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Abstract: This study examines the relationship between the blue economy and food security in lower-middle-income ASEAN countries, specifically Indonesia, Cambodia, the Philippines, and Vietnam, over the period 2012–

2022. While the blue economy holds significant potential for enhancing food security, its implementation is often hindered  by  environmental  degradation,  limited  access  to  renewable  energy,  inadequate  technological advancements,  insufficient  investment,  and  rapid  population  growth.  By  employing  Ordinary  Least  Squares regression  and  a  system  of  simultaneous  equations,  key  interactions  among  environmental  quality,  renewable energy utilization, technological innovation, investment, and demographic dynamics are analyzed. The findings reveal that improvements in environmental quality foster the adoption of renewable energy, while technological advancements significantly contribute to the expansion of the blue economy. Furthermore, the development of the blue  economy  is  identified  as  a  critical  driver  of  food  security,  with  investment  and  effective  population management  playing  essential  roles  in  ensuring  its  long-term  sustainability.  The  results  indicate  that  a comprehensive  strategy  integrating  environmental  protection,  technological  progress,  and  renewable  energy adoption  is  essential  for  enhancing  food  security  through  the  blue  economy.  Based  on  these  insights,  policy recommendations  are  proposed,  emphasizing  the  need  for  stringent  emission  controls,  increased  investment  in renewable energy, promotion of technological innovation, and sustainable demographic policies. These measures are expected to facilitate a resilient blue economy, ensuring food security and long-term socio-economic stability in ASEAN’s lower-middle-income nations. 
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1. Introduction


1.1 Significance of the Topic 

In recent decades, the concept of the blue economy has emerged as a key pillar in efforts to achieve sustainable economic  growth  by  utilizing  marine  resources  more  efficiently.  The  blue  economy  refers  to  a  development strategy that optimizes the sustainable use of marine resources to enhance economic well-being, create jobs, and protect marine ecosystems. As the global population continues to grow and food demand rises, the blue economy has gained recognition as a potential solution to various development challenges, particularly in coastal regions and  island  nations  that  heavily  depend  on  marine  resources.  Numerous  studies  indicate  that  marine-based economic sectors—including fisheries, aquaculture, coastal tourism, and marine renewable energy—play a crucial role in supporting food security and sustainable development in many countries.  

Food security remains a pressing and complex issue, particularly for developing countries in the ASEAN region, which face challenges such as climate change, resource exploitation, and rapid population growth. Food security https://doi.org/10.56578/cis130108 
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is determined not only by food availability but also by accessibility, utilization, and supply stability. In this context, the  sustainable  utilization  of  marine  resources  through  the  blue  economy  can  contribute  to  food  security  by providing  a  reliable  protein  source  through  the  fisheries  sector,  supporting  economic  diversification,  and promoting  more  sustainable  production  mechanisms.  However,  countries  such  as  Indonesia,  Vietnam,  the Philippines,  and  Cambodia  face  numerous  challenges  in  effectively  implementing  the  blue  economy  due  to environmental degradation, overfishing, and limitations in technology and investment. Despite the blue economy’s significant  potential  to  enhance  food  security,  its  implementation  continues  to  encounter  various  obstacles. 

Environmental degradation caused by overexploitation, pollution, and the impacts of climate change remains a major barrier to the sustainable use of marine resources. Additionally, rapid population growth in some ASEAN 

countries  places  further  pressure  on  food  systems  and  marine  resources.  Lower-middle-income  countries  also struggle  with  limited  access  to  modern  technology  and  the  investment  needed  to  develop  the  blue  economy sustainably.  Therefore,  understanding  the  relationship  between  the blue economy  and  food  security,  as  well  as identifying the factors that influence the implementation of blue economy strategies in these countries, is essential. 

Overall, among the lower-middle-income economies, some countries show more stable and high blue economy performance,  while  some  other  countries  also  face  greater  challenges  in  maintaining  sustainable  maritime economic growth as shown in Figure 1.  





 

Figure 1. Growth conditions of the blue economy in lower-middle-income ASEAN economies Figure 1 shows the growth of the blue economy in Indonesia, Vietnam, Cambodia, and the Philippines from 2012 to 2022. Vietnam has the highest value, increasing from 59.3 in 2012 to a peak of 70.8 in 2017 and 2018, before  rising  again  to  70.2  in  2022  after  a  slight  decline.  The  Philippines  also  recorded  a  significant  increase, reaching 71.5 in 2014, but later experienced declines and fluctuations, settling at 65.3 in 2022. Indonesia tends to remain  stable,  peaking  at  62.8  in  2018  before  declining  to  53.9  in  2020  and  then  recovering  to  56.2  in  2022. 

Cambodia, despite having the lowest score, showed improvement, reaching 61.0 in 2018, but dropped back to 54.0 

in 2022. Overall, Vietnam and the Philippines exhibit more stability compared to Indonesia and Cambodia. Next, an equally important issue is food security, a major concern for developing countries, particularly lower-middle-income economies in ASEAN. Food security is linked to a country’s ability to provide sufficient, affordable, and high-quality food for its entire population. In the context of the blue economy, food security is especially critical for countries with long coastlines that depend on marine resources as a primary component of their national diet. 

Overall,  countries  exhibit  different  patterns  in  food  security  development.  Despite  progress  in  certain  phases, challenges remain, particularly amid global uncertainties that impact economic stability and food production in lower-middle-income ASEAN countries. This phenomenon is illustrated in Figure 2 below.  





 

Figure 2.  State of food security in ASEAN lower-middle-income economies Figure 2 shows that from 2012 to 2022, food security in the four lower-middle-income ASEAN countries shows different  trends.  Indonesia  rose  from  59  to  63  between  2012  and  2015,  then  fell  to  53  in  2021,  and  improved 111

slightly to 56 in 2022. Vietnam increased from 59 to 71 from 2012 to 2017, declined to 66 in 2020, and improved back to 70 in 2022. Cambodia improved from 44 in 2012 to 61 in 2018 but fell back to 54 in 2022. The Philippines started  at  60  in  2012,  peaked  at  72  in  2014,  and  stabilized  at  65  from  2019  to  2022.  The  overall  trend  shows significant fluctuations in food security in each country. While the blue economy offers great potential to increase the  productivity  of  fisheries, coastal  tourism,  and ocean-based  renewable energy  sectors,  its  implementation  in lower-middle-income  countries  is  often  met  with  significant  challenges.  These  countries  experience  major problems with environmental quality, limited renewable energy, lack of advanced technology, minimal investment, and rapid population growth, all of which contribute to the complexity of achieving sustainable food security.  

The state of a country's blue economy is closely linked to the impact of various shocks on other macroeconomic indicators. The blue economy, which involves the sustainable management and utilization of marine resources, is often affected by fluctuations in macroeconomic variables such as economic growth, inflation, exchange rates, and investment  levels.  Several  researchers  have  conducted  in-depth  analyses  on  this  subject.  For  example,  the condition  of  a  country's  blue  economy  is  influenced  by  environmental  quality.  Studies  have  found  that  poor environmental conditions, such as pollution and ecosystem degradation, significantly hinder the progress of the blue  economy.  Healthy  marine  ecosystems  play  a  crucial  role  in  supporting  various  blue  economy  sectors, including fisheries, tourism, renewable energy, and sustainable economic development (Aimon et al.,  2021; Bose, 

2022; Ebarvia, 2016; Eikeset et al., 2018; World Ocean Initiative, 2020; Karimi et al., 2025; Kathijotes, 2013). 

Furthermore,  renewable  energy  contributes  significantly  to  the  blue  economy,  particularly  through  electricity access, which is a key factor in enhancing productivity within blue economy sectors. Findings from various studies (Hakim et al.,  2025; Hammar et al.,  2012; Pires Manso et al.,  2023; Yates et al.,  2015; Young,  2015) highlight the critical role of renewable energy in supporting the blue economy by providing a clean and sustainable source of electricity. This transition helps improve the productivity of the marine sector, reduces dependence on fossil fuels, and  mitigates  negative  impacts  on  marine  environments.  This  aligns  with  the  findings  of  (Aimon  et  al., 2023; 

Kurniadi et al., 2024), which emphasizes that renewable energy sources, such as solar power, serve as essential pillars  in  reducing  the  negative  effects  of  climate  change  caused  by  fossil  fuel  consumption,  particularly  coal. 

Their study indicates that shifting from coal to solar energy can effectively mitigate climate change, supporting efforts to maintain environmental quality within the blue economy. Additionally, technology plays a vital role in the  blue  economy  (Kurniadi  et  al., 2024; Samad  &  Abbasi, 2022; Vedachalam  et  al., 2019). Technological advancements significantly enhance the management and productivity of the marine sector. Innovations such as advanced  monitoring  systems,  underwater  sensors,  and  data-driven  technologies  help  improve  operational efficiency, minimize environmental impacts, and promote the sustainability of marine ecosystems. Investment is another key factor influencing the blue economy (Appiah et al.,  2023). Research findings indicate that investment plays  a  critical  role  in  economic  and  blue  economy  development  in  maritime  nations  by  providing  capital  for infrastructure, technology, and resource management. Furthermore, studies by Ebarvia (2016) and Spalding (2016) 

suggest that investment in the blue economy sector significantly contributes to marine sustainability. This includes infrastructure development, technological advancements, and sustainable economic activities that help preserve the quality of marine ecosystems.  

 


1.2 Research Problem 

The problem formulation in this study is as follows: what is the relationship between the blue economy and food security in lower-middle-income ASEAN countries (Indonesia, Vietnam, the Philippines, and Cambodia) when influenced by endogenous variables such as environmental quality, renewable energy, technology, investment, and population? This study focuses on lower-middle-income countries in ASEAN—specifically Indonesia, Vietnam, the  Philippines,  and  Cambodia—to  explore  how  the  blue  economy  contributes  to  food  security.  The  specific objectives  of  this  research  are  to:  (1)  analyze  the  contribution  of  the  blue  economy  to  food  security  in  these countries, (2) identify key challenges in implementing a sustainable blue economy, (3) examine the interaction of environmental  variables  such  as  environmental  quality,  technology,  investment,  and  population  growth  in influencing the relationship between the blue economy and food security, and (4) provide policy recommendations to enhance the sustainable implementation of the blue economy in support of food security in ASEAN. Through this  approach,  this  research  is  expected  to  make  a  significant  contribution  to  the  existing  literature  while  also offering practical insights for policymakers and industry players in addressing the complex challenges faced by lower-middle-income  ASEAN  countries.  The  blue  economy  and  food  security  are  closely  interconnected, particularly in countries that rely heavily on the fisheries sector and marine resources as primary components of their  national  food  systems.  Sustainable  fisheries  management  can  enhance  food  availability,  while  economic diversification  through  maritime  sectors  such  as  tourism  and  renewable  energy  can  generate  employment  and increase  income  for  coastal  communities,  ultimately  improving  food  access.  However,  macroeconomic  factors such  as  inflation,  exchange  rates,  and  investment  policies  also  influence  this  relationship.  Poor  environmental quality, marine pollution, and unregulated resource exploitation can hinder the growth of the blue economy and pose  long-term  threats  to  food  security.  Therefore,  this  study  aims  to  provide both  scientific  contributions  and 112

policy  recommendations  for  governments  and  stakeholders  to  optimize  the  blue  economy  as  a  strategy  for enhancing food security in ASEAN. 

 


1.3 Research Objectives 

The urgency of this research is to examine and evaluate how exogenous factors such as environmental quality, renewable energy, technology, investment, and population influence the relationship between the blue economy and  food  security  in  lower-middle-income  ASEAN  countries.  With  rapid  population  growth  and  increasing environmental  threats,  it  is  crucial  to  identify  strategies  that  maximize  the  benefits  of  the  blue  economy  while ensuring its stability. This research focuses on analyzing the complex relationship between the blue economy and food  security  in  lower-middle-income  ASEAN  countries  by  considering  endogenous  variables  such  as environmental quality, renewable energy, technology, investment, and population. It aims to understand how each of these variables, along with their interactions, impacts the development of the blue economy and food security. 

The study applies theoretical frameworks such as sustainable development theory, which emphasizes the need for a balance between economic growth, environmental sustainability, and social welfare.  




2. Literature Review 

Research on the blue economy and food security analysis has been conducted by Alsaleh (2023),  Belhabib et al. 

(2015),  Funge-Smith & Bennett (2019), Spalding (2016), and Techera (2018) using secondary data analysis from FAO  reports  and  case  studies  focusing  on  developing  countries  in  Asia  and  Africa.  Researchers  applied quantitative analysis to evaluate the contribution of fisheries to food security and qualitative methods to understand the local policy context. This study found that the blue economy has great potential in supporting food security, especially in coastal areas that depend on marine resources. A subsequent study by Silver et al. (2015) investigated the  same  issue,  incorporating  environmental,  socio-economic,  and  ecological  determinants.  Using  case  studies from  various  countries,  data  were  collected  through  interviews,  surveys,  and  policy  analysis.  They  found  that small-scale  fisheries  play  a  crucial  role  in  supporting  food  security,  particularly  in  coastal  communities. 

Furthermore, Béné et al. (2016) and Teh & Sumaila (2013) employed simultaneous analysis methods to evaluate the contribution of the fisheries sector to global food security and employment. Econometric models were used to analyze data from multiple countries simultaneously, focusing on the impact of the blue economy on food security and  the  economies  of  coastal  communities.  Their  findings  indicated  that  small-scale  fisheries  significantly contribute  to  global  food  security,  especially  in  developing  countries,  and  that  policies  supporting  the  blue economy  can  enhance  socio-economic  welfare  by  increasing  employment  opportunities  and  food  availability. 

Similarly, Bell et al. (2018) used a simultaneous analysis approach integrating climate, economic, and fisheries data to assess the impact of climate change on small-scale fisheries and food security in the Western and Central Pacific. Simulation models were employed to quantify the effects of climate change on fisheries production and its implications for food security. Their study found that climate change poses a threat to food security in regions dependent on small-scale fisheries.  

However,  blue  economy  policies  that  focus  on  adaptation and  mitigation  can  help  reduce  these  impacts  and enhance food security in vulnerable regions. Furthermore, a study conducted by Barange et al. (2014) and Kurniadi et al. (2024) utilized climate and ecosystem models to assess the impacts of climate change on fisheries production and  food  security.  This  research  integrates  ecological  data  and  climate  scenarios  to  predict  changes  in  ocean productivity  and  their  effects  on  food  security  in  fisheries-dependent  communities.  The  findings  indicate  that climate  change  may  reduce  ocean  productivity,  thereby  negatively  affecting  food  security,  particularly  in developing countries. The model provides insights into how adaptation and mitigation strategies can help minimize these  adverse  effects  within  the  framework  of  the  blue  economy.  Additionally,  a  study  by  Leleu  et  al.  (2012) 

employed  marine  habitat  mapping  techniques  using  sonar  and  videography  to  evaluate  the  benefits  of  marine protected areas (MPAs) for marine ecology and fisheries management. The study found that well-managed MPAs can enhance food security by preserving critical fish habitats that support small-scale fisheries. Habitat mapping plays a crucial role in the planning and management of a sustainable blue economy.  

Based on explanations from various relevant studies, the novelty of this research lies in several aspects. First, it incorporates  a  more  diverse  set  of  determinant  variables,  including  environmental  quality,  renewable  energy, technology, investment, and population—factors that have not been comprehensively explored in previous studies on the blue economy and food security. While prior research generally focuses on environmental, socioeconomic, and climate change factors, it does not explicitly consider the simultaneous interactions among these variables. 

Second,  this  study  specifically  examines  lower-middle-income  ASEAN  countries,  a  region  that  has  not  been extensively studied in the context of the blue economy and food security. Most prior studies have focused more on  Asia  and  Africa  in  general  or  on  specific  countries.  Finally,  while  simultaneous  analysis  has  been  used  in previous studies, its application in this research is novel due to the selected combination of variables and its focus on  lower-middle-income  ASEAN  countries.  Prior  research  has  typically  employed  this  method  to  evaluate  the impact of a single or limited set of factors, such as climate change or socioeconomic conditions.  
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3. Methodology 




3.1 Data and Variables   

This study uses panel data, with the time series covering the period from 2012 to  2022 and the cross-section consisting  of  lower-middle-income  economies  in  ASEAN,  namely  Indonesia,  Cambodia,  the  Philippines,  and Vietnam. The selection of the 2012–2022 period in this study is based on the relevance of policies, the dynamics of the blue economy, and food security challenges in ASEAN. The year 2012 marks the early adoption of blue economy  strategies  in  many  ASEAN  countries,  aligning  with  global  initiatives  such  as  the  Sustainable Development Goals (SDGs), particularly SDG 14, which focuses on the sustainable use of marine resources. This period also reflects significant changes in food security driven by population growth, marine resource exploitation, and the impacts of climate change. Additionally, it encompasses global crises such as the  COVID-19 pandemic (2020–2022),  which  significantly  disrupted  food  supply  chains  and  the  blue economy  sector.  By  incorporating data  up  to  2022,  this  study  can  evaluate  how  the  blue  economy  adapted  to  external  shocks  and  its  role  in maintaining food security. Lastly, the availability of reliable data from international institutions such as the World Bank and FAO ensures a more accurate and representative analysis of the relationship between the blue economy and food security in ASEAN.  Furthermore, the study categorizes the variables into two types: endogenous and exogenous.  The  variables  classified  as  endogenous  are  the  blue  economy  and  food  security.  Meanwhile,  the exogenous  variables  include  environmental  quality,  carbon  emissions,  renewable  energy,  investment,  and population. The relationships between these variables are summarized in Figure 3. 

Based on Figure 3, the indicators for each of the variables used are described in Table 1. 



 

 

Figure 3. Relationship between variables 



Table 1.  The variable of research 



Variable 

Indicator 


Source

The total marine fisheries production, measured in metric tons, in the Blue economy (Y1) 

ASEAN group of lower-middle-income economies during the period 2012 to World Bank 

2022.  

The food security index, measured as an index, in the lower-middle-income Impact 

Food security (Y2) 

economies of ASEAN during the period 2012 to 2022.  

Economies 

Environmental quality 

Total carbon emissions per capita, measured in metric tons, in the lower-World Bank 

(X1) 

middle-income economies of ASEAN during the period 2012 to 2022.  

Renewable electricity output, measured as a percentage of total electricity Renewable energy (X2) 

output, in the lower-middle-income economies of ASEAN during the period World Bank 

2012 to 2022.  

Patent applications, measured in total numbers, in the lower-middle-income Technology (X3) 

World Bank 

economies of ASEAN during the period 2012 to 2022.  

Gross fixed capital formation, measured as a percentage of Gross Domestic Investment (X4) 

Product (GDP), in the lower-middle-income economies of ASEAN during World Bank 

the period 2012 to 2022.  

Population growth, measured in percentage terms, in the lower-middle-Population (X5) 

World Bank 

income economies of ASEAN during the period 2012 to 2022.  
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3.2 Data Analysis Model 

This study employs the Ordinary Least Squares (OLS) model for Eq. (1) and the simultaneous equation model for  Eq.  (2).  The  OLS  model  was  chosen  because  it  is  simple,  efficient,  and  provides  unbiased  and  consistent parameter estimates when classical assumptions are met. This model is used to analyze the relationship between the blue economy and food security, as well as the impact of exogenous variables—such as environmental quality, carbon emissions, renewable energy, investment, and population—on the endogenous variables in this study. OLS 

was chosen because it provides optimal BLUE (Best Linear Unbiased Estimator) estimates, is easy to interpret, and is well-suited for the panel data used in this study. The OLS model's validation is performed through classical assumption  tests,  including  normality,  heteroskedasticity,  and  multicollinearity  tests—to  ensure  it  meets  the necessary statistical requirements for producing valid and reliable estimates. 

The structural equations of the simultaneous equation model in this study are given in Eqs. (1) and (2). 

 Y1it = α0 + α1 X1it + α2 X2it + α3 X3it + ε1it 

(1) 

 Y2it = β0 + β1 Y1it + β2 X1it + β3 X2it + β4 X4it + β5 X5it + ε2it (2) 

where,  α and  β: parameter;  i: cross section;  t: time series;  ε: error term. 

The next step after determining the structural equation form of the simultaneous equation model is to test its identification  using  the  order  condition.  There  are  three  possible  outcomes  for  simultaneous  equation  model identification: not identified, correctly identified, or over-identified. If the test results indicate that the model is over-identified,  the  analysis  is  conducted  using  the  two-stage  least  squares  (TSLS)  method.  Conversely,  if  the model is correctly identified, the analysis is performed using the indirect least squares (ILS) method. In this study, the identification test confirms that the model is correctly identified, so the analysis is conducted using the ILS 

method. The application of ILS estimates structural parameters indirectly by leveraging the relationship between the identifying equation and the simultaneously specified variables. In the ILS  approach, structural coefficients are obtained through an OLS regression transformation of the exactly identified equation. Based on this method, this study applies a simultaneous equation model using the ILS approach. 

4. Results and Discussion


4.1 Blue Economy Analysis 

The  analysis  of  the  blue  economy  using  the  OLS  method  begins  with  classical  assumption  testing  before presenting the interpretation of the regression results. The classical assumption tests include normality (Figure 4), heteroskedasticity (Table 2), and multicollinearity (Table 3), which aim to ensure that the regression model meets the criteria of BLUE. The results of these tests are presented first to demonstrate that the model meets the necessary criteria  before  conducting  further  analysis  of  the  relationships  between  variables  within  the  blue  economy framework. Consequently, the obtained regression results can be interpreted accurately and without bias. 

Figure 4. The results of normality test 
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Table 2. The results of heteroskedasticity test Variable 

Coefficient 


Std. Error 

t-Statistic



Prob. 

C 


0.082375 

0.045251 

1.820402 

0.0768 

 X1 

-7.39E-06

1.66E-05 

-0.444733

0.6591 

 X2 

0.000248

0.000968 

0.256162

0.7992 

 X3 

-0.017495

0.015429 

-1.133915

0.2641 

Table 3. The results of multicollinearity test 

Variable 

 X1 

 X2 

 X3 


X1 

1.000000 

-0.613495

0.531255 


X2 

-0.613495

1.000000

-0.421505


X3 

0.531255

-0.421505

1.000000

The results of the classical normality assumption test, based on the histogram and descriptive statistics in Figure 4,  indicate  that  the  residual  distribution  is  relatively  close  to  a  normal  distribution.  The  skewness  value  of  -

0.264682 suggests a slight leftward skew, while the kurtosis value of 3.361778 is slightly higher than the normal kurtosis value (3), indicating that the residual distribution tends to be leptokurtic. The Jarque-Bera test yields a value of 1.024114 with a probability of 0.599262, which is greater than 0.05. This suggests that there is insufficient evidence  to  reject  the  null  hypothesis  that  the  residuals  are  normally  distributed.  Therefore,  the  normality assumption in this regression model can be accepted. 

The results of the classical heteroskedasticity assumption test, as shown in Table  2,  indicate that there is no heteroskedasticity  problem  in  the  regression  model.  This  is  evidenced  by  the  probability  values  of  each independent variable ( X1,  X2, and  X3), all of which are greater than the significance level of 0.05, indicating no significant relationship between the independent variables and the residual variance. Therefore, it can be concluded that the regression model meets the assumption of homoskedasticity, ensuring that the estimation results are not biased due to non-constant residual variance. 

The results of the classical multicollinearity assumption test, as shown in Table 3, indicate that there is no serious multicollinearity issue in the regression model. This is evident from the correlation values among the independent variables, which are below the common threshold of 0.8, suggesting that the relationships between these variables are not excessively strong. Therefore, it can be concluded that the regression model satisfies the assumption of no multicollinearity, ensuring that the regression parameter estimates can be interpreted more reliably. 

Once the OLS model satisfies all classical assumption tests, the regression model can be considered an estimator that meets the BLUE criteria. This means that the estimated parameters are linear, unbiased, and have minimum variance.  Consequently,  the  interpretation  of  the  OLS  model  in  blue  economy  analysis  can  be  conducted  with greater validity and reliability. Eq. (3) will illustrate the relationships between the analyzed variables, where the regression coefficients can be interpreted as the effect of independent variables on the dependent variable in the context of the blue economy. 

 Y1it = 2.786*** + 0.022 X1it** + 2.306 X2it* + 2.674 X3it*** 

(3) 

where, ***Significant at  α = 1%, ** at  α = 5%, * at  α = 10%. 

Based  on  the  results  of  the  OLS  regression  estimation,  environmental  quality  ( X1)  and  technology  ( X3)  are found to have a positive and significant influence on the blue economy ( Y1). The environmental quality coefficient of 0.022, with a  significance level of 1%, indicates that an improvement in environmental quality significantly enhances the blue economy. Similarly, technology exhibits a significant positive influence, with a coefficient of 2.674 at a 1% significance level, confirming that technology adoption and advancement are crucial drivers of blue economy growth. Environmental quality, renewable energy, and technology all play a significant role in shaping the blue economy. High carbon emissions contribute to climate change and ocean acidification, damaging marine ecosystems and threatening key sectors such as fisheries and tourism. The increased use of clean energy sources, such  as  offshore  wind  energy,  reduces  carbon  emissions  and  creates  new  economic  opportunities.  Meanwhile, technology,  measured  through  total  patents,  drives  innovation  in  the  management  and  development  of  blue economy  sectors.  Advances  in  sustainable  fisheries,  marine  energy,  and  marine  environmental  monitoring technologies enable more efficient and sustainable resource management. By integrating these three factors, the blue economy can develop sustainably, balancing marine ecosystem preservation with economic productivity. 

Environmental quality ( X1) has been shown to have a significant and positive impact on the blue economy ( Y1). 

As carbon emissions decrease, marine ecosystem health improves, which in turn enhances the productivity of key blue economy sectors such as fisheries, tourism, and marine energy. Lower carbon emissions also help mitigate the effects of climate change and ocean acidification, preserving fish populations and biodiversity—both essential for  fisheries  and  nature-based  tourism.  Studies  by  (Gattuso  et  al., 2015)  indicate  that  improved  environmental 116

quality supports the recovery of marine ecosystems, directly contributing to the sustainability of the blue economy. 

Additionally, a cleaner environment enhances the appeal of marine tourism. As  highlighted by (Rahman & Mahmud, 2018), maintaining environmental quality leads to increased revenue in the ocean-based tourism sector. 

Renewable energy ( X2) in the blue economy ( Y1) shows that the relationship between the two follows an inverted U-shaped curve. The inverted U-curve relationship between renewable energy ( X2) and the blue economy ( Y1) has significant policy implications for governments and stakeholders. In the early stages of renewable energy adoption, its impact on the blue economy remains positive but insignificant due to high infrastructure costs and technological limitations. Therefore, policies should focus on providing technology incentives and green energy subsidies to accelerate infrastructure development and promote the adoption of more efficient technologies. As renewable energy adoption increases, operational costs decrease, and environmental impacts become more manageable, contributing to blue economy growth. At  this stage, policies should encourage public-private investments to expand green energy infrastructure in the maritime sector, such as offshore wind farms and floating solar panels, while also implementing energy efficiency regulations to ensure the optimal use of renewable energy. 

However, when renewable energy adoption exceeds the optimal point, negative impacts begin to emerge, including land constraints for energy infrastructure, ecosystem disruptions, and rising operational costs due to technology maintenance. Consequently, policies should focus on environmental risk management through zoning regulations and feasibility studies for renewable energy projects to prevent disruptions to coastal ecosystems and fisheries. 

Additionally, periodic reviews of green energy investment regulations are necessary to avoid excessive expansion that could harm the blue economy. Therefore, the energy transition must be carried out gradually and in a balanced manner to maximize benefits without placing undue pressure on blue economy sectors. Policies should not only promote renewable energy adoption but also anticipate and mitigate the challenges that arise at higher adoption levels. This is due to high infrastructure costs, technological limitations, and a slow transition from conventional energy  to  renewable  energy.  A  study  by  Dogan  et  al.  (2020)  shows  that  in  the  short  term,  the  adoption  of renewable  energy  has  not  yet  had  a  substantial  economic  impact  due  to  the  suboptimal  transition  process.  As investment  in  renewable  energy  increases,  its  impact  on  the  blue  economy  becomes  more  significant, contributing positively to economic  growth  through  reduced  carbon  emissions  and  the  development  of  a  more environmentally  friendly maritime sector. However, after reaching a certain point, this positive impact begins to decline.  López-Menéndez  et  al. (2014)  noted  that  at  this  stage,  although  renewable  energy  contributes positively to economic growth, its impact may diminish after surpassing optimal capacity. 

Technology ( X3), as measured by the total number of patents generated, has a significant and positive impact on the blue economy  (Y1). Technological innovation plays a  crucial role in enhancing the efficiency and productivity of the blue economy sector ( Y1). As  stated by Dijkstra et al. (2022), technological innovation, as reflected in patent data, plays a key role in driving blue economy growth by increasing productivity and efficiency in the maritime sector through more advanced technological solutions. Additionally, Samad & Abbasi (2022) 

revealed that technological advancements driven by patent innovation contribute significantly to the development of the blue economy by improving efficiency and sustainability within the maritime sector. Cisneros-Montemayor et al. (2019) also added that the number of patents generated reflects the level of innovation within the maritime sector, which, in turn, positively influences the growth and management of the blue economy. Thus, technology and innovation, as reflected in total patents, play a crucial role in advancing the blue economy and ensuring its sustainability. 


4.2 Food Security Analysis 

The equation analysis for food security and its influencing determinants is summarised in Eq. (4). 

 Y2it = 0.295* + 1.115 Y1it*** + 0.118 X1it*** + 0.0032 X2it** + 0.007 X4it** + 0.363 X5it*** 

(4) 

The results of estimating the simultaneous equation using the ILS method show that the blue economy ( Y1) has a positive and significant effect on food security ( Y2), with a contribution of 1.115. This confirms the importance of an ocean-based economy in strengthening food security. Environmental quality ( X1) also contributes positively and  significantly,  with  a  coefficient  of  0.1181.  A  healthy  environment  supports  productivity,  clean  water availability, and biodiversity, all of which are essential for a resilient food system. From an economic perspective, maintaining environmental quality helps reduce costs associated with environmental degradation and productivity losses, ultimately supporting long-term economic stability. This finding indicates that a healthy environment is crucial for sustainable food production. 

Renewable energy ( X2) has a small yet significant positive impact on food security ( Y2), contributing 0.0032. 

The use of clean energy reduces dependence on fossil fuels, which are susceptible to price and supply fluctuations. 

In  the  economy,  the  transition  to  renewable  energy  can  help  stabilize  food  production  costs  and  promote environmentally  friendly  technological  innovations,  ultimately  benefiting  food  price  stability  and  consumers' 

purchasing power. Additionally, integrating renewable energy into agricultural processes can enhance efficiency, 117

reduce greenhouse gas emissions, and improve long-term sustainability. Solar and wind energy, for example, can power  irrigation  systems  and  food  storage  facilities,  minimizing  post-harvest  losses.  Lower  energy  costs  from renewables also make food production more affordable, supporting small-scale farmers and local food systems. 

Investment ( X4) has a positive impact of 0.007. Proper investment in infrastructure, technology, and production capacity can enhance efficiency and productivity in food security ( Y2). Economically, increased investment creates a multiplier effect, stimulating other sectors of the economy and driving overall economic growth. Additionally, investment in modern agricultural practices and supply chain improvements can reduce post-harvest losses and ensure a stable food supply. Enhanced infrastructure, such as better transportation and storage facilities, facilitates market access for farmers, leading to fairer pricing and reduced food waste. Investment in research and innovation also  plays  a  crucial  role  in  developing  climate-resilient  crops  and  sustainable  farming  methods.  Moreover, increased capital inflow encourages job creation, improving household income and purchasing power. 

Investment ( X4) has a positive impact of 0.007. Proper investment in infrastructure, technology, and production capacity enhances efficiency and productivity in food security ( Y2). Economically, increased investment creates a multiplier  effect,  stimulating other  sectors of  the  economy and driving  overall  economic  growth.  Additionally, investing in modern agricultural practices and supply chain improvements helps reduce post-harvest losses and ensures  a  stable  food  supply.  Enhanced  infrastructure,  such  as  improved  transportation  and  storage  facilities, facilitates market access for farmers, leading to fairer pricing and reduced food waste. Investment in research and innovation  also  plays  a  crucial  role  in  developing  climate-resilient  crops  and  sustainable  farming  methods. 

Moreover, increased capital inflows encourage job creation, improving household income and purchasing power. 

These factors contribute to long-term food security by strengthening both production and distribution networks. 

Ultimately, sustained investment fosters economic resilience and supports national development goals. 

Moreover,  developing  sustainable  food  infrastructure  is  essential  for  enhancing  supply  chain  efficiency, reducing post-harvest losses, and ensuring equitable food distribution, particularly in rapidly urbanizing regions. 

Investment  in  smart  logistics,  cold  storage  facilities,  and  rural  transportation networks  can  help  bridge  the  gap between  food  production  centers  and  consumers,  preventing  food  shortages  in  high-density  areas.  Ultimately, balancing population growth with food security requires a comprehensive, multi-sectoral approach that integrates technological  innovation,  human  capital  development,  and  sustainable  resource  management.  With  effective policies in place, population growth can be leveraged as a driver of food security rather than a challenge, ensuring long-term resilience and stability in food systems. However, this growth must be carefully managed to prevent excessive pressure on natural resources and food distribution, which could threaten food security. 

The results of this study indicate that the blue economy has a positive and significant influence on food security by  ensuring  a  sustainable  supply  of  animal  protein  (Alsaleh, 2023). Environmental  quality,  reflected  in  carbon emissions  per  capita,  also  contributes  positively  to  food  security  by  supporting  more  sustainable  agricultural systems and reducing the negative impacts of climate change. In addition, renewable energy use, measured as the percentage  of  renewable  electricity  production  per  capita,  plays  a  crucial  role  in  food  security  by  reducing dependence on fossil fuels and mitigating environmental impacts that can affect food systems (Zhuang et al.,  2022). 

Investment,  measured  as  a  percentage  of  GDP,  supports  food  security  by  increasing  food  production  capacity, improving  infrastructure,  and advancing  more  efficient  technologies.  Finally,  well-managed  population growth contributes  positively  to  food  security  by  ensuring  that  population  increases  are  matched  by  adequate  food production capacity (Subramaniam & Masron, 2021). Taken together, these factors strengthen food security by enhancing food systems, promoting sustainability, and ensuring efficient resource management. 




5. Conclusions   

This study highlights the significant impact of environmental quality, renewable energy, and technology on the sustainability  of  the  blue  economy  and  food  security  in  lower-middle-income  ASEAN  countries.  The  findings indicate that per capita carbon emissions play a crucial role in marine ecosystem degradation, leading to resource depletion  and  economic  instability  in  blue  economy  sectors.  Conversely,  reducing  carbon  emissions  enhances ecosystem  resilience,  supports  sustainable  fisheries,  and  strengthens  food  security  by  ensuring  a  stable  protein supply. Additionally, the study identifies an inverted U-shaped relationship between renewable energy and the blue economy, where early adoption is hindered by high infrastructure costs, technological limitations, and slow energy  transitions.  However,  as  investment  grows  and  technology  advances,  renewable  energy  increasingly contributes to a more sustainable ocean-based economy. Furthermore, technological progress, measured by the number of patents, positively influences efficiency, productivity, and innovation in key blue economy sectors such as fisheries, aquaculture, and marine energy. 




5.1 Policy Recommendations 

To enhance the sustainability of the blue economy and food security in lower-middle-income ASEAN countries, several policy measures should be implemented. First, carbon emission control must be prioritized by tightening 118

industrial and maritime emission regulations, implementing carbon pricing mechanisms such as carbon taxes or emission  trading  systems,  and  incentivizing  industries  to  adopt  low-carbon  and  energy-efficient  technologies. 

Additionally, regional cooperation on transboundary pollution monitoring and mitigation should be strengthened. 

Second,  the  adoption  of  renewable  energy  must  be  accelerated  by  increasing  investments  in  clean  energy infrastructure, such as offshore wind power, floating solar panels, and tidal energy. Providing financial incentives, fostering public-private partnerships, and enhancing grid connectivity can help facilitate the transition from fossil fuels  to  renewable  energy.  Third,  technological  innovation  should  be  encouraged  by  increasing  research  and development  funding  for  sustainable  fisheries,  aquaculture,  and  marine  biotechnology  while  promoting collaboration  between  research  institutions,  industry,  and  government.  Fourth,  food  security  and  sustainable fisheries  should  be  strengthened  by  implementing  sustainable  fishing  practices,  improving  cold  storage  and seafood  distribution  infrastructure,  and  providing  financial  support  and  training  to  small-scale  fishers.  Finally, effective  population  growth management  must  be  pursued  through  family  planning  programs,  spatial  planning policies that balance population growth with marine resource conservation, and sustainable coastal development strategies. 




5.2 Future Research Directions   

Future  research  should  further  explore  the  findings  of  this study,  which  indicate  that  environmental  quality, renewable  energy,  and  technology  play  crucial  roles  in  the  blue  economy  and  food  security  in  lower-middle-income  ASEAN  countries.  Given  the  inverted  U-shaped  relationship  between  renewable  energy  and  the  blue economy, future research could investigate optimal clean energy transition strategies to maximize benefits while minimizing  economic  stress.  Additionally,  further  studies  are  needed  to  examine  differences  in  blue  economy policy  implementation  across  ASEAN  countries,  particularly  how  government  regulations  and  incentives influence the sustainability of the maritime and fisheries sectors. This study also highlights that carbon emissions negatively impact the blue economy, suggesting that future research could assess the effectiveness of carbon taxes or  emissions  trading  mechanisms  in  supporting  marine  sector  sustainability.  Moreover,  as  climate  change  and rising sea levels pose increasing threats, further research is needed on adaptation strategies for the fisheries and aquaculture  sectors,  particularly  those  based  on  environmentally  friendly  technologies.  Meanwhile,  the development  of  a  circular  economy  in  the  marine  sector—such  as  utilizing  fisheries  waste  for  bioenergy  and managing  plastic  waste  in  the  ocean—also  warrants  deeper  investigation.  Finally,  since  this  study  found  that technological  advancements  positively  contribute  to  the  blue  economy,  future  research  could  explore  the application of AI, IoT, and blockchain to enhance production efficiency, monitor fish stocks, and improve seafood supply chains. By addressing these aspects, future research can provide more targeted policy recommendations to strengthen a sustainable blue economy and food security in ASEAN. 




Author Contributions 

S.F. contributed as the lead author of this study, responsible for study design, data collection and analysis, and manuscript writing. H.A. contributed by providing academic guidance and supervision on research methodology and data analysis. Additionally, as the corresponding author, H.A. was also responsible for communication with the  journal.  A.P.K.  contributed  by  providing  academic  guidance  on  research  methodology  and  assisting  in  the development of policy recommendations based on the study's findings. J.M. contributed by providing guidance, validating theoretical frameworks, and offering critical feedback to refine the research and finalize the manuscript. 




Funding 

This work is funded by Ministry of Education, Culture, Research, and Technology of the Republic of Indonesia (Grant No.: 2679/UN35.15/LT/2024). 




Data Availability 

The data used to support the findings of this study are available from the corresponding author upon request. 




Acknowledgments   

This research was supported by the Directorate of Research, Technology, and Community Service  (DRTPM) through the Bima funding program, under the Ministry of Education, Culture, Research, and Technology of the Republic of Indonesia. 






119

Conflicts of Interest 



The authors declare no conflict of interest. 




References 

Aimon, H., Kurniadi, A. P., & Amar, S. (2021). Analysis of fuel oil consumption, green economic growth and environmental  degradation  in  6  Asia  Pacific  countries.  Int.  J.  Sustain.  Dev.  Plan. ,  16(5),  925-933. 

https://doi.org/10.18280/ijsdp.160513. 

Aimon,  H.,  Kurniadi,  A.  P.,  Sentosa,  S.  U.,  &  Abd  Rahman,  N.  (2023).  Production,  consumption,  export  and carbon emission for coal commodities: Cases of Indonesia and Australia.  Int. J. Energy Econ. Policy,  13(5), 484-492. https://doi.org/10.32479/IJEEP.14798. 

Alsaleh, M. (2023). The role of the fishery industry in the shift towards sustainable food security: A critical study of blue food. Environ.  Sci. Pollut. Res. ,  30(48), 105575-105594. https://doi.org/10.1007/S11356-023-29747-4/METRICS. 

Appiah, M. K., Ameko, E., Asiamah, T. A., & Duker, R. Q. (2023). Blue economy investment and sustainability of Ghana’s territorial waters: an application of structural equation modelling.  Int. J. Sustain. Eng. ,  16(1), 1-15. https://doi.org/10.1080/19397038.2023.2195422. 

Barange, M., Merino, G., Blanchard, J. L., Scholtens, J., Harle, J., Allison, E. H., Allen, J. I., Holy, J., & Jennings, S. (2014). Impacts of climate change on marine ecosystem production in societies dependent on fisheries. 

 Nat. Clim. Change,  4(3), 211-216. https://doi.org/10.1038/nclimate2119. 

Belhabib, D., Sumaila, U. R., & Pauly, D. (2015). Feeding the poor: Contribution of West African fisheries to employment 

and 

food 

security. 

 Ocean 

 Coastal 

 Manage. , 

 111, 

72-81. 

https://doi.org/10.1016/J.OCECOAMAN.2015.04.010. 

Bell, J., Allain, V., Sen Gupta, A., Johnson, J., Hampton, J., Hobday, A., Lehodey, P., Lenton, A., Moore, B.,  & et  al.  (2018).  Chapter  14:  Climate  change  impacts,  vulnerabilities  and  adaptations:  Western  and  Central Pacific Ocean marine fisheries. In  Impacts of Climate Change on Fisheries and Aquaculture, FAO Fisheries and Aquaculture Technical Paper No. 627. 

Béné, C., Arthur, R., Norbury, H., Allison, E. H., Beveridge, M., Bush, S., Campling, L., Leschen, W., Little, D., Squires, D., Thilsted, S. H., Troell, M., & Williams, M. (2016). Contribution of fisheries and aquaculture to food  security  and  poverty  reduction:  Assessing  the  current  evidence.  World  Dev. ,  79,  177–196. 

https://doi.org/10.1016/J.WORLDDEV.2015.11.007. 

Bose, S. (2022). Transitioning regional fisheries and aquaculture into the blue economy framework. In  The Blue Economy:  An  Asian 

 Perspective,  Cham: 

Springer  International  Publishing,  pp.  109-130. 

https://doi.org/10.1007/978-3-030-96519-8_7. 

Cisneros-Montemayor, A. M., Moreno-Báez, M., Voyer, M., Allison, E. H., Cheung, W. W. L., Hessing-Lewis, M., Oyinlola, M. A., Singh, G. G., Swartz, W., & Ota, Y. (2019). Social equity and benefits as the nexus of a  transformative  blue  economy:  A  sectoral  review  of  implications.  Mar.  Policy,  109,  103702. 

https://doi.org/10.1016/J.MARPOL.2019.103702. 

Dijkstra, H., van Beukering, P., & Brouwer, R. (2022). Marine plastic entrepreneurship; Exploring drivers, barriers and 

value 

creation 

in 

the 

blue 

economy. 

 Sustain. 

 Technol. 

 Entrep. , 

 1(3), 

100018. 

https://doi.org/10.1016/J.STAE.2022.100018. 

Dogan,  E.,  Altinoz,  B.,  Madaleno,  M.,  &  Taskin,  D.  (2020).  The  impact  of  renewable  energy  consumption  to economic  growth:  A  replication  and  extension  of  Inglesi-Lotz  (2016).  Energy  Econ. ,  90,  104866. 

https://doi.org/10.1016/J.ENECO.2020.104866. 

Ebarvia, M. C. M. (2016). Economic assessment of oceans for sustainable blue economy development.  J. Ocean Coastal Econ. ,  2(2). https://doi.org/10.15351/2373-8456.1051. 

Eikeset, A. M., Mazzarella, A. B., Daví

ðsdóttir, B., Klinger, D. H., Levin, S. A., Rovenskaya, E., & Stenseth, N. 

C. (2018). What is blue growth? The semantics of “Sustainable Development” of marine environments.  Mar. 

 Policy,  87, 177–179. https://doi.org/10.1016/J.MARPOL.2017.10.019. 

Funge-Smith,  S.  &  Bennett,  A.  (2019).  A  fresh  look  at  inland  fisheries  and  their  role  in  food  security  and livelihoods.  Fish Fish. ,  20(6), 1176–1195. https://doi.org/10.1111/FAF.12403. 

Gattuso, J. P., Magnan, A., Billé, R., Cheung, W. W. L., Howes, E. L., Joos, F., Allemand, D., Bopp, L., Cooley, S. R., Eakin, C. M., & et al. (2015). Contrasting futures for ocean and society from different anthropogenic CO2 

emissions 

scenarios. 

 Science, 

 349(6243). 

https://doi.org/10.1126/SCIENCE.AAC4722/SUPPL_FILE/GATTUSO.SM.PDF. 

Hakim,  D.  L.,  Aji,  M.  P.,  Kurniadi,  A.  P.,  Suhendra,  A., &  Firdaus, I.  A.  (2025).  How  does  economic  growth moderate  the  impact  of  energy  consumption  on  carbon  emissions  in  the  evaluation  of  Sustainable Development 

Goal 

13? 

 Int. 

 J. 

 Innov. 

 Res. 

 Sci. 

 Stud. , 

 8(1), 

1910–1920. 

https://doi.org/10.53894/ijirss.v8i1.4827. 


120

Hammar, L., Ehnberg, J., Mavume, A., Cuamba, B. C., & Molander, S. (2012). Renewable ocean energy in the Western 

Indian 

Ocean. 

 Renew. 

 Sustain. 

 Energy 

 Rev. , 

 16(7), 

4938–4950. 

https://doi.org/10.1016/J.RSER.2012.04.026. 

Karimi, K., Putri Kurniadi, A., Nasfi, N., Indriani, N., Helmawati, H., Sumiati, S., Yuliza, M., Resti, O., Helia, S., (2025). How does the endogeneity of energy financing, carbon emissions, and energy transition affect the upper-middle-income  countries  in  ASEAN?  Int.  J.  Energy  Econ.  Policy,  15(2),  746–755. 

https://doi.org/10.32479/ijeep.18085. 

Kathijotes,  N.  (2013).  Keynote:  Blue  economy—Environmental  and  behavioural  aspects  towards  sustainable coastal 

development. 

 Procedia 

 Social 

 Behav. 

 Sci. , 

 101, 

7–13. 

https://doi.org/10.1016/J.SBSPRO.2013.07.173. 

Kurniadi,  A.  P.,  Aimon,  H.,  Salim,  Z.,  Ragimun,  R.,  Sonjaya,  A.,  Setiawan,  S.,  Siagian,  V.,  Nasution,  L.  Z., Nurhidajat, R., Mutaqin, M., & Sabtohadi, J. (2024). Analysis of existing and forecasting for coal and solar energy consumption on climate change in Asia Pacific: New evidence for sustainable development goals.  Int. 

 J. Energy Econ. Policy,  14(4), 352–359. https://doi.org/10.32479/ijeep.16187. 

Leleu, K., Remy-Zephir, B., Grace, R., & Costello, M. J. (2012). Mapping habitats in a marine reserve showed how  a  30-year  trophic  cascade  altered  ecosystem  structure.  Biol.  Conserv. ,  155,  193–201. 

https://doi.org/10.1016/J.BIOCON.2012.05.009. 

López-Menéndez, A. J., Pérez, R., & Moreno, B. (2014). Environmental costs and renewable energy: Re-visiting the 

Environmental 

Kuznets 

Curve. 

 J. 

 Environ. 

 Manage. , 

 145, 

368–373. 

https://doi.org/10.1016/J.JENVMAN.2014.07.017. 

Pires  Manso,  J.  R.,  Martí

nez  Vázquez,  R.  M.,  Milán  Garcí

a,  J.,  &  de  Pablo  Valenciano,  J.  (2023).  Renewable energies 

and 

blue 

economy: 

New 

trends 

in  global 

research. 

 Energies, 

 16(10), 

4210. 

https://doi.org/10.3390/EN16104210. 

Rahman, M. M. & Mahmud, M. A. (2018). Economic feasibility of mangrove restoration in the Southeastern Coast of 

Bangladesh. 

 Ocean 

 Coastal 

 Manage. , 

 161, 

211–221. 

https://doi.org/10.1016/J.OCECOAMAN.2018.05.009. 

Samad, G. & Abbasi, J. (2022). Advancement of science and technology: Future prospect of blue economy. In  The Blue  Economy:  An  Asian  Perspective,  Cham:  Springer  International  Publishing,  pp.  15-35. 

https://doi.org/10.1007/978-3-030-96519-8_2. 

Silver, J. J., Gray, N. J., Campbell, L. M., Fairbanks, L. W., & Gruby, R. L. (2015). Blue economy and competing discourses 

in 

international 

oceans 

governance. 

 J. 

 Environ. 

 Dev. , 

 24(2), 

135–160. 

https://doi.org/10.1177/1070496515580797. 

Spalding,  M.  J.  (2016).  The  new  blue  economy:  The  future  of  sustainability.  J.  Ocean  Coastal  Econ. ,  2(2). 

https://doi.org/10.15351/2373-8456.1052. 

Subramaniam,  Y.  &  Masron,  T.  A.  (2021).  Food  security  and  environmental  degradation:  Evidence  from developing  countries.  GeoJournal,  86(3),  1141–1153.  https://doi.org/10.1007/S10708-019-10119-W/METRICS. 

Techera, E. J. (2018). Supporting blue economy agenda: Fisheries, food security and climate change in the Indian Ocean.  J. Indian Ocean Reg. ,  14(1), 7–27. https://doi.org/10.1080/19480881.2017.1420579. 

Teh, L. C. L. & Sumaila, U. R. (2013). Contribution of marine fisheries to worldwide employment.  Fish Fish. , 14(1), 77–88. https://doi.org/10.1111/J.1467-2979.2011.00450.X. 

Vedachalam, N., Ravindran, M., & Atmanand, M. A. (2019). Technology developments for the strategic Indian blue 

economy. 

 Mar. 

 Georesour. 

 Geotechnol. , 

 37(7), 

828–844. 

https://doi.org/10.1080/1064119X.2018.1501625. 

World Ocean Initiative. (2020).  A Sustainable Ocean Economy in 2030: Opportunities and Challenges. London: The Economist Group Limited. https://bvearmb.do/handle/123456789/5669 

Yates,  K.  L.,  Schoeman,  D.  S.,  &  Klein,  C.  J.  (2015).  Ocean  zoning  for  conservation,  fisheries  and  marine renewable energy: Assessing trade-offs and co-location opportunities.  J. Environ. Manage. ,  152, 201–209. 

https://doi.org/10.1016/J.JENVMAN.2015.01.045. 

Young,  M.  (2015).  Building  the  blue  economy:  The  role  of  marine  spatial  planning  in  facilitating  offshore renewable energy development.  Int. J. Mar. Coastal Law,  30(1), 148–174. https://doi.org/10.1163/15718085-12341339. 

Zhuang, D., Abbas, J., Al-Sulaiti, K., Fahlevi, M., Aljuaid, M., & Saniuk, S. (2022). Land-use and food security in  energy  transition:  Role  of  food  supply. 

 Front.  Sustain.  Food  Syst. ,  6,  1053031. 

https://doi.org/10.3389/fsufs.2022.1053031. 


121

index-2_2.png
(ndex)
FEEH

——Indonesia
= Viet Nam
— Cambodia
< Philpines

|

2012

B

2013

252

2014
&
o
2
n

2015

&
o
st
&

216
B
7
s
®

2017
&
n
o
®

2018
&
o
6
@

2019
6
&
Bl
@

2020
st
@
B
o

2021
5
@
st
6

2m

EEES





index-2_1.png
(Index)

854338

—— Indonesia
—a—VietNam
e Cambodia
< Philpines

2012
501
3
w2
0.1

013
94
a6
a5
@s

2014
@s
652
517
ns

2015
@6
w01
i3

654

216
@6
05
si6
s

2017
@7
08
02
656

018
@s
©5
60
7

2019
s
660
559
65

200
59
a1
sis

45

2021
29
1
513
616

2022
562
w2
540
653





index-6_1.png
P

o1 005

o005

‘Series: Standardized Resicuals

‘Sample 20122022
Observations 44

Mean 883618
Median 0000826
Maximum 0174643
Std. Dev. 0072436
Skewness 0246482
Kuorts 3561778

JurgueBera 1024114
Probability 0599262






index-5_1.png
Environmental Quality

)
Renewate Energy
) Bive Economy
oD
Techastogy
03
Food Security
Tovestment l—H )
x4
Poputation

X3)






cover.jpeg
Challenges in Sustainability A ACADLORE

ﬂn@ https://www.acadlore.com/journals/CIS X UIBRANT HUB OF AGADEMC KNOWLE D!

Assessing the Role of the Blue Economy in Strengthening Food
Security: Evidence from Lower-Middle-Income ASEAN Countries

Gheck for
Cies

Suci Febrina'®, Hasdi Aimon!"®, Anggi Putri Kurniadi®, Joan Marta'®

! Faculty of Economics and Business, Universitas Negeri Padang, 25132 Padang, Indonesia
2Research Center of Macroeconomics and Finance, Badan Riset dan Inovasi Nasional, 12710 Central Jakarta,
Indonesia

" Correspondence: Hasdi Aimon (s3dkpl@gmail.com)
Received: 10-12-2024 Revised: 02-11-2025 Accepted: 03-13-2025

Citation: Febrina, S., Aimon, H., Kurniadi, A. P., & Marta, J. (2025). Assessing the role of the blue economy
in strengthening food security: Evidence from lower-middle-income ASEAN countries. Chall. Sustain., 13(1),
110-121. https://doi.org/10.56578/cis130108.

© 2025 by the author(s). Published by Acadlore Publishing Services Limited, Hong Kong. This article
is available for free download and can be reused and cited, provided that the original published version
is credited, under the CC BY 4.0 license.

Abstract: This study examines the relationship between the blue economy and food security in lower-middle-
income ASEAN countries, specifically Indonesia, Cambodia, the Philippines, and Vietnam, over the period 2012—
2022. While the blue economy holds significant potential for enhancing food security, its implementation is often
hindered by environmental degradation, limited access to renewable energy, inadequate technological
advancements, insufficient investment, and rapid population growth. By employing Ordinary Least Squares
regression and a system of simultancous equations, key interactions among environmental quality, renewable
energy utilization, technological innovation, investment, and demographic dynamics are analyzed. The findings
reveal that improvements in environmental quality foster the adoption of renewable energy, while technological
advancements significantly contribute to the expansion of the blue economy. Furthermore, the development of the
blue economy is identified as a critical driver of food security, with investment and effective population
management playing essential roles in ensuring its long-term sustainability. The results indicate that a
comprehensive strategy integrating environmental protection, technological progress, and renewable energy
adoption is essential for enhancing food security through the blue economy. Based on these insights, policy
recommendations are proposed, emphasizing the need for stringent emission controls, increased investment in
renewable energy, promotion of technological innovation, and sustainable demographic policies. These measures
are expected to facilitate a resilient blue economy, ensuring food security and long-term socio-economic stability
in ASEAN’s lower-middle-income nations.

Keywords: Blue economy; Food security; Sustainable development; Environmental quality; Renewable energy;
Technological innovation; Investment; Population management

1. Introduction
1.1 Significance of the Topic

In recent decades, the concept of the blue economy has emerged as a key pillar in efforts to achieve sustainable
economic growth by utilizing marine resources more efficiently. The blue economy refers to a development
strategy that optimizes the sustainable use of marine resources to enhance economic well-being, create jobs, and
protect marine ecosystems. As the global population continues to grow and food demand rises, the blue economy
has gained recognition as a potential solution to various development challenges, particularly in coastal regions
and island nations that heavily depend on marine resources. Numerous studies indicate that marine-based
economic sectors—including fisheries, aquaculture, coastal tourism, and marine renewable energy—play a crucial
role in supporting food security and sustainable development in many countries.

Food security remains a pressing and complex issue, particularly for developing countries in the ASEAN region,
which face challenges such as climate change, resource exploitation, and rapid population growth. Food security
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