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Introduction: The study analyses shrimp industry of Bangladesh, highlighting its
growth potential amid challenges such as declining export volumes, quality
compliance issues, and competition from low-cost producers. Despite
expanded farming areas and increased production, exports have fallen due to
food safety issues, weak infrastructure, and inadequate regulatory compliance.

Methods: The study employs the Vector Autoregression (VAR) model to forecast
shrimp production and exports, analyzing 33 years of data (1991-2023) to
identify bottlenecks and policy gaps. Using statistical tests, co-integration
analysis, and a literature review, it highlights challenges in legislative policies
and quality compliance, offering strategies to enhance standards and
global competitiveness.

Results and discussion: The analysis reveals a steady rise in shrimp production,
contrasting with a two-fold decline in export quantities from 2011 to 2023,
largely due to quality non-compliance and contamination. The VAR(1) model
predicts a slight decline in production by 2026-27, with exports potentially
decreasing by a factor of 3.2 compared to 2010-11. Key challenges include
hazardous residues, poor management practices, and disease outbreaks.
Legislative analysis highlights policy gaps, weak enforcement, and insufficient
infrastructure as significant barriers to meeting international standards.
Addressing these challenges is critical for enhancing the global
competitiveness of the industry. Recommendations include incentivizing
organic farming under certification, improving post-harvest infrastructure,
adopting advanced disease management technologies, and establishing
regional testing facilities. A unified shrimp marketing policy is essential to
enhance quality, sustainability, and competitiveness in global markets. These
strategies aim to align the industry with international standards, boost exports,
and ensure long-term sustainability.
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1 Introduction

Shrimp, among several goods flooding the global export market,
has seen governments incentivizing its production through financial
support and tax exemptions to boost export earnings and reduce
import reliance (Rivera-Ferre, 2009; Bush et al., 2019; Ali et al,,
2024). The global surge in shrimp demand is driven by rising
incomes and increasing consumer interest in shrimp products
(Anderson et al,, 2018; de Abreu et al.,, 2011). Since its origins in
Southeast Asia in the 1970s, shrimp farming has expanded
significantly worldwide, with the region remaining a major
producer (FAO, 2024; Hall, 2004). According to the Observatory
of Economic Complexity (The Observatory of Economic
Complexity, 2021), India is the largest shrimp exporter, followed
by Ecuador and Vietnam. Asia accounts for approximately 55% of
global shrimp exports, with Bangladesh, India, Thailand, Indonesia,
Vietnam, and China collectively contributing around 92% of
shrimp exports of the region (The Observatory of Economic
Complexity, 2021).

Shrimp, including both black tiger shrimp (Penaeus monodon)
and prawn (Macrobrachium rosenbergii), plays a crucial role in the
economy of Bangladesh as the second most important commodity
after readymade garments for earning foreign exchange. The coastal
areas of the country, covering 25,000 km?, have approximately
250,000 ha of tidal plains suitable for shrimp aquaculture (Azad
et al,, 2009). Due to comparative production advantages and rising
global demand, shrimp production and export revenues have
expanded dramatically since the 1980s. Between 1980 and 2019-
20, the area used for prawn farming increased from 20,000 ha to
around 257,888 hectares (DoF, 2021). Despite this massive expansion
of shrimp farming areas, shrimp exports have declined in recent years.
Between 1991 and 2021, shrimp production by volume increased
more than tenfold, whereas shrimp export quantity reduced by 1.8
times between 2011 and 2021 (DoF, 2002, 2022). The earnings from
shrimp export decreased from over US$598 million in FY (Fiscal Year)
2011-12 to only US$328 million, a 45% decline (DoF, 2021). The
decline in exportable shrimp from Bangladesh is linked to multiple
factors, including the lack of practicing certification scheme,
centralized quality control, and full traceability system, which are
key requirements for meeting international standards (Ferdous and
Hossain, 2015; Akter, 2017). These limitations have affected
competitiveness of the country in the global shrimp market. In
addition to quality-related challenges, other contributing factors
such as weak infrastructure, fluctuations in international market
prices, processing plant closures, competition from low-cost
Vannamei shrimp (Litopenaeus vannamei), inadequate training to
the farmers, and declining raw material (shrimp) availability have
further exacerbated the issue (Akter, 2017; Yunus, 2009; Alam and
Ahammad, 2017).

The shrimp industry operates through a complex marketing
network, connecting farmers to processing plants via intermediaries
such as like local dealers, agents, and depot holders (Bremer et al.,
2016). The intensified profit-driven behavior among stakeholders in
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the shrimp sector has been accompanied by insufficient monitoring of
production and weak regulatory compliance. Although Bangladesh
holds significant potential to boost production, enhance productivity,
modernize processing facilities, and expand shrimp farming, it faces
major challenges in meeting export standards. Issues such as chemical,
heavy metal, microbial, and antibiotic contamination persist
throughout the supply chain, from the farming environment to
processing plants. All these factors have collectively contributed to
decline in shrimp exports, leading to a steady decline since FY 2010-11,
with a reduction of 20,000 MT over the past decade (DoF, 2012, 2021).

To remain competitive in the global shrimp market, Bangladesh
needs to adopt new policies and effectively implement existing laws,
regulations, and strategies, aligning them with the requirements of
buyer countries (Jamal, 2023; Rahman and Hossain, 2009; Cato and
Subasinge, 2003). Developing and refining policies requires a solid
understanding of future scenarios, which can be achieved through
forecasting models. Accurate forecasting of shrimp production and
export quantities is vital for maximizing economic benefits, ensuring
optimal resource allocation, maintaining stable employment,
streamlining supply chains, and enhancing regulatory frameworks
to boost industry competitiveness. In this context, this study addresses
three key research questions.

*  What will be the production and export quantity of shrimp
in the future?

*  What are the bottlenecks for producing quality shrimp for
the export market, according to the published literature in
the context of study country?

*  What can be the appropriate policy and its implementation
measures which will help to comply with the export market
requirements and increase the foreign export of shrimp?

Several studies have examined the global competitiveness of
agricultural products (Narayan and Bhattacharya, 2019; Leromain
and Orefice, 2014; Jha et al., 2007), with specific attention to shrimp
exports (Ismail and Abdullah, 2013; Fathima et al., 2006; Umadevi
and Eswaraprasad, 2006). Other research has explored the factors
influencing shrimp export performance globally (Jatuporn, 2022;
Fitriani et al., 2019; Karagoz, 2016), including analyses of shrimp
export competitiveness of Bangladesh and its determining factors
(Khan et al.,, 2022). Some recent studies have been conducted on
time series modeling and forecasting in fisheries and aquaculture,
mostly using ARIMA, SARIMA, and ARIMAX models (Siddique
et al., 2025, 2024a, 2024b; Yadav et al., 2020; Raman et al., 2017).

This study is the first to employ multivariate time series
modeling to forecast the dynamic relationship and correlations
between shrimp production and export volumes in Bangladesh. It
also integrates an analysis of production quality bottlenecks and
legislative frameworks. Unlike other multivariate models, the
Vector Autoregression (VAR) model does not rely on a
predefined causal structure, offering a flexible approach to
representing interactions among variables. By considering how
each variable is influenced by its own past values and those of
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other variables in the system, VAR effectively captures the dynamic
interdependencies. Its simplicity in managing multiple time series,
combined with its capacity to reveal both short- and long-term
interactions without imposing strict causal assumptions, makes it
particularly advantageous.

2 Materials and methods
2.1 Shrimp production and export trend

The analysis of this study is based on 33 years of data (1990-91
to 2022-23) obtained from the Statistical Yearbook compiled by the
Bangladesh Bureau of Statistics and the Fisheries Resources Survey
System (FRSS) maintained by the Department of Fisheries (DoF),
Bangladesh (DoF, 2022, 2023). Data on hazardous materials in
exported shrimp for 2016 were sourced from the Quality Control
Laboratory, accredited by the Government of Bangladesh and
operated by the DoF.

2.2 Legislation analysis through literature
review

To identify key bottlenecks in producing quality shrimp that
meets compliance requirements for foreign markets, a comprehensive
literature review was conducted. Relevant literature published
between 2005 and 2024 was identified using search engines such as
Web of Science, Google, Google Scholar, and PubMed. Keywords
included “shrimp export,” “shrimp production,” “drug use in shrimp

» o«

farming,” “quality compliance,” and “shrimp contamination.”
Selected publications focused on shrimp contamination at various
stages of the value chain involving substances such as banned
antibiotics, heavy metals, aromatic compounds, pathogenic
microbes, and microplastics critical to quality compliance, were

considered. Data on substances, methods, and key findings were

10.3389/faquc.2025.1541025

extracted from the reviewed literature. Additionally, the study
analyzed legislation related to shrimp production, health and food
safety, export marketing, environmental compliance, and social
justice through research articles, and gray literature such as
gazettes, ministerial orders, policy documents and web documents.
The analysis highlighted legal loopholes, implementation challenges,
and offered recommendations for improvement.

2.3 Modeling and forecasting with vector
autoregression

Several time series models are commonly used for modeling and
forecasting, including Autoregressive Conditional Heteroskedasticity
(ARCH), Generalized Autoregressive Conditional Heteroskedasticity
(GARCH), Seasonal Autoregressive Integrated Moving Average
(SARIMA), Autoregressive Integrated Moving Average (ARIMA),
and Autoregressive Moving Average (ARMA). However, as this study
involves two time series variables, a multivariate approach was
employed to analyze them concurrently. Specifically, the study
utilized the Vector Autoregressive (VAR) model, which is well-
suited for jointly modeling the dynamic relationships between
multiple variables.

A seven-step methodology (Figure 1) was adopted to achieve
this model: initially, a unit root test was conducted to determine the
stationarity of the dataset (Dickey and Fuller, 1979). The
Augmented Dickey-Fuller (ADF) test was conducted to assess the
stationarity of shrimp production and export quantity. The test was
performed both with and without a time trend to determine
whether the variables were trend-stationary or contained a unit
root. If non-stationary at level, first-differencing was applied to
achieve stationarity. Since export quantity exhibited a deterministic
trend, a time trend was incorporated as an exogenous variable in the
Vector Autoregressive (VAR) model to account for structural
changes over time. Then the Johansen co-integration test was
performed to evaluate the co-integration between shrimp

Forecasting
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production and export quantity (Johansen, 1988). The Granger
causality test was conducted to ascertain which variable Granger
causes the other (Granger, 1969; Sims, 1972). Identifying the
appropriate model and selecting the lag length was a crucial step.
Model selection criteria such as Akaike Information Criterion
(AIC) (Akaike, 1974), Hannan-Quinn information criteria (HQ)
(Hannan and Quinn, 1979), Final Prediction Error (FPE) (Akaike,
1969), and Schwarz Information Criteria (SIC) (Schwarz, 1978)
were employed for this purpose. The Impulse Response Function
(IRF) was measured to evaluate the impact of shocks on the
endogenous variables. The Variance decomposition step analyzed
the extent to which the variability in the dependent variable is
explained by its own variance versus the variance of the other
variable. Finally, the time series model was applied for forecasting.
Once the data pattern is identified using this model, it enables
accurate forecasting for h-steps ahead. The A,-th order of VAR(p)
model, denoted for a set of ‘m’ time series variables y,= (Y15 Vap---»
Ymt)> 18 represented as

Vi= ¢+ Ay tAY ot Ay It

where the A;’s are mxm coefficient matrices, ‘c’ is an mx1 vector
of constants, ¢ is the deterministic trend, 7y is the coefficient of the
time trend and u, is an mx1 vector of disturbances where, it
assumed to have zero mean and constant variance with no
autocorrelation (Supplementary File SI). To validate the VAR
model, diagnostic tests were performed. The Portmanteau test
was done to detect autocorrelation in residuals, the ARCH test
assessed heteroskedasticity, and the stability test verified whether all
roots lay within the unit circle. For the analysis, we utilized RStudio
(2021.09.2 + 382 version) with the packages ‘vars’ and ‘mFilter’. A
detailed method with equation is given in Supplementary File S1.
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The scenario of production and export quantity of shrimp in Bangladesh over the last 33 years (Data source:
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3 Results

3.1 An overview of the shrimp production
and export quantity

Shrimp production in Bangladesh has demonstrated steady
growth over the years, rising from 152,520 MT in 2000-01 to
271,302 MT in 2022-23. However, the upward trend in production
has not been mirrored by export volumes. Shrimp exports initially
increased from 29,713 MT in 2000-01 to 54,891 MT in 2010-11
(Figure 2). After reaching this peak, export quantities sharply
declined, dropping to just 25,143 MT by 2022-23. This significant
decrease in export volume has severely affected shrimp export
revenues, which saw a 45% decline in FY 2020-21 compared to FY
2011-12. Figure 2 underscores the pressing challenge for Bangladesh
to sustain and increase its shrimp export, highlighting the need to
address the factors behind this decline and implement strategies to
improve national shrimp export performance.

3.2 VAR model forecast

3.2.1 Unit root test

In this study, the ADF test was used to assess stationarity. The
results revealed that both the production volume and export quantity
are non-stationary in their original form (Supplementary Table S1).
However, after taking the first difference of shrimp production, the
unit root null hypothesis was rejected. Similarly, export quantity was
found to be stationary at first difference with a time trend, indicating
the presence of a deterministic trend. Therefore, a time trend was
incorporated as an exogenous variable to capture this feature. This

N OWMNOWOAH O = ANMSST W WOWNOWONO N
R gt Pt gl g daaqg
SN ONXDNDO A NI N ONNVO O
O 0 0O 00O od o o o oo ododododaoNo
O O 0O 0O 000000000000 oo
NN ANNNNNNNNNNNNNQSN
e Export Quantity
DoF, 2023).
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satisfies the necessary conditions for constructing a VAR model,
including the co-integration and Granger causality tests.

3.2.2 Co-integration test

Anecdotal evidence suggests that shrimp production affects
export quantities, potentially creating a cointegrated relationship
between these variables. The null hypothesis, which posits that there
is no cointegration or at most one cointegration between shrimp
production and export quantity, is rejected (Supplementary Table
S2). Therefore, the model (1) indicating no cointegration between
these two variables remains valid. If co-integration were present,
this study would have employed the Vector Error Correction Model
(VECM). However, the absence of co-integration, along with both
variables being stationary at the first difference, justifies the
application of the Vector Autoregression (VAR) model. This
implies a stable, long-term equilibrium relationship between
shrimp production and export quantity. Furthermore, it indicates
that historical shrimp production values in Bangladesh can explain
the variations in shrimp export quantities.

3.2.3 Granger causality test

The Granger causality test examines whether past changes in one
variable (production volume) can predict changes in another variable
(export quantity) (Granger, 1969). The test results showed that the
null hypothesis, which posits that production does not Granger cause
export quantity, is rejected at the 5% significance level. In contrast,
the standard causality test fails to reject the null hypothesis, indicating
that shrimp production does not Granger-cause export quantity in
Bangladesh (Supplementary Table S3). This suggests that changes in
export quantity influence shrimp production growth, but changes in
production do not drive increases in export quantity. Therefore, a
one-way causal relationship exists from export quantity to
production in Bangladesh.

10.3389/faquc.2025.1541025

The stability of the short-term VAR model’s parameters was assessed
using the Cumulative Sum (CUSUM) test. The recursive errors
consistently remained below the significance threshold (p < 0.05), as
shown by the CUSUM analysis. This indicates that the estimated
coefficients remain stable throughout the sample period (Figure 3).

3.2.4 Model selection

The Akaike Information Criterion (AIC), Hannan-Quinn
Information Criterion (HQ), Final Prediction Error (FPE), and
Schwarz Information Criterion (SC) were used to determine the
appropriate lag order for the VAR model. The study selected a lag
length of 1 for the VAR model based on the lag selection criteria.
Although the Akaike Information Criterion (AIC) and Final
Prediction Error (FPE) favored a lag of 2, the Hannan-Quinn (HQ)
and Schwarz Criterion (SC) suggested a more parsimonious model
with lag 1. Given the trade-off between model complexity and
efficiency, and to avoid overfitting with limited observations, the
study proceeded with a VAR(1) model (Supplementary Table S4).

3.2.5 Estimation of VAR(1) model

The results of the VAR model highlight how changes in shrimp
production impact on the overall export quantity. This analysis is
conducted through impulse response analysis and variance
decomposition, offering deeper insights beyond simply examining
R? statistics and VAR model coefficients. Consequently, the
percentage influence of each endogenous variable can be calculated
using the estimated VAR, aiding in the interpretation of the
relationships between the variables (Supplementary Table S5).

3.2.6 Model diagnostic tests

This study performed diagnostic tests for serial correlation,
heteroscedasticity, and stability to make sure the VAR model was
reliable (Table 1). The appropriate model specification is confirmed by

OLS-CUSUM of equation exp

= |
o
§ < = | T T T T 1 l
8 0.0 0.2 0.4 0.6 0.8 1.0
[oR
.S Time
T
2
o
3
T OLS-CUSUM of equation pro
§ o3 |
} ] | | | | I
0.0 0.2 0.4 0.6 0.8 1.0

FIGURE 3

Time

The Ordinary Least Square Cumulative Sum (OLS-CUSUM) test; exp denotes the total shrimp export quantity, and pro denotes the total

shrimp production.
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TABLE 1 Model diagnostic test results.

Test Statistic p-value Interpretation
Portmanteau Test Chi- 0.79 No significant serial
(Serial Correlation) = squared=36.39 correlation in residuals
(model is well-specified).
Multivariate ARCH | Chi- 1.00 No significant
Test squared=57 heteroscedasticity
(Heteroscedasticity) (residual variance
is stable).
Roots 0.36, 0.36 - All roots < 1, confirming
(Stability Test) model stability.

the Portmanteau test, which shows no serial correlation (Chi-squared =
36.39, p = 0.79). Stable variance is ensured by the ARCH (Multivariate)
test, which indicates no heteroscedasticity (Chi-squared = 57, p = 1.00).

(@)

10.3389/faquc.2025.1541025

The stability of the model is confirmed by the stability test, which
reveals that all roots (0.3505) fall inside the unit circle. These findings
support the robustness of VAR model for future studies.

3.2.7 Impulse response function

Evidence suggests a negative relationship between the quantity
of shrimp exported and total production, as illustrated in
(Figure 4a). As production increased, export quantities declined.
Negative effects on total shrimp production were observed,
reducing export quantities for up to three periods (Figures 4a, b).
After the third period, the lag dependency intensified significantly
and remained elevated for several periods. By the sixth period, the
impact of the shock generally became positive. (Figure 4b) shows
that the influence of export quantity on total shrimp production
fluctuates until the fifth period, at which point the response turns
positive, leading to long-term growth. Overall, the data suggest that

Response of export quantity to production quantity shock
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Impulse response function for two variables: (a) export quantity of shrimp response to total shrimp production shock; (b) total shrimp production

response to export quantity of shrimp shock.
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Forecast error variance decomposition of production and export quantity of shrimp in Bangladesh; exp denotes the total shrimp export quantity, and

pro denotes the total shrimp production

total shrimp production in Bangladesh tends to decrease export
quantities over the long term.

3.2.8 Variance decomposition analysis

The variance decomposition highlights the extent to which each
variable explains the dynamics of others within the autoregressive
framework. Analyzing the influence of shrimp production on
shrimp export quantity (Figure 5) reveals that at t=1 in the
variance decomposition, shrimp export quantity predominantly
influenced itself. However, by t=2, the contribution of total
shrimp production to variations in shrimp export quantity
became notable, accounting for approximately 20% of the
observed changes. This influence gradually increased, with minor
fluctuations, and peaked at around 40% between t=4 to t=10.
Concurrently, the contribution of shrimp export quantity itself
rose steadily, reaching a maximum of about 30% at t=10. These
findings underscore the significant role of total shrimp production
in driving changes in shrimp export quantity, highlighting its
stronger influence over time.

3.2.9 Forecasting

The VAR(1) model forecast indicates that total shrimp
production in Bangladesh is projected to fall from 234,344 MT in
2023-24 t0 201,530 MT by 2026-27 (Figure 6; Supplementary Table
S6). While the forecast for total shrimp production shows a
consistent downward trend, the export quantity of shrimp follows
a similar pattern. Over the four-year forecast period, the export
quantity declines and the lowest projected export quantity, 16,618
MT, is expected in 2026-27, one-third the volume exported during
the 2010-11 Fiscal Year (FY) (Supplementary Table S6). These
results suggest that both shrimp production and export quantity are
anticipated to decline. This indicates that production cannot
increase in a linear manner without the support of export

Frontiers in Aquaculture

earnings, which are crucial for sustaining and expanding the
industry. Therefore, adopting good aquaculture practices,
ensuring traceability, obtaining eco-labels and organic
certifications, and meeting buyer-country requirements are critical
for boosting shrimp exports from Bangladesh.

3.3 Bottlenecks in producing quality shrimp
to meet export compliance

The detection of antimicrobials and other hazardous residues in
exported shrimp from Bangladesh led the EU to impose a trade ban.
In response, the Fish Inspection and Quality Control Laboratory
under the DoF began testing shrimp samples for antimicrobial
agents to prevent the export of non-compliant products. For
instance, tests on shrimp samples revealed residues from 15
banned antibiotics, including Nitrofuran and Chloramphenicol in
exportable shrimp (Table 2). The VAR(1) model showed a decline
in shrimp export quantities despite increased production, consistent
with current trends (Section 3.2). The results from antimicrobial
residue tests further supported the findings of the model, explaining
why over 80% of the country’s shrimp production remains
unexportable. Further investigation is needed to determine how
contamination occurs at various stages of the supply chain,
including shrimp ponds, processing facilities, and deposits found
in shrimp samples.

Shrimp farming in Bangladesh faces multifaceted challenges,
including contamination, disease, and poor management practices.
Antibiotic residues such as chloramphenicol, nitrofurans, and
tetracyclines were detected in shrimp feed, water, and muscle,
largely due to indiscriminate and unregulated use for disease
prevention without proper diagnostics. Heavy metals like
mercury, cadmium, and lead were found in shrimp samples, often
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(a) Shrimp production (MT) forecast with historical data
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The forecasting of (a) production and (b) export quantity of shrimp in Bangladesh.

exceeding international safety limits, while polycyclic aromatic
hydrocarbons and microplastics were also identified, raising
significant food safety concerns. Pathogenic microbial
contamination, including drug-resistant Vibrio spp., E. coli, and
Salmonella spp., was prevalent in shrimp and export-quality
samples, attributed to poor processing and transport conditions

TABLE 2 Number of shrimp samples testing positive for antimicrobial
contamination by the DoF, Bangladesh, in 2016 (Adapted from Heal
et al., 2021).

Number of positive shrimp

Substance samples
Antimicrobials 26
Antibiotics 15
Nitrofurans 13
Chloramphenicol 2
Nitroimidazoles 0
Antimicrobial dyes 11
Crystal violet derivatives 6
Malachite green derivatives 5

Bold values indicate the sum of the values in the subcategories beneath them.

Frontiers in Aquaculture

(Supplementary Table S7). Diseases such as white spot syndrome
and red body disease severely impacted shrimp yields and farm
profitability, compounded by inadequate hatchery compliance and
quality control practices. Additionally, a 454% increase in chemical
treatments was observed, highlighting mismanagement and the
need for sustainable farming practices (Supplementary Table S7).
These issues underscore the urgent need for better regulatory
oversight, farmer education and training, and compliance with
international quality standards to ensure the sustainability and
safety of the shrimp industry.

3.4 Legislation related to quality shrimp
production and export compliance

3.4.1 Evolution of policies governing shrimp
production and export compliance

The Bangladesh shrimp industry has undergone several policy
phases, beginning from colonial rule, followed by post-partition
regulations, and later through various reforms after independence.
The Private Fisheries Protection Act 1899, enacted during British
rule, empowered landowners to refuse shrimp farming, a provision
that later conflicted with Bangladesh’s shrimp zone policies
(Quassem et al., 2003). After partition British India in 1947, and
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independence of Bangladesh in 1971, shrimp emerged as a key
economic sector, promoting the Shrimp Mohal Management Policy
1992, which designated shrimp estates but also created land tenure
uncertainties that discouraged investment.

Subsequent measures, including the Shrimp Cultivation
Taxation Act 1992, and National Fisheries Policy 1998,
introduced tax incentives to stimulate production. However, these
policies led to overcapacity, with processing plants operating at only
20% of their capacity, with limited support for small-scale shrimp
farmers (Quassem et al., 2003). Attempts to improve shrimp quality
resulted in the Fish Hatchery Act 2010, and Fish Quarantine Act
2018, yet weak enforcement led to disease outbreaks and export
rejections. Further reforms, such as National Shrimp Policy 2014,
and Industrial Policy 2022, aimed to ensure compliance with
Hazard Analysis and Critical Control Point (HACCP) and WTO
standards but lacked robust enforcement mechanisms.
Additionally, the existing framework the Fish and Fish Products
(Inspection and Quality Control) Ordinance 1983, and BSTI Act
2003, set quality standards but had inadequate sampling criteria,
weak traceability, and poor alignment with the Pure Food Rules
1967. The Export Promotion Bureau Ordinance of 1977 does not
provide accreditation for private testing laboratories, and the Export
Policy (2018-21) lacks strategies for branding indigenous shrimp.

Despite a shift toward modern trade and sustainability-focused
policies, persistent gaps in coordination, enforcement, and
alignment with global standards undermine shrimp export
competitiveness of Bangladesh. These challenges are rooted in
policy failures that prioritize financial incentives over sustainable
development. While hatcheries and processors receive substantial
subsidies, critical areas like farm production, post-harvest care, and
marketing remain underfunded. Overcapacity in processing plants
has saturated the market, disadvantaging early investors. Generous
tax incentives, including holidays (5-7 years), reduced income tax
(0.25%), duty exemptions, and subsidized land leases, have fostered
inefficiencies rather than resilience. Furthermore, high-interest
loans (9-11%) support businesses but do little to improve
traceability or value addition. Going forward, policy reforms must
focus on enhancing post-harvest infrastructure, ensuring better
resource allocation, and promoting long-term sustainability and
competitiveness (DoF, 2006).

3.4.2 Regulatory gaps and implementation
challenges in shrimp farming policies

The regulatory framework for shrimp farming in Bangladesh
encompasses various policies addressing production, financial
incentives, food safety, export, environmental compliance, and
social justice. Policies such as the Shrimp Mohal Management
Policy 1992, National Fisheries Policy 1998, and National Land
Use Policy 2001 aim to promote shrimp production and land
zoning for aquaculture. However, conflicting provisions, such as
those between the Shrimp Mohal Policy and the Private Fisheries
Protection Act 1899, highlight the need for amendments to ensure
compliance with international standards like the FAO Code of
Conduct for Responsible Fisheries. Similarly, the Fish Hatchery Act,
2010 mandates disease-free broodstock production but faces
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challenges due to insufficient quarantine infrastructure, enabling
the entry of untested broodstock into the market. Gaps in
enforcement and operational inefficiencies, such as the inactive
Central Shrimp Cell, further hinder the effective implementation of
these policies (Supplementary Table S8).

In terms of fiscal measures and food safety, policies like the
Shrimp Cultivation Taxation Act, 1992, Pure Food Ordinance 1959,
and Fish and Fish Products Inspection Ordinance 1983 provide
guidelines for taxation, quality control, and export incentives.
However, these policies lack alignment with global standards like
HACCP and Codex, and their implementation is hampered by weak
coordination among regulatory bodies. The National Shrimp Policy
2014, while promoting sustainable shrimp farming, offers vague
strategies for financial incentives and climate resilience measures. In
the export and environmental sectors, initiatives such as the Export
Policy (2018-21) and National Environmental Policy 1992 have
struggled with poor operationalization, including a non-functional
Fish Bank and irregular monitoring of environmental compliance
(Supplementary Table S8). Social justice issues, including
inadequate workplace hygiene for women in processing plants
and limited enforcement of child labor policies, further
underscore the gaps in implementation and inter-agency
coordination across the shrimp value chain.

3.4.3 Policy lessons from Vietnam and India

For actionable policy recommendations and strategic
development, this study examines the policies and initiatives of
Vietnam and India, two leading shrimp exporters and developing
nations. Vietnam has successfully developed a structured
aquaculture governance framework that has strengthened its
shrimp export industry. Key initiatives include the addition of the
German-based Naturland organic shrimp certification (Jonell and
Henriksson, 2015), the Vietnamese Cooperative Law and farmer
cluster management (Ha and Bush, 2010), and National Program
for Aquaculture Development (1999-2010), which set an ambitious
compliance target of 100% by processing companies, and 50% by
the farmers with FAO Code of Conduct standards. The country has
also introduced Codes of Practice (COP), Good Aquaculture
Practices (GAP), and Best Management Practices (BMP) to
improve food safety, disease control, and traceability (Tran et al,
2013; Anh et al, 2011). Additionally, species diversification,
particularly the introduction of Vannamei shrimp alongside black
tiger shrimp, has further strengthened its global competitiveness
(Lebel et al., 2010). Vietnam has also invested in human resource
development, increasing the number of aquaculture training
institutes from three in 1975 to nineteen in 2018, mainly in the
Mekong River Delta, with diversified programs to meet industry
demands (Tu et al., 2019).

India, meanwhile, has emerged as the largest shrimp exporter
among developing nations by leveraging competitive pricing
policies (Singh et al., 2022) and benefiting from lower anti-
dumping duties in the US market (Krishnan and Babu, 2022).
The country has significantly improved traceability and biosecurity,
ensuring compliance with international trade standards. A key
factor in success of India has been the establishment of domestic

frontiersin.org


https://doi.org/10.3389/faquc.2025.1541025
https://www.frontiersin.org/journals/aquaculture
https://www.frontiersin.org

Shohan and Haque

SPF shrimp broodstock production, which is now managed by the
Rajiv Gandhi Centre for Aquaculture, with further expansion
planned to enhance broodstock availability (Rubel et al., 2021).

In contrast, Bangladesh faces challenges due to the absence of a
centralized quality control system, weak enforcement mechanisms,
limited farmer training, and poor value chain coordination. To
enhance its export competitiveness, Bangladesh can adopt lessons
from Vietnam and India by implementing a centralized quality
control policy, promoting species diversification, strengthening
cooperatives, expanding farmer training programs, and improving
biosecurity and traceability measures. These strategic improvements
would facilitate greater compliance with international standards and
boost the position of Bangladesh in the global shrimp market.

4 Discussion

This study developed a VAR (1) model to forecast shrimp
production and export quantities in Bangladesh, revealing an
upward trend in production over the next five years, contrasted
with a decline in export volumes. This contrasting scenario arises
from several factors influencing domestic production and
international market dynamics. The favorable ecological
conditions of Bangladesh, including an extensive coastal line in
the southeast and southwest, a suitable climate, and ample
freshwater resources, have been instrumental in boosting shrimp
production (Alam and Ahammad, 2017). Additionally, the
government recognizes the sector’s potential and has
implemented various supportive measures to drive its growth
(Spreij, 2023). These measures include investments in
infrastructure, initiatives for research and development, and
financial assistance and incentives to empower shrimp farmers.

Over the years, shrimp farming in Bangladesh has advanced
significantly with the adoption of improved farming practices,
enhanced pond management techniques, and the integration of
modern technologies (Islam, 2012; Islam and Wahab, 2005). These
innovations have boosted productivity and operational efficiency in
the sector. Simultaneously, the economic growth of Bangladesh has
contributed to the emergence of a growing middle class with greater
purchasing power (Hashim, 2015). This economic shift has driven
substantial domestic demand for shrimp, particularly in urban areas.
Consequently, local shrimp markets have expanded at the district and
divisional levels, with consumers increasingly incorporating prawn
and shrimp into their diet (Hossain et al., 2024). This rising demand
offers profitable opportunities for local shrimp farmers, further
strengthening the domestic shrimp industry.

Shrimp exports have gradually declined in recent years.
According to the VAR (1) model used in this study, shrimp
exports are projected to decrease to 16,618 MT in the FY 2026-
27, which is less than one-third of the 54,891 MT exported in FY
2010-11 (DoF, 2012). Similarly, the export earnings from frozen
food products, primarily shrimp and prawn, have also dropped
significantly. While these exports generated over US$598 million in
FY 2011-12, the value fell to US$328 million in FY 2020-21,
marking a 45% decline over the decade (DoF, 2021; BFFEA,
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2021). Besides, the failure to maintain consistent quality control
led to periodic export bans from the EU and USA, resulting in an
estimated US$35 million in lost revenue between 2008 and 2012.
Additionally, compliance with GAPs and HACCP increased
production costs by 15-20%, reducing profitability for small-scale
farmers. By 1997, the shrimp industry had invested US$17.6 million
in upgradation, while the government allocated US$382,000 for labs
and personnel development, and partners contributed US$72,000
for training. However, these efforts were insufficient to prevent the
EU ban, which led to a US$15 million loss over five months.
Maintaining HACCP compliance further imposes an annual cost
of US$2.2million on the industry and US$225,000 on the
government (Cato and Subasinge, 2003).

To address these challenges and enhance export competitiveness,
strategic interventions are needed. Enhancing farmer training,
implementing certified farming practices, adopting advanced
technology, strengthening the supply chain, and ensuring
compliance with international standards could drive substantial
growth in Bangladesh’s shrimp industry. By integrating intensive
shrimp cultivation with strict adherence to quality and safety
regulations, the industry can enhance its market acceptance and
revenue potential. If production reaches 8,000-10,000 Kg/ha, similar
to India, while meeting global compliance requirements, exports
could exceed US$1 billion annually, up from the current US$330
million, contributing significantly to Bangladesh’s GDP. This
expansion would help reclaim lost market shares in the EU and
US, potentially boosting GDP by 0.5%-1%. Furthermore, developing
shrimp-based economic zones and improving infrastructure would
generate thousands of jobs, reinforcing the agriculture and
aquaculture sectors and fostering long-term sustainability.

Several factors have contributed to the decline in shrimp
exports from Bangladesh. One major challenge is the vulnerability
of Bangladesh’s shrimp farming to disease outbreaks, such as Early
Mortality Syndrome and White Spot Syndrome Virus (Hasan et al.,
2020; Heal et al., 2021). Despite efforts to manage these outbreaks
and sustain production levels, maintaining the quality of shrimp
production remains a significant issue. As a result, despite
increasing production volumes, export quantities declined.
Historically, Bangladesh experienced consistent growth in shrimp
exports, with some notable exceptions, such as a decline in 1998-99
due to a European Union (EU) embargo for non-compliance with
HACCP regulations (Rahman, 2001; Yunus, 2009). Between 2005
and 2009, approximately 100 shipments of frozen prawn products
were rejected by the EU, leading to a loss of over US$500 million in
foreign currency earnings (Sarkar et al, 2018). This crisis was
triggered by the detection of ‘Nitrofuran’ in exported shrimp
products, causing significant financial setbacks for Bangladesh
(Barua, 2010).

Buyer countries require that shrimp products meet three
essential criteria: they must be safe and healthy for consumers,
produced in an environmentally sustainable manner, and adhere to
social equity standards throughout production and processing.
These criteria are grounded in international laws and regulations,
which must be satisfied before export. For the European Union
(EU) market, shrimp exports must comply with several regulations,
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including the General Food Law (EC 178/2002), Procedures for
Official Control (EC 882/2004), General Hygiene Rules for all Food
Products (EC 852/2004), Specific Hygiene Rules for Food Products
of Animal Origin (EC 853/2004), and Controls of Products of
Animal Origin (EC 854/2004) (CBIL, 2007).

Additionally, food safety regulations under HACCP are
detailed in Articles 5 and 6 of Regulation (EC) No 852/2004. In
the United States, shrimp import requirements are governed by
the Code of Federal Regulations, specifically Fish and Fishery
Products (21 CFR Part 123) and Current Good Manufacturing
Practices (21 CFR Part 110). Compliance requires maintaining
stringent quality standards, mitigating contamination risks
(Section 3.3), and ensuring proper infrastructure and
operational practices through effective policy implementation
(Section 3.4). The decline in shrimp exports since 2012 is
primarily driven by export-related safety and quality concerns
rather than rising domestic demand (DoF, 2022). Of the 129
processing plants operating in Bangladesh, only 53 are approved
for export to the EU, reflecting the challenges in meeting
international food safety and quality standards (United Nations
Conference on Trade and Development, 2017). While domestic
demand has been growing, driven by an expanding urban middle
class and the rise of restaurants in major cities, this increase has
not significantly impacted export trends. Instead, the primary
reasons for declining exports are low-quality shrimp production
in ponds and processing plants, along with the inability to meet
international safety standards at competitive prices.

International markets impose stringent quality and safety
standards on seafood products, requiring exporting countries to
comply with phytosanitary and sanitary measures to ensure food
safety and prevent the spread of diseases (Dhar et al., 2021). Non-
compliance with these standards has led to restrictions or bans on
shrimp exports (Yunus, 2009). Bangladesh has faced ongoing
challenges in consistently meeting these requirements, leading to
a decline in export demand (Rahman, 2001; Sarkar et al., 2018). In
recent years, the seafood industry has witnessed significant
investment and development in alternative seafood products
(GFI, 2021). The global seafood market is increasingly shifting
toward plant-based and lab-grown seafood, driven by concerns of
overfishing, environmental sustainability, and ethical sourcing
(Marwaha et al., 2022). Major markets, including the US, EU, and
Japan, now prioritize sustainable and certified seafood, such as
Aquaculture Stewardship Council (ASC), Marine Stewardship
Council (MSC), and organic-labeled shrimp. This trend has
further impacted Bangladesh’s shrimp exports, as competing
nations like India and Vietnam have rapidly adopted eco-
certifications and digital traceability systems, making their
products more attractive to international buyers. Moreover,
sustainability and environmental impact have become critical
concerns for international markets (Afroz and Alam, 2013).
Compliance with sustainable practices, such as responsible
aquaculture, certification schemes, and traceability, is increasingly
essential for securing access to global markets (Anh et al., 2011;
Tran et al., 2013; Haque et al, 2021). To enhance its position,
Bangladesh must focus on innovations in production and
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processing to add value to its exports and capture a larger market
share (Ferdous and Hossain, 2015). Investments in improving the
safety and quality of shrimp exports are also necessary to avoid
detention and rejection at foreign markets due to stringent import
requirements (Akter, 2017). Ensuring high-quality exports is pivotal
for Bangladesh to strengthen its standing in the global shrimp
market. Bangladesh faces stiff competition from shrimp-producing
nations like Vietnam, Thailand, and India, which have established
strong global market presences with competitive pricing and
superior quality control (Akter, 2017; Boyd et al, 2021; Karim,
2003). The Vannamei shrimp has become increasingly popular in
the global market due to its rapid growth rate, high productivity,
lower cost, and strong demand (Jamal, 2023). The rise of Vannamei
shrimp poses a challenge to the demand for Bangladeshi black tiger
shrimp, potentially impacting export competitiveness (Rahman and
Hossain, 2009). The shrimp industry in Bangladesh is further
complicated by environmental degradation, pollution, the
irresponsible use of antibiotics, overextraction of groundwater
resources (Paul and Vogl, 2011), a shortage of skilled labor,
inadequate export policies, limited access to affordable high-
quality seed, domestic instability, and fierce global competition
(Rahman and Hossain, 2009). Addressing these multifaceted
challenges is crucial for the sustainable growth of Bangladesh’s
shrimp industry.

The export policies of the Bangladesh government (e.g., 2003-
06 and 2007-11) were designed to strengthen institutional capacity,
harness information technology, promote value addition, diversify
products, develop a skilled workforce, support new exporters, and
increase awareness of international trade systems among
stakeholders. These policies introduced various incentives to
support the exporters (Akter, 2017) and attempt to align with
evolving global trade trends. However, to effectively expand
shrimp exports, these policies must prioritize the identification
and operationalization of new buyer countries. Developed
nations, while offering lucrative markets, often impose stringent
food safety and quality regulations that make market entry
challenging for Bangladeshi exporters.

In contrast, China, despite being a developing nation, offers a
more accessible market with relatively less rigid import regulations.
This makes it a strategic destination for Bangladesh to diversify its
shrimp exports. In 2022, China granted 99% duty-free access to
Bangladeshi products. However, rather than increasing, exports to
China declined from US$715 million in FY21 to US$677 million in
FY23 (EPB, 2024). This indicates that market access alone is
insufficient without parallel improvements in infrastructure,
production and compliance.

From December 2024, Bangladesh has started to receive 100%
duty-free access to the Chinese market, a development expected to
significantly boost shrimp exports, especially for high-value black
tiger shrimp. This opportunity was further strengthened by
Bangladesh receiving heritage certification in 2022 (Seafood
Network, 2024). China’s shrimp imports surged by 51.6% to
661,822 MT in 2022, making it the second-largest importer
globally from 2019 to 2022, behind only the US markets. The
import value surged from $1.81 billion in 2018 to US$6.29 billion in
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2022, underscoring China’s strong growing demand (N’Souvi et al.,
2024). Bangladesh has potential to capitalize on this demand by
aligning production with Chinese market requirements, following
Vietnam’s successful model.

To enhance its export capacity, Bangladesh can leverage
Chinese-funded modernization projects, including Special
Economic Zones (SEZs) in Chattogram and infrastructure
support from China Eximbank’s for processing plants (TBS
Report, 2025). These developments, combined with full duty-free
access, position Bangladesh to significantly expand shrimp exports
and strengthen bilateral trade ties with China. To fully utilize these
opportunities, Bangladesh must also comply with China’s import
regulations, such as those from the General Administration of
Customs of China (GACC) and the Certification and
Accreditation Administration of China (CNCA) standards
(N’Souvi et al., 2024). Moreover, adopting standardized grading
systems and targeted certification schemes can enhance product
quality and market competitiveness. Consistent quality grading can
foster buyer confidence and facilitates access to both stringent
markets like the EU and US, and more accessible markets like
China. Certifications aligned with global import market standards,
such as HACCP, GMP, BRCGS, ASC Farm, and Chain of Custody
strengthen compliance with food safety, traceability, and
sustainability norms, as demonstrated by ACI Agrolink Limited
in Bangladesh (Amian Shrimp, 2025). However, successful
implementation of such standards requires coordinated efforts
among producers, processors, regulatory bodies, and certifiers.
Notably, a FAO-led initiative that clustered small-scale shrimp
farmers to promote Good Aquaculture Practices (GAPs) and
traceability improved both yields and income (van der Pijl, 2014).
Establishing standardized systems not only improves product
quality but also helps mitigate trade barriers, such as those posed
by EU-imposed sanitary and phytosanitary measures thus
enhancing global competitiveness of Bangladesh.

Shrimp farming was expected to expand in coastal regions
through improved technology under the National Fisheries Policy
1998. This policy emphasized zoning coastal areas for shrimp
cultivation, enhancing extensive farming methods, advancing
appropriate technologies, integrating shrimp and rice cultivation,
ensuring the quality of feed production, and improving post-harvest
shrimp handling practices. Additionally, it prioritized establishing
commercial shrimp hatcheries through private initiatives and
expanding Quality Control Laboratories (Sections 8.2, 8.4-8.8,
8.10-8.13, 8.17-8.23). The policy also recommended a moratorium
period to conserve brood shrimp and enhance production. Further
measures included technological improvements, strengthened quality
control methods, advancements in post-harvest technologies, and
maintaining hygienic standards, particularly for the export market
(Sections 8.3, 8.9, and 8.14-8.16). Over the years, the Bangladesh
government has introduced various acts, laws, rules, policies, and
regulations to manage and conserve fisheries resources. However,
only a limited number of them have been partially implemented,
making it challenging to regulate the utilization of aquatic resources
effectively and protect diversity of fish species (Rahman et al., 2018).
One notable example is the National Shrimp Policy 2014, which
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primarily aimed to promote aquaculture expansion but did not place
sufficient emphasis on environmental sustainability. While significant
research has been conducted on finfish and shellfish aquaculture,
focusing on production techniques, species combination, and
technological advancements (Haque, 2007; Little et al., 2007; Haque
et al,, 2014; Bremer et al., 2016; Alam et al., 2019; Haque et al., 2021;
Hoque et al., 2021; Shohan et al., 2024), there remains a noticeable
gap in policy-related studies. In particular, research on policy
implementation, effectiveness, and overall impact on the
aquaculture sector is limited. This gap hinders the development of
evidence-based policies that could enhance sustainability, improve
regulatory frameworks, and address industry challenges. To address
these issues, relevant institutions should prioritize and allocate
funding for policy research, enabling a deeper understanding of the
aquaculture sector’s needs and facilitating the formulation of well-
informed strategies for long-term growth and sustainability.

5 Conclusion

The shrimp industry in Bangladesh has experienced significant
growth in production over the years, but export quantities have
declined due to issues related to quality compliance, environmental
sustainability, and policy implementation. Despite several laws,
policies, and regulations introduced by the government, effective
enforcement remains limited, which has hindered the sector’s
growth. The findings from the VAR(1) model and the analysis of
shrimp farming practices and legislation highlight the need for a
more balanced approach to policy, with greater attention to quality
control, sustainable farming practices, and enhanced support for
smallholder farmers. The study emphasizes that improving
production quality and ensuring compliance with international
standards are key factors for enhancing competitiveness of
Bangladesh in the global shrimp market. Based on the findings of
the VAR(1) model, responsible shrimp farming analysis (Table 2;
Supplementary Table S7), and legislation review (Supplementary
Table S8), this study presents the following recommendations.

* The Government of Bangladesh’s fiscal and financial
support programs currently prioritize hatcheries and
processors, leading to an imbalance. To address this,
registered shrimp farmers should be incentivized to adopt
organic semi-intensive farming practices, aiming to
produce high-quality shrimp and achieve eco-labeling
and certification.

»  Over the years, processors have expanded their capacity due
to volume-based incentives. This study recommends
revising these incentives and reallocating subsidies to
support the development of domestic specific pathogen-
free (SPF) black tiger shrimp and other potential shrimp
species. This will ensure a greater supply of SPF post-larvae
(PL) for the farmers to intensify their farming practices.

* Licensing for ghers (local Bengali terms meaning shrimp
farms) should be systematically implemented for
smallholders, who dominate the sector. Although gher
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licensing was initiated in 1998, it has not been effectively
extended to all farmers.

* Since most shrimp farms are small-scale, export-oriented
shrimp products undergo aggregation at various stages
before reaching processing plants, increasing the risk of
microbial contamination and post-harvest spoilage. The
DoF should establish a ‘One-Stop Post-Harvest Logistics
Service, with a certified agency responsible for harvesting,
post-harvest handling, sufficient icing, and transportation
using refrigerated vehicles.

e A comprehensive database and interactive map-based
information system should be developed to include data
on land utilization, zoning, drainage systems, disease
viability, antibiotic use, treatment dosages, mortality rates,
and access to SPF fry.

* Advanced technologies such as GIS, remote sensing (Bayot
et al., 2008; Rajitha et al., 2007), machine learning
algorithms (Saleetid and Green, 2019), and the Internet of
Things (Blancaflor and Baccay, 2022) should be employed
for sustainable management and early disease surveillance
of the shrimp farms, following best practices from India,
Thailand, and Ecuador.

* The GoB should incentivize the establishment of accredited
private laboratories at regional levels for PCR and residue
testing to ensure quality compliance. Although a private
laboratory was set up in Khulna, its services have not been
expanded (Alam et al.,, 2021).

* A National Shrimp Marketing Policy should be implemented
to standardize quality production and food safety, with clear
limits for compliance. Moreover, a targeted marketing
strategy for black tiger shrimp should focus on price,
production costs, and global competitiveness.

* Policymakers can draw lessons from Vietnam and India by
adopting actionable strategies such as implementing a
centralized quality control system, promoting species
diversification, strengthening cooperatives, expanding
farmer training programs, and enhancing biosecurity and
traceability measures. These strategic improvements would
help ensure greater compliance with international
standards and strengthen the position of Bangladesh in
the global shrimp market.

The limitations of this study include the lack of focus on the
global shrimp export landscape and the omission of variables like
GDP, trade prices, and processing costs, which could have
enhanced the analysis. Furthermore, existing literature lacks
projections for shrimp production and exports using multivariate
time series modeling. The study finds that while shrimp production
has increased, export quantities have declined, challenging the
assumption that higher production leads to higher exports.
Export quantities are influenced by factors such as quality, policy
implementation, and law enforcement.
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