares
accurate information using digital technologies as oracles to activate the
information and verification flow (Vishkaei and De Giovanni, 2025).
Blockchain facilitates the execution of various automated smart con-
tracts according to accurate data between insurers and agricultural
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producers to eliminate delay in reimbursement (Leduc et al., 2021).
Moreover, it improves traceability in finding the source of liability. This
helps to trace issues and identify the primary causes of damage for
evaluating and executing smart contract conditions between partners
(Adalja et al., 2023; De Giovanni, 2026).

To develop a cost-efficient insurance program, it is essential to
mitigate producer opportunism, which requires a transparent system
with a high traceability performance (Walters et al., 2015). Blockchain
technology decreases the risk of fraudulent claims by eliminating in-
formation asymmetry, improving traceability, and improving inherent
immutability (Omar et al., 2023). Accordingly, financial and insurance
institutions invest in blockchain technology to exchange information
and ensure the elimination of information asymmetry through smooth
channels of information to execute contracts properly and improve their
credit systems (Zhang, 2020). Blockchain assists insurance companies in
having fair financial audits by continuously storing and sharing verifi-
able and secure information, which partners can authenticate through
online processing reports. Additionally, automatic auditing mitigates
verification and assessment costs throughout the contract period
(Sharma et al., 2022).

Consequently, both insurance companies and agricultural producers
can benefit from the various characteristics of blockchain technology to
mitigate verification costs, eliminate delays in reimbursement pay-
ments, and overcome fraudulent claims, in addition to applying block-
chain's proactive measures to reduce crop damage. However,
cooperation among partners to adopt blockchain hinges on whether the
benefits and additional revenues from preventing damages, increasing
transparency, and eliminating asymmetric information can outweigh
the financial investment (De Giovanni, 2020; Cui et al., 2024). Hence,
more investigation into the trade-offs between the insurer and the
insured partners is necessary to analyze the optimal strategies and
properly evaluate possible collaborations based on blockchain
technology.

Furthermore, the collaboration and investment level in adopting
blockchain technology depends on various factors, causing a conflict of
interest between the insurance and farming companies. For instance,
larger companies may find adopting blockchain technology more
beneficial because of their economies of scale, high production capacity,
and financial stability (Pan et al., 2020; Tseng et al., 2023). In other
words, a sufficient production level can compensate for the imple-
mentation costs by increasing the profit margins (Pan et al., 2020).
Another essential variable is the insurance cost, which impacts the
adoption rate of insurance contracts for the target production capacity
and the production level of the producer (Young et al., 2001; Sharma
et al., 2022).

However, high insurance costs are usually the result of noticeable
validation costs due to a lack of information transparency. In this case,
implementing blockchain technology increases access to transparent
information and mitigates costs for all partners, which consequently
encourages companies to collaborate in blockchain investment (Sun
et al., 2020). Accordingly, in this paper, we study the investment level
in blockchain technology and each partner's share, including the pro-
duction capacity and the insurance cost, with the ultimate goal of
deriving the best players' strategies regarding their collaboration in
adopting this technology.

Overall, this study stands out from literature for several reasons.
Firstly, it provides new insights into joint investment for implementing
blockchain technology to take maximum advantage of its capabilities,
considering the trade-offs between partners in the agricultural industry.
Secondly, this paper discusses the importance of collaboration among
insurance companies in implementing new technologies, such as
blockchain in the agricultural sector. It analyzes how insurers benefit
from reducing fraud and, consequently, eliminating the issues of
handling reimbursement and facing verification costs. Thirdly, this
study analyzes the impact of traceability and preventive characteristics
of blockchain, as well as the role of damage rate on optimal strategies.
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Finally, this paper explores how joint investment in adopting blockchain
is profit-Pareto-improving for both parties by increasing their profit in
addition to enhancing their investment strategies and operational costs.
Moreover, we discuss various conditions that disrupt this collaboration.
Accordingly, this study focuses on the role of joint investment between
insurance and farming companies, aiming to foster technological ad-
vancements in the agricultural sector. The paper's output assist policy-
makers and business owners in the insurance and agricultural sectors in
better understanding the potential of blockchain technology in
improving profits and solving operational issues.

3. Models of blockchain in agriculture

This paper seeks a game theory model in the agricultural insurance
sector. Our primary goal is to evaluate the operational and economic
benefits, as well as the interest in implementing blockchain technology,
among firms to mitigate crop damage, eliminate fraud, and facilitate
reimbursement payments. Therefore, we investigate a game composed
of two primary players: 1) a agricultural producer, A (he), and 2) an
insurance company, Player I (she). In this model, we do not restrict
ourselves to a specific agricultural good; rather, we keep the production
facility and the farming activities broad to allow for generalized results.
Table (2) summarizes the models’ definitions, parameters, and
variables.

3.1. An independent investment game for blockchain (T-game)

In the independent investment scenario (T-Game), the agricultural
producer, A, is subject to a set of disasters due to climate change, which
occur at the damage rate a. Considering the significant impact that
climate changes has on agriculture, A identifies three levers to overcome
the negative consequences of natural disasters.

Assumption 1. A invests in the blockchain technology, B, to face the
negative impact of disasters through smart contracts, which implies an

investment cost of % , with cg > 0 being the cost efficiency parameter.

Agricultural producer A invests in blockchain, B, to better estimate
the adverse conditions of weather and the related possible disruptions.
The existence of the blockchain allows A to manage the contractual
relationships in the supply chain through smart contracts. This is a real
advantage for A, since the blockchain constantly updates the clauses of
the smart contracts when disasters occur. While traditional contracts
must be respected completely even when catastrophic events disrupt

Table 2
Definitions of models, parameters, and variables.

Notation  Definition

T-game The agricultural producer is the only Investing in blockchain technology.

C-Game The agricultural producer and the insurance company collaborate in
implementing blockchain technology.

a The damage rate

c The damage alleviation rate per unit of investment in blockchain
technology

P The unit revenue of products for the agricultural producer

r The reimbursement per unit of damaged products

Y The claim fraud rate reported by the agricultural producer

8 The financial impact of the delay in reimbursement payments and
recognition of fraudulent claims

cy The unit verification cost

Cy The coefficient related to the production investment/volume

[ The coefficient related to the blockchain investment

[ The insurer's investment share in blockchain technology (decision
variable)

t The unit insurance cost (decision variable)

u The production volume (decision variable)

B Investment in blockchain technology (decision variable)

Iy The insurance company's profit

s The agricultural producer's profit
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firms, smart contracts automatically adjust using new information
available from the blockchain, making them more adaptive and reactive
to the new ecosystem conditions. The blockchain can use hardware or-
acles to capture information on disruptive events and adjust the smart
contract clauses when disasters occur. The smart contracts also connect
external data sources, register information on the blockchain, and up-
date the contract clauses to avoid financial damages. According to
Biswas et al. (2023), blockchain investment takes on a quadratic func-
tional form, with cp representing the penalties associated with block-
chain technology investments.

Assumption 2. A faces damages from climate change, given a >0,
while the blockchain enables the damage reduction efficiency o. Therefore,
a — 6B >0 are the negative damages caused by climate change that A cannot
detect by adopting blockchain technology.

A study by the Food and Agriculture Organization (FAO, 2018) in-
dicates that blockchain is a promising technology used to reduce human
and operational errors and, consequently, mitigate product losses by
recording, providing, and sharing accurate information from internal
and external sources about weather changes, crop diseases, historical
operational activities, and resource usage. Some real cases for using
blockchain that can mitigate agricultural damages are the use of it for
increasing irrigation transparency, specifically in areas where farmers
are facing water scarcity. In that case blockchain can improve water
conservation, reduce water waste, and provide a transparent water
distribution plan for farmers'. As another example, the blockchain can
make the use of drones in smart farming more trustworthy and efficient,
and prevent damage by spraying pesticides with minimal errors, besides
facilitating the transactions for renting drones between the agricultural
producer and the renter (Lee and Shin, 2023).

Accordingly, in our model, adopting blockchain technology allevi-
ates the damage rate, @, at a value of 6B, depending on its detection
efficiency and the total investment in this technology.

Assumption 3. A subscribes to an insurance contract at the price of
t>0 per unit of food and receives compensation r>0, with p > r illus-
trating that the unit reimbursement is less than the exogenous market
price, p. I sets the insurance premium t endogenously and guarantees
exogenous compensation r to A.

According to European Union regulations,® the public intervention
price is a minimum price at which authorities must buy agricultural
products. This ensures agricultural producers always receive at least this
floor when market prices fall. Since it is set by regulation and not by the
market, in our model, we treat product price as exogenous and based on
this policy-defined minimum. Any price above it benefits the agricul-
tural producers, while both the insurer and the producer calculate their
risk, knowing that revenues cannot fall below it. So, we consider a fixed
price (the minimum price) which the government guarantees, and the
players can optimize their decision variables accordingly.

Moreover, a subscribes to an insurance contract with I against
disastrous and catastrophic events that can heavily influence the entire
food production process. This allows the agricultural producer to receive
compensation r per unit of damaged product. I optimally sets the in-
surance premium to ensure an economically viable business model. The
unit reimbursement is less than the unit revenue of the products (p > r),
otherwise A prefers to have all products damaged to increase revenue. In
many agricultural insurance systems, reimbursement levels are not fully
flexible decision variables, but are often determined by institutional,
regulatory, or contractual constraints (e.g., policy frameworks, pre-
defined coverage schemes, or parametric insurance structures). For
instance, in parametric insurance applications such as Arbol and
Lemonade Crypto Climate Coalition, payouts are predefined based on

3 https://eur-lex.europa.eu/legal-content/EN,/TXT/?uri=CELEX:32013R13
08 (accessed September 12, 2025).
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objective triggers (e.g., rainfall levels or temperature thresholds), rather
than negotiated ex post. Similarly, blockchain-enabled insurance solu-
tions such as ZhongAn rely on standardized contracts where compen-
sation rules are fixed in advance and automatically executed via smart
contracts. In such contexts, insurers have greater flexibility in setting
premiums than in adjusting reimbursement levels. Therefore, modeling
r as exogenous is consistent with observed practices.

Assumption 4. A can cheat on the amplitude of the disaster at rate y
>0.

A can adopt fraudulent behaviors and cheat on the real damages
when writing the insurance reports to the insurance company; y is the
cheating rate and represents an additional fraction of fake damages re-
ported by the agricultural producer that cannot be perfectly verified by
the insurer, leading to inflated compensation claims. More generally, y
captures a broader class of overpayments arising from information
asymmetries, including misreporting, incomplete documentation, and
verification errors. Therefore, A obtains compensation for climate
changes at the overall rate « — 6B+ y > 0. The previous assumptions
inform the three levers (blockchain, insurance, and cheating rate) that A
adopts to face the challenges imposed by possible catastrophic events
connected with the agricultural climate changes.

Assumption 5. A produces a quantity of food u>0, which implies in-

cult
2

. 2 . .
vestment and production costs - and sells it at an exogenous selling

price p>0.

Firm A makes food quantity u and sells it at the given market price p.
While this assumption is in line with previous agricultural studies
(Golmohammadi and Hassini, 2019; Qian, 2021), it allows us to depart
from the analysis of supply chain issues linked to vendor and buyer re-
lationships. Instead, we focus on other aspects of the agricultural pro-
ducer's business model linked to the financial flows associated with
insurance payouts in the case of disastrous and catastrophic events. A

spends % as the total production investment, with ¢, representing the
cost efficiency parameter associated with the production of volume u.

Assumption 6. [ incurs verification cost, ¢,, and reimburses A with a

delay 5 >0.

Since I cannot connect to the blockchain, she cannot gather infor-
mation from the ecosystem, as A does. Therefore, she incurs verification
cost ¢,, which is related to analyzing the policyholders' evidence, con-
ducting interviews, and determining the validity of the claims, along
with a data analysis and background checks to detect and prevent
possible fraudulent claims, as well as legal costs linked to the liability,
the negotiations, and the defense against the lawsuits. All these activities
are very complex and can take an exceptional amount of time, especially
when the policyholder shows resistance to collaborating and does not
provide all the required information (Ruzza et al., 2025). Hence, time is
indicated by § >0. Interestingly, I can also use § as a means to delay the
policyholder's payment as much as possible, with the objective of
earning interest during the time period, and discouraging false claims.

Using the superscript T to indicate the T-Game, both firms play the
game in an independent investment manner to maximize their profits in
which their objective functions can be summarized as follows:

11} =max{u(t — (a —Bo +7)(c, + (1 - 5)r)} &)
H;:nﬁ%x{u(p,t),pu(a,%)m,5),11(0,,36“)&2“ - }
@

I maximizes Eq. (1) by optimizing the unit insurance fee, t, through
which she generates revenues directly linked to the production volumes,
u, which is covered by insurance. I's total revenue is ut, and
u(a —Bo+y)(c, +(1 —8)r)  indicates the total cost. Hereby,
u(a —Bo +y)(1 —8)r represents the reimbursement that I transfers to A,


https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32013R1308
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32013R1308
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where (@ —Bo +y) is the total production rate to be reimbursed, which
consists of: the real damage rate, a, the rate of disasters avoided by the
blockchain, Bs , and the rate of fake claims, y. Instead, the term c,+
(1 —8)r represents the insurance marginal cost per unit of the product
claimed to be damaged by A, including the marginal reimbursement, r,
which is reimbursed by I with certain delay, &, and the verification cost
per unit of product, c,.

A maximizes Eq. (2) with respect to production volume, u, and
blockchain efforts, B. A's revenue depends on the production volumes
and the marginal revenue, p — t. However, due to the real disaster that
occurred, A loses aup, while she can avoid some of these losses through
the implementation of blockchain at a rate of oB. In addition,
(1 —8)ru(a —Bo +y) represents the reimbursement that Firm A receives
from Firm I, delayed by time §. Furthermore, C“;Z and % are quadratic
and convex forms used to calculate the investments in producing u units
of products and implementing the blockchain technology, respectively.
We consider a quadratic form for both the blockchain and production
investment, as it is a well-established function in game theory models in
the literature. The reason is that it corresponds to real-world economic
cases, where investments have high returns up to a point, and then there
is a diminishing positive growth rate of their impact. In other words,
investments have a greater impact on the efficiency and quality of op-
erations and services initially. However, later, their efficiency decreases
compared to the beginning, as improvement becomes more challenging
beyond a certain point (Vessal et al., 2022).

3.2. A joint investment scenario for blockchain (C-game)

In this section, we present a joint investment scenario, namely, the C-
Game, in which I supports the blockchain investments by paying the
fraction @ € (0,1) to A to collaborate on blockchain investments and
technology benefits.

Assumption 7. In this scenario, A cooperates in the blockchain in-
vestments at a rate @ € (0,1), and limits the chances to cheat (y = 0).
Since cheating is nil, I does not face a verification cost (¢, = 0); how-
ever, she cannot delay the reimbursement to A (§ = 0) any more since
the money transfers to A are managed automatically by the smart
contracts.

By collaborating, I has full visibility of the blockchain system which
eliminates the opportunity for A to cheat by fraction y. By having
transparency in A's system, I only grants reimbursements when A really
experiences losses. In other words, there are no more fake claims and
cheats (y = 0). Moreover, as the blockchain technology precisely traces
and records the events, there are no verification costs (¢, = 0) and no
reason for payment delays (§ = 0) since the smart contracts, using the
oracles, make the payments to A immediately after validating the in-
formation through the blockchain (Ruzza et al., 2025). This assumption
is aligned with the e-agricultural report published by FAO (2018 and
2019), which discusses the benefits of blockchain for crop insurance.

Using the superscript C to indicate the C-Game, both firms play the
game jointly regarding the blockchain technology to maximize their
profit functions as summarized below:

2
H,C:max{u(t—r(a—Ba)) 7cBBZq)} 3)

tap

RS { cgeu((a+7)(cy —26r+2r) + (1 — a)p+

Ap—1-n(apla—r—2)—c,(1-8rla+y)— (1 —a)p*+ (6 —pr(a+ 2y +1)) } 2(cgcy — 0%(c, +p)(p— (1 —8)r))
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Where t — r(a —Bo) is the marginal revenue for A and she only pays
for the real disasters subtracting the part that blockchain helps to avoid
loss (Bo). Moreover, CB% is the blockchain investments supported by
Firm I. Note that @ is the new decision variable for I, which is set jointly
with t. Regarding A's profit, there are two changes when compared to Eq.
(2). The investment in blockchain technology includes I's support @ and
A's effort becomes CBM. Moreover, ur(a —oB) represents the total
reimbursement that Firm A receives without any delay (6 = 0) from I, as

there is no possibility of fake claims (y = 0).
4. Equilibrium analysis

In this section, we present the equilibria for the T-Game and
the C-Game. We then derive the conditions under which each of the
optimal solutions is feasible.

4.1. Independent investment (T-game) equilibria

In the T-Game, as I will play in an independent investment manner;
hence, A invests in blockchain on their own to reduce product loss.
Consequently, the game moves according to the following steps: 1) since
I is the chain leader and plays in an independent investment manner, A
moves for first and sets the optimal production level (™), as well as the

optimal blockchain investments (BTf); 2) I takes this information into
consideration and optimally sets her service price per unit of product

™). To clarify the main assumptions of this scenario, we need to
explain some points in the following. First, using blockchain makes the
reimbursement parametric according to the data collected and recorded
on the blockchain, bringing transparency among partners. Second,
eliminating fraud means that, as we use parametric insurance, the final
decision will be based on trustworthy data and parameters calculated
automatically by the system (as in the real case of Arbol). Third, the
verification cost is a part of the investment in the blockchain technology,
as the parametric insurance is automated. Removing the delay in pay-
ment (or immediate payment) does not mean that there is no gap be-
tween the disaster and the payment at all. In the first scenario, the
payment duration exceeds the expected timeframe. We consider the
parameter § as the financial impact related to the abnormal delay in
payment due to further verification and paperwork, which will be
eliminated in the second scenario. For instance, on the Arbol website, it
is mentioned that using blockchain, the payment expectation time is two
weeks, not zero.

When Firm I does not support the investments in blockchain tech-

nology, A's strategies will depend on I's strategy 7 , being the business
leader; more specifically, the optimal solution for the T-game results is
as follows (See Appendix B1 in the Online Appendix):

r_c((l-ap+r(l—s)(a+y) —t")

" cou — 2 (p — (1 — 8)r)? )

szﬂ@—(l—aﬂﬂl—am+ﬁl—®N0+Y%—F) )
cscy — 02(p — (1 - 8)r)°

)
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Condition 1. The optimal product level will be feasible (u” > 0) if
2

(1 —a)p +r(1 =8)(a+y) > 7 and cgc, > 6*(p — (1 — 8)r)2.

The term r(1 —5)(a+y) can be interpreted as the marginal reim-
bursement that A receives from I; the term p — (1 —§)r indicates the
revenue that A loses per unit of damaged product, considering the
reimbursement that he receives from I with delay 6. Moreover, (1 —a)p+
r(1 —5)(a +y) is the expected unit revenue considering the marginal sales
revenue of a perfect product plus the marginal revenue from the reim-

bursement. Therefore, (1 —a)p +r(1—8)(a+y) > tT indicates the ne-
cessity that the revenue of a unit of the product is greater than the cost
that A pays per each unit to the insurance company. Furthermore, the
term cgc, > 0%(p — (1 — 8)r)* can be interpreted as cz > o(p —(1 —5)r)
and ¢, > o(p — (1 — §)r), which shows that the marginal investment in
blockchain technology should be greater than the unit revenue con-
cerning blockchain's ability to prevent crop losses. Blockchain technol-
ogy is not supposed to provide additional revenue; it only prevents the
loss of damages to A since the information recorded on the blockchain
platform through the oracles is validated and transferred to smart sys-
tems to adopt proactive actions. Furthermore, it is not feasible to
consider the marginal production cost less than the marginal loss pro-
portion that blockchain can prevent from being damaged.

Condition 2. The optimal investment in blockchain technology will be
feasible (BT >0) if (1-ap+r(l-8(a+y)>t",  cpey >
o2(p—(1-8r% andp— (1 — §)r> 0.

The first two terms in Condition (2) are the same as the terms we
analyzed in Condition (1). The last term, p — (1 —§)r, must be positive,
as the unit revenue cannot be less than the marginal reimbursement.
Otherwise, the reimbursement covers the production cost with an
amount greater than the revenue. This is not feasible in real business
models and, in that case, A prefers to lose all the products aiming to gain
more profit. Firm I's strategy regarding the insurance price is influenced
by A’s strategies for investing in the blockchain as well as the production
level. To analyze its feasibility, we need to ensure that Condition (3)
holds.

Condition 3. To ensure that tT > 0, it must be that cgc, >
62(p—(1-8)r) and cgcy > 6%(¢y +p)(p — (1 — &)).

The first term in Condition (3) is extracted from considering the
numerator of Eq. (7), which is greater than zero. To prove this condition,
as the numerator of the proposed equation provides a complicated
relationship between different parameters, we summarize it as cgc, Wy —
6%(p —r(1 —5))W» where Wy = (a+y)(c, —25r +2r) —ap +p and Wo =
apla—y —2) = (1 =dr(a+r)— (1 —ap*— (1 - s)pr(a + 27 +1).
Subtracting W, from W; will result in (1-a)p?+ (1 —a)p+
ap(2+y —a) + (a+y)(cy +2(1 =8)r) + ¢ (1 =8)r(a+y) + (1 —8)pr(a-
+2y+1) and we can deduce that W1 — W, > 0. Therefore, if the
numerator of Eq. (7) is greater than zero, we conclude that cgc, >
6%(p —(1 —8)r) assures the feasibility of the optimal unit insurance cost.

Furthermore, from the term cgc, > 6(c, + p)(p — (1 — d)r), we
interpret ¢, > o(p —r(1 —6)) and cg > o(c, +p), in which the first term
was discussed previously and the latter identifies the relationship be-
tween the cost efficiency parameter of adopting blockchain with the
marginal revenue of A, as well as the verification cost per unit of product
for Firm I. In other words, although Firm I does not invest in blockchain
technology, the efficiency of implementing this technology by Firm A
influences I's pricing strategy for the insurance cost and, consequently,
her profit. This is due to the potential of fraud and fake claims from Firm
A, who increases the costs of Firm I by spending more on inspection
activities and reimbursement fees. Hence, the marginal cost of the
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blockchain (cp) should exceed the value it provides in order to prevent
revenue loss, as well as inspection costs (higher than a value equal to
o(cy +p)), ensuring that Firm A does not easily invest in blockchain with
the intention to increasing fraudulent claims.

Lemma 1. In the independent investment scenario, if
(1 —a)p — cy(a+y) > 0, by increasing the unit production cost (c,) or the
marginal blockchain cost (cg), Firm I will increase her optimal unit insurance
cost (t7).

Proof. See Appendix Al in the Online Appendix.

Proposition 1. In the independent investment scenario considering

(1 —a)p — cy(a+y) > 0, increasing c, or cg will increase " and, accord-
ingly, A will decrease the optimal blockchain investment (BT ).

Proof. See Appendix B3 in the Online Appendix.

According to Proposition (1), in the independent investment sce-
nario, when the unit production cost or the marginal blockchain cost
increases, I will raise the unit insurance price due to the possibility of the
increase in fake claims by A trying to offset his additional production or
blockchain investment cost. In that case, the insurance company decides
to increase the unit insurance price, requiring A to dedicate more budget
toward production and insurance costs. This, in turn, limits the ability of
A to invest further in blockchain technology, given its impact on overall
profitability.

Lemma 2. In the independent investment scenario, if (1 — a)p — ¢,(a +
y) > 0, by increasing the blockchain performance in preventing damages (o),

the insurance company will decrease her optimal unit insurance cost (t7 ).
Proof. See Appendix A2 in the Online Appendix.

Proposition 2. In the independent investment scenario considering
(1 —a)p — cy(a+y) > 0, the increment of o reduces the optimal unit insur-

ance cost (t' ), and consequently, leads to an increment in the optimal
blockchain investment (BT ) by A.

Proof. See Appendix B4 in the Online Appendix.

As a result of Proposition (2), when the preventive capability of the
blockchain technology to reduce damaged products decreases, consid-
ering the same reimbursement cost (r), I decreases the unit insurance
cost to help A obtain a better opportunity to invest in the blockchain
technology and decrease the amount of damaged products that favors
both firms.

Proposition 3. In the independent investment scenario, if an increase in
the damage rate () or fake claims (y) leads to an increase in the optimal unit

insurance cost (t7') by the insurance company, A will increase his optimal
production level (u”) and decrease his optimal investment in blockchain
(BT). Otherwise, if t7 decreases, A reduces u” and increases BT .

Proof. See Appendix B5 in the Online Appendix.

Based on Proposition (3), the higher the risk of having damaged
products and fake claims, the higher the reimbursement cost of the in-
surance company. Accordingly, when the rate of damaged products or
fake claims increases, I may increase the unit insurance cost as well.
Hence, the agricultural firm will increase the production level to offset
the additional insurance costs, aiming to cover the extra expenses by
increasing its product sales. Moreover, in this case, the increment in the
production investment, in addition to the possibility of fake claims,
discourages A from investing in the blockchain technology. However, if
the optimal unit insurance fee decreases, A prefers to reduce his in-
vestment in production and alternatively focus on improving the
blockchain system to mitigate potential damages. By applying the

optimal strategies, it is possible to obtain the optimal profits HZ and H,TW
as follows (See Appendix B1 in the Online Appendix):
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cs(cy(@ +7) —p(1 —))* (cacu — 0*(p — 1(1 — 5))*) ®
8(cacu — o2(cy +p)(p —r(1 - 5)))’

=

o Gty —p(l - a)’
" A, — (e, +p)p— (1 - 9)

According to Eq. (8), the profit of A is always positive, based on
Conditions (1) and (2), where we discussed the term cgc, >
62(p — (1 — 5)r)* to reach the feasible solutions for u” and BT . There-
fore, as long as A adopts the blockchain technology properly (with an
efficient cp), he would be satisfied by obtaining positive profits from his
business. In addition, the I's profit will be positive if its denominator is
positive, which means that czc, > 6%(¢c, + p)(p — r(1 — §)), which was
previously discussed in Condition (3).

9

4.2. Joint investment (C-game) equilibria

In the C-Game, I is willing to play a joint investment game with A,
supporting the blockchain investments with the share @. With this
commitment, I will have access to the blockchain system, preventing A
from declaring fraudulent claims regarding the damages (y = 0). More-
over, with shared access to blockchain technology, I automatically
proceeds with the reimbursements without the need for verification
(¢, =0 and 6=0). Therefore, the C-Game moves according to the
following steps: 1) since I plays a joint investment game, A optimally sets
the production level, 1€, and the blockchain investments, B¢ ; 2) I takes
into consideration A’s decisions and optimally sets the insurance cost,
t¢, and its investment share in blockchain technology, & . Accordingly,
when Firm I supports the investments in the blockchain technology, A's
strategies will depend on T's strategy € and #°, being the business
leader; more specifically, the optimal solution for the C-game results is
as follows (See Appendix B2 in the Online Appendix):

o= ) (1 —aptar—1)

B chu(l - ¢C') —2(p— r)2 (10)
¢ _olp-n(° —(1-ap—ar)
T o Ly an
¢_p+r
¢ = 3p—r 12)
tCa _ 4CBCu(2(IT' + (1 — (l)p) + 0-2(3p _ r)((l(p _ r>z _p(p + r)) (13)

8csc, — 02 (r — 3p)*

Condition 4. To have feasible strategies for Firm A (u > 0and B¢ > 0),
(1-a)p+ar> €, and caey(1 — ¢€) > o>(p — )%

Term t¢ — (1 —a)p —ar represents the difference between the
marginal insurance cost and the average marginal revenue, considering
both damaged and undamaged products. Moreover, ¢(p —r) is the value
by which implementing blockchain technology reduces the loss per unit
of damaged product, while cp (1 — ¢C:) denotes the share of the marginal
blockchain cost for Firm I. Accordingly, the first term in Condition (4)
illustrates that the marginal insurance cost must not exceed the average
marginal revenue of Firm A; otherwise, it would not be economically
feasible for A to continue production.

Term 62(p — ) < cgcy(1 — ¢€) can be interpreted as o(p —1) < ¢,
and o(p —1) < cg(1— ¢¢). The first term indicates the value imple-
menting blockchain technology can prevent in terms of the loss per unit
of damaged product (¢(p — r)), which is less than the marginal pro-
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duction cost. Otherwise, it implies that the blockchain can also provide
additional profit for damaged products, making it more profitable for
Firm A, even if all products are lost. In reality, to have a feasible model,
blockchain technology seeks to prevent loss rather than create addi-
tional profit. The latter, o(p — 1) < cg(1 — q&c)’), emphasizes that the
marginal cost of the blockchain technology for Firm A must be greater
than the value that the blockchain can save per unit of damaged product;
otherwise, it can be interpreted that the blockchain technology can offer
additional profit per unit of damaged product that compensates for its
marginal implementation cost.

Regarding the optional quantity for the investment share of Firm I in
the blockchain technology, it is easy to prove the feasibility of Eq. (12) as
p >r, so the numerator and denominator acquire positive values.
However, for the insurance price strategy < ), all earlier conditions for
the joint investment scenario (Condition 4) apply. Eq. (13) illustrates the
complex relationship between the various parameters. Accordingly, we
provide some propositions to discuss it in more detail.

Lemma 3. In the joint investment scenario, the increment in the unit pro-
duction cost (c,), or in the marginal blockchain cost (cg), or the damage
prevention rate of blockchain technology (o), causes growth (a decrease) in

the optimal unit insurance cost (t€ ) if r > £ (r < %)

Proof. See Appendix A3 in the Online Appendix.

Proposition 4. In the joint investment scenario, if the unit reimbursement
(r) is greater than a specific value (§) by increasing the unit production cost
(cy) or the marginal blockchain cost (cg), I increases the unit insurance cost
(€' ) and, accordingly, the agricultural producer decreases his optimal pro-
duction level (u€") and the optimal blockchain investment (BC ).

Proof. See Appendix B6 in the Online Appendix.

According to Proposition (4), when the reimbursement cost is high
(r > %), increasing the production cost and the marginal blockchain cost
leads to a reduction in production levels as higher investment becomes
necessary to maintain the previous operation capacity. Hence, I decides
to raise her unit insurance price to compensate for the revenue losses
resulting from reduced production level and instantaneous reimburse-
ment. Accordingly, A reduces his production level and investment in
blockchain technology due to higher insurance costs.

Proposition 5. In the joint investment scenario, if r <%, by using a more
efficient blockchain platform with a higher performance in terms of pre-
venting damages (increasing o), I reduces the unit insurance cost, and
consequently, A decreases both the optimal production level as well as the
blockchain investment.

Proof. See Appendix B7 in the Online Appendix.

The aforementioned proposition indicates when the unit reim-
bursement cost is not very high or is reasonable (r < £). By increasing the
efficiency of blockchain technology in preventing damages, I faces a
lower level of risk for reimbursement and, consequently, decreases the
unit insurance price. The agricultural firm then decreases his production
level, as well as the total investment in blockchain technology, as he can
achieve a larger profit despite lower investments in technology and
production effort. In other words, adopting more effective blockchain
technology helps lower insurance costs and investment in blockchain
technology, and consequently the total production costs.

Considering the optimal strategies of the players, we obtain the
optimal profits Hﬁﬁ and H,Cﬁ, as follows (See Appendix B2 in the Online
Appendix):

I G a)’cpp®

=S H B 14
! 8cpcy — 02(r — E}p)2 as
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4(1 — a)*cgp?(2cpc, — 02(3p2 + 12 — 4pr))

s =
i (8cpey — 02(r — 3p)2)2

(15)

Note that Egs. (14) and (15) are positive when the following condi-
tions occur.

Condition 5. To ensure H,C' >0, it is required that 8cpc, >
o2(r— 3p)%.

The term 8cgc, > o%(r — 3p)? in Condition (5) illustrates the re-
lationships between the five primary parameters: cg, c,, o, r, and p.
According to Eq. (3), the profit of Firm I has a positive relationship with
0, meaning that the greater the efficiency of the blockchain technology
in preventing damages, the less she pays for reimbursement. Moreover,
her profit has a negative relationship with cg and r, which shows that a
higher value for these parameters increases her total costs. To increase
the profit of Firm I, we need to consider the minimum value for cg and r
and the maximum value for ¢ satisfying the proposed term in Condition
(5). In other words, Firm I should only accept the joint investment sce-
nario when the blockchain technology provides an efficient system at a
reasonable cost and damage prevention capability, considering the unit
production cost and the unit reimbursement fee.

Condition 6. To have I > 0, it should result that 2cgc, > 6> (3p* +
r2 — 4pr).

To discuss the term mentioned in Condition (5), we recall Eq. (4).
According to Eq. (4), to increase the revenue and profit, Firm A needs to
minimize ¢, and cg while also preventing damages by adopting block-
chain technology with the highest level of preventing ability (the highest
value for o). Considering these assumptions, the lower the left-hand side
of the inequality (cgc,) and the higher the ¢ on the right-hand side, the
higher the profit of A. Therefore, decreasing cgc, on the left-hand side
and increasing o on the other side of the inequality 2cgc, >
62 (3p? +r* —4pr) does not assure its satisfaction. In that case, satisfying
the proposed inequality only occurs when the term 3p?+ r?— 4p on the
right-hand side is very low. If we revise this term to (p — r)* + 2p(p —71),
to reach this goal, the difference between the marginal revenue and the
marginal reimbursement should be minimized. In other words, when
both players collaborate in implementing the blockchain technology, it
will not be possible for A to make fake claims. Therefore, Firm A aims to
minimize the difference between his marginal revenue and the marginal
reimbursements.

Lemma 4. In the joint investment scenario, if r > £, then the higher the rate
of damaged products (a), the higher the unit optimal insurance cost.

Proof. See Appendix A4 in the Online Appendix.

Proposition 6. In the joint investment scenario, when r > &, by increasing

the damage rate (), Firm I increases the unit insurance cost (t€) and,
accordingly, Firm A will decrease the investment amount (B€) and his
production level (u€ ).

Proof. See Appendix B8 in the Online Appendix.

According to Proposition (6), when the reimbursement cost is higher
than half of the unit price, increasing the likelihood of having damaged
products prompts the insurance company to increase her unit insurance
cost to compensate for the higher risk associated with more damaged
products and, consequently, increased reimbursement costs. As a result,
A decreases his production level and the total investment in blockchain
technology, as he must pay more insurance costs per unit of product
while facing more damaged products when increasing his production
level. Moreover, under this condition, both companies decrease their
investment in blockchain technology when the damage rate increases
and there is no possibility of improving the efficiency of blockchain in
terms of preventing (o) crop losses.
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5. Comparison between equilibria and solutions

To analyze the benefits of joint investment in blockchain to mitigate
the issue of frauds in agriculture, we compare the optimal strategies of
the C-Game and T-Game for each of the players. To reach this goal, we
calculate A, = u€ — u”, A = B¢ — BT, and A, = t¢ — T and show
their results in Appendix C in the Online Appendix. Although these
comparisons can be obtained analytically, determining their signs re-
quires a numerical analysis due to the complexity of the interfaces
among all parameters. So, we provide both analytical and numerical
analyses.

5.1. Analytical analysis

In this section we focus on two conditions: 1) blockchain technology
does not have an efficient capability to prevent damages (6—0) and only
is used for eliminating fake claims and immediate reimbursement pay-
ments, 2) the damage rate is very high (a—1).

Proposition 7. When the the blockchain technology is not efficient in
preventing damages (c—0), the insurance cost in the joint investment sce-

nario (tc*) will be greater than the insurance cost in the independent in-

vestment scenario (t ) when the delay in payment can compensate for the
verification cost and the cost for fake claims.

Proof. See Appendix B9 in the Online Appendix.

As the ability to prevent damages in the products has a positive
impact on the profit of both players (I reduces the reimbursement and A
increases his revenue), we consider 6—0 to only focus on the traceability
function of blockchain technology that can eliminate delay in payment
for A and can remove verification cost for I. As ér(a + y) > 3¢,(a +7) +
ry, the delay in payment can compensate for the average verification
cost per unit (for real and fake claims) and the reimbursement that I pays
for fake claims in T-Game. In other words, when the delay in payment
offsets the proposed costs, player I does not need to invest in blockchain
technology unless she increases the unit insurance fee.

Proposition 8. When 2p(1 — a) > ¢,(a + y), the companies jointly invest
in blockchain technology because of its traceability advantages (eliminating
delay in payments and verification costs) rather than because of its capability
in preventing damages (6—0).

Proof. See Appendix B10 in the Online Appendix.
The previous result states that, even without the ability of blockchain
technology to prevent damages (6—0), the profit of both players in the

joint investment scenario is higher than the independent investment

& (aty)
2(1-a)?

their profits using the traceability function of blockchain technology,
ensuring that there are no fraud and delays in payments, even in the case
when the blockchain cannot prevent the damages. Although the in-
vestment in blockchain technology can be helpful to the insurance
company to eliminate the fake claims for reimbursement, Proposition
(8) informs that these results are more significant for the agriculture

scenario. In fact, ifp > we can conclude that both players improve

¢ _qr
g -1}

lim
company since it results that ;"Ai =2.
1]

im 11F 11
Proposition 9. When the risk of facing natural crises and damaging
products is very high (a—1), both companies prefer not to invest in block-
chain technology. In that case, the independent investment scenario is more

beneficiary for them in terms of profit.

Proof. See Appendix B11 in the Online Appendix.

According to Proposition (9), when the damage rate is very high
(a—1), the independent investment scenario will be more profitable for
both players, independent of the blockchain's capability to detect the
disruptions. Therefore, in a highly uncertain and volatile environment,
the insurer prefers not to collaborate in implementing blockchain
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technology, as it is expected to provide immediate payment for a large
volume of damaged products, in addition to the cost of blockchain
adoption.

Proposition 10. The decrease in the difference between the unit reim-
bursement and the unit price of the product (by increasing r), the insurer
increases its interest in the adoption of blockchain, in which, when the pro-
posed difference is minimum (r—p), the insurance company adopts the
blockchain technology on her own (¢—1) as a part of its service. However,
the total investment in blockchain technology decreases.

Proof. See Appendix B12 in the Online Appendix.

This proposition suggests that in cases where the insurance program
covers the entire loss of the agricultural producer, the insurer prefers to
increase her investment share in the blockchain to prevent product
damage and potential fraudulent claims. Nevertheless, as the insurer
invests in blockchain alone (¢—1), the total investment in blockchain
reduces compared to the condition that both players participate in this
investment. This proposition clarifies that insurance companies prefer to
invest in blockchain solely or with a minimum participation from the
agricultural producers if the regulations force them to consider a higher
reimbursement (r—p), which consequently drives them to increase
transparency using blockchain technology. In other words, if the reim-
bursement is very low, then the motivation among the insurers is low as
well to adopt blockchain technology, and in that case, the agricultural
producer will have the main investment share in blockchain, aiming to
take advantage of its capability in reducing crop loss, besides elimi-
nating the verification period and benefiting from immediate reim-
bursement.

Furthermore, this proposition justifies the reason that the optimal
investment share of the insurer in Equation (12) depends only onp and r.
Investing in blockchain technology becomes essential for insurers when
the difference between the unit price and unit reimbursement decreases
(r—p). In that case, the insurer tries to focus on preventing damage when
her profit margin per unit loss is low. So, the insurer benefits indirectly
from the positive effects of blockchain adoption on reducing damaged
products and increasing the producer's production level. Accordingly,
the difference between product prices and reimbursement costs has a
significant role in the insurer's decision on his optimal investment share
in blockchain technology.

Moreover, as an extension, we analyze the impact of considering a
minimum blockchain investment level (Bn,) and a minimum invest-
ment share (¢,;,) on the optimal solutions of the C-Game. This

Table 3
The main results and sensitivity analysis.
Model Condition B u t >
ot T-Game 1—-ap—c(a+ BT} - 1
7)>0
cpl T-Game 1—-ap—c(a+ BT - a1
7)>0
ot T-Game 1 -ap-cya+ BTt - &y
7)>0
at T-Game - BT 1 uTT tT‘T
7t T-Game - ): LTS 1
cul C-Game rsP B, uCL €1
3
cpt C-Game .y B ufy €1
3
ot C-Game e Ié Bl u€l €y
at C-Game P By Wy
2
d T-Game & C- - - © > ¢
0 Game
r-p  C-Game - - - - P$—1
o— T-Game & C- Both players prefer the Joint Investment Scenario (C-
0 Game Game)
a— T-Game & C- Both players prefer the Independent Investment Scenario
1 Game (T-Game)
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assumption can ensure the appropriate adoption of this technology by
defining the minimum investment level and also guaranteeing the
minimum investment share that is required for a joint investment in a
market. The results are available in Appendix F in the Online Appendix
for further reading.

Table (3) summarizes the main results of our analysis according to
the propositions. This Table also provide a good understanding of the
model sensitivity to the changes in the most important parameters.

5.2. Numerical analysis

To provide further discussions, we fix the following baseline of pa-
rameters: p=18,r=12, ¢cg=1, cy =1, ¢, =02, a=0.5 6=0.1,
y = 0.2, and § = 0.1. These parameter settings are essential to analyze
the dynamics of blockchain's influence on the strategic interactions be-
tween the sectors involved. We compare the optimal solutions with the
results of the benchmark values, considering three different scenarios for
each of the aforementioned parameters. Appendix D of the Online Ap-
pendix presents the outputs of this analysis, from which we derive the
observations in this section. Moreover, Figure (1) and Figure (2) show
the variations in the optimal strategies in accordance with changes in
some of the main parameters. In these figures, we define AA = IS — 1%
and Al = HIC' — H,T' to indicate the players' preferences in the joint in-
vestment scenario. Additionally, these figures, as a complement to
Appendix D, help to have a better understanding of the difference be-
tween the optimal decision variables considering both C-Game and T-
Game.

Observation 1. The collaboration between an insurance company and an
agricultural producer on blockchain technology leads to the following results:

a. ¢¢ €(0,1)

b. u¢ — uT“‘ >0

c. B —BT >0

d © - <0if5<3d
e. ¢ — 17 >0

f.r§ —nf >0

Proof. See the simulation results in Figs. 1 and 2, and in the table in
Appendix D in the Online Appendix.

The findings in Observation (1) outline that the support rate is
feasible as it results in ¢C* € (0,1); accordingly, the support rate, which
represents the proportion of blockchain investment costs covered by I, is
positive but does not reach full coverage (100%). This suggests a sharing
of costs between the companies, which may be seen as an investment in
mutual risk management and technological advancement. The interior
solution associated to the support rate indicates a balanced approach in
which both parties can share the benefits linked to the adoption of
blockchain technology. This result on the support rate leads to greater
investment in blockchain technology by A. Considering the possible
collaboration, A can invest in a broader and comprehensive blockchain
as, while creating a better system for enhancing traceability, reducing
fraud, and improving contractual enforcement, it creates efficiency
through the collaboration.

This collaboration leads I to charge lower insurance fees since the
chances of predicting the event of a disaster affecting agricultural
products and the related cheating are mitigated through the blockchain.
Therefore, considering the lower risks incurred by I along with the
reduced uncertainty about the extent of losses, precise damage assess-
ments and possibly even preventive measures, A enjoys the payment of a
lower fee. At the same time, the positive effects of collaboration induce A
to produce more when collaboration on blockchain technology is pre-
sent, considering the higher confidence in risk management and supply
chain transparency provided by blockchain technology. Overall, the
adoption of collaborative approaches on blockchain results in Pareto-
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Fig. 1. Numerical analysis related to p, cg, ¢y, and c,. Note: cb stands for cg, cu stands for c,, and cv stands for ¢, (Source: Authors).

improving as both firms show higher profits when sharing the costs as
well as the risks deriving from blockchain technology. However, when
the I's profit from the delay in payment is higher than a threshold (5 > 5),
she increases the insurance fee in the C-Game compared to the T-Game
to compensate for the profit loss. Moreover, the next observation reveals
the cases that do not cause a Pareto-improving situation.

Observation 2. The collaboration between insurance company I and
agricultural producer A on blockchain technology fails to result in a Profit-
Pareto-Improving situation when:

a. p = r: in this particular case, A does not invest in blockchain tech-
nology (B = 0) while I wishes to provide full support (¢ = 1); this
couple leads to a corner solution where collaboration becomes not
feasible.

. a — 1: As the reimbursement increases towards complete coverage,
the collaborative model yields lower profits since I is obligated to
cover all of A's losses, making the collaborative strategy not
appealing from a financial point of view.

c. cy < cy: With minimal costs associated with verifying claims, the
economic advantages potentially linked to collaboration decrease,
leading I not to be interested in a collaborative investment.

d. & > &: The I's preference to delay payments as much as possible will
reduce the attractiveness of collaborating in blockchain, which fully
removes the delays when transferring money.
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Proof. See the simulation results in Figs. 1 and 2, and in the table in
Appendix D in the Online Appendix.

Observation (2) shows all cases in which the collaborative strategy
on the blockchain does not create any mutual benefit in terms of real
needs and benefits from operations. When a company can realize a high
benefit on its own, such as disaster avoidance, the motivation to invest
jointly is low. The situations when an insurer would compensate for all
losses illustrate how the costs derived outweigh the benefits related to
collaboration; the statement is of specific importance in those contexts
where coverage vs. profitability needs to be balanced. Moreover, the
verification costs may be low, which again would lower the economic
rationale for blockchain. This suggests that a proper cost-benefit analysis
should be conducted before such technological investments are under-
taken. Conflicting operational tactics, such as late payments, and effi-
ciencies that blockchain might bring about, such as acceleration of
transactions, highlight the potential strategic misalignments.

6. Endogenizing the operational effects of blockchain and
cooperation

A key modeling choice concerns how blockchain adoption and
cooperation affect operational frictions such as fraud, verification costs,
and reimbursement delays. In the baseline model, these effects are
represented through a simplified structure in which joint blockchain
implementation eliminates such frictions. This assumption is introduced
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to preserve analytical tractability and enable closed-form solutions, as a
more general specification would introduce significant nonlinearities
and potentially multiple equilibria, thereby limiting analytical insights.
Such a phenomenon emerges when we extend the model by relaxing this
assumption and allowing these frictions to be endogenously reduced
—rather than eliminated—through the interaction between blockchain
investment and the degree of collaboration between the agricultural
producer and the insurer. Specifically, we define the following structure:

7=70(1 —k,@B),
¢ =6o(1 —k ,PB),
5=350(1 —k;DB),

where y,, ¢,0, and &y represent the baseline levels of fraud, verification
cost, and delay, respectively; B denotes the level of blockchain invest-
ment; ® € (0,1) captures the insurer's participation in the blockchain
system; and k,, k. ,ks >0 are efficiency parameters reflecting the
effectiveness of blockchain and collaboration in reducing each friction.
This specification captures a key economic intuition: blockchain
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technology enhances data transparency, traceability, and automation,
while collaboration ensures that both parties can access and trust the
same information infrastructure. As a result, higher levels of joint
engagement—represented by the interaction term ®B—lead to a gradual
reduction in opportunistic behavior (fraud), lower verification effort,
and faster reimbursement processes. Importantly, these effects are not
assumed to occur instantaneously; rather, they emerge progressively as
the system becomes more integrated and information flows become
more reliable.

By endogenizing these operational mechanisms, the model allows us
to disentangle the direct effect of cost-sharing in blockchain investment
from the indirect benefits arising from improved information quality
and reduced frictions. This endogenous formulation introduces non-
linearities into the game, which generate the multiple candidate equi-
libria, as the interaction term ®B directly links decision variables to
operational frictions. As a result, the first-order conditions may admit
multiple candidate equilibria. More generally, the number of roots tends
to increase with the number of active attenuation channels, reflecting
the richer set of strategic interactions introduced in the cooperative
framework.
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Table 4

The main results for the endogenous case.
Parameter né —nl ng —nf
n, = 0.4 —0.0004611 —0.000001
n, = 05 0.000010 0.000107
n, = 0.6 0.000325 0.0000122
N, = 0.4 0.000205 0.000947
Ny = 0.5 0.000335 0.001107
N, = 0.6 0.000485 0.001267
ns = 0.4 0.001021 —0.000671
ns = 0.5 0.001185 —0.001054
ns = 0.6 0.001375 —0.001507

This effect is illustrated through numerical solutions under alterna-
tive parameter configurations. When only the fraud-reduction channel is
active, i.e., k, = 0.4, k., = 0, and ks = 0, the model yields 11 roots
(approximately 8 distinct solutions). Among these, three are real and
two satisfy economic feasibility conditions. One admissible interior
equilibrium is given by (t¢, ®) = (1.26774, 0.952121), with corre-
sponding producer decisions (uc,B) = (0.389126,0.0837317). A second
admissible solution arises at (t¢, ®) = (1.27226,0.118604), indicating
that even a single active attenuation mechanism can generate equilib-
rium multiplicity.

When only the verification-cost channel is active, i.e., k, = 0, k., =
0.4, and ks = 0, the model again produces 11 roots (approximately 7
distinct solutions). Among these, five are real, but only two are interior
and economically admissible. The most regular equilibrium is (®,tc) =
(0.739942,1.2699), with (uc,B) = (0.393952,0.10907), while a second
admissible solution emerges at (®,tc) = (0.962469,64.2454), although
associated with more extreme values. This comparison highlights that
the specific channel through which frictions are reduced affects the
equilibrium structure.

The multiplicity of equilibria becomes more pronounced when
multiple attenuation mechanisms are simultaneously active. For
instance, when k, = 0.4, k,, = 0.4, and k5 = 0, the model generates 21
roots (approximately 15 distinct solutions). Among these, only three are
real, and a single interior equilibrium satisfies all economic feasibility
conditions. This equilibrium is given by (t¢,®) = (1.26416,0.962339),
with corresponding decisions (uc¢, B) = (0.392813,0.100552). The in-
crease in the number of candidate solutions confirms that activating
multiple attenuation channels amplifies nonlinearities and, conse-
quently, equilibrium multiplicity. Similar results are obtained when
imposing ks > 0. Therefore, we can conclude that the introduction of
multiple attenuation channels (k,, k., ks) increases the multiplicity of
candidate equilibria by amplifying the nonlinear interactions between
decision variables and operational frictions.

Considering the substantial nonlinearities and the multiple candidate
equilibria generated when endogenizing policy, the use of a simplified
benchmark model, where frictions are immediately eliminated, is a
necessary step to obtain closed-form solutions and isolate the core
strategic effects. The extended formulation can then be interpreted as a
robustness analysis, showing that the main economic insights remain
valid despite the presence of additional equilibria, as displayed in
Table 4.

Overall, the results show that endogenizing the attenuation mecha-
nisms does not alter the qualitative behavior of the players’ strategies,
which remains consistent with the baseline model with exogenous
frictions. This finding provides support for the validity of the simplified
formulation used to derive analytical results. At the same time, the
endogenous specification leads to a reduction in the magnitude of the
observed effects, as the interaction between decision variables and
attenuation parameters introduces additional feedback mechanisms that
smooth strategic responses. This suggests that the baseline model cap-
tures the core economic trade-offs, while the extended formulation
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provides a more nuanced representation of the system without changing
its fundamental insights.

7. Managerial insights

Our findings can be analyzed through the lens of firms, allowing us to
derive a set of managerial implications. Firms should conduct detailed
scenario analyses to better understand the cost-benefit ratios of block-
chain investments in different operational contexts and determine
whether or not the technology should be implemented and managed as a
stand-alone company phenomenon or as a supply chain phenomenon.
Within the specific context we analyzed, insurance companies can use
the detailed data provided by the blockchain to assess risks and adjust
their insurance fees accordingly. In addition, we recommend that they
evaluate the value of information obtainable through the technology.
Precise information in risk assessments can lead to more competitive
pricing, lower claims costs, and higher customer satisfaction; however,
its integration depends on the agricultural companies’ willingness to
share their recorded information on the blockchain with the insurance
companies.

While agricultural producers can exploit the blockchain as a way to
enhance operational efficiencies, the traceability provided by the
blockchain helps address issues quickly, which can imply lower insur-
ance premiums. The key is for managers to evaluate the trade-offs of the
potential savings from reduced damages against the costs of imple-
menting and managing the blockchain. When the companies decide to
invest jointly, they should set a plan for their blockchain investments to
maximize their mutual benefits. This includes negotiating to spread the
cost and risk fairly and optimizing the blockchain infrastructure to
benefit all parties involved.

Our findings reveal that:

Managers should prioritize blockchain's traceability functions, which
are essential for ensuring the integrity of the supply chains. This
capability can significantly reduce the likelihood of fraud and
expedite the claims process when issues arise. For example, when
joint investment on the blockchain, the agricultural producer does
not overestimate the production and, consequently, the related
damages, since these pieces of information are accessible and
transparent in the blockchain by the insurance company.
Companies can adjust their strategies based on real-time data coming
from oracles and set up important decisions, such as damage rates
and the costs of reimbursements, accordingly. In areas or periods
with high rates of product damage, increased blockchain investment
can be justified as a preventative measure. Conversely, if damage
rates are low, firms may opt to scale back on blockchain spending,
while increasing the insurance cost.

Decision-makers need to continuously evaluate the financial inter-
play between reducing production costs and investing in blockchain
technology by conducting regular cost-benefit analyses to ensure
that the technology's deployment expenses do not offset the savings
from reduced production and insurance costs due to blockchain
implementation. Companies can engage in collaborative blockchain
strategies because of its capacity to eliminate both the verification
costs and the payment delays, even with a weak capacity to prevent
damages.

Companies should keep in mind that when the risk of experiencing
natural crises is high, the blockchain loses potential, since it is a
technology to record information, rather than predict capacity.
Therefore, other alternative technologies might be implemented,
such as remote sensing, IoT, big data, drones and automated vehi-
cles, artificial intelligence and machine learning.

Over the research, we also highlight the cases in which mutually
reinforcing blockchain strategies fail to emerge; managers should
carefully consider whether such investments align with genuine
operational needs. Where a firm could independently achieve
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substantial disaster avoidance systems, the incentive to jointly invest
in the blockchain is not justified. Managers should also note that low
verification costs can lower the economic rationale for blockchain.
Therefore, a careful cost-benefit analysis must be carried out well in
advance to ensure that investments in blockchain make economic
sense. Furthermore, a strategic misalignment may result from oper-
ational practices like slow payment, vs. the efficiencies blockchain
may bring about faster transactions. These insights can assist man-
agers in making informed judgments about when and how block-
chain technology can be effectively integrated into business strategy.

8. Conclusions

Agricultural insurance programs can mitigate the consequences of
disasters, such as pests, for agricultural firms. While the efficiency of
these insurance programs is undeniable, this sector still requires more
innovative solutions to facilitate recognition and reimbursement pro-
cedures. Blockchain technology has the potential to enhance traceability
and transparency in the insurance sector, which can reduce transaction
costs and claim cycles, and enable automated payouts. This paper ana-
lyzes the trade-offs between an insurance company and an agricultural
firm to investigate the impact of adopting blockchain technology on
their profits, considering both joint investment and independent in-
vestment scenarios. The literature shows that this sector can benefit
from blockchain technology by facilitating transaction tracing and
damage assessment, as well as helping agricultural producers prevent
natural damage to their crops.

In the first scenario, the insurance company does not collaborate in
implementing blockchain technology and does not have access to the
system, which increases the possibility of receiving fake claims from the
agricultural producer. However, the agricultural Invests in this tech-
nology independently, and the capacity of blockchain technology can
prevent damages that can benefit both parties. In the second scenario,
both players collaborate in the implementation of blockchain technol-
ogy, enjoying both economic and operational benefits in terms of no
information asymmetry, no delays in payments, no verification costs,
and no fake claims.

After solving the game theory models and comparing the solutions,
our findings highlight the advantages of collaboration through block-
chain technology. The results show positive shifts in investment strate-
gies and reduced insurance fees due to the chance to reduce the risks in
the supply chain. In general, both firms can benefit from a collaborative
approach, which leads to increased investments, improved efficiencies,
lowered risks, and, in turn, higher profits. In addition, the independent
investment scenario will be more profitable for both parties if the
damage rate is very high. However, we identify the conditions under
which the benefits of blockchain do not compensate for the costs or the
economic implications. These conditions include equal price and reim-
bursement rates, high avoidable disaster impacts that negate the need
for joint investment, maximum coverage scenarios that impose financial
burdens on insurers, low verification costs making collaboration
redundant, and scenarios with delayed payments where blockchain's
efficiency is not sufficiently beneficial. Moreover, our outputs indicate
that excluding blockchain's ability to prevent damages, and only
focusing on its potential to reduce delays in payments, eliminate fake
claims, and lower verification costs, results in an increase in unit in-
surance costs. These findings suggest that while blockchain has potential
benefits, its effectiveness and financial viability are contingent upon
specific operational and market conditions, which suggest whether to
activate a collaboration based on blockchain technology.

This paper is not free of limitations, which are listed here to inspire
future research in this topic. We recommend that future studies explore
the different ways blockchain is utilized, such as examining how smart
contracts automate insurance claims and sensor network technologies to
provide better real-time data collection and analysis. These new tools
can provide agricultural firms with the needed speed and accuracy.
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Additionally, a significant portion of the issue might be addressed
through empirical experiments. Another possible course for future
research is the collection of data from real blockchain implementations
in the agricultural and insurance sectors. This evidence can help to
refine the models, demonstrating their practical applications. Further-
more, applying concepts from behavioral economics could shed light on
the psychological factors that influence decision-making processes in
insurance companies and agricultural businesses when deciding on
blockchain adoption. This approach may uncover latent biases or in-
centives that influence technology uptake and decision-making pro-
cesses. Additionally, the question of whether blockchain technology and
artificial intelligence or machine learning can be used together in an
innovative way remains unexplored. This integration could mark the
beginning of predictive analytics development, benefitting all players in
the value chain. Blockchain should also be evaluated in other ways
within the same sectors. For example, blockchain can be used to verify
organic farming practices or monitor the carbon footprint of agricultural
products, ensuring alignment with environmental and sustainability
goals. This is an avenue that the authors are currently exploring.
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