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2026 Objective: This study analyzes the impact of the fishery sector on

economic growth and income inequality in Indonesia and examines the
moderating role of cooperatives while identifying regional heterogeneity

Keywords: between Java and Eastern Indonesia.

Cooperatives; Economic Growth; Methods: This study employs balanced panel data from 34 Indonesian
Fishery Sector; Income Inequality; provinces during 2010-2025, comprising 544 observations. The Fixed
Panel Regression Effects Model (FEM) is applied to control for province-specific

heterogeneity, while the Panel Autoregressive Distributed Lag (Panel

ARDL) model and the Generalized Method of Moments (GMM) estimators,

including the First-Difference GMM (FD-GMM) and System GMM (Sys-

GMM), are used as robustness checks to address dynamic relationships
@ @ @ and potential endogeneity issues.

Results: Fishery productivity significantly increases Regional Gross

Domestic Product (Regional GDP) (B = 0.108, p < 0.01), with a stronger
This is an open access article under the CC effect observed in Eastern Indonesia (8 = 0.173, p < 0.01). Cooperatives
BY-SA license. significantly enhance the positive contribution of the fishery sector to
regional economic performance and income distribution in Eastern
Indonesia, whereas their moderating effect is limited in Java. Robustness
analyses confirm the consistency and reliability of these findings.
Conclusion: The contribution of the fishery sector depends on regional
economic structures and institutional support mechanisms. Strengthening
cooperative governance, particularly in fishery-dependent regions, is
essential for promoting inclusive economic growth and reducing regional
inequality.
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INTRODUCTION

Sustainable economic and social welfare strongly emphasizes the quality of development,
where the fishery sector has played a significant role, particularly in archipelagic countries such
as Indonesia. The fishery sector is not only considered a component of food production but also
an integral part of inclusive economic development, food security, job creation, and, more
importantly, social welfare. In an emerging country with archipelagic characteristics, the fishery
sector plays an important role in sustaining food security, adequate nutrition, and the welfare of
coastal communities (Garcia-de-la-Fuente et al., 2020; Hirokawa & Thompson, 2023). In the
context of economic growth, governance and institutional quality can amplify the contribution of
the fishery sector to overall economic output, employment, and value-chain development (Asche
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et al.,, 2018; Costello et al., 2016). Nevertheless, these positive outcomes are not always evenly
distributed across regions, as micro and small-scale fishery businesses are often more vulnerable
due to limited capital, market access, and bargaining power (Fabinyi et al.,, 2015; Wamukota et al,,
2014). These challenges persist and may contribute to higher income inequality among regions in
Indonesia.

Referring to the Blue Economy conceptual framework, the fishery sector serves as a
fundamental component of economic development in coastal and archipelagic regions. However,
its contribution strongly depends on economic structures, governance systems, and institutional
quality, which require not only high economic growth but also sustainable development, equitable
income distribution, and inclusive governance (Bennett etal,, 2021; Eikeset et al., 2018; Marwa et
al., 2024; Pace et al,, 2023; Qi, 2022). In the Indonesian context, this conceptual framework is
particularly relevant for the Eastern Indonesia Region, where the contribution of the fishery
sector to regional economies is relatively higher compared with other regions. Therefore, the
impact of the fishery sector on economic and social welfare may vary across Indonesian provinces.

In Indonesia, fishery sector activities are dominated by micro and small-scale business
actors, including fishers and supporting workers, making them highly vulnerable due to limited
capital reserves. Therefore, cooperatives play an important role as collective financing
institutions that can strengthen the bargaining position of micro and small-scale actors, expand
market access, and increase income levels (Kvamsdal et al.,, 2023; Macusi et al,, 2023; Ye et al.,,
2024). However, the role of cooperatives is not automatically inclusive if micro and small-scale
actors do not have equal access to market integration, quality standards, and modern value chains
(Amran etal,, 2025; Macusi et al., 2022; Mogila et al., 2024). Therefore, this perspective highlights
that cooperatives can serve as catalysts for inclusive growth in natural resource-based regions,
but they may also reinforce income inequality without inclusive policies targeting micro and
small-scale fishery enterprises (Axon & Collier, 2023; Ayilu et al., 2022).

Furthermore, the quality of human capital serves as a fundamental aspect of sustainable
and inclusive economic growth. Generally, three important dimensions sustain human capital
quality: health, education, and living standards (Harttgen & Klasen, 2012). Moreover, the recent
global pandemic generated significant implications worldwide through complex distributional
effects. On the one hand, COVID-19 reduced income inequality in certain contexts due to
substantial declines in the cumulative assets of high-income groups; however, structurally, the
pandemic generated long-term inequality through disruptions in labor markets, education, and
digital access. More specifically, COVID-19 altered income distribution, demand structures, and
the bargaining positions of micro and small enterprises within fishery sector value chains
(Hirokawa & Thompson, 2023; Macusi et al., 2023). Therefore, this study empirically examines
the implications of the fishery sector on economic and social welfare across provinces in
Indonesia, incorporating the Human Development Index (HDI) and the COVID-19 pandemic as
control variables in the empirical model.

Based on the conceptual framework and previous empirical evidence, this study
formulates the following hypotheses. H1: Higher productivity in the fishery sector significantly
improves regional economic performance and reduces income inequality. H2: Cooperatives
moderate the relationship between the fishery sector and economic and social welfare by
strengthening positive effects through improved market access and collective bargaining. H3: The
impact of the fishery sector and the moderating role of cooperatives vary across regions, with
stronger effects observed in regions where economies are more dependent on the fishery sector
(regional heterogeneity effect).

Despite the growing body of literature on the fishery sector and economic development,
several critical gaps remain unaddressed. First, most existing studies focus on household-level
welfare or single-country aggregate analyses without systematically examining how the impact of
the fishery sector varies across regions with fundamentally different economic structures within
the same country. Second, although cooperatives have been extensively studied in agricultural
contexts Fischer & Qaim (2012), their moderating role in translating fishery sector contributions
into macroeconomic outcomes remains empirically underexplored. Third, previous
methodological approaches often rely on single-estimation techniques without comprehensive
robustness checks to address dynamic panel bias and endogeneity issues. Taniu et al. (2024)
examined the effects of cooperative membership on fishery household welfare in Indonesia;
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however, their study was limited to micro-level household data and did not consider regional
heterogeneity or macroeconomic indicators such as Regional GDP and the Gini Ratio.

This study contributes to the existing literature in three important ways. First, it provides
a comprehensive macro-level empirical analysis of the fishery sector’s impact on both economic
growth (Regional GDP) and social welfare (Gini Ratio) across all 34 provinces in Indonesia over a
16-year period (2010-2025). Second, it introduces cooperatives as a moderating variable to
examine whether institutional capacity can strengthen the contribution of the fishery sector to
economic and social welfare, which has not been empirically tested within a regional
heterogeneity framework. Third, it applies a multi-method robustness strategy (FEM, Panel ARDL,
FD-GMM, and Sys-GMM) to address potential dynamic panel bias, endogeneity, and temporal
effects, thereby enhancing the reliability and validity of the empirical findings.

Therefore, this study aims to examine the impact of the fishery sector on economic growth
and social welfare across Indonesian provinces, evaluate whether cooperatives strengthen the
contribution of the fishery sector to regional economic performance and income distribution, and
investigate regional heterogeneity between Java and Eastern Indonesia. The findings are expected
to enrich the literature on the blue economy, institutional economics, and regional development
while providing evidence-based policy recommendations for strengthening cooperative
governance and sustainable fisheries development in Indonesia.

METHOD

To examine the impact of the fishery sector on economic and social welfare and the
moderating role of cooperatives, this study employs secondary panel data obtained from official
government databases. Economic and social welfare are proxied by Regional Gross Domestic
Product (Regional GDP) and the Gini Ratio, respectively (Liu et al, 2024). The independent
variable is fishery productivity, measured by production volume (Tigchelaar et al., 2022). The
moderating variable is cooperative size, while the Human Development Index (HDI) and the
COVID-19 pandemic are included as control variables to account for differences in human capital
and external economic shocks (Han et al., 2025). The definitions, measurements, and data sources
of all variables are presented in Table 1.

Table 1
Data and Variable
Variables Descriptions Source
Regional GDP Reflecting total productivity of a province
expressed in constant trillion Rupiah.
. . . . . . Central Bureau of
Dependent  Gini Ratio Reflecting income inequality among -
; . . Statistics (2026)
households in a province, expressed in
index value.
Independent Fishery Total annual productivity of the fishery Ministry of Marine
Productivity  sector expressed in thousand tons Affairs and Fishery
(2026)
Moderating  Cooperatives Total size of cooperatives of a province Ministry of
expressed in trillion Rupiah Cooperatives (2026)
Human Reflecting quality of human capital of a Central Bureau of
Development province composed of education, healh, Statistics (2026)
Control Index and income components
COVID-19 Periods where COVID-19 pandemic Ministry of Health
occurs, with 1 = COVID-19 occurrence; 0 = (2024)
otherwise

Source: Author’s Tabulation (2026)

This study employs a balanced panel dataset covering all 34 provinces in Indonesia over
the period 2010-2025, generating 544 total observations. It should be noted that Indonesia’s
administrative restructuring in 2022, which established new Papua provinces, is accounted for by
merging the new provinces into their parent provinces to maintain panel balance and
comparability. The 2025 Regional GDP and Gini Ratio data are based on the preliminary release
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by BPS (March 2026 vintage). All variables are estimated in level forms rather than logarithmic
transformations, following the precedent set by the Fixed Effect Model specification that directly
captures the marginal impact of each variable in its original unit of measurement. All estimations
are conducted using Stata 17.

In analyzing the impact of fishery sector on economic and social welfare, this study
employs Fixed Effect Model (FEM) to control a constant unobserved individual heterogeneity in
each cross section (Wooldridge, 2003). It is mathematically expressed as follows:

N

Eq.

Yit:ai+z.3jxit + & ( %
=1

where y;; denotes dependent variable, x;; is independent variable, while u;; is the error-
term. Moreover, ; and [ denote constant term and regression coefficient, respectively. Referring
to the above conceptual framework, our model specification can be expressed as follows.

The Fixed Effect Model (FEM) is selected as the baseline estimator based on the Hausman
specification test, which rejects the Random Effects Model at the 1% significance level. Panel unit
root tests (Levin-Lin-Chu and Im-Pesaran-Shin) confirm that all variables are stationary at level.
Furthermore, the Pesaran CD test indicates cross-sectional dependence across provinces, which
is addressed through the inclusion of the COVID-19 dummy variable and robustness analyses
using Panel ARDL and GMM estimators.

ecosos;y = Po + Pifishery; + Bocoop;: + Pz (fishery X coop)i; (Eq.
+ B hdi;; + Bscovidy + €;; 2)

where ecosos;; is economic and social indicators proxied by the Regional GDP (constant
value expressed in USD trillion) and Gini Ratio respectively, fishery denotes productivity of
fishery sector expressed in tons, coop denotes size of cooperatives expressed in IDR trillion,
fishery X coop denotes the interaction between fishery productivity and cooperatives intended
to identify whether cooperatives can amplify the impact of fishery sector on economic and social
welfare, hdi is Human Development Index which reflects the quality of the human capital, while
covid is pandemic dummy where 1 is the occurrence of COVID-19 pandemic, while 0 is otherwise.
The above empirical model is also extended to regional analysis, both with and without the
interaction between the fishery productivity and cooperatives.

In performing the robustness check, this study employs Panel ARDL and GMM (both FD-
GMM and System-GMM). The main objective is to anticipate technical weakness of Fixed Effect
Model (FEM), where even it is technically able to control individual heterogeneity, Fixed Effect
Model (FEM) cannot capture long-term temporal dynamics and potential bias in interpretation if
the assumption of strict exogeneity is not fulfilled (Hill et al.,, 2020). In the context of panel data,
the inclusion of lagged variable to anticipate temporal dynamics potentially leads to bias due to
inconsistent coefficient when Fixed Effect Model (FEM) is implemented, especially in a data
structure where time dimension is relatively shorter than unit dimensions (Baltagi, 2008). To
capture short and long-term effects in simultaneous model, this study uses Panel Autoregressive
Distributed Lag (Panel-ARDL) model mathematically expressed as follows (Caporale et al., 2023;
Kripfganz & Schneider, 2023).

p q
Yie = Z bijYie—j + Z BijXie—j + Wi + & (Eq. 3)
= =0

where Y;; is dependent variable, X;; is independent variable, p is lag dependent variable, q
is lag independent variable, y; is individual effect, and ¢;; is the error-term. Moreover, the Error
Correction Model (ECM) specification is expressed as follows.

AYy = ¢i(Yie1 — 0:Xi) + ZN’J’A Yie—j + Z 0ijXie—j + 1 + &t (Eq. 4)
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Moreover, the robustness check also involves GMM model that is used to address
simultaneous endogeneity problems and dynamic panel bias through instrumentation of lagged
levels and lagged differences from endogenous variables (Arellano & Bond, 1991; Arellano, 2003
Blundell & Bond, 1998). The First Difference-GMM model mathematically expressed as follows.

A Y'it = A )/l',t—l + B AXlt +A Eit (Eq 5)

Furthermore, the System-GMM provides a more efficient estimation for a higher
persistent variable by incorporating the level equation with additional moments (Juuti, 2022;
Wolde et al., 2022). In general, System-GMM is the extensions of FD-GMM where both difference
equation and level equation are combined simultaneously. The level equation is mathematically
expressed as follows.

Yie = a1 + BXie + 1y + &t (Eq. 6)

By incorporating these models, potential convergence in the outputs would reflect the real
structural relationship between variables, therefore, the conclusions and policy
recommendations could be well-targeted.

RESULTS AND DISCUSSION
Results
Descriptive Statistics
This section provides information about profile of data of each variable as well as the
pairwise correlation among variables. This study employs data from 34 provinces in Indonesia
with period of observation from 2010 to 2025 which generate 544 observations. The detail is
exhibited on the following table.

Table 2

Descriptive Statistics
Variables Obs Mean Stdev Max Min
Regional
GDP (IDR 54 14.9
Trillion) 4 297.15 430.40 2263.24 8

54 0.21

Gini Ratio 4 0.355 0.043 0.459 4
Fishery
Productivity
(Thousand 54 195,76 153,64 1,203,19 2,99
Tons) 4 3 4 1 4
Cooperative
s (IDR 54 0.00
Trillion) 4 4.483 8.524 103.904 2
Human
Developmen 54 54.4
t Index 4 69.63 4.61 83.08 5

Moreover, our pairwise correlation matrix shows that Fishery Productivity shows positive
and significant correlation with the Regional GDP, while the correlation with Gini Ratio is
significantly negative. It indicates that higher productivity in the fishery sector is accompanied by
the increase in economic and social welfare. Furthermore, Cooperatives show a significant
positive correlation with Regional GDP; however, the correlation with the Gini Ratio is also
significantly positive, indicating a potential efficiency-equity trade-off. It indicates that higher
total size of cooperatives is accompanied with higher regional economic performance, even
though a challenge remains where income inequality increases as well. On the other hand, Human
Development Index (HDI) shows a significantly positive correlation with the Regional GDP, while
the correlation with Gini Ratio is significantly negative. It shows that the increase in quality of
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human capital is accompanied by higher economic and social welfare. The pairwise correlation
matrix is exhibited in the following Table 3.

Table 3
Correlation Matrix
Variables (a) (b) (c) (d) (e)
Regional GDP (a) 1
Gini Ratio (b) 0.1359*** 1
Fishery Productivity (c) 0.1760***  -0.1675*** 1
Cooperatives (d) 0.7584***  0.1126*** 0.0433 1
Human Development Index (e) 0.4648*** -0.0292 -0.2288***  0.3946*** 1

The fishery sector has been playing important roles in sustaining Indonesia’s economic
and social welfare. As an archipelago, Indonesia has so many potentials from this sector as well as
its derivative sectors including food and beverages, logistics, services, etc. The trend between
productivity of the fishery sector on economic and social welfare is exhibited in the following
Figure 1 and 2.

2,500
2,000
1,500
1,000

500

Regional GDP (IDR Trillion)

100 200 300 400 500 600 700 800
Fishery Productivity (Thousand Tons)

Figure 1. Fishery Productivity and Regional GDP in Indonesia (2010 - 2025)
Source: BPS (2026); Ministry of Marine Affairs and Fishery (2026) - processed by Authors

The above Figure 1 indicates that higher productivity in the fishery sector is accompanied
by higher economic performance. This provides an opportunity for more sustainable economic
performance in the long run. Nevertheless, economic performance alone is not enough to reflect
welfare, therefore, it is also provided trend between fishery sector and Gini ratio. The result is
exhibited as follows.

0.500
0.450
0.400

Gini Ratio
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Fishery Productivity (Thousand Tons)

Figure 2. Fishery Productivity and Gini Ratio (2010 - 2025)
Source: BPS (2026); Ministry of Marine Affairs and Fishery (2026) - processed by Authors

The above Figure 2 exhibits that higher productivity in the fishery sector is accompanied
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by lower Gini ratio, meaning that fishery sector offers the opportunity to address the problem of
income inequality in Indonesia. Furthermore, the impact of the fishery sector on regional
economic performance is exhibited in the following table.

Table 4
The Fishery Sector and Regional GDP
. 1 2 3 4
Variables Modell Model2z  Model3  Model 4
Fishery Productivity 0.240%**  0.220%** 0.109**  0.108***
(0.0228)  (0.0234) (0.0139) (0.0140)
Cooperatives 0.0577**  0.0101 0.00916
(0.0174) (0.0101) (0.0101)
Human Development Index 6.547*%*F  6,488***
(0.223) (0.228)
COVID-19 0.0200
(0.0160)
Constant 29.76**F*  28.38*** 26.45*%F  26,53***
(0.270) (0.493) (0.285) (0.291)
Province Fixed Effect Yes Yes Yes Yes
Observations 544 544 507 507
R-squared 0.179 0.196 0.722 0.723
Number of provinces 34 34 34 34

Standard errors in parentheses
% p<0.01, ** p<0.05, * p<0.1

Moreover, characteristics among regions are relatively different, including economic
sectors that can be optimized to create economic and social welfare. Therefore, this study also
provides regional-based outputs covering Java Region and Eastern Indonesia Region. These
selections are taken upon consideration where Java is the central of Indonesia’s economic activity,
while Eastern Indonesia Region possesses higher potentials from the maritime sector. The result
is exhibited in the following Table 5.

Table 5
Regional Analysis of The Fishery Sector and Regional GDP
1) (2)
Variables Java Eastern Indonesia
Region Region
Fishery Productivity 0.108*** 0.0365**
(0.0146) (0.0175)
Fishery Productivity X JR  -0.000786
(0.0401)
Fishery Productivity x 0.173%**
EIR
(0.0273)
Cooperatives 0.00916 0.0151
(0.0101) (0.00976)
Human Development 6.489*** 6.849***
Index
(0.230) (0.226)
COVID-19 0.0200 0.0238
(0.0160) (0.0153)
Constant 26.53%** 26.27***
(0.292) (0.283)
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(1) (2)
Variables Java Eastern Indonesia
Region Region
Province Fixed Effect Yes Yes
Observations 507 507
R-squared 0.723 0.745
Number of provinces 34 34

Standard errors in parentheses
¥ p<0.01, ** p<0.05, * p<0.1

The above Table 5 shows that the fishery sector performs positive and significant impact
on the Regional GDP. However, when interacting with Java Region dummy, the coefficient turns
out to be insignificant. The result is empirically different when it comes to the Eastern Indonesia
Region, where a more significant positive impact occurs when interacting with the Eastern
Indonesia Region dummy. Moreover, this study also interacts the fishery sector with cooperatives
and region dummies to identify whether cooperatives in each region offer an opportunity to
amplify the impact of the fishery sector on regional economic performance in each region. The
result is exhibited in the following Table 6.

Table 6
Moderating Effect of Cooperatives Between the Fishery Sector and Regional GDP
1) (2)
Variable Java Eastern Indonesia
Region Region
Fishery Productivity 0.374* 0.273
(0.191) (0.170)
Cooperatives 0.125 0.0764
(0.0837) (0.0746)
Fishery Productivity x Cooperatives  -0.00997 -0.00751
(0.00710) (0.00626)
Fishery Productivity X Cooperatives  0.00101
X JR
(0.00113)
Fishery Productivity X Cooperatives 0.00417***
X EIR
(0.000779)
Human Development Index 6.544%** 6.780***
(0.235) (0.232)
COVID-19 0.0206 0.0242
(0.0160) (0.0155)
Constant 23.33%** 24 54%**
(2.306) (2.054)
Province Fixed Effect Yes Yes
Observations 507 507
R-squared 0.724 0.740
Number of provinces 34 34

Standard errors in parentheses
¥ p<0.01, ** p<0.05, * p<0.1

The above Table 6 suggests that cooperatives offer an opportunity to amplify the impact
of the fishery sector on regional economic performance in the Eastern Indonesia Region.
Furthermore, this study also analyzes the impact on the income inequality exhibited in the
following Table 7.
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Table 7
The Fishery Sector and Gini Ratio
. 1 2 3 4
Variables Model1  Model2 Madels  Model4
Fishery Productivity -0.00857***  -0.00936*** -0.00341 -0.00314
(0.00252) (0.00260) (0.00239) (0.00238)
Cooperatives 0.00231 0.00486***  0.00514***
(0.00194) (0.00173) (0.00173)
Human Development -0.3971%** -0.373%**
Index
(0.0382) (0.0389)
COVID-19 -0.00600**
(0.00272)
Constant 0.457*** 0.402%** 0.534*** 0.512%**
(0.0298) (0.0550) (0.0488) (0.0497)
Province Fixed Effect Yes Yes Yes Yes
Observations 544 544 507 507
R-squared 0.022 0.025 0.204 0.212
Number of provinces 34 34 34 34

Standard errors in parentheses
% p<0.01, ** p<0.05, * p<0.1

The above Table 7 shows that productivity of the fishery sector does not perform
significant impact on Gini ratio. Interestingly, our empirical analysis shows that cooperatives tend
to increase Gini ratio, meaning that higher productivity of cooperatives leads to higher income
inequality in Indonesia. Furthermore, our empirical analysis suggests different outputs on the
income inequality when interacting with the region dummy. The result is exhibited in the

following Table 8.

Table 8
Regional Analysis of The Fishery Sector and Gini Ratio
(1) (2)
Variables Java Eastern Indonesia Region
Region
Fishery Productivity -0.00685***  0.00126
(0.00242) (0.00310)
Fishery Productivity X JR ~ 0.0349***
(0.00664)
Fishery Productivity x EIR -0.0106**
(0.00482)
Cooperatives 0.00477*** 0.00478***
(0.00168) (0.00173)
Human Development Index -0.395%*** -0.395%**
(0.0381) (0.0400)
COVID-19 -0.00605** -0.00623**
(0.00265) (0.00271)
Constant 0.510%*** 0.528***
(0.0483) (0.0500)
Province Fixed Effect Yes Yes
Observations 507 507
R-squared 0.256 0.220
Number of provinces 34 34

Standard errors in parentheses
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% p<0.01, ** p<0.05, * p<0.1

The above Table 8 shows that productivity in the fishery sector significantly reduces Gini
ratio, however, the effect changes to be significantly positive when interacting with Java Region
dummy. It remains a challenge in provinces located in Java Region considering income inequality
increases due to higher productivity in the fishery sector. Moreover, our empirical analysis also
reveals potential opportunity from cooperatives in amplifying the impact of the fishery sector on
income inequality. The result is exhibited in the following Table 9.

Table 9
Moderating Effect of Cooperatives Between the Fishery Sector and Gini Ratio
(1) (2)
Variables Java Eastern Indonesia Region
Region
Fishery Productivity 0.0572* -0.0189
(0.0313) (0.0296)
Cooperatives 0.0317** -0.00136
(0.0137) (0.0130)
Fishery Productivity X Cooperatives -0.00238*  0.000714

(0.00116) (0.00109)
Fishery Productivity X Cooperatives X JR ~ 0.00118***

(0.000186)
Fishery Productivity X Cooperatives X EIR -0.000376***
(0.000136)
Human Development Index -0.386%** -0.400%**
(0.0385) (0.0404)
COVID - 19 -0.00612**  -0.00638**
(0.00262) (0.00271)
Constant -0.219 0.703*
(0.378) (0.358)
Province Fixed Effect Yes Yes
Observations 507 507
R-squared 0.275 0.226
Number of provinces 34 34

Standard errors in parentheses
% p<0.01, ** p<0.05, * p<0.1

Robustness Analysis

The robustness checks provide more insightful findings by incorporating the assumptions
of dynamic and long-term effects.
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Table 10
Panel Autoregressive Distributed Lag (Panel ARDL) — Regional GDP Output

Variables Regional GDP

PMG MG PMG MG PMG MG PMG MG PMG MG
PANEL A (Long-Run Coefficients)
Fishery Productivity 0.133***  -0.060 0.070**  -0.076 0.032 -0.031 -4.263***  25.293 -4.628*** 25.293
(0.031) (0.143) (0.028) (0.141) (0.033) (0.085) (0.455) (30.656) (0.501) (30.656)
Cooperative 0.373**  0.025 0.375**  0.025 0.395**  0.025 -1.470***  11.803 -1.609*** 11.803
(0.019) (0.027) (0.021) (0.027) (0.023) (0.027) (0.197) (13.831) (0.214) (13.831)
Fishery x Cooperative 0.160*** -1.024 0.172**  -0.407
(0.016) (1.159) (0.018) (0.610)
Fishery Productivity x JR 0.045***  0.016
(0.008) (0.011)
Fishery Productivity x EIR 0.008 -0.029
(0.007) (0.066)
Fishery Productivity x Cooperative x JR -0.000* 0.038
(0.000) (0.028)
Fishery Productivity x Cooperative x EIR 0.001**  -0.579
(0.000) (0.569)
Human Development Index 7.945%*%  5724**%  Q 6Q1*k* 5 724%k* 9 B44*kx  5724*%*  9203***  5859***  8.771**  5.850%**
(0.725) (1.250) (0.668) (1.250) (0.729) (1.250) (0.647) (1.463) (0.709) (1.463)
COVID-19 -0.013 -0.059 -0.046 -0.059 -0.046 -0.059 -0.025 -0.084* -0.017 -0.084*

(0.091) (0.039) (0.083) (0.039) (0.089) (0.039) (0.080) (0.048) (0.086) (0.048)
PANEL B (Error Correction Term & Diagnostics)

ECT (speed of adjustment) -0.040*** -0.546*** -0.043*** -0.546*** -0.040*** -0.546*** -0.061*** -0.704*** -0.058*** -0.704***
(0.015) (0.060) (0.015) (0.060) (0.014) (0.060) (0.019) (0.088) (0.018) (0.088)

Hausman x? (PMG vs MG) 316.051 402.274 569.485 10.480 8.139

Hausman p-value 0.000 0.000 0.000 0.106 0.228

Preferred estimator MG MG MG PMG PMG

N (provinces) 34 34 34 34 34

T (years) 16 16 16 16 16

Observations 510 510 510 510 510

Standard errors in parentheses
** p<0.01, ** p<0.05, * p<0.1
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Table 11
Panel Autoregressive Distributed Lag (Panel ARDL) - Gini Ratio Output
Variables Gini Ratio
PMG MG PMG MG PMG MG PMG MG PMG MG
PANEL A (Long-Run Coefficients)
Fishery Productivity 0.010%* 0.035 0.010% 0.031 0,017+ 0.020 0.150 8.803 0.028 8.803
(0.002) (0.038) (0.002) (0.034) (0.002) (0.034) (0.027) (13.749) (0.029) (13.749)
Cooperative 0.005***  0.003 -0.002**  0.003 0.012*** 0.003 0.066***  3.374 0.030**  3.374
(0.001) (0.005) (0.001) (0.005) (0.001) (0.005) (0.012) (5.698) (0.012) (5.698)
Fishery x Cooperative O 006%+* -0.289 -0.002 -0.388
(0.001) (0.486) (0.001) (0.463)
Fishery Productivity x JR 0.005*** 0.004
(0.000) (0.010)
Fishery Productivity x EIR 0.004*** 0.015
(0.000) (0.010)
Fishery Productivity x Cooperative x JR 0.000*** -0.003
(0.000) (0.006)
Fishery Productivity x Cooperative x EIR 0.000*** 0.095

(0.000)  (0.081)
0.1aq0ex T0B76% o uus 0876 -0.048  -0876* ..o, 1376 -0062  -1376*

(0.044) (0.470) (0.040) (0.470) (0.040) (0.470) (0.039) (0.575) (0.041) (0.575)
COVID-19 -0.008 -0.003 -0.006 -0.003 -0.009*  -0.003 -0.005 -0.009 -0.009*  -0.009

(0.005) (0.005) (0.005) (0.005) (0.005) (0.005) (0.005) (0.006) (0.005) (0.006)
PANEL B (Error Correction Term & Diagnostics)

Human Development Index

ECT (speed of adjustment) 0,635 09697 (0.637%% 0960 0578 0969 0.636%* 1100 0.606" 1100

(0.048)  (0.049) (0.046) (0.049) (0.047) (0.049) (0.045) (0.066) (0.048)  (0.066)

Hausman x? (PMG vs MG) 1.928 3.011 -1.432 6.208 8.095
Hausman p-value 0.749 0.698 0.921 0.400 0.231
Preferred estimator PMG PMG PMG PMG PMG
N (provinces) 34 34 34 34 34
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T (years) 16 16 16 16 16
Observations 510 510 510 510 510
Standard errors in parentheses
*#* p<0.01, ** p<0.05, * p<0.1
Table 12
First Difference Generalized Method of Moments (FD-GMM) Output
Variable Regional GDP Gini Ratio
Regional GDP (Lag 1) 0.958***  0.970*** 0.994*** 0.926*** 0.957*** 1.058*** (0.981*** 0.950** 0.894*** (0.818**
(0.147)  (0.145) (0.136) (0.114) (0.115) (0.329) (0.292) (0.395) (0.277) (0.321)
Fishery Productivity 0.169 0.169 0.160 2.139 1.736 -0.022 -0.016 -0.039  0.114 0.151
(0.110)  (0.112) (0.158) (1.416) (1.177) (0.034) (0.037) (0.055) (0.351) (0.348)
Cooperative -0.191 -0.184 -0.165 0.783 0.611 0.009 0.009 0.012 0.061 0.084
(0.175)  (0.172)  (0.140) (0.559) (0.447) (0.019) (0.018) (0.019) (0.138) (0.134)
Fishery x Cooperative -0.075 -0.057 -0.004 -0.007
(0.053) (0.043) (0.012) (0.012)
Fishery Productivity x JR -0.084 -0.037
(0.288) (0.090)
Fishery Productivity x EIR -0.041 0.041
(0.281) (0.070)
Fishery Productivity x Cooperative x JR 0.003 -0.000
(0.009) (0.002)
g};hery Productivity x Cooperative x -0.005 0.001
(0.007) (0.002)
Human Development Index -0.714 -0.705 -0.879 -0.238 -0.455 -0.105 -0.098 -0.063  -0.113 -0.077
(0.621)  (0.596) (0.557) (0.665) (0.547) (0.114) (0.116) (0.120) (0.124) (0.115)
COVID-19 0.039%%  0.039%%* 0.040%* 0.039%* 0.041%** 0.001 0.001 0.001 0.001 0.001
(0.008) (0.007) (0.007) (0.006) (0.007) (0.002) (0.002) (0.002) (0.002) (0.002)
Specification Tests
AR (2) p-value 0.919 0917 0911 0.902 0.899 0.953 0.961 0.962 0.949 0.954
Hansen p-value 0.449 0.654 0.522 0.037 0.112 0.507 0.633 0.593 0.549 0.611
Observations 374 374 374 374 374 374 374 374 374 374

Standard errors in parentheses
*k p<0.01, ** p<0.05, * p<0.1
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Table 13
System Generalized Method of Moments (Sys-GMM) Output - Gini Ratio
Variable Regional GDP Gini Ratio
Regional GDP (Lag 1) 0.996***  (0.999***  1.006*** 0.845*** 0.981*** 0.258 0.253 0.245 -0.020 -0.028
(0.034) (0.030) (0.028) (0.119) (0.066) (0.269) (0.224) (0.251) (0.219) (0.276)
Fishery Productivity 0.115* 0.090* 0.119**  0.439* 0.172 0.022 0.026 0.021 0.058***  0.060**
(0.061)  (0.052) (0.046) (0.263) (0.173) (0.018) (0.016) (0.014) (0.019) (0.025)
Cooperative -0.020 -0.022 -0.030 0.108 -0.011 0.015*  0.013* 0.015** 0.032***  0.031***
(0.026) (0.024) (0.023) (0.105) (0.067) (0.008) (0.008) (0.007) (0.010) (0.012)
Fishery x Cooperative -0.012 -0.001 -0.002%**  -0.002**
(0.009)  (0.006) (0.001) (0.001)
Fishery Productivity x JR 0.014* 0.009*
(0.009) (0.005)
Fishery Productivity x EIR -0.015 0.002
(0.011) (0.003)
Fishery Productivity x Cooperative x JR 0.001* 0.001*
(0.001) (0.000)
Elli{hery Productivity x Cooperative x -0.001 -0.000
(0.001) (0.000)
Human Development Index 0895wk 0568 oo 1073 08195 05g7s 06258 o 08168 -0.799%

(0.225)  (0.256)  (0.225)  (1.177) (0.286)  (0.255) (0.226)  (0.228) (0.219)  (0.275)

COVID-19 0042+ 0041  0.043% 00354+ goqpeee 0002 -0002  -0002  -0.002  -0.002
(0.005)  (0.005)  (0.005)  (0.006) (0.006)  (0.002) (0.002)  (0.002) (0.001)  (0.002)

Specification Tests

AR (2) p-value 0.776 0.898 0.826 0.658 0.777 0.500 0.451 0.501 0.389 0.420
Hansen p-value 0.605 0.757 0.736 0.571 0.592 0.096 0.153 0.065 0.388 0.311
Observations 748 748 748 748 748 748 748 748 748 748

Standard errors in parentheses
**% n<0.01, ** p<0.05, * p<0.1
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Discussion

The empirical findings demonstrate that the fishery sector plays a significant role in
promoting regional economic growth in Indonesia. Higher fishery productivity is associated with
higher Regional GDP, indicating that the sector remains an important source of value creation
despite the increasing diversification of the national economy. This finding supports the sector-
led growth perspective, which argues that productive sectors stimulate regional development
through production linkages, employment generation, and value-added activities across related
industries. In the context of fisheries, productivity improvements not only increase output but
also strengthen downstream activities, including processing, logistics, and trade, thereby
generating broader economic multiplier effects (Golden et al., 2021). However, the insignificant
aggregate effect of cooperatives suggests that cooperative institutions alone are insufficient to
influence regional economic performance unless supported by favorable regional economic
structures and effective governance.

Regional analysis reveals substantial heterogeneity in the contribution of the fishery
sector to economic growth. The positive impact is considerably stronger in Eastern Indonesia,
where fisheries constitute a major component of regional economic activity, whereas the effect
becomes insignificant in Java, whose economy is dominated by manufacturing and service
industries. These findings indicate that the economic contribution of fisheries depends on the
relative importance of the sector within the regional production structure rather than on fishery
productivity alone. This evidence is consistent with the Blue Economy perspective, which
emphasizes that the developmental benefits of marine resources depend on their integration into
local value chains and supporting institutions rather than merely on resource abundance (Asche
etal, 2018; Voyer et al., 2020).

The moderating analysis further demonstrates that cooperatives generate different
outcomes across regions. Although cooperative size does not significantly strengthen the fishery
sector at the national level, its moderating effect becomes positive and statistically significant in
Eastern Indonesia. This finding suggests that cooperative institutions are more effective when
they operate in regions where fisheries constitute the dominant livelihood and economic base.
Under such conditions, cooperatives facilitate access to financing, production inputs, marketing
networks, and collective bargaining, thereby improving productivity and regional economic
performance. Conversely, the insignificant interaction observed in Java indicates that fisheries
represent only one component of a much broader economic structure, limiting the capacity of
fishery-based cooperatives to influence aggregate regional output. Therefore, the effectiveness of
cooperatives appears to be context-dependent, reflecting differences in regional economic
specialization and institutional environments rather than the presence of cooperatives alone.

The findings further indicate that the contribution of the fishery sector to social welfare is
more heterogeneous than its contribution to economic growth. At the aggregate level, higher
fishery productivity does not consistently reduce income inequality across provinces. Regional
estimates reveal contrasting outcomes, with fisheries contributing to lower income inequality in
Eastern Indonesia but exhibiting the opposite effect in Java. These differences suggest that
improvements in sectoral productivity do not automatically translate into more equitable income
distribution. Instead, the distributive effects of fisheries depend on the underlying economic
structure, labor market characteristics, and institutional arrangements within each region (Ayilu
etal, 2022).

The contrasting regional outcomes can be explained by differences in economic
dependence on the fishery sector. In Eastern Indonesia, fisheries constitute one of the primary
sources of employment and household income; therefore, productivity gains are more broadly
transmitted to local communities through higher labor demand, increased household earnings,
and stronger local economic linkages. In contrast, Java possesses a highly diversified economy in
which fisheries account for only a small share of regional output. Consequently, productivity
improvements tend to benefit relatively concentrated groups of producers and enterprises rather
than generating broad-based welfare gains, thereby limiting their contribution to reducing
regional inequality. These findings reinforce the argument that the social benefits of the Blue
Economy depend not only on resource utilization but also on inclusive institutional arrangements
that enable wider participation in economic opportunities (Voyer et al., 2020).

The moderating analysis provides further evidence that the effectiveness of cooperatives
is highly context dependent. While the interaction between fisheries and cooperatives is
insignificant at the national level, cooperatives significantly strengthen the ability of the fishery
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sector to reduce income inequality in Eastern Indonesia. This finding suggests that cooperatives
function as institutional mechanisms that improve market access, strengthen collective
bargaining, facilitate financial inclusion, and reduce transaction costs for small-scale fishers. Such
institutional support enables productivity gains to be distributed more evenly across fishing
communities. Conversely, the insignificant or adverse moderating effect observed in Java
indicates that cooperative development alone is insufficient to address inequality in regions
characterized by diversified production structures and multiple competing economic sectors.
Therefore, strengthening cooperative governance should be accompanied by broader policies that
improve institutional quality, market integration, and equitable access to productive resources.

The robustness analyses further strengthen the credibility of the baseline estimations. The
System GMM results consistently confirm the positive contribution of the fishery sector to
regional economic growth, particularly in Eastern Indonesia, while the Panel ARDL estimations
indicate that the sector generates short-run adjustment costs but contributes to lower income
inequality over the long run. In addition, the moderating role of cooperatives remains significant
in Eastern Indonesia after controlling for dynamic relationships and potential endogeneity,
indicating that the main conclusions are not sensitive to alternative estimation techniques. These
findings demonstrate that the observed regional heterogeneity is robust across different
econometric specifications.

Potential endogeneity arising from reverse causality between regional economic
performance and cooperative development is addressed using FD-GMM and System GMM
estimators. The AR(2) and Hansen test statistics support the validity of the selected instruments,
suggesting that the empirical results are not driven by dynamic panel bias. Nevertheless, future
studies may strengthen causal inference by employing external instrumental variables or natural
experiments to further isolate exogenous variation in fisheries development and cooperative
performance.

The control variables also provide additional insights into regional development. Human
Development Index (HDI) consistently exhibits a positive association with Regional GDP and
contributes to lower income inequality, highlighting the importance of human capital in
supporting inclusive economic growth. Meanwhile, the COVID-19 pandemic shows no significant
effect on regional economic growth but is associated with a temporary decline in income
inequality, reflecting the unequal impact of the pandemic across income groups. Although this
short-term compression effect reduced measured inequality, previous evidence suggests that
long-term structural changes in labor markets and digital transformation may eventually widen
income disparities.

The empirical evidence also provides important policy implications. Given the stronger
contribution of fisheries in Eastern Indonesia, development strategies should prioritize
productivity enhancement through investment in fisheries infrastructure, cold-chain logistics,
post-harvest processing, and market integration. Strengthening cooperative governance remains
equally important by improving transparency, managerial capacity, access to finance, and
digitalization to ensure that productivity gains are distributed more equitably among fishing
communities. In contrast, policies in Java should place greater emphasis on improving
inclusiveness and expanding economic opportunities for small-scale fishers within its more
diversified regional economy.

The findings consistently demonstrate that the economic and social contributions of the
fishery sector cannot be generalized across regions. The effectiveness of fisheries development
depends not only on resource endowment but also on regional economic structures and the
quality of supporting institutions. Consequently, policies designed to strengthen the fishery sector
should adopt a region-specific approach that simultaneously enhances productivity, institutional
capacity, and equitable benefit distribution to achieve sustainable and inclusive regional
development.

CONCLUSION
This study examines the impact of the fishery sector on economic and social welfare in
Indonesia and investigates the moderating role of cooperatives while accounting for regional
heterogeneity. The findings indicate that higher fishery productivity significantly promotes
regional economic growth, although its effects vary across regions. The positive contribution of
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the fishery sector is strongest in Eastern Indonesia, where regional economies are more
dependent on fisheries, whereas its effect is less pronounced in the more diversified economy of
Java. Likewise, fishery productivity contributes to reducing income inequality in Eastern
Indonesia but is associated with higher inequality in Java. Cooperatives also exhibit
heterogeneous effects by strengthening the contribution of the fishery sector to economic growth
and income distribution primarily in fishery-dependent regions. These findings extend the Blue
Economy and institutional economics perspectives by demonstrating that the developmental role
of the fishery sector is conditioned by regional economic structures and institutional effectiveness
rather than operating uniformly across regions.

These findings highlight the importance of region-specific fisheries development
strategies and strengthening cooperative governance to promote inclusive growth, particularly in
Eastern Indonesia. However, this study is subject to several limitations, including the use of
aggregate provincial data, the measurement of cooperatives based solely on size, and the limited
representation of pandemic intensity. Future studies are encouraged to employ more
disaggregated spatial data, develop broader indicators of cooperative governance quality, and
apply stronger causal identification approaches, such as external instrumental variables or
natural experiments, to provide more comprehensive evidence on the role of the fishery sector in
fostering sustainable and inclusive regional development.
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