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Ocean zoning through marine spatial planning (MSP) 
is an important component of the blue economy and 
has become an essential step towards realizing ecosystem-
based sea-use management. The concept was primarily 
initiated by the need to create marine protected areas, 
particularly in the European countries. An even more 
recent concern has focused on the need to conserve  
nature, especially ecologically and biologically sensitive 
areas in the context of multi-use planning of ocean space. 
To understand the value of MSP in India, a framework 
was created as part of the Indo-Norway International 
Ocean Management and Research Initiative. This study 
provides a framework for MSP in India for sustainable 
development in an ecologically sensitive area, namely 
the Lakshadweep group of islands on the west coast of 
the country. The findings of this study may serve as a 
reference for better management of maritime regions 
under various spatial jurisdictions. 
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Introduction 

IN recent times, exploration and exploitation of marine re-
sources have increased due to various anthropogenic activi-
ties1. The difficulties in regulating human activities on the 
oceans and beaches of the world are constantly growing 
since anthropogenic activity affects every part of the world’s 
oceans. In response to these difficulties, ecosystem-based 
management (EBM) has been developed as a paradigm to 
explicitly account for the interdependence of systems, the 
cumulative effects on ecosystems and to integrate ecological, 

social, economic and institutional perspectives, recognizing 
their strong interdependences2. Even though implementing 
EBM might be challenging and complicated, the concept of 
‘blue economy’ has emerged as a guiding vision for harness-
ing the potential of our oceans sustainably and responsi-
bly3,4. 
 The blue economy represents a paradigm shift in how 
we perceive, utilize and protect our marine and coastal 
ecosystems3. It embodies a holistic approach that recogni-
zes the intrinsic link between economic prosperity, social 
well-being and environmental health5–8. This approach seeks 
to balance the economic benefits derived from ocean-based 
activities with an imperative to safeguard the fragile and 
interconnected web of life within our oceans. At its core, 
the blue economy encompasses a diverse array of sectors 
and industries, ranging from traditional activities like fish-
eries and shipping to cutting-edge fields such as marine bio-
technology and renewable energy. These sectors collectively 
constitute a vast reservoir of opportunities capable of driving 
economic growth, creating jobs and improving livelihoods 
on a global scale9. However, the vision of a thriving blue 
economy is not without its challenges. Overexploitation, 
pollution, climate change and habitat destruction threaten 
the very resources upon which this vision depends. To fully 
realize the potential of the blue economy, it is imperative 
to adopt a guardian mindset that respects ecological bounda-
ries, embraces innovation and promotes inclusivity10. Efforts 
to promote the blue economy typically involve a balance 
between economic development and environmental pro-
tection. 
 In recent decades, marine spatial planning (MSP) has 
been widely employed to accomplish a variety of goals, 
both economic and environmental, in maritime areas that 
are shared by several nations, particularly in the European 
seas. Over the past 20 years, MSP has gained considerable 
importance around the world. Various countries have 



SPECIAL SECTION: BLUE ECONOMY 
 

CURRENT SCIENCE, VOL. 126, NO. 2, 25 JANUARY 2024 230 

started to use MSP to achieve sustainable development, 
including the goal of developing a blue economy or blue 
growth, and biodiversity conservation in the oceans and 
coastal areas11. In recent times, several Asian countries 
have also adopted MSP as a tool that promotes ecosystem-
based management of marine areas. 
 Both conventional and new maritime applications have 
recently increased the demands on marine resources and 
the utilization of oceans. Proper spatial planning, which 
includes reserving particular areas for static activity (such 
as offshore wind farms, pipelines and aquaculture) as well 
as, to some extent, for mobile activity (such as shipping 
and fishing), and the preservation of marine wildlife could 
lead to a better way to manage the conservation and sus-
tainable use of the seas12. A spatial approach provides ad-
vantages over the more ad hoc regulation of specific  
industries that were formerly widespread13. To accomplish 
ecological, economic, and social goals and consequences, 
MSP involves regulating the geographical and temporal 
distribution of human activities14,15. Assuring the resili-
ence of marine ecosystems, MSP aims to analyse and allo-
cate the use of sea regions in a way that minimizes 
conflicts among human activities and maximizes bene-
fits16. It is also important to remember that MSP can only 
control human activities in marine areas, but not marine 
ecosystems or any of their constituent components. 
 MSP focuses on the spatial and temporal distribution of 
human uses in the ocean, aiming to reduce conflicts and 
promote compatibility both between uses and the envi-
ronment as well as among such uses17. It is well known 
for moving beyond the sector-by-sector approach to ocean 
management and substituting an integrated, coordinated 
process within a framework that aims to balance devel-
opment and conservation goals and objectives18. MSP and 
the blue economy are closely associated since they may 
promote the expansion of blue economy industries and 
guarantee the sustainable exploration of ocean resources. 
By proposing a framework for decision-making, MSP can 
reduce conflicts between different sectors and promote the 
sustainable use of maritime resources. This can support 
the development of the blue economy by making sure it is 
socially and environmentally sustainable. 
 Despite adoption and application, MSP development 
and implementation continue to encounter a range of con-
ceptual and practical challenges that are related to political, 
institutional, social, economic, scientific and environmental 
factors18. The aim of this study is to demonstrate the value 
of MSP in India and to outline the MSP framework develo-
ped as part of the Indo-Norway International Ocean Manage-
ment and Research Initiative. In line with the Memorandum 
of Understanding (MoU), integrated ocean management is 
recognized as a field of future cooperation. This study is 
organized to initially discuss the value of MSP in coastal 
zone management planning, followed by a case study of 
the MSP framework that was established under the Indo-
Norwegian collaboration. 

Context of MSP in India 

MSP is a crucial idea when it comes to India’s coastal and 
marine regions. Much like in other countries, the mana-
gement and allocation of the diverse activities and uses of 
marine resources in a sustainable and coordinated way in-
volves an in-depth and systematic approach. The marine 
protected areas (MPAs) of India are part of a comprehensive 
strategy for managing marine resources in the Indo-Pacific 
expanse. The Indian Ocean Policy, on the other hand, empha-
sizes the protection of biological diversity, prudent resource 
management, climate change and coastal livelihood. In 1976, 
legislation establishing the exclusive economic zone, con-
tinental shelf and other maritime zones was established. 
India has also endorsed the United Nations Convention on 
the Law of the Sea (UNCLOS) since 1995, which supports 
MSP on a global scale19. The Coastal Regulation Zone 
(CRZ) and the National Coastal Zone Management Plan 
(ICZMP) are the two important existing policies in India 
that have close relevance to MSP. The CRZ 2011 regulation 
extended the CRZ seaward to the 12 nautical mile territo-
rial limit. 
 The Government of India’s Vision of New India by 
2030 enunciated in February 2019, highlighted blue econ-
omy as one of the ten core dimensions of growth. The 
Ministry of Earth Sciences (MoES), GoI, has prepared the 
draft blue economy policy framework which envisages 
optimal utilization of all sectors of the maritime domain, 
for sustainable development of coastal areas20–22. India’s 
blue economy is a subset of the national economy, compris-
ing entire ocean resources system and man-made economic 
infrastructure in marine, maritime and onshore coastal zones 
within the country’s legal jurisdiction. The draft framework 
envisages optimal utilization of all sectors of maritime do-
mains – living, non-living resources, tourism, ocean energy, 
etc. for sustainable development of the coastal areas. Fur-
ther, India and Norway signed an MoU in 2019 establishing 
the India–Norway Ocean Dialogue and establishing the 
Norway–India Integrated Ocean Management and Research 
Initiative for five years. MSP for two pilot areas, namely 
Puducherry and Lakshadweep Islands was proposed as the 
first activity under this collaboration. 

The MSP framework 

As a planning process, MSP involves several key steps 
and tasks that should be fulfiled to ensure its effective deve-
lopment. The IOC Handbook offers a thorough description 
of MSP and mainly emphasizes outlining a coherent flow 
of actions that are all necessary to accomplish the desired 
goals and objectives for marine areas. On the other hand, 
there is no single accepted procedure for carrying out 
MSP; instead, practices vary depending on the geographic 
regions, marine pressures, legal requirements, planning cul-
tures and other factors. Using the IOC guide as a model, 
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Figure 1. Methodology framework adopted for marine spatial planning (MSP) in Lakshadweep Islands, India. 
 

 
 

Figure 2. Map showing the location of Lakshadweep group of Islands, 
India. 
 
 
countries can modify and customize the strategy-based  
on their requirements and needs (Nairobi Convention, 
WIOMSA and CSIR, 2017), which also provides a com-
prehensive overview of MSP and primarily outlines the 
measures that must be taken to accomplish the desired 
aims and objectives for maritime regions. Under this col-
laboration, a seven-step framework has been identified to 
demonstrate how MSP might start operating in the Indian 
region. Figure 1 shows the methodology framework adopted 
for this study in the Lakshadweep Islands. 

MSP: a case study of the Lakshadweep Islands 

Lakshadweep, a Union Territory (UT) of India, is an archi-
pelago located in the southwestern part of the Arabian Sea 
(Figure 2). This group of islands is known for its stunning 
natural beauty, unique coral reefs and vibrant marine life. 
It lies between 8° and 12°N lat. and 71° and 74°E long. 
The UT comprises of 10 inhabited islands, 17 uninhabited 
islands, 3 reefs and 6 submerged banks which are scattered 
across the Arabian Sea (Figure 2). The islands of Lak-
shadweep are predominantly coral atolls, and they vary in 
size and elevation. The topography ranges from low-lying 
sandy beaches to more elevated areas with lush vegetation. 
The islands are characterized by coconut palm-fringed 
beaches, lagoons and crystal-clear turquoise waters. Lak-
shadweep is renowned for its rich coral reefs and marine bi-
odiversity, and is part of the larger Lakshadweep–Chagos 
Archipelago, which is considered to be one of the most 
pristine reef ecosystems in the Indian Ocean. These reefs 
provide critical habitat for a wide variety of marine spe-
cies, including fish, mollusks and sea turtles. This unique 
ecosystem is home to numerous endemic and threatened 
species, both on land and in the surrounding waters. Conser-
vation efforts are vital to protect these fragile ecosystems, 
and several MPAs have been established to safeguard the 
coral reefs and marine life. The economy of Lakshadweep is 
primarily based on fisheries, coconut cultivation and tourism. 
Fishing, especially tuna fishing, is a major industry, while 
coconut products like copra and coconut oil are also signifi-
cant contributors to the economy. The growing tourism sec-
tor attracts visitors interested in water sports, snorkeling, 
scuba diving and the serene natural beauty of the islands. 
Lakshadweep faces several environmental challenges, in-
cluding coastal erosion, rising sea levels and the impact of 
climate change on its fragile ecosystems. Conservation in-
itiatives, including reef monitoring, seagrass restoration, 
preserving bait fish habitats, sustainable fishing practices 
and environmental education programmes are crucial to 
preserving the natural heritage of this region. 
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Figure 3. Grid-wise data collected for different Islands of Lakshadweep. 
 
 
Stakeholders meeting to decide on the vision and  
goals of MSP 

Based on consultation with the Lakshadweep administration 
and stakeholders, the main goal of MSP for Lakshadweep 
Islands was identified as developing the basis and framework 
for implementing an integrated multi-use MSP for sustaina-
ble use and effective management of the Lakshadweep 
marine environment, while ensuring and improving the 
socio-economic well-being of its people. The main objectives 
were to: (i) address the pillars of the islands’ economy, 
namely tourism, fisheries, seaweed cultivation and ports; 
(ii) integrate land spatial planning with MSP for the islands; 
(iii) identify marine economic clusters (tuna fisheries, 
seaweed cultivation, tourism and ports), and (iv) identify 
areas suitable for conservation and restoration. 

Data collection on the marine environment 

The MSP for Lakshadweep was developed with the best 
available datasets in the form of a spatial data repository 
of all thematic maps relevant to the islands from various 
primary and secondary sources, including stakeholders. 
The data collected included administrative boundaries, land 
use, water quality, coral reefs, seabed morphology, ocean-
ographic parameters, etc. The collected data were mapped 
in a grid-wise manner to maintain a regular spatial resolu-
tion of different physio-chemical, biological, biodiversity 
and socio-economic-related datasets (Figure 3). Weather 
forecasts, potential fishing zone (PFZ), shoreline manage-

ment, etc. were some of the real-time data obtained as ser-
vices from MoES, GoI. As MSP focuses on minimizing in-
tersectoral conflicts, the present and future plans of all 
relevant sectors were collected and integrated into the da-
tabase. The study also mapped all major biodiversity 
hotspots of the Lakshadweep Islands, including turtle 
congregation areas, coralreefs, seagrass, mangroves, mega 
marine fauna, MPAs and fishing zones (Figure 4). Various 
resources, their uses and anthropogenic activities in the 
marine area were also recorded. All data were classified 
into two major categories, natural and anthropogenic origin, 
and were considered for preparing the MSP framework. 
 The health of the ecosystem was also assessed using the 
water quality index and ecosystem area under economic 
pressure. This status indicator plays a major role in planning 
remedial actions to maintain the health of the oceans and 
well-being of the society. The ecologically sensitive areas 
such as turtle nesting sites, coral reefs, sand dunes, and 
anthropogenic activities such as underwater cables, ship-
ping routes, etc. were mapped and buffer zones demarcated 
around them to aid in the decision-making process. 

Spatial zoning: suitability study for seaweed  
cultivation 

The water quality parameters including physical, chemical 
and biological characteristics were used as primary data. 
Earth surface maps, imagery data and other data were used 
as secondary data (Figure 5). Data on water quality were 
gathered by a field survey at seven locations where the 
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Figure 4. Overlay of marine activities of the Agatti Island, Lakshadweep. 
 
 

 
 

Figure 5. Steps involved in identifying potential sites for seaweed cultivation. 
 
 
depth was greater than 2 m, and interpolation was done 
using the dynamic and non-dynamic water parameter data 
to generate a spatial distribution pattern. 
 The bathymetry and substrate data are critical compo-
nents for studying the site suitability for seaweed cultivation. 
Weighted overlay techniques were used to overlay the data 
from various thematic layers such as depth, clarity, temper-
ature, current velocity, dissolved oxygen, pH and salinity 
to identify areas that are suitable for seaweed farming. 
Weights for identifying areas suitable for seaweed produc-

tion was calculated based on the modifications made by 
the authors from various sources23,24. 

Understanding the conflicts and coexistence 

Based on multiple uses of the sea overspace and time, it has 
been well understood that compatibilities and conflicts 
among the marine uses, activities and existing ecological 
resources/habitats exist. It is important to note that 
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Figure 6. Proposed MSP of the Agatti Island, Lakshadweep. 
 
 
planning for marine areas has additional dimensions of 
deeper understanding and time associated with it, which 
magnifies the complexity of the assessments. The MSP for 
Lakshadweep has been developed as a platform to under-
stand the conflicts and compatibilities between sectors, 
which will be helpful for the policy makers to consider the 
environmental sensitivity of a particular area before ap-
proving an activity. Potential areas for bait fish culture, 
seagrass conservation, coral restoration, fishing and passenger 
jetty channel ways, sites for water sports, seaweed cultiva-
tion, and conservation areas have also been demarcated as 
part of the spatial planning. 

The proposed MSP of Lakshadweep Islands 

The proposed MSP for Lakshadweep Islands aims to pro-
mote sustainable marine resource utilization while preserving 
the ecological integrity of its waters. This comprehensive 
plan addresses the cultivation of seaweeds, conservation of 
live bait fish and channel pathways for boats, and also 
identifies site for conservation by including both coral 
reefs and seagrass. By balancing economic development 
and environmental protection, this plan seeks to create a 
resilient and thriving marine ecosystem for current and fu-
ture generations. By carefully managing seaweed cultiva-
tion, live bait growth, seaweed cultivation areas, coral and 
seagrass conservation and multiple-use areas, the plan aims 
to create a harmonious and sustainable relationship bet-
ween the community and its marine environment. The 

success of this plan relies on collaboration, education and 
the active participation of all stakeholders to ensure the re-
silience and vitality of the islands’ marine ecosystem. Figure 
6 illustrates the proposed MSP of the Agatti Island pre-
pared in consultation with the stakeholders. 

Development of the MSP dashboard 

Dashboards serve as powerful tools for compiling perti-
nent data into a single view that provides a graphical repre-
sentation of the current state of a project. 
 A web GIS-based dashboard named ‘SAHAV’, combining 
letters from SAgar (Indian) and HAV (meaning ocean in 
Norwegian) was designed to give decision-makers all de-
tails and data relevant to different aspects of the project, 
progress and underlying parameters; all the material is 
stored in a geo-database. Figure 7 depicts the home page 
of MSP dashboard. 

Conclusion 

The draft MSP for Lakshadweep Islands has been deve-
loped through extensive consultations with the UT’s admin-
istration and its diverse array of stakeholders. The spatial 
planning was done and regions for economic activities and 
conservation identified in the marine areas. The SAHAV 
portal for Lakshadweep is a platform to facilitate diverse 
stakeholders from various maritime sectors to understand 
the current spatial usage of the coastal and ocean spaces. 
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Figure 7. MSP dashboard for informed decision-making. 
 
 
 The MSP portal can be used to upload all new proposals 
to help the administrators make informed decisions based 
on the inter-sectoral compatibilities and conflicts in the 
region. As MSP is an iterative process, the insights gained 
from the evaluation of the draft plan would help in its further 
refinement and adaptation. This would also aid in data-
centric decision-making and help in managing the multi-
ple uses of marine space as a whole. 
 This study highlights the requirement to adopt MSP in 
the Indian coastal and marine areas extending to the enlarged 
territorial seas by formulating a novel framework for the 
Indian coastal and marine regions. The MSP developed 
for Lakshadweep highlights the importance of data collec-
tion and stakeholder engagement for developing a proper 
plan for the region. It also suggests making MSP a man-
date for continuing coastal planning projects like ICZM 
and CRZ, and preparing a well-documented framework on 
marine planning at the central level. Additionally, it also 
supports for seamless and sustainable integration of all 
coastal zone sectors by reducing inter-sectoral conflicts. 
Even though this study has several limitations, one of the 
anticipated benefits is that it may be used as a guide by in-
terested parties for improved management of marine areas 
with different spatial jurisdictions. There is a need to im-
plement effective ecosystem-based MSP initiatives with 
strong sustainability objectives that prioritize the health 
and resilience of the ocean, to bolster the anticipated 
achievements of the blue economy. 
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