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Revealed Comparative Advantage and Market Retention Analysis of India’s Marine Product Exports


ABSTRACT
	Aims: To analyse the competitiveness and export direction of India’s marine products from 2004-05 to 2023-24 using Revealed Comparative Advantage (RCA) and Markov Chain techniques.	Comment by Pak Kundori: The objective only mentions two methods (RCA and Markov Chain), but does not explain why this topic is important or what research gap it aims to fill. Suggestion for improvement: "To analyze the competitiveness and structural shifts in India's marine product exports over 2004–2024, addressing the gap in understanding long-run market transition patterns using RCA and Markov Chain techniques."
Study Design: Quantitative analytical study based on secondary time-series data, employing RCA and Markov Chain models to assess export competitiveness and market transitions.
Place and Duration of Study: India; covering a period of twenty years from 2004-05 to 2023-24.
Methodology: The study uses RCA to evaluate comparative advantage across major marine product categories such as frozen shrimp, frozen fish, cuttle fish, squid, and other products. Markov Chain analysis is applied to examine the direction and stability of export markets, focusing on transition probabilities among major importing regions.
Results: The RCA analysis indicates a strong and consistent comparative advantage in frozen shrimp exports throughout the study period, while other product categories show either temporary or persistent comparative disadvantage. This reflects a structural dependence on shrimp in India’s marine export basket. Markov Chain results reveal varying degrees of market retention, with South East Asia and China emerging as stable and increasingly significant markets. In contrast, traditional destinations such as the United States and the European Union exhibit more dynamic and shifting patterns. The long-term trends suggest gradual diversification of export destinations and stronger regional integration within Asian markets.	Comment by Pak Kundori: Statements such as “strong and consistent comparative advantage” and “more dynamic and shifting patterns” are too qualitative and unclear without supporting figures.
Conclusion: The study highlights the need for diversification, value addition, infrastructure development, and targeted market strategies to sustain export competitiveness and reduce risks associated with product and market concentration. These findings provide important policy insights for enhancing the resilience and global positioning of India’s marine product exports.	Comment by Pak Kundori: Conclude with more specific implications, such as policies related to diversification from shrimp to other categories, or strengthening trade relations with Asian markets.
	Comment by Pak Kundori: The phrase "resilience and global positioning" feels like promotional language, not scientific language.



Keywords: Marine exports, Revealed Comparative Advantage, Markov Chain, Market retention, Trade competitiveness	Comment by Pak Kundori: “Trade competitiveness” and “Marine exports” are too broad and likely not specific as indexing keywords. 
Additional keyword suggestions: India, Frozen shrimp, Export diversification, Market transition

1. INTRODUCTION	Comment by Pak Kundori: This introduction jumps between statistical description, economic context, and justification of methods without a coherent flow.
Rearrange in this order: Global conditions → India's position → Trends & changes → Issues/challenges → Research gap → Justification of approach → Objectives
Over the years, India has become an important player in the global marine products trade, exporting seafood to more than 130 countries across Asia, Europe, the Americas, the Middle East, and Africa (MPEDA, 2025). The sector has experienced steady growth in both export volumes and earnings, supported by improvements in aquaculture practices, better adherence to international quality standards, and deeper integration into global value chains (Chandrasekar et al., 2020; Jeevitha et al., 2023). Institutional backing from the Marine Products Export Development Authority has significantly strengthened export promotion, quality assurance, and market diversification efforts.	Comment by Pak Kundori: Existing literature citations (Chandrasekar et al., 2020; Jeevitha et al., 2023) are used only as factual decoration, not as a basis for building arguments or identifying gaps.
Recent data illustrate the scale of this growth. According to MPEDA (2025), India exported 16,98,170 metric tonnes of seafood during 2024-25, earning ₹62,408.45 crore (US$ 7.45 billion). Frozen shrimp continues to dominate the export basket, accounting for nearly 44% of both quantity and value. Other important items include frozen fish, squid, cuttlefish, and chilled or live products. The United States, China, and the European Union remain the principal export destinations, with the European Union contributing more than 15% of total exports (FAO, 2023; MPEDA, 2025). The concentration of exports in these high-demand markets reflects India’s strong position in selected marine commodities.	Comment by Pak Kundori: The 2024–25 data quoted from MPEDA (2025) exceeds the study period (2004–2024), thus creating inconsistencies.
The marine export sector is vital to the Indian economy. It contributes substantially to foreign exchange earnings, supports employment in rural and coastal regions, and strengthens the performance of agricultural and allied exports. Key production and processing hubs such as Andhra Pradesh, Tamil Nadu, Kerala, Gujarat, and West Bengal benefit from India’s long coastline, rich marine resources, and expanding processing infrastructure (Chandrasekar et al., 2020; IBEF, 2025). The rapid expansion of shrimp aquaculture, particularly Litopenaeus vannamei, has further enhanced export capacity and global competitiveness.
Over the past two decades, both the composition and direction of marine exports have evolved. Export value has often grown faster than quantity, suggesting better price realization and a gradual shift toward higher-value and value-added products (Chandrasekar et al., 2024; Kumari et al., 2025). While frozen shrimp remains the backbone of export earnings (IBEF, 2025; MPEDA, 2025), changing consumer preferences, stricter sanitary and phytosanitary standards, and evolving import regulations in developed economies have reshaped trade patterns (Henson and Jaffee, 2008; FAO, 2022).	Comment by Pak Kundori: Existing literature citations (Kumari et al., 2025) are used only as factual decoration, not as a basis for building arguments or identifying gaps.
Despite steady progress, export performance has shown periodic volatility due to global economic slowdowns, exchange rate fluctuations, tariff changes, and supply chain disruptions (UNCTAD, 2023; Chandrasekar et al., 2020). These developments underscore the need to examine not only export growth but also the underlying competitiveness and stability of India’s marine trade.
In this context, assessing Revealed Comparative Advantage (RCA) is essential to determine whether India’s marine products maintain a sustained competitive edge in global markets. The RCA framework, introduced by Balassa (1965), measures export specialization relative to the world average. However, competitiveness alone does not ensure long-term success. The stability of export markets and the ability to retain destination shares are equally important. Market retention analysis using a Markov chain approach (Anderson and Goodman, 1957) helps examine shifts in trade direction and the probability of sustaining export shares across major importing countries.
Against this backdrop, a combined analysis of comparative advantage and market retention provides deeper insight into the structural dynamics of India’s marine exports. Such an approach enables assessment of whether competitiveness is strengthening or weakening over time and whether key export markets remain stable or vulnerable. The findings can inform policies aimed at diversification, value addition, risk management, and strategic trade engagement, thereby reinforcing India’s long-term position in global seafood trade.	Comment by Pak Kundori: too weak and insufficient to define the research gap.
Readers cannot understand why this study needs to be done now and how it is different from previous research.
The study is guided by the following objectives:
1. To estimate the revealed comparative advantage of India’s marine product exports over time.
2. To examine the stability and retention of major export markets using a Markov chain framework.
3. To analyse structural shifts in the direction of trade across key importing countries.
4. To derive policy implications for sustaining competitiveness and enhancing export stability in the marine sector.	Comment by Pak Kundori: “To derive policy implications” is not the real goal of empirical research, it is an output or application, not an analytical goal.

2. MATERIALS AND METHODS	Comment by Pak Kundori: There is no mention of the statistical or computing software used, whether Excel, R, STATA, MATLAB, or something else?
The study is based entirely on secondary data covering the period 2004-05 to 2023-24. Data on export quantity and value of marine products were collected from official publications and statistical databases of the Marine Products Export Development Authority (MPEDA), Ministry of Commerce and Industry, Government of India. Data on world exports and total merchandise trade, required for estimating comparative advantage indices, were obtained from international databases and reports published by the Food and Agriculture Organization (FAO) and the World Trade Organization (WTO).
The analysis focuses on total marine product exports from India, with particular emphasis on major destination markets such as the United States, China, the European Union, Japan, and other emerging markets. These destinations account for a substantial share of India’s marine export earnings and provide a relevant basis for assessing competitiveness and market retention patterns.	Comment by Pak Kundori: This paragraph names the United States, China, the European Union, Japan, and "other emerging markets" as the focus of the analysis, but there is no clear criteria for why these countries were chosen.

2.1 Revealed Comparative Advantage (RCA)
To evaluate India’s export competitiveness in marine products, Balassa’s (1965) Revealed Comparative Advantage (RCA) index was employed. The RCA index measures a country’s export specialization in a specific commodity relative to the world average and is expressed as:

Where; Xij​ = India’s exports of marine products, Xit​ = India’s total merchandise exports, Xwj​ = World exports of marine products, Xwt​ = Total world merchandise exports
An RCA value greater than unity (RCA > 1) indicates revealed comparative advantage, while a value less than unity (RCA < 1) denotes comparative disadvantage.

2.2 Market Retention and Direction of Trade: Markov Chain Analysis	Comment by Pak Kundori: Markov Chain analyzes market share transfers between destination countries. However, it is not clear whether the unit of analysis is the proportion of exports or the absolute value.
To examine the stability and direction of India’s marine exports across major importing countries, a first-order Markov Chain model was applied. The Markov framework assumes that the current distribution of export shares depends only on the distribution in the preceding period (Anderson and Goodman, 1957).
Let Ejt​ represent exports to country j in year t. The transitional probability matrix Pij​ is estimated as:

Where; Pij​ = Probability that exports shift from country i to country j, n = Number of importing countries
The elements of the transition probability matrix satisfy the conditions:

The diagonal elements (Pii​) represent retention probabilities, indicating the likelihood that a country retains its export share from one period to the next. Higher diagonal values imply greater market stability, while larger off-diagonal elements reflect shifts in export shares among competing markets.
The transition probability matrix was estimated using linear programming techniques subject to probability constraints. This approach facilitates identification of stable markets, emerging destinations, and markets experiencing declining export shares over time.

3. RESULTS AND DISCUSSION	Comment by Pak Kundori: Comparison with Previous Studies is Very Minimal. A good discussion section should explicitly compare the findings with previous research to see whether they are consistent, different, or extend previous findings.

Steady-state distribution is not presented at all, even though this is the most important output of the Markov Chain which shows the long-term market distribution.





3.1 Revealed Comparative Advantage
The results (Table 1) indicate marked differences in export competitiveness across marine product categories. Frozen shrimp consistently exhibited a strong and sustained comparative advantage throughout the study period. The RCA increased from 4.46 in 2004-05 to 4.64 in 2023-24, reaching a peak of 5.27 in 2021-22. All values remained well above unity, confirming a high degree of export specialization. The strengthening of RCA during 2017-18 to 2021-22 coincided with rapid aquaculture expansion, improved disease management, and stronger access to high-value markets such as the United States, China, and the European Union (FAO, 2025; MPEDA, 2025). These findings reaffirm frozen shrimp as the core driver of India’s marine export competitiveness.	Comment by Pak Kundori: For each analytical claim, prioritize citations from peer-reviewed journals and specifically state what the study found.
In contrast, frozen fish showed a declining pattern of specialization. Although the RCA exceeded unity during the mid-2000s, peaking at 1.55 in 2009-10, it fell below one after 2012-13 and declined further to 0.66 in 2023-24. This shift reflects a loss of comparative advantage, possibly due to intensified global competition, variability in marine catches, and growing domestic consumption (Das and Ghosh, 2021; FAO, 2023).
The frozen cuttle fish, frozen squid, dried items, live items, and chilled items consistently recorded RCA values below unity. Cuttle fish declined from 0.49 to 0.38 over the study period, while squid ranged between 0.45 and 0.74, showing modest improvement in recent years but not achieving comparative advantage. Dried (0.13-0.31), live (0.03-0.14), and chilled products (0.18-0.54) remained persistently below one, indicating structural disadvantage. These trends may be linked to limited technological modernization, logistical bottlenecks, stringent sanitary and phytosanitary standards, and strong competition from established exporters (FAO, 2023; MPEDA, 2023).
Overall, the RCA analysis highlights a high concentration of export competitiveness in frozen shrimp, with limited diversification across other segments. While shrimp exports demonstrate robust and sustained specialization, the weak performance of other products signals structural dependence on a single dominant commodity. Enhancing long-term sustainability will require diversification of the export basket, technological upgrading, greater value addition, and strengthened post-harvest and cold-chain infrastructure to broaden India’s comparative advantage in global seafood trade (Shinoj and Mathur, 2008; Das and Ghosh, 2021; FAO, 2024).

Table 1.	Revealed Comparative Advantage (RCA) of marine products exported from India
	Year
	Frozen Shrimp
	Frozen Fish
	Frozen 
Cuttle Fish
	Frozen Squid
	Dried Items
	Live Items
	Chilled Items

	2004-05
	4.46
	0.81
	0.49
	0.45
	0.16
	0.09
	0.54

	2005-06
	4.13
	1.11
	0.50
	0.53
	0.14
	0.08
	0.51

	2006-07
	3.75
	1.34
	0.55
	0.65
	0.13
	0.07
	0.50

	2007-08
	3.64
	1.31
	0.61
	0.77
	0.15
	0.11
	0.42

	2008-09
	3.08
	1.54
	0.78
	0.82
	0.16
	0.14
	0.47

	2009-10
	3.07
	1.55
	0.80
	0.82
	0.20
	0.13
	0.43

	2010-11
	3.09
	1.41
	0.87
	0.90
	0.21
	0.12
	0.40

	2011-12
	3.48
	1.15
	0.78
	0.88
	0.26
	0.09
	0.36

	2012-13
	3.58
	1.09
	0.73
	0.88
	0.30
	0.09
	0.34

	2013-14
	4.49
	0.69
	0.50
	0.67
	0.27
	0.06
	0.31

	2014-15
	4.70
	0.63
	0.47
	0.60
	0.26
	0.06
	0.28

	2015-16
	4.67
	0.65
	0.51
	0.59
	0.25
	0.07
	0.27

	2016-17
	4.45
	0.81
	0.48
	0.66
	0.28
	0.06
	0.27

	2017-18
	4.77
	0.66
	0.41
	0.60
	0.26
	0.06
	0.24

	2018-19
	4.81
	0.65
	0.41
	0.58
	0.26
	0.05
	0.24

	2019-20
	5.12
	0.53
	0.33
	0.50
	0.26
	0.04
	0.23

	2020-21
	5.20
	0.46
	0.35
	0.49
	0.28
	0.03
	0.18

	2021-22
	5.27
	0.42
	0.30
	0.56
	0.23
	0.04
	0.18

	2022-23
	4.71
	0.62
	0.35
	0.73
	0.31
	0.06
	0.22

	2023-24
	4.64
	0.66
	0.38
	0.74
	0.31
	0.06
	0.21



3.2 Market Retention and Direction of Trade
The first-order Markov Chain analysis provides insights into the stability and directional shifts of India’s marine product exports across major destination markets. The transition probability matrix captures market loyalty through diagonal elements (retention probabilities) and inter-market shifts through off-diagonal elements (Kalaiarasi and Kavithambika, 2024). Results are discussed for two sub-periods (2004-05 to 2013-14 and 2014-15 to 2023-24) and for the overall period.

3.2.1 Market stability
During the first period (2004-05 to 2013-14), market stability was relatively strong. South East Asia (SEA) recorded the highest retention probability (0.8389), indicating a highly dependable market. China (0.6099), the Middle East (0.6172), the European Union (0.5538), Japan (0.5351), and the United States (0.5210) also showed moderate stability. Although no market achieved complete retention, the relatively high diagonal values suggest sustained trade relationships and steady demand conditions (Das and Ghosh, 2021; Ramadhan et al., 2024).
In the second period (2014-15 to 2023-24), stability patterns changed. Japan recorded zero retention, with its export share shifting entirely to the European Union (1.0000), indicating structural realignment. The USA (0.5864) and China (0.5413) maintained moderate retention, while SEA recorded 0.4872. In contrast, the EU’s retention probability declined sharply to 0.0823, with a dominant shift toward SEA (0.8817). These results reflect a gradual reorientation of India’s marine exports toward Asian markets amid evolving global demand patterns.
Over the entire study period, retention probabilities were more evenly distributed (0.0466-0.3306). SEA recorded the highest long-run retention (0.3306), followed by China (0.1221), while other markets showed relatively lower and similar values. This suggests reduced long-term dependence on any single destination and increasing diversification of export markets (Thorat et al., 2020; Kalaiarasi and Kavithambika, 2024).

3.2.2 Market Transition Dynamics
The off-diagonal elements reveal significant inter-market movements. In the first period, exports from the USA showed a high probability of shifting to the EU (0.4487), indicating substitutability between these developed markets. The EU redirected notable shares toward China (0.2716) and the Middle East (0.0750), while China exhibited outward transitions to Japan (0.1525) and the EU (0.2168). The other markets category shifted substantially toward SEA (0.5499), reflecting consolidation in stable regional markets (Thorat et al., 2020; FAO, 2025).
In the second period, transitions intensified. The USA diversified toward China (0.2793) and Japan (0.0884), while China redistributed exports toward the USA (0.2313) and other markets (0.2028). SEA displayed multidirectional linkages, particularly with the USA (0.1978) and China (0.1123), underscoring its growing integration in global seafood trade. The EU’s dominant transition toward SEA (0.8817) further emphasized Asia’s rising importance.
Across the full period, movements became more balanced, with consistent reallocations toward SEA (0.2227-0.3306 across rows). This pattern indicates a diversified export structure where trade flows are continuously adjusted rather than concentrated in a single dominant market.

3.3 Strategic Implications
The Markov results highlight increasing regional integration, particularly within Asia. SEA emerged as a central and relatively stable hub, while China demonstrated strong linkages with both Asian and developed markets. The redirection of exports from the EU and other markets toward SEA underscores the growing prominence of Asian destinations in global marine trade (Rao and Menon, 2021).
Overall, the findings suggest that India’s marine exports are characterized by both stable anchor markets and dynamic reallocation across destinations. While continuous market adjustments reduce vulnerability to demand shocks and policy disruptions, sustaining competitiveness will require focused market development, improved quality compliance, stronger logistics, and proactive trade engagement. Long-term resilience will depend on maintaining stable relationships while strategically managing transitions in an evolving global trade environment (Thorat et al., 2020; FAO, 2025).

Table 2. 	Transition probability matrices for selected export markets (2004-05 to 2023-24)
	Quantity (2004-05 to 2013-14)

	From \ To
	Japan
	USA
	EU
	China
	SEA
	ME
	Others

	Japan
	0.5351
	0.0000
	0.1477
	0.0000
	0.0000
	0.0000
	0.3172

	USA
	0.0303
	0.5210
	0.4487
	0.0000
	0.0000
	0.0000
	0.0000

	EU
	0.0000
	0.0000
	0.5538
	0.2716
	0.0000
	0.0750
	0.0996

	China
	0.1525
	0.0208
	0.2168
	0.6099
	0.0000
	0.0000
	0.0000

	SEA
	0.0301
	0.1280
	0.0000
	0.0000
	0.8389
	0.0030
	0.0000

	ME
	0.0000
	0.1166
	0.0000
	0.0000
	0.0000
	0.6172
	0.2662

	Others
	0.0000
	0.0000
	0.0000
	0.0000
	0.5499
	0.0262
	0.4239

	Quantity (2014-15 to 2023-24)

	From \ To
	Japan
	USA
	EU
	China
	SEA
	ME
	Others

	Japan
	0.0000
	0.0000
	1.0000
	0.0000
	0.0000
	0.0000
	0.0000

	USA
	0.0884
	0.5864
	0.0000
	0.2793
	0.0000
	0.0459
	0.0000

	EU
	0.0000
	0.0000
	0.0823
	0.0000
	0.8817
	0.0359
	0.0000

	China
	0.0051
	0.2313
	0.0000
	0.5413
	0.0000
	0.0195
	0.2028

	SEA
	0.0491
	0.1978
	0.0266
	0.1123
	0.4872
	0.0347
	0.0924

	ME
	0.0000
	0.0000
	0.7498
	0.0000
	0.0000
	0.2502
	0.0000

	Others
	0.2867
	0.0000
	0.1880
	0.0000
	0.0000
	0.0467
	0.4786

	Quantity (2004-05 to 2023-24)

	From \ To
	Japan
	USA
	EU
	China
	SEA
	ME
	Others

	Japan
	0.0774
	0.1534
	0.1709
	0.1654
	0.2767
	0.0472
	0.1090

	USA
	0.0875
	0.1106
	0.2000
	0.1734
	0.2681
	0.0482
	0.1121

	EU
	0.0770
	0.1573
	0.1690
	0.1700
	0.2703
	0.0469
	0.1096

	China
	0.0730
	0.1563
	0.1654
	0.1221
	0.3306
	0.0482
	0.1044

	SEA
	0.0882
	0.1275
	0.1996
	0.2051
	0.2227
	0.0462
	0.1107

	ME
	0.0822
	0.1410
	0.1834
	0.1795
	0.2578
	0.0468
	0.1093

	Others
	0.0827
	0.1415
	0.1840
	0.1779
	0.2598
	0.0466
	0.1075



3.4 Policy Implications
The findings from the RCA and Markov Chain analyses point to several policy priorities for strengthening India’s marine product exports.
1. The sustained comparative advantage in frozen shrimp calls for continued support to aquaculture modernization, disease surveillance, sustainability certification, and strict compliance with sanitary and phytosanitary standards to maintain competitiveness in key markets such as the United States, China, and the European Union.
2. The absence of comparative advantage in other product segments highlights the need for diversification through greater value addition, processing modernization, improved cold-chain logistics, and quality upgrading, and thereby reducing overdependence on shrimp exports.
3. The increasing orientation toward Asian markets, particularly South East Asia and China, suggests consolidating gains in these relatively stable destinations while revitalizing exports to declining markets such as Japan through branding, product differentiation, and targeted market promotion.
4. Strengthening institutional support through the Marine Products Export Development Authority, improving market intelligence systems, and investing in sustainable resource management and export infrastructure will be essential to ensure long-term competitiveness and export stability.

4. CONCLUSION	Comment by Pak Kundori: The introduction sets out 4 research objectives, but the conclusion does not answer any of them explicitly and in a structured manner.


The conclusions are entirely qualitative narrative without any concrete numbers.


The conclusion does not explicitly state the study's unique contribution to the existing literature, either methodologically or substantively. This is a standard component of the conclusion of international journal articles.


The study assessed the competitiveness and market dynamics of India’s marine product exports using Revealed Comparative Advantage (RCA) and Markov Chain analyses. The results show a strong and persistent comparative advantage in frozen shrimp, while most other marine product categories continue to experience either temporary or sustained comparative disadvantage. This indicates a high degree of structural concentration in India’s export basket.
The market retention analysis highlights shifting trade patterns, with growing orientation toward Asian destinations, particularly South East Asia and China, alongside dynamic adjustments among traditional markets such as the United States and the European Union. Although certain markets display relative stability, the overall transition structure reflects an adaptive and increasingly diversified export system.	Comment by Pak Kundori: Markov Chain Findings Oversimplified. Markov conclusions should be more specific and reflect the most significant findings.
In summary, while India’s marine export sector demonstrates strong competitiveness in shrimp, broader product diversification remains limited. Ensuring long-term sustainability will require expanding the export base, promoting value addition, strengthening infrastructure, and maintaining high standards of quality compliance. A balanced approach that combines competitiveness enhancement with strategic market diversification will be critical for sustaining India’s position in global marine trade.	Comment by Pak Kundori: Each recommendation must be linked to specific empirical evidence.
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