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Aquaculture has emerged as a pivotal sector in addressing global food security, 
promoting rural development, and supporting sustainable economic growth, especially in 
coastal and developing regions of China. However, investment projects in aquaculture are 
increasingly exposed to multifaceted risks stemming from dynamic external 
environments. This study employs the PEST (political, economic, social, and 
technological) analysis framework to systematically identify, categorize, and analyze 
these external risks. Through a combination of policy reviews, expert interviews, and 
industry data analysis, this paper provides a comprehensive risk profile across four 
dimensions: policy uncertainty and regulatory constraints, economic volatility and 
market competition, social resistance and labor shortages, and technological gaps and 
disease vulnerability. Based on the PEST analysis, a set of tailored risk mitigation 
strategies is proposed, including policy adaptation, financial hedging, community 
engagement, and technological upgrading. The findings not only offer a structured 
approach to investment risk assessment in aquaculture projects in China but also provide 
practical recommendations for stakeholders seeking to enhance project resilience, 
improve investment efficiency, and achieve long-term sustainability. This paper 
contributes to the growing body of literature on aquaculture economics and risk 
governance by offering a macro-environmental perspective grounded in empirical 
insight. 

INTRODUCTION 

Aquaculture has become a vital component of the global 
food production system, especially in light of the stagna
tion in wild fishery yields and the increasing demand for 
seafood driven by population growth and changing dietary 
preferences (FAO, 2020).1 According to the Food and Agri
culture Organization of the United Nations, aquaculture 
now provides more than half of the fish consumed world
wide, with global aquaculture production reaching 87.5 mil
lion tonnes in 2020, a sharp rise from the 32.4 million 
tonnes reported in 2000 (FAO, 2022).2 In particular, emerg
ing economies in Asia, led by China, have seen rapid growth 
in both freshwater and marine aquaculture driven by favor
able policies, technological advancements, and market in
centives (Wang & Cheng et al., 2015; Zhang & Gui, 2023).3,
4 

Despite its rapid growth and significant economic con
tributions, aquaculture remains a sector with considerable 

investment risk. These risks stem from a variety of factors, 
including disease outbreaks, environmental degradation, 
market volatility, regulatory uncertainties, and the high 
capital intensity of infrastructure (Bostock et al., 2010; Liu 
& Sumaila, 2007).5,6 For instance, large-scale aquaculture 
projects often face difficulties in site selection, licensing, 
and compliance with environmental standards, especially 
in coastal areas where spatial competition with tourism, 
shipping, and urban development is intense (Naylor et al., 
2021).7 Furthermore, the biological nature of aquaculture 
production, characterized by long cycles, biological haz
ards, and sensitivity to environmental changes, introduces 
unique uncertainties that differ from traditional industrial 
investments (Aljehani & N’Doye et al., 2023).8 
To better understand and manage these complex risks, 

researchers and practitioners have called for more system
atic risk identification frameworks that integrate macro-en
vironmental factors into aquaculture project assessments. 
The PEST analysis model—standing for Political, Economic, 
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Social, and Technological factors—has been widely used in 
strategic planning and investment risk evaluation across 
industries (Yüksel, 2012).9 However, its application to the 
aquaculture sector remains relatively limited, especially in 
the context of analyzing investment risks and control 
strategies in different political and regulatory environ
ments. 
This paper aims to fill this paucity of research by ap

plying the PEST framework to assess investment risks in 
aquaculture projects and to identify targeted control mea
sures. We examine the specific challenges and risk expo
sures faced by investors from four dimensions: policy and 
regulatory uncertainty (P), market and financial volatility 
(E), labor and community relations (S), and production and 
technological uncertainty (T). Based on field interviews, 
case studies, and secondary data collected from selected 
coastal regions in China, we explore how different risk fac
tors manifest across contexts and what mitigation mech
anisms have proven effective in practice. In doing so, we 
aim to offer a comprehensive analytical lens and practical 
insights to guide stakeholders—including investors, project 
managers, and policymakers—in designing more resilient 
and sustainable aquaculture ventures. 

LITERATURE REVIEWS 

Although the number of studies on aquaculture risk man
agement has significantly increased in recent years, exist
ing research has primarily focused on operational or bio
logical risks, such as disease outbreaks, fluctuations in feed 
quality, and changes in water quality conditions (Cahill & 
Davidson et al., 2022; Campbell & Kambey et al., 2020; 
Adnan & Xicang et al., 2024; Rahman & Nielsen et al., 
2021).10‑13 While these studies provide valuable insights 
into the direct risks associated with aquaculture opera
tions, they often overlook the impact of macro-environ
mental factors on the investment risks of aquaculture pro
jects. Macro-environmental factors, including government 
policies, economic conditions, social dynamics, and tech
nological advancements, have a profound influence on the 
success of aquaculture projects yet have not received suffi
cient attention. 
Government policy uncertainty, economic volatility 

(Valderrama & Hishamunda et al., 2015),14 societal accep
tance of aquaculture projects, and the pace of technological 
advancement are all key factors influencing the investment 
risks associated with aquaculture projects (Luna & Llorente 
et al., 2023).15 For example, policy instability may lead to 
delays in project approvals or increased costs, economic 
fluctuations may affect market demand and financing chan
nels, social resistance may hinder project implementation, 
and technological lag may limit production efficiency and 
disease control capabilities. 
In this context, the PEST analysis framework provides a 

systematic method for comprehensively assessing the ex
ternal risks faced by aquaculture projects, covering four di
mensions (Khalid & Zhang et al., 2020).16 The PEST frame
work has been widely applied in strategic planning and risk 
analysis across multiple industries, such as manufacturing, 
energy, and healthcare, with its effectiveness in identifying, 

classifying, and addressing macro-environmental risks hav
ing been validated. However, the application of this frame
work in the field of aquaculture investment research re
mains relatively limited, particularly in emerging markets 
or highly regulated regions, where its potential has yet to 
be fully realized. 
Specifically, existing literature on the application of the 

PEST framework in the aquaculture sector is limited, with 
most studies remaining theoretical in nature and lacking 
empirical research and specific case analyses. This results 
in investors often lacking effective risk prediction and re
sponse strategies when faced with changes in the macro 
environment, thereby limiting their ability to make wise 
investment decisions in complex and dynamic market con
ditions. Therefore, this study aims to address this research 
gap by applying the PEST framework to systematically 
identify, classify, and analyze the external risks faced by 
aquaculture projects and propose corresponding control 
measures to enhance the projects’ risk resilience, improve 
investment efficiency, and achieve long-term sustainable 
development. 

RESEARCH METHODS 

RESEARCH FRAMEWORK: PEST MODEL 

In order to analyze the investment risks of aquaculture pro
jects from a macro-environmental perspective, this study 
adopted the PEST analysis framework, which breaks down 
external factors into four main dimensions, as shown in 
Table 1: 
(1) Political factors: Political factors primarily refer to 

the impact of government policies, regulatory frameworks, 
and administrative procedures on aquaculture investment 
decisions. Key elements include 1) policy uncertainty: fre
quent changes in fisheries and environmental protection 
policies may erode investor confidence and disrupt long-
term planning; 2) regulatory constraints: strict regulations 
on environment, land use and marine space driven by poli
cies may restrict industrial development by limiting the se
lection of breeding sites or increasing compliance costs. 3) 
Complex administrative approval processes: Lengthy and 
multi-tiered bureaucratic approval procedures may delay 
project initiation and increase transaction costs. These fac
tors can significantly impact the feasibility, cost, and time
line of aquaculture projects, particularly in countries or 
regions with decentralized governance structures or incon
sistent policy enforcement. 
(2) Economic factors: Economic factors encompass fi

nancial and market-related elements that directly impact 
the profitability and sustainability of aquaculture invest
ments. Key factors include 1) price volatility: the prices of 
aquaculture products (such as fish, shellfish, and seaweed) 
are subject to significant volatility due to factors such as 
seasonal supply, global trade dynamics, and import compe
tition. Such fluctuations may lead to unstable income and 
increase financial risks for investors. 2) Market demand un
certainty: Changes in consumer preferences, health trends, 
and domestic or international market demand may result in 
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uncertainty regarding product sales. Unexpected declines 
in demand may lead to oversupply, price declines, and in
ventory buildup. 3) Limited access to financing: Many aqua
culture projects, particularly those led by small and 
medium-sized enterprises, face difficulties in accessing sta
ble and affordable financing. High initial capital require
ments, lack of collateral, and recognition of industry risks 
often limit access to bank loans or investment capital. 
These economic factors play a critical role in the risk-return 
profile of aquaculture enterprises, and if not properly man
aged or mitigated, may hinder long-term investment. 
(3) Social factors: Social factors refer to social and hu

man capital-related influences that affect the acceptability, 
operation, and sustainability of aquaculture investments. 
Key elements include 1) labor shortages: the aquaculture 
industry often struggles to attract and retain skilled work
ers due to factors such as high work intensity, production 
facilities located in rural areas, and limited training oppor
tunities. Labor shortages may reduce operational efficiency 
and limit production capacity; 2) insufficient community 
support: local communities may oppose aquaculture pro
jects due to concerns about environmental impacts, noise, 
odors, or disruptions to traditional livelihoods, which may 
lead to social resistance, legal challenges, or reputational 
risks, thereby hindering project implementation. 3) Land 
use conflicts: Competition with tourism, agriculture, con
servation, or urban development for coastal or inland water 
resources may trigger land use conflicts. Such disputes may 
limit access to suitable aquaculture sites and create long-
term operational uncertainties. These social dynamics im
pact the social operating license of aquaculture enterprises 
and must be carefully managed through stakeholder en
gagement, transparent communication, and inclusive de
velopment practices. 
(4) Technical factors: Technical factors relate to the level 

of innovation, infrastructure, and technical capabilities 
that support efficient and sustainable aquaculture. Key fac
tors include 1) inadequate disease prevention and control: 
outbreaks of fish and shellfish diseases pose significant 
risks to production and profitability. Limited access to vac
cines, biosecurity protocols, and veterinary expertise in
creases vulnerability to biological threats; 2) outdated pro
duction technologies: in many regions, aquaculture 
production still relies on outdated farming systems and 
manual processes, leading to low productivity, poor re
source utilization, and significant environmental impacts. 
3) Lack of data management and digital tools: The absence 
of robust data collection, monitoring, and digital manage
ment systems hinders decision-making, traceability, and 
performance optimization. This technological gap reduces 
the ability to adapt to changing market and environmental 
conditions. 
Overcoming these technical limitations is critical to sus

tainably expanding aquaculture scale, improving competi
tiveness, and keeping pace with global trends toward smart 
and precision aquaculture. 
The PEST model provides a systematic perspective for 

assessing the external environment of aquaculture invest
ments, enabling comprehensive identification and classifi

cation of potential risks and their root causes. It is particu
larly suitable for early strategic planning and risk screening 
for large and medium-sized aquaculture projects. 

RESEARCH DESIGN AND PROCESS 

This study combines qualitative analysis with semi-quanti
tative evaluation. Specifically, we integrated document re
views and expert interviews with risk scoring to compre
hensively and systematically evaluate the investment risks 
of aquaculture projects. The specific research process is as 
follows: 

STEP 1: DETERMINE EVALUATION INDICATORS 

Based on extensive reading and in-depth analysis of rele
vant literature, policy documents, and actual project cases, 
we have carefully constructed a risk assessment indicator 
system based on the PEST framework. This system not only 
covers the four main dimensions at the macro level but also 
further breaks down each dimension into 3-5 specific sub-
factors to ensure the comprehensiveness and detail of the 
assessment. Specifically, in the political dimension, we con
sidered factors such as policy continuity, regulatory strict
ness, and administrative efficiency; in the economic dimen
sion, we focused on input cost volatility, the diversity of 
financing channels, and the uncertainty of market demand; 
in the social dimension, we analyzed conflicts over land and 
water resource use, labor shortages, and changes in con
sumer preferences; and in the technological dimension, we 
emphasized the assessment of disease control capabilities, 
automation levels, and the effectiveness of data manage
ment. 

STEP 2: DATA COLLECTION 

To ensure the accuracy and reliability of the assessment re
sults, we collected a wealth of data through multiple chan
nels. Specifically, in terms of policy analysis, we conducted 
a detailed review of regulations, five-year development 
plans, and environmental guidelines related to aquaculture 
at the national and regional levels; in terms of industry re
ports, we made full use of authoritative data provided by 
the Food and Agriculture Organization (FAO), the National 
Bureau of Statistics, and industry associations; in the ex
pert interview phase, we conducted in-depth semi-struc
tured interviews with 12 stakeholders from various fields. 
These interviewees included aquaculture investors, project 
managers, policy experts, and technical advisors; for the 
case study component, we carefully selected four represen
tative aquaculture investment projects in China, covering 
both successful and failed cases, to draw lessons from them. 

STEP 3: RISK IDENTIFICATION AND CLASSIFICATION 

After collecting a large amount of data, we used scientific 
methods to systematically identify and classify risks under 
each dimension of PEST. For each risk, we conducted an 
in-depth analysis, including its likelihood of occurrence, 
potential impact on project success, and interrelationships 
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Table 1. PEST Analysis framework diagram     

Political Economic Social Technological 

policy uncertainty price volatility labor shortages 
inadequate disease 

control 

regulatory restrictions 
fluctuating market 

demand 
insufficient community 

support 
technological 

backwardness 

complex administrative approval 
processes 

limited financing land use conflicts 
lack of data 

management 

Table 2. Risk level classification matrix (risk probability × impact)         

Low impact Moderate impact High impact Extremely high impact 

High probability moderate risk high risk extremely high risk extremely high risk 

Moderate probability low risk moderate risk high risk extremely high risk 

Low probability low risk low risk moderate risk high risk 

with other risks. For example, we explored how policy risks 
could indirectly increase project financial risks by affecting 
the financing environment. Subsequently, we categorized 
risks into four levels—low, medium, high, and critical—us
ing a risk matrix (as shown in Table 2) to more intuitively 
illustrate the severity of risks. 

STEP 4: VALIDATION AND STRATEGY DEVELOPMENT 

To ensure the robustness and credibility of the research re
sults, we organized an expert consultation meeting, invit
ing several experts with extensive experience and deep pro
fessional knowledge in the field of aquaculture to conduct a 
detailed verification and discussion of the risk list and clas
sification. Based on the valuable opinions and suggestions 
from the experts, we made necessary adjustments and im
provements to the risk assessment results. Subsequently, 
we proposed targeted control measures for each risk cat
egory, such as early policy engagement to mitigate risks 
arising from policy uncertainty, the use of financial hedg
ing tools to mitigate the impact of market volatility, the 
development of stakeholder communication strategies to 
enhance social acceptance, and the adoption of resilient 
technologies to enhance the project’s risk resilience. These 
measures aim to help investors and stakeholders better ad
dress various risk challenges in aquaculture projects and 
ensure the project’s long-term sustainable development. 

REASONABLENESS OF RESEARCH METHODS 

This study used the PEST analysis method as its core re
search tool, based on the following considerations of ratio
nality: 
(1) Comprehensiveness. The success of aquaculture in

vestment projects does not depend solely on technical or 
operational factors but is greatly influenced by broader ex
ternal environmental factors. The PEST analysis method 
systematically covers key dimensions such as regulatory 
environment, economic conditions, social dynamics, and 
technological advancements, which collectively form the 

complex external risk network faced by aquaculture invest
ment projects. Through PEST analysis, we can comprehen
sively identify and assess the potential impacts of these ex
ternal factors on project investment returns, operational 
efficiency, and sustainability, thereby ensuring the com
pleteness and accuracy of risk assessments. 
(2) Strategic relevance. For investors, especially institu

tional investors seeking long-term stable returns, macro-
level analytical tools are crucial. The PEST analysis method 
provides investors with a more comprehensive perspective, 
enabling them to conduct strategic screening and evalua
tion at the early stages of a project. Through this frame
work, investors can gain a clear understanding of the po
litical stability, economic development trends, social 
acceptance, and technological level of the project’s loca
tion, thereby assessing the project’s long-term feasibility 
and potential risks. This strategic insight helps investors 
make more informed investment decisions and avoid falling 
into potential risk traps. 
(3) Adaptability. The aquaculture industry exhibits sig

nificant regional and policy sensitivity, with investment 
projects in different regions and policy environments fac
ing distinct risk characteristics. A key advantage of the 
PEST model lies in its high adaptability and flexibility, en
abling it to be customized according to specific research 
subjects and contexts. Whether it is marine aquaculture 
projects in coastal areas, freshwater aquaculture projects 
in inland regions, or various projects influenced by differ
ent policy environments, the PEST model can adjust its an
alytical dimensions to tailor a risk assessment framework 
for each project. This adaptability makes the PEST analysis 
method an ideal choice for risk assessment in aquaculture 
investment projects. 
(4) Practicality of decision support. Another major ad

vantage of the PEST analysis method is its ability to organ
ically combine qualitative and semi-quantitative analysis, 
providing decision-makers with actionable recommenda
tions and risk prioritization. In terms of qualitative analy
sis, the PEST model delves into external factors from po
litical, economic, social, and technological dimensions to 
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reveal the various potential risks faced by the project. In 
terms of semi-quantitative assessment, we employ a data-
driven approach to quantitatively evaluate the probability 
of occurrence and potential impact of each risk. By combin
ing these two methods, we can not only clearly identify key 
risk points but also prioritize them based on their proba
bility of occurrence and urgency, thereby providing robust 
support for the development of targeted risk control mea
sures. This decision-support functionality makes the PEST 
analysis method indispensable in risk assessment for aqua
culture investment projects. 

RESULTS AND DISCUSSION 

POLITICAL RISKS AND CONTROL MEASURES 

As an industry highly dependent on government approvals, 
land and water usage rights, and strict compliance with 
environmental regulations, aquaculture projects are in
evitably subject to significant influence from the political 
environment. This study employs the PEST analysis frame
work to conduct a comprehensive analysis and identifica
tion of the primary political risk factors faced by aqua
culture projects and proposes corresponding control 
measures. 

POLITICAL RISKS 

(1) POLICY VOLATILITY AND INCONSISTENCY 

Policy fluctuations and inconsistencies are one of the pri
mary political risks faced by aquaculture projects. Frequent 
changes in environmental protection policies, subsidy 
standards, and administrative priorities create significant 
compliance uncertainties for investors. Such uncertainties 
not only increase compliance costs but may also lead to 
sudden project stagnation due to policy adjustments, re
sulting in substantial economic losses. For example, in re
cent years, as global environmental awareness has grown, 
governments worldwide have introduced stricter environ
mental regulations. The Chinese government issued the 
“Emission Standards for Aquaculture Water Pollutants,” 
imposing higher requirements on wastewater discharge and 
drug use during aquaculture processes. The implementa
tion of this policy forced many traditional aquaculture 
methods to reform or phase out, with some projects unable 
to adapt to the new policies in time, leading to forced shut
downs and significant losses for investors. Additionally, in 
China’s coastal regions, adjustments to ecological zoning 
have led to the suspension of multiple coastal aquaculture 
projects, leaving a large amount of investment in limbo. 
This case clearly demonstrates the severe impact of policy 
fluctuations on aquaculture projects. 

(2) COMPLEX LICENSING AND APPROVAL PROCEDURES 

Aquaculture projects frequently encounter complex proce
dures when obtaining operational licenses and approvals. 
Multi-agency oversight and inconsistent standards result in 
delays in obtaining permits, particularly in areas such as 

environmental impact assessments, water rights approvals, 
and construction permits. Such delays not only increase the 
project’s time costs but may also lead to economic losses 
due to missing the optimal investment window. 

(3) INSUFFICIENT LOCAL GOVERNANCE CAPACITY 

In certain regions, local governments may lack the neces
sary professional skills or resources to sustainably and ef
fectively implement national aquaculture policies. This de
ficiency in governance capacity may result in ineffective 
policy implementation, creating a disconnect between 
planning and implementation, and thereby hindering the 
smooth progress of aquaculture projects. 

CONTROL MEASURES 

(1) CONTACT DECISION MAKERS AS EARLY AS POSSIBLE 

Investors should actively participate in local planning and 
regulatory discussions to ensure that project directions re
main consistent with upcoming policies. By communicating 
with decision-makers early on, investors can better under
stand policy intentions, adjust project plans in advance, 
and reduce the risks associated with policy fluctuations. 

(2) ESTABLISH A LEGAL DUE DILIGENCE MECHANISM 

Engage a professional legal advisory team to conduct com
prehensive legal due diligence on investment projects. Le
gal advisors should closely monitor policy developments 
and promptly provide legal advice to investors to help them 
maintain compliance in a complex regulatory environment. 

(3) ESTABLISH PARTNERSHIPS WITH LOCAL GOVERNMENTS 

By promoting joint development models or pilot projects, 
establish close partnerships with local governments. Such 
cooperation not only helps investors better understand lo
cal policies but also ensures that projects align with local 
development priorities, thereby securing greater policy 
support and resource allocation. 

ECONOMIC RISKS AND CONTROL MEASURES 

ECONOMIC RISKS 

Aquaculture projects typically have high capital intensity 
and long investment payback periods, which expose them 
to numerous complex and severe economic risk factors. 
Through in-depth analysis, this study highlights the follow
ing key economic risk factors. 

(1) VOLATILITY OF INPUT PRICES 

Among the various inputs in aquaculture, fluctuations in 
feed, fish fry, electricity, and fuel prices have a significant 
impact on aquaculture costs. Taking feed as an example, 
global soybean prices have surged significantly in recent 
years. Since soybeans are a key raw material in feed pro
duction, their significant price increases have directly led 
to a significant rise in feed costs. As shown in Figure 1, 
feed prices exhibited a fluctuating trend of first declining 
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Figure 1. Feed prices from 2014 to 2020       
Data source: CSMAR 

and then rising between 2014 and 2020. This instability has 
posed major challenges for cost control in aquaculture pro
jects. Aquaculture farmers and businesses often struggle to 
accurately predict cost changes resulting from feed price 
fluctuations, which in turn affects project profitability ex
pectations and financial planning. 

(2) EXCHANGE RATE AND TRADE RISKS 

For export-oriented farms, currency depreciation or export 
restrictions in the target market may directly impact rev
enue. Additionally, exchange rate fluctuations and changes 
in trade policies are closely linked to the import and export 
of aquaculture products, as evidenced by the fluctuations 
in import and export volumes and values of aquaculture 
products from 2014 to 2023, as shown in Figure 2. During 
this period, the total volume of imports and exports gen
erally increased, with import and export values fluctuating 
accordingly. When the currency of the target market depre
ciates, even if import and export volumes remain stable or 
increase, the value of imports and exports calculated in lo
cal currency may decrease due to exchange rate conversion 
issues. For example, if the currency of the target market 
depreciates relative to the local currency during a period 
of rising import and export volumes, the value of export 
revenue converted back to local currency will decrease, di
rectly compressing the profit margin of aquaculture pro
jects. 
Additionally, changes in trade policies, such as tariff ad

justments and the establishment of trade barriers, may also 
lead to fluctuations in the volume and value of imports 
and exports. When export restrictions are implemented, 
the volume of imports and exports may decrease, thereby 
affecting the value of imports and exports. As shown in Fig
ure 2, the decline in the volume and value of imports and 
exports in certain years may be related to unfavorable trade 
policies implemented by target markets at the time. The 
uncertainty of exchange rates and trade policies increases 
the unpredictability of project returns, exposing businesses 
to greater economic risks in international market compe
tition. From the perspective of the exchange rate uncer
tainty index, this uncertainty further impacts businesses’ 
assessments and decisions regarding international markets, 
increasing the economic risk exposure of aquaculture pro
jects. 

Figure 2. China’s aquatic product import and export       
trade situation   
Data source: CHINA FISHERY STATISTICAL YEARBOOK 

(3) UNCERTAINTY OF MARKET DEMAND 

Changes in consumer preferences and the occurrence of 
food safety incidents may have sudden and significant im
pacts on the market demand for aquaculture products. For 
example, a decline in consumer demand for specific species 
such as eel or tilapia may lead to a decrease in market 
prices and sales volumes for these products, thereby af
fecting the economic viability of aquaculture projects. The 
impact of food safety incidents is even more far-reaching. 
Once food safety issues related to aquaculture products 
arise, consumers often reduce their purchases of such prod
ucts, leading to a sharp decline in overall market demand. 
This uncertainty in market demand poses numerous chal
lenges for aquaculture projects in terms of market expan
sion and sales strategy formulation. 

(4) FINANCING CONSTRAINTS 

Financial institutions typically classify the aquaculture in
dustry as a high-risk sector when evaluating aquaculture 
projects, with risk factors including disease outbreaks, nat
ural disasters, and market price fluctuations during the 
aquaculture process. As a result, aquaculture projects often 
face challenges such as high borrowing costs or limited 
access to long-term credit during the financing process. 
This study adopts the research method proposed by Mu 
and Liu (2023), selecting the SA index as a proxy variable 
for financing constraints. To facilitate comparison, we have 
processed the data using absolute values. As shown in Fig
ure 3, this illustrates the average financing constraints 
faced by listed fisheries companies in China from 2014 to 
2023. The figure indicates that the index shows an overall 
upward trend, reflecting the increasing pressure faced by 
fisheries companies during the financing process. A higher 
SA index implies stricter financing constraints, which will 
limit project funding sources and hinder project scale ex
pansion and sustainable development. 
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Figure 3. Average financing constraints for listed      
fishing companies from 2014 to 2023       
Data source: CSMAR 

CONTROL MEASURES 

(1) USE FINANCIAL HEDGING INSTRUMENTS 

Stabilize raw material costs by using futures contracts or 
entering into long-term stable procurement contracts with 
suppliers. Through hedging operations in the futures mar
ket, raw material prices can be locked in to some extent, 
thereby reducing the risks associated with price fluctua
tions. For example, livestock and poultry farming compa
nies can purchase corresponding soybean futures contracts 
in the futures market when feed prices are relatively low. 
When feed prices rise, the profits from the futures contracts 
can offset the increase in procurement costs in the spot 
market, thereby stabilizing farming costs. 

(2) DIVERSIFY PRODUCT AND MARKET MIX 

Developing a diversified product line helps avoid over-re
liance on a single product or export market. By expanding 
product variety, companies can meet the needs of different 
consumers and reduce risks associated with a decline in de
mand for a particular product. Additionally, expanding into 
diversified market channels, including both domestic and 
international markets, can reduce reliance on a single ex
port market and mitigate the impact of exchange rate and 
trade risks on the project. 

(3) STRENGTHEN INVESTOR COMMUNICATION 

By establishing transparent financial models and conduct
ing third-party project audits, investors can clearly under
stand the project’s actual operational status and financial 
condition, thereby enhancing their understanding and trust 
in the project. Transparent financial information enables 
investors to more accurately assess the project’s risks and 
returns, thereby increasing the project’s chances of secur
ing financing. Third-party project audits provide objective 
and impartial evaluations, further enhancing the project’s 
credibility and facilitating the smooth conduct of financing 
activities. 

SOCIAL RISKS AND CONTROL MEASURES 

SOCIAL RISKS 

The successful implementation and sustainable develop
ment of aquaculture investment projects largely depend on 
the acceptance of local communities and the stability of 
the labor force. Numerous factors in the social environ
ment can have a profound impact on aquaculture projects. 
Through in-depth analysis, this study has identified the fol
lowing key social risk factors. 

(1) CONFLICTS OVER THE USE OF LAND AND WATER 

In aquaculture activities, the use of land and water re
sources often becomes a key factor in triggering conflicts. 
When aquaculture competes with agriculture, tourism, or 
local residents’ needs, conflicts may arise. Such conflicts 
are particularly pronounced in ecologically sensitive areas 
or densely populated regions. Ecologically sensitive areas 
typically possess unique ecosystems and biodiversity. 
Aquaculture activities may disrupt local ecosystems to 
some extent, such as by occupying wetlands or altering wa
ter flow, thereby sparking opposition from environmental
ists and local residents. Densely populated areas face rela
tive scarcity of land and water resources, and the demand 
for land and water resources from aquaculture may con
flict with the living needs of local residents. For example, 
in some coastal areas, aquaculture competes with tourism 
for coastal resources. The construction of aquaculture facil
ities may affect the aesthetic appeal of coastal landscapes, 
reducing tourism appeal, and thereby sparking conflicts be
tween tourism operators and aquaculture practitioners. 

(2) LABOR SHORTAGES AND SKILLS MISMATCHES 

As the automation level of the aquaculture industry con
tinues to improve and biosafety standards become increas
ingly stringent, the demand for technical talent is growing 
more urgent. However, traditional non-technical labor can 
no longer meet the industry’s development needs, leading 
to an imbalance in the supply of rural labor. As shown 
in Figure 4, although the total number of people engaged 
in aquaculture-related industries fluctuated between 2014 
and 2023, the number of professional personnel has gen
erally been declining. Additionally, the structural distrib
ution of professional staff, part-time staff, and temporary 
staff may not fully align with the industry’s demand for 
technical talent. The application of automated equipment 
requires professional technicians for operation and main
tenance, while the enhancement of biosecurity standards 
demands personnel with relevant professional knowledge 
and skills. However, the rural labor force generally lacks 
systematic professional training, making it difficult to un
dertake these technical tasks. This results in challenges for 
enterprises in recruiting suitable talent, thereby impacting 
the normal operations and development of projects. 

(3) THE MISCONCEPTION OF PUBLIC PERCEPTION AND INFORMATION 

Past environmental incidents, such as antibiotic overuse or 
wastewater discharge, have severely damaged public trust. 
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Figure 4. Number and composition of people working       
in China’s fishing industry from 2014 to 2023         
Data source: CHINA FISHERY STATISTICAL YEARBOOK 

These negative incidents have left a deep impression on the 
public, leading to skepticism and resistance toward aqua
culture projects. Once rumors of similar environmental is
sues emerge, even without a factual basis, they can quickly 
trigger public panic and opposition. The spread of such 
public perceptions and misinformation may severely hinder 
the project approval process, as government agencies con
sider public opinion and concerns when approving projects; 
it may also affect product market acceptance, as consumers 
may reduce purchases due to concerns about the safety 
of aquaculture products, thereby negatively impacting the 
project’s economic benefits. 

CONTROL MEASURES 

In order to effectively address the above social risks and en
sure the smooth progress of aquaculture projects, the fol
lowing control measures can be taken. 

(1) CONDUCT A SOCIAL IMPACT ASSESSMENT (SIA) 

During the project feasibility study phase, community con
sultation should be integrated as an essential component 
of the social impact assessment. Through thorough com
munication and interaction with local community residents 
and stakeholders, their needs, concerns, and expectations 
should be understood, and the potential positive and nega
tive social impacts of the project should be assessed. Based 
on the assessment results, corresponding mitigation mea
sures and community development plans should be formu
lated to reduce the project’s adverse social impacts and en
hance community acceptance of the project. 

(2) INVEST IN LOCAL TRAINING PROGRAMS 

Establish partnerships with local vocational schools or agri
cultural universities to jointly develop customized training 
programs tailored to the aquaculture industry. Design sys
tematic training courses based on industry needs to culti
vate talent with professional skills and knowledge. Through 
this approach, not only can the skill levels of the local 
workforce be enhanced to meet the project’s demand for 
technical talent, but it also promotes the development of 

local human resources, providing a solid talent foundation 
for the project’s long-term development. 

(3) ENHANCE ENVIRONMENTAL TRANSPARENCY 

Regularly publish environmental monitoring data for aqua
culture projects, including information on water quality, 
soil quality, and antibiotic usage, to enable the public to 
promptly understand the project’s environmental status. 
Establish a public communication platform to actively ad
dress public concerns and questions, thereby enhancing 
public trust in the project. Through transparent environ
mental management measures, avoid public opposition 
caused by information asymmetry and create a favorable 
social environment for the smooth implementation of the 
project. 

TECHNICAL RISKS AND CONTROL MEASURES 

TECHNICAL RISKS 

In the field of aquaculture, the maturity and resilience of 
technology are critical to production efficiency and disease 
control, directly impacting the economic viability and sus
tainability of aquaculture projects. Through in-depth 
analysis, this study has identified the following key techni
cal risk factors. 

(1) INADEQUATE BIOSAFETY AND DISEASE CONTROL 

One of the major threats facing the aquaculture industry 
is disease outbreaks. Diseases such as white spot disease 
and streptococcal infections, once they occur, often result 
in significant losses of aquatic products. As shown in Figure 
5, the proportion of aquatic product losses caused by dis
eases fluctuated significantly between 2014 and 2023, with 
particularly high loss rates in years such as 2017 and 2023. 
Many small and medium-sized aquaculture farms lack ad
equate quarantine and monitoring systems due to limited 
funds and outdated technology. This makes it difficult for 
them to detect diseases early and implement effective con
trol measures, leading to rapid disease spread and severe 
impacts on aquaculture production. For example, the white 
spot disease virus spreads rapidly, and once it infects a 
shrimp farming population, it can cause mass shrimp 
deaths in a short period, resulting in significant economic 
losses for farmers. 

(2) LAGGING TECHNICAL APPLICATION 

The application of new technologies in aquaculture is of 
great significance for improving production efficiency, re
ducing costs, and ensuring product quality. However, ad
vanced technologies such as recirculating aquaculture sys
tems (RAS), AI-based monitoring technologies, or genetic 
breeding have not been widely adopted, primarily due to 
their high initial investment costs and lack of professional 
knowledge. Taking RAS as an example, although the system 
can effectively improve water resource utilization efficiency 
and reduce dependence on the environment, its high con
struction and operational costs make it difficult for many 
small and medium-sized farms to afford. Additionally, 
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Figure 5. Economic losses caused by fishery disasters       
in China from 2014 to 2023       
Data source: CHINA FISHERY STATISTICAL YEARBOOK 

aquaculture personnel lack the necessary expertise to op
erate and maintain these advanced systems, further limit
ing the adoption of new technologies. As shown in the data 
on changes in aquatic product losses in Figure 5, insuffi
cient application of technology may result in an inability to 
promptly and effectively address preventable risks, thereby 
causing losses. 

(3) GAPS IN DATA INFRASTRUCTURE 

Reliable data infrastructure and consistent data collection 
methods are the foundation for achieving traceability and 
intelligent aquaculture. Currently, the aquaculture industry 
has significant shortcomings in this area. The lack of uni
fied data collection standards and regulations leads to in
consistent data formats and quality between different 
farms, making it difficult to effectively integrate and an
alyze data. Additionally, insufficient digital infrastructure, 
such as inadequate network coverage and limited data stor
age and processing capabilities, hinders real-time data 
transmission and sharing. This makes it difficult to ac
curately record and trace information during the farming 
process, hindering the provision of robust support for pro
duction decisions and impeding the development of smart 
aquaculture technologies. As shown in Figure 6, while the 
number of patent authorizations has increased in recent 
years, the number of invention patents remains relatively 
low, which may indicate that the industry still has signifi
cant room for improvement in terms of technological inno
vation and data infrastructure development. 

CONTROL MEASURES 

To effectively address the aforementioned technical risks 
and improve the technical level and risk resistance of aqua
culture, the following control measures can be taken. 

(1) PRIORITIZE INVESTMENT IN BIOSAFETY 

Aquaculture enterprises should establish dedicated funds 
as early as possible for disease monitoring, water quality 
control, and health monitoring systems. Establish a com
prehensive disease monitoring system, conduct regular 

Figure 6. Status of fishery science and technology       
patents in China from 2014 to 2021        
Data source: CHINA FISHERY STATISTICAL YEARBOOK 

testing of aquaculture water bodies and organisms, and 
promptly identify potential disease risks. Strengthen water 
quality control to ensure a stable and suitable aquaculture 
environment, thereby reducing the causes of disease out
breaks. Additionally, equip facilities with specialized health 
monitoring equipment and personnel to monitor the health 
status of aquaculture organisms in real time, enabling the 
implementation of effective isolation and treatment mea
sures at the earliest stages of disease outbreaks to minimize 
losses. 

(2) ENCOURAGE TECHNOLOGY TRANSFER PLATFORMS 

Establish close cooperative relationships between industry, 
academia, and government, and build a technology transfer 
platform. Academia possesses abundant research achieve
ments and cutting-edge technologies but lacks channels 
to convert these technologies into actual productive ca
pacity; enterprises face technical challenges and innova
tion needs but struggle to obtain suitable technologies. 
Through the technology transfer platform, effective collab
oration between the two sides can be promoted, accelerat
ing the application of new technologies in the aquaculture 
sector. The government can introduce relevant policies to 
provide financial support and tax incentives for technology 
transfer and collaborative projects, encouraging active par
ticipation from all parties. 

(3) DEVELOP A DIGITAL TRACEABILITY SYSTEM 

Fully leverage advanced technologies such as IoT and 
blockchain to build a digital traceability system. IoT tech
nology can collect various data in real-time during aqua
culture, such as water quality parameters, feed intake, and 
biological growth conditions, and upload this data to the 
cloud. Blockchain technology ensures the integrity and 
traceability of the data. Consumers can scan the product’s 
QR code to obtain detailed information about the entire 
process from farming to sales, thereby enhancing opera
tional transparency and product value. This not only helps 
to enhance consumer trust in aquatic products but also 
helps aquaculture enterprises establish a positive brand im
age and strengthen their market competitiveness. 
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Table 3. Summary of major risks and control measures        

Risk 
category 

Specific risks Control measures 

political 
risks 

policy fluctuations, complex approval processes, and 
insufficient local governance capabilities 

early policy engagement, legal due diligence, and 
cooperation with local governments 

economic 
risks 

fluctuations in input prices, exchange rate and trade risks, 
uncertain market demand, and financing difficulties 

financial hedging, diversified products and markets, 
transparent financial communication 

social 
risks 

conflicts over resource use, labor shortages, public 
perceptions, and misinformation 

social impact assessment, vocational training, 
improving environmental transparency 

technical 
risks 

inadequate disease control, outdated technology, and 
poor data infrastructure 

investment in biosafety, technology transfer 
platforms, and digital traceability system 

construction 

CONCLUSIONS AND POLICY 
RECOMMENDATIONS 

CONCLUSIONS 

This study employed the PEST analysis framework to sys
tematically and comprehensively identify and assess the 
political, economic, social, and technological risks faced by 
aquaculture investment projects. Through in-depth analy
sis, we have reached the following conclusions: 
(1) In terms of political risk, aquaculture investment 

projects primarily face three challenges: policy instability, 
complex administrative approval procedures, and uneven 
local governance capabilities. Policy instability may require 
projects to frequently adjust strategies during operations 
to align with new policy requirements, thereby increasing 
operational costs and uncertainty. Complex administrative 
approval procedures may lead to inconsistent policy imple
mentation, making it difficult for investors to accurately 
predict project outcomes and thereby increasing invest
ment risks. Inadequate local governance capacity may re
sult in a disconnect between planning and implementation, 
thereby impacting the smooth implementation of aquacul
ture projects. 
(2) From an economic risk perspective, aquaculture in

vestment projects are primarily affected by fluctuations in 
input prices, limited financing channels, and fluctuations in 
international market demand. Fluctuations in input prices 
for feed, fuel, and other inputs directly increase production 
costs, posing a threat to the project’s profitability. Further
more, since aquaculture projects typically have a highly 
capital-intensive nature, the limited availability of financ
ing channels makes it difficult to secure funds, especially 
during economic downturns when financing costs may rise 
further. Additionally, fluctuations in international market 
demand may also lead to fluctuations in product prices, im
pacting aquaculture enterprises that rely on exports. 
(3) In terms of social risks, conflicts over land and water 

resource allocation, shortages of skilled workers, and de
clining public trust due to environmental issues are the pri
mary challenges facing aquaculture investment projects. As 
urbanization accelerates, the scarcity of land and water re
sources is intensifying, potentially leading to competition 
or even conflicts with other industries such as agriculture 

and tourism in terms of site selection and water use. Mean
while, the aquaculture industry’s demand for skilled work
ers is growing, but the shortage of labor and skill mis
matches in rural areas are becoming increasingly 
prominent, hindering the smooth implementation of pro
jects. Additionally, past environmental incidents have 
eroded public trust in aquaculture projects, resulting in 
more obstacles in project approvals and product accep
tance. 
(4) In terms of technical risks, inadequate disease con

trol systems, low adoption rates of advanced aquaculture 
technologies, and the lack of digital infrastructure for de
tection and traceability are the main challenges facing 
aquaculture investment projects. Disease outbreaks can re
sult in significant losses, but many small and medium-
sized farms lack robust quarantine and monitoring systems, 
making it difficult to effectively prevent and control dis
eases. Additionally, due to high upfront costs or lack of 
expertise, new technologies such as recirculating aquacul
ture systems and AI-based monitoring technologies have 
not been widely adopted, limiting improvements in produc
tion efficiency. Furthermore, the absence of reliable digi
tal infrastructure and inconsistent data collection methods 
hinder the development of traceability and smart aquacul
ture, making it difficult for projects to respond to market 
changes and risks. 
The interplay of these risks creates a complex and dy

namic environment for aquaculture investments. For ex
ample, policy uncertainty may lead investors to adopt a 
cautious attitude toward new technologies, thereby hin
dering technological innovation and industrial upgrading; 
simultaneously, insufficient community participation may 
increase resistance to large-scale infrastructure develop
ment, posing additional challenges during project site se
lection and construction phases. This underscores the need 
for investors and stakeholders to adopt a comprehensive 
risk management strategy that addresses multiple PEST 
factors to ensure the smooth implementation of projects. 
Furthermore, the study underscores that risk levels vary 

across different regions, enterprise sizes, and aquaculture 
species. For example, aquaculture projects in coastal areas 
may face stricter environmental regulations and higher 
land costs; large enterprises may have stronger risk-bearing 
capacity and more abundant resources to address various 
challenges; and different aquaculture species have varying 
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requirements for environmental and technical conditions. 
Therefore, it is essential to adopt differentiated risk control 
strategies and develop targeted measures based on specific 
circumstances, rather than a one-size-fits-all approach. 
Only in this way can investment risks be effectively man
aged, thereby enhancing the success rate and sustainability 
of aquaculture projects. 

POLICY RECOMMENDATIONS 

Based on this study’s in-depth analysis of investment risks 
in aquaculture projects, the following strategic recommen
dations are now presented to government decision-makers, 
investors, and industry stakeholders, with the aim of mit
igating investment risks and enhancing the sustainability 
and resilience of aquaculture investments. 

(1) ENHANCE POLICY STABILITY AND REGULATORY 
TRANSPARENCY 

The government should strive to create a stable, trans
parent, and predictable policy environment to enhance in
vestor confidence and promote long-term planning. Specif
ically, it should ensure the continuity and consistency of 
key policies such as environmental protection, land or wa
ter resource utilization, and subsidy mechanisms to reduce 
uncertainty caused by frequent policy adjustments. Fur
thermore, the government should establish a unified aqua
culture licensing and approval platform to integrate func
tions across multiple departments, streamline approval 
processes, reduce project startup times, and improve ad
ministrative efficiency. Additionally, the government 
should issue clear policy roadmaps and environmental zon
ing guidelines to provide investors with clear guidance, re
duce investment risks, and prevent asset stranding caused 
by policy changes. 

(2) PROMOTE FINANCIAL INNOVATION AND 
INVESTMENT FACILITATION 

To reduce operational risks in aquaculture projects, the 
government should actively support financial innovation 
and establish diversified insurance mechanisms, including 
index-based weather insurance and disease outbreak in
surance, to provide risk protection for investors. Addition
ally, financial institutions should be encouraged to estab
lish green investment funds and low-interest loan products 
specifically designed to support the development of sus
tainable aquaculture projects, thereby reducing financing 
costs and expanding financing channels. For companies 
that adopt environmentally friendly or digital aquaculture 
technologies at an early stage, the government should pro
vide tax incentives and investment credits to encourage 
technological innovation and industrial upgrading. 

(3) DEEPEN COMMUNITY PARTICIPATION AND 
WORKFORCE DEVELOPMENT 

For large and medium-sized aquaculture projects, the gov
ernment should mandate the conduct of social impact as

sessments (SIAs) to ensure alignment with local develop
ment goals and prevent community opposition. 
Concurrently, the government should collaborate with vo
cational schools and agricultural universities to establish 
an aquaculture training and certification system to enhance 
labor skills, alleviate labor shortages, and improve employ
ment quality. Additionally, the government should estab
lish a public information platform to disclose environmen
tal performance and food safety data, enhance 
transparency, and boost consumer confidence and commu
nity acceptance, thereby facilitating the smooth implemen
tation of the project. 

(4) ACCELERATE TECHNOLOGICAL UPGRADING AND 
DIGITAL INTEGRATION 

To promote technological progress in the aquaculture in
dustry, the government should establish regional aquacul
ture innovation centers dedicated to research and develop
ment in key areas such as disease prevention, aquaculture 
techniques, and system optimization. Additionally, subsi
dies or matching funds should be provided to companies 
adopting advanced technologies such as recirculating aqua
culture systems (RAS), smart monitoring devices, and 
blockchain-based traceability tools to lower the barriers to 
technology adoption and accelerate their widespread appli
cation. Furthermore, the government should establish na
tional standards for aquaculture production data to pro
mote data sharing and interoperability, thereby enhancing 
the accuracy and efficiency of risk monitoring. 

(5) ADOPT AN INTEGRATED RISK MANAGEMENT 
FRAMEWORK 

The government should encourage businesses to establish 
early warning systems based on PEST analysis, continu
ously monitor changes in the political, economic, social, 
and technological environment, and promptly adjust in
vestment strategies. Additionally, risk adjustment factors 
should be incorporated into investment assessment models 
to comprehensively consider multi-dimensional uncertain
ties and resilience factors, thereby enhancing the scientific 
rigor of investment decisions. Furthermore, the govern
ment should promote the development of public-private 
partnerships (PPPs) in infrastructure-intensive aquaculture 
development zones, utilizing risk-sharing mechanisms to 
mitigate project risks and facilitate the smooth implemen
tation and sustainable development of projects. 
By promoting clearer regulations, financial innovation, 

community participation, and technological moderniza
tion, stakeholders can build more resilient and adaptive 
aquaculture systems. In the face of global environmental 
and socioeconomic challenges, these efforts are not only 
critical to project success but also contribute to promoting 
sustainable blue economic growth. 
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FUTURE RESEARCH DIRECTIONS 

Although this study used the PEST framework to conduct 
a comprehensive analysis of aquaculture investment risks, 
there are still several areas for future exploration: 
(1) Use scenario analysis or Monte Carlo simulation to 

quantitatively model risk probabilities and economic 
losses. 
(2) Conduct cross-country comparisons to assess how 

risk profiles differ across different institutional and envi
ronmental contexts. 
(3) Integrate ESG (environmental, social, and gover

nance) frameworks to align risk control with global sustain
ability standards. 
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