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AIMS AND SCOPE OF THE JOURNAL OF 
INDIAN OCEAN RIM STUDIES 

The Journal of Indian Ocean Rim Studies 
(JIORS) is aimed at strengthening research 
and academic findings within the Indian Ocean 
Region (IOR).  The overall aim is to enhance 
the understanding of the issues involved 
related with the six priority areas as well as 
Women Economic Empowerment and the Blue 
Economy of the Association. The JIORS aims 
at providing a platform for researchers, 
academics, scholars, resource persons and 
practitioners to share their research findings 
which would enrich and enhance stock of 
knowledge within IORA.   

The JIORS is currently seeking research 
articles, discussion papers or policy papers on 
the following six priority areas of IORA:  

• Maritime Safety & Security; 
• Trade & Investment Facilitation; 
• Fisheries Management; 
• Disaster & Risk Management; 
• Academic, Science & Technology 

Cooperation; 
• Tourism & Cultural Exchanges; and; 

two special focus areas namely: 

• Women's Economic Empowerment; 
and 

• The Blue Economy 

In keeping with the Charter of IORA, the JIORS 
would be established to promote research in: 

Understanding of sustained growth and 
balanced development of the region and of the 
Member States; 

 

 

Ensuring Capacity Building in the six IORA 
priority areas of the Association; 

Capacity building to create common ground for 
regional economic cooperation; 

South-South Cooperation and issues related to 
the global economy; and 

Matters related to the IORA focus areas of 
Women's Empowerment and the Blue 
Economy. 
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FOREWORD 

I am happy to learn that the 
Chair in Indian Ocean 
Studies, in collaboration with 
the Indian Ocean Rim 
Association (IORA) 

Secretariat (at the University of Mauritius) is 
publishing the inaugural issue of the online 
quarterly Journal of Indian Ocean Rim Studies 
(JIORS) in May 2017 during the 20th 
Anniversary celebrations of IORA. 

The main objective of JIORS is to contribute to 
the academic debate on issues related with 
IORA’s six priority areas: Maritime Safety and 
Security; Trade and Investment Facilitations; 
Tourism and Cultural Exchanges; Fisheries and 
Aquaculture; Disaster Risk Management; 
Science and Academic and Technology; and 
cross-cutting themes of the Blue Economy and 
Women’s Economic Empowerment.   

I hope that JIORS will strengthen academic 
research on the issues of concern in the Indian 
Ocean region and it is hoped that it can 
become a dynamic platform for the youth, 
researchers, academics and policy makers in 
IORA Member States.    

I congratulate the Chair, Prof V.N. Attri for his 
initiative and wish him the very best in this 
endeavour.   

 

     
   Ambassador K.V 

Bhagirath 

    
 Secretary-General, Indian Ocean Rim 

Association 

hq@iora.net 

It is with great pride, enthusiasm 
and a sense of anticipation and 
responsibility that I cordially invite 
all the Member States and Dialogue 
Partners of the Indian Ocean Rim 
Association (IORA) to read the 
inaugural issue of the Journal of 
Indian Ocean Rim Studies (JIORS) – “a new 
kind of research journal”; focussing on the six 
priority areas and the cross-cutting issues of 
IORA.   

The objective of the JIORS is firstly to establish 
an on-line free-of-charge premiere academic 
Journal in the priority and focus areas of IORA.  
We want it to look different, to convey a 
different approach, ensuring that it would be a 
Journal that with its related website will be a 
dynamic mouthpiece for the ongoing work and 
progress in the Association’s different priority 
areas at a policy and academic level which is  a 
rarity in current day academic publishing.   

Secondly, we want it to be a vehicle for visibility 
of IORA, coinciding with its 20th Anniversary 
developing a new type of conversation about 
IORA’s community engagement.  

Thirdly, we want the JIORS to lead the way in 
defining scholarship in the academy, 
scholarship in which faculty, students, and 
policy-makers and community members could 
become involved in the process by participating 
from the idea development stage to its 
presentation through distribution.   

This idea was originally conceived in the Work 
Plan of the Chair in Indian Ocean Studies 
(CIOS); which was approved by the 
Government of Mauritius and the Government 
of India in June, 2015.  This online quarterly 
Journal was also approved by the Council of 
Ministers Meeting of IORA in October, 2015, in 
Padang, Indonesia; and subsequently Member 
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States of IORA were requested by the IORA 
Secretariat to nominate eminent academics to 
serve on its Editorial Board.  As we 
contemplate the JIORS, it is important to be 
cognisant of the fact that JIORS will represent 
the collective thinking of an enlarging group of 
dynamic and innovative individuals in the 
region with whom I am privileged to work and 
be associated with.   

As can be appreciated a large amount of work 
has gone into the development of this Journal 
which has been nearly two years in the making.  
It was a natural outcome of the discussions 
held by the CIOS with academicians, policy-
makers and other stakeholder in the Indian 
Ocean Rim region.   

It was also decided that we endeavour to 
publish four issues per year on a quarterly 
basis: March; June; September and December.  
The Journal will be published in English.  The 
CIOS is also in the process of discussing the 
possibility that abstracts of papers being 
published in other leading Journals and in the 
JIORS be exchanged on a reciprocal basis.  
This would without any doubt enhance the 
visibility of the JIORS at global level. 

This issue consists of papers submitted by the 
scholars from different IORA Member States on 
the six priority areas of IORA including the 
focus areas of Women’s Economic 
Empowerment and the Blue Economy.  The 
articles have been peer reviewed by the 
member(s) of the Editorial Board.  These 
articles truly represent the broad contours of 
the issues being discussed and debated in the 
Indian Ocean region. 

It was decided that the Journal should be 
published in an open access online Journal.  
On behalf of the Editorial Board, I am delighted 
to announce the publication of the inaugural 

issue of the Journal of Indian Ocean Rim 
Studies.   

This JIORS owes its appreciation to many 
people who made this inaugural issue possible, 
including the constant support received from 
the Government of Mauritius and India, as well 
as all the Members of the Advisory Committee 
of the CIOS.  I also wish to express my sincere 
appreciation to the members of the IORAG, 
CSO and COM for their continued support.   

My sincere appreciation to the Secretary 
General of IORA, H.E. Ambassador K.V 
Bhagirath, for his consistent support and 
encouragement throughout for this endeavour.   

I am also thankful to Mr HG Anderson and Mrs. 
Ruchika Rishi, Directors of IORA, for 
supporting this project wholeheartedly.  

Most of all, thanks are due to my team of 
editors who have generously given their time 
and expertise to make this inaugural issue 
happen.   No detail, large or small, has been 
beyond their notice.  Their professionalism, 
attention to detail and good humour has made 
the realisation of this issue into “print” a real 
pleasure.   

Prof V.N Attri 
Editor in Chief and Managing Editor 

Chair in Indian Ocean Studies 
Indian Ocean Rim Association 

University of Mauritius 
vn.attri@iora.net 
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THE BLUE ECONOMY OF THE INDIAN OCEAN: CONTEXT AND 
CHALLENGE 
Charles S. Colgan1 

Abstract 

 The ‘blue economy’ has emerged as a widely-used term to describe in general terms an integrated 
vision of creating wealth from the ocean but doing so within the limits imposed by natural as well as economic 
systems.  Governments around the world, including most of those in the Indian Ocean region have defined 
achieving a blue economy as national goals.  The ocean related economic activities in the Indian Ocean region 
mirror to an extent that elsewhere, but there are also unique features.  Fisheries and aquaculture have grown 
dramatically, but are facing strict limits at a time when their contribution to the economy remains below potential.  
The region is a cross roads of maritime transportation, particularly the oil trade. Hard mineral mining is a distinct 
possibility for the near future, but tourism and recreation remains undeveloped.  The opportunities are significant 
but the blue economy is challenged by globally competitive markets, the choice of appropriate scale for 
development of ocean industries, environmental limitations that will only intensify with climate change, and the 
lack of adequate data to either define the blue economy or assess progress towards or away from the goals 
established by the idea of the blue economy. 

1. Introduction 

The term ‘blue economy’ has entered into widespread use around the world to identify the current and 
potential generation of wealth from the oceans and the simultaneous need to recognize the ecological limits 
of oceans so as to limit current or future possible uses of the oceans.  The ‘blue economy’ is an organizing 
framework for development as well as resource and environmental management policies and programs at 
the international national, national, and regional level.  Countries around the world, including most of those 
in the Indian Ocean region acknowledge the blue economy as a guide for policy.   

But the term has been more successful at connoting a general sense of direction for policy than denoting 
strategies capable of transforming both economic and ecological systems.  There are many ‘blue economy’ 
ideas that can operate at a small scale, whose cumulative effects could prove quite important.  But the 
needs of the Indian Ocean region for transformative development capable of addressing the profound 
needs for vital economies and poverty alleviation and that is simultaneously environmentally responsible 
including adjusting to the profound challenges of climate change requires a much more complete 
understanding of the elements of the blue economy. 

                                                             
1 Director of Research, Center for the Blue Economy, Middlebury Institute of International Studies at Monterey; California, 
USA 
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This paper provides an introduction to the concept of the blue economy and some of the various attempts 
at definition.  It then considers in broad outline the dimensions of the blue economy in the Indian Ocean 
region based on available data, which is then followed by an examination of some of the challenges facing 
the region in achieving its desired goals for a blue economy.  

2 The Blue Economy: An Introduction 

The origins of the term ‘blue economy’ are obscure.  Some credit the term to a 2010 report to the Club of 
Rome entitled ‘The Blue Economy’. (Pauli, 2010)  But this is a somewhat misleading origin for the term as it 
has become applied to oceans.  Pauli’s ‘blue’ economy refers to the creation of zero-waste closed cycle 
production systems that emulate ecological principles where all material used for production is eventually 
recycled for use in new products.  The ‘blue’ in his work is derived from the ‘blue marble’ photograph of the 
earth taken by the Apollo 8 mission in 1968, the first time that the planet could be viewed in its entirety from 
space.  Many of the ideas in Pauli’s work have relevance to the oceans, but oceans are not his principal 
concern. 

A more relevant source for the term is the resolution adopted by the General Assembly of the United 
Nations in September, 2012 that came from the Rio +20 conferences on sustainable development.  That 
resolution, entitled ‘The Future We Want’, contained an extensive section (Section 15, paragraphs 158 to 
177) outlining the multiple issues shaping sustainable ocean development.  (UN General Assembly, 2012)  
But, the term ‘blue economy’ never actually appears in the document.   

Nor does the blue economy appear in what has become the current international standard for the idea, 
Sustainable Development Goal 14, one or seventeen goals adopted in 2015 as part of a broad United 
Nations based push for actions on sustainable development.  SDG 14 (see full text in the Appendix) may 
be summarized as setting goals for conserving and sustainably using the oceans that: 

• Reduce pollution 

• Manage coastal and marine ecosystems 

• Reduce overfishing 

• Create protected areas 

• Increase and expand the use of scientific and technical knowledge 

• Address the special needs of small island developing states (SIDS) and small scale fisheries 
 SDG 14 succinctly defines many of the major limitations on ocean-based economic activity that will 
be needed to approach sustainability, but says little about what those economic activities are beyond 
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fisheries.  In fact, many, perhaps most, of the uses of the term ‘blue economy’ in current policy dialogs are 
more focused on what those activities might be in each country.  For most governments in Indian Ocean 
nations, the blue economy speaks more to the wealth to be gained from exploiting the resources contained 
in their country’s Exclusive Economic Zone (EEZ). 

Not surprisingly, the exact definition of the blue economy is also unsettled.  The identification and 
consistent measurement of those portions of national economies tied to the ocean have become the focus 
of ever greater attention around the world over the past decade, with a number of countries establishing 
dedicated ocean accounts that derive from and add to their national income and product accounts as well 
as statistical series such as employment, income, and population.  There are differences as to method of 
data collection and the industries/ sectors selected as related to the oceans.  For example coastal-located 
electric power generation, marine related pharmaceuticals, and salt (the removal of which from water has 
value for either food, potable water, or both) are included by some countries but not others.  There is, 
however, a group of industries which are included in all definitions and in most measurement systems: 
(Colgan, 2013, 2016) 

• Living Resources (capture fisheries and aquaculture, including processing) 

• Marine construction 

• Tourism & recreation 

• Ship & boat building and repair 

• Marine transportation (both freight and passenger) 

• Minerals (including oil and gas and hard minerals) 

• Marine related research and education 

• Government functions such as maritime security (navies and coast guards) along with resource 
management (administration of public lands, fisheries management, environmental management).   

The latter two sectors are included in some countries’ definitions (largely because of measurement 
issues); leaving six core sectors may be comprised somewhat differently depending on the industrial 
taxonomies used in each country.  While many countries use the International Standard Industrial 
Classification (ISIC)2, there are significant variations including the North American Industrial 

                                                             
2 https://unstats.un.org/unsd/cr/registry/regcst.asp?Cl=27 
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Classification System (NAICS)3 and the European Nomenclature statistique des activités économiques 
dans la Communauté européenne (NACE)4.   

To illustrate the similarities and differences among these taxonomies, consider water transportation.  
The ISIC and NACE are four-level classifications, while NAICS is a six-level classification.  In ISIC and 
NACE there is a classification for water transportation, within which there are separate classifications 
for inland and ocean/coastal.  The NAICS classification makes the same distinction between inland and 
ocean/coastal, but also distinguishes among coastal, Great Lakes, and Intracoastal Waterway5 
transportation, with further subdivisions between passenger and freight transportation. 

The ‘blue economy’ is thus a term that is widely used and understood at a very general level, but the most 
frequently cited sources for origin of the term never actually use it or use it to mean something completely 
different.  Within the national systems of measuring economic activity, there is widespread agreement on 
some core classifications of activity that comprise the blue economy, but even within these core 
classifications there are significant differences making aggregation of the data that is ultimately used to 
describe and monitor the blue economy across regions as large and diverse as the Indian Ocean Rim.  The 
‘blue economy’ needs to be better defined and measured, as discussed below, but the ‘blue economy’ is 
ultimately to be defined by choices and actions.  These start with the core economic activities considered 
within traditional economic contexts but then re-understood in context of larger global and natural forces.    

3. Ocean Economic Activities of the Indian Ocean 

Overview 

To understand the ocean economy of the Indian Ocean, it is first necessary to provide a general picture of 
the region.  Table 1 shows the population, per capita GDP, and the per capita GDP rank for each of the 
twenty-one nations that are members of the Indian Ocean Rim Association.  The observation that leaps out 
from the data is the huge range of size and development across the region.  The Indian Ocean is bordered 
by states ranging from the 7th highest per capita GDP in the world (Australia) to the 188th (Madagascar).  
The average ranking is 104, about half way through the 198 countries for which GDP per capita is 
available.  The population of the IORA region is 2.2 billion, with India accounting for 61% of the region and 
the three largest countries (India, Indonesia, and Bangladesh) accounting for 80% of the region’s 
population.   
                                                             
3 http://www.census.gov/eos/www/naics/ 
4 http://ec.europa.eu/eurostat/statistics-
explained/index.php/Glossary:Statistical_classification_of_economic_activities_in_the_European_Community_(NACE) 
5  The intracoastal waterway is a series of channels, locks, and natural water features that permits water transit along the 
east coast of the United States without entering the open ocean. 
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Per Capita 
GDP $US 
2010 

World Rank 
in Per 
Capita GDP 

2015 
Population 
('000s) 

Australia $54,233 7  23,969  

Bangladesh $924 166  160,996  

Comoros $769 172  788  

India $1,647 152  1,311,051  

Indonesia $3,703 126  257,564  

Iran (Islamic 
Republic of) $5,937 102  79,109  

Kenya $1,101 157  46,050  

Madagascar $409 188  24,235  

Malaysia $10,512 68  30,331  

Maldives $7,165 85  364  

Mauritius $9,164 73  1,273  

Oman $16,020 47  4,491  

Seychelles $13,374 52  96  

Singapore $51,441 10  5,604  

Somalia $7,623 186  10,787  

South Africa $3,504 93  54,490  

Sri Lanka $813 121  20,715  

Tanzania $958 169  53,470  

Thailand $5,636 99  67,959  

United Arab 
Emirates $38,185 23  9,157  

TOTAL   2,162,500  

Table 1 Indian Ocean Rim countries population and per capita gross domestic product 
(Source: World Bank, UN) 
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The ‘prize’ that has drawn significant attention to the ocean as a source of economic development is 
the large territory created by the Exclusive Economic Zones (EEZ) of the Indian Ocean nations.   EEZ’s 
were authorized by the United Nations Convention on the Law of the Sea (UNCLOS), the 1982 
agreement establishing the legal structure of the oceans.  EEZ’s may extend up to 200 nautical miles 
from the shoreline; within the EEZ the coastal state has exclusive rights to the resources to be found 
there including fisheries and minerals.  The EEZ’s of the Indian Ocean states are shown in Table 2.  
The Indian Ocean EEZ’s total 26.7 million square kilometres, or about 38% of the entire Indian Ocean. 

  
EEZ (SQ 
KM) 

Internal Area (SQ 
KM) 

EEZ/Internal 
Area 

Australia  8,505,348   7,692,116  1.11 

Bangladesh  86,392   143,998  0.60 

Comoros  163,572   2,415  67.73 

India  2,305,143   3,287,263  0.70 

Indonesia  6,159,032   1,904,769  3.23 

Iran, Islamic Rep.  168,718   1,628,750  0.10 

Kenya  116,942   580,367  0.20 

Madagascar  1,225,529   586,771  2.09 

Malaysia  334,671   330,803  1.01 

Maldives  923,322   300  3077.74 

Mauritius  1,284,997   2,040  629.90 

Oman  533,180   309,500  1.72 

Seychelles  1,336,539   475  2813.77 

Singapore  1,067   705  1.51 

Somalia  825,052   637,657  1.29 

South Africa  1,535,538   1,221,037  1.26 

Sri Lanka  532,619   65,610  8.12 

Tanzania  241,188   945,787  0.26 
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Thailand  299,397   513,120  0.58 

United Arab 
Emirates  58,218   83,600  0.70 

TOTAL  26,636,464   19,937,083  1.34 

Table 2 EEZ (including territorial seas) and land areas of Indian Ocean states 
Sources (EEZ: http://www.seaaroundus.org/data/#/eez, author’s calculations) 

The size of the EEZ’s exceeds that of the land area of the Indian Ocean nations; thirteen of the twenty-
one states have EEZs larger than their land area, with the smaller island nations such as the Maldives 
and the Seychelles having EEZ/land area ratios that are in the thousands.  With 2.7 billion people 
occupying 20 million square kilometres, it is no wonder that the addition of nearly 27 million additional 
square kilometres of national territory in whole is an irresistible draw.  Even the smallest EEZ, that of 
Singapore, increases the national territory by more than 50%.  And there remains nearly 44 million 
square kilometres in the Indian Ocean beyond national jurisdiction and theoretically available to all. 

The current levels of ocean-related economic activities are described in general terms in the next 
sections, drawing on international statistical sources that provide some degree of comparability.  The 
discussion omits marine research & education, marine construction (much of which is closely 
associated with ports and transportation), and the public sector activities in marine security and 
resource management.  There is also a number of emerging  

Living Resources 

Some key indicators for the living resources sector are provided in Table 3.  Total production for 
capture fisheries and aquaculture in 2014 was just less than 43 billion metric tons, of which 23 billion 
metric tons was from aquaculture and 20 billion was from capture fisheries.  This high proportion of 
aquaculture output relative to capture fisheries is unusual among the world’s oceans. 

  Aquaculture 
Capture 
Fisheries 

Total 
Fisheries 

Fish 
Species 
Threatened 

MPA % of 
EEZ 

Australia 74.9 154.3 229.3 118 48.5% 

Bangladesh 1956.9 1591.2 3548.1 27 2.5% 

Comoros 0.0 9.3 9.3 9 0.3% 

http://www.seaaroundus.org/data/#/eez
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India 4884.0 4718.8 9602.8 222 2.1% 

Indonesia 14375.3 6508.4 20883.7 158 5.8% 

Iran (Islamic 
Republic of) 320.2 627.2 947.4 43 2.2% 

Kenya 24.1 168.4 192.5 71 10.0% 

Madagascar 16.8 95.8 112.6 93 3.4% 

Malaysia 521.0 1468.2 1989.2 83 2.3% 

Maldives 0.0 128.7 128.7 24 0.4% 

Mauritius 0.8 13.6 14.4 19 0.3% 

Oman 0.3 211.0 211.3 31 1.3% 

Seychelles 0.0 75.1 75.1 21 1.0% 

Singapore 5.0 1.4 6.4 27 1.5% 

Somalia 6.2 609.5 615.7 107 13.4% 

South Africa 34.2 537.8 572.0 54 1.3% 

Sri Lanka 10.3 343.1 353.5 176 18.2% 

Tanzania 10.3 343.1 353.5 No Data No Data 

Thailand 934.8 1769.5 2704.3 106 5.2% 

United Arab 
Emirates 0.8 70.0 70.8 17 21.0% 

Table 3 Living Resources Indicators for the Indian Ocean 2014  
(Source: http://databank.worldbank.org/data/reports.aspx?source=world-development-

indicators) 

The high proportion of aquaculture in the overall totals is misleading, however.  Only three nations 
(India, Indonesia, and Singapore have aquaculture production exceeding capture fisheries, and 
Indonesia clearly dominates in aquaculture, accounting for 62% of Indian Ocean Rim aquaculture.  With 
17,000 islands and 266,000 square kilometres devoted top aquaculture, this is not surprising.  But the 
majority of Indonesia’s aquaculture, like that in several other Indian Ocean Countries, is primarily 
concentrated in fresh and estuarine species rather than ocean species. (FAO, 2013a)  In fat, freshwater 
and estuarine species such as catfish, tilapia, and shrimp are the largest aquaculture products in many 
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countries. Moreover, in many countries, the majority of capture fishery production goes into processed 
fish meal to be used as feed for aquaculture operations either locally or in other countries. (Humayun & 
Zafar, 2013)  Marine species aquaculture has growth potential, but the capital, labour, and 
technological bases for such an expansion are unclear.  

Transportation 

Maritime transportation, primarily of freight, has been a major feature of the Indian Ocean throughout 
history.  Today, there are 460 ports of various sizes around the region, with Indonesia and Australia 
accounting for over half.  When India is added in, about three quarters (73%) of the ports are accounted 
for.  (Table 4) The Indian Ocean is also cross roads of world maritime transportation.  There are around 
180 shipping services connecting countries of the Indian Ocean with Europe (40), North America (10), 
and the Far East (72) in addition to those connecting South Africa (12) and Australia (34) with the 
world.  Connections to Europe, North America, and the Far East all connect with Middle Eastern 
routes.6  

  
Number of 
Ports 

Australia  106  

Bangladesh  4  

Comoros  3  

India  76  

Indonesia  154  

Iran (Islamic 
Republic of)  9  

Kenya  3  

Madagascar  11  

Malaysia  25  

Maldives  1  

Mauritius  1  

                                                             
6 http://www.worldshipping.org/about-the-industry/global-trade/trade-routes 

http://www.worldshipping.org/about-the-industry/global-trade/trade-routes
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Oman  7  

Seychelles  1  

Singapore  2  

Somalia  4  

South Africa  10  

Sri Lanka  10  

Tanzania  13  

Thailand  21  

United Arab 
Emirates  9  

TOTAL   470  

Table 4 Number ports in Indian Ocean nations 2015 Source: 
http://www.worldportsource.com/countries.php 

Maritime freight transportation can be divided into four major categories: container, liquid bulk, dry bulk, 
and general cargo.  Of these, container traffic and liquid bulk, primarily petroleum products, comprise 
the majority of cargoes moved around the world.  These two cargo types are particularly relevant to the 
Indian Ocean, the former because the capacity to handle containers is a critical element in successful 
participation in world trade; container port modernization and expansion are important elements in the 
blue economy planning and investment for all of the countries.  The latter’s importance relates to the 
unique geographic position of the Indian Ocean in the world oil economy. 

Nine of the top 50 container ports in the world are located in the Indian Ocean nations (Table 5).  
Singapore is the third largest container port, reflecting that nation’s unique role in global trade.  Large 
container ports in Indonesia and Malaysia are also expected as both these countries are major 
manufacturing centres for the world economy. But there are also large container ports in two of the 
Middle Eastern Indian Ocean countries (Oman and the United Arab Emirates), as well as in Thailand 
and India. 
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  Container Ports in Top 50 
2014 Movements 
(Millions TEU7) 

India Jawaharwal Nehru (#32) 4.45 

Indonesia Tanjung Priok (#23)  6.40 

Malaysia 
Port Klang (#12)  10.95 

Tanjung Pelepas (#18) 8.50 

Oman Salalah (#50) 3.03 

Singapore Singapore (#3) 34.83 

Thailand Laem Chebang (#22) 6.58 

United Arab Emirates Sharjah (#36) 4.12 

Table 5 Indian Ocean ports in the top 50 container ports worldwide 
Source: http://www.worldshipping.org/about-the-industry/global-trade/top-50-world-container-ports 

The larger picture for container transportation in the Indian Ocean region is provided in Table 6, which 
shows total TEU’s by country (including all container ports in each country).  The measure of ‘container 
trade intensity’ is calculated as number of containers per billion dollars of GDP (2014).  Higher values 
for this measure indicate that container trade plays a large role in the economy, and vice versa.  The 
measure is primarily useful for providing context for the comparisons of traffic across the countries. 

The highest levels of GDP associated with container traffic are of course found in Singapore and 
Malaysia.  The lower levels of the container intensity index suggest countries that could expand the role 
of container ports in their economy.  This is a diverse group, including Australia, India, and Bangladesh.  
Equally interesting in terms of their development potential are countries in the middle on this index such 
as Mauritius, Oman, the Maldives, and Indonesia.  This index provides no specific guidance as to how 
the role of maritime transport might be increased.  Overall economic development, diversification of the 
economy, and rising incomes are the necessary correlates to port development, along with the 
necessary landside transportation infrastructure to connect to the port. (GBG Indonesia, 2014)  But 
there is clearly economic space for additional port development as part of the economies of Indian 
Ocean nations.  

                                                             
7 Container traffic is measured in TEU’s, or twenty foot equivalent units.  Most containers that will be transported via truck or 
rail are 43 to 45 feet long and count as two TEU’s.  The actual number of containers depends on the number of 20 foot and 
40 foot units moved. 
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Container Movements 
2014 (TEU's) 

Container Trade 
Intensity 

Australia  7,524,343   5,173  

Bangladesh  1,655,365   9,575  

Comoros     

India  11,655,635   5,707  

Indonesia  11,900,763   13,364  

Iran, Islamic Rep.     

Kenya  1,010,000   16,451  

Madagascar  181,808   17,034  

Malaysia  22,718,784   67,202  

Maldives  83,778   27,076  

Mauritius  653,635   51,051  

Oman  3,620,364   44,676  

Seychelles     

Singapore  34,832,376   113,703  

Somalia     

South Africa  4,831,462   13,753  

Sri Lanka  4,907,900   61,329  

Tanzania  638,023   1,578  

Thailand  8,283,756   20,488  

United Arab Emirates  20,900,567   51,997  

Grand Total  137,357,932    

Table 6 Container Movements by Country and Container Intensity of the Economy 
Source: http://data.worldbank.org/indicator/IS.SHP.GOOD.TU; author’s calculations 
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The picture for oil transportation is very different in that outside of the major oil producers in the 
northwest corner of the Indian Ocean, nations primarily transport oil to supply their own domestic 

needs.  But the Indian Ocean plays a unique role in global oil trade.  Three of the most critical 
intersections in maritime petroleum transportation are found in the northwest corner (the Strait of 

Hormuz between the Gulf of Oman and the Persian Gulf along with the Bab-al-Mandab Strait between 
the Gulf of Aden and the Red Sea); the southeast corner (the Malacca Strait between the Andaman 

Sea and the South China Sea) and the Cape of Good Hope connecting the Indian and Atlantic oceans. 
(Figure 1)   Oil coming out of the Persian Gulf transits the Indian Ocean on the way to the Africa, 

Europe, the Americas, the Pacific, and to East Asia.  These three marine intersections see 32.3 million 
barrels per day moved every day. (U.S. Energy Information Administration, 2014)

 

Figure 1 Major Checkpoints of World Oil Transportation (Source: U.S. Energy Information 
Administration, 2014) 

Ship & Boat Building 

Ship and boat building occurs throughout the Indian Ocean Rim and can roughly divided into three 
groups: large ocean going vessels, primarily for freight movement; smaller vessels for coastwise and 
river shipping and activities such as fishing and maritime security; and small boats for near coastal 
fishing and transportation.  Singapore and Indonesia are leaders in the construction of small to medium 
sized vessels in the region,(Grey, 2015), along with Bangladesh (Ahamed, 2015)  The third type of boat 
building is found throughout the region and as it is tied to local markets, primarily for fishing; this 
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industry is not well measured or analysed. Ship and boat repair is a subset of the industry which takes 
place throughout the region.  Ship building yards in Bangladesh and India have kept order books 
reasonably filled with repair business rather than new construction. (Ahamed, 2015) 

Ship building is a high value, capital intensive industry that is frequently an important component of 
government economic development strategies.  In the Indian Ocean region, shipyards are either 
government owned (Bangladesh) or government subsidized (India).  (Grey, 2015).  Indonesia, which 
has seen significant growth in its ship and boat building industries, also provides another kind of 
support to the industry: cabotage restrictions. In Indonesia, cargoes carried between domestic ports are 
required to be carried in ships or boats built in Indonesia.  This supports domestic ship building but also 
limits the industry’s ability to compete in global markets. 

The desire to expand ship building for global markets in tankers, container ships, and other bulk 
carriers is mentioned in the blue economy strategies of Bangladesh, India, and Indonesia (Ahamed, 
2015; GBG Indonesia, 2014; Grey, 2015; Humayun & Zafar, 2013).  But that expansion faces 
significant obstacles both internally and externally. Within each country, the ship building industry faces 
shortages of skilled labour, particularly for the construction of more complex vessels such as container 
ships.  The amount of labour is not an issue, but the skills are, and while training can overcome the 
skills shortages, the costs of training must either be borne by governments or passed on to the industry, 
reducing their productivity and increasing their costs. 

Any reductions in competitiveness would come at a particularly difficult time.  Commercial ship building 
is dominated by Korea, China, and Japan, with the Philippines emerging as a fourth major source of 
supply.  There is also significant overcapacity in ship building likely to exist for some time.  The order 
books of the major ship yards were full when the global financial crisis hit in 2008.  That crisis sharply 
reduced international seaborne trade, making it difficult for shipping companies to keep their existing 
fleets fully employed let alone absorb new ships.  Nearly a decade later, the effects of the financial and 
trade crises are still occurring, as evidenced by the bankruptcy of the Korean shipping line Hanjin in 
2016. (World Maritime News, 2016).  

Discussion of ship building in the Indian Ocean cannot ignore the other side of the market: ship 
recycling, or as it is more commonly known, ship breaking.  India, Pakistan, and Bangladesh account 
for about three quarters of all the ship breaking that is done in the world. (Heidegger, 2017)  The ships 
are run onto a beach where teams of workers disassemble the ships almost entirely by hand using 
nothing more sophisticated than acetylene torches.  The steel and other materials are recycled into 
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structural steel for buildings and other uses.  Ship breaking employs tens of thousands of workers, but 
is one of the most dangerous and environmentally damaging industries in the ocean economy.   

It is also an industry that may be fading away.  Cheap Chinese steel is undercutting the price 
advantage of recycled steel in Indian Ocean national markets (Firstpost, 2015), and developed 
countries are restricting their national shipping companies from using the primitive ship recycling 
facilities of the South Asian ship breakers through regulations such as that of the European Union’s 
ship recycling rules. (The Council of the European Union, 2013) 

Minerals 

The Indian Ocean region is a producer of oil and gas, especially natural gas (Table 7).  This table 
shows the production of natural gas and petroleum in those Indian Ocean countries that have 
significant production levels.  Data is shown both for the common metric used for each product and for 
barrels of oil or oil equivalent.8  These figures do not distinguish between onshore and offshore 
production; however there is little offshore production save near the oil rich areas of the north-western 
part of the Indian Ocean.  Natural gas production exceeds oil production for the region as a whole and 
for each of the countries involved except for the United Arab Emirates.   

  

Natural Gas 
Production (Billion 
Cubic Meters) 

Oil Production 
(Metric Tons) 

Natural Gas 
Barrels of Oil 
Equivalent 
(Millions) 

Petroleum 
Barrels of Oil 
(Millions) 

India  29.2   876.1   183.7   123.4  

Indonesia  75.0   824.8   471.7   116.2  

Iran  192.5   3,920.0   1,210.8   552.1  

Malaysia  68.2   693.1   429.0   97.6  

Oman  34.9   952.2   219.5   134.1  

Thailand  39.8   477.4   250.3   67.2  

United Arab Emirates  55.8   3,901.8   351.0   549.6  

Total  495.4   11,645.5   3,115.9   1,640.2  

Table 7 Oil and Gas Production in Indian Ocean countries. Source:(British Petroleum, 2016) 

                                                             
8 A barrel of oil (abbreviated ‘bbl’) is 42 U.S. gallons or 159 liters. 
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Governments in the region are looking to expand oil and gas exploration and production into the near-
coastal offshore.  Bangladesh was expected to issue licenses for exploration in 2016. (U.S. Energy 
Information Administration, 2015). There are known to be large deposits of oil in the East Timor Sea 
between Indonesia and Australia, where there is currently small scale development but substantial 
potential for further development. (Herbert-Burns, 2012).   

Another important ocean-based hydrocarbon source is natural gas hydrates, which are combinations of 
natural gas and water that have chemically combined into ice-like solids that are found in the oceans 
and Polar Regions.  Worldwide, gas hydrates are thought to contain more natural gas reserves than 
conventional gas reserves.  A multinational consortium, including agencies from India and the United 
States has discovered large reserves of gas hydrates in the Indian Ocean, and of a type that is more 
easily commercially producible than other hydrates.  The size of the reserves remains unknown.(United 
States Geological Survey, 2016)  Moreover, commercial production technologies for natural gas from 
hydrates are still some distance in the future, but the region already has significant levels of natural gas 
infrastructure which could make gas hydrates an important source of future energy for the region. 

Gas hydrates are not the only hard minerals likely to play some role in the future Indian Ocean 
economy.  Mineral deposits on the ocean floor called manganese or (more accurately) polymetallic 
nodules have been known to bear significant quantities of valuable minerals since their discovery in the 
1960’s.  The nodules are known to contain manganese, copper, iron and other industrial materials.  
They also contain rare earth elements such lithium that are heavily used in electronic products.  The 
principal source of rare earth elements is China, which has raised concerns about market concentration 
and spurred interest in the mining of polymetallic nodules. (Park & Padma, 2012) 

Polymetallic nodules are generally found in the deep ocean, beyond national jurisdictions.  Their 
possible exploitation was a major impetus for the revisions to the Law of the Sea that resulted in the 
U.N. Convention in 1982, but technological barriers have prevented commercial exploitation until 
recently. (Sharma, 2011)  As technology, particularly deep sea remote sensing and control 
technologies, have improved, nodule mining has been moved from the distant to the near future. 
(National Institute of Ocean Technology, 2013). India is playing a leading role efforts to commercially 
produce polymetallic nodules in association with China. (The Hindu, 2015). 

Tourism & Recreation 

Ocean based tourism and recreation is frequently the largest employer among ocean economies 
(OECD, 2016), but this is true in only a few places in the Indian Ocean. Tourism is a dominant industry 
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in Mauritius, the Maldives and the Seychelles, as it tends to be for many of the Small Island Developing 
States. (UNCTAD, 2014) In these nations, tourism is characterized by both coastal facilities and, 
increasingly, cruise ship tourism.  Tourism & recreation is also an important sector in South Africa 
(Operation Phakisa, 2014) and Australia (Australian Institute of Marine Science, 2014), but it plays a 
relatively small role in most of the rest of the Indian Ocean nations.   

However, tourism & recreation is part of the diversification strategies for several nations. Tourism 
development, including coastal tourism, has been a target for UN-sponsored development efforts in 
East Africa (United Nations Economic Commission for Africa, 2016).  Tourism is recognized as an 
element in the blue economy plans for India (Schottlie, 2016), and Bangladesh (Alam, 2015), but some 
nations have not developed significant plans for coastal tourism (Humayun & Zafar, 2013). 

Tourism & recreation is the blue economy sector which is most dependent on the development of 
appropriate infrastructure.  This includes airports and passenger sea ports, roads, as well as health 
care and other facilities capable of providing developed country-level services in developing country 
economies.  There is also a significant human resource challenge.  Supporting tourism does not require 
the same level of education and training as other industries, but it still requires a work force that is multi 
lingual and trained to provide a high level of service.  Indian Ocean nations, particularly the island 
nations, have extraordinary natural features with which to attract tourists to travel thousands of 
kilometres, but tourism is an extraordinarily competitive industry and natural features unconnected to 
high quality services will yield limited contributions to the economy. 

4. Challenges for the Blue Economy  

 This brief, and admittedly superficial, overview of the current state of ocean related activities in 
the Indian Ocean region presents a mixed picture of economic growth and opportunities.  But there are 
five challenges that must be addressed across the entire region and across all the sectors and 
industries.  These include: 

• Market 

• Scale 

• Environment 

• Climate 

• Measurement 
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This list is not exhaustive.  Maritime security, human resource development, and technology 
development capacity are also important.  For the Indian Ocean, maritime security is a much higher 
priority than in other ocean regions, including issues around EEZ border definitions, piracy (particularly 
in the northwest and southeast corners of the Indian Ocean, and illegal fishing presents major 
challenges limiting the possible development of the blue economy. (Michel & Sticklor, 2012) However, 
the focus here will be on economic and environmental challenges that lie at the heart of the blue 
economy. 

Markets 

All of the ocean sectors and industries of the Indian Ocean economy have grown in importance in each 
nation’s economy, but all face significant competitive pressure from varying combinations of highly to 
hyper competitive global markets, rapid technology change, and business cycles. Shipping is 
modernizing and enabling an expansion of participation in global markets, but ship building struggles in 
a highly competitive market.  The one ship industry, for which the region is well known, ship breaking, is 
threatened by competitive sources of steel and a reaction to the dangerous and environmentally 
damaging practices by advanced nations.  Minerals development in the form of offshore oil and gas 
may have some development potential, while hard minerals such as gas hydrates and polymetallic 
nodules appear to capable of serving as the basis for substantial industries.  But those industries are a 
decade or more into the future and decisions await about how to manage the environmental impacts of 
these industries.  Tourism & recreation are well developed in parts of the Indian Ocean, particularly in 
the small islands that have few other options, but its ability to grow on the continental shores of the 
ocean is uncertain. 

Scale 

Traditional approaches to economic development such as the stages of growth theory (Rostow, 1960) 
have emphasized the importance of continually increasing the economies of scale and scope among 
firms.  Scale (economies of the production process) and scope (economies of the organization) allow 
for substantial increases in output using more efficient levels of inputs, thus increasing overall societal 
wealth.  The drive to scale clearly underpins efforts to spur certain parts of the blue economy such as 
shipping and ship building, and (should extraction ever become commercial) mining of ocean minerals.   

But the road to development through economies of scale and scope has been questioned in terms of its 
externalities, particularly on the environment, on its long term effectiveness, and its inability to 
effectively operate where resources are found in common property arrangements.   
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These perspectives offer a counter argument to the “industrialization” which argues for smaller scale 
firms.  Implicit in these arguments is that developing industries and development policies should shift 
the capital/labour ratios in firms more towards labour and away from (physical) capital.   

There are those who believe that each of these approaches to economic development is the only “true” 
path, and the debate about optimal scale can quickly achieve theological status.  The blue economy 
shows why the issue of appropriate scale is one of choosing appropriate mixes of development 
strategy.  This is most evident in fisheries, where there is a range of options from artisanal fishing (small 
scale, labour intensive, and usually directed at either highly local or very specialized niche markets) and 
industrial fishing (capital intensive, focused primarily on maximizing catch levels, and serving national 
and/or export markets).  Neither strategy is completely right or wrong.  The choice between them 
depends on existing biological and economic structure and dynamics as well as the biological and 
economic outcomes towards which the combination of development policy and fisheries management 
policies is directed.  The same choice is also present in the shipping/port/ ship building where public 
policies and resources must be directed towards some combination of larger ports for containers and 
energy and smaller ports that can serve intra-coastal transport needs.    

Environment  

The essential feature of the “blue” economy is that it is cognizant of both the economic opportunities 
and environmental limitations of using the ocean to generate wealth.  Those limitations are formidable 
throughout the world, but particularly in the Indian Ocean where low per capita wealth engenders the 
need for more intensive and extensive use of the oceans and also makes it more difficult to divert the 
resources needed to reduce effects on the environment.   

The Indian Ocean is comprised of nine of the world’s Large Marine Ecosystems, and is home to more 
than 35,000 marine species, with a number of sub regions that are recognized for very high levels of 
biodiversity.  The 66,000 kilometres of shore line contain over 40,000 square kilometres of mangrove 
forests and over 30% of the world’s coral reefs.  All of these are under pressure, much of which has 
reached critical levels.  Resource extraction, particularly fisheries and aquaculture, is one source of 
these pressures.  Equally important is the growth of urban societies in the Indian Ocean littoral with 
inadequate levels of basic environmental management such as water and sewer systems.  The 
combination of these forces can be seen in the significant losses of mangrove forests throughout the 
region, which are being destroyed to make room for shrimp aquaculture and to accommodate urban 
growth. (Michel, 2012).  
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Across the region over 1400 national stocks of fisheries are being overfished, where a national stock 
can be defined as a stock within a nation’s EEZ. National stocks are not the same as natural stocks; a 
stock of fish may easily cross national borders.  But the national stock represents a management unit 
under the Law of the Sea Convention; each nation is entitled to capture the fish swimming through its 
EEZ and is responsible for its management therein.  Overfished stocks exist in high income countries 
like Australia (118 species), but can primarily be found in lower income countries such as India (222), 
Indonesia (158), Somalia (107), Sri Lanka (176), and Thailand (106).  Together these countries are 
home to 61% of the over fished species in the Indian Ocean. (The World Bank Group, 2014)  

The reason for this challenge is relatively easy to see in Table 8, which shows the change in fisheries 
production from 1990 to 2014, or about a quarter century.  Overall in the region, fish production nearly 
doubled over the period, led by a nine-fold increase in aquaculture; capture fisheries increased by 
nearly 60%.  Not surprisingly, Indonesia led in total production growth, though a number countries with 
very small aquaculture industries in 1990 showed very large growth rates over the 24 years, including 
Madagascar, Kenya, and Iran.  At the same time capture fisheries declined in nine countries, with the 
majority of the declines in the east African sub region.  Thailand had the largest decline, followed by the 
UAE and Tanzania. 

  

Change in 
Aquaculture 
Production 

(Metric 
tons) 

Percent 
Change 

Aquaculture 

Change in 
Capture 
Fisheries 

Production 
(Metric 

tons 

Percent 
Change 
Capture 
Fisheries 

Total 
Fisheries 
Change 
(Metric 

tons 

Percent 
Change 

Total 
Fisheries MPA % of EEZ 

Australia 62,513 504% -81,065 -34% -18,552 -7% 48.5% 

Bangladesh 1,764,333 916% 937,638 143% 2,701,971 319% 2.5% 

Comoros 0 0% -1,996 -18% -1,996 -18% 0.3% 

India 3,866,885 380% 1,856,235 65% 5,723,120 148% 2.1% 

Indonesia 13,775,458 2297% 3,864,866 146% 17,640,324 544% 5.8% 

Iran, Islamic 
Rep. 293,027 1079% 385,251 159% 678,278 252% 2.2% 

Kenya 22,862 1850% -33,157 -16% -10,295 -5% 10.0% 

Madagascar 16,553 5912% -7,821 -8% 8,732 8% 3.4% 
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Malaysia 468,095 885% 511,453 53% 979,548 97% 2.3% 

Maldives 0 0% 48,458 60% 48,458 60% 0.4% 

Mauritius 679 870% -456 -3% 223 2% 0.3% 

Oman 282 282% 91,254 76% 91,536 76% 1.3% 

Seychelles -15 -100% 69,709 1282% 69,694 1278% 1.0% 

Singapore 3,114 168% -10,058 -88% -6,944 -52% 1.5% 

South Africa 2,547 70% 63,930 12% 66,477 12% 13.4% 

Sri Lanka 33,190 3222% 354,931 194% 388,121 211% 1.3% 

Tanzania 8,942 650% -73,885 -18% -64,943 -16% 18.2% 

Thailand 643,039 220% -728,688 -29% -85,649 -3% 5.2% 

United Arab 
Emirates 788 768% -25,129 -26% -24,341 -26% 21.0% 

TOTAL 20,962,292 947% 7,221,470 58% 28,328,142 195%   

Table 8 Changes in aquaculture and capture fisheries production 1990-2014 (Source: FAO) and 
Percent of EEZ in Marine Protected Areas, 2015 (Source: U.N.) 

A critical response to overfishing is the creation of marine protected areas (MPA’s) that remove a 
portion of the area available for fish harvesting to reduce pressure on stocks and to protect areas 
associated with breeding and juvenile habitat in order to promote stock recovery. (Gubbay, 1995)  A 
number of countries that have seen declines in capture fisheries have taken steps to designate 
significant amounts of marine protected areas, but this is not common.  Moreover, many of those with 
the largest increases in capture fisheries have taken only the smallest steps to create marine protected 
areas, as shown in Table 9. 

  

% of EEZ in MPA in 2015 

<10% 10%+ 

Change in Capture Fisheries 
1990-2014 Decrease 

Comoros 
Madagascar 
Mauritius 
Singapore 
Thailand 

Australia    Kenya     
Tanzania     UAE 
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Increase 

Bangladesh 
India 
Indonesia  

Iran  

Malaysia 
Maldives 
Oman 

Seychelles  

Sri Lanka  

South Africa 

Table 9 Comparison of Change in Capture Fisheries 1990-2014 with percent of EEZ in Marine 
Protected Areas 2015 (Source: UN, FAO, author’s calculations) 

With due allowances for additional details, those countries in the top right box have been the most 
aggressive in using MPA’s when confronted with declines in capture fisheries (although the magnitude 
of MPA’s in Australia may be biased upward because of the unique issues of the Great Barrier Reef).  
Those in the lower left have seen significant increases in capture fisheries production but have done 
relatively little to protect sensitive marine areas.  Of those nations that have seen an increase in capture 
fisheries production, only South Africa has designated more than ten percent of its EEZ as an MPA.  
Nations in the top left box have yet to take significant action to protect marine areas despite declines in 
their capture fisheries.  This analysis suggests the distance still to be travelled to address over fishing 
issues. 

Mineral resource extraction in the oceans does not yet constitute a significant environmental threat 
apart from routine oil spillage associated with transportation and terminal operations.  But the future 
may see significant growth in offshore petroleum exploration and hard mineral mining.  The 
environmental risks from oil and gas production in the ocean are well known and to some extent 
manageable.  But the risks to water quality and benthic ecosystems from hydrate or polymetallic nodule 
mining, along with risks from the processing of the raw materials to separate the minute amounts of 
valuable resource from the surrounding structures are unclear but likely to be sizable.  Perhaps one of 
the most important aspects of the shift towards the integrated economic-environmental perspective of 
the blue economy is that future mineral development, if it ever takes place, will receive much more 
attention to its environmental impacts than it otherwise would have. 

It is also important to note that the environmental challenges facing the Indian Ocean are being 
addressed through a number of cross-border initiatives which are, themselves, becoming as much a 
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part of the blue economy as the traditional ocean industries.  Two examples of these initiatives are the 
major research project for the Bay of Bengal Large Marine Ecosystem, coordinated by the U.N. Food & 
Agricultural Organization.  This effort is targeted at building a fisheries management approach for the 
entire Bay of Bengal, to be developed with and implemented by all of the nation’s bordering the bay. 
(Bay of Bengal LME, n.d.; FAO, 2013b) 

Other examples include the Western Indian Ocean Coastal Challenge (WIOCC, 2014) and the Global 
Island Partnership. (Global Island Partnership, n.d.) These organizations bring together governmental 
agencies, research, and nongovernmental organizations to exchange information and develop common 
strategies to address environmental issues of the Western Indian Ocean region and of the special 
needs of island nations.  The special needs of small island developing states (SIDS) are also the focus 
of significant attention because the small size, environmental fragility, and lack of economic diversity 
magnify all of the issues of the blue economy. (UNCTAD, 2014; UNEP, 2014) 

Climate 

Clearly the largest environmental threat is that of climate change and its associated marine related 
effects including sea level rise, changes in ocean chemistry (acidification), and temperature. The 
impacts of these changes in the ocean on the blue economy are well understood in form if not precisely 
predictable in magnitude.  Sea level rise will threaten coastlines and properties located there.  For low 
lying areas, including the island states of the Maldives, Seychelles, Comoros and Mauritius where the 
majority of the population and national economies lie in coastal areas, the threats are literally 
existential.  For countries, such as Bangladesh and India, with low lying coastal areas that are already 
the location of routine flooding disasters, the threat is not nationally existential but the millions of people 
who are threatened by sea level rise exceed the entire populations of the island states by several fold.  
Changes in ocean chemistry and temperature will cause shifts in fish stocks, relocating them in some 
places, growing them in others, and shrinking them in still others.  Just at the time when nations are 
beginning to make aggressive efforts to manage their fisheries, the concept of a sustainable fish stock 
becomes a continually moving target. (Michel, 2012; Rakotobe, Holmes, & Ralison, 2012)   

Climate change is acknowledged as a factor in all of the discussions of the Indian Ocean blue 
economy.  Rarely acknowledged is the possibility that climate change may also be a catalyst for 
economic opportunity.  Construction of barriers to sea level rise and for flood risk reduction, including 
engineered structures such as sea walls and natural infrastructure such as conserved or restored 
coastal wetlands, coral reefs, or mangrove forests will benefit the marine construction sector will grow 
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into a major industry throughout the region.  Conservation of coral reefs and mangroves are among the 
most effective barriers to flooding and their economic values have been demonstrated to be quite large 
(Beck & Lange, 2016) and such conservation can enhance growth in tourism and recreation.  In 
addition, barriers to sea level rise are not viable solutions in many areas, which will require large scale 
redesign of shoreline structures and places.  Changes in fisheries may be beneficial or harmful to 
fisheries, but the development of technologies and industries that can adapt to changing species 
composition with minimum disruptions to industry or fishing communities would maintain the critical role 
of fisheries in the Indian Ocean economies.   

The extent and effectiveness of mitigation efforts will determine the precise nature of change, but 
adaptation to climate change is no longer something that lies in the future.  The responses to climate 
change will require the same kinds of investments in technology, infrastructure, shoreline properties, 
urban regions, and coastal systems that will be needed to expand and sustain the blue economy.  
Moreover, since climate change is a global threat, countries and economies that find effective 
strategies for dealing with it will gain competitive advantage in expertise and technologies would not 
only address local issues but form the basis for export markets in goods and services. 

Measurement 

The last challenge to be discussed is the most obscure but also the most immediate.  Any discussion of 
the blue economy within the Indian Ocean region, or in most of its countries, necessarily resembles the 
story of the man on his hands and knees under a street light; when asked what he is doing, he 
responds that he lost his wallet down the street, but this is the only place where there is light.  The blue 
economy is visible only to the extent that it is measured through the availability of data that incorporates 
both the value of economic activity and ecological resources.  This paper is evidence of the problem. 

Fortunately, the drive to establish the blue economy in the Indian Ocean comes at a time when there is 
significant attention to the methods of developing the appropriate economic data.  The United Nations 
has developed three frameworks for national economic accounting that incorporate traditional concepts 
of national income accounting, accounting for environmental and natural resource assets, and 
incorporating the emerging field of ecosystem services valuation into the measurement system. 
(European Commission, International Monetary Funds, Organisation for Economic Co-operation and 
Development, United Nations, & World Bank, 2009; European Commission, Organization for Economic 
Cooperation & Development, United Nations, & The World Bank, 2013; SEEA Central Framework, 
2012). 
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Figure 2: Schematic relationship of the U.N. systems of environmental and economic accounts 

The National Income Accounts measure current period production and consumption, adjusted for trade 
and residential/non-residential capital investment.  The Economic and Environmental Accounts 
separate the transactions (as expenditures) on environmental protection and management and includes 
accounts for natural resource capital stocks such as fisheries and mineral reserves.  The Experimental 
Ecosystem Services accounts provide measures of increases or losses in the services provided by 
ecosystems that are often described as ‘non-market’ values. (Obst, Hein, & Edens, 2015).  The 
application of these accounting frameworks to the ocean-related economy is still at early stages 
(Colgan, 2016; OECD, 2016), so Indian Ocean nations can begin the task of developing the 
measurement tools that will be needed for a successful blue economy policy.  This is an urgent need as 
all else will depend on the ability of the nations of the region to know where they are bound, the course 
to take, and the speed of progress. 
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Conclusions 

The concept of the blue economy and its increasing acceptance as a framework for how we think about 
the economic values of the oceans comes along at a propitious time for the nations of the Indian Ocean 
Rim.  Even without the ideas embodied in the term ‘blue economy’, there really is no other way forward 
than to integrate actions that increase economic value with full recognition of the limitations that nature 
imposes.  But the fact that so many governments have given at least general commitments to the 
concept is an important first step.  The difficulties and challenges that lie ahead for those seeking to 
establish national and regional blue economies have received much less attention than they require, 
but this is a little unfair to the political leaders whose job is to mobilize societies to go in a particular 
direction.  It is now up to the complex mixture of public and private sector organizations, NGO’s and 
academic institutions to begin and maintain progress towards the blue economy. 
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Appendix: United Nations Sustainable Development Goal 14 

CONSERVE AND SUSTAINABLY USE THE OCEANS, SEAS, AND MARINE RESOURCES FOR 
SUSTAINABLE DEVELOPMENT 

TARGETS 

14.1 

By 2025, prevent and significantly reduce marine pollution of all kinds, in particular from land-based 
activities, including marine debris and nutrient pollution  

14.2 

By 2020, sustainably manage and protect marine and coastal ecosystems to avoid significant adverse 
impacts, including by strengthening their resilience, and take action for their restoration in order to 
achieve healthy and productive oceans  

14.3 

Minimize and address the impacts of ocean acidification, including through enhanced scientific 
cooperation at all levels  

14.4 

By 2020, effectively regulate harvesting and end overfishing, illegal, unreported and unregulated fishing 
and destructive fishing practices and implement science-based management plans, in order to restore 
fish stocks in the shortest time feasible, at least to levels that can produce maximum sustainable yield 
as determined by their biological characteristics  

14.5 

By 2020, conserve at least 10 per cent of coastal and marine areas, consistent with national and 
international law and based on the best available scientific information  

14.6 

By 2020, prohibit certain forms of fisheries subsidies which contribute to overcapacity and overfishing, 
eliminate subsidies that contribute to illegal, unreported and unregulated fishing and refrain from 
introducing new such subsidies, recognizing that appropriate and effective special and differential 
treatment for developing and least developed countries should be an integral part of the World Trade 
Organization fisheries subsidies negotiation  

14.7 

By 2030, increase the economic benefits to Small Island developing States and least developed 
countries from the sustainable use of marine resources, including through sustainable management of 
fisheries, aquaculture and tourism  
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14. A 

Increase scientific knowledge, develop research capacity and transfer marine technology, taking into 
account the Intergovernmental Oceanographic Commission Criteria and Guidelines on the Transfer of 
Marine Technology, in order to improve ocean health and to enhance the contribution of marine 
biodiversity to the development of developing countries, in particular Small Island developing States 
and least developed countries  

14. B 

Provide access for small-scale artisanal fishers to marine resources and markets  

14. C 

Enhance the conservation and sustainable use of oceans and their resources by implementing 
international law as reflected in UNCLOS, which provides the legal framework for the conservation and 
sustainable use of oceans and their resources, as recalled in paragraph 158 of The Future We Want. 

Source: https://sustainabledevelopment.un.org/sdg14 
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Abstract 
 
     This paper presents an overview of coastal and marine tourism on the Indian ocean Rim. It identifies 
the impacts of coastal and marine tourism on IOR countries together with challenges that must be 
faced if coastal and marine tourism is to develop in a sustainable way. The paper concludes with a 
discussion of the types of governance structures for sustainable coastal tourism in the IOR and their 
implications for the actions of different stakeholders to better realise the potential benefits of 
development. 
 
Keywords: Coastal and marine tourism; Indian Ocean Rim; governance: sustainability 
 
 
Introduction 
 
Coastal and marine tourism comprises a substantial part of the world tourism market. It holds particular 
promise for countries on the Indian Ocean Rim, with potential for growth and employment in related 
industry sectors across the region. Coastal tourism embraces the full range of tourism, leisure, and 
recreationally oriented activities that take place in coastal zones and the offshore coastal waters. 
Marine tourism relates more to sea and ocean based activities more remote from coastlines. The 
difference between the two concepts is one of degree since any divorce between marine and coastal 
tourism is somewhat artificial with respect to value chain interconnectedness (Orams, 1999). Marine 
tourism presents opportunities to raise local incomes, strengthen and enhance local infrastructures, and 
contribute to the wellbeing of local communities. However, tourism in the blue economy also has social 
and environmental effects which transform coastal and environments, sometimes in undesirable ways. 
The key challenge is how to develop the Indian Ocean’s tourism potential without adding significantly to 
already existing pressures. Tourism development must accord with the principles of sustainability- 
taking full account of its current and future economic, social and environmental impacts, addressing the 
needs of visitors, the industry, the environment and host communities (UNWTO, 2005).  
 
This paper has several aims. First, to provide an overview of coastal and marine tourism in the Indian 
Ocean; second, to identify the impacts of coastal and marine tourism on IOR countries; third, to identify 
challenges to sustainable growth of coastal and marine tourism and their implications for the actions of 
different stakeholders; and fourth, to explore effective governance structures for sustainable coastal 
tourism to better realise the potential benefits of development for all IOR countries. 
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Coastal and Marine Tourism in Indian Ocean Rim Countries  
 
Some tourism statistics relating to IOR countries is given in Table 1.The destinations are ranked 
according to the size of the contribution of the travel and tourism industry to GDP. Thus the data relates 
to all tourism not just the coastal and marine market. The Seychelles is the most heavily dependent 
economy, with 21.2% of its GDP contributed by travel and tourism. The second and third ranked 
economies are Mauritius (11.3%) and Thailand with 9.0%. Other economies with relatively high 
contribution from travel and tourism are Malaysia (7.2%), Madagascar (5.9%) and Singapore (5.3%). 
Kenya, Tanzania and UAR fall into the 4% range, with ten other countries registering less than 4.0% 
contribution. 
 
On UNWTO (2016) projections, international tourist arrivals worldwide are expected to increase by 
3.3% a year from 2010 to 2030 to reach 1.4 billion by 2020 and 1.8 billion by 2030.This implies an 
annual average increase of around 43 million international tourists. Between 2010 and 2030 projected 
growth rates in inbound tourism are 5.8% (East Africa), 5.1% (S.E. Asia), 6.0% (South Asia), each of 
which exceeds the global average rate of tourism growth. (UNWTO, 2016) (http://www.e-
unwto.org/doi/pdf/10.18111/9789284418145).  
 
Several destinations on the IOR have experienced volatile tourism numbers due to adverse economic 
conditions and political instability (e.g. Madagascar, Kenya Comoros and Tanzania) while others 
(Seychelles and Mozambique) have experienced healthy upward trend in tourist numbers over the past 
5 years. Projected growth of Travel and Tourism contribution to GDP between 2013 and 2022 
(UNWTO, 2016), ranges from above 6% (Thailand, Tanzania, Sri Lanka, Mozambique, Bangladesh and 
India), to below 4% and hence below the global average (Singapore, UAE, Australia, South Africa, 
Yemen). 
 
Table 1. Tourism in Indian Ocean Rim Countries 
 International  

Arrivals 000’ 
International 
Tourism 
Receipts 
($million) 

T&T industry 
GDP 
(US$ 
millions) 

T&T 
industry 
GDP % 
 

T&T industry 
employment  
(1,000 jobs) 

T&T industry 
employment  
% 

Projected 
growth 
rate  T&T 
GDP2013-
2022 

        
Seychelles 230 343.6 240.6 21.2% 9.7 22.7% 4.3% 
Mauritius 993 1,321.0 1,326.1 11.3% 61.8 10.8% 4.4% 
Thailand 26,547 42,080.2 34,928.0 9.0% 2,562.9 6.6% 6.7% 
Malaysia 25,715 21,496.3 22,389.6 7.2% 880.8 6.7% 4.4% 
Madagascar 196 321.0 599.2 5.9% 224.9 4.6% 5.1% 
Singapore 11,898 19,056.9 15,307.4 5.3% 147.2 4.3% 3.4% 
Kenya 1,433 880.6 2,119.8 4.8% 226.3 2.3% 5.2% 
Tanzania 1,063 1,880.4 1,506.4 4.5% 402.3 3.8% 6.2% 
UAE 9,990 11,564.3 15,378.7 4.0% 291.3 5.3% 3.1% 
Sri Lanka 1,275 1,715.0 2,659.1 3.9% 286.2 3.5% 6.1% 
Mozambique 1,886 241.0 461.2 3.2% 273.0 2.4% 6.1% 
Indonesia 8,802 9,119.2 27,059.7 3.1% 3,042.5 2.7% 5.3% 
South Africa 9,537 9,237.5 10,680.8 3.0% 645.5 4.6% 3.9% 
Oman 1,551 1,222.4 2,556.0 3.0% 36.8 3.3% 5.4% 
Yemen 990 940.0 1,344.1 2.9% 152.1 2.5% 2.4% 
Australia 6,382 31,253.8 39,043.3 2.6% 522.3 4.5% 3.4% 
Iran 4,769 1,294.0 8,239.4 2.2% 414.7 1.9% 5.7% 
Bangladesh 148 128 2,845.8 2.1% 1,328.5 1.8% 6.1% 
India 6,968 18,397.1 37,184.9 2.0% 22,320.2 4.9% 6.4% 
Somalia        
Comoros        
Maldives        
Source Compiled by author from WEF (2016). 
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The total number of international visitors per year is small for most IOR countries compared to other 
regions, and intra-regional travel remains relatively limited. The relatively small numbers of international 
tourists reflect the fact that the IOR is not very well known within the global tourism marketplace.  
 
It is not possible to estimate the type or contribution of coastal and marine tourism in the countries 
listed in Table 1. Some countries such as South Africa, Madagascar, Tanzania and Kenya, have a 
diversified tourism product, while in the Seychelles, Mauritius and Comoros, the tourism sector is 
almost entirely made up of leisure-based coastal tourism. More developed destinations in coastal areas 
are typically ‘mass tourism’ destinations. On the Kenyan coast, large package tours catering to mostly 
European (British, Italian, German) tourists predominate and an emerging market in time-share villas is 
growing. South Africa is an important air and cruise hub for the region, receiving many international 
tourists interested in combining safari trips with beach destinations. Coastal areas in the region include 
both relatively ‘mature’ tourism destinations (Seychelles, Mauritius, Thailand and Sri Lanka) and 
relatively undeveloped areas which are likely to see more tourism development in the near to medium-
term future (UAE, Yemen, Madagascar). The Indian Ocean features many Small Island developing 
states (SIDS) and archipelagos. E.g. Maldives, Mauritius, Seychelles, Comoros. These face common 
social, economic and environmental challenges resulting from characteristics such as: small 
populations, narrow resource base,  remoteness, high dependency on development assistance and 
international trade, poor infrastructure, lack of skilled/managerial/technical personnel in tourism and 
hospitality, vulnerability to natural disasters and the effects of climate change (Douglas, 2006;UNEP, 
2014).  
 
Trends supporting continued growth in coastal and marine tourism 
 
Coastal and marine tourism in the IOR is affected by the same demographic, social, political, economic, 
environmental and technological factors that influence global tourism flows in general (Dwyer, Edwards, 
Mistilis, Scott and Roman, 2009). 
 
Demand side. Determinants include: economic growth; increasing populations; increased longevity of 
humans; increasing urbanisation; higher standards of health care; changing work patterns with more 
flexibility of travel plans; wider spread of education; migration; stress management through holiday 
escapes; changes in people’s values and needs, aspirations (Dwyer, 2015). As more material needs 
are satisfied tourists seek newer, richer, deeper, authentic experiences; greater interest in combining 
coastal opportunities with other experiences through excursions or multi-centred holidays; growth in 
popularity and expectation of all-inclusive offers and facilities; growth in cruise tourism; growth in 
coastal second homes (Honey and Kranz, 2007). 
 
Supply side. Determinants include: developments in ICT and transportation technology; continuing 
growth in size of travel companies and intermediaries; continuing influence of destination management 
organisations (DMO); deregulation and liberalisation of air transport and ‘open skies’ policies; tourism is 
now a serious development strategy for the less developed world, with the support of institutions such 
as the World Bank and International Monetary Fund. The globalisation of social networks, whether 
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through multinational companies, higher education, or international civil society, can be expected to 
drive further growth of tourism and travel (Dwyer, 2015) 
 
The demand and supply side trends are likely to have different effects on different destinations on the 
IOR. Some apparent trends specific to coastal and marine tourism are listed in Table 2. Each has 
relevance to the IOR. New forms of tourism are likely to be ‘evolutionary’ rather than revolutionary, 
extensions of existing forms, and each has implications for types of offerings to appear in the future. 
 
 
Table 2. Established and New forms of Coastal and Marine tourism 
 
Heritage Tourism includes activities such as coastal and marine archaeology, maritime heritage, 
lighthouses, museums, military heritage sites, natural heritage along the coast, maritime towns and 
cities.  
Thematic Itineraries. Diversification and integration of coastal and inland attractors, including cultural, 
religious or ancient trade routes 
Health and Spa. Health and spa facilities are expanding along coasts, including alleged medicinal and 
therapeutic qualities of the sands and clays and thermal waters 
Complementary Activities. Expanding activities such as wine-tasting, gastronomy, conferencing, special 
events and festivals, health and wellbeing. Enriching and diversifying the tourism product can reduce 
the seasonality of visitor demand in many coastal and marine destinations.  
Underwater hotels and sea-floor/floating resorts are being developed in many parts of the world. In the 
construction activity of such facilities, the tourism industry can learn from advances in construction 
know-how developed by other emerging ocean industries   
Deep sea tourist expeditions. Locations range from shipwrecks to hydrothermal vents and other 
especially attractive deep-ocean eco-systems.  
Marine Ecotourism. Marine Parks, underwater archaeological parks, coral reefs and other locations  
with archaeological, ecological or historical value 
Recreational boating also offers a particularly valuable opportunity to retain or revive the economies of 
smaller ports and port communities that are at risk of being bypassed due to changes in commercial 
marine and fishing traffic  
Yacht Tourism brings particularly high value, low impact tourism to coastal regions, stimulating the local 
hospitality, transport, construction and supporting trades. 
 
Source: constructed by author  
 
Impacts of Coastal and Marine Tourism 
 
Worldwide, coastal and marine tourism is dominated by mass tourism, involving the movement of large 
numbers of people on s tandardized packaged tour holidays. The projected increase in numbers of 
tourists worldwide implies that increasing numbers of persons will access more and more of the marine 
world with its sensitive and f ragile environments. Numerous studies have identified the possible 
benefits of coastal tourism for the economy, society and the environment (UNWTO, 2013).  
 
Positive Economic Effects: Coastal and marine tourism stimulates local production contributing to 
household incomes and standard of living. It generates investment in new businesses, stimulating the 
growth of local businesses and business profits (Dwyer, 2015). It increases employment opportunities, 
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and can be a good employer of women and disadvantaged groups. It enables capacity building through 
tourism-related professional training, development of business and organizational skills. It expands an 
economy’s export base, generating foreign exchange earnings for the national economy. Tourism 
expansion can increases local development and infrastructure provision including public transport 
networks. New tourism markets are a form of economic diversification which increases governments’ 
tax base. Tourism can help to diversify the local economies, offering additional livelihood opportunities 
for communities and assisting in the development of remote areas. Tourism related development of 
local supply chains generates further employment and income in the other economic sectors (UNEP, 
2009; UCTAD 2014). 
 
Positive Environmental Impacts: Coastal and marine tourism can directly benefit the natural heritage, 
fostering conservation and preservation of natural resources; encouraging community revitalisation and 
beautification. Revenue from marine park-entrance fees, user permits and similar sources can be 
allocated specifically to protect and manage environmentally sensitive coastal and marine areas. The 
dependency of tourism on attractive coastal environments and cultural heritage can lead to a greater 
awareness of their value amongst all stakeholders, leading to more commitment and support for their 
conservation (UNEP, 2011, 2012). 
 
Positive Socio-cultural Impacts: The IOR is one of the world’s great melting pots - a confluence point for 
African, European, Arab, Indian, Chinese, and Indo-Malay people and cultures. Coastal and marine 
tourism development can help eliminate social or national prejudices, promoting mutual understanding 
between hosts and guests. It can encourage civic involvement and local pride in cultural traditions and 
identity (World Bank Group, 2013). Investment in tourism related and general infrastructure including 
increased availability of recreation facilities and opportunities associated with coastal and marine 
tourism can improve the quality of life of locals. The jobs created by coastal and marine tourism can 
help reduce emigration from more remote areas. Tourism development can provide economic support 
for preservation of local culture through sale of culturally inspired handicrafts produced by local 
community (Honey and Krantz, 2007). 
 
While these benefits may be targeted by countries in the IOR, historically, coastal and marine tourism 
developments face a variety of barriers to sustainable operations. If we are to develop a genuinely real 
sustainability approach to its development in the IOR, several major challenges must be met. If these 
challenges are not met, the positive impacts will either not result or will be greatly diminished in 
significance. 
 
Challenges to sustainable growth of coastal and marine tourism  
 
Lack of Regional Cooperation 
 
Tourism in the IOR is characterised by a lack of regional cooperation in such matters as product 
development, multi-country packaging, intra-regional travel, promotion, and cross-cutting issues 
(including training, quality assurance, and environmental standards). The Indian Ocean Commission 
(COI) has emphasised that regional tourism integration is a priority. However, limited resources—
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financial and political---have been committed to policy, partnerships and sector promotion despite the 
economic rationale for greater regional cooperation (Leijzer and Denman, 2013). 
Opportunities for greater regional tourism integration in the areas of improving regional air connectivity, 
cooperation in capacity building and workforce development, collaboration in product packaging, and 
joint marketing are starting to emerge (World Bank Group, 2013). The 2013 launch of the Vanilla 
Islands Organization (VIO), comprising Comoros, Madagascar, Mauritius, Réunion, and Seychelles is a 
positive step towards greater regional tourism collaboration in respect of marketing and public relations, 
product development, standards creation, trade fair representation and knowledge sharing (UNWTO, 
2013). Collaboration on statistics collection, presently uneven and inconsistent, is expected to provide 
useful data to guide marketing efforts. Pooling IOR countries’ resources to conduct joint partnership 
and marketing activities would likely allow their limited resources to raise the region’s profile in key 
source and emerging markets 
 
Economic and social differences between IOR countries, while providing a possible richness in tourism 
offerings, also add complexity to tourism sector integration. Differences in the stage of industry 
development, reflected in the scale of tourism in each country and in the institutional capacity to 
manage the sector, can impact the development of any meaningful and effective collaboration across 
the region. 
 
Rapid and uncontrolled urbanisation 
 
Damage from over exploitation, poorly controlled development and inadequate concern for 
communities and resource management has been a feature of coastal and marine tourism globally, 
with substantial changes in the landscape coming from the construction of infrastructure, buildings and 
facilities (UNWTO, 2013). Coastal tourism development patterns in many IOR countries typically are 
driven by broad market dynamics in a relatively unplanned and undirected manner. The overriding 
trend in land tenure in coastal areas is that the market is subject to high levels of control or capture by 
elite public-private interests, and linked to broader patron-client governing structures (Honey and 
Krantz, 2007; Nelson, 2012). Urban development in East Africa in particular has had a number of 
negative effects, including coastal degradation and beach and soil erosion, untreated sewage entering 
seas, the destruction of important coastal habitats, land saturation and a decrease in the land available 
for agricultural and other uses (Nelson, 2004, 2007, 2012). Along many coastlines of the IOR (eg. 
Kenya, Zanzibar and Mozambique), tourism has developed in a haphazard and unplanned fashion 
causing major social and environmental problems.  
 
Dependence on tourism 
 
Given the discretionary nature of tourism expenditure, the industry is extremely sensitive to crises of 
every type (economic, environmental, and political). Destinations that overspecialise in tourism are 
particularly vulnerable to crises and can incur substantial costs when conditions change.  
 
Coastal and marine tourism destinations, particularly in small island states such as are located in the 
IOR, are typically susceptible to two types of dependence. One type relates to a dependency on 
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tourism in general as an export market. The SARS epidemic, avian flu, and the global financial crisis 
demonstrated very well the risks involved in tourism dependency arising from sudden unfavourable 
changes in demand from world markets (Dwyer, 2015). Another type of dependence occurs within the 
tourism market. This can involve over- reliance on tourism from particular origin market or over-reliance 
on a particular tourism product (e.g. beach recreation, whale watching, diving). Dependence on tourism 
in the IOR is also evidenced by the seasonal nature of tourist arrivals, tied to holiday periods and 
weather conditions in origin markets. In peak periods, ttourism can create great pressure on local 
resources such as energy, food, land and water that may already be in short supply. 
 
More attention is needed as to how countries on the IOR can participate in new forms of marine tourism 
to avoid the types of dependency that characterise existing forms of tourism. Inter-sector linkages need 
development to make these economies as resilient as possible to external events (UNEP, 2014; 
UNCTAD, 2014). 
 
Impacts of other industries on tourism 
 
Wherever it exists, tourism experiences are affected by a substantial number of other industries. Non- 
tourism industries in the IOR have the potential to create habitat loss, biodiversity loss, pollution and 
effects on ec osystems that adversely affect coastal and m arine tourism. Activities related to 
aquaculture, minerals exploration and extraction, spills from oil tankers, garbage from merchant 
shipping etc. can degrade the suitability of coastal and marine locations for tourism purposes. Coral 
reefs are particularly vulnerable to sea mining activity.  
 
As other marine related industries expand, there will be need for greater awareness of the associated 
impacts, including the development of monitoring and mitigation strategies in order to minimise or 
circumvent them (Mohanty, Dash, Gupta and Gaur, 2015). Competition for marine space highlights the 
need for efficient management to avoid potential conflict and create synergies between different marine 
uses. Opportunities exist to develop protocols with other industries (cargo shipping, oil and ga s). 
Governance processes need to monitor the inter-industry effects associated with expansion of each of 
the emerging ocean industries. These industries must also be s tudied for their potential impacts on 
tourism (OECD, 2016).  
 
Impacts of Tourism on other industries 
 
Since tourism is itself a type of mega industry comprising characteristic and connected industries such 
as accommodation, transport, food and beverage services, travel agents, tour operations, conventions, 
entertainment facilities, retail trade etc., infrastructure that supports tourism development also can 
support development of various other industries. The cruise sector, for example, has important 
synergies with other shipping functions as it partly uses the same port facilities as regular shipping. 
Conversely, poorly planned seaside tourist developments can have a det rimental effect on ex isting 
local industries and on the social fabric of local communities- e.g. conflicts between tourism and the 
mining industry and tourism and agriculture.  
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Tourism operations can be an additional source of marine and terrestrial pollution on the coast in all the 
IOR countries. Lack of data on the actual levels of coastal and marine pollution attributable to the 
tourism sector in the IOR countries, flags a need for scientific research, mapping etc. and an increased 
need for marine monitoring, surveillance and control including techniques for a Zero harmful discharge 
policy (OECD, 2016). The majority of IOR countries do not regulate the performance of tourism 
enterprises in managing impacts on the coastal and marine environment nor have they monitoring 
systems in place to enforce good environmental behaviour. Both visitor and operator certification 
schemes and codes of conduct can play important role in reducing adverse impacts of tourism activity. 
An effective strategy for enhancing the environmental benefits of tourism in the IOR must be based on 
strong collaborative relationships with private tour operators, and develop tactics for supporting 
operator initiatives in ways that add value and spur innovation. 
 
Highly valued coastal areas reveal a concentration of land holdings and alienation of local land and 
resources. Moreover, it should be noted that an expanding tourism industry draws resources (land, 
labour, capital) from other industries. Unless there is significant excess capacity in tourism-related 
industries, the primary effect of an economy-wide expansion in inbound tourism is to alter the industrial 
structure of the host economy rather than to generate a large increase in aggregate economic activity, 
including income and employment generation. Tourism planning should not be undertaken without 
analysis of the projected effects on industry balance in the destination. 
 
Transport 
 
Aviation is critical to the expansion of many coastal and marine destinations in the IOR (Oxford 
Economics, 2011). Operators and host communities cannot reap the economic benefits of a thriving 
tourism industry or develop their local economies without adequate transport connections to and 
between countries. Many of the more remote island destinations in the IOR have very poor access 
transport links with mainland areas. Currently, flights to and from small islands are generally limited and 
very costly (World Bank Group, 2013). High costs of regional flights act as a deterrent for those 
interested in visiting multiple IOR countries.  High costs for flights can be attributed to: a failure to 
implement air liberalization policies; some inefficiently run national carriers; high taxes; expensive 
handling service fees; and airline pricing structures that fail to encourage multi-country travel within the 
region. Financial troubles have significantly limited the ability of national carriers to serve traditional 
source markets or expand to strategic emerging markets. A major challenge is to improve intra-regional 
air transport as direct connectivity is fundamental to regional integration. 
 
An option that deserves greater attention, especially for small airlines with important long-haul markets, 
is the creation of strategic partnerships with larger airlines. In the longer term, entrance of a low-cost 
carrier could significantly improve regional air connectivity to more remote destinations, benefitting both 
the region’s residents and tourists (Oxford Economics, 2011).  
 
While the Indian Ocean has high potential for cruise tourism, the market is still fairly limited and has 
been affected in past years by piracy. One common problem is limited port infrastructure, which 
restricts the number and size of vessels that can visit. Other gaps include: lack of a clear cruise 
homeport in the region; poor roads leading from ports to key tourism attractions, limited opportunities 
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for local businesses to offer services to cruise passengers; inadequate visa and immigration processing 
services in port areas; and a lack of environmental regulations for cruise ships (UNWTO, 2013).  Due to 
the multi-destination nature of cruise itineraries, gaps in any of the cruise destinations hinder the entire 
region’s ability to attract more cruise ships.  
 
A much more coordinated approach will be necessary if the IOR is to attract more cruise tourists in a 
sustainable manner. A Cruise Indian Ocean Association (CIOA) promotes cruise tourism throughout the 
broader region.The Association is composed of Port Authorities in the sub-region and National Tourism 
Organizations’ of Kenya, South Africa and Tanzania. Over time, membership of CLIO should be 
extended to other destinations. Ideally, strategy would address the issue of the integration of local 
businesses into the cruise tourism value chain so that they can enjoy a significant proportion of the 
benefits from cruise tourism while addressing potential environmental impacts. Cruise tourism is 
potentially a key platform for regional integration efforts. 
 
Capacity Building, Education and Training  
 
The coastal and marine tourism sector often has difficulty in attracting or maintaining enough skilled 
personnel to work in its various sectors due to both seasonality and lack of career opportunities. This 
can lead to problems in service quality and erode destination competitiveness.  Few tourism 
businesses in IOR destinations offer formal in-house training programs. Service levels in many 
establishments in the region are low and often not commensurate with prices charged. In most IOR 
countries, the current accommodation classification system does not involve regular reviews of 
properties, thus eliminating an important incentive for maintaining standards (World Bank Group, 2013).  
 
There are several reputable institutions in the IOR that can provide valuable capacity building 
opportunities. In order to address Tourism Training Institute (TTI) capacity needs, a number of bilateral 
partnerships have been forged among TTIs across the region. Partnerships often involve exchanges of 
instructors for continued learning, facilitation of internship placements for students, and technical 
assistance in areas such as curriculum development, training material creation, and program 
administration (UNWTO, 2013; World Bank Group, 2013).  
 
Capacity development for ecosystem-based integrated coastal and ocean management is essential to 
achieve sustainable development of oceans and coasts and the development of suitable responses to 
address climate change, preserve biodiversity and resources, provide for sustainable ocean and 
coastal livelihoods, as well as respond to new and emerging challenges (UNDP, 2012; UNEP, 2010, 
2012). Despite its importance, however, the reality is that financial considerations will determine the 
extent of capacity building that occurs. 
 
Low Level of Innovation 
 
Changing consumer values have increased the demand for attractive and sustainable products that 
provide unique and customised experiences. Across the IOR, opportunities exist for expanded offerings 
through multi-destination packaging of tourism products such as hotels and tours/attractions as well as 
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development of new types of coastal and marine products as listed in Table 2. Yet, throughout the 
region, potentially interesting sites or items are often not presented and promoted attractively or not 
well linked with other coastal and marine tourism offers. In many coastal and marine areas in IOR 
economies, operator performance is quite weak (Nelson, 2007). This not only affects profitability but 
can be very disruptive for society with impacts on job quality and security and other aspects of 
sustainability.  
 
Lack of an innovative culture constrains entrepreneurship and creative new product development, 
solutions for achieving cost reduction and higher quality service, and the fostering of product, service 
and marketing innovation as the source of competitive advantage to secure greater market share. It is 
important to provide strong incentives and specific mechanisms for business owners to continually 
improve service quality.  
 
Lack of Information/data  
 
There is substantial uncertainty concerning the data needed for public policy formulation and private 
sector decision making regarding coastal and marine tourism. Information is often incomplete, outdated 
or inconsistent, which makes country comparisons challenging. Many parts of the Indian Ocean, 
particularly in the deep-sea, are virtually unknown. Required types of information are not confined to 
scientific data. Typically, little is known about the human side – social sciences and their role in 
sustainable development often ignored. There is a need to identify and address the data gaps to 
improve planning and destination management. In particular, tourism statistics are critical for policy 
makers and businesses to understand tourism sector performance and emerging trends. Data on 
tourist values and needs allows a destination to adapt to changing market conditions through its 
marketing and product development strategies (Dwyer et al, 2009). 
 
A lack of specific and sectorial information restricts networking opportunities in coastal and marine 
tourism particularly for SMEs. Gaps in key data adversely affect investment and increase the risks of 
project failure. Knowledge needs to be better systematised to bear on policy formulation, including 
better integration of government, NGO and private sector data. Initiatives, such as OURCOAST and 
Marine Knowledge 2020, which share data through a collaborative approach, can inform established 
and emerging coastal and marine industries, and can be extended to IOR destinations. All IOR 
countries would benefit from the sharing of statistics that have been collected following a similar 
methodology using the same indicators. This practice has been in place for many years among 
members of the Caribbean Tourism Organization and South Pacific Tourism Organisation and has 
proven beneficial. Technical support may also be solicited from UNWTO, which is active globally in 
establishing best practices for tourism statistics systems.  

 
Climate Change 
 
Climate has a major influence on des tination choice. Climate change will impact on global economic 
growth which will in turn impact upon gl obal tourism numbers given the importance of income as a 
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determinant of tourism growth. This will affect tourism numbers and expenditure in many countries of 
the IOR. 
 
Rising sea levels associated with climate change will cause coastal erosion, loss of beach area, higher 
costs to protect and maintain waterfront tourism precincts. Small island tourism destinations such as 
Maldives are particularly vulnerable to sea level rise and erosion of beaches and shorelines. Rises in 
sea surface temperature cause coral bleaching and marine resource degradation and species 
extinction, reducing destination attractiveness. Tropical islands will be s usceptible to intense climatic 
events such as hurricanes, and these may become more frequent. Changes in weather patterns will 
severely damage or destroy tourism attractions. Many attractions may survive, but the quality of the 
visitor experience will decline, resulting in reduced visitation and r educed economic impacts (UNEP, 
2014).  
 
In addition to whatever mitigation measures are available; destinations in the IOR would do w ell to 
follow the Maldives focus on adaptation measures. Building adaptive capacity involves creating the 
information and c onditions (regulatory, institutional, and managerial) needed to support adaptation, 
reducing the destination’s vulnerability to climate change. Governments can support adaptation by 
providing both policy guidelines and economic and institutional support to the private sector and the 
community. Adaptation actions should be i ntegrated into development policy and pl anning at every 
level, with climate change responses integrated into a broader risk management policy for the tourism 
sector.  
 
Financial Constraints 
 
Investments in general infrastructure and new facilities development, as well as revitalization of water 
fronts, seasonal festivals and the concentration of water based activities can enhance the quality of life 
of locals and generate increased visitor numbers. Constraints on investment funding impede the 
potential growth of coastal and marine tourism in the IOR (Gossling, 2006).  
 
Many destinations and operators in IOR have limited or no access to credit to support investments and 
innovation. Banks often lack the particular knowledge required to assess business plans and make risk 
assessments in various tourism market segments. Furthermore, dispersed economic actors in the 
coastal and marine sector can face additional problems in securing finance, e.g. through venture 
capitalists who favour critical mass. Greater attention must be paid to the potential for Public-Private 
Partnerships (P3) to support coastal and marine tourism (UNDP, 2012) 
 
International assistance agencies supporting programmes of funding and technical assistance should 
continue to help IOR countries in the planning and management of coastal and marine tourism- helping 
both through funding and through enabling the sharing of experience and knowledge between 
countries. SIDS governments in particular will need extensive international financing for climate 
adaptation and mitigation efforts, and increased knowledge and capacity to address climate change 
effects.  
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Strong government support for (sustainable) coastal and marine tourism developments can reduce the 
risk for investors and provide a catalyst for finance. Eliminating burdensome or uncoordinated 
administrative procedures that impede access to financial support for innovative projects is also 
important keeping in mind that what is needed is not more investment per se but investment in the right 
types of projects to enhance destination competitiveness (Gossling, 2006).  
 
Leakages and Offshoring 
 
A key requirement for sustainable coastal and marine tourism development is for the local communities 
to benefit from the industry, thereby helping to alleviate poverty, improving livelihoods and encouraging 
better management and conservation practices by the local communities. However, high leakages of 
tourist expenditure occurs through the high import content of tourists’ consumption bundle as a result of 
a narrow production base in many coastal and marine destinations (Gossling, 2006).  Coastal regions 
often struggle to create and fully capture economic benefits generated by cruise tourism in particular.  
 
The traditional leakages issue has evolved to encompass off-shoring, a collective term to capture the 
movement, relocation and concealment of resources associated with global capitalism. It is important to 
understand the political economy in which commercial tourism interests operate as this can impact 
substantially on net benefits to destinations (Dwyer, 2015). The delivery of benefits to local 
communities can be encouraged through strengthening supply and demand conditions for growing local 
employment, building and maintaining local supply chains, managing informal local trading and 
fostering community-based initiatives that meet conditions for sustainability and success (UNWTO, 
2013). Community tourism is a means of reducing leakages, but it has had little market penetration in 
most IOR economies. Various mechanisms for improving community livelihoods through tourism have 
been identified, and each is relevant to coastal and marine destinations in the IOR (UNEP, 2011; 
UNCTAD, 2014).  
 
Meeting the Challenges through Good Governance 
 
There is failure of good governance of coastal and marine tourism in the IOR regionally, nationally and 
internationally (Gossling, 2006). A traditional terrestrial focus of policymaking has retarded the 
development of governance processes for coastal and marine tourism. Many developments occur 
within relatively loosely structured or ineffective regulatory regimes, through a web of formal and 
informal relationships between private investors, state agencies, and public officials pursuing private 
economic interests within the broader macro-political environment (Nelson, 2004).  
 
Effective governance arrangements should be developed in the IOR to protect coastal communities 
from political short-termism, and be able to harness good reliable information on which to base tourism 
development decisions. If governance processes are to be effective in meeting the abovementioned 
challenges to the development of coastal and marine tourism in the IOR, tourism must serve as a 
positive force in the coastal and marine areas, helping to conserve coastal environments and 
biodiversity, minimising environmental impacts and contributing to the wellbeing of local communities. 
Effective governance of sustainable coastal tourism requires there to be a coherent policy framework to 
guide and drive action and appropriate bodies to see that the appropriate policies are implemented. 
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Issues of governance are complex and space limitations preclude comprehensive discussion of the 
approaches that could be adopted in the context of development of coastal and marine tourism in the 
IOR. Many of the opportunities associated with future development of coastal and marine tourism occur 
within the broad context of ecosystem based management (Curtin & Prellezo, 2010; Long, Charles & 
Stephenson, 2015). This section focuses on four governance processes that can help to meet the 
challenges identified. 
 
Integrated Planning 
 
Policies concerning sustainable development, tourism and the environment are needed that are 
relevant and coherent across governments (Mohanty et al., 2015). Specifically, there is need for 
implementation of an integrated coastal zone management (ICZM) process among IOR countries which 
considers the various pressures and opportunities for development on the coast from a range of sectors 
that may be competing for land and resources and whose impacts can affect other sectors as well as 
the integrity of the coastal environment. Each of the IOR countries faces a different set of issues 
towards realizing their full tourism potential and it is only by resolving these issues that any regional 
tourism potential can be fully tapped (World Bank Group, 2013).  
 
Tourism Management Plans can play a useful role in identifying the relative importance and position of 
coastal tourism within the wider context of national tourism aims and directions. A weakness in many 
IOR countries is a relative lack of tourism policies, strategies and plans at a sub-national level. A new 
emphasis, reflecting international practice, should be placed on preparing such plans through 
stakeholder participation at a local level, including in identified coastal and marine destinations across 
the IOR. These should reflect national tourism, environment and sustainable development policies 
(UNWTO, 2013). Any prominence afforded to tourism in overarching development policies can help to 
influence all IOR governments to take the sector more seriously. Tourism Management Plans should be 
created or reviewed through a highly consultative process to cover issues such as: governance 
structures facilitating engagement by central government; the provision for private sector and civil 
society participation; intra-governmental structures linking tourism, environmental management and 
sustainable development; and local area structures for tourism and coastal area management, 
including the role of local authorities and the engagement of tourism, conservation and community 
stakeholders. These plans should be informed by, and inform, wider ICZM Plans and land use plans, 
ensuring that both reflect tourism needs and realities (UNEP, 2009; UNWTO, 2013) 
 
Multi-stakeholder engagement  
 
An essential requirement for governance structures for sustainable coastal tourism is the effective 
engagement of different stakeholder interests at all levels from national to local, while clarifying roles 
and responsibilities and ensuring sufficient capacity to deliver on them. (UNWTO, 2013). This approach 
would attempt to build the resilience of existing coastal destinations in the IOR by building relationships 
that promote innovation and destination capacity building. The role of key players in delivering 
sustainable tourism should be spelt out, identifying responsibilities at different levels of governance. 
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There is a particular need for coordinated engagement of both the public and private sectors. To date, 
P3 have not figured very often in coastal and marine tourism development but may be beneficial in 
fostering stakeholder collaboration as well as bringing additional finance to support developments 
(Dwyer, 2015). In addition, NGOs and civil society bodies, representing environmental and social 
interests and initiatives, have potentially a very important role to play in the area of facilitation and 
capacity building (Honey and Krantz, 2007). Academic and research bodies, training institutions and 
local consultants can also provide highly valuable knowledge and services (UNWTO, 2013). 
Additionally, international agencies should continue to help IOR nations in the planning and 
management of tourism on their coasts, providing financial and technical support, and through enabling 
the sharing of experience and knowledge between countries. 
 
Bringing stakeholders together in tourism development contexts has often proved quite feasible, but 
maintaining commitment over time has been more of a challenge.Opportunities exists for setting up 
social dialogue committees for different coastal and marine tourism sub-sectors (CLIA, 2015). 
Destinations could create a permanent structured forum/platform of discussion bringing together 
regional/local actors (e.g. dialogue between cruise operators, ports and coastal tourism stakeholders). 
The creation of such structured communication platforms would allow the industry to liaise closely with 
all relevant stakeholders to develop a shared vision to address current challenges, develop themes, 
and to encourage best practice sharing, ensuring tourism is better mainstreamed in all governmental 
policy making and industry decision makings (Hoegh-Guldberg, 2015). Establishing an ocean 
knowledge and solutions platform for the Indian Ocean would be an important step in advancing this 
international platform, and help disseminate and transfer skill and capacity across all IOR destinations 
(technology transfer), providing opportunities for more sustainable operations by firms in coastal and 
maritime tourism within the IOR. 
 
Community engagement and benefits 
 
Coastal and marine tourism destinations in the IOR have opportunities to strengthen local employment 
and supply chains. In coastal areas where local people are losing control of their land and resources, 
tourism can play a role in technical training and capacity building, and in helping to form multi-
stakeholder coalitions to ensure sustainable developments that bring tangible benefits to the host 
communities (UNEP, 2009, 2010, and 2011) 
 
The development of coastal and marine tourism in the IOR should explicitly espouse the objective of 
creating and maintaining sustainable livelihoods – involving a concern for local prosperity, social equity 
and community wellbeing. Policies should recognise: the impact of tourism on the environment, directly 
and indirectly, including through the impact on local community livelihoods; the importance for tourism 
of maintaining an intact, clean and attractive environment and biodiversity; and the particular 
sensitivities and opportunities of coastal environments in this respect, including possibilities to generate 
support for coastal biodiversity conservation through tourism. Various mechanisms for poverty 
alleviation through tourism have been identified by UNWTO (2013), and these should inform policy 
actions across the IOR. 
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Tourism can also act as a source of support for protected areas. Admission fees and charges may be 
used directly as a source of revenue for conservation and management, especially if the budget is 
retained locally. Income from tourism can also support communities within and around the areas, 
encouraging and enabling them to support conservation.  
 
While ecotourism has potential in the IOR to create the economic incentives which are fundamental to 
sustainable conservation policy and practice in the region, environmentally sensitive and locally 
beneficial ecotourism products are relatively undeveloped in the coastal market as opposed to land 
based markets (UNCTAD, 2014).  This is primarily due to relatively weak local land tenure and control 
over the key natural resources that tourism industry investors seek to access. There are guides to good 
practice available to both operators and tourists, enabling them to assess their own business activities, 
in order to identify areas of good performance and areas where they can take action to improve 
sustainability (UNEP, 2010). 
 
Coastal and marine tourism development in the IOR should be sensitive to the needs and aspirations of 
the host community. Effective governance arrangements should be protect coastal communities in the 
IOR from political short-termism, and be able to harness good reliable information on which to base 
decisions. The level, pace and shape of development should reflect and respect the character, 
resources, needs and identity of host communities and destinations. Communities offering tourism will 
need assistance to improve their standards, perhaps through the creation of strong umbrella 
associations. Community members must look into the future and imagine what they would like their 
community to be (what type of tourism do we want (if any?). This involves identifying what is really 
valued or desired by local communities (Dwyer, 2015). 
 
Deployment of management and evaluation tools 
 
Marine tourism developments which are likely to have a significant environmental impact should be 
required to be subject to an Environmental Impact Assessment (EIA). EIA can ensure that all tourism 
development proposals on the coast are subject to an appropriate degree of environmental scrutiny that 
is fair and appropriate to the size and circumstances of the project and the sensitivity of the area. It is 
therefore a potentially powerful instrument in ensuring tourism development that is sustainable 
(UNWTO, 2013). Unfortunately, there is a considerable variation between IOR countries in the 
likelihood that an EIA will be required for tourism investments. Effective application of EIAs for coastal 
tourism developments can be strengthened within the IOR by clarifying and being consistent about EIA 
requirements and procedures for tourism projects while also strengthening community consultation and 
engagement in EIAs (Nelson, 2012). As part of the EIA process, the impact of the operation of tourism 
enterprises on local environments and communities can be addressed by a combination of regulation 
enforced through official inspection and by voluntary and support measures to encourage and 
recognise good management practice (Leijzer and Denman,2013; UNWTO, 2013). 
 
Placing a value on ecosystem services in monetary units is key to communicating the importance of 
ecosystems and biodiversity to policy makers. Economic analysis and instruments are part of the 
toolbox required to improve measurement and valuation of ecosystem services. They are useful 
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especially in cases of competing claims for ocean space and the search for an appropriate balance 
between use of marine space and protection of the ocean and coastal environment. IOR countries 
should attempt to make greater use of economic analysis and economic tools in integrated ocean 
management, for example by establishing international platforms for the exchange of knowledge, 
experience and best practice that can aid economic evaluation of both ocean use and non- use values, 
and by stepping up efforts to evaluate the economic effectiveness of public investment related to 
coastal and marine tourism.  
 
Conclusions 
 
Coastal and marine tourism has substantial potential for generating positive economic impacts 
throughout the countries of the IOR, and for helping to the region’s unique natural and cultural 
resources. However, there are many challenges to sustainable growth of coastal and marine tourism 
that can only be overcome if good governance processes are put in place. In all IOR countries there is 
potential for public sector organisations and agencies to work directly with private sector enterprises to 
encourage good practice in the management and sustainability of tourism operations, through advice, 
support and recognition and encourage and assist them in strengthening their environmental 
management, including their local social impact. Visionary and committed private sector leadership is 
essential to creating tourism enterprises that create community benefits and conservation incentives.  
 
Sustainable tourism development depends on developing management systems and institutions which 
create incentives for controlling negative impacts while effectively sharing benefits between local and 
central actors. Engaging strategically with national management agencies, local communities, and the 
private sector all play a part in developing such systems.  
While there have been some encouraging development pointing towards increased tourism 
collaboration and governance processes among the countries of the IOR, significant challenges remain. 
Until there is a collective mindset shift on the overall gains to be reaped for all the countries, regional 
collaboration in the area of coastal and marine tourism will continue to be opportunistic and on a 
smaller scale.  
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ABSTRACT 
 

    The paper develops an economic integration causality model of IORA growth and trade to empirically 
study the opportunities and challenges of a proposed regional trade agreement (RTA) in the region. The 
model is consistent with the conceptual foundation of RTA theory which to date has not been explicitly 
studied in the literature. It also specifies as fundamental the Marshall-Haavelmo endogeneity between 
trade and growth, and considers as crucially important the Johansen effects of economic conditionality 
in economic policy modelling. Applications of the model to IORA economies using UNCTAD, ITC and 
ERS-USDA data and t hree-stage least-squares system estimation methods will provide substantive 
evidence and us eful insights for IORA trade and gr owth analysis under an R TA. Strategic policy 
implications for IORA members for a successful IORA free trading bloc will be briefly discussed. 
 
Keywords: IORA economies, economic integration, regional trade agreements, financial crises and 
policy reform, econometric modelling and forecasts, economic and trade policy.  
 
JEL: F14, F17, F31 
 
1 INTRODUCTION 
 
Regional trade agreements (RTA) and their major component, free trade agreements or areas (FTA), 
have proliferated in recent years especially in the Asia Pacific (WTO 2016). This is due in part to the 
slow progress of the World Trade Organisation Doha Round negotiations, and t he strong economic 
growth due essentially to trade openness and subsequent national identity projection of developing and 
transition economies (the ‘miracle or tiger economies’) in the region (Tran and Harvie 2006). During this 
period however, while national and regional policy reforms and RTA memberships have helped to spur 
growth, trade and development, the 1997 Asian and 2008 global financial crises (AFC and GFC) and, in 
addition, natural disasters have also been obs erved to dampen this growth and dev elopment (Tran 
2002c), and prompted policy rethink (Stiglitz 2009). A study on the impact of RTA on growth and trade 
(by country, by region, in aggregate, by sector or commodity form) that takes into account these diverse 
contributing factors is appropriate, highly desirable but hardly existent. 
 
The paper is a study in this new integrated framework of a potential RTA for the IORA economies and 
its likely opportunities and challenges for policy analysis in the context of increasing global and regional 
economic integration and instability. It first provides a summary of recent IORA trade and growth trends 
and their observational association, and the necessity for rigorous evidence-based modelling. It then 
provides a br ief exposition of a new policy modelling approach and describes a resulting model with 
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improved features to study more appropriately the economic impact of RTA on growth and trade. The 
model is then estimated by advanced econometric methods with UNCTAD, ITC and ERS-USDA 2001-
2014 data to provide substantive evidence and app ropriate findings for predictive strategic policy 
analysis on an I ORA RTA. Another important justification for the study of this kind is that it is in the 
context of the current high-level interest in regional and m ega-RTAs to promote growth, trade, co-
operation and stability. These RTAs include the Association of the South East Asian Nations (ASEAN) 
FTA (AFTA), the Regional Comprehensive Economic Partnership (RCEP) for the ASEAN and China 
(ASEAN 2016), the 12-member Trans Pacific Partnership (TPP) where the US is a major member (TPP 
2016), and al so the proposed 16-member East Asia Summit (EAS) FTA where India, a major IORA 
country, is notably a member (ASEAN 2016).  
 
The plan of the paper is as follows. Section 2 briefly reviews major trade and growth trends in IORA 
economies and t he needs for their rigorous RTA modelling study. Section 3 r eviews existing 
approaches to economic causality/impact study and t heir major limitations that need i mprovements. 
Section 4 describes the new approach, the testing causality model and its improved features. Section 5 
reports the empirical evidence and their credibility for policy analysis for the IORA with supporting 
UNCTAD, ITC and ERS-USDA data for the period 2001-2014. Section 6 discusses major implications 
including potential opportunities and challenges arising from the establishment of an IORA RTA on the 
region’s growth and trade policy. Section 7 concludes. 
 
2 RECENT TRENDS IN GROWTH AND TRADE IN THE IORA ECONOMIES 
 
The IORA with its original beginning in 1997 is, to many, a vibrant regional trading arrangement (RIS 
2015). As at 2016, it consists of 21 coastal states bordering the Indian Ocean and six dialogue partners. 
For its memberships which are quite different from those of other RTAs, it brings together 
representatives of government, business and academia for promoting co-operation among themselves. 
It is also based essentially on t he principles of ‘Open Regionalism’ for strengthening economic co-
operation among member countries, particularly to augment regional trade, trade facilitation and 
investment initiatives along with pursuing a comprehensive approach towards critical regional strategic 
issues, based on cultural and historical heritage of the region. As a fast growing mega RTA in the global 
economy, it has been c laimed that the IORA is emerging as a hi gh performing region, benefitting 
several regional economies in the recent years (RIS 2015). 
 
For the IORA economies, an RTA arising from these contemporary developments and needs demands 
careful study. This is due to the fact that, besides all being the coastal states of the Indian Ocean, they 
are charaterised by different stages of development, diverse sizes and s tructure, varying natural 
endowments, and di ssimilar geo-political attributes. The results are that IORA economic, trade and 
investment activities and their trends, in addition to their specific regulatory regimes and reform policy, 
have also been highly diverse (see further details in an ear lier work, Mohanty and D ash 2012) with 
many causal factors.  
 
Some of the main indicators from the UNCTAD and ITC time-series databases reflecting these activities 
for the 21 I ORA economies and relevant to an ev idence-based study of RTAs (see below) are 
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summarised in Charts 1-7 below. A general observation from the IORA aggregate (21 member) time-
series data (not reported here) is that IORA growth, merchandise trade (exports and imports), foreign 
direct investment (FDI) and services flows exhibited a rising and fluctuating trend over the past decades 
punctuated distinctly by a decline due to the damaging impact of the GFC in 2008 and al so the Euro 
currency and sovereign debt crises of 2010/11 and t heir lingering effects. More specifically and f or 
individual IORA countries, Chart 1 shows the economic performance in terms of the average real GDP 
growth rates of 21 IORA economies for the long development period of 1970-2014. The data show that 
despite the various major regional and global crises with damaging impact on t he IORA during this 
period, Singapore achieved the highest growth rate of 7.35 per cent, followed by Malaysia (6.34 per 
cent), Indonesia (6.01 per cent), Oman (5.80 per cent), and Thailand slightly less at 5.76 per cent. It is 
interesting to note that four of these five high-achieving economies are members of the ASEAN. The 
lowest growth rates of the IORA group are observed for South Africa, Comoros, Madagascar and 
Somalia with 2.60, 2.00, 1.72 and 0.01 per cent respectively.            
 

 
Note: Raw data from ERS-USDA (2016) and UNCTAD (2016). 

 
The most important contribution to a country’s economic performance in an RTA according to the WTO 
causality hypothesis and e conomic integration theory has been postulated as trade, that is, 
merchandise exports and imports and their associated measurements such as openness (WTO 2016). 
To summarise these trade activities among the IORA members, average annual merchandise exports in 
USD billion for the period 2001-2015 (where ITC data are available) from the 19 i ndividual IORA 
economies to the IORA (most data for Comoros and Somalia were missing for the period) are given in 
Chart 2, and average annual merchandise imports by the 19 individual IORA economies from the IORA 
in Chart 3. As can be seen from Chart 2, the major players in the IORA economies in the merchandise 
exports trade sector are Singapore (USD101.7 billion), followed by Malaysia (USD56.7 billion), India 
(USD52.8 billion), Thailand (37.9 billion), UAE (USD37.7 billion), Indonesia (USD35.7 billion) and 
Australia (USD26.2 billion), and less significantly by South Africa, Iran and Oman. In Chart 3, the data 
show that the major players in the merchandise imports trade area are still Singapore (USD72.4 billion), 
followed by India (USD61.8 billion), Malaysia (USD41.1 billion), Thailand (USD39.8 billion), Indonesia 
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(USD34.7 billion), UAE (USD33.1 billion) and Australia (USD31.4 billion). By themselves, these seven 
countries accounted for more than 91.69 per cent of merchandise exports trade and 84.39 per cent of 
merchandise imports trade among the IORA economies during 2001-2015.  
 

 
Note: Raw data for Charts 2-3, 6-7 from ITC (2016) and Charts 4-5 from UNCTAD (2016). 

 
 

 
 
Two additional major drivers of growth in an RTA framework according to the economic integration 
theory (ASEAN 2016, TPP 2016) that are outside the traditional merchandise trade WTO scope are 
capital factor, or FDI, and labour/financial factor, or services. To capture the importance of their role in 
promoting growth, average annual FDI outflows and inflows (in USD billion) with the world during the 
period 1970-2014 for the 20 IORA economies (some data for Somalia were unavailable) are given in 
Charts 4-5 respectively. Average annual services outflows and inflows (in USD billion) with the world for 
2000-2015 for 19 IORA economies (some data for Comoros and Somalia were missing for this period) 
are given in Charts 6-7.  
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Data in Chart 4 indicate that the major FDI exporting countries in the IORA are first Singapore (USD7.5 
billion), followed substantially less by Australia (USD3.6 billion), Malaysia (USD3.2 billion), India 
(USD2.9 billion), UAE (USD1.5 billion), Thailand (USD1.3 billion) and Indonesia (USD1.3 billion). Chart 
5 also shows that the IORA countries that had attracted FDI most are first Singapore (USD13.8 billion), 
followed by Australia (USD12.5 billion), India (USD7.3 billion), Malaysia (USD3.5 billion), Indonesia 
(USD3.4 billion), Thailand (USD3.3 billion), and U AE (USD2.6 billion). These seven IORA countries 
accounted for 94.78 per cent and 90.04 per cent of all IORA FDI exports and imports respectively.  
 
Charts 6 and 7 confirm again that these seven IORA economies had been the most important players in 
IORA exports and imports of services with the world. They accounted for 89.38 per cent and 87.25 per 
cent of total IORA services exports and imports respectively. Chart 6 shows interestingly that India, due 
to its well-known comparative advantage in the sector, was the largest exporter of services. Chart 7 
indicates that Singapore again had t he top place as an i mporter of services. The presence of high 
growth high trade APEC countries in the IORA is also an important feature to enhance the effectiveness 
of its RTA performance.  
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In summary, the country-specific data in Charts 1-7 show, as expected, the diversity of economic 
performance and t he magnitude of its fundamental RTA drivers of growth (namely, merchandise 
exports and imports, FDI flows and services) of the IORA economies during the past decades. Two 
significant observations from these charts are that, of the 21 I ORA members, only seven have 
consistently achieved higher growth rates and also played the major part in terms of their merchandise 
trade, FDI and services activities, and that four of these seven are important APEC members. There 
appears to be a correlation, in this case, between growth and t hese activities, and this would lend 
observational support to the set-up of an IORA RTA and to its potential economic and other benefits.  
 
It is worth noting that, when adjusted for the countries’ GDP size, during the sample period 2001-2014, 
the averages of IORA growth, total merchandise trade to the IORA, net FDI and services to the world 
as a ratio of GDP had been fairly low, when compared to IORA leading achievers, at 4.54, 15.81, 1.61 
and 1.27 per cent respectively. More specifically for individual IORA countries, Singapore achieved the 
highest average openness ratio of 94.59 per cent in merchandise trade with the IORA while Australia 
posted a ratio of only 5.61 per cent during this period. During 1970-2014 and also for individual IORA 
countries, FDI inflows from the world always exceeded FDI outflows with an FDI/GDP inflows average 
of 12.10 per cent (and 5.22 per cent for FDI/GDP outflows) for high growth Singapore, 8.49 per cent 
(and 1.38 per cent for outflows) for Seychelles, 4.80 per cent for Mozambique, and 3.71 per cent for 
Malaysia. For services trade, Singapore again had the highest exports and imports ratios of 40.58 and 
43.22 per cent respectively and Bangladesh had the lowest ratios of 1.86 and 3.55 per cent 
respectively.  
 
The important questions we ask are how these activities in their adjusted for size form and their related 
conditionality have causally contributed to the IORA region growth in the past decades and w hat 
policies would be n ecessary and empirically credible to address the arising opportunities and 
challenges and to chart the future in an IORA regional trade agreement? The two objectives will be 
addressed in the following sections and are based on econometric policy modelling. 
 
 3 ALTERNATIVE APPROACHES TO RTA ECONOMIC AND TRADE CAUSALITY STUDY  
 
Studies of trade and gr owth and t he impact of RTA on these two economic indicators are of great 
importance to national and regional and global economic policy on improving living standards, reducing 
poverty and inequality, and promoting co-operation and stability and mutual prosperity of all members 
or partners. Existing approaches for this kind of impact study on trade and growth are numerous in the 
current academic literature and also in practical national and i nternational commissioned policy 
research analysis (WTO 2016). They essentially can be divided into three streams: (a) descriptive 
association or qualitative analysis, (b) simulation or scenario study, and (c) quantitative analysis.  The 
first stream includes outcomes from summit meetings or fora and survey study, and the second 
involves chiefly computable or applied general equilibrium (CGE) and global trade analysis (GTAP) and 
their recent extensions such as dynamic stochastic general equilibrium (DSGE). Quantitative analysis 
takes many forms of empirical kind and includes growth regression (Levine and Renelt 1992), short-
term causality (Granger 1969) and long-term causality or co-integration analysis (Engle and Granger 
1987). Important in this stream for trade determination is the very popular gravity theory expounded by 
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Frankel and Romer (1999). This theory is usually implemented empirically by panel regression (see a 
previous related study in Frankel et al. 1996).  
While some of the findings from these approaches have provided useful inputs for academic discussion 
and policy analysis, they are often inappropriate or not credible (or realistic) for proper policy uses 
because of their structural and econometric or data-based limitations and subsequently outcomes with 
less confidence (see Hertel et al. 2007, Tovar 2008). For example, association and qualitative study is 
based on simply correlation or association between the activities of interest and not on t heir deep 
causal behaviour as required in rigorous multi-sectoral economic study.  
 
Growth regression is econometrically fragile (Levine and Renelt 1992) which can be attributed in part to 
a lack of the well-known circular causality (endogeneity or interdependence) in the sense of Marshall or 
Haavelmo among economic activities (e.g., trade, growth, monetary, fiscal and industry policies) [see 
also Krueger (2007) for the need for this feature in developing economics analysis and modelling]. The 
CGE/GTAP is limited in the sense that it is essentially confirmatory or by simulation in nature with its 
assumed causal structural relationships and assumed elastic and i mpact parameters. The gravity 
theory (Frankel and Romer 1999) lacks endogeneity or circular causality between trade and growth and 
is, in terms of modelling specification, beset with serious cross-country heterogeneity bias when fixed-
effect panel regression (the most successful method in the literature so far, see Eichengreen et al. 
2007) is used for all diverse countries with different institutions, histories, cultures, economic structures 
and even languages.  
 
Importantly for policy credibility in empirical study, the specification of a conventional linear or log-linear 
function for trade-growth studies has been i ncreasingly regarded as unsuitable (Minier 2007) and a  
suitable more complex behavioural form to represent realities is more desirable. In terms of policy 
outcomes realism, previous impact studies have also demonstrated their poor modelling performance 
when this performance is assessed by the Friedman ‘fruitfulness’ (1953) or Kydland data-model 
consistency (2006) criteria or simply a lack of ‘empirical fit’ as described by Tovar (2008) in current 
policy modelling studies.  
 
In this context, improvements on t hese limitations and appr opriately and f ormally in an R TA or 
economic integration perspective for useful and credible impact analysis are desirable. These 
improvements are briefly described in the sections below. First, essentially and structurally, an 
important improvement, namely the economic integration causal framework, has the characteristics of 
the SNA93/08 expenditure account and is an al ternative to the conventional SNA93/08 production or 
income perspectives that have almost invariably been adopted in growth analysis (see a survey and 
comments in Levine and R enelt, 1992, and l ater studies). Studies of growth from the economic 
integration perspective, while particularly appropriate for RTA impact analysis, have not been formally 
undertaken in the contemporary literature (see however previous attempts in Tran 2004, 2005, 2008a, 
Tran and Limskul, 2013). 
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4  A NEW POLICY MODELLING APPROACH TO EXPLORE THE IMPACT OF RTA ON IORA 
TRADE AND GROWTH 

 
New Advances in Economic Policy Modelling - In a number of recent papers, Tran (e.g., 2002a, 
2004, 2005, 2008a) uses a s imple, new and gener al modelling approach, namely the endogenous 
gravity theory, to empirically study trade and i ts testable causal link to growth in major developing 
countries in Asia. A new model of so-called endogenous growth and trade (EGT for short) is structurally 
based on the theory of economic integration and international trade where the main drivers of growth 
are not traditional production factors (namely, capital and labour) but, instead, expenditure factors such 
as trade, FDI and services, to study the impact of RTA on growth and trade for an open economy. It has 
significant novel and improved structural and modelling features over existing approaches, and is briefly 
described below.  
 
First, unlike other traditional WTO-oriented trade-in-goods production-based studies and more 
appropriately for RTA-scope studies, it postulates as principal growth drivers comprehensive trade or 
trade in goods, FDI and services.  
 
Second and most importantly, it recognises and incorporates explicitly the interdependence 
(endogeneity) between trade, growth and major macroeconomic conditions or activities in the trading 
economies (Krueger 2007).  
 
Third, it incorporates reform, crises and non-economic events (Johansen 1982, Tran 2004, Edwards 
2007, Stiglitz 2009) that have observationally affected trade and gr owth globally or in the region in 
recent years.  
 
Fourth, unlike other modelling studies in this genre (e.g., CGE/GTAP and growth or panel regression), it 
assumes no a priori (e.g., linear or log-linear) functional form (Tran 1992).  
Fifth, unlike growth and panel  regression, it recognises country or region-specific or heterogeneity 
characteristics and impacts on trade and growth.  
Other existing modelling approaches for this kind of trade-growth impact study lack some or most of 
these feature.  
 
The Model – In this new EGT approach, for illustration, the fundamental relationship between the key 
macro activities of the economy in an economic integration framework (where trade, FDI and services 
are assumed to be k ey growth drivers) can be written, as in the traditional CGE/GTAP approach 
(Johansen 1960), as an implicit functional system  
 
(GDP, T, FDI, S, SH, YT, TT, XR) = 0  
 
where GDP=gross domestic product, per capita income, living standard index, inequality index, regional 
growth, etc., T=merchandise trade, FDI=foreign direct investment, S=services, SH=RTA membership 
event, policy reform or crisis, YT=RTA partner GDP, TT=terms of trade, and XR=real exchange rates.  
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To explore the impact of RTA on growth and trade of an open economic bloc, say IORA and its trading 
partner say the European Union, two normalised implicit interdependent functions for GDP and T in an 
economic integration causality framework can be written as 
 
GDP=GDP(T, FDI, S, SH)         
    (1) 
T=T(GDP, YT, TT, XR, SH)         
    (2) 
where GDP(.) and T(.) denote implicit functions with assumed key variables or determinants. 
 
Conceptually, the model is built on pr evious work in gravity theory (Frankel and R omer 1999), and 
endogenous growth and trade (Tran 2004), and institutions theories (see Kong 2007 for a description) 
in an R TA scope (see also related extended models in Tran and Limskul 2013). The model can be 
regarded as an ec onomic integration model of growth (GDP) with T, FDI and S as key drivers, and 
derived commodity demand (T) with income (GDP and YT) as gravity factors, conventional prices (TT 
and XR), and both GDP and T also are subject to the influence of ‘conditionality’ contributing factors 
(SH). The model’s testable growth and t rade key determinants include trade, FDI, services, trade 
partners GDP (YT), TT, XR, and structural change variable SH reflecting RTA events, policy reform, and 
crises.  
 
As they stand, the equations (1)-(2) may represent unknown complex functional forms and ar e not 
statistically estimable. However, using Taylor’s series expansions for the implicit functions and suitable 
invariant transformations, and neglecting second and higher-order differentials (see Tran, 1992, 2004. 
See also Baier and B erstrand, 2008, for a r ecent use of this approach to deal with possible 
nonlinearity), the 2-simultaneous equation model for GDP and T above can be written equivalently for 
empirical implementation as 
          
Y%=b1 + b2T% + b3FDI% + b4S% + b5SH + u2        (3) 
T%=a1 + a2Y% + a3YT% + a4TT% + a5XR% + a6SH + u1     (4) 
 
Where % denotes the rate of change of the associated variables and the u’s represent error terms or, 
importantly, omitted determinants (Frankel and R omer 1999). The relative importance of these 
determinants can be as sessed by means of the modelling performance criteria and diagnostic tests 
(see below).  
The model’s economic-theoretic rationale which is based on the current literature’s postulates (Frankel 
and Romer 1999, and Kong 2007) and recent extensions (Tran 2008a, 2008b) can be briefly described 
as follows.  
 
In Eqt. (3), IORA’s growth is assumed to be endogenous and affected prominently by the region’s RTA 
key economic integration drivers (T, FDI, S) and ex ternally determined or exogenous activities (SH). 
Growth determined in this RTA-scope specification has not been f ormally fully attempted in the 
literature (see however Tran 2004, and Tran and Limskul 2013). In (4), trade is on the other hand also 
endogenous and determined by conventional microeconomic and gr avity theories and includes such 
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factors as the country’s growth (the crowding out effect), world demand as proxy for YT in a regional 
context, externally determined demand and supply prices (TT and XR) – see De Grauwe 1987, Coe 
and Helpman 1993 - and structural change (SH) – see Johansen, 1982, Tran 2002a, Edwards 2007, 
Cerra and Saxena 2008 - in IORA economies and also in their trading partners.  
 
Assume for convenience and for lack of sufficient sampling sizes for the necessary data, that the GDP 
of IORA’s major trade partners (e.g., the European Union) is a proxy for all variables reflecting their own 
relevant economic and non -economic activities. Then Eqt. (4) for T, in its structural form of our 
illustrative two-simultaneous equation model, is a der ived utility-based demand equation and simply 
assumes that IORA’s trade to the EU say is affected by endogenous domestic demand, and the 
exogenous factors such as the EU’s GDP (named YT) that embodies possibly the combined effect in 
the EU of fiscal policy, monetary policy, inflation pressure – see Romer (1993). Other relevant trade 
determinants include XR – see Dell' Ariccia (1999), industry policy – see Otto et. al. (2002), population 
(POP) – a gravity proxy in time series, see Frankel and Romer (1999), and SH – see Johansen (1982) 
and Tran (2004).  
 
The statistical tests for significant impact of incomes, prices, RTA events and policy reforms on IORA’s 
trade to the EU for example and also its impact (via in addition FDI, services, RTA events and policy 
reforms) on IORA’s growth in the EGT economic integration modelling framework are then based on the 
testing of the structural equations (3)-(4) above by appropriate statistical system estimation and testing 
procedures. These include the two-stage least-squares (2SLS), the three-stage least-squares (3SLS), 
and the generalised method of moments (GMM) with the selection of economically relevant and 
statistically exogenous instrumental or ‘economic conditionality’ variables to produce consistent 
outcomes. The credibility of the outcomes for policy analysis with confidence will, as mentioned earlier, 
depend first on the findings’ statistical consistency and also on the modelling performance of the model 
as evaluated by the Friedman (1953)-Kydland (2006) ‘fruitfulness’ and ‘data-consistent’ criteria or by the 
Tovar (2008) empirical fit criterion.    
 
Finally in a dynamic time-series sense, as the economic variables in the EGT model (being planar 
approximations to any functional form) are expressed as their rates of change (or equivalently log 
differences when appropriate), the model’s findings can be regarded as long-run outcomes in the sense 
of Engle and Granger causality or co-integration if these variables are integrated of degree one I(1) or 
as short-term Granger causality if they are I(0). These two interpretations play a crucial role in 
contemporary time-series causality analysis. 
 
The Data – A study of RTA and IORA growth and trade based on the EGT model above can be carried 
out for each IORA country separately to get a country-specific perspective or as an aggregate cohort to 
get an overall picture. The study addresses at this stage the regional causality/impact aspects of IORA 
RTA, growth and trade and their drivers and contributing factors. To undertake this, time-series data for 
the IORA economies as a r egion for the model’s estimation were compiled from the online 
macroeconomic and international trade databases of the UNCTAD, ITC and ERS-USDA. All economic 
data are in real value. In our study, all original data are obtained as averaged annual for the region and 
then transformed to their ratios (when appropriate). The ratio variables include merchandise trade (T), 
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that is exports+imports among the IORA countries, IORA FDI and services (S) with the world, all divided 
by IORA’s GDP. Other non-ratio variables include IORA population (a gravity factor proxy, see Frankel 
and Romer 1999), IORA terms of trade (TT), IORA real exchange rates (XR), and binary qualitative 
variables representing the occurrence of the economic, financial and other major crises, policy shifts or 
reforms in the IORA over the period 2001 to 2014 ( where ITC data are available). All non-binary 
variables are then converted to their percentage rates of change. The use of this percentage 
measurement is a m ain feature of our EGT approach, and i t avoids the problem of a priori known 
functional forms (see above) and also of logarithmic transformations for negative data [such as budget 
(fiscal) or current account deficits]. In this paper, we focus on a uni directional direction of trade and 
growth, that is, the determination of IORA’s trade and growth and the impact of RTA and their important 
drivers and w ithin the prevailing international economic and t rade environment. This conditional 
causality transmission mechanism is the fundamental foundation of our testing hypothesis. 
 
To support our regional study, simple or trade-weighted averages of the aggregate time-series data 
from the IORA countries or a continent (as a regional proxy when appropriate, e.g., for XR) have been 
compiled and processed. To avoid the problem of spurious empirical findings, all of these economic and 
trade data have been tested by the augmented Dickey-Fuller test for non-stationarity and all were found 
stationary at the 5 per cent significance level.  
 
4 ECONOMETRICS-BASED FINDINGS AND THEIR REALISM PROPERTIES  
 
The empirical findings by 3SLS for the two identified structural EGT equations (3) and (4) in the two-
simultaneous equation model of IORA’s endogenous growth and trade and their key RTA drivers are 
given in Table 1 below. Conceptually interpreted, Eqts. (3) and (4) can be implicitly regarded as a trade 
and growth regression respectively when they are estimated by the OLS or maximum-likelihood method 
that will produce, as is well-known, biased impact or elasticity parameters. Or they can be pr operly 
regarded as identified structural equations in a s ystem model with circular causality or endogeneity 
incorporated where system estimation such as 3SLS is more appropriate.  
 
As mentioned above, the instrumental variables for 3SLS estimation in this case are all the exogenous 
or non-endogenous variables explicitly incorporated or assumed for the model (see the list in Table 1). 
The instrumental variables reflect the micro and macroeconomic conditioning environment of the IORA 
and indirectly and simultaneously influence their trade and economic relations.  
 

Table 1. RTA: Determinants of IORA Growth and Trade 
EGT Econometric Modelling in Flexible Structural Form: 3SLS Estimates, 2001-2014 

 GROWTH TRADE/GDP 
Const  2.807** -14.200** 
IORA Trade/GDP -0.065**    
FDI/GDP  0.001   
Services/GDP  -0.071**    
IORA Growth   -8.447** 
World Growth    14.762** 
Terms of Trade  0.414**   1.095** 
Real Exchange Rates     2.226** 
Iraq War effect 2004  1.381** 16.013** 
Pre-GFC 2007  0.882**  
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GFC 2008 -0.904** 37.322** 
EU Currency Crisis 2010 -1.666** -45.037** 
Post-EU Currency Crisis 2011  1.402 
Post-EU Crisis Recovery 2013  0.912** 3.637** 
R-squared  0.964  0.944 
DW  2.244  2.272 
Note: **=Significant at 5%.  
Judged from the table’s findings and their standard statistical diagnostic tests, the performance of the 
estimated EGT model for IORA’s trade and i ts link to growth above are acceptable in terms of the 
conventional R2 and DW values. The performance of the model can also be better evaluated by the 
Friedman (1953)-Kydland (2006) data-model realism or consistency criterion where the trend gap (or 
discrepancy) between historical data and model predictions have to be tight and small. The criterion 
was advocated earlier by Milton Friedman (1953) in the sense of model (theory) and reality consistency, 
but it seems to have been overlooked by econometric modellers and policy-makers alike in recent years 
[see also Tovar (2008) who points out the lack of ‘empirical fit’ or confidence in recent models such as 
DSGE used for impact/causality study].  
 
This performance is given in Charts 8 and 9 f or IORA’s observed and predicted growth and trade. A 
visual indicates that the model emulates well the troughs, peaks and turning points of IORA’s trade and 
growth even during the highly volatile and complex transformative period of the GFC and the lingering 
impact of the EU currency and sovereign debt crises of 2010/11. Ex ante simulation or extrapolation of 
the estimated model for predictive policy analysis and their implementation credibility are based on 
these findings. 
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Note to Charts 8-9: YCIORA, YCIORA3, TYC, TYC3 denote respectively IORA’s actual growth, EGT predicted growth, 
actual IORA-trade/GDP, and EGT predicted IORA-trade/GDP 
 
The key statistical characteristics of the IORA model’s growth and t rade predictions relative to their 
actual data in terms of Theil-MSE decomposition criterion (bias, variance and covariance) are given in 
Table 2. The estimated model appears performing well in terms of its statistical characteristics, the 
Friedman-Kydland-Tovar ‘empirical fit’ criterion, and the Theil-MSE decomposition evaluation. The 
residuals of the estimated IORA growth and t rade equations are also found to be s tationary with 
augmented Dickey-Fuller test p-values of 0.346 and 0.290 respectively. This confirms the reliability of 
the model’s findings and impact analysis. Deterministic or stochastic ex ante simulation or extrapolation 
into the future of the estimated model for different scenarios of IORA growth trade analysis, domestic 
policy reforms, national, regional and global crises, and their claimed reliability may be based on these 
substantive findings. 
 

Table 2: Reliability of Estimates of RTA Impact on IORA Growth and Trade  
Statistical Characteristics and Theil’s MSE Decomposition 

 Growth  Trade  
 Actual  Predicted Actual Predicted 
Mean 4.645 4.645 1.660 1.660 
Standard deviation 1.298 1.272 7.756 7.789 
Correlation Coefficient 0.982  0.971  
RMSE 0.238  1.785  
Mean Error  0.000  0.000  
Um 0.000  0.000  
Us 0.011  0.000  
Uc 0.989  1.000  
Residual p-value 0.346  0.290  

Notes. Um+Us+Uc=1 (Pindyck and Rubinfeld 1998), Residual p-value=Dickey-Fuller test p-value for the residual stationarity. 
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5 ECONOMIC IMPACT OF RTA ON IORA GROWTH AND TRADE POLICY 
 
While growth and trade determination plays a crucial role in the economic literature and policy analysis, 
its theory can be complex especially in developing economies (Kong 2007, Krueger 2007) and i ts 
empirical studies have been enormous with essentially no uniform and applicable findings (for growth 
study, see Levine and R enelt 1992). The paper describes a ne w approach that we claim to have 
substantial improvements and more credible outcomes upon conventional approaches and provides, as 
useful insights, empirical findings or econometric evidence to assess the potential impact, challenges, 
opportunities, co-operation, regionalism fostering, and out comes within an R TA initiative. The study 
addresses in fact the specific priority area in the form of IORA trade and investment facilitation (IORA 
2016) by learning from the past to chart the future (see Tran 2005, for related issues). As the approach 
is generic, it has wide applicability on s imilar RTAs. What are the main findings from the proposed 
model on this impact/causality in the framework of an IORA RTA to inform debate and discussion of 
opportunities and challenges, and to contribute to IORA strategic policy analysis?  
 
 
RTA and IORA Growth 
 
The purpose of RTA is to formally liberalise merchandise trade, FDI flows, and commercial services by 
negotiations and agreements for perceived mutual economic and potentially political and co-operation 
benefits. It is based therefore on the principle of a free or competitive market with, ideally, unrestricted 
flows of goods, capital, labour and s ervices. In this context, RTA’s objectives are wider than the 
objective of the WTO membership that has a focus simply on merchandise trade liberalisation or trade 
openness. The model we propose incorporates not only the key components of RTA but also the 
potential impact of their formal implementation (e.g., via a landmark event), and in empirical study, the 
possible influence of policy ‘conditionality’ and its interdependent-activity transmission mechanism. 
 
The findings in our study indicate that, during the period 2001-2014 and i n the context of an R TA 
specification, FDI is considered a pos itive contribution to IORA growth, but its impact is statistically 
negligible and weak. In addition, there also is evidence in our study to show that, with an RTA in place, 
FDI and services flows as GDP ratios in the IORA which had been collectively low relatively in the IORA 
region will be ex pected to improve in size and, importantly, with significant benefits to growth in the 
region. In addition, merchandise trade as ratio of GDP or IORA openness had so far not sufficiently 
been adequate to produce benefits to the region’s growth. The challenges and oppo rtunities are 
therefore numerous for a s uccessful IORA RTA, and current high-level debates in the IORA in 
discussions and negotiations for an RTA to facilitate trade and investment and improved infrastructure 
in a ‘blue economy’ agenda are appropriate and promising. The importance of the terms of trade as a 
significant contribution to IORA growth is also confirmed by our findings, implying that this important 
indicator reflecting competitiveness in the region would have affected IORA trade and then growth but 
in a multicollinearity context. 
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RTA and IORA Trade 
 
The findings in our study also indicate that, within an RTA framework, there is a significant crowding-out 
effect between IORA economic activities or domestic consumption and its trade, that is, higher domestic 
consumption would reduce the opportunity for merchandise trade. They also show that there is a strong 
positive effect between IORA intra-trade and the world demand. This implies the important dependence 
of IORA intra-trade on the economic activities of the countries outside the IORA region, or equivalently, 
IORA intra-trade had been deeply affected by international economic environment including global 
policies and crises. FDI and t rade in services were found to have no i mpact on I ORA merchandise 
trade, confirming the possible influence of low and negligible FDI and services to GDP ratios as noted 
above that need improvements and also the relevance of the destination of FDI and services imports 
among most effective IORA industrial sectors. The findings indicate that both the terms of trade and real 
exchange rates are significant determinants of IORA intra-trade. This recognises the relevance of 
international competiveness and monetary conditions on this trade.   
 
RTA, Crises and Regional Co-operation 
 
An important aspect of our modelling and findings is the postulate that external economic and geo -
political conditions such as reforms and crises in the sense of Johansen (1982) and Tran (2004) and 
Tran and Limskul (2013) do hav e direct or indirect impact on I ORA growth and t rade in a gener al 
economic system-wide and RTA framework. Major events as identified in Table 1 for the 2001-2014 
IORA as a RTA region include notably the damaging effects of the GFC of 2008, and the Euro currency 
and sovereign debt crises of 2010/11, and the beneficial results of their recovery events in 2013. As the 
substantial damages from the GFC for example that could destroy the RTA/FTA economic benefits 
produced by years of reforms and gr owth in a week, concerns have been r aised about trade and 
growth policy and i ts instruments rethink (Stiglitz 2009). This has given rise to crisis avoidance, 
mitigation and management policy through regional co-operation and remedy in the neighbouring and 
beyond regions in the past (Tran 2002c). Our findings from an RTA model of IORA growth and trade in 
this paper lend strong support to these regional arrangements, co-operation and agenda to 
appropriately chart the IORA future for regional benefits. 
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6 CONCLUSION 
 
The findings from an R TA-based model as obtained above (Table 1) reveal conceptually and, 
importantly, empirically the impact of RTA on t rade performance and economic successes and 
slowdowns in one important regional economy with rising global economic and geo-political influence, 
namely the IORA. The findings show that, in an RTA-specific framework and during the recent period 
2001-2014, FDI, terms of trade, crises and r eforms affected IORA growth, and that domestic 
consumption, world demand, terms of trade, real exchange rates, and crises and reforms also greatly 
impacted IORA trade. Implications show weaknesses of the present IORA structure and trade 
arrangements and suggest strategic remedial policies to effectively gain significant benefits from an 
IORA RTA (a point also raised by Kalirajan 2007).  
 
These policies include notably initiatives for improved potential trade, FDI and services flows among 
IORA members, regional co-operation and crisis mitigation and management policy. Important areas of 
focus for the success of these initiatives are necessarily IORA members’ firm commitment and 
awareness of their RTA as also pointed out earlier by Kelegama (1998) and recently by the IORA 
(2016). An effective vehicle for achieving these could, with the support from IORA policy-makers and 
the UNECA, be regular regional workshops and a professional journal to report in-depth research and 
findings on major development and implementation aspects of the IORA RTA and its relation to relevant 
global and ot her regional developments. The potential benefits from these initiatives could be 
strengthened significantly by the presence of high growth high trade APEC members in the IORA (as 
noted earlier) and also by their successful development templates and records according to the ‘flying 
geese’ principle. The econometric evidence in support of these policies in this paper is economic-
theoretically acceptable and statistically robust and policy-wise credible as evaluated by its ‘empirical 
fit’, an important feature lacking in many contemporary studies of the similar kind.   
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BLUE ECONOMY: UNDERSTANDING THE LEGAL FRAMEWORK AND 
CHALLENGES 

H.P.RAJAN* 
 
Abstract:  
        Blue Economy essentially involves harnessing of ocean resources for economic benefits. The resources of 
the oceans include fish, and other living resources, minerals and other non- living resources of the submarine 
areas, seabed and subsoil, energy from water, currents and winds, marine organism and genetic resources. 
Resources include both within and beyond national jurisdiction. Exploration and exploitation of these resources 
have to be undertaken under a legal framework. The existing legal framework is contained in the 1982 United 
Nations Convention on the Law of the Sea and is considered as the Constitution for the Oceans. The Convention 
governs all aspects of ocean space, including the delimitation and delineation of maritime boundaries, 
exploration and exploitation of living and non-living resources, protection and preservation of the marine 
environment, marine scientific research and the settlement of disputes. If any new instrument were to be 
developed, it would fall under this Convention. The concept of Blue Economy in the context of United Nations 
2030 sustainable development goals looks to oceans for economic benefits and alleviation of poverty. In doing 
so, the need of the hour to device implementing mechanisms for sustainable development under the existing 
legal framework and maintain its integrity. 

* Independent Consultant on the Law of the Sea. Former Deputy Director, Division for 
Ocean Affairs and the Law of the Sea, and Secretary, Commission on the Limits of the Continental 
Shelf, United Nations, New York.  Former elected Member of the Legal and Technical Commission. 
The views expressed in this paper are personal views and do not reflect the views of any 
organizations or institutions that I am or have been connected with. 

 
1. Introduction 

The term “Blue Economy” is not defined. The term stems from the 2012 UN Conference on Sustainable 
Development (Rio+20) and refers to food, jobs and opportunities for development provided by ocean 
and coastal assets. Blue Economy is a developing concept. Different institutions have adopted varying 
definitions of the term in accordance with their own focus of work. While there is a divergence of views 
on what that concept includes, there appears to be a common denominator that there would be an 
increasing use of the resources of the oceans in the coming years.    

Inevitably, any activity in the oceans and coastal waters has to be carried out under certain legal regime 
both at the national and the international level. This paper does not deal with national issues and 
domestic laws. As regards the international legal framework, this paper limits itself only to the subject of 
harnessing of the resources in established maritime zones.  
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2. Legal Framework 
The legal framework as it exists today is contained in the 1982 United Nations Convention on the Law 
of the Sea (hereinafter referred to as Convention/ UNCLOS).  The Convention governs all aspects of 
ocean space, including the delimitation and del ineation of maritime boundaries, exploration and 
exploitation of living and non-living resources, protection and preservation of the marine environment, 
marine scientific research and the settlement of disputes. If any new instrument were to be developed, 
it would fall under this Convention. 
The most significant achievement of UNCLOS is that it brings precision to limits of national and 
international jurisdictions as well as clarity in terms of the exercise of sovereignty, sovereign rights and 
jurisdiction by States. For the first time in the history of the Law of the Sea, developing countries stand 
to benefit from a legal framework concerning the oceans. This was evident from the fact that of the first 
60 ratifications required for its coming into force, 59 States were developing countries. The Convention 
entered into force on 16 November 1994, twelve months after the deposit of the sixtieth instrument of 
ratification with the Secretary-General of the United Nations. As of today, there are 168 parties to the 
Convention including the European Union. The Convention is widely acclaimed as the “Constitution for 
the Oceans”. Even those countries that have not yet acceded to the Convention consider the maritime 
zones and rights established in the Convention are now part of customary international law.  
Two implementing agreements to the Convention have also been adopted. These are: the Agreement 
Relating to the Implementation of Part XI of the United Nations Convention on t he Law of the Sea 
adopted on 28 July 1994 and entered into force on 28 July 1996, and the United Nations Agreement for 
the Implementation of the Provisions of the United Nations Convention on the Law of the Sea of 10 
December 1982 relating to the Conservation and Management of Straddling Fish Stocks and Highly 
Migratory Fish Stocks, opened for signature on 4 December 1995 and entered into force on 11 
December 2001. These Agreements form an integral part of the Convention, and together they provide 
a comprehensive legal framework for nearly all the activities in the oceans and the seas.  
 
The Convention establishes different maritime zones for coastal States with corresponding duties and 
obligations as well as provides for rights of other States in these zones. It should be noted that the 
rights of the Coastal State ranges from the exercise of full sovereignty to exercise of sovereign rights or 
only jurisdiction. The maritime zones established under the Convention are as follows9:    

(i) internal waters and territorial sea; 
(ii) contiguous zone;  
(iii) archipelagic waters; 
(iv) exclusive economic zone; and  
(v) Continental shelf.  

These maritime zones are to be measured from certain baselines determined in accordance with the 
provisions of the Convention. The water column beyond 200 nm exclusive economic zones of coastal 

                                                             
9 For more information on ent itlements of coastal States and m aritime jurisdictions see Secretary General’s Handbook: 
Basic Entitlements and Obligations under the 1982 United Nations Convention on the Law of the Sea, AALCO Secretariat, 
New Delhi 2015. 



Journal of Indian Ocean Rim Studies, 2017 
Vol. 1, Issue 1   
ISSN 1694-3317 
   

Journal of Indian Ocean Rim Studies Page 78 
 

States is the High Seas; and the seabed and ocean floor beyond the outer limits of the continental 
shelves of coastal States are the international seabed area, and referred to as “Area”.   

Internal waters: All waters on the landward side of the baselines, from which the breadth of the 
territorial sea is measured, form part of internal waters of the coastal States10 except in the case of 
archipelagic waters. Coastal States enjoy full sovereignty over internal waters sea including all its 
resources, the airspace above it as well as to its seabed and subsoil. All laws of the coastal State apply 
in the internal waters.  

Territorial sea: The territorial sea is the belt of the sea adjacent to the land territory and i ts limit is 
measured from the baselines which the coastal State has established. Coastal States can establish the 
breadth of the territorial sea up to a limit not exceeding 12 nautical miles from the baselines11. Islands 
and rocks that belong to coastal State also generate territorial sea of their own.  An island is a naturally 
formed area of land, surrounded by water and remains above water at high tide12. The term rock is not 
defined in the Convention. Coastal States enjoy full sovereignty over territorial sea including all its 
resources, the airspace above it as well as to its seabed and subsoil. All laws of the coastal State apply 
in the territorial sea as well.  

Contiguous zone: Coastal States can establish a contiguous zone not extending beyond 24 nautical 
miles from the baselines from which the territorial sea is measured.  The rights over the contiguous 
zone extend to (a) prevention of infringement of customs, fiscal, immigration or sanitary laws and 
regulations within the territory or territorial sea and (b) for punishment of infringement of the above laws 
and regulations committed within the territory or territorial sea.13 The Convention also provides that 
removal of archaeological and historical objects from the seabed in the contiguous zone of a coastal 
State without its approval would result in an infringement within its territory or territorial sea of the laws 
and regulations referred to in article 33.14  

Archipelagic waters:  Archipelagic States are entitled to draw their baselines connecting the outermost 
points of their outermost islands through straight lines for measuring their maritime zones. Such 
baselines are termed as archipelagic baselines. The waters enclosed by such baselines are 
archipelagic waters.  Archipelagic States are States wholly constituted by one or more archipelagos15. 
An archipelago is defined as a group of islands, including parts of islands, interconnecting waters, and 
other natural features which are so closely interrelated that such islands, waters and other natural 
features form an intrinsic geographical, economic and political entity, or which have been historically 
regarded as such16. Only archipelagic States, and not archipelagos belonging to continental States, are 
not entitled to the use of archipelagic baselines.  T he archipelagic baselines shall not exceed 100 
nautical miles with the exception that up to 3 percent of the total number of baselines enclosing any 
archipelago may exceed that length, up to a maximum of 125 nautical miles17; within the archipelagic 
                                                             
10 Art.8 (1) of the Convention. 
11 Art. 3 of the Convention. 
12 Art. 121(1) of the Convention 
13 Article 33 of the Convention. 
14 Article 303 of the Convention. 
15 Article 46(a) of the Convention. 
16 Article 46(b) of the Convention. 
17 Article 47 (1) of the Convention. 
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baselines, the ratio of the area of water to the area of land, including atolls shall be between 1 to 1 and 
9 to 1. For computing the ratio of water to land, land areas may include waters lying within fringing reefs 
of islands and atolls18, including that part of a steep-sided oceanic plateau which is enclosed or nearly 
enclosed by a chain of limestone islands and drying reefs on the perimeter of the plateau19. All waters 
enclosed within archipelagic baselines are archipelagic waters. The territorial sea, the contiguous zone, 
the exclusive economic zone and t he continental shelf shall be m easured from the archipelagic 
baselines. The archipelagic State enjoys full sovereignty over its archipelagic waters regardless of the 
depth or distance from the coast. The sovereignty extends to the air space over the archipelagic 
waters, as well as to their seabed and subsoil and to all resources therein. Beyond the archipelagic 
waters, the archipelagic State enjoys sovereignty, sovereign rights and j urisdiction over its territorial 
waters, contiguous zone and exclusive economic zone just as other coastal States enjoy in their similar 
respective maritime areas. The archipelagic State shall respect existing agreements with other States 
as well as recognize traditional fishing rights and other legitimate activities of the immediately adjacent 
neighbouring States in the archipelagic waters.   

Exclusive economic zone: The exclusive economic zone is a zone not extending beyond 200 nautical 
miles from the baselines from which the breadth of the territorial sea is measured.20 Coastal States 
enjoy sovereign rights for the purposes of exploring and exploiting, conserving and m anaging the 
natural resources, whether living or non-living, of the superjacent waters, as well as of the seabed and 
subsoil.  I n addition, the coastal State has jurisdiction with regards to the establishment and use of 
artificial islands, installations and structures, marine scientific research, protection and preservation of 
the marine environment.21The exclusive economic zone is a zone sui generis. It has the characteristics 
of both territorial sea and the high seas. The specific objective of the zone is that  the coastal State has 
sovereign rights over the waters, seabed and subsoil for the purpose of exploring and e xploiting, 
conserving and m anaging natural resources (both living or non-living), and w ith regard to other 
economic activities such as production of energy from water, currents and winds. Other than for 
resources, the waters beyond territorial sea maintain the legal character of high seas. While the object 
and purpose of the exclusive economic zone is mainly for the exploitation and utilization of the fisheries 
resources, it does not include the sedentary species22 in the zone. Sedentary species are the living 
organisms, which at the harvestable stage are immobile on or under the seabed or are unable to move 
except under constant physical contact with the seabed or the subsoil. Sedentary species are regarded 
as the resource of the continental shelf23. The sovereign rights over the resources of the seabed and 
subsoil of the exclusive economic zone (mineral and other non-living resources) are governed by the 
provisions relating the continental shelf.24  

                                                             
18  The terms “atoll” and “fringing reefs” are not defined in the Convention. Atolls are usually localized volcanic foundations. 
Fringing reefs are usually derived from the biological processes of corals, oyster or lime secreting worms, and consolidated 
by sedimentation.  
19 Article 47(7) of the Convention. 
20 Article 57 of the Convention. 
21 Article 56 of the Convention. 
22 These are considered resources of the continental shelf.  
23 Art. 77(4) of the Convention. 
24 Art. 77(2) of the Convention.  
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The coastal State has jurisdiction with regard to the establishment and us e of artificial islands, 
installations and structures; marine scientific research and p rotection and preservation of marine 
environment and exclusive right to construct, regulate the construction, operation and use of artificial 
islands, installation of structures for economic purposes. The coastal State can establish a safety zone 
around artificial islands, installations and structures where necessary, the breadth of such safety zones 
shall not exceed a distance of 500 meters around the artificial islands, installations or structures25. 

In respect of fisheries, the Convention also envisages more specific obligations which are relevant in 
the context of Blue Economy. These obligations inter alia, are as under: 

(i) determine the allowable catch of living resources based on scientific evidence; 
(ii) not to endanger species by over-exploitation; 
(iii) maintain and restore population of harvested species to produce maximum sustainable 

yield; 
(iv) take into account interdependence of stocks  a nd effects of harvesting in the 

exploitation of living resources; 
(v) determine its own capacity to harvest the fishery resources in its exclusive economic 

zone taking into account its technological means and other factors;   
(vi) ensure optimum utilization of the fisheries resources; 
(vii) allow access to other States to the surplus; 
(viii) cooperate and take appropriate measures with States in the region in the conservation 

of  highly migratory species; 
(ix) cooperate with international organizations in the conservation and management of 

marine mammals and cetaceans; 
(x) primary responsibility and obligation to ensure conservation of anadromous species 

where it is the State of origin;  
(xi) cooperate with other States in minimizing economic dislocation of such stocks; 
(xii) manage and ensure the ingress and egress of migrating catadromous species;   
(xiii) conclude appropriate agreements with other coastal State through the exclusive 

economic zone of which such species migrate; 
 
The objective of sustainable development and a  balanced ecological approach to fisheries 
management is inherent in these obligations. It is important that coastal States take necessary 
legislative administrative actions for effective implementation of these obligations. 
Continental Shelf: The continental shelf of a coastal State comprises the seabed and subsoil of the 
submarine areas that extend beyond its territorial sea throughout the natural prolongation of its land 
territory to the outer edge of  the continental margin, or to a di stance of 200 naut ical miles from the 
baselines from which the breadth of the territorial sea is measured where the outer edge of the 
continental margin does not extend to that distance26. The continental margin comprises the 
submerged prolongation of the landmass of the coastal State. It consists of the seabed and subsoil of 
the shelf, the slope and the rise, but does not include the deep ocean floor with its oceanic ridges or the 

                                                             
25 Art.60 of the Convention. 
26 Art. 76(1) of the Convention. 
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subsoil thereof27. Where the continental margin extends beyond 200 naut ical miles, the Convention 
prescribes certain criteria28 for the establishment of the outer limits and requires submission of data and 
information to the Commission on the Limits of the Continental Shelf 29 (CLCS) for consideration. The 
limits of the continental shelf established by a coastal State on t he basis of the recommendation of 
CLCS are final and binding on all States. All islands generate continental shelf of their own, and coastal 
States can use their islands to delineate their continental shelf. Rocks that cannot sustain human 
habitation or economic life of their own cannot generate continental shelf (or exclusive economic 
zone)30.   

The coastal State exercises over the continental shelf sovereign rights for the purpose of exploring and 
exploiting its natural resources. The rights of the coastal States in respect of the continental shelf are 
exclusive; if the coastal State does not explore the continental shelf or exploit its natural resources, no 
one else may undertake these activities without the express consent of the coastal State. 

The international seabed area: The seabed and ocean floor and subsoil thereof beyond the limits of 
national jurisdiction, that is, beyond the outer limits of the continental shelves of States, constitute the 
international area or the “Area”31. The Area and its resources are the common heritage of mankind32. 
This means that, unlike on the high seas, the resources of the Area are not free for all States to exploit, 
but they are vested in mankind.  The Convention has established the International Seabed Authority 
through which State Parties shall organize and control activities in the Area, particularly with a view to 
administering the resources in the Area33. The International Seabed Authority is the organ under the 
Convention that is concerned with the administration of the exploration and exploitation of the 
resources of the common heritage of mankind. It may be recalled that at the time the Convention was 
adopted nearly 35 years ago, there was much expectation of huge economic benefits through 
exploration and exploitation of seabed resources.  The term “resources” means all solid, liquid or 
gaseous mineral resources in situ. Resources when recovered from the Area are referred to as 
minerals. Three categories of deposits have been identified so far. These are the polymetallic 
manganese oxide nodules, (PMN), polymetallic sulphides (PMS), and C obalt-rich ferro manganese 
crusts (CoFeMn).  T he Authority has adopted Regulations for Prospecting and E xploration of PMN, 
PMS and CoFeMn.34 These Regulations contain detailed procedures for award of contract, including 
the standard form of contracts, requirements of financial and technical capabilities, obligations 
concerning training, relinquishment, environmental impact assessment, measures for the protection of 
the marine environment, as well as several other related matters. The International Seabed Authority is 
required to adopt appropriate rules, regulations and procedures for inter alia the protection and 

                                                             
27 Art. 76(3) of the Convention 
28 See Art. 76(4) and Art. 75 of the Convention.  
29 The Commission on t he Limits of the Continental Shelf is a body  of 21 experts in the field of geology, geophysics or 
hydrography nominated by States Parties to the Convention and elected at the Meeting of States Parties. See Annex II, 
Convention.  
30 See Art,121(3) of the Convention 
31 Art. 1(1) of the Convention. 
32 136 of the Convention. 
33 See Art. 156, 157 of the Convention. 
34 For PMN Regulations see ISBA/6/A/18 read with ISBA/19/A/9; for PMS see ISBA/16/A/12/Rev; for Cobalt rich 
Ferromanganese crusts see ISBA/18/A/11. 
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conservation of the natural resources of the Area and the prevention of damage to the flora and fauna 
of the marine environment35 and some of these elements are also included in the Regulations.  

Under the existing legal framework, only States and State sponsored entities can enter into contracts. 
The system for exploration envisaged is the parallel or dual system, whereby an applicant for a contract 
submits two areas of equal estimated commercial value, one of which is awarded as a contract area to 
the applicant and the other is reserved by the Authority for exploitation by its own commercial arm, 
namely, the Enterprise36 in the future. In view of the characteristics and distribution of polymetallic 
sulphides and cobalt-rich ferromanganese crusts, the submission may be made in the form of blocks 
which need not be contiguous, but has to be within certain specifications of total area and length of its 
size etc.      

Upon approval by the Legal and Technical Commission and the Council of the Authority, the Authority 
enters into a contract for exploration which initially for a period of 15 years and extendable for a further 
five year period on the expectation that the contractor is ready to proceed to the exploitation stage. The 
Authority is currently working on t he draft regulations for exploitation. Comments on t he draft were 
invited from all stakeholders and the subject will come up for discussions in the forthcoming session of 
the Authority in July 2017. 

It may be recalled that at the time of adoption of the Convention in 1982, four States and four entities 
were recognized as “pioneer investor” in view of their long standing financial commitments, and other 
activities relating to identification, discovery and evaluation of polymetallic nodules leading to the 
determination of technical and economic feasibility of exploitation. It was stipulated that the concerned 
State or entity should have expended a at least US$ 30 million prior to 1st January 1983 of which no 
less than 10% of the amount should have been spent for location, survey, and evaluation of the 
nodules. In respect of a developing State or an entity sponsored by a developing State, the cut-off date 
was extended to 1st January 1985. France, India, Japan and the former Soviet Union were expressly 
recognized as pioneer investor37. China, Republic of Korea and Interocean Metals (sponsored by the 
former Soviet Union and a group of East European countries) were also subsequently registered as 
pioneer investors.  Upon the entry into force of the Convention and establishment of the International 
Seabed Authority, these 7 Registered Pioneer Investors (RPIs) were the first to enter into contracts for 
exploration of polymetallic nodules. In July 2016, at the request of 6 of these contractors whose initial 
contract term expired, the Authority granted further 5 year extension on t he expectation that these 
applicants for extension would be ready to proceed to exploitation at the end of the five-year extension 
period38.     

So far, the Authority has entered into 26 contracts39 for exploration and more are expected. Of these, 
16 contracts are for polymetallic nodules, 6 f or polymetallic sulphides and 4 f or Cobalt-rich 

                                                             
35 Article 145(b) of the Convention. This provision however, is inadequate to deal with genetic resources and m arine 
biological biodiversity. 
36 Art. 170 and Annex IV of the Convention. 
37 Resolution II of the Final Act of the Convention. 
38 See ISA/ 
39 www.is.org.jm. 
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ferromanganese crusts.  I n the Central Indian Ocean region, India has two contracts: one f or 
polymetallic nodules entered into in 2002 and the other for polymetallic sulphides entered into in 2016. 

Marine Biodiversity and genetic resources:  

Under the Convention, States have the obligation to protect and p reserve the marine environment. 
Marine organisms are associated with marine mineral deposits in all regions of the ocean. In activities 
relating to marine minerals, such as prospecting, exploration and exploitation, the protection and 
preservation of the marine environment needs to address the protection of marine organisms and the 
conservation of biological diversity40. With respect to marine organisms and the related issue of 
biological diversity, the provisions of the Convention on Biological Diversity41 (CBD) need to be taken 
into account. The objectives of the CBD are the conservation of biological diversity, the sustainable use 
of its components and t he fair and equitable sharing of the benefits arising out of the utilization of 
genetic resources. CBD makes two important distinctions: on the one hand, between “components of 
biological diversity” and “activities and processes” and, on the other, between areas within and those 
beyond the limits of national jurisdiction42. In areas within national jurisdiction, the provisions of the 
CBD apply to components of biological diversity and to activities and processes that may have adverse 
impacts on bi ological diversity. The CBD is considered as a k ey document that underscores the 
importance of sustainable development. At the 10th Conference of Parties to CBD, held in October 
2010, the Nagoya Protocol was adopted.  
 
In areas beyond the limits of national jurisdiction, the provisions of the Convention on B iological 
Diversity apply only to activities and processes carried out under a Party’s jurisdiction or control which 
may have adverse impact on bi ological diversity43. CBD however, does not provide for any direct 
obligation with regard to the conservation and sustainable use of specific components of biological 
diversity in areas beyond the limits of national jurisdiction. Thus in respect of the area beyond the limits 
of national jurisdiction there is obviously a legal vacuum. The General Assembly of the United Nations 
began addressing this issue as early as 2004, and in June 2015 decided to develop an international 
legally binding instrument on conservation and sustainable use of marine biological diversity in areas 
beyond national jurisdiction, under (emphasis added) the United Nations Convention on the Law of the 
Sea44. In accordance with that resolution a preparatory committee has been established which has held 
two sessions in 2016 and will hold two more sessions in 2017 and submit its recommendations to the 
General Assembly. Based on t he recommendations of the preparatory committee, the General 
assembly will decide on the convening and the start date of an inter-governmental conference on this 
subject45. 
 

                                                             
40 Marine Mineral Resources: Scientific Advances and Economic Prospects, a joint publication by the Division for Ocean 
Affairs and the Law of the Sea, United Nations and the International Seabed Authority,(2004), p.10.  
41 Convention on Biological Diversity was opened for signature at the Earth Summit in Rio de Janeiro on 5 J une 1992 and 
entered into force on 29 December 1993.   
42 See note 6 above. 
43 See note 32 above. 
44 See UNGA Resol. A/RES/69/292.   
45 A comprehensive examination of the issues and developments concerning marine biodiversity requires a separate study 
and is beyond the scope of this paper. 
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Environmental obligations: 
 The protection and pr eservation of the marine environment is envisaged in terms of certain 

obligations by all States in the 1982 United Nations Convention on the Law of the Sea (Convention).  
Indeed, the Convention is considered a “ ….strongest comprehensive environmental treaty…in 
existence or likely to emerge for quite some time”.46.  

The Convention provides for general obligations, specific obligations for coastal States in areas 
of its national jurisdiction, specific obligations for flag States in the exercise of their freedom of 
navigation, as well as certain obligations for the International Seabed Authority in the protection and 
preservation of fauna and flora while awarding contracts for exploration (and soon exploitation) of the 
mineral resources of the international seabed area (Area).  

General Obligations of States: 

All States are under a general obligation to take all measures necessary to prevent, reduce and control 
pollution of the marine environment from any source and are required to harmonize their policies 
accordingly. States have an obligation to ensure that pollution arising from incidents or activities under 
their jurisdiction and control does not spread or cause damage to other States. States are required to 
deal with all sources of pollution: land-based, pollution from or through the atmosphere, dumping of 
wastes, pollution through vessels and pollution from installations and devices used in exploration and 
exploitation of natural resources of the seabed and subsoil. These obligations include the obligation to 
protect and preserve rare and fragile ecosystems, as well as habitats of depleted, threatened or 
endangered species and other forms of marine life. Activities of States should be organized in such a 
way that they do not transfer directly or indirectly, damage or hazards from one area to another or 
transform one type of pollution to another. The Convention envisages cooperation on global and 
regional basis as well as consultations with competent international organizations. Exchange of 
relevant scientific information, publication of reports and monitoring of risks or effects of pollution are 
required. All States are also required to take necessary administrative steps to prevent a vessel within 
their ports or offshore terminals from sailing when it is ascertained that the vessel has violated 
applicable international rules and standards relating to its seaworthiness. States shall not discriminate 
in form or fact against vessels of any other State. 

Laws and Regulations: 

States are required to adopt laws and regulations to prevent, reduce and control pollution from land-
based sources, taking into account internationally agreed rules, standards and recommended practices 
and procedures. Such laws and regulations should include measures to minimize release of toxic, 
harmful or noxious substances, especially those which are persistent into the marine environment. 
States are required to adopt laws and regulations to prevent, reduce and control pollution from artificial 
islands, installations and structures under their jurisdiction. States are required to act through 
competent international organizations or diplomatic conference to establish global and regional rules, 

                                                             
46  See U.S Department of State Dispatch Supplement, Law of the Sea Convention, February 1995, vol.6, Supplement No.1, 
p.2. 



Journal of Indian Ocean Rim Studies, 2017 
Vol. 1, Issue 1   
ISSN 1694-3317 
   

Journal of Indian Ocean Rim Studies Page 85 
 

standards and recommended practices and procedures to prevent, reduce and control pollution as well 
as re-examine such laws and regulations from time to time.  

States have an obligation to adopt laws and regulations to prevent, reduce and control pollution by 
dumping and which are no less effective than global rules and standards. Dumping shall not be carried 
out without the permission of competent authorities of States. In respect of dumping in the territorial 
sea, exclusive economic zone or continental shelf, express prior approval of the concerned coastal 
State is essential. 

In respect of pollution from vessels, States are under an obligation to establish international rules and 
standards, which are to be re-examined from time to time. States are required to promote routing 
systems designed to minimize threats of accidents. States have an obligation of States to adopt laws 
and regulations for prevention, reduction and control of pollution from vessels flying their flags or of 
their registry which must have at least the same effect as that of generally accepted international rules 
and standards.      

States are also required to adopt laws and regulations and take other necessary measures to reduce 
and control pollution from or through the atmosphere applicable to their airspace and to vessels flying 
their flag, taking into account internationally agreed rules, standards and recommended practices and 
procedures. 

States must give due publicity and communicate to competent international organizations the particular 
requirements for prevention, reduction and control of pollution established by them as a condition for 
entry into their ports, internal waters and offshore terminals.  

Enforcement by Flag States: 

Flag States are required to adopt laws and regulations to ensure compliance by vessels flying their flag 
and to provide for the effective enforcement of rules, standards and laws and regulations irrespective of 
where a violation occurs.  

Flag States must ensure that vessels flying their flag or of their registry are prohibited from sailing 
unless they comply with the relevant international rules and standards, including design, construction, 
equipment and manning of vessels. Periodic inspection of vessels are required and verification that the 
certificates carried by the vessels reflect the actual condition of the vessels. 

Flag States must comply with request for information by the coastal State regarding their identity, port 
of registry, last and next port of call and other relevant information to establish any violation that may 
have occurred in the exclusive economic zone. 

Flag States must provide for penalties adequate in severity to discourage violations wherever they 
occur. 

Activities in the Area: 

States have an obligation to establish international rules, regulations and procedures to prevent, reduce 
and control pollution from activities in the Area and to reexamine them from time to time. States are 
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required to adopt laws and regulations to prevent, reduce and control pollution from activities in the 
Area undertaken by vessels, installations and structures or other devices flying their flag or of their 
registry, or operating under their Authority, which are no less effective than international rules, 
regulations and procedures. As already mentioned, the International Seabed Authority is also required 
to adopt appropriate rules, regulations and procedures for the protection and conservation of the 
natural resources of the Area and the prevention of damage to the flora and fauna of the marine 
environment.   

3. Challenges ahead 
The purpose of an overview of the legal regime as above was mainly to illustrate and reiterate that a 
defined legal regime for harnessing the resources of the coastal waters and oceans already exists. The 
regime that provides for the exercise of sovereignty, sovereign rights and jurisdiction as well as the 
obligations involved in the exercise of such rights is clear. In addition to UNCLOS and its implementing 
agreements, a num ber of other international instruments notably those adopted by FAO, IMO and 
UNEP adopted at the global and regional levels are relevant to the conservation of fishery and other 
living resources as well as the protection and preservation of the marine environment. Several 
instruments, conventions, code of conduct, regional and sub-regional arrangements have been 
developed by these bodies. It is important to note that these instruments and various measures 
contained therein have been adopted within the overall legal framework of the UN Convention on Law 
of the Sea47.  The operational aspect of Blue Economy needs to take into account the work of these 
organizations. In addition, non-binding instruments but if high significance for policy guidance include 
the Rio Declaration and Chapter 17 of Agenda 21 adopted at the 1992 United Nations Conference on 
Environment and Development, the Johannesburg Plan of Implementation adopted in 2002 at  the 
World Summit on S ustainable Development, the outcome document of the 2012 United Nations 
Conference on Sustainable Development, i.e. The Future We Want  and the numerous resolutions of 
the General Assembly on oceans and the law of the sea and on sustainable fisheries each year.   

The Convention has established three important institutions that govern the implementation of its 
crucial provisions. Two of these institutions, namely the International Seabed Authority and t he 
International Tribunal for the Law of the Sea are autonomous bodies with their own headquarters, while 
the third, the Commission on the Limits of the Continental Shelf is a technical body of 21 i ndividual 
experts in the field of geology, geophysics or hydrography, elected by the Meeting of States Parties to 
the Convention. The Commission has no headquarters. The meetings of the Commission are held in 
private at the United Nations headquarters in New York.   

In the progressive implementation of the Convention, these institutions have a m ajor role. Member 
States of the IORA are well represented in these institutions and can exert significant influence on legal 
and policy decisions. Of the 21 Member States of IORA, 19 of them are Parties to the Convention. The 
agreed allocation of seats in the 36-Member Council of the Authority, which is its executive organ, is 10 
seats to the African Group, and 9 seats to the Asian Group. In the present composition of the Council 

                                                             
47 Discussion of the work of these organizations, the instruments developed by them as well as other regional framework is 
beyond the scope of this paper.  
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there are 6 S tates from the IORA for varied terms48.  In the current composition of the Legal and 
Technical Commission (2017-2021), there are 5 m embers are elected from IORA, apart from three 
dialogue partners.   

On two crucial subjects currently under consideration in the Authority, namely,  the draft regulations for 
exploitation of resources of the Area, and the other on the question of implementation of Article 82 of 
the Convention that provides for certain revenues to the Authority from coastal States for exploitation of 
mineral resources of the continental shelf beyond 200 nautical miles and for distribution of that revenue 
to developing countries under the common heritage of mankind principle, IORA has an opportunity to 
assert its role and make a significant contribution.  

The work of the Commission on the Limits of the Continental Shelf (CLCS) is of immense importance. 
The Commission facilitates the delineation of the outer limits of the continental shelf; it does not delimit, 
allocate or adjudicate. Delineation of the outer limits of the continental shelf will bring clarity on the 
limits of national jurisdiction and the international area. As at 31 December 2016, the Commission has 
received 77 and 5 r evised submissions. No new submission was received in the past two years.  The 
Commission has so far issued 24 r ecommendations on submissions and two recommendations on 
revised submissions. 11 submissions and two revised submissions are currently under consideration. 
42 submissions and one revised submission is pending consideration. On an optimistic note it may be 
expected that by 2030, the Commission may have completed its consideration of all the existing 
submissions and a  more precise picture on the limits of national and i nternational jurisdiction may 
emerge. 
 
As mentioned earlier49, in accordance with the General Assembly resolution, the preparatory committee 
will hold its third session from 27 March – 7 April 2017 in New York. From the ongoing discussions in 
the preparatory committee it is apparent that the issue of developing a new internationally legally 
binding instrument under the United Nations Convention on t he Law of the Sea (UNCLOS) on the 
conservation and sustainable use of marine biological diversity of areas beyond national jurisdiction is 
an extremely complex one. Several cross-cutting issues are involved.  Some of the complicated issues 
include: an acceptable definition of marine genetic resources and other key concepts; there is an 
underlying concern regarding new definitions, and the usefulness of drawing on definitions contained in 
existing instruments; the rights of coastal States over their continental shelf are inherent rights and 
cannot be altered; there is an issue of distinction between fish used for its genetic properties and fish 
used as a commodity when developing a definition; are common heritage of mankind and the freedom 
of the high seas mutually exclusive or would they apply concurrently in an international instrument? The 
entire question of benefit sharing and what all should be included in the benefit sharing regime? This is 
not an exhaustive list of issues. Above all there will be intense debate on issues concerning ecology 
and sustainable development.  
 

                                                             
48 Composition as on February 2017. Three of the IORA States have a term until 31 December 2018 while the other three 
have a term until 31 December 2020. 
49 See note 36 above. 
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The concept of Blue Economy in the context of United Nations 2030 sustainable development goals 
looks to oceans for economic benefits and alleviation of poverty. In doing so, the need of the hour to 
device implementing mechanisms for sustainable development under the existing legal framework and 
maintain its integrity. The existing framework with all its complexities considers economy with ecology 
and provides for several rights and obligations for States. 

 In a fast developing contemporary scenario a regional body of experts or a think tank within the IORA 
region may be useful to examine the various implications taking into account the specific interest of the 
countries in the region. It may be recalled that some of the landmark concepts such as the exclusive 
economic zone (Kenya) and the archipelagic baselines (Indonesia, Mauritius) contained in UNCLOS 
emerged from the IORA countries. In fact, even the package deal on the deliberations for a parallel 
system of exploitation of seabed resources beyond national jurisdiction emerged in the IORA region 
(Sixteenth annual session of the then Asian African Legal Consultative Committee held in Malaysia. In 
short, some new initiatives and a lead role for IORA can be envisaged.    

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Journal of Indian Ocean Rim Studies, 2017 
Vol. 1, Issue 1   
ISSN 1694-3317 
   

Journal of Indian Ocean Rim Studies Page 89 
 

OIL SPILL IMPACT ON THE ABUNDANCE AND BIOMASS OF EDIBLE INTERTIDAL 
CLAM GAFRARIUM DIVARICATUM AT MUMBAI COAST 

(WEST COAST OF INDIA) 
1) Atul G. Babar 

Affiliation address: (1) Department of Zoology, The Institute of Science, 15 M adame Cama 
Road, Mumbai- 400032, Maharashtra, India. 

(2) Society for Health of Ocean Resources and Environment, Vasind -
421601, District Thane, Maharashtra, India 

Email address: babaratul_g@yahoo.co.in 

Mobile Number: +91-9029319382 

2) Anant Pande 

Affiliation address: (1) ENVIS cell, Wildlife Institute of India, Chandrabani, Dehradun-248001, 
Uttarakhand, India. 

 (2) Society for Health of Ocean Resources and Environment,   Vasind 
-421601, District Thane, Maharashtra, India 

Email address: anantpande1984@gmail.com 

Mobile Number: +91-9468491649 

3) Balasaheb.G. Kulkarni 

Affiliation address: (1) PVG`S College of Science & Technology, Bt. Nath Pai Nagar Ghatkopar, 
Mumbai- 400077, Maharashtra, India. 

(2) Society for Health of Ocean Resources and Environment, Vasind -
421601, District Thane, Maharashtra, India 

Email address: balasahebk@yahoo.com 

Mobile Number: +91-9869466853 

Abstract 
     Intertidal bivalves are excellent indicators to assess coastal degradation, water quality and resource 
overexploitation. We conducted a 19 month long study to investigate variation in abundance and biomass of 
forked venus clam Gafrarium divaricatum and its association with coastal climatic variables at Marine Drive sea 
shore of Mumbai city. Monthly density varied from 5.5±0.7 individuals/m2 to 25±2.82 individuals/m2 and biomass 
from 11.32±9.60 gm/m2 to 65.79±6.2 gm/m2. The single factor Analysis of Variance (ANOVA) between the 
population densities exhibited significant monthly variation between low and mid intertidal areas. Climatic 
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variables did not have any significant effect on the clam density and biomass. In the middle of investigation (7th 
August 2010), an oil spill disaster occurred in Arabian Sea near Mumbai due to the collision between the ships 
MSC Chitra and MV Khalijia 3. This oil spill disaster resulted in (1) a large variation in seasonal density of G. 

divaricatum at mid intertidal area in monsoon 2010 (9±1.26 individuals/m2) compared to monsoon 2009 
(22.5±2.75 individuals/m2) and (2) a large decrease in seasonal biomass from 30.43±12.16 gm/m2 in summer 
2010 to 15.03±1.41 gm/m2 in monsoon 2010 at mid intertidal area and from 42.71±19.25 gm/m2 in summer 2010 
to 20.56±1.26 gm/m2 in monsoon 2010 at low intertidal area. G. divaricatum has a broad tolerance to the climatic 
variables but oil spill disaster caused alteration in its abundance and biomass. 

 
Highlights 

• Population densities and biomass of G. divaricatum from mid and low intertidal area before and 
after oil spill disaster were compared. 

• Both densities and biomass decreased immediately after disaster, densities recovered in next 
six month but biomass did not. 

• There is no significant association between clam density and biomass with climatic variables. 
• Controlling oil pollution sources near shore is crucial for sustainable fishery and conservation of 

clam. 

Keyword 
Gafrarium divaricatum; Mumbai, India biomass; climatic variables; density; oil spill 

1. Introduction 
Urban coastal areas around the world are under pressure from uncontrolled human use which has 
degraded their valuable ecosystem services, marine community structures and water quality (Hewitt et 
al., 2005). Mumbai, busy commercial port and oil terminal on the west coast of India has been the site 
of 17 major oil spill incidences (from 300 – 29000 tonnes of oil) since  last 40 years (Sivadas et al., 
2008). Such major and continuous oil spill disasters cause widespread ecological damage including 
changes in abundance, distribution and c ommunity structure of marine organisms (Clark, 1982). 
Moreover, the concentration of petroleum hydrocarbon residues in marine and estuarine water of 
Mumbai is higher (2.9–39.2 µg/l) than the average baseline (2.8 µg/l) (Chouksey et al., 2004).   
Intertidal benthic fauna is  useful indicator of temporal as well as spatial disturbances in the region 
(Shokat et al., 2010). Clams, a commercially valuable group of bivalves contribute 73.8% to the total 
bivalve production in India (Kripa and Appukuttan, 2003). G. divaricatum of family Veneridae is one of 
the most numerous and widely distributed species in coastal areas of Indo-Pacific Ocean (Huber, 
2010). It is also distributed throughout Indian coastal waters (Abercrombie, 1893; Ansari et al., 1986; 
Zacharia et al., 2008; Kulkarni et al., 2012; Khade and Mane, 2012) including Andaman and Nicobar 
Islands (Subba Rao and Dey, 2000) and commercially marketed as an essential source of protein 
(Jayaseeli and Murugan, 2003). G. divaricatum is available in plenty in the intertidal area of Mumbai 
(Datta et al., 2010). The present study is a part of a continuous assessment of coastal biodiversity of 
Mumbai shore to formulate management and conservation strategies. An oil spill disaster occurred on 
7th August 2010 at the Mumbai Harbour due to collision of two cargo ships MSC Chitra and MV Khalijia-
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3. Over 879 tonnes of oil and several containers of pesticide spilled into the sea covering 52 km2 area 
under the slicks (Gajbhiye et al., 2010; NEERI, 2010). In this paper, status of G. divaricatum is 
discussed at the Marine Drive sea shore (MDSS) region before and after the disaster of oil spill.  

 

2. Material and Methods  
2.1. Study Area 
MDSS is about 3.5 km in length (18º 56.198’ - 18º 56.116’N and 072 0 49.414’ - 0720 49.404’E 
coordinates) in the south-western edge of Mumbai along the Arabian Sea (Figure 1). The upper 
intertidal zone of Marine Drive is an artificially reclaimed area lined with cement tetra pods. During low 
tide, about 100 meters of this area from the cement tetra pods to the lowest low tide mark get exposed. 
This area was divided into low and mid intertidal zones depending upon their extent of exposure during 
low tides. Sediment composition is mixture of muddy sands, gravels and moderate size rock boulder. 
MDSS receives considerable amounts of domestic sewage through the ocean outfalls apart from 
pollutant discharge from oil tankers, cargo ships and tourist ferries. 

 
2.2. Sampling and analysis 
Monthly sampling for G. divaricatum was conducted during low tide for a period of 19 months during 
July 2009 - January 2011 (except in June 2010 due to high rainfall). Three transects were laid 
perpendicular to the shore line each having three quadrates of 1m2, each placed 8-12m apart (as per 
NaGISA protocol). Live specimens of G. divaricatum were counted in each quadrate. The mean 
densities for mid and low intertidal areas were calculated as number of individuals per meter square 
area (individuals/m2). During each sampling 20 individuals of G. divaricatum were collected randomly 
for biomass estimation. Tissue part of collected specimens was carefully removed by scalpel and 
excess water was blotted using filter paper. Biomass was obtained by multiplication of average wet 
tissue weight with average density and was expressed as gm/m2. 
Climatic variables viz. temperature, pH and salinity of sea water were measured monthly during the 
survey conducted for analysis of abundance of G. divaricatum. Water samples were collected directly 
from the surface of sea in acid-washed glass bottle. Temperature and pH were measured using a 
portable field meter PCS Testr 35 (Eutech Ltd.). Salinity was measured by following the method given 
by Strickland and Parsons (1972). Monthly data obtained was integrated as seasonal data viz. 
monsoon (June to August), post monsoon (September to November), winter (December to February), 
summer (March to May). This approach was chosen because the climatic conditions in these regions 
do not differ much in the successive months of season.  

 
2.3. Statistical analysis: 

Abundance data from current study is expressed as mean ± standard deviation. Data of analysis of 
monthly densities, biomass and climatic variables are illustrated by box and whisker plot showing the 
median value as a m iddle horizontal bar, the interquartile range as a box and t he full range as the 
whiskers. To detect significant differences among density at spatial and temporal level, single factor 
one-way analysis of variance (ANOVA) was used. T-test was carried out to compare density between 
same seasons of two different years. Regression and correlation coefficient tests were applied to 
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elucidate the relationships between climatic variables with  monthly density and biomass of G. 
divaricatum (Fitzgerald et al., 2008). Pearson’s correlation test was carried out to find out correlation 
within climatic variables and climatic variables with abundance and biomass. All statistical analysis was 
performed using Microsoft Excel and Graphpad Prism5. 

 
3. Results 
3.1. Monthly variation in density and biomass values of G. divaricatum before and after oil spill disaster: 
Monthly densities of G. divaricatum before and after oil spill disaster at MDSS are represented by box 
and whisker plots in Figure 2A. Mean monthly density before oil spill disaster ranged for mid intertidal 
zones between 5.5±0.7 individuals/m2 (May 2010) to 19±2.8 individuals/m2 (October 2009) and for low 
intertidal zone between 8±1.4 individuals/m2 (August 2009) to 22.5±2.12 individuals/m2 (April 2010). 
Monthly density after oil spill disaster ranged for mid intertidal zones between 8±0.2 
individuals/m2 (August 2010) to 18.5±9.19 individuals/m2 (October 2010) and for low intertidal zones 
between 7.5±6.36 individuals/m2 (December 2010) to 25±2.82 individuals/m2 (January 2011). The 
single factor ANOVA of monthly densities values of G. divaricatum for middle and low intertidal zones 
revealed significant temporal (P = 0.04, P < 0.05) and non s ignificant spatial (P = 0.403, P > 0.05) 
variations. 

The box and whisker plots in Figure 2B illustrate the monthly variation in biomass of G. divaricatum at 
MDSS. Monthly biomass from mid as well as from low intertidal area decreased noticeably after oil spill 
disaster. Monthly biomass values before oil spill disaster for mid intertidal area ranged between 
15.04±0.2 gm/m2 (September 2009) to 50.27±7.48 gm/m2 (October 2009) and for low intertidal area 
between 21.62±1.32 gm/m2 (August 2009) to 65.79±6.2 gm/m2 (April 2010). Monthly biomass values 
after oil spill disaster for mid intertidal area ranged between 12.01±1.41 gm/m2 (January 2011) to 
36.13±17.9 gm/m2 (October 2010) and for low intertidal area between 11.32±9.60 gm/m2 (December 
2010) to 25.05±2.83 gm/m2 (January 2011). The single factor ANOVA of monthly biomass of G. 
divaricatum revealed significant temporal (P = 0.001, P < 0.05) and non-significant spatial (P = 0.6, P > 
0.05) variations. 

 
3.2. Seasonal variation in density and biomass values of G. divaricatum 

Variation in seasonal density of G. divaricatum is presented in Figure 3A. Seasonal density at mid 
intertidal area increased before oil spill disaster from monsoon 2009 (11.25±2.75 individuals/m2) to 
winter 2009-10 (13.5±5.92 individuals/m2) and af ter oil spill disaster decreased to its least value in 
monsoon 2010 (9±1.26 individuals/m2). Thereafter seasonal density at mid intertidal area increased in 
post monsoon 2010 (12.33±6.47 individuals/m2) and winter 2010-11 (13.5±5.25 individuals/m2). 
Density estimated within two post monsoon seasons and w ithin two winter seasons at mid intertidal 
area found fairly similar. Density did not change much in between before and after oil spill disaster 
period at low intertidal area with low in winter 2009-10 (9.16±2.13 individuals/m2) and two high values 
in summer 2010 (14.83±2.59 individuals/m2) and winter 2010-11 (16.25±4.59 individuals/m2) season. 
Overall seasonal density from MDSS before oil spill ranged between 10.37±3.63 
individuals/m2 (monsoon 2009) to 12.75±5.49 individuals/m2 (summer 2010). After oil spill disaster 
overall density from MDSS decreased to its lowest value in monsoon 2010 (9.8±1.99 individuals/m2) 
and thereafter again increased consistently up to winter 2010-11 (14.8±8.067 individuals/m2). The T-
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test analysis confirms non-significant (P > 0.05) difference in densities between two same seasons for 
both mid and low intertidal areas. 
 
Variation in seasonal biomass of G. divaricatum is presented in Figure 3B. From mid intertidal area, 
seasonal biomass before oil spill disaster ranged between 30.43±12.16 gm/m2 (summer 2010) to 
36.05±15.46 gm/m2 (winter 2009-10). After oil spill disaster, biomass from mid intertidal zone 
decreased severely in monsoon 2010 ( 15.03±1.41 gm/m2), increased partly in post monsoon 2010 
(23.73±13.33 gm/m2) and again dropped in winter 2010-11 (17.33±9.64 gm/m2). From low intertidal 
area, seasonal biomass before oil spill disaster increased from monsoon 2009 (26.72 ± 6.13 gm/m2) to 
summer 2010 (42.71±19.25 gm/m2) with small decreases in winter 2009-10 (24.61±6.04 gm/m2). After 
oil spill disaster, seasonal biomass from low intertidal area decreased consistently from 20.56±1.26 
gm/m2 (monsoon 2010) to 18.17±9.79 gm/m2 (winter 2010-11). Overall seasonal biomass from MDSS 
before oil spill disaster increased from monsoon 2009 (29.15±4.91 gm/m2) to summer 2010 
(36.57±10.85 gm/m2). After oil spill disaster, overall seasonal biomass decreased to its lowest level in 
monsoon 2010 (17.43±3.68 gm/m2), increased partly in post monsoon 2010 (21.34±7.36 gm/m2) and 
again decreased in winter 2010-11 (17.75±9.52 gm/m2). The result of T-test analysis between biomass 
of two monsoon seasons in study period showed significant (P = 0.026, P < 0.05) difference for mid 
intertidal area and non-significant (P= 0.25, P > 0.05) for low intertidal area. T-test analysis between 
biomass of two post monsoon and winter seasons showed non-significant variations for both mid as 
well as low intertidal area.  

 
3.3. Variation in climatic variables 
Average monthly pH, temperature and salinity of sea water from coastal area of MDSS are shown by 
box and whisker plots in Figure 4A, 4B and 4C respectively. pH of water remained alkaline throughout 
the study period. It varied between 7.67±0.04 (August 2010) to 8.3±0.04 (November 2010). 
Temperature and salinity fluctuations were high between successive months. The variation in 
temperature and salinity ranged between 22.17±1.4ºC (August 2010) to 34.5±0.3ºC (May 2010) and 
25.2±1.3‰ (July 2010) to 34.5±1‰ (May 2010) respectively. Seasonal variation in pH, temperature 
and salinity of surface sea water is shown in Figure 5. pH was maximum in summer (8.12 ± 0.14) and 
lowest in monsoon (7.7 ± 0.06). Temperature was also ranging in between summer 2010 (33.9 ± 0.7 
˚C) and monsoon (23.36 ± 1.68˚C). Salinity ranged in between summer (31.6 ± 3.57‰) and winter 
(25.95 ± 0.49‰).  

 
3.4. Effect of climatic variables on density and biomass variation  
Regression and c orrelation coefficient analysis between monthly density and bi omass with mean 
monthly climatic seawater parameters (pH, temperature and salinity) are shown in Table 1 and F igure 
6. Regression analysis of densities as well as biomass with climatic seawater parameters showed non-
significant variations (P > 0.05), indicates no relationship between the density and biomass with climatic 
seawater parameters (Figure 6A, Figure 6B). Pearson’s correlation analysis within climatic seawater 
parameters is presented in Table 2. Pearson’s correlation analysis between climatic parameters with 
density and biomass of G. divaricatum is also presented in Table 2. A highly significant positive 
correlation was established between salinity and pH (r = 0.806, p < 0.01). Negative but non-significant 
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correlation was established between density with pH (r = -0.127, p > 0.05) and temperature (r = -0.096, 
p > 0.05) variation. 

 
4. Discussion 
Bivalves are susceptible to contamination from an oil spill disaster as they are unable to escape due to 
their burrowing and, semi sessile or sedentary nature and filter feeding habit. Conan (1983) reported 
immediate heavy mortality of intertidal bivalve during the first week after the Arnoco Cadiz oil spill 
disaster occurred in April 1978. Increased levels of aromatic hydrocarbons after the Exron Valdez Oil 
Spill disaster, decreased growth rates of littleneck clams significantly (Trowbridge, et al., 2002). Water 
collected within 48 hours after Mumbai oil spill disaster from National Centre for Performing Art gallery 
(NCPA) sampling site located at MDSS contained Dibenz (a,h) anthracene (54±4.2 ng/L), 
Acenapthalene (46±1.2 ng/L), Anthracene (40±2.0 ng/L), Fluorene (32±2.9 ng/L), Benzo (a) 
anthracene (24 ± 2.4 ng/L), Benzo (a) pyrene (16±2.7 ng/L), Pyrene (13±1.0 ng/L) and Benzo (a) 
fluroanthene (12±1.2 ng/L) concentrations of polyaromatic hydrocarbons (Ladwani et al. 2013).  

 
Density of G. pectinatum (synonym of G. divaricatum) from Suez Bay coast of Egypt is five to ten times 
higher (90 to 240 individual/m2) than Mumbai coast (Gab-Alla and Mahamed, 2007). Moreover, heavy 
mortality of G. divaricatum was noted at the study site immediately after the disaster. Highest density 
was found in mid intertidal area during winter season of 2009-10. Density of G. divaricatum before and 
after oil spill disaster was found to be consistent at mid intertidal area, but varied at low intertidal area. It 
could be due to higher exposure time of the clam to oil slick in low intertidal area. Upper littoral zone of 
Marine Drive is artificially reclaimed with high cement wall and t etra-pods. Due to this artificial 
topography, even in low tide the sea water does not recede completely at MDSS. This probably 
exposed the intertidal organisms to polluted waters for longer duration in the low intertidal area as 
compared to mid intertidal area. Oil spill disaster had reduced the demand for clam in shellfish market 
of Mumbai. No shellfish fishermen were observed in the study area from the time of oil spill disaster till 
November 2010. No harvesting could be the possible reason for the increased overall seasonal density 
of G. divaricatum after oil spill disaster from monsoon up till winter.  
 
During December month, low intertidal area showed very low biomass (28 ± 7.91 gm/m2 in 2009 and 
11.32 ± 9.60 gm/m2 in 2010) in comparison to mid intertidal area (36.4 ± 23.75 gm/m2 in 2009 and 
22.65 ± 12.81 gm/m2 in 2010). Spawning of G. divaricatum occurs throughout the year though massive 
spawning has been reported to occur in January (Sone, 1994). Young clams before spawning do not 
settle exactly at the surf-line, where the adults occur, but a l ittle further away from it at about the low-
water-mark (Nayar, 1955) and so it’s possible that the biomass of G. divaricatum in low intertidal area 
will be less in December. Proper management of G. divaricatum harvesting in the month of December 
before the massive spawning period and in the period immediately following it will give the chance for 
clams to breed before they are harvested.  
 
During present study pH, temperature and salinity values of sea surface water showed usual pattern of 
variation according to the seasons. No large effect of oil spill disaster has been not ed on p H, 
temperature and salinity variation at MDSS. The Pearson correlation (R) analysis between abiotic 
factors showed strong relation between pH and salinity (0.80) followed by temperature and salinity 
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(0.57) and pH  and temperature (0.40). In present study regression analysis of abiotic environmental 
factors against density and biomass showed non-significant correlation. This is probably due to the 
broad tolerance of the species to the changes in pH, temperature and salinity. However, most probable 
cause of observed variation in abundance and biomass of G. divaricatum was immediate heavy 
mortality after oil spill. The effect on pet roleum hydrocarbon pollution on t he health of marine biotic 
component depends mainly on the extent, amount and mode (through food or water or direct contact) 
of exposure. Hence, in the intertidal area oil residues persist for longer time with increased changes of 
contamination of marine fauna and subsequent consumption by humans. It is necessity to continuously 
map the presence and distribution of petroleum hydrocarbons in the marine environment of Mumbai 
and their subsequent effect on abundance as well as health of marine biotic components. Parameters 
such as pollution level and harvesting pressure and their effect on abundance and biomass of edible 
intertidal species should be studied over several seasons to come up with management interventions 
and controlled extraction for consumption purpose. 
 
5. Conclusion 
G. divaricatum is a valuable component of fishery and the large scale oil spill disaster has noticeably 
affected their abundance and bi omass from MDSS. The polluting activities have been continuing at 
Mumbai coast from a v ery long time and hav e undoubtedly already caused a gr eat alteration in 
community structure of G. divaricatum.  
 
Therefore, protective measures such as controlling pollution sources near shore, establishing natural 
reserve zones and development of harvesting strategy on the basis of abundance and biomass are 
crucial for conservation and sustainable utilisation of G. divaricatum on Mumbai coast. Also, ability of G. 
divaricatum to bioaccumulate petroleum hydrocarbons should be evaluated to reduce possibility of 
consumption of unhealthy shellfish food. 
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Figure captions 

Figure 1. Location of the sampling site MDSS, Mumbai on the west coast of India 

Figure 2. Box and w hisker plot illustrating A) Distribution of monthly density of G. divaricatum from 
MDSS, Mumbai B) Distribution of monthly biomass of G. divaricatum from MDSS, Mumbai 

Figure 3. Seasonal variation in A) density of G. divaricatum from MDSS, Mumbai B) biomass of G. 

divaricatum from MDSS, Mumbai  

Figure 4. Box and whisker plot for distribution of monthly climatic variables of sea water A) Distribution 
of pH B) Distribution of temperature C) Distribution of salinity 

Figure 5. Seasonal variation in climatic variables pH, temperature (0C) and salinity (‰) of sea water 

Figure 6. Linear regression analysis A) Between mean monthly density of G. divaricatum from the mid 
and low intertidal area of MDSS with mean seawater pH, temperature and s alinity B) 
Between mean monthly biomass of G. divaricatum from the mid and low intertidal area of 
MDSS with mean seawater pH, temperature and salinity 
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Table 1. Regression analysis between mean monthly density and biomass of the mid and low intertidal area with mean seawater salinity, temperature and pH  

 

Linear Regression 
Analysis 

Intertidal 
zone Line equation Slope r² F DFn, DFd P value (0.05 

level) 
Deviation 

from zero? 

Density 

pH 
MIZ y = 6.66x-42.04 6.66 ± 4.96 0.183 1.803 1.000, 8.000 0.2162 NS 

LIZ y = 1.14x+ 3.4 1.14 ± 8.60 0.0022 0.017 1.000, 8.000 0.8974 NS 

Temperature 
MIZ y = -0.29x+19.9 -0.299 ± 0.39 0.0659 0.5648 1.000, 8.000 0.4739 NS 

LIZ y = 0.027x+11.8 0.027 ± 0.64 0.00022 0.0017 1.000, 8.000 0.9674 NS 

Salinity 
MIZ y = 0.23x+4.09 0.23 ± 0.27 0.087 0.76 1.000, 8.000 0.4072 NS 

LIZ y = 0.19x+6.6 0.19 ± 0.44 0.024 0.2 1.000, 8.000 0.666 NS 

Biomass 

pH 
MIZ y = 21.7x–151.4 21.74 ± 16.48 0.1992 1.74 1.000, 7.000 0.2285 NS 

LIZ y = 15.6x-99.3 15.68 ± 27.04 0.0458 0.3362 1.000, 7.000 0.5802 NS 

Temperature 
MIZ y = 0.22x+ 16.9 0.228 ± 1.23 0.0 0484 0.0340 1.000, 7.000 0.8588 NS 

LIZ y = 1.81x-26.08 1.81 ± 1.73 0.1355 1.097 1.000, 7.000 0.3297 NS 

Salinity 
MIZ y = 0.23x + 4.09 0.71 ± 0.83 0.0957 0.741 1.000, 7.000 0.4178 NS 

LIZ y = 0.19x+6.66 0.84 ± 1.27 0.0597 0.444 1.000, 7.000 0.5262 NS 

“MIZ: Mid intertidal zone, LIZ: Low intertidal zone, NS: Non Significant”      
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Table 2. Pearson correlation analyses within climatic parameters and between climatic parameters with monthly density and biomass of G. divaricatum  

 

Pearson Correlations Density Biomass pH Temperature Salinity 

Density 1 .441 -.127 -.096 .052 

Biomass  1 .353 .286 .311 

pH   1 .406 .806** 

Temperature    1 .576 

Salinity     1 

**. Correlation is significant at the 0.01 level (2-tailed). 
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Figure 1. Location of the sampling site MDSS, Mumbai on the west coast of India 
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Figure 2. Box and w hisker plot illustrating A) Distribution of monthly density of G. divaricatum from 
MDSS, Mumbai B) Distribution of monthly biomass of G. divaricatum from MDSS, Mumbai 
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Figure 3. Seasonal variation in A) density of G. divaricatum from MDSS, Mumbai B) biomass of G. 

divaricatum from MDSS, Mumbai 
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Figure 4. Box and whisker plot for distribution of monthly climatic variables of sea water A) Distribution of pH B) Distribution of temperature C) Distribution of 
salinity 
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Figure 5. Seasonal variation in climatic variables pH, temperature (0C) and salinity (‰) of sea water 
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Figure 6. Linear regression analysis A) Between mean monthly density of G. divaricatum from the mid and low intertidal area of MDSS with mean seawater pH, 
temperature and salinity B) Between mean monthly biomass of G. divaricatum from the mid and low intertidal area of MDSS with mean seawater pH, 
temperature and salinity
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SOCIO-ECONOMIC DEVELOPMENT IN IORA: RELEVANCE OF SHARED SOCIO-
ECONOMIC PATHWAYS (SSPS) FOR CLIMATE CHANGE IMPACT 

Prof V.N Attri, Chair in Indian Ocean Studies (CIOS), Indian Ocean Rim Association (IORA),  
University of Mauritius.  

ABSTRACT 

The present paper focuses on the existing socio-economic and environmental structures during the last twenty 
years: 1997-2014; and also identification of the available shared socio-economic pathway(s) relevant for IORA’s 
Member States in order to evolve a strategy to understand the possible impact of climate change.  The study 
reveals that more consistent use of socio-economic scenarios would help IORA to develop an integrated 
perspective on mitigation, adaptation and residential climate impacts on their economies.  Most of IORA’s 
economies may stick to SSP3 in the long run in terms of GDP growth rates where income inequalities are the 
highest.  IORA as an economic organisation should focus on such a policy frame where all countries catch up 
growth and enter into SSP1 and SSP5, which are contusive to enhancing their capabilities to combat climate 
change in the year 2100. In present scenario, the ability of the existing socio-economic development pathway in 
IORA is highly uneven and restricted.   

INTRODUCTION 

IORA was established on 7 March 1997 for ensuring peace and prosperity within the Indian Ocean 
Region (IOR).  To quote late President Nelson Mandela of the Republic of South-Africa, “The natural 
urge of the facts of the history and geography should broaden itself to include exploring the concept of 
Indian Ocean Rim and socio-economic cooperation, and other peaceful endeavour” (Nelson Mandela 
1996).50 

This proposal was enthusiastically welcomed and received by India and Australia due to the prevailing 
international environment and then domestic policies construct.  South Africa was interested in regional 
identity and its aspiration to be a middle power has become manifest in its growing interest in 
international institutions as a focus of its diplomacy; 1) not going into the detail of geopolitical 
orientation, our focus in the present paper is to analyse the social-economic and environmental 
conditions existing in the Indian Ocean Region, Member States during the last twenty years.  On 7 
March 2017, IORA celebrated its 20th Anniversary in Jakarta, Indonesia by hosting the first ever IORA 
Leaders’ Summit under the theme “Strengthening Maritime Cooperation for a Peaceful, Stable and 
Prosperous Indian Ocean”.   

The Summit covered the current situations faced within the Indian Ocean rim and hence the Jakarta 
Concord was declared by Leaders. The Concord aims to strengthen the commitment to; Promote 
maritime safety and security; Increase trade and investment cooperation; Advance the sustainable and 
responsible development and management of fisheries; Strengthen disaster risk management; Elevate 
academic and science cooperation; and Promote cooperation in tourism and culture. In addition to the 
six areas of cooperation, IORA Leaders have also encouraged IORA to strengthen cooperation in three 

                                                             
50 Late President Nelson Mandela during a visit to India in 1995, in view of the changing global geo-strategic developments. 
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other issues namely; The Blue economy, Women empowerment, and Democracy, good governance, 
corruption eradication and human rights.  Commitment to respect international laws, including UNCLOS 
(Constitution to govern the Ocean) 1982 has been recognised by Leaders.  Furthermore, ensuring a 
peaceful and safe Indian Ocean is the main prerequisite to implement cooperation in other fields. 

IORA in its first and second Ministerial Blue Economy Conferences held on 2-3 September 2015, in 
Mauritius; and on 9-10 May 2017, in Jakarta Indonesia recognised that oceans, along with coastal and 
marine resources, play an essential role in human well-being and social and economic development.  
Further, that IORA is fully conscious of the increasing challenges caused by nature and human factors, 
such as overexploitation of resources, increasing marine pollution, illegal fishing (particularly illegal, 
unreported and unregulated (IUU) fishing), biodiversity loss and the impacts of global climate change 
and natural disasters.  It is expected that in view of the thoughtful and comprehensive 
recommendations on the Blue Economy as contained in ‘Jakarta Declaration on the Blue Economy’, the 
linkages between socio-economic development and climate change in IORA’s Member States will be 
better understood and analysed by the future researchers in the field.  Surely the Blue Economy is 
going to play an important role in human well-being and social and economic development in the Indian 
Ocean region.  The efficacy of achieving the most appropriate SSPs: SSP1 and SSP5 depends on the 
reaping of gains from the Blue Economy by the Member States of IORA through the optimum use of 
ocean resources which is even more essential for the SIDs in IOR.   

During 2010-2011, Africa shifted from ‘Aid’ to ‘Trade’ philosophy to develop the economic capacity of 
Africa.  This trend is typically aimed at developing market based incentives that assist people to help 
themselves through stimulating social businesses.  Trade philosophy is better than Aid philosophy 
(which is based on Geo-Political considerations), focusing on financially viable solutions for social-
improvement for projects through a concept that is already inter-woven in Africa’s collective 
unconsciousness; trading.  This trend portrays a more sustainable African approach to social economic 
development and many ways is shifting development on the African continent to avoid western US and 
European social-economic development models.   

This fact substantiated during a recent study by Channing Arndt and Finn Tarp (2017)51.  The study 
concludes that “development aid, by itself, cannot ‘save the planet’; although evidence does indicate 
that development aid, and development institutions do have a track record in contributing to the 
realisation of development objectives”. Development areas and institutions do contribute as catalytic 
actors in achieving interlinked developmental and global environmental objectives.  The paper further 
says that “without appropriate restructuring of the international institutional architecture to confront the 
new development context combined with the necessary complementary frameworks, future aid 
including aid for environmental objectives, risks substantially underperforming”.52  

                                                             
51 Channing Arndt & Kristi Mahrt & M. Azhar Hussain & Finn Tarp, 2017. "A human rights-consistent approach to 
multidimensional welfare measurement applied to sub-Saharan Africa," WIDER Working Paper Series 076, 
World Institute for Development Economic Research (UNU-WIDER). 
52 Arent, D., C. Arndt, M. Miller, F. Tarp, and O. Zinaman, “Introduction,” in D. Arent, C. Arndt, M. Miller, F. Tarp, 
and O. Zinaman (eds), The Political Economy of Clean Energy Transitions, Oxford: Oxford University Press 
(2017, forthcoming). 
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The world output estimated to grow at 3.3% in 2016 whereas 2017 and 2018 projections are 3.4% and 
3.6% respectively.  The advanced and emerging economies are also projected to grow at a higher rate 
in 2017 and 2018 as compared to 2016..   

The table 3 below indicates the estimated and projected growth rates of output in Dialogue Partners of 
IORA as well as some of the leading Member States of IORA and sub-Saharan Africa and the low 
income developing countries as a group.  A shifting global economic landscape suggests a three-
pronged policy approach based on fiscal and structural policies alongside monetary policies.   

Social dislocation due to globalisation and technology change is a major challenge; leading to wide 
income inequality and wage stagnation in many countries.  Along with antipathy towards trade, 
immigration, multi-lateral engagements, high levels of public and private debt; and ongoing climate 
change – the low income and SIDs are likely to be adversely affected and, therefore, the analysis of 
socio economic and environmental conditions in IORA is very vital and important for generating an 
inclusive policy-frame, based on shared socio-economic pathways (SSPs) approach for understanding 
the impact of climate change and discuss the developments of the shared socio developed as a 
community effort over the last years which comprise five narratives and a set of driving forces.  There 
SSPs are very useful for understanding the climate change and may be applied by the research 
community.  These are part of a new scenario framework, established by the climate change research 
community in order to facilitate the integrated analysis for future climate impacts, vulnerabilities, 
adoption, and mitigation.  Not going into the details of all the five scenarios.  Let us discuss the one on 
demographic and economic drivers.  Table 2 which has been adopted from the paper (2017) provides 
the summary of SPSS narratives. 

SECTION-I 

THE SHARED SOCIAL ECONOMIC PATHWAYS ANALYSIS (SSPS) 

The SSP narratives (O’Neill et al., 2016a) comprise a textual description of how the future might unfold 
in terms of broad societal trends. Their main purpose is to provide an internally consistent logic of the 
main causal relationships, including a description of trends that are traditionally difficult to capture by 
models. In this sense, the SSP narratives are an important complement to the quantitative model 
projections. By describing major socioeconomic, demographic, technological, lifestyle, policy, 
institutional and other trends, the narratives add important context for a broad user community to better 
understand the foundation and meaning of the quantitative SSP projections. At the same time, the 
narratives have been a key input into the modelling process, since they underpin the quantifications 
and guided the selection of assumptions for the socioeconomic projections and the SSP energy and 
land-use transitions described in this special issue.  In Table 1 we provide a short summary of the 
global narratives, which have been used throughout all the papers of this special issue. O’Neill et al., 
(2016a) provides a more detailed description and discussion of the narratives. In addition, the 
Supplementary material (Section 4 and Appendix A) includes specific descriptions of how the global 
narratives were extended to provide further guidance on scenario assumptions concerning energy 
demand and supply, technological change, and land-use changes. 
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Table 1: Summary of SSP Narratives 

 

Source: K. Riahi et al. / Global Environmental Change 42 (2017) 153–168 

In an article published in “Global Environmental Change”, Vol 42, January 2017, Keywan Riahi and 
others the shared socio-economic pathways and their energy, land use, and greenhouse gas for the 
world as a whole are shown in Figure 1: 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 
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On the basis of different sets of assumptions related with the levels of education, fertility and morality, 
technological progress, efficiency improvements in energy use, different scenarios of population growth 
and GDP growth have been predicted in the five narratives in 2050 and 2100.  The second step in 
developing the SSPs comprised the translation of the qualitative narratives into quantitative projections 
for the main socioeconomic drivers of the SSPs: population, education, urbanization, and economic 
development. These projections comprise the basic elements of the SSPs and were constructed at the 
country level. Aggregated results for the world are shown in Figure 1. 

The demographic and economic drivers as indicated above, shows high and low scenarios of the 
population growth, education, GDP growth and urbanisation in all the SSPs ranging from SSP1 to 
SSP5.  The SSP5 shows a rapid development and convergence among countries with long term global 
average income levels approaching almost US$ 1,40000 (at US$ 2005) per year in 2100, whereas in 
SSP3 the average income stays around US$ 20,000 (at US$ 2005) per year in 2100 – this is the lowest 
long term projection.  The income inequalities are highest in SSP3 but the most equitable in SSP1 and 
SSP5, where a rapid catch up of the currently poor countries in the world is also seen.   

Converging with figure 1, the other SSPs scenarios of energy, land use and climate change and 
emissions (not being discussed here); the SSP1 and SSP5 are most suitable for the capacity to adapt 
to climate change as these are characterised with well educated, rich population, the high degree of 
good governance and the high development of technologies.  Mitigation strategies also play a 
significant role.  Dedicated efforts are made for afforestation and reforestation activities.  The global 
temperature should be kept below 20C in order to keep climate change under control. Thus, the SSPs 
analysis is very important to enable us to understand impacts of adaptation and vulnerability of climate 
change.  Socio-economic developments are closely linked with patterns of climate change.    

 
SECTION – II 

THE RELATIONSHIP BETWEEN ECONOMIC GROWTH, SOCIAL-ECONOMIC 
DEVELOPMENT AND CLIMATE CHANGE 

Many empirical studies reveal that the relationship between economic growth and prosperity is very 
weak and uncertain.  The future growth rates are generally associated with lower incomes, greater 
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income declines and higher poverty rates; and unemployment may also rise with future economic 
growth.  The Inter-Generational Report (2015) also points out that in next 40 years the aggregate GDP 
may grow at the rate of 2.8% per annum whereas per capita GDP is projected only at 1.5% per annum 
implying less welfare of individuals – not keeping pace with that of the economy as a whole.  Despite a 
strong growth at global level and developed-economies, the growth in Middle East, North Africa and 
Sub Sahara Africa may be low due to geopolitical threats, tight fiscal positions and perennial structural 
imbalances.  According to the IMF’s World Economic Outlook (January, 2017) the global economic 
activity is set to pick-up in 2017 - 2018. 

 

 

 

 

 

 

 

 

 

 

 

 

 

The world output estimated to grow at 3.3% in 2016 whereas 2017 and 2018 projections are 3.4% and 
3.6% respectively.  The advanced and emerging economies are also projected to grow at a higher rate 
in 2017 and 2018 as compared to 2016..  The growth performance of IORAs countries have been in 
most of the cases better than the other emerging economies in the world.  However, the growth has 
been fluctuating in some of the LDCs in IORA under such a mixed scenario, the intricacies between 
socio-economic pathways of individual economies and their relationship with climate change become 
complicated and ambiguous.  It is with this objective that we have analysed the socio-economic and 
environmental performance of IORA’s countries in section III.  

 

 

 

Table 2 
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SECTION- III 
DEMOGRAPHIC AND ECONOMIC DRIVERS IN IORA 

In the next section, we intend to discuss the real scenario of all the Member States of IORA in 
reference to some selected demographic and economic and sustainability indicators.  These socio-
economic and sustainability indicators will be compared with the qualitative narratives in terms of 
quantitative projections for the main socio-economic drivers of the SSPs: population, education, 
urbanisation and economic development as discussed in Section I of the paper.  These projections 
comprise the basic elements of the SSPs and were constructed at the country level.   

REAL GDP GROWTH IN IORA: 1998-2021 

After discussing the latest growth projections at global and regional level during 2016-2018 in Table: 1; 
let us now analyse the performance of individual Member States of IORA one by one.  IORA comprises 
of Emerging and D eveloping Asia, Middle-East and N orth Africa, and s ub-Saharan Africa.  T able:3 
(Tables are to be consulted in the attached Annex 1)  Australia had an average annual growth rate of 
3.6% during 1998-2007 which fell to 1.8% in 2009 and then it fell to 2.5% in 2015.  The average annual 
growth rate has been 2.5% during 2010-2016; the projected growth rates are 2.5%, 3.0% and 2.8% for 
the years 2016, 2017 and 2021 
 
India had an average annual growth rate of 7.1% during 1998-2007 which rose to 10.3% in 2010.  The 
average growth rate has been 7.3% for the period 2010-16.  The projected growth rate has been 7.5% 
and 7.8% for the years 2016, 2017 and 2021.  Malaysia had an average annual growth rate of 4.2% 
during 1998-2007 which fell to -1.5% in 2009.  The average annual growth rate has been 5.4% during 
2010-2016; whereas the projected growth rates are 4.4%, 4.8% and 5.0% for the years 2016, 2017 and 
2021.  Sri Lanka had an average annual growth rate of 4.3% during the period 1998-2007 which rose to 
9.1% in 2012.  The average annual growth of GDP has been 6.2% during the 2010-2016 periods.  The 
projected growth rates are 5.0% for the year 2016, 2017 and 2021. 
 
Thailand had average arrival growth rate of 3.8% during 1998-2007, which fell to -0.7 in 2009.  The 
average annual growth rate for the period 2015-2016 has been 3.5%; whereas the projected growth 
rates are: 3.0%, 3.2%, and 3.0% for the year 2016, 2017 and 2021.  Yemen had an average annual 
growth rate of 4.3% in 1998-2007, which became significantly negative during 2011, 2014 and 2015.  
The average annual growth rate has been -3.6% during the 2010-2016 periods.  The projected growth 
rates are 0.74, 11.9% and 3.5% for 2016, 2017 and 2021. 
Comoros had an average annual growth rate of 2.0% during 1998-2007.  The average annual growth 
rate for the period 2010-2016 has been 2.2%.  The projected growth rates are 2.2%, 3.3%, and 4.0% 
for the year 2016, 2017 and 2021.  Kenya had an average annual growth rate of 3.6% during the period 
1998-2007 which rose to 8.0% in 2010.  The average annual growth rate for the period 2010-2016 has 
been 5.9%.  The projected growth rates are 6.0%, 6.1% and 6.5% for the year 2016, 2017 and 2021.  
Madagascar had an average annual growth rate of 3.7% during 1998-2007, which fell to -4.7% in 2009.  
The average annual growth rate has been 2.5% during 2010-2016.  The projected growth rates are 
4.1%; 4.5% and 5.0% for the years 2016, 2017 and 2021. 
 
Mauritius had an average annual growth rate of 4.4% during 1998-2007 which rose to 5.5% in 2008.  
The average annual growth rate has been 3.6% during 2010-2016.  The projected growth rates are 
3.8%, 3.9% and 4.0% for the years 2016, 2017 and 2021.  Mozambique had an average annual growth 
rate of 8.4% during 1998-2007.  The average annual growth rate for 2016-2016 has been 6.8%.  The 
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projected growth rates are 6.0%, 6.8% and 38.9% for the years 2016, 2017 and 2021.  Seychelles had 
an average annual growth rate of 2.6% during 1998-2007 which rose to 6.2% in 2014.  The average 
annual growth rate has been 4.8% during 2010-2016.  The projected growth rates are 3.3%, 3.5% and 
3.3% for the years 2016, 2017 and 2021. 
 
South Africa had an average annual growth rate of 3.7% during 1998-2007 which fell to -1.5% in 2014.  
The average annual growth rate has been 2.0% during 2010-2016.  The projected growth rates are 
0.6%, 1.2% and 2.4% for the years 2016, 2017 and 2021.  South Africa had an average growth rate of 
3.7% during 1998-2007, which fell to -1.5% in 2009.  The average annual growth rates for the period 
2010-2016 have been 2.0%.  The projected growth rates are 0.6%, 1.2% and 2.4% for the years 2016, 
2017 and 2021.  Tanzania had an average annual growth rate of 5.9% for the period 1998-2007, which 
rose to 7.9% in 2011.  T he average annual growth rate has been 6.8% during 2010-2016.  T he 
projected growth rates are 6.9%, 6.8% and 6.5% for the years 2016, 2017, and 2021. 
 

IORA COUNTRIES CONSUMER PRICES: 1998-2021 
 
Table: 4 explain the behaviour of consumer prices among the IORA Countries and Dialogue Partners 
during the period 1998-2017, including the projections for the year 2016 and 2017. 
 
Australia’s economy has been able to tackle the movement in consumer prices well during the whole 
period under study, except the year 2008 when the annual percentage change was the highest (4.3%).  
The average annual change has been 2.8% during the period 1998-2007; which fell to 1.5% in 2015.  
The projections are: 2.1%, 2.4% and 2.5% for the years 2016, 2017 and 2021.  The average annual 
change for 2008-2015 has been 2.5%.  S ingapore had 6.6% increases in consumer prices in 2008 
which fell to -0.5% in 2015.  The average annual change has been 0.7% for the period 1998-2007.  The 
projected annual charges are: 0.2%, 1.3% and 1.9% for the years 2016, 2017 and 2021.  The average 
annual change for 2008-2015 has been 2.8%. 
 
Bangladesh had 8.9% increases in consumer prices in 2008 w hich rose to 11.5% in 2011.  T he 
average annual change has been 5.7% for the period 1998-2007.  The projections are: 6.7%, 6.9% and 
5.7% for the years 2016, 2017 and 2021.  The average annual change for 2008-2015 has been -7.7%.  
India had an increase 9.8% in consumer prices in 2008 which fell to 6.4% in 2015.  The average annual 
change has been 6.0% for the period 2008-2015.  The projections are: 4.3%, 4.5% and 4.0% for the 
years 2016, 2017 and 2021.  The average annual change for 2008-2015 has been 6.0%.   
Indonesia had an i ncrease of 9.8% in consumer prices in 2008; which fell to 6.4% in 2015.  T he 
average annual change for the period 2008-2015 has been 6.0%, whereas the projections are: 4.3%, 
4.5% and 4.0% for the years 2016, 2017 and 2021.  Oman had an i ncrease of 12.6% in consumer 
prices in 2008; which fell to 0.2% in 2015.  The average annual change for the period 1998-2007 has 
been 1.0% which rose to 3.5% during the period 2008-2015.  The projected changes are: 0.3%, 2.8% 
and 2.7% for the years 2016, 2017 and 2021. 
 
UAE had an i ncrease of 12.3% in consumer prices in 2008; which fell to 4.1% in 2015.  The average 
annual change for the period 1998-2007 has been 4.5% which fell to 2.9% during the period 2008-
2015.  The projected changes are: 3.2%, 2.7% and 3.5% for the years 2016, 2017 and 2021.  Yemen 
had an increase of 19.0% in consumer prices in 2008; which rose to 30.0% in 2015.  The average 
annual change for the period 1998-2007 has been 10.6% which rose to 14.1%during the period 2008-
2015.  The projected changes are: 27.5%, 24.0% and 9.5% for the years 2016, 2017 and 2021. 
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Comoros had an increase of 4.8% in consumer prices in 2008; which fell to 2.0% in 2015.  The average 
annual change for the period 1998-2007 has been 3.6% which marginally fell to 3.3% during the period 
2008-2015.  The projected changes are: 2.2%, 2.2% and 2.2% for the years 2016, 2017 and 20 21.   
Kenya had an increase of 15.1% in consumer prices in 2008; which fell to 6.6% in 2015.  The average 
annual change for the period 1998-2007 has been 5.9% which significantly rose to 9.0% during the 
period 2008-2015.  The projected changes are: 6.6%, 6.3% and 6.0% for the years 2016, 2017 and 
2021. 
 
Madagascar had an increase of 9.3% in consumer prices in 2008; which fell to 7.4% in 2015.  The 
average annual change for the period 1998-2007 has been 10. 0%, whereas the average annual 
change has been 7.7% during the period 2008-2015.  The projected changes are: 7.2%, 7.0% and 
5.5% for the years 2016, 2017 and 2021.  Mauritius had an increase of 9.7% in consumer prices in 
2008; which fell to 1.3% in 2015.the average annual change has been 6.1% during the period 1998-
2007.  The average annual change for the period 2008-2015 has been 6.1%.  The projected changes 
are: 1.5%, 2.1% and 2.6% for the years 2016, 2017 and 2021. 
 
Mozambique had an increase to 10.3% in consumer prices in 2008; which rose to 12.7% in 2010 and 
further fell to 2.4% in 2015.  The average annual change for the period 1998-2007 has been 9.6%.  The 
average annual change has been 5.9% during 2008-2015.  The projected changes are: 6.0%, 5.6% 
and 5.6% for the years 2016, 2017 and 2021.  Seychelles had an increase of 37.0% in consumer prices 
in 2008; which rose to 12.7% in 2008and further fell to 4.0% in 2015.  The average annual change for 
the period 1998-2007 has been 3.2%.  The average annual change has been 10.7% during 2008-2015.  
The projected changes are: 2.2%, 2.6% and 3.0% for the years 2016, 2017 and 2021. 
 
South Africa had an increase of 11.5% in 2008 which fell to 5.7% in 2012 and then fell to 5.7% in 2015.  
The average annual change for the period 1998-2007 was 5.4%.  The average annual change rose to 
6.2% during 2008-2015.  The projected changes are: 6.5%, 6.3% and 5.6% for the years 2016, 2017 
and 2021.  T anzania had an i ncrease of 10.3% in 2008 which rose to 16.0% in 2012 and then fell 
to5.6% in 2015.  The average annual change for the period 1998-2007 has been 6.3%.  The average 
annual change rose to 9.7% during 2008-2015.  The projected changes are: 6.1%, 5.1% and 5.1% for 
the years 2016, 2017 and 2021. 
 
Table 5 shows improved Water Source, Rural (% of rural population with access) of IORA Countries 
from 1990-2015.  In Australia, Singapore (2012), UAE and Mauritius (since 2010), 100% rural 
population has access to improve water source and therefore have already achieved SGDIS water and 
sanitation during 1990-2015.  Here it is important to cite the water-management approach of Singapore.  
Currently, Singapore needs to 430 million gallons of water per day which is expected to be more than 
double by 2060.  Half of the current requirements are filled with imported water from Malaysia.  The 
government of Singapore is increasing domestic supply of water by constructing new desalination 
plants during 2016-2019. 

In other six countries of IORA: India, Indonesia, Malaysia, Seychelles, Sri Lanka and Thailand the 
percentage of rural population with access to improved water source significantly increased to 96% in 
2015 as indicated in the table, whereas in Bangladesh, Oman and Comoros it increased to 86% and 
89% respectively in 2015. 

Kenya, Madagascar, Mozambique, Tanzania was in the range of 35% to 57% in 2015.  In these 
countries, the improved water source access in rural areas is a great challenge, and it must be on the 
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national priorities of these countries.  In South Africa, improved water source access is 81% in 2015 
whereas it was only 66% in 1990.  The compound Annual growth rate was 1.4% in 1997-2000, which 
fell to 0.8% in 2010-2015, implying the need for more emphasis to make it 100% by the year 2030. 

The case for Somalia and Yemen is very serious as the CAGR has turned negative in these countries.  
Yemen is one of the most water-stressed countries in the world.  In fact, some hydrology experts warn 
that it could be the first modern country to run out of the usable water, and this could occur within a 
decade.  In the long run, mismanagement and unrestricted use of Yemen’s water resources have the 
potential to cause great casualties in the country. 

In Somalia, as data reveals, access to clean drinking water in many arid parts of Somalia is a major 
challenge of the Red Cross (ICRC) is doing a commendable work in Somalia.  The efforts of ICRC need 
to be supplemented by IORA countries by providing financial assistance in enhancing the water supply 
in rural areas at an affordable price. 

In the case of United Republic of Tanzania, the percentage of improved water source access to rural 
population has been struck to 46% since 2010 and its CAGIR has been 0.1% in 2000-2015, while it has 
been 0.0% during 2010-2015.  This is a serious signal to the fulfilment of its future requirements of an 
improved water resource.  Water is critical to a country’s development.  Tanzania has been blessed, 
both on the surface and below ground, with three times more renewable water resources than Kenya 
and 37% more than Uganda.  Despite the vast amount of fresh water available, many Tanzanians are 
still faced with water shortages due to insufficient capacity to access and store.  Tanzania needs a 
comprehensive Action Plan to improve access to the water source to rural as well as urban population.  
Maintenance of existing systems and the development of New Delivery Mechanisms, partnerships with 
private operators and communities are also required. 

In South Africa, the water resources need to be evenly distributed by providing efficient water 
infrastructure in rural settlements, 74% of all rural people are entirely dependent on ground water (i.e. 
local wells and pumps).  A Large portion of South Africa’s GDP is directly dependent upon the water: 
Agriculture, energy, production and industry including mining.  The National Water Act (1998) need to 
be implemented effectively to regulate the South African Water supplies to complete mission 2017’s 
solutions which is in two parts: (i) to find ways to physically get water to people who need it; (ii) to find 
an available source from which water can be given.  South Africa will face serious water problems if 
steps are not taken to increase country’s efficiency of water-use or ability to distribute water to its 
people.  The mission 2017 can be replicated to several other countries around the globe that are 
suffering from similar or related issues with an improved water source and its even distribution to the 
people. 

As revealed by Compound Annual Growth Rate (CAGR) in table 2.1, Bangladesh, Indonesia, Kenya, 
Mozambique and Sri Lanka put more emphasis in their budgets to have improved water source access 
in rural areas during 1997-2015.  The CAGRs in these countries have been in between 1.0% to 2.5%, 
whereas it has been negative in case of Somalia and Yemen. 
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Table 6 shows improved sanitation facilities (% of the population with access) of IORA Countries. 

In Australia and Singapore improved sanitation facilities are available to 100% people.  No one lags 
behind.  These two countries of IORA have already achieved SDG #6 in 1990 and 2000 respectively.  
In Bangladesh, improved sanitation facilities were 34% in 1990 which rose to 51% in 2005 and further 
to 57% in 2011.  In 2015, 61% people have access to improved sanitation facilities.  The CAGR during 
2010-2015 was 1.7% whereas it was 3.1% in 1990-97.  To achieve SDG #6, Bangladesh has to make 
concerted and serious efforts; otherwise, the country may not be able to achieve this goal by 2030. 

Table 7 shows access to Electricity (% of the population) in IORA Countries from 1990-2012. 

Literature review on the relationship between economic growth and electricity consumption since 1978-
2014 suggests in most of the cases unidirectional as well as bidirectional causality between economic 
growth and electricity consumption by using unit Root Test as well as cointegration analysis.  An 
empirical study by Yilmat Bayar (April 2014), “Electricity Consumption and Economic Growth in 
Emerging Economies” reveals that electricity consumption had a positive impact on economic growth, 
and there was bi-directional causality between economic growth and electricity consumption.  The study 
included five Member States of IORA: Indonesia, India, Malaysia, Thailand and South Africa and two 
dialogue partners i.e. China and Egypt.  The study concludes that “the bi-directional causality between 
economic growth and electricity consumption supported the feedback hypothesis for all the emerging 
countries (20). The study suggests that economic growth and electricity consumption affects each 
other. This implies that increases in economic growth raised electricity consumption increases 
economic growth. Therefore, emerging countries should also diversify their energy supply and increase 
the share of renewable energy resources in energy consumption by considering their high dependence 
on electricity. 

In Kenya, the access to electricity was 10.9% in 1990, which rose to 14.5% in 2000, and another 23% 
in 2012. One of the important reasons for such a low consumption is high costs of electricity for 
domestic and other consumption. Recently in a bid to boost electrification nationwide Kenya moved to 
cut the electricity connection fees by 50% while low-income customers will be able to pay the 
connection fee off in instalments added to their monthly bill. The revisions are expected to see a 
significant increase in the number of households connected to the national grid. As a consequence of 
these efforts, electrification rates are expected to rise to 70% by 2017. Other efforts include adding over 
5000 MW of electricity-generating capacities, increasing the number of renewable projects, and 
reducing tariffs for end users. The cost of connection is very high in Kenya, ranging from $200 USD to 
$800 or even more. These cost burdens need to be reduced significantly in order to increase access to 
electricity to the people.  

In Madagascar, the access to electricity was only 9.2% in 1990, which rose to 11.4% in 2000, and 
further to 15.4%in 2012, which is very low. The lack of adequate accesses to Madagascar constraints 
the delivery of basic social services as well as making it difficult to do business, which negatively affects 
the country’s investment climate. The access to electricity is low countrywide by any standards. The 
electricity consumption is 46 KwH per capita whereas it is 52 KwH per capita in Ethiopia and 92 KwH 
per capita in Tanzania. The electricity sector suffers from high losses and frequent power outages. 
Besides, JIRAMA, the state-run electricity utility, is under operational and fundamental stress. The 
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World Bank in March 2016 approved the International Development Association (IDA) a credit of US 
$65 million in support of the Government of Madagascar’s efforts to improve the country’s electricity 
sector governance and operations.  

In Mozambique, the access to electricity was 6.4% in 1990, which rose to 7.1% in 2001 and further to 
20.2% in 2012. It may be pointed out that Mozambique is a fortunate country from the perspective of its 
significant untapped natural energy resources, sufficient to assist in meeting its own and neighbouring 
countries’ energy requirements. The government aims to increase the generation of electricity through 
Hydro and Thermal projects from 215 MW in 2015 to 1240 MW in 2019, which will certainly increase 
electricity consumption growth in urban, peri-urban, and rural areas as well as industries and other 
commercial enterprises, which are key contributors to a country’s socioeconomic growth. Availability of 
electricity will be a catalyst for industrial growth employment productivity and development of related 
business and commerce. Agro-industries will be important catalysts in rural areas linked with 
productivity and income dynamics.  

In Somalia, the access to electricity was 22.2% in 1990, which rose to 25.9% in 2000 and further to 
32.7% in 2012. In this East African country of 10 million people, electricity prices are the highest in the 
world. A kilowatt of electricity in Somalia may cost as much as $1/hour. This is five times more 
expensive than in the United States. The need is to increase the production of electricity as well as to 
ensure affordable electricity tariff rates. Even in 2015, the access to electricity in the country was 
32.70% of the population (2011-2015). The main challenge of Somalia is to reduce the high cost of 
electricity generation by liberalizing the power generation industry, investing in infrastructure, and 
promoting inter-regional interconnections, etc. In fact, all these measures apply to the African continent 
in re removing electricity shortages as well as supplying it at affordable prices to households, industry, 
mining, and agriculture. 

In Tanzania, the access to electricity was 6.8% in 1990, which rose to 8.8% in 2000 and further to 
15.3% in 2012. Though Tanzania real annual GDP grew by 6.4%, yet in Tanzania, the energy sector 
continues to be a significant barrier to continued economic growth. Currently, Tanzania has an installed 
capacity of only about 15000 MW, or 0.033 KW per capita. Tanzania has a low per capita electricity 
consumption of 100 KwH. To improve the access to electricity, the government must encourage 
investments to increase the electricity generation, reform the distribution system, and develop new 
indigenous sources of energy.  

In Yemen, the access to electricity was 38.5% in 1990, which rose to 41.3% in 2000 and further to 
48.4% in 2012. The access to electricity in Yemen is better than Madagascar, Mozambique, Somalia, 
and Tanzania. There is an acute shortage of power generation to meet the demand. This shortage is 
around 30%. In addition to this, more than 30% of the country territory is not covered by electricity 
supply and many industries have their power station, which are not linked to the central grid. Therefore, 
the average electricity consumption is very low. The need is to develop a comprehensive policy of 
power-generation and to reduce the subsidies provided to electricity and oil- products, which was US 
$2.7 billion in 2014, which is approximately 6% of the GDP of Yemen.  

Table 8 Indicates Gross enrolment ratios primary and secondary Gender Parity Index (GPI) of IORA 
countries 1990-2013. 
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The Gender Parity Index (GPI) is a socioeconomic index released by UNESCO. It is designed to 
measure the relative access to education to males and females. It is calculated as the quotient of 
numbers of females by the number of males who are enrolled in a given stage of education: primary, 
secondary, and tertiary. In the present table, we have only primary and secondary stages of education. 
A Gender Parity Index (GPI) equal to one indicates that there is parity between females and males. A 
value less than one indicate a disparity in favour of males, and a value greater than one indicates a 
disparity in favour of females.  

Gender Parity Index is different from the Gender Inequality Index (GII), which has been used in the 
Human Development Index since 1990. Gender inequality remains a major barrier to human 
development. Women and girls are facing disadvantages, which are major sources of inequality. They 
are discriminated against in health education, political representation, Labour markets, etc. with 
negative repercussion for the development of their capabilities and their freedom of choice. The Gender 
Inequality Index 9GII) reflects gender-based disadvantages in three dimensions: reproductive health, 
empowerment, and Labour markets. It shows loss of potential human development due to inequality 
between female and male achievements in these three dimensions. It ranges between 0, where women 
and men fare equally, and 1, where one gender fares as poorly as possible in all measured dimensions. 
For calculating the various indexes including GII, see technical notes, Human Development Report 
(2015). The European Union (EU) uses the concept of Gender Equality Index (GEI), which is more 
comprehensive than the GII (see GEI 2016). It factors in work, money, knowledge, time, power, health 
and intersecting inequalities, and violence. 

Against this background let us discuss the Gender Parity Index (GPI) of the IORA member states. 

In Australia the GPI was 1.00 and 1.01 during 1995-2000, indicating parity between males and females 
in primary and secondary gross enrolment ratios. Thereafter, it fell to 0.96 in 2013, indicating a slight 
favour of males. The fact is further strengthened by CAGR during the sub-periods: 1997-2000, 2000-
2010, 2000-2013, and 2010-2013. In Bangladesh, GPI has been greater than one during 2005, 2010, 
and 2011, indicating disparities in favour of females. Whereas it has been in favour of males in 
Comoros as indicated by the GPI in 2013. The index is 0.98, less than one.  

In India the GPI has been approaching one since 1995 when it was 0.74 to 0.99 in 2012; whereas in 
Indonesia, it has moved from 0.92 in 1990 to 1.0 in 2012, showing it in favour of females. In Iran, 
Kenya, and Madagascar, the GPI is approaching one. In Malaysia earlier, it was in favour of females, 
but then it fell to 9.98 in 2005, moving in favour of males. In Mauritius, Oman, Seychelles, Sri Lanka, 
Thailand, the United Arab Emirates, and Tanzania, the GPI happened to be in favour of females in 
2013; whereas it is equal to one in South Africa, indicating equal education opportunities for males and 
females in the grow enrolment ratio for the primary and secondary stages. In Yemen, it is in favour of 
males.  

Table 9 shows the country-wise labour-force of IORA countries from 1990 -2014 in terms of all sectors 
and the agriculture sector. Here the trend is mixed. In Australia the CAGR of all sectors has been 0.0% 
during 2010-2014; it has been 1.2% for the agriculture sector during the same period. 



Journal of Indian Ocean Rim Studies, 2017 
Vol. 1, Issue 1  
ISSN 1694-3317 
 

Journal of Indian Ocean Rim Studies Page 120 
 

In all the IORA countries as revealed by compound annual growth rates, the population is rising, but in 
Mauritius, Thailand, and Sri Lanka, the CAGRs are less than one, 0.4% to 0.5% during 2012-2014. 
Whereas in all other countries it is greater than one – ranging between 1.6% and 9.5% during 2010-
2014. The growing population has socio-economic implications for the IORA as a whole in terms of 
“skilled” and “semi-skilled” Labour force and crucial for the future patterns of economic growth in IORA. 
The dynamics of population structure are very important for higher as well as sustainable growth within 
IORA. 

The Labour force growth rate is determined by growth in the native-born population, net immigration, 
and the Labour force participation rate. 

In Bangladesh, the CAGR of all sectors of the Labour force data has been greater than the agriculture 
sector data during 1990-1997, 1997-2000, 2000-2010, and 2000-2014, but during 2010-2014 the 
agriculture sector registered an increase of 2.3%.  

In Kenya, Madagascar, Mauritius, Mozambique, Oman, Somalia, and Tanzania, the CAGR of the 
agriculture sector has been higher than all other sector’s Labour force growth during 2010-2014, 
suggesting that the agriculture sector may be providing more employment in these countries. The 
employment-intensive growth needs to be more productivity – oriented in order to eliminate poverty in 
these countries. The labour market segmentation theory states that labour markets in low and middle-
income countries tend to be highly segmented with different wages and conditions of employment in 
each sector and limited mobility from “less productive” to “more productive” jobs.  

In India, Indonesia, Iran, Malaysia, South Africa, and Singapore, all sector labour force data registered 
higher growth than the agriculture sector, implying the possibility of “shifts” towards more productive 
“jobs”. Yet there can be no “conclusive evidence” regarding the higher CAGR of all sectors or 
agriculture sector about their relationship to economic growth and poverty-reduction. It depends on the 
generation of productive employment in these sectors. IORA seems to be evenly distributed in this 
regard, but it does point out that special efforts need to be made in six LDCs of IORA in reducing their 
dependence on the agriculture sector during 1990-2013. This will help in achieving the eradication of 
poverty in these countries (SDG 1) by 2030.   

Economic Indicators in IORA: 1990-2014 

The objective of this section is to analyse the health of the individual economies of IORA member 
states from 1990 to 2014 through the top ten market indicators of economic development. The list of 
economic indicators varies from 10 to 34 or even more depending on the purpose of the investigational 
analysis. Our objective is to get an i dea about the “convergence” – taking place within IORA. The 
answer remains to be unambiguous, but not fully supported. 

Table 9 shows the electric power consumption of IORA countries during 1990-2012, by dividing it into 
four sub-periods. In Australia per capita, electric power consumption grew at the rate of 3.1% during 
1997-2000 whereas it was only 1.2% during 1990-1997; the CAGR has been 0.2% from 2000 to 2012. 
The per capita consumption of electric power is above 1000 KwH in Australia and the United Arab 
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Emirates, followed by Singapore and Oman, where it was 8690 and 6095 KwH in 2012 respectively. 
The CAGRs have been higher in Oman as compared to Singapore.  

In South Africa, Malaysia, Thailand, Mauritius, and Iran, the per capita consumption was between 2075 
KwH and 4405 KwH in 2012. The CAGR has been negative for South Africa during 1197-2000, 2000-
2010, and 2000-2012, but in the rest of the four countries, it has been significantly positive.  

In India it is 744 KwH, followed by Indonesia where it was 730 kwH in 2012; the CAGRs are 
significantly positive and high during the four sub-periods. Sri Lanka is also making excellent progress 
in per capita consumption of electric power since 2005. Tanzania, Kenya, and Yemen need to make 
extraordinary efforts in raising per capita consumption of electricity. In Bangladesh, the situation is 
improving rapidly as reflected by the CAGRs during all the sub-periods. 

CO2 EMMISION OF IORA COUNTRIES (METRIC TONS PER CAPITA) 

Table 10 s hows the CO2 emissions of IORA countries (metric tons per capita) during 1990-2011.  
Countries have a natural tendency to industrialize by transitioning towards more emissions –reducing 
high tech sectors. Low income countries generally show the highest share of value added in low tech 
sectors, but since 1970s, that share has been decreasing medium income countries have the highest 
shares of medium tech sectors and high income countries of high tech sectors. And the share of high 
tech sector’s tending to rise across all income categories. The countries with the highest technical 
inefficiency over 1995-2009 are: China, US, India and the Russian Federation, together accounting for 
55% of global emissions in 2013. These countries are more responsible for global CO2 emissions. 

The levels of CO2 emissions (metric ton per capita) have been high in Australia Singapore and UAE. In 
India it was 0.8 in 1990 which rose to 1.7 in 2011 whereas in Australia, it was 15.5 in 1990 rose to 16.5 
in 2011, it was 36.9 in UAE in 2000 fell to 20.4 in 2011.  The CAGR rates in all IORA countries have 
been 0.9% to 32.1% during the sub-periods. This implies that there exists a l arge scope in these 
countries to more towards cleaner technologies in an attempt to faster industrialization and increase 
their share of high tech sectors. The CAGR of CO2 emissions have been s ignificantly higher in 
Bangladesh, Oman, has been negative in Australia, Seychelles, Singapore economies are not causing 
CO2 emission significantly and during the sub-periods the trend is in the direction of lesser emissions or 
zero emissions as indicated by CAGR in the table. 

SUSTAINABILITY INDICATERS OF WORLD AND DIFFERENT REGIONS/GROUPINGS  

Table 11 reveals the sustainability indicators of World and different regions/grouping. Africa and Low 
income countries are lack amp in items of access to an improved water source, ocean to unproved 
sanitation facilities access to electricity, expenditure on R & D as % of GDP and internet users etc. 
Europe and central Asia North America High income countries are performing better than the world's 
average in most of the twelve sustainability indicators Nationally protected terrestrial and marine areas 
are more than the world's average in sub-Saharan Africa, low income East Asia and pacific, and lower 
in South Asia lower middle income and Europe and central Asia, air pollution in high in East Asia and 
pacific, South Asia, Lower middle income and upper middle income groups. The table confirms the 
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need for well-coordinated policy initiatives at global level and i nternational cooperation among 
developed developing and SIDs countries to promote sustainability across the world. 

SUSTAINABILITY INDICATORS OF IORA COUNTRIES 

Table 12 analyses the performance of IORA's economies in terms of twelve sustainability indicators in 
2015, 2014 and 2011 on t he basis of the availability of data. In terms of access to improved world 
source, improved sanitation facilities and a ccess to electricity, the performance of Mozambique, 
Madagascar, Somalia, Tanzania and Yemen is below 60%; whereas in terms of renewable electricity 
output, the performance of Mozambique, Somalia, Kenya and T anzania is extremely good. The 
naturally protected terrestrial and marine areas indicator is above the world’s average in Tanzania, UAE 
and almost equal to it in Thailand. It is more than 10% in Kenya, Mozambique and South Africa. In 
terms of   expenditure on R & D as % of GDP.  Air pollution internal user and Nitrous oxide emissions 
etc. IORA needs to make special efforts as a r egion; the some of the countries are performing very 
well. 

A growing number of countries are confronting water stress, which affects more than 2 billion people 
worldwide. The regions which are above the 25 percent threshold that marks the beginning stages of 
physical water stress are Northern Africa, Western Asia, Caucasus and central Asia and Southern Asia, 
having 96%; 54%. 50% and 48% of stress levels in 2015. In 1998, 36 countries experienced water 
stress which rose to 41 c ountries in 2011. Of these, 10 c ountries on t he Arabian Peninsula and i n 
central Asia and Northern Africa withdrew more than 100% of their renewable fresh water resources. As 
shown in table 2.20, the fulfilment of SDG goal 6:  Ensure availability and sustainable management of 
water and sanitation for all IORA member states may initiate regional cooperation in the implementation 
of Integrated water Resources Management (IWRM), a follow-up to the 2002.   

Johannesburg Plan of Implementation. In 2012 65 percent of the 130 countries that responded to an 
IWRM Survey question replayed that management plans were in place of the national level, although 
full implementation on varies in IORA countries as well as across various regions in the world. 

CLIMATE VARIABILITY, EXPOSURE TO IMPACT AND RESILIENCE IN IORA 

The climate variability, exposure to impact and resilience in IORA countries have been shown in table 
13 in terms of four variables; i) land area where elevation is below 5 meters; ii)population living in areas 
where elevation in below 5 m eters; iii) population affected by droughts, floods, and e xtreme 
temperatures; and iv) disaster risk reduction progress score.  

Under category I, ten out of 21 M ember States of IORA come where the elevation below 5 m eters 
varies from 16.4% to 1.3%. In this category Seychelles, Singapore, UAE, Thailand and Indonesia face 
serious challenges. Whereas in category II, the population in twelve countries of IORA namely; 
Australia, Bangladesh, Indonesia, Madagascar, Malaysia, Mozambique, Oman, Seychelles, Singapore, 
Somalia, Thailand and U AE come under the range of 16.6% to 2.5%.  In this category, Seychelles, 
Thailand, UAE, Singapore, Oman and Mozambique face serious challenges.   

Under category III, eleven countries of IORA face serious challenges ranging from 1.5% to 6.5%.  In 
category IV, it is revealed in the table that only Australia, Bangladesh, Malaysia, Madagascar, Thailand, 
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Tanzania, Sri Lanka and Mauritius are in a better position in terms of resilience to disaster risk 
reduction.  In conclusion, it can be said that the climate variability exposure to impact and resilience in 
IORA can further be improved by adopting appropriate policy framework.  

 
SECTION – IV 

CONCLUSIONS AND POLICY IMPLICATIONS 

The paper indicates that majority of the countries of Indian ocean rim are likely to achieve goal 6 of 
SDGs by 2030; except Kenya, Madagascar , Mozambique, Somalia and Y emen where access to 
improved water source is in the access to improved water source is in the range of 35% to 57% in 
2015. For these countries of IORA special projects need to be initiated so that the goal 6 of SDG may 
be achieved by 2030. 

It is also suggested that electricity generation and its distribution to all the stakeholders in the process 
of economic growth may be increased and it should be distributed optimally at the affordable prices in 
LDCs of IORA.  The Gender Parity Index reveals that this SDG may be achieved by all the member 
states of IORA by 2030. 

The sustainability indicators were below the world level in most of the indicators, except access to 
improved water improved sanitation, access to electricity, adjusted new savings and i nternet users. 
Special efforts a one needs to improve the sustainability indicators in the LDCs of IORA. 

The IORA main objective is to achieve sustainable development; and the analysis in the present paper 
do indicate the situations in all IORA Member States, which may be better achieved by focussing on 
UN Sustainable Development Goal 14 of the 2030 Agenda. 

From IORA’s point of view, we must focus on "knowledge must inform action” – knowledge of what has 
and has not worked for sustainable development in the past 20 years. Only on this basis, can we 
develop a clear vision of sustainable development for the 21st century. We should focus on t he 
promotion of "sustainability culture" in all our programs of development and regional cooperation. This 
will improve the socio-economic conditions of the people of the Indian Ocean Rim.   
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TABLE 3: IORA COUNTRIES REAL GDP (ANNUAL PERCENTAGE CHANGE): 1998-2017 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Country/Region 1998-2007 2008 2009 2010 2011 2012 2013 2014 2015 Projected 2016 Projected 2017 Projected 2021 2015 Q4 2016 Q4 2017 Q4 Average
Australia 3.6 2.6 1.8 2.3 2.7 3.5 2 2.6 2.5 2.5 3 2.8 3 2.3 3.2 2.5
Singapore 5.5 1.8 -0.6 15.2 6.2 3.7 4.7 3.3 2 1.8 2.2 2.8 1.7 1.8 2.2 5.2
Bangladesh 5.7 5.5 5.3 6 6.5 6.3 6 6.3 6.4 6.6 6.9 6.5 6.3
India 7.1 3.9 8.5 10.3 6.6 5.6 6.6 7.2 7.3 7.5 7.5 7.8 7.3
Indonesia 2.7 7.4 4.7 6.4 6.2 6 5.6 5 4.8 4.9 5.3 6 5.5
Malaysia 4.2 4.8 -1.5 7.5 5.3 5.5 4.7 6 5 4.4 4.8 5 5.4
Sri Lanka 4.3 6 3.5 8 8.4 9.1 3.4 4.5 5.2 5 5 5 6.2
Thailand 3.8 1.7 -0.7 7.5 0.8 7.2 2.7 0.8 2.8 3 3.2 3 3.5
Emerging and Developing Asia 7.6 7.2 7.5 9.6 7.8 6.9 6.9 6.8 6.6 6.4 6.3 6.4 7.2
Iran 5.2 0.9 2.3 6.6 3.7 -6.6 -1.9 4.3 0 4 3.7 4.1 1.4
Oman 2.4 8.2 6.1 4.8 4.1 5.8 4.7 2.9 4.1 1.8 1.7 2.1 4
UAE 5.7 3.2 -5.2 1.6 4.9 7.2 4.3 4.6 3.9 2.4 2.6 3.4 4.1
Yemen 4.3 3.6 3.9 7.7 -12.7 2.4 4.8 -0.2 -28.1 0.7 11.9 3.5 -3.6
Middle and North Africa 5.3 4.8 1.5 4.9 4.5 5 2.3 2.8 2.5 3.1 3.5 3.8 3.7
Comoros 2 1 1.8 2.1 2.2 3 3.5 2 1 2.2 3.3 4 2.2
Kenya 3.6 0.2 3.3 8.4 6.1 4.6 5.7 5.3 5.6 6 6.1 6.5 5.9
Madagascar 3.7 7.2 -4.7 0.3 1.5 3 2.3 3.3 3 4.1 4.5 5 2.5
Mauritius 4.4 5.5 3 4.1 2.9 3.2 3.2 3.6 3.4 3.8 3.9 4 3.6
Mozambique 8.4 6.9 6.4 6.7 7.1 7.2 7.1 7.4 6.3 6 6.8 38.9 6.8
Seychelles 2.6 -2.1 -1.1 5.9 5.4 3.7 5 6.2 4.4 3.3 3.5 3.3 4.8
South Africa 3.7 3.2 -1.5 3 3.2 2.2 2.2 1.5 1.3 0.6 1.2 2.4 2
Tanzania 5.9 5.6 5.4 6.4 7.9 5.1 7.3 7 7 6.9 6.8 6.5 6.8
Sub-Saharan Africa 5.3 6 4 6.6 5 4.3 5.2 5.1 3.4 3 4 5 4.7

Table 1.2: Average IORA Countries Real GDP (Annual Percentage Change): 1998-2017



Journal of Indian Ocean Rim Studies, 2017 
Vol. 1, Issue 1  
ISSN 1694-3317 
 

Journal of Indian Ocean Rim Studies Page 126 
 

 

TABLE 4: IORA COUNTRIES ANNUAL CHANGE IN CONSUMER PRICES 1998 – 2017 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Country/Region 1998-2007 2008 2009 2010 2011 2012 2013 2014 2015 Projected 2016 Projected 2017 Projected 2021 2015 Q4 2016 Q4 2017 Q4
Australia 2.8 4.7 1.8 2.9 3.3 1.7 2.5 2.5 1.5 2.1 2.4 2.5 1.7 2.5 2.2
Singapore 0.7 6.6 0.6 2.8 5.2 4.6 2.4 1 -0.5 0.2 1.3 1.9 -0.7 1.3 1.9
Bangladesh 5.7 8.9 4.9 9.4 11.5 6.2 7.5 7 6.4 6.7 6.9 5.7 6.5 7 7
India 5.2 9.2 10.6 9.5 9.5 9.9 9.4 5.9 4.9 5.3 5.3 4.9 5.4 5.1 5.4
Indonesia 14.1 9.8 5 5.1 5.3 4 6.4 6.4 6.4 4.3 4.5 4 3.4 4.5 4.4
Malaysia 2.4 5.4 0.6 1.7 3.2 1.7 2.1 3.1 2.1 3.1 2.9 3 2.7 3.1 2.9
Sri Lanka 9.8 22.4 3.5 6.2 6.7 7.5 6.9 3.3 0.9 3.4 4.5 5 2.8 4.1 5
Thailand 2.8 5.5 -0.9 3.3 3.8 3 2.2 1.9 -0.9 0.2 2 2.5 -0.9 1.6 1.8
Iran 14.9 25.3 10.7 12.4 21.2 30.8 34.7 15.6 12 8.9 8.2 5 9.4 9 7.5
Oman 1 12.6 3.5 3.3 4 2.9 1.2 1 0.2 0.3 2.8 2.7 0.2 0.3 2.8
UAE 4.5 12.3 1.6 0.9 0.9 0.7 1.1 2.3 4.1 3.2 2.7 3.5 3.6 3.2 2.7
Yemen 10.6 19 3.7 11.2 19.5 9.9 11 8.2 30 27.5 24 9.5 20 32 21
Comoros 3.6 4.8 4.8 3.9 2.2 5.9 1.6 1.3 2 2.2 2.2 2.2 3.4 2.2 2.2
Kenya 5.9 15.1 10.6 4.3 14 9.4 5.7 6.9 6.6 6.3 6 5 8 5.8 5.5
Madagascar 10 9.3 9 9.2 9.5 5.7 5.8 6.1 7.4 7.2 7 5.5 7.6 7.1 7
Mauritius 6.1 9.7 2.5 2.9 6.5 3.9 3.5 3.2 1.3 1.5 2.1 2.6 1.3 2 2.2
Mozambique 9.6 10.3 3.3 12.7 10.4 2.1 4.2 2.3 2.4 6 5.6 5.6 11.1 5.6 5.6
Seychelles 3.2 37 31.8 -2.4 2.6 7.1 4.3 1.4 4 2.2 2.6 3 3.2 2.8 3.1
South Africa 5.4 11.5 7.1 4.3 5 5.7 5.8 6.1 4.6 6.5 6.3 5.6 4.9 6.9 5.8
Tanzania 6.3 10.3 12.1 7.2 12.7 16 7.9 6.1 5.6 6.1 5.1 5.1 6.8 5.4 5

Table 1.4: IORA Countries Annual Change in Consumer Prices 1998-2017
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TABLE 5: IMPROVED WATER SOURCE, RURAL (% OF RURAL POPULATION WITH ACCESS) OF IORA NATIONS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1990 1995 1997 2000 2005 2010 2011 2012 2013 2014 2015

36 Australia 100 100 100 100 100 100 100 100 100 100 100 0.0% 0.0% 0.0% 0.0% 0.0%

50 Bangladesh 65 69 71 74 78 83 84 84 85 86 87 1.3% 1.4% 1.2% 1.1% 0.9%

174 Comoros 88 88 88 88 89 89 89 89 89 89 89 0.0% 0.0% 0.1% 0.1% 0.0%

699 India 64 70 73 76 82 88 89 90 92 93 93 1.9% 1.4% 1.5% 1.4% 1.1%

360 Indonesia 61 65 66 68 72 76 77 77 78 79 80 1.1% 1.0% 1.1% 1.1% 1.0%

364 Iran 84 85 86 87 89 91 91 92 92 92 92 0.3% 0.4% 0.5% 0.4% 0.2%

404 Kenya 33 38 40 43 48 53 54 55 56 57 57 2.8% 2.4% 2.1% 1.9% 1.5%

450 Madagascar 17 20 22 24 28 32 32 33 34 35 35 3.8% 2.9% 2.9% 2.5% 1.8%

458 Malaysia 86 87 88 89 90 92 92 92 93 93 93 0.3% 0.4% 0.3% 0.3% 0.2%

480 Mauritius 99 99 99 99 99 100 100 100 100 100 100 0.0% 0.0% 0.1% 0.1% 0.0%

508 Mozambique 23 24 25 27 31 35 36 36 37 37 37 1.2% 2.6% 2.6% 2.1% 1.1%

512 Oman 70 71 73 75 80 84 85 86 86 86 86 0.6% 0.9% 1.1% 0.9% 0.5%

690 Seychelles 96 96 96 96 96 96 96 96 96 96 96 0.0% 0.0% 0.0% 0.0% 0.0%

702 Singapore

706 Somalia 20 16 11 9 9 -7.2% -5.6%

710 South Africa 66 67 68 71 74 78 79 79 80 81 81 0.4% 1.4% 0.9% 0.9% 0.8%

144 Sri Lanka 63 70 72 76 83 90 91 92 94 95 95 1.9% 1.8% 1.7% 1.5% 1.1%

764 Thailand 84 87 88 90 93 96 96 97 97 98 98 0.7% 0.8% 0.6% 0.6% 0.4%

784 United Arab Emirates 100 100 100 100 100 100 100 100 100 100 100 0.0% 0.0% 0.0% 0.0% 0.0%

834 United Rep. of Tanzania 45 45 45 45 45 46 46 46 46 46 46 0.0% 0.0% 0.2% 0.1% 0.0%

887 Yemen 59 55 54 52 49 47 47 47 -1.3% -1.3% -1.0%

CAGR
(2000-2015)

CAGR
(2010-2015)

Access to an improved water source refers to the percentage of the population using an improved drinking water source. 
The improved drinking water source includes piped water on premises (piped household water connection located inside the 
user’s dwelling, plot or yard), and other improved drinking water sources (public taps or standpipes, tube wells or boreholes, 
protected dug wells, protected springs, and rainwater collection).

Improved water source, rural (% of rural population with access) of IORA Nations
CAGR

(1990-97)
CAGR

(1997-2000)
CAGR

(2000-10)
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TABLE 6: IMPROVED SANITATION FACILITIES (% OF POPULATION WITH ACCESS) OF IORA NATIONS 

 

 

1990 1995 1997 2000 2005 2010 2011 2012 2013 2014 2015

36 Australia 100 100 100 100 100 100 100 100 100 100 100 0.0% 0.0% 0.0% 0.0% 0.0%

50 Bangladesh 34 40 42 45 51 56 57 58 59 60 61 3.1% 2.3% 2.2% 2.0% 1.7%

174 Comoros 18 21 23 25 29 33 34 34 35 36 36 3.6% 2.8% 2.8% 2.5% 1.8%

699 India 17 21 23 26 31 36 37 38 39 40 40 4.4% 4.2% 3.3% 2.9% 2.1%

360 Indonesia 35 41 44 47 52 57 58 59 60 61 61 3.3% 2.2% 1.9% 1.8% 1.4%

364 Iran 71 74 76 79 84 89 89 90 90 90 90 1.0% 1.3% 1.2% 0.9% 0.2%

404 Kenya 25 26 26 27 28 29 29 30 30 30 30 0.6% 1.3% 0.7% 0.7% 0.7%

450 Madagascar 9 10 10 10 11 11 12 12 12 12 12 1.5% 0.0% 1.0% 1.2% 1.8%

458 Malaysia 86 89 90 91 93 95 96 96 96 96 96 0.7% 0.4% 0.4% 0.4% 0.2%

480 Mauritius 91 91 91 91 92 93 93 93 93 93 93 0.0% 0.0% 0.2% 0.1% 0.0%

508 Mozambique 10 12 13 14 17 19 19 20 20 20 21 3.8% 2.5% 3.1% 2.7% 2.0%

512 Oman 82 85 87 89 93 97 97 97 97 97 97 0.8% 0.8% 0.9% 0.6% 0.0%

690 Seychelles 98 98 98 98 98 98 98 98 98 98 98 0.0% 0.0% 0.0% 0.0% 0.0%

702 Singapore 99 99 100 100 100 100 100 100 100 100 100 0.1% 0.0% 0.0% 0.0% 0.0%

706 Somalia 21 22 22 22 23 24 0.0% 0.4%

710 South Africa 51 54 55 57 60 64 64 65 65 66 66 1.1% 1.2% 1.2% 1.0% 0.6%

144 Sri Lanka 71 76 78 81 86 92 93 94 95 95 95 1.4% 1.3% 1.3% 1.1% 0.6%

764 Thailand 87 89 90 91 93 93 93 93 93 93 93 0.5% 0.4% 0.2% 0.1% 0.0%

784 United Arab Emirates 97 97 97 97 98 98 98 98 98 98 98 0.0% 0.0% 0.1% 0.1% 0.0%

834 United Rep. of Tanzania 7 8 8 9 11 13 14 14 15 15 16 1.9% 4.0% 3.7% 3.9% 4.2%

887 Yemen 24 32 35 39 47 53 53 53 5.5% 3.7% 3.1%

CAGR
(2000-2015)

CAGR
(2010-2015)

Access to improved sanitation facilities refers to the percentage of the population using improved sanitation facilities. 
Improved sanitation facilities are likely to ensure hygienic separation of human excreta from human contact. They include flush/pour flush (to piped sewer system, septic tank, pit latrine), ventilated improved pit (VIP) latrine, pit latrine with 
slab, and composting toilet.

Improved sanitation facilities (% of population with access) of IORA Nations CAGR
(1990-97)

CAGR
(1997-2000)

CAGR
(2000-10)
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1990 2000 2010 2012

36 Australia 100 100 100 100

50 Bangladesh 21.6 32 55.2 59.6

174 Comoros 42 44.8 51.5 69.3

699 India 50.9 62.3 75 78.7

360 Indonesia 66.9 87.6 94.2 96

364 Iran `93.5 97.9 98.4 100

404 Kenya 10.9 14.5 23 23

450 Madagascar 9.2 11.4 14.3 15.4

458 Malaysia 93.2 96.4 100 100

480 Mauritius 96.6 99.4 100 100

508 Mozambique 6.4 7.1 15 20.2

512 Oman 87.2 90.9 94.1 97.7

690 Seychelles 96.6 99.4 100 100

702 Singapore 100 100 100 100

706 Somalia 22.2 25.9 29.1 32.7

710 South Africa 65 66.1 82.7 85.4

144 Sri Lanka 78.3 80.7 85.1 88.7

Access to electricity (% of population) of IORA Nations

TABLE 7: ACCESSES TO ELECTRICITY (% OF POPULATION) OF IORA NATIONS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

764 Thailand 80 82.5 99.7 100

784 United Arab Emirates 87.2 90.9 94.1 97.7

834 United Rep. of Tanzania 6.8 8.8 14.8 15.3

887 Yemen 38.5 41.3 44.8 48.4

Access to electricity is the percentage of population with access to electricity. 
Electrification data are collected from industry,
national surveys and international sources
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TABLE 8:  GROSS ENROLMENT RATION, PRIMARY AND SECONDARY, GENDER PARITY INDEX (GPI) OF IORA NATIONS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1990 1995 1997 2000 2005 2010 2011 2012 2013

36 Australia 1.00 1.01 1.00 0.97 0.97 0.97 0.97 0.96 -0.3% -0.3% -0.3% -0.1%

50 Bangladesh 0.96 1.06 1.09 1.10

174 Comoros 0.98

699 India 0.74 0.76 0.79 0.97 0.98 0.99 1.3% 2.1%

360 Indonesia 0.92 0.93 0.97 0.98 1.03 1.03 1.01 0.6%

364 Iran 0.82 0.89 0.92 0.94 0.97 0.97 0.96 0.96 1.7% 0.7% 0.3%

404 Kenya 0.98 0.96 0.98

450 Madagascar 0.96 0.96 0.97 0.98 0.98

458 Malaysia 1.02 1.03 1.04 0.98

480 Mauritius 1.00 0.98 0.98 1.01 1.02 1.02 0.3%

508 Mozambique 0.73 0.69 0.95 0.83 0.89 0.90 0.90 0.91 -0.7% -0.3% 0.2%

512 Oman 0.85 0.99 0.97 0.97 0.98 1.05 1.12 2.2% -0.7% 1.1%

690 Seychelles 0.99 1.01 1.05 1.03 1.05 1.06 1.02 1.05 0.0% 0.0% 0.0%

702 Singapore

706 Somalia

710 South Africa 1.03 1.00 0.99 0.98 0.98 0.98 1.00 -0.2% 0.0% 0.2%

144 Sri Lanka 1.02 1.01 1.10 1.01 1.03 0.2%

764 Thailand 1.01 1.02 1.01 1.01 1.02 0.0%

784 United Arab Emirates 1.06 1.01 1.03 1.01 1.01 1.02 -0.4%

834 United Rep. of Tanzania 0.97 0.98 0.98 1.00 1.01 0.2%

887 Yemen 0.65 0.75 0.75 0.77 0.79 0.4%

CAGR
(2000-2013)

CAGR
(2010-2013)

Ratio of female gross enrolment ratio for primary and secondary to male gross enrolment ratio for primary and secondary. It is calculated by dividing the female value for the indicator by the male value for the 
indicator. A GPI equal to 1 indicates parity between females and males. In general, a value less than 1 indicates disparity in favor of males and a value greater than 1 indicates disparity in favor of females.

Gross enrolment ratio, primary and secondary, gender parity index (GPI) of IORA Nations CAGR
(1990-97)

CAGR
(1997-2000)

CAGR
(2000-10)
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TABLE 9: COUNTRY-WISE LABOUR FORCE DATA OF IORA NATIONS (THOUSANDS) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1990 1995 1997 2000 2005 2010 2011 2012 2013 2014

36 Australia All Sectors 8505 9058 9225 9631 10563 11822 11987 12140 12281 12416 1.2% 1.4% 2.1% 1.8% 0.0%

Agriculture sector 471 454 447 444 449 460 461 461 460 459 -0.7% -0.2% 0.4% 0.2% 1.2%

50 Bangladesh All Sectors 45675 51409 53694 57288 65212 72274 73948 75643 77358 79095 2.3% 2.2% 2.4% 2.3% -0.1%

Agriculture sector 31416 31699 31900 32457 33257 32622 32477 32321 32154 0.2% 0.6% 0.1% #NUM! 2.3%

174 Comoros All Sectors 126 150 161 179 210 243 250 257 264 3.6% 3.7% 3.1% #NUM! -100.0%

Agriculture sector 127 143 150 161 182 206 211 217 222 228 2.4% 2.4% 2.5% 2.5% -100.0%

699 India All Sectors 330509 371057 385758 409206 467692 472580 481098 489839 498687 507486 2.2% 2.0% 1.5% 1.5% 2.6%

Agriculture sector 208849 224340 229501 237268 252191 265699 268398 271065 273660 276130 1.4% 1.1% 1.1% 1.1% 1.8%

360 Indonesia All Sectors 77054 88921 91693 99931 _ _ _ _ _ _ 2.5% 2.9% 1.0%

Agriculture sector 41844 44453 45639 47668 _ _ _ _ _ _ 1.2% 1.5%

364 Iran All Sectors 13329 14759 15905 18491 24367 25226 25855 26472 27059 27597 2.6% 5.1% 3.2% 2.9%

Agriculture sector 5205 5228 5423 5821 6331 6595 6616 6628 6630 6622 0.6% 2.4% 1.3% 0.9% 2.3%

404 Kenya All Sectors 8997 10524 11061 11857 13237 15461 15952 16449 16956 17478 3.0% 2.3% 2.7% 2.8% 0.1%

Agriculture sector 7846 9392 9965 10767 12111 13349 13622 13908 14205 14512 3.5% 2.6% 2.2% 2.2% 3.1%

450 Madagascar All Sectors 5373 6290 6674 7299 8586 10147 10490 10848 11219 11602 3.1% 3.0% 3.3% 3.4% 2.1%

Agriculture sector 4125 4704 4963 5374 6462 7384 7620 7860 8102 8345 2.7% 2.7% 3.2% 3.2% 3.4%

458 Malaysia All Sectors 7124 8303 8841 9890 10957 11977 12233 12480 12722 12969 3.1% 3.8% 1.9% 2.0% 3.1%

Agriculture sector 1933 1878 1863 1850 1707 1566 1539 1513 1486 1459 -0.5% -0.2% -1.7% -1.7% 2.0%

480 Mauritius All Sectors 444 492 508 532 556 603 612 619 625 632 1.9% 1.5% 1.3% 1.2% -1.8%

Agriculture sector 75 68 66 62 53 46 44 42 41 40 -1.8% -2.1% -2.9% -3.1% 1.2%

508 Mozambique All Sectors 6019 7462 7901 8726 9881 11078 11349 11619 11897 12195 4.0% 3.4% 2.4% 2.4% -3.4%

Agriculture sector 5217 6321 6663 7119 7956 8885 9094 9313 9544 9788 3.6% 2.2% 2.2% 2.3% 2.4%

512 Oman All Sectors 558 791 787 787 897 1216 1271 1312 1337 1349 5.0% 0.0% 4.4% 3.9% 2.4%

Agriculture sector 249 315 307 284 296 320 347 383 420 450 3.0% -2.6% 1.2% 3.3% 2.6%

690 Seychelles All Sectors .. .. .. .. .. .. .. .. .. .. 8.9%

Agriculture sector 25 27 27 28 31 32 32 32 32 32 1.1% 1.2% 1.3% 1.0%

702 Singapore All Sectors 1539 1740 1851 2012 2244 2809 2872 2917 2948 2974 2.7% 2.8% 3.4% 2.8% 0.0%

Agriculture sector 6 4 4 3 2 2 2 2 2 1 -5.6% -9.1% -4.0% -7.5% 1.4%

706 Somalia All Sectors 2060 2085 2167 2348 2639 2926 2993 3069 3151 3240 0.7% 2.7% 2.2% 2.3% -15.9%

Agriculture sector 1797 1805 1883 2045 2277 2520 2582 2649 2720 2794 0.7% 2.8% 2.1% 2.3% 2.6%

710 South Africa All Sectors 10878 13385 14216 15497 17426 18208 18496 18753 18989 19221 3.9% 2.9% 1.6% 1.6% 2.6%

Agriculture sector 1614 1585 1548 1483 1346 1209 1178 1147 1117 1087 -0.6% -1.4% -2.0% -2.2% 1.4%

  

 

 

 

   

 

    

 

CAGR
(2010-
2014)

Country-wise labour force data of IORA Nations(thousands) CAGR
(1990-97)

CAGR
(1997-
2000)

CAGR
(2000-10)

CAGR
(2000-
2014)
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144 Sri Lanka All Sectors 6761 7153 7387 7833 8153 8607 8697 8783 8865 8941 1.3% 2.0% 0.9% 0.9% -2.6%

Agriculture sector 3575 3412 3493 3635 3840 4002 4009 4012 4011 4007 -0.3% 1.3% 1.0% 0.7% 1.0%

764 Thailand All Sectors 32486 32068 33618 34824 37886 39404 39783 40130 40446 40736 0.5% 1.2% 1.2% 1.1% 0.0%

Agriculture sector 21087 19816 20044 19826 19841 18537 18282 18032 17781 17521 -0.7% -0.4% -0.7% -0.9% 0.8%

784 United Arab Emirates All Sectors 905 1289 1442 1718 2534 4927 5189 5329 5387 5423 6.9% 6.0% 11.1% 8.6% -1.4%

Agriculture sector 73 79 83 87 101 168 170 166 161 154 1.9% 1.6% 6.8% 4.2% 2.4%

834 United Rep. of TanzaniaAll Sectors 12246 14565 15401 16709 19288 22137 22764 23423 24113 24836 3.3% 2.8% 2.9% 2.9% -2.2%

Agriculture sector 10556 12254 12813 13549 14967 16928 17379 17851 18346 18865 2.8% 1.9% 2.3% 2.4% 2.9%
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TABLE 10: CO2 EMISSIONS OF IORA COUNTRIES (METRIC  TONS PER CAPITA) 
 

CO2 emissions of IORA Countries(metric tons per capita) CAGR 
(1990-97) 

CAGR 
(1997-
2000) 

CAGR 
(2000-10) 

CAGR 
(2000-
2011)     1990 1995 1997 2000 2005 2010 2011 

36 Australia 15.5 15.6 16.5 17.2 17.2 16.7 16.5 0.9% 1.4% -0.3% -0.4% 
50 Bangladesh 0.1 0.2 0.2 0.2 0.3 0.4 0.4 10.4% 0.0% 7.2% 6.5% 
174 Comoros 0.2 0.2 0.1 0.2 0.2 0.2 0.2 -9.4% 26.0% 0.0% 0.0% 
699 India 0.8 1 1 1.1 1.2 1.6 1.7 3.2% 3.2% 3.8% 4.0% 
360 Indonesia 0.8 1.1 1.4 1.2 1.5 1.8 2.3 8.3% -5.0% 4.1% 6.1% 
364 Iran 3.8 4.5 4.3 5.7 6.7 7.7 7.8 1.8% 9.9% 3.1% 2.9% 
404 Kenya 0.2 0.3 0.3 0.3 0.2 0.3 0.3 6.0% 0.0% 0.0% 0.0% 
450 Madagascar 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.0% 0.0% 0.0% 0.0% 
458 Malaysia 3.1 5.8 5.7 5.4 6.9 8 7.9 9.1% -1.8% 4.0% 3.5% 
480 Mauritius 1.4 1.6 1.7 2.3 2.7 3.1 3.1 2.8% 10.6% 3.0% 2.8% 
508 Mozambique 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.0% 0.0% 0.0% 0.0% 
512 Oman 6.3 7.3 7 9.8 11.9 19.1 20.2 1.5% 11.9% 6.9% 6.8% 
690 Seychelles 1.6 2.5 5.3 6.9 8.3 7.7 6.8 18.7% 9.2% 1.1% -0.1% 
702 Singapore 15.4 13.4 18.2 12.2 7.1 2.7 4.3 2.4% -12.5% -14.0% -9.0% 
706 Somalia 0 0 0 0.1 0.1 0.1 0.1     0.0% 0.0% 
710 South Africa 9.1 9 9.1 8.4 8.3 9 9.3 0.0% -2.6% 0.7% 0.9% 
144 Sri Lanka 0.2 0.3 0.4 0.5 0.6 0.6 0.7 10.4% 7.7% 1.8% 3.1% 
764 Thailand 1.7 2.8 3.2 3 3.9 4.5 4.5 9.5% -2.1% 4.1% 3.8% 
784 United Arab Emirates 28.7 30.1 16 36.9 25.9 20.1 20.4 -8.0% 32.1% -5.9% -5.2% 
834 United Rep. of Tanzania 0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.0% 0.0% 7.2% 6.5% 
887 Yemen 0.8 0.7 0.9 0.8 1 1.1 0.9 1.7% -3.9% 3.2% 1.1% 

             Carbon dioxide emissions are those stemming from the burning of fossil fuels and the manufacture of 
cement.  
They include carbon dioxide produced during consumption of solid, liquid, and gas fuels and gas flaring.     
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TABLE 11: SUSTAINABILITY INDICATORS OF WORLD AND DIFFERENT REGIONS/GROUPINGS 
 

Sustainability Indicators of World and Different Regions/Groupings 
Member 
States 

Access to 
an improved 

water 
source % of 
Population 

Access to 
improved 
sanitation 
facilities % 

of 
population 

Access to 
electricity % 

of 
population 

Renewable 
electricity 

output % of 
total 

electricity 
output 

Expenditures 
for R&D % of 

GDP 

Nitrous 
oxide 

emissions 
From 

energy 
processes 
% of total 

Ambient 
PM2.5 air 
pollution 

mean annual 
exposure 

micrograms 
per cubic 

meter 

Adjusted 
net 

savings % 
of GNI 

Carbon 
dioxide 

emissions 
per capita 

metric 
tons 

Nationally 
protected 
terrestrial 

and marine 
areas 

Intentional 
homicides 
Combined 

source 
estimates 

Internet 
users per 

100 
people 

World 91 68 84.6 18.1 2.2 .. 31.5 12.7 4.9 12.8 6.2 40.7 
East Asia & 
Pacific 94 77 96.1 17.6 2.5 25.8 39.9 22.7 5.9 18 2 46.9 
Europe & 
Central 
Asia 98 93 100 11.3 1.8 .. 15.4 9.5 7.5 9.6 3.1 69.2 
Latin 
America & 
Caribbean 95 83 96.4 27.7 0.8 20.5 13.5 7.7 2.9 16.1 23.2 50.2 
Middle East 
& North 
Africa 93 91 96.2 2 .. .. 31.6 16.2 6 10 3.8 38.3 
North 
America 99 100 100 9.4 2.7 .. 10.9 6.5 16.7 10.5 4.4 87.3 
South Asia 92 45 78 40.9 0.8 30.6 46 18.9 1.4 4.5 3.9 16.6 
Sub-
Saharan 
Africa 68 30 35.3 69.9 .. 55.3 20.5 5.4 0.8 13.5 14.4 19.2 
Low income 66 28 25.4 80.6 .. 65.2 20.2 3.6 0.3 13.9 11.4 6.5 
Lower 
middle 
income 90 52 78 40.2 .. 32 35.8 17 1.5 9.3 5.9 22.6 
Upper 
middle 
income 95 80 98.7 16.3 1.6 23.5 37.3 22.5 6.1 11.9 7.3 49.1 
High 
income 100 99 99.8 10.4 2.5 .. 15.6 8.3 11.2 16.4 2.2 83 
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Table 12: Sustainability Indicators – IORA Member States 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Access to an improved 
water source

Access to improved 
sanitation facilities

Access to 
electricity

Renewable energy 
consumption

Expenditures for 
R&D

Urban population 
living in slums

Ambient PM2.5 
air pollution

Adjusted net 
savings

Carbon 
dioxide 

emissions

Nationally 
protected 

terrestrial and 
marine areas

Intentional 
homicides

Internet use

mean annual 
exposure

per capita
Combined 

source 
estimates

Individuals using 
the Internet

% of population % of population % of population
% of total final 

energy 
consumption

% of GDP
% of urban 
population

micrograms per 
cubic meter

% of GNI metric tons
% of total 

territorial area
Per 100,000 

people
% of population

2015 2015 2014 2014 2014 2014 2015 2015 2013 2014 2014 2015
Australia 100 100 100 9.5 2.2 .. 5.9 8.1 16.3 29 1 84.6
Bangladesh 87 61 62.4 37.5 .. 55.1 89.4 24.2 0.4 3.4 2.8 14.4
Comoros 90 36 73.8 46.5 .. 69.6 17.1 1.6 0.2 2.4 7.8 7.5
India 94 40 79.2 36.5 0.8 24 74.3 18.7 1.6 3.1 3.2 26
Indonesia 87 61 97 38.1 0.1 21.8 15.4 25.2 1.9 6 0.5 22
Iran, Islamic Rep. 96 90 99.4 0.9 0.3 .. 43 .. 8 6.7 4.8 45.3
Kenya 63 30 36 75.5 .. 56 16.3 -10.8 0.3 10.6 5.9 45.6
Madagascar 52 12 16.8 73.6 0 77.2 19.7 -3.4 0.1 2 .. 4.2
Malaysia 98 96 100 4.8 1.3 .. 15.6 13.3 8 8 .. 71.1
Mauritius 100 93 99.2 10.6 0.2 .. 15 -7.6 3 0 2.7 50.1
Mozambique 51 21 21.2 88.9 .. 80.3 19.5 -5.1 0.2 10.9 .. 9
Oman 93 97 100 0 0.2 .. 53.3 -11.3 15.7 4 1.1 74.2
Seychelles 96 98 99.5 1 .. .. 13.2 .. 7.2 0.1 .. 58.1
Singapore 100 100 100 0.6 2.2 .. 18.7 35.6 9.4 3.4 0.3 82.1
Somalia .. .. 19.1 93.9 .. 73.6 19.8 .. 0.1 0.3 5.6 1.8
South Africa 93 66 86 16.6 0.7 23 29.6 1.5 8.8 10.2 33 51.9
Sri Lanka 96 95 92.2 57.6 0.1 .. 27.9 21.7 0.8 2.6 2.9 30
Tanzania 56 16 15.5 86.7 0.5 50.7 23.3 15.7 0.2 26.1 7.9 5.4
Thailand 98 93 100 23.6 0.5 25 26.4 14.8 4.5 12.5 3.9 39.3
Yemen, Rep. 55 53 72 1.1 .. 60.8 52.8 .. 1 0.6 6.7 25.1

Most Recent Value (MRV) if data for the specified year or full period are not available; or growth rate is calculated for less than the full period.
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Source: Data compiled by the Author from http://wdi.worldbank.org/table/3.11# 
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About the Data

Land area where elevation is below 5 meters (% of total land area)
Long definition
Land area below 5m is the percentage of total land where the elevation is 5 meters or less.

Source

Population living in areas where elevation is below 5 meters (% of total population)
Long definition
Population below 5m is the percentage of the total population living in areas where the elevation is 5 meters or less.

Source

Droughts, floods, extreme temperatures (% of population, average 1990-2009)
Long definition

Source
EM-DAT: The OFDA/CRED International Disaster Database: www.emdat.be, UniversitÃ© Catholique de Louvain, Brussels (Belgium), World Bank.

Disaster risk reduction progress score (1-5 scale; 5=best)
Long definition

Source
(UNISDR, 2009-2011 Progress Reports, http://www.preventionweb.net/english/hyogo).

Please see the online table at http://wdi.worldbank.org/table/3.11 for observation-level metadata, which can be downloaded in Excel.

Center for International Earth Science Information Network (CIESIN)/Columbia University. 2013. Urban-Rural Population and Land Area 
Estimates Version 2. Palisades, NY: NASA Socioeconomic Data and Applications Center (SEDAC). 

Center for International Earth Science Information Network (CIESIN)/Columbia University. 2013. Urban-Rural Population and Land Area 
Estimates Version 2. Palisades, NY: NASA Socioeconomic Data and Applications Center (SEDAC). 

Droughts, floods and extreme temperatures is the annual average percentage of the population that is affected by natural disasters 
classified as either droughts, floods, or extreme temperature events. A drought is an extended period of time characterized by a 
deficiency in a region's water supply that is the result of constantly below average precipitation. A drought can lead to losses to 
agriculture, affect inland navigation and hydropower plants, and cause a lack of drinking water and famine. A flood is a significant rise 
of water level in a stream, lake, reservoir or coastal region. Extreme temperature events are either cold waves or heat waves. A cold 
wave can be both a prolonged period of excessively cold weather and the sudden invasion of very cold air over a large area. Along with 
frost it can cause damage to agriculture, infrastructure, and property. A heat wave is a prolonged period of excessively hot and 

Disaster risk reduction progress score is an average of self-assessment scores, ranging from 1 to 5, submitted by countries under 
Priority 1 of the Hyogo Framework National Progress Reports. The Hyogo Framework is a global blueprint for disaster risk reduction 
efforts that was adopted by 168 countries in 2005. Assessments of "Priority 1" include four indicators that reflect the degree to which 
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INDIA'S DEEP-SEA MINING CAMPAIGN – AN OVERVIEW@ 
 

Rahul Sharma (rsharma@nio.org) 
CSIR-National Institute of Oceanography 

Dona Paula, Goa 403004, India 
Abstract 

Minerals from the deep-sea, such as polymetallic nodules, ferromanganese crusts and hydrothermal 
sulfides, are potential sources of metals such as Cu, Ni, Co, Mn, Fe, that could be mined in future by 
developing suitable technologies for mining as well extracting metals from them. As in other oceans, several 
‘contractors’, including India, China and Korea have staked claims over large areas of the seafloor in the 
Indian Ocean. Research and development of technology for mining and extraction, environmental studies are 
well underway for eventual deep-sea mining.  
 

Introduction 

 Deep-sea minerals contain several strategic metals such as nickel, copper and cobalt that are used 
in various industrial applications, but the terrestrial reserve are getting depleted very fast. Hence 
there is a n eed to explore for new sources of these metals and oceans offer large resources of 

marine minerals.  

* Wikipedia, ** IBM (2010)  
---------------------------------------------------------------------------------------------------------------------------------------------------------  
@ Paper presented at the national conference on ‘India and Ocean Economy’ at ICWA, New Delhi, 11-12 July 2016.  

Metal  Reserves on land & status** 

     In India             In    World  

Used in*  

Nickel Nil 71 mi. t  Making  steel (46%) ,  nonferrous alloys and superalloys (34%); 
electroplating (11%) , coins, ceramics, batteries, hard discs 

Cobalt  Nil 6.6 mi. t  Alloys, magnets, batteries, catalysts, pigments and coloring, radio-
isotopes, electroplating 

Copper  4.3 mi. t  140 mi. t   
(low grade)  

Electrical, telecom and electronic applications such as generators, 
transformers, motors, PCs, TVs, mobile phones (65%), automobile (7%), 
anti-bacterial agent and consumer products (coins, musical instruments, 
cookware)  

Manganese 142 mi. t (ore)  540 mi. t  
(metal)  

Steel production (> 85% of ore used for this), corrosion resistant alloys 
(cans), additive in unleaded gasoline,  paint, dry cell and alkaline 
batteries, pigments, ceramic & glass industry  

Iron  8.09 bi. t (ore),  160 bi. t (ore),  
77 bi. t (metal)  

Pig iron / sponge iron / steel (>90%),  alloys, automobiles, ships, trains, 
machines, buildings, glass  
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Distribution of marine minerals 

  Marine minerals are distributed right from the coast (placer minerals) to those found along 
the continental shelf and slopes (phosphorites, oil and gas), abyssal plains (polymetallic nodules), 
seamounts (ferromanganese crusts) and mid-oceanic ridges (hydrothermal sulfides. Of these, 
polymetallic nodules from the deep-sea floor are considered as potential resources for future 
exploitation. 

 

Several countries have claimed areas in the international waters by applying to the International 
Seabed Authority (formed under the UN Law of the Sea) so as to explore and exploit these minerals 
in future. 

Korea

GermanyIndia

China

India

 

Areas allocated to different contactors in Indian Ocean under UNLOS 
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India’s campaign for deep-sea minerals 

India initiated its campaign for exploration of deep-sea minerals in 1981 and after ~75 
expeditions and collecting almost 11,000 samples and surveying almost 3 million square kilometres 
of area, by the CSIR-National Institute of Oceanography (Goa) has eventually retained an area of 
75,000 sq. km.  with exclusive rights in the Central Indian Ocean within which it also holds the first 
generation mining site. The sequence of major events is as follows: 

•   Jan,  1981    :  First nodule picked from Eq. Indian Ocean 
•  April, 1982    :  India recognised as Pioneer Investor  
•  August 1987 :  Area allocated to India (150,000 sq. km.) 
•  July 1994      :  20% area relinquished  
• October ’96  :  10 % area relinquished 
•  May 2002      :  20% area relinquished and retained area of 75,000 sq.km. 
•  Sept. 2010    :  First generation mine-site identified  
• October 2013 :  Test mine-site identified 

  
Total resource estimated in the retained area (75,000 km2) is as follows: 

Wet Nodules      457.00 MMT 
Dry Nodules              365.00 MMT 
    Manganese          95.17 MMT 
    Nickel                   4.51 MMT 
    Copper                   4.45 MMT 
    Cobalt                   0.42 MMT 
    Total Metals           104.55 MMT 

 

A “mine site” is defined as an ocean bottom area where under specific geological, technical 
and economic conditions, a s ingle mining operation can be c arried out for a per iod of time. For 
example the following criteria has been suggested for polymetallic nodules (UNOET, 1987): 

• Cut off grade = 1.8% Cu+Ni 
• Cut off abundance = 5 kg / sq. m. 
• Topography = acceptable. 
• Duration (D) = 20 years 
• Annual recovery (Ar) = 3 million dry tonnes, which has been subsequently proposed 

as 1.5 million tons by ISA (2008a). 
 

Although, deep-sea mining has not been initiated ay any location in the world, several contractors 
are in the process of designing a deep-sea mining system for exploitation of these deposits in future, 
as shown in the schematic diagram.  
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Deep-sea Mining System – schematic 

Surface components  
1. Surface platform 
2. Storage and handling 
3. Power generation 
4. Processing plant 
5. Transport vessels 

 
Sub-surface components 

1. Collector mechanism 
2. Ore lifting mechanism 
3. Navigation device 
4. Propulsion devices 
5. Obstacle avoidance mechanism 
6. Rescue/recovery devices 

 

Environmental impacts of deep-sea mining 

 

 

 

 

 

 

 

 

 

Operation of several subsystems of the deep-sea mining system, it is expected that the following 
regions of the marine environment will be affected: 

1. Seafloor – from where the minerals will be picked up and separated from the substrate 
2. Water column – through which the ore will be lifted 
3. Sea surface – where the ore will be stored and processed on the platform and also 

transported by the supply vessels 
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In view of the likely environmental impacts, the International Seabed Authority (ISA) has 
stipulated that the potential Contractor will submit a ‘Statement of environmental impact assessment ‘ 
while applying for a mining license which will include:  

• Baseline data in the proposed mining area 

• Identification of Test and reference sites for environmental monitoring 

• Results of simulated impact experiment if conducted in the area 

• Expected environmental impacts due to mining  

• Critical parameters for monitoring impacts  

• Proposed measures to minimize the effects 

Environmental studies for deep-sea mining  

In order to comply with the requirement of the International Seabed Authority, the scientists of the 
CSIR-National Institute of Oceanography have conducted experimental mining in the polymetallic 
nodule area at > 5 Km of water depth during which a simulated mining was conducted over a period 
of 9 day s, re-suspending over 580 t onnes of sediment on t he seafloor. The impact of this 
experimental mining was studied before, during and after the operation as well as monitored for 
restoration for a period of 7 years. The results showed that over a period of time the condition do 
get restored and the natural variability takes over masking the impact of mining. 

CSIR-NIO has also collected multi-disciplinary baseline data which is being used for design of 
the mining system as well as reference information for future impact assessment as follows: 

  Atmospheric                 - wind, rainfall, cyclone 
  Surface            - waves, temperature, currents 
  Water column               - currents, temperature, pressure 
  Seafloor             - topography, micro-topography, slopes 
  Sub-seafloor                 - sediment thickness, shear strength  
  Mineral characteristics - abundance, grade,  size 
  Associated substrates   - sediments, rocks, crusts 

As a result of these studies, several measures for environmentally ‘safe’ mining have been 
suggested as follows (Sharma, 2011): 

•  Minimize sediment penetration  
•  Restrict sediment dispersal to seafloor 
•  Minimize nodule-sediment transport on surface 
•  Discharge tailings below oxygen minimum zone 
•  Treat tailings before discharging 
•  Induce high rate of sedimentation 
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Status of mining and processing technology among ‘Contractors’ registered with ISA 

Status of mining and p rocessing technologies for deep-sea polymetallic nodules around the 
world is as follows: 

Sr. no. Contractor            Mining technology   Processing technology 

1 Francea Model studies on self- propelled miner 
with hydraulic recovery system 

Tested pyro and hydro-metallurgical 
processes for Ni, Cu, Co.  

2 Japanb Passive nodule collector tested at~2200 
m depth 

Developed a process to recover Cu, Ni  
Co. 

3 Indiac (a) Design includes flexible riser and 
multiple crawlers 

(b) Crawler tested at ~410 m      depth in 
the sea 

(a) Tested 3 possible  routes 

(b) Pilot plant set up for    500 kg / day 
for Cu,  Ni, Co. 

4 Chinac (a) Includes rigid riser with self-propelled 
miner 

(b) Tried different concepts of       
collector and lifting  mechanisms 

Developed a process to recover Mn, 
Ni, Cu, Co, and Mo. 

5 Koreac (a) Design includes flexible riser system 
with self-propelled miner 

(b) Developed 1/20 scale test miner 

(Not known) 

6 Russiac Collector and mining subsystems in 
conceptual stage 

Recovered Mn, Ni, Cu, Co from 
nodules 

7 IOMc Conceptual design includes nodule 
collector, buffer, vertical lift system. 

Economic assessment of different 
schemes 

8 Germanyc Considering innovative concepts for 
mining 

Considering different options for 
processing 

Source: a Herrouin et al., 1991; b Yamada and Yamazaki, 1998 (for mining technology); 

c ISA, 2008b 
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Conclusions 

Deep-sea minerals such as polymetallic nodules, hydrothermal sulphides and ferro-manganese 
crusts have for long attracted attention as an alternative source of metals to depleting terrestrial deposits. 
The occurrence of many of these deposits in the international waters has necessitated its regulation under 
the UN Convention of the Law of the Sea through the establishment of International Seabed Authority to 
regulate all activities related to seabed resources outside the national jurisdiction as well as Exclusive 
Economic Zones. A sudden spurt in the number of ‘Contractors’ interested in claiming large tracts of 
seafloor with exclusive rights for exploration from just 8 in the first 4 decades (1970-2010) to 25 in the next 
5 years (2011-2015) as well as consistent research and development of technology for prospecting, mining 
and processing of these resources coupled with issuing of licences to private entrepreneurs for deposits 
within their EEZ by some countries, indicates future prospects of deep-sea mining.  

Indian deep-sea mining program has been i mplemented under the aegis of Ministry of Earth 
Sciences which is the nodal agency representing the Government of India at the International Seabed 
Authority. The exploration program as well as environmental studies related to deep-sea minerals have 
been undertaken by the CSIR-National Institute of Oceanography (Goa), whereas development of mining 
technology has been undertaken by National Institute of Ocean Technology (Chennai) and development of 
processing technology for extraction of metals from the deep-sea resources has been the responsibility of 
CSIR institutions of National Metallurgical Laboratory (Jamshedpur) and Institute of Materials and Materials 
Technology (Bhubaneshwar).  

In view of the depleting resources on land as well as for ensuring the self-sufficiency of the country 
in supporting its increasing industrial demands, it is pertinent for India to  keep itself abreast not only with 
the resource assessment but also with the technology for mining of deep-sea mineral resources. Also, the 
strategic presence of India, besides China, Korea and Germany in the Indian Ocean is of prime important 
so as to ensure proper utilisation of ocean resources keeping Ocean Economy in mind. 

 
 Acknowledgement: This study is conducted as a part of the ‘Polymetallic nodules program’ of the Ministry 
of Earth Sciences, Government of India. 
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IORA LEADERS’ SUMMIT 2017 GALLERY  

 

 

 
 

 

 
 

President Joko Widodo (centre), Australian Prime Minister Malcolm Turnbull (eighth right), President of South 
Africa Jacob Zuma (eighth left), President of Sri Lanka Maithripala Sirisena (seventh left), Prime Minister of 

Bangladesh Hasina Wajed (sixth left), President of Mozambique Filipe Nyusi (seventh right), President of 
Yemen Abd Rabbuh Mansur Hadi (sixth right), Prime Minister of Malaysia Najib Razak (fifth right), Indonesian 
Vice President Jusuf Kalla (fifth left), Indian Vice President Mohammad Hamid Ansari (fourth right), as well as 

a number of heads of state, and foreign affairs ministers of IORA member states, and heads of other 
international organizations pose in a group photo before the opening of the 2017 IORA Summit, at the Jakarta 

Convention Centre, Jakarta, Indonesia.  

 

 

 

 

 

 

 

 
Several performers dance in a state banquet of the 2017 IORA Summit, at the Jakarta Convention Center, 
Jakarta,Indonesia. 
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President Joko Widodo (second right), Vice President Jusuf Kalla (second left), Australian Prime Minister 

Malcolm Turnbull (left), and President of South Africa Jacob Zuma (right), beat tifa, traditional musical 
instruments in the opening of the 2017 IORA Summit, at the Jakarta Convention Centre, Jakarta, on Tuesday 

(3/7). The Summit which is attended by 21 IORA member states and seven dialog partners adopts a theme 
Strengthening Maritime Cooperation for Peaceful, Stable & Prosperous Indian Ocean. 

 
Indonesian Foreign Minister Retno Marsudi leads a Council of Ministerial Meeting which is held in a series of 

the 2017 IORA Summit, at the Jakarta Convention Centre, Jakarta, on Monday (3/6). The meeting is 
scheduled to announce and adopt the drafting of two documents generated in the Senior Official Meeting. 



Journal of Indian Ocean Rim Studies, 2017 
Vol. 1, Issue 1  
ISSN 1694-3317 
 

Journal of Indian Ocean Rim Studies Page 148 
 

 
Chairman of Indonesian Chamber of Commerce and Industry (Kadin)Perkasa Roeslani (fourth left), Trade 

Minister (fifth right),and the representatives of chambers of commerce of IORA member states undertake joint 
declaration in the IORA Business Summit which is held in a series of the 2017 IORA Summit, at the Jakarta 

Convention Centre, Jakarta 

 

Indonesian Foreign Minister Retno Marsudi (center), South Africa's Minister of International Relations and 
Cooperation Maite Nkoana-Mashabane (left), and Australian Foreign Minister Julie Bishop (right) pose for a 

group photo after delivering a press statement on the result of a Council of Ministerial Meeting which is held in 
a series of the 2017 IORA Summit, at the Jakarta Convention Center, Jakarta, on Monday (3/6). The meeting 

will generate opinion and support to IORA Concord, as well as prepare the Leaders Summit and Business 
Summit. 
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Desra Percaya, the Chair Senior Official’s Meeting (SOM) greets the senior officials from Indian Ocean Rim 
Association (IORA) member states before the opening of SOM on the first day of IORA Summit 2017, Monday 

(3/5). The meeting is expected to result in IORA Concord documents, Plan Action of IORA Concord and 
cooperation to forestall extremism and terrorism. 

 

A number of senior officials of Indian Ocean Rim Association (IORA) member states takes a group photo 
before attending a Senior Officials's Meeting (SOM) in a series of the 2017 Indian Ocean Rim Association 

(IORA) Summit, on Sunday (3/5), at the Jakarta Convention Center, Jakarta. The Summit will be attended by 
21 member states and seven dialog partners. 
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President Joko Widodo (center), President of South Africa Jacob Zuma (tenth left), Prime Minister of Australia 
Malcom Turnbull (tenth right), Prime Minister of Bangladesh Hasina Wajed (seventh left), President of Yemen 

Abd Rabbuh Mansur Hadi (eighth left), President of Mozambique Filipe Nyusi (ninth left), President of Sri 
Lanka Lanka Maithripala Sirisena (ninth right), and Prime Minister of Malaysia Najib Razak (eighth right), as 

well as the heads of delegates of the 2017 Indian Ocean Rim Association (IORA) Summit sign the Jakarta 
Concord, at the Jakarta Convention Center, Jakarta, on 7 March 2017. As many as 21 heads of delegates 

signed the Concord which sets the visions and norms of IORA cooperation to strengthen the regional 
architecture in the Indian Ocean Rim in facing the future challenges. 

 

 

 

 

 

 

 

 

 

 

 
A number of ministers of states participating in the 2017 Indian Ocean Rim Association (IORA) Summit pose for a  

.group photo in a state banquet at the Pancasila Building of the Ministry of Foreign Affairs, Jakarta, Indonesia  
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BUILDING ECONOMIC RESILIENCE TO DISASTER: MANAGING DISASTER 
RISKS 

Dharmendra ELLAYAH of the National Disaster Risk Reduction and Management Centre under the 
aegis of the Ministry of Social Security and National Solidarity, and Environment and Sustainable 

Development 

Abstract  
This research paper intends to investigate key factors necessary to build economic resilience against 
disasters in Mauritius. Few decades ago disasters mainly affected lives and livelihood whereby measures 
have been implemented to build resilience of vulnerable communities and the impacts have been considerably 
reduced. However, in the resent context, economic losses incurred due to disasters are more consequent 
than ever before. Hence the pressing need for countries like Mauritius to build a robust and sustainable 
disaster resilient economy. Disaster do not occur on its own; it is a combination of ever existing hazards where 
human has no much control; risks that need to be understood, identified and then either displaced, mitigated, 
reduced, transferred or otherwise managed; vulnerabilities that need to be strengthen; and coping capacities 
of first response agencies which need be reinforced and developed over time. When these measures and 
actions are implemented, economic resilience be achieved. Community in the context of this research paper is 
defined as “a group of people or organisation having common risks, vulnerabilities and exposures to disasters. 
 
Keywords: disaster risks, economic losses, hazards, resilience, vulnerability. 
 
Abbreviations 
AAL - Average Annual Loss 
DRR – Disaster Risk Reduction 
CATSIM – Catastrophe Simulation 
CAPRA – Capacity Risk Assessment 
CCA – Climate Change Adaptation 
DRM – Disaster Risk Reduction 
DRR – Disaster Risk Reduction 
EIA – Environment Impact Assessment 
GDP – Gross Domestic Product 
GFDRR – Global Framework for Disaster Risk Reduction 
NDRRMC – National Disaster Risk Reduction and Management Centre NGO – Non 
Government Organisation 
MRCS – Mauritius Red Cross Society PML – Probable Maximum Loss 
SFDRR – Sendai Framework for Disaster Risk Reduction SIDS - Small Island 
Development State 
UNISDR – United Nations International Strategy for Disaster Risk Reduction 

 

1.0 Introduction  
 
 
The frequency and intensity of disasters have increased at an unpr ecedented rate during the last 
decades putting vulnerable communities around the world at very high risks of being affected. No 
continent, country or local community is exempted. According to Bernard Manyena (2016) “Is Africa 
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Bouncing Back or Bouncing Forward from Disasters?” Africa and Asia are the most vulnerable and 
least resilient regions to disasters associated to poverty, climate change, rapid urbanization and 

development. Mauritius is among the top 12 country in the world and 2 nd among Small Island 

Development States (SIDS) in the Indian Ocean most exposed to disasters (World Risk Index 2014). 
 
 
Disasters affect not only lives and livelihood but cause heavy economical losses upon any country 
and local community when occurred. Those prepared are capable to bounce back from the disaster 
impact within least possible time and without much external support. They become self-sustainable, 
autonomous and resilient to disasters. Similarly, those who suffer consequent economic losses often 
require external supports to recover from the disaster aftermath if they are not resilient. 
 
 
On the other side, Government and corporate firms have invested massively in development projects 
exposed to existing or emerging hazards which need to be pr otected. Many communities are 
vulnerable and exposed to disaster risks and unfortunately, these risks cannot be totally eliminated 

but they can be displaced1, mitigated2, reduced3, transferred4 or otherwise managed5. 

 
Whereas Disaster Response Agencies have the mandate to save life and property of those at risk, it 
is not always possible to access these protection arrangements to its maximum expected level when 
the situation warrants most these interventions. Their priority remains saving lives and property 
protection becomes secondary. There is often a m ajor gap bet ween the expectations of the 
vulnerable community and t he delivering of disaster management agencies. For this reason, 
communities need to be sensitised on measures to protect their personal property by implementing 
disaster risk reduction and preparedness measures. 

 
Peter Drucker (2009) stated “what cannot be measured cannot be managed”. This statement is equally 
true in Disaster Risk Management (DRM). Despite that disaster impacts are very often difficult to predict 

and forecast; they still can be managed through proper planning, good coordination, command and 

control, and monitoring. This highlights the need to develop robust national and local capacity for better 

preparedness strategies to withstand and recover from the adverse effects of disasters. 

 

This research paper intends to analyse economic disaster losses incurred in Mauritius during the 
past 30 y ears (1985 to 2015) and pr opose recommendations to make the country’s economic 
vulnerability sectors stronger and more resilient to disaster risks. 
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1.1 Problem Statement: “Is Mauritius capable to absorb and recover back from 
economic disaster losses without external supports?” 

When disasters strike and cause substantial loss of lives and property, communities are affected and 
critical infrastructures are damaged; the onus of response, recovery, reconstruction and rehabilitation 
lies on the national Government. No country in the world, however rich it could be, can claim that it 
has the capability to withstanding any intensity of disaster impacts and recover on i ts own without 
external support. 

 
Mauritius as a Small Island Developing (SIDS) State is likewise exposed to various hazards such as 
tropical storms & cyclones, heavy & torrential rain causing flash floods and water accumulations, 
landslides, storm surges & high waves, earthquakes generating tsunami, water crisis, etc. These 
hazards are capable to trigger disasters which can cause substantial human and economic losses. 
Since the previous decade, we have seen an increasing frequency and intensity of disasters causing 
billions of dollars losses around the world and even in Mauritius we have seen an upsurge of the 
impacts on economic losses. 
 
 
In May 2016, Very Intense Tropical Cyclone (VITC) FANTALA with phenomenal of about 350Km/Hr 
is considered as one of the strongest in the past decade, passed over Farquhar Island, located to the 
north north-east of Mauritius. Despite no fatality, most houses were completed destroyed, plantation 
devastated and po pulation evacuated. It was a s evere threat to Agalega, St Brandon, mainland 
Mauritius and to some extent Rodrigues islands before it actually weakened and changed its 
trajectory moving away from our region. Had it come closer, the impacts would have been 
devastative for the Mauritian economy; damaging or affecting hundreds of houses, public 
infrastructure, businesses and livelihoods resulting in inestimable economic losses out of proportion 
requiring heavy costs for recovery and reconstruction. 
 
 
 
 
displaced1 means the postponement of a risk from one location or exposure to another. 
mitigated2 means measures taken to lessen the adverse impacts of hazards on the risk.  
reduced3 means the concept and practice of reducing disaster risks through systematic efforts to analyse and manage 
the causal factors of disasters, including through reduced exposure to hazards, lessened vulnerability of people and 
property, wise management of land and the environment, and improved preparedness for adverse events.  
transferred4 means the process of formally or informally shifting the financial consequences of particular risks from one 
party to another whereby a household, community, enterprise or state authority will obtain resources from the other party 
after a disaster occurs, in exchange for ongoing or compensatory social or financial benefits provided to that other party. 
managed5 means the systematic approach and practice of managing uncertainty to minimize potential harm and loss.
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1.2 Aim and Objectives of the Research Paper: Building Economic Resilience 
against Disaster Losses. 
 
This Research Paper is aiming to investigate and analyse economic losses the Republic of Mauritius 
endured over the past 30 y ears (1985 to 2015) by evaluating the “economic disaster losses” 
database and formulate strategies for building economic resilience to disasters. 
 
In line with the above aim, the objectives would be as follows: - 
 

1) to compare the pattern from baseline data on economic disaster losses collected over a 
period of 30 years in Mauritius against global trends; and,  

 
2) to investigate how other similar economies have come up with appropriate measures to build 

economic resilience against disasters by developing strategies which the Republic of 
Mauritius can emulate.  

 
 
1.3 Literature Review: An overview of the concept of Disaster Risk 
Assessment to enhance Disaster Risk Reduction and Disaster Risk Management  
 
Key concepts to understanding Disaster Risk 
 
Disaster Risk Reduction (DRR) and Disaster Risk Management (DRM) are prime concepts that should be 

properly understood and how these are changing the face of economy at global, regional, national and 

local levels. For one to understand DRR and DRM, we should have a thorough knowledge of tools and 

techniques for Disaster Risk Assessment, types of disaster risks, classification of disasters, losses and 

types of disaster loss data. Some of the keys terms that will keep repeating in this paper have been 

extracted from UNISDR Terminology and adapted for better understanding. 
 
Disaster Risk Reduction – The concept of analysing and managing the causal factors of disasters, 
including reducing exposure to hazards, lessening vulnerability, proper management of land and 
environment, and improving preparedness against adverse events. 
 
Disaster Risk Management – The concept of implementing strategies, policies and strengthening 
coping capacities for avoidance, lessening or transferring of adverse effects of hazards through 
prevention, mitigation and pr eparedness by using administrative directions, operational skills and 
coping capacities. 
 
During the Phase1 of ISLANDS Project of the Indian Ocean Commission (IOC) funded by the World 
Bank, the National Disaster Risk Reduction and Management Centre (NDRRMC), Mauritius collected 
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and built up an ec onomic disaster losses database between 1985 t o 2015 i n the Republic. The 
UNISDR (United Nations International Strategy for Disaster Risk Reduction) together with the World 
Bank developed the “DESINVENTAR” software tool which was used to analyse these economic 
disaster losses data and pr oduced a c ountry Disaster Risk Profile (DRP). According to the World 

Risk Index 2014, Mauritius is classified 12th in the world and 2nd among Small Island Development 
States most exposed to disasters. 
 
Other tools like EM-DAT, CAPRA and INFORM software have been developed to produce Disaster 
Risk Index (DRI) and monitor investment in DRR activities to build resilience by focussing on 
identified disaster risk areas. 
 

a)  Classification of Disasters 
 
There are two main types of Disasters; those which occur naturally and those which are human induced 
and they are classified into groups and subgroups. 
 

  Disaster   Disaster    Disaster Main Type  
 

  Group   Subgroup     
 

         
 

           
 

       Geophysical  Earthquake,  Slope Failure,  Volcanic activity 
 

         
 

       Meteorological  Heat Wave, Fog, Tropical and Extra Tropical Cyclones, 
 

     Thunderstorms, Mini Tornadoes  

        
 

         
 

       Hydrological  Flood, Flash Flood, Landslide, Storm Surge, Heavy Swells, Heavy/ 
 

  

Natural 
 Torrential Rain  

      
 

          

       
 

      Climatological  Drought, Wildfire, Coastal Inundation, Sea Level Rise 
 

       
 

      Biological  Epidemic, Insect Infestation, Pandemic, Virus Outbreak 
 

       
 

       Extra-terrestrial  Comet Impact, Sun Waves, Geomagnetic Storm 
 

       
 

       Industrial  Chemical Spill, Oil Spills, HAZMAT, Explosion, Fire Outbreak, Gas 
 

  
Technological/ 

   accident  Leak, Poisoning, Radiation, Building Collapse 
 

         
 

  Man Made 
   Transport 

    
 

     Air, Road, Marine  

       accident  
 

        
 

 
Table 1 above shows a simplified but not limited to hazards which can provoke disasters and case 

consequent economic losses in Mauritius. 
 
 

http://www.emdat.be/classification#Geophysical
http://www.emdat.be/classification#Meteorological
http://www.emdat.be/classification#Hydrological
http://www.emdat.be/classification#Biological
http://www.emdat.be/classification#Extraterrestrial


Journal of Indian Ocean Rim Studies, 2017 
Vol. 1, Issue 1  
ISSN 1694-3317 
 

Journal of Indian Ocean Rim Studies Page 156 
 

b)  Types of Disaster Risks  
Disaster Risk by itself is further divided into several other components as listed below:- 
 
Extensive risk refers to those of low-severity but high-frequency disasters, mainly but not exclusively 
 
associated with highly localized hazards. E.g. accidents, flooding, heavy rainfall, etc... 
 
Intensive risk refers to risk of high-severity, mid to low-frequency disasters, mainly associated with 
 
major hazards. E.g. Cyclone, earthquake, tsunami, etc.… 
 
c) Types of Disaster Losses 
 
Direct Losses relates to immediate impacts caused by disasters: such as heavy winds, inundation, 
flooding, earthquakes, tsunamis; resulting in losses like damaged houses due to gusts, vehicles and 
roads damaged by floods, injuries and deaths caused by collapsed buildings. 
 
Direct Market Losses relates to goods that can be purchased from the market such as cars and 
buildings. 
 
Direct Non Market Losses relates to items that cannot be bought from market such as human lives 
and ecosystems. 
 
Indirect Losses also called “higher order losses” (Rose, 2004), include losses not directly caused by 
disaster, but due to secondary effects over a longer period of time after the first event and affect larger 
scale or different economic sectors. They include additional losses to assets during events such as 
earthquake causing fire or toxic spill damaging assets and the effects on f lows to cause 
macroeconomic effects. E.g Lost of job, reduced number of tourists, etc.. 
 
Types of Losses 
 
 
 
 
Direct Losses Indirect Losses 
 
 
 
 
Direct Market Losses   Direct Non Market Losses 
 
 



Journal of Indian Ocean Rim Studies, 2017 
Vol. 1, Issue 1  
ISSN 1694-3317 
 

Journal of Indian Ocean Rim Studies Page 157 
 

d)  Types of Disaster Loss Data 
 
Disaster loss data can be compiled, disaggregated and interpreted differently depending on the 
intended use of these data and what outputs are required and classified as follows: - 
 
Average Annual Loss (AAL)  
The mean value of losses distributed per year averaged over very long observation timeframe and 
considers damage caused on exposed elements by small, moderate and extreme events resulting in 
useful but robust matrix for ranking of risks. 
 
Risk and Development Implications Index (RDII)  
It is the ratio of AAL to variables such as macroeconomic, financial and s ocial development. It 
quantifies AAL against social expenditure, domestic investment, financial reserves and capital stock 
of the country. It indicates how adverse conditions may affect growth and social constraints within 
the country during future potential disasters and i ncludes government buildings like schools, 
hospitals and low income houses. 
 
The Probable Maximum Loss (PML)  
It is a r isk matrix showing an average of maximum expected loss within a given number of years. 
PML for example relates to the size of reserves insurance companies/ government should buffer to 
compensate losses. PML is associated to mean return period. 
 
Challenges to collection and analysis of Economic Disaster Losses 
 
According to the National Disaster Agency of Pakistan, disaster losses database are inaccurate, 
incomplete, limited, scattered across various organizations, most often inaccessible, unreliable and 
relates to direct measurable financial losses only and do not consider hazard patterns, occurrence, 

vulnerability, magnitude, severity and difficult to assess relative impact and provide forecasting. 
Further the accumulated losses do not cover small-scale, highly frequency and localised disasters, 
and indirect losses. Many authors brainstormed on the types of disaster impacts (Cochrane, 2004; 
Lindell and Prater, 2003; Pelling et al., 2002; Rose, 2004) and the opinions are divided upon direct 
and indirect losses related to disasters. 

 
The IOC member states, including Mauritius acknowledge the gaps in data collection and analysis 
and hence gaps to DRM approach. They also recognised the need for losses and risk information to 
be examined with DRM Policy, Financial Policy makers’ perspectives and promote regular dialogue 
with data users. 
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Much loss data miss smaller but frequent disasters associated with extensive risk such as flooding. 
These losses are absorbed by the people affected, thereby driving further poverty (UNISDR, 2015a). 
Historical losses cannot predict future losses that might occur. 
 
Gaps in Analysis of Disaster Losses Data and proposed solutions 
 
During this study, we identified other gaps related to collection and analysis of disaster losses data. 
These gaps are on the sources of uncertainty regarding economic losses and risk assessment. 
Some models are limited to cyclone wind and earthquake risks only. Given the relatively short period 
of data availability, high uncertainty can be expected of catastrophic risks with high return periods. 
Data collection, registry and tracking, validation and analyses are not standard and performed in an 
iterative fashion to reduce this range of uncertainty. 
 

Creating Awareness 
 
The need for national and regional public awareness is a priority, highlighting issues of risk-sensitive 
investment and contingency planning. 
 
Data Collection and Updating 
 
There is no obl igation on any  government departments to register disaster losses in any standard 
format. Even for organisations which records disaster losses, they are either insufficiently or wrongly 
recorded. There should be a proper format for collection of disaster loss data and shared among all 
concerned. 
 
Capacity Building 
 
There is need for continuous capacity building on collection, recording, analysis and updating of losses 
due to disasters. This is time consuming and costly procedure, however in the long term it pays by 
implementing mitigation measures to address the output of the analysis. Technical expertise should be 
developed regarding DRI and DRP with general awareness of risk related concepts and statistics. 

The Sendai Framework for Disaster Risk Reduction 2015-2030 
 
Mauritius adopted the Sendai Framework for Disaster Risk Reduction (SFDRR) 2015–2030 at the 
UN World Conference on DRR in Sendai, Japan in March 2015. Asia and Latin America have made 
considerable progress in implementing the previous Hyogo Framework for Action 2005–2015. 
According to B. Manyena (2016), Africa is considered as one of the most vulnerable region and least 
resilient to disasters exacerbated by poverty, climate change, rapid urbanization and slow structural 
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transformation. Accordingly Africa will face great to implement the SFDRR recommending 
 
“Africanizing” Sendai goals and strengthening the region’s political commitment to DRR would be an 
issue. It is proposed that Africa should develop its own framework to integrate and invest in DRR and 
CCA. 
 

Global Positioning and Directions  
The SFDRR 2015-2030 recommended Seven Global Targets for implementation of measures which 
are extracted from the main document and produced below. 
 

1. Seven Global Targets aim to:-  
 

a) substantially reduce   
2) Disaster mortality,   
3) Number of affected people;   
4) Direct disaster economic losses with respect to GDP; and,   
5) Disaster damage to critical infrastructure and disruption of services such as schools, 

hospitals and social housing;   
b) substantially increase   

6) national and local disaster risk reduction strategies;   
7) international cooperation to develop national actions plans for implementation of the 

Framework; and,   
8) availability  of  multi-hazard  early  warning  systems  and  disaster  risk  information  and   

assessments  
(Source: Sendai Framework for Disaster Risk reduction – SFDRR (2015) Page 12 Section 18) 
 
 
2. Four Priority Areas with focus on those related to economic losses 
  

Likewise, it was recommended that the global targets be implemented in Four Priority Areas 
which are listed below. These have been extracted from the main document and listed below. 

 
 
a) Focus on Priority 1: Understanding Risk: Evolution of Disaster Risk Assessment (GFDRR, 

2014) and the UNISDR Global Assessment Report 2015  
 
Economic losses caused by earthquakes, tsunamis, cyclones and flooding averaged US$250 to 
US$300 billion globally each year. Expected Annual Losses are estimated to US$314 billion in the 
urban environment alone. Countries should set aside proportionately to cover these future disaster 
losses yearly. (UNISDR, 2015a). 
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b) Priority 2: Strengthening disaster risk governance to manage disaster risk.  
 
 
c) Focus on Priority 3: Investing in disaster risk reduction for resilience  
 
Investment in DRR through structural and n on-structural measures is essential to enhance the 
economic resilience in all sectors as drivers of innovation, growth and job creation. These are cost-
effective and instrumental to save lives, prevent and reduce losses and ensure effective recovery 
and rehabilitation. 
 

d) Priority 4: Enhancing disaster preparedness for effective response and to “Build Back   
Better” in recovery, rehabilitation and reconstruction  

(Source: Sendai Framework for Disaster Risk reduction – SFDRR (2015) Page 14 Section 20) 
 
 
There are many research and reports on this topic which have been published and from literature 
review point of view, there are none which has been specific to Mauritius and address our context. 
Mauritius in itself is quite atypical and r equires contextual and c ustomised solutions rather than a 
one-fit-all approach. The SFDRR has set the global objectives and Bernard Manyena has 
approached Africa as a region as well as the IOC Report under the ISLANDS Project. 

 
However, the need for an in-depth study and research to be commissioned is felt in the light of global 
trends observed. The outcome will set the ball rolling for decision makers to ponder upon the urgent 
need to mainstream the concept of DRR and DRM in all the sectors of sustainable investment and 
development projects. 

 
1.3.1  Theoretical Review 
 
The Republic of Mauritius, like most SIDS, is mostly exposed and affected by heavy/ torrential rain 
causing flooding and flash floods, landslides, tropical cyclones causing storm surges and to some 
extent coastal inundations. Other less frequent hazards include water crisis, earthquake, tsunami 
and very rarely volcanic eruption. Mauritius is also exposed to other hazards that can have heavy 
economic losses such as major sugarcane fires, road accidents and oil spills at sea. 
 
 
Over the years Mauritius has developed and implemented different strategies on DRR and DRM to 
build resilience against the most exposed hazards mentioned above to reduce economic losses. 
These include insurance schemes to protect key economic areas such as sugarcane and vegetable 
plantation, public transport, tourism and fishing industry against natural hazards and major crop fire. 



Journal of Indian Ocean Rim Studies, 2017 
Vol. 1, Issue 1  
ISSN 1694-3317 
 

Journal of Indian Ocean Rim Studies Page 161 
 

These following risk transfer measures have been implemented:- 
 

1. Insurance against losses to sugarcane plantation due to drought and cyclone through the 
establishment the Sugar Insurance Fund Board established on 1984.  

 
2. Establishment of the Sugar Industry Labour Welfare Fund in 1948 which is governed by the 

Sugar Industry Labour Welfare Fund Act (Act No. 47 of 1974) to provide assistance and 
relief to sugar industry workers;  

 
3. Insurance to agro industry players through the payment of allowance due to crop damage 

and distribution of seeds due to plantation destroyed by flood and cyclone.  
 

4. Insurance to Fishermen whose fishing boats and e quipment have been damaged or 
destroyed during tropical cyclones or allowance/ compensation for bad weather;  

 
5. Victims of cyclone and flood are provided Flood Allowance to households whose food and 

essential items have been damaged;  
 

6. Para statal bodies such as the Central Electricity Board, Central Water Authorities and other 
service agencies have insurance policies for their respective risks through private insurance 
companies;  

 
7. The National Transport Corporation have a special insurance policy for state owned public 

transport system involved in accidents or fire;  
 

8. The National Airline, Air Mauritius, has its own insurance policy to protect its assets.  
 

 
1.3.2 Empirical Review: A review of existing measures to build resilience to 

economic losses due to disasters  
This part of the research paper is aiming to investigate into the economic impacts caused by disasters in 

the republic of Mauritius in the past 30 years from 1985 till 2015 and there from investigate what other 
similar countries have reacted and propose similar adapted measures for Mauritius to adapt and adopt in 
order to build economic resilience to react economic losses due to disasters. 
 

State Owned Enterprise  
The Government does not insure all its assets; however state owned enterprises such as the Central 
Electricity Board, Central Water Authority, Mauritius Wastewater Authority, Mauritius Port Authority, 
the Airport of Mauritius Co. Ltd, etc. do have policies to insure their assets. 
 
Insurance-related Funds  
In certain economic sectors, special arrangements for insurance funds or special grants and loans 
have been made for damage caused by natural hazards as follows:- 
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Sugarcane Industry  
The Sugar Insurance Fund Board (SIFB) set up by Government under the aegis of the Ministry of 
Finance and Economic Development provides an auto funded insurance covers to insured planters 
(compulsory for planters and millers) in the Sugar industry through a ‘ contingency finance 
mechanism’ for weather-related losses such as cyclones, drought, excessive rainfall and f ire. 
Compensation is limited to a single claim per event year, for ‘crop loss beyond 20% due to 
unfavourable climatic conditions’. Claims for 2012 amounted to Rs 7.6 million and Rs 6.01 million in 
2013 for loss due to inter-crop fire. Claims of Rs 0.3 million 2012 and Rs 1.4 million in 2013 were 
paid as transport allowance for milling of burnt canes outside their respective factory areas. The 
SIFB is a f und and i n not mandated for re-insurance, which could be an issue for limit of 
compensation for a widespread disaster during a year. 
 
Agriculture Industry 
 
Under the Small Farmers Welfare Fund, an i nsurance scheme (Agricultural Calamity Solidarity 
Scheme) for registered small planters and breeders is made available, which provides financial 
support to those who experience difficulties in the aftermath of calamities such as cyclones, 
excessive rainfall, drought and flood. 
 

Table 2: Global disaster losses due to storms, earthquakes and flooding between 1985 and 2015 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Out of the 3 pea k events, 2 relate to earthquakes, Haiti in 1995 and in Japan 2011. Although 
earthquakes are less frequent, their economic impacts can be extremely high. Storms are more 
frequent with impacts causing between medium to low losses. Katrina storm (2005) in the US is the 
costliest storm ever in human history. 
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Chart 1 below shows the distribution of Economic Disaster Losses by continent. 

 
 
 

 Africa  
 Americas  
 Asia  
 Europe  
 Oceania 

 
 
 
The above chart highlights that Americas, Asia and Europe are the most affected continent in terms 
of economic disaster losses mainly due to urbanisation, huge development and investment in the 
continent in the past 30 years. 
 
 

Table3: Disaster Risk Profile ranking of Mauritius among 197 countries 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The table above shows the ranking of Mauritius according to INFORM Chart among 197 countries 
where Mauritius is ranked 147 based on a c ombination of the hazards to which it is exposed, the 
vulnerability of its population and assets and t he coping capacity of the government and ot her 
responders. INFORM software not only tracts hazards, exposure and vulnerability to come up a Risk 
Index for the country but also monitor investment in DRR and DRM. Actually based on c ertain 
modelling criteria a v alue is assigned to all the variables which are being monitored and finally 
producing the Risk Profile which will determine how much fund has to be invested and in which area. 
From the above it is clear that Mauritius has a high exposure to hazards but its coping capacity is 
properly established to match the hazards. 
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Table 4: Risk Dimensions and Components (Hazards, Vulnerability and Coping Capacity) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
In Table 4 above, Mauritius is found to be mainly exposed to hazards such as Cyclones, Flooding, 
Torrential Rain, Droughts, Tsunamis and Epidemics. Table 4 below refers to the above. It further 
shows detailed of each of the hazards mentioned above and t he distribution of the vulnerability for 
Mauritius linked to socio-economic, development, inequality, aid dependency and ot her vulnerable 
groups. As far as the coping capacity is concerned, it shows the institutional arrangements such as laws 
and regulations in place, national strategic framework, policy, plan and governance, gaps in the health 
care system and communication, actions taken in the implementation of DRR strategies, infrastructural 
gaps, etc.. It is recognised facts that the more a country invest and build capacity in its coping 
mechanism, the more robust the country will become faced with disasters and build resilience. 

 
Table 5: Highest Risk Indicators in Mauritius 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 5 above shows the ranking per type of hazards based on the highest risk indicators.  
Source: IOC Report 

 
 
Table 5 above, shows other risk factors to which Mauritius is exposed and it’s raking among the 

classification of 197 countries studied in this project. Mauritius is classified 29th in terms of immunisation 
to measles whereby there is only 0.30 immunisation coverage across the country. Based on S affir-
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Simpson category 1 Mauritius is classified 15th to physical exposure to Tropical Cyclone. 
 

Table 6: Lowest Risk Indicators in Mauritius 
 
 
 
 
 
 
 
 
 
 
 
 
 

Source: IOC Report 
 
  

Table 7: Shows how investment in the Disaster Management is structured.  
 DR Reduction  DR Financing DR Management 

 

       
 

Prevention Mitigation Preparedness Transfer Proactive response reconstruction  

Retention  

      
 

       
 

Land use Housing Contingency Insurance Contingency Emergency Build Back 
 

planning Retrofitting Planning fund Management Better  

 
 

       
 

       
 

 
Observations 
 
We have found out that Mauritius has implemented various measures such as DRR strategies and to 
some extent disaster risk financing, risk transfer and mitigation measures but does not cover the 
whole scope of disasters, is not sufficient for the worst case scenarios that we may be exposed and 
thus present some serious discrepancies which need to be resolved. 
 
 
1.4 Methodology:  
 
This research paper is intended to make a desktop examination and literature review of previous studies 

and publications related to economic disaster losses in other countries and evaluate the trends in relation 

to Mauritius. The results of the review were based on relevant secondary data available to the subject 

matter. The sources of this review are mainly from Emerald Management e-Journals, Studies and 

Researches by official International and National Disaster Management Organisations, Disaster 

Management Database and through networking. Secondary Data Analysis of reports and surveys which 

have been carried out by researchers and consultants in the field of research. 
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There are a number of related researches that have been c arried out and these data have been 
published. However for the purpose of this research paper, other variables have been included to the 
existing dataset. During this research, additional sets of data which have not been in the main report 
have been collected and used. These set of data are specifically quantitative and have limitations 
that could have favoured a qualitative study instead. 
 
 
Catastrophe Loss Estimation Methodology 
 
Through the application of a stochastic simulation process, we applied AIR catastrophe loss estimation 

methodology to estimate the probability that events of particular intensities will occur. This literature 

review has taken into account country and regional HFA reports that were prepared in the run up to the 

first (2007) and second (2009) sessions of the Global Platform for Disaster Risk Reduction. A large part 

of the review was based on a collection of institutional progress reports and hence presenting specific 

institutional perspectives on the issues. However, there may still be specific conclusions of this review 

that may need to be verified through more focused information collection and analysis. 

 
Data Analysis 
 
There are very few organisations which are fully engaged to collect and analyse data. The data 
analysis method used should be standardised in order to have a common benchmarking. However, 
it is anticipated that a c ommercial spreadsheet package such as MS Excel would be suitable, 
although more sophisticated analysis software such as SPSS is available in Universities and I T 
centre. 
 
 
Findings and Interpretations: Economic Losses due to Disasters on the rise 
 
From the 30 years database, it was clear and evident that the frequency and severity of disasters have 

increased over time and i n parallel the quantum of economic losses related to disasters. Though the 
number of deaths in disasters has reduced drastically during the past years, we cannot make the same 
statement economic losses due to disasters in Mauritius. However we have noted that following: - 
 
The poor are more affected by disasters 
 
We noticed that the poor is more affected as they are the hit hardest and have the least able to cope. 
All disaster-related research shows that countries where social and economic capital is limited, the 
population are the most vulnerable.  
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In 2004 I ndian Ocean wide tsunami confirmed this thesis as most of the victims were below the 
poverty line and l ack of resources was the major factor which made those in coastal areas  so 
vulnerable. 
 

Chart 2: Available Natural Disasters Risk Financing Instruments 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Source: IDB’s Disaster Risk Financial Management Website 
 
 

1.5 Findings and its implications  
 
There are several international financial donor institutions, public and private who promote the transfer of 

affordable mutually agreed financial systems either as grants or soft loans on concessional/ preferential 

terms, for capacity-building and enabling local institutional and policy environments at all levels for 

reducing disaster risks. These International financial institutions, such as the World Bank and regional 

development banks, pays considerations of the implementation of the priorities of the SFDRR before 

accepting to financially support and provide loans for integrated disaster risk reduction. 
 
Contributions 
  
We have noted that Mauritius is mostly affected by Tropical Cyclones and Flood situations. Water 
Crisis, Landslides and drought are events of rare nature and hence can be retained with investment 
in mitigating measures. However, for high frequency risks, though not so consequent, measures can 
be taken for these risks to be insured or transferred by other financial instruments available. 
 
Mauritius demonstrated a commitment to DRR by committing into implementing financial strategy in 
a range of financial instruments to cover the post-emergency funding shortfall such as insurance 
cover.  
 
 

http://www.tandfonline.com/doi/full/10.1080/09669582.2013.826231#abstract
http://www.tandfonline.com/doi/full/10.1080/09669582.2013.826231#abstract
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However, there are other instruments which make provisions for funding to be immediately available 
such as: 
 

1. Investment loans   
2. Contingent credit lines   
3. Risk transfer financing   

 
All these 3 above instruments can be customized and implemented in combination to allow an 
effective means to mitigate, manage and transfer disaster risks that currently affects Mauritius such 
as cyclones and flooding. 
 
Annual Average Loss (AAL) and Probable Maximum Loss (PML) are used for sector analysis and 
forecasting for countries such as Mauritius, which has a hi gh risk profile. Hence the following 
measures could be implemented in parallel: - 
 
1. Introduce DRM in Master’s curriculum as well as specialised masters and diploma programmes 

in Universities;  
 
2. SME’s should develop short courses on post-disaster survival and long-term sustainability;   
3. Engage business schools in each region;  
 
4. Engage insurance/ reinsurance companies to develop matrices and products for measuring 

disaster risk costs and index.  
 
 

Disaster Management Structure and Chain of Command for Mauritius 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The figure above shows the National Disaster Management Structure and Chain of Command 
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The  Ministry  of  Environment,  Sustainable  Development  and  Disaster  and  Beach  Management 
 
(MESDDBM) is responsible to ensure that the Republic of Mauritius (RoM) achieve a “cleaner, 
greener and safer Mauritius” in a sustainable manner, through protection and management of our 
environmental assets, mainstreaming sustainable development principles in different sectors of the 
economy, solid and ha zardous waste management, enhanced resilience to disasters, and 
conservation and rehabilitation of beaches. MESDDBM has also been entrusted with the mandate to 
ensure effective disaster preparedness and r esponse to enhance the safety and s ecurity of the 
citizens. 
 
The National Disaster Risk Reduction & Management Centre (NDRRMC) has been administratively 

set up s ince 23rd October 2013 following the Cabinet decision of the 30th August 2013. The 
NDRRMC presently operates under the MESDDBM and acts as the focal institution for the State of 
Mauritius for the planning, organizing, coordinating and monitoring of disaster risk reduction and 
management activities at all levels. 
 
 
Administrative Arrangements 
 
1. National Disaster Risk Reduction and Management Council to oversee disaster 

management activities in Mauritius and the outer islands;  
 
2. National Disaster Risk Reduction and Management Centre (NDRRMC) to act as the main 

institution for the State of Mauritius for the planning, organizing, coordinating and monitoring of 
disaster risk reduction and management activities at all levels. This centre has been 
administratively set up;  

 
3. Local Disaster Risk Reduction and Management Committee in the Municipal City Council, 

the Municipal Town Councils and the District Councils to manage disaster risk reduction in the 
respective localities;  

 
4. Rodrigues Disaster Risk Reduction and Management Council to assist in the preparedness, 

response, rehabilitation and recovery operations before, during and after the occurrence of a 
disaster or an emergency in Rodrigues; and  

 
5. Rodrigues Disaster Risk Reduction and Management Centre to be r esponsible for the 

planning, coordinating and monitoring of disaster risk reduction and management activities in 
Rodrigues.
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6. The National Disaster Risk Reduction and Management Act was passed in May 2016 in the 

National Assembly and Proclaimed on the 1st July 2016.  

 
The administrative establishment of the NDRRMC is one among the series of firm step towards a long-
term and strategic process to reduce the country’s multiple vulnerabilities. The NDRRMC represents the 

political commitment to strengthen disaster risk management as an integral element in protecting 
development gains, addressing national concerns as well as acting upon international commitments. 

 
National Disaster Risk Reduction & Management Act 
 
The object of the Disaster Risk Reduction and Management Bill is to make better provision to ensure 
that the Government is able to organise response before, during or immediately after a di saster, 
through:- 
 

1. prevention and reduction of the risk of disasters;  
 

2. mitigation of the adverse impacts of disasters;   
3. disaster preparedness;  

 
4. rapid and effective response to disasters; and  

 
5. Management of post-disaster activities, including post-disaster recovery and rehabilitation.  

 
 
National Coordination in Response to Emergencies/Disasters 
 
In the event of a major disaster, the National Emergency Operations Command within the NDRRMC 
and under the lead of the Minister of Environment, Sustainable Development, Disaster and Beach 
Management assisted by the Commissioner of Police coordinates with all ministries and agencies 
responding to disaster and provide guidance according to existing contingency plans and standard 
operating procedures. 
 
During all other times the NDRRMC oversees coordination of disaster risk reduction & management 
activities under the direction of the Director-General. The NDRRMC ensures that stakeholders work 
collaboratively to both identify risks and issues of concern, as well as identifying appropriate and 
effective solutions that prevent and reduce existing identified risks, plan for the possible effects of 
climate change, ensure DRR&M is in line with international best-practice models, identify and 
address specific needs of vulnerable groups, and protect against the creation of future risks. 
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National Emergency Operations Command (NEOC) 
 
The National Emergency Operations Command (NEOC) is activated at three different levels namely 
Level I, II or III depending upon the magnitude and severity of a disaster, or upon identification of a 
specific threat. The NEOC is the country’s central command and c ontrol facility responsible for 
carrying out the principles of emergency preparedness in response to identified threats and disaster 
management functions at a strategic level in an emergency situation. 
 
Sub National Level Co-ordination  
Sub national coordination at Outer Islands, District, Municipal, Local Government, and village/community 

levels is facilitated by line ministries and national agencies through local authorities administrations. All 

district and municipal council have established by the National Disaster Risk reduction & Management 

Bill a permanent and fulltime position for Local Disaster Management Coordinator. This post acts as the 

focal point for disaster risk reduction and management at the local, and has a direct liaison relationship 

with the NDRRMC. The local coordinators also oversee DRR&M activities at village and c ommunity 

levels, and f acilitate integrated response activities through a c oordinated response mechanism (Local 

Emergency Operations Command/LEOC). 

 
The NDRRMC to act as the primary coordinating agency for national disaster management activities 
in the Republic of Mauritius, and t o adopt a pr o-active all-hazard, multi-agency approach to risk 
management that emphasizes building capacity at all levels. 
 
The Disaster Management Structure makes provisions for a national structure to manage disasters 
which occurs at national level and local disaster management structures at Municipal and District 
Councils to manage disasters at local levels. 
 
IDB has developed an Integrated Disaster Risk Management (IDRM) Approach to support countries 
in the following components: 
 
1. National risk evaluation  
 
2. Prevention and mitigation measures  
 
3. Strengthening of national and local institutions   
4. Risk-retention and risk-transfer financing mechanisms  
 
5. Financial Approach to Natural Disasters  
 
This approach helps countries to develop their disaster exposure profile by focusing on strategies to 
improve planning and management of natural disasters. IDB offers financial instruments to countries 



Journal of Indian Ocean Rim Studies, 2017 
Vol. 1, Issue 1  
ISSN 1694-3317 
 

Journal of Indian Ocean Rim Studies Page 172 
 

committing to promote development of these four components as an i ncentive to reduce disaster 
risks through prevention. 
 
Outcomes 
 
This research provides an in-depth report which for decision makers to be informed of the impacts 
that disasters can have on the economy by studying the past disasters economic losses which has 
been recorded during the past 30 years; that is from 1985 to 2015. We are aiming at presenting the 
outcomes and findings on how these losses are further called to increase over time as there is an 
increase in the frequency and intensity of disasters. 
 
It is also aimed to demonstrate that in the present system and era, the biggest challenge to economy 
could be none than disasters. If no appropriate and timely measures are taken, situations will worsen 
and it would be difficult to protect future investment and critical infrastructures. 
 
From these findings, it is expected to develop contingency planning tools which will be able to be 
implemented at national and local levels for government and private sectors. 
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1.6 Conclusion and Recommendation  
 
Comparison of empirical observations of economic loss (1985-2015) related to registered disaster 
events and p rojected risk estimates (AAL and P ML) demonstrate considerable uncertainty. This 
research paper intends to make propositions for disaster risks which cannot be mitigated, reduced or 
managed be transferred. There are various measures that can be used such as:- 
 
The main findings of the regional loss and risk assessment are synthesized below: 
 
The Indian Ocean Region has lost at least USD 17.2 billion in infrastructure and agricultural 
investments since 1980 (at 2013 prices). It loses an average of USD 430 million each year to the 
registered natural hazards. 
 
The projected combined Average Annual Loss (AAL) associated with two hazards (tropical cyclonic 
wind and earthquake), however, is estimated in USD 161 million, or nearly 1% of the combined GDP 
for the region. Beyond the sheer number of hazards included in the risk estimates, other differences 
between registered losses and AAL may be attributable to a combination of incomplete registered 
exposed assets and the uncertain future impacts of climate change, etc. 
 
PML for the past 50-year return period (combining wind and earthquake) sum to USD 1.5 billion in 
the region, the greatest losses to be incurred in Mauritius (USD 1,094 million) followed by 
Madagascar (USD 368 m illion). Across the region, DRM-marked investments found in national 
budgets over the past years ranged from 2 to 16% of total annual budgets amounts. This amounts to 
a combined USD 457 million each year in the region, ranging from USD 288 million each year in 
Mauritius to USD 4.2 million in Comoros. 
 
The overall trend points to a greater investment in preventive / mitigation action only for Mauritius, 
Seychelles and Zanzibar. Clearly, DRR, the prevention and reduction of risk, merits greater 
investment now. In fact, there are strong indications that the real value of losses and r isks is not 
currently sufficiently captured and that the budget analysis may overcompensate for some efforts. In 
this present study, we have found a number of tools for risk assessment and management options. 
With additional and i mproved data, enhanced in-house response capacity, government should be 
able to choose which tools and options are best suited for its risk profile (hazard events, exposure 
and loss, etc.). A risk-layered approach suggested by CATSIM analysis and cost benefit analysis 
highlights how to choose more appropriate policies in DRR/DRM. 
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1. Regional Risk Pooling Transfer Mechanism 
 
Government needs to develop investment and f inancing strategies to address both extensive and 
intensive risks. Climate change will definitely increase risks in terms of frequency, geography and 
intensity. Understanding risk structures and t he expected economic impacts of disasters in the 
country is the critical first step to determine the optimum policy mix for each risk layer. In developing 
investment and f inancing strategies to address disaster risk; DRR investment and r isk financing 
should not be c onsidered separately. For example, DRR investment often decreases insurance 
premiums. This packaged approach with a f ocus on financial planners in government has been 
standardized and replicated in many regions including Asia, Africa, Latin America and other regions 
in the coming years. This knowledge is planned to be archived and presented globally in a working 
paper series of UNISDR on “Public Investment and Financing Strategy for DRR”. 
 
2. Local Insurance 
 
A resilient private company will take insurance covers and have response plans, but it would also have 

worked in advance to minimise those losses and ensure, so far as is practicable, the maintenance of 

services/ production. A simple example, a c all centre or on-line banking function out of action for 6 

months might have insurance to cover loss of earnings and repair to buildings etc. However, if it is not 

trading for 6 months, customers will have found alternate providers and may have lost confidence in the 

company. So even when they are ready to trade again, they may no longer have a business? 

 
Unfortunately, the property owners have not been adequately prepared for such situations and for this 

ignorance, they have suffered enormously with houses and per sonal belongings having sustained 
substantial damages, business suffered losses, crops destroyed and many endured high economic 
business losses like insurance companies on vehicles and houses and corporate insurances. 
 
 
3. Business Continuity Management 
 
Business Continuity Management (BCM) and resilience of private sector operators is an important 
element in securing economic resilience to disasters in Mauritius. Specific benefit for the 
Government in this approach is that the vast majority of costs and efforts will rest on those profit 
making organisations. A strong focus on B CM and r esilience will also assist in making Mauritius 
more attractive to national and international investors and those wishing to establish multi-national 
businesses here. This will help the Ministry of Finance to divert financial resources in other important 
sectors and create opportunities for more highly skilled and better paid jobs for Mauritians. 
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Whilst Government does not to guarantee economic losses incurred by businesses due to disasters, 
they still need to provide leadership and direction for BCM. This starts by Government setting a good 
example by implementing processes for building economic resilience. The BCM is only a s tart; 
decision makers have to actually do something to make it a reality and ensure that entire Ministries / 
Departments do not fall over when disrupted by entirely foreseeable events, such as a C yclones, 
floods or similar situations. 
 
A simple and no cost option for Government would be to formally adopt and promote a Mauritian BCM / 

Resilience standard at a na tional level. There is international ISO standard (ISO Business Continuity 

Standard: 22301) that big or international companies are familiar with. Most national standards simply 

mirror ISO 22301, so development of a Mauritian standard need not be a time consuming or burdensome 

task. To encourage companies to adopt good practice, an approach used in many countries is for bidders 

for Government contracts to be required to demonstrate that they have BCM/ Resilience plans in place. 

Thus ensuring that they will be able to deliver the services enlisted for without any major disruption. This 

simple addition to contract requirements would mean that within a short space of time, consideration of 

BCM matters will become standard business practice 

 
Businesses and Government need to have a m ature approach to BCM as part of an ov erall risk 
management strategy. Private Sector entities are reliant on i nsurance claims to compensate for 
economic losses and upon t he Emergency Services to respond and m anage disaster situations. 
Economic resilience is much more than simple compensations for direct losses or damages to 
assets, stocks or productions. E.g, a factory owner can get full insurance claim compensation for 
losses or damages but then decides worth not re-opening the factory and simply keeps the cash. 
Indirect losses as a result of workers losing their jobs and the government losing tax revenues are 
not mitigated at all. 
 
In practical terms, Government could establishment policy for implementation of BCM throughout all 
its departments thus providing leadership for the private sector. E.g. companies doing business with 
government are required to have/ produce their own BCM plan. These plans could then be examined 
during the procurement phase of a project? 
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EMPLOYMENT POLICIES AND THE BLUE ECONOMY: 
HUMAN CAPITAL DEVELOPMENT  
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“Eradicating poverty is the greatest global challenge facing the world today and an indispensable 
requirement for sustainable development.  In this regard we are committed to freeing humanity from 

poverty and hunger as a matter of urgency.” 
(Para 2. The future we want. UNCSD 2012). 

 

BLUE ECONOMY EMPLOYMENT   

Focussing on the current unemployment figures in the labour workforce and the continuous migration of 
workers to find higher quality employment opportunities to strive, we can understand the importance of 
stable job creation policies.  The development of the required skills and abilities are essential in the 
twenty first century.  T he American proverb is a per fect explanation of the importance for creating 
employment opportunities within the Indian Ocean region - “WINNING ISN’T EVERYTHING. IT’S THE 
ONLY THING!”  Job creation and em ployment opportunities are essential for sustainability, intra-
regional cooperation, and social-integration.   

According to the 2017 International Labour Organisation (ILO) Annual Employment Report, global 
unemployment levels and rates are expected to remain high in the short term, as the global labour force 
continues to grow. In particular, the global unemployment rate is expected to rise modestly in 2017, to 
5.8% (from 5.7% in 2016) – representing 3.4 million more unemployed people globally (bringing total 
unemployment to just over 201 million in 2017).  

The global unemployment rate is expected to be relatively steady in 2018; the pace of labour force 
growth (i.e. those in search of employment) will outstrip job creation, resulting in an a dditional 
2.7 million unemployed people globally. The increase in unemployment levels and rates in 2017 will be 
driven by deteriorating labour market conditions in emerging countries (as the impacts of several deep 
recessions in 2016 continue to affect labour markets in 2017). The numbers of unemployed people in 
emerging countries is expected to increase by approximately 3.6 million between 2016 and 2017. 

Drawing focus to ‘The General Theory’ of John Maynard Keynes, which focus on the main issues 
contributing to unemployment figures, outlines the ‘insufficient effective demand’.  This demand can 
only be reduced by creating more employment opportunities, which in turn, requires higher demand for 
qualified and skilled labour.  Hence, this can only be resolved by purposive social policy, well-targeted 
to raise aggregate demand and provide jobs for the unemployed.  The creation of employment 
opportunities would contribute the overall well-being of the unemployed, inequality in society and 
poverty faced in countries.  Keynes focused on the overall unemployed workforce, developing an 
approach to put labour to work, not by manual workers (mining industry or sewers) but in a socially 
productive way which contributes to the overall development of life.   
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This theory aims at governments to invest in areas that are operating well below capacity and directs 
financial expenditure towards increasing capacity to meet social goals.   

These governmental programmes which need to be developed are vital to establish increased 
employment prospects.  Capacity building initiatives are said to provide useful outputs to public support 
and would develop the self-worth, image, confidence of the people to become a citizen worth 
investment and developmental opportunities to prosper in society.  When individuals are recognised 
and trained accordingly, living standards increases a nation’s productivity, infrastructure and the image 
is transformed.   

The questions arise of:  

• How and when do we develop strategic employment policies to reduce unemployment rates? 
• Which sectors should be targeted? 
• How do governments convince private sector enterprises to invest in more human capital; and 
• To develop overall capacity of a nation? 

 
The importance of the Blue Economy needs to be highlighted in the Indian Ocean region.  The vast 
opportunities of the ocean act as an important factor which contributes to the future ‘employment 
creation platform’ for public and private sectors.  The earth’s ocean covers 72% of the world’s surface 
and constitutes to more than 95% of the biosphere which is vital to the overall existence of mankind.  
With this important resource in mind, the Blue Economy approach is based on a v ision of “improved 
wellbeing and social equity, while significantly reducing environmental risks and ecological scarcities” 
(UNEP 2013).   

The overall aim of the development within the Blue Economy is to adopt strategies and policies which 
would promote decent livelihoods and food security for communities.  T he Member States of IORA, 
whose shores are washed by the Indian Ocean waters, have the opportunity to tap on this source of 
economic growth, ensuring prosperity within the region.  Economic sectors such as fisheries, marine 
aquaculture, seabed mining, coastal tourism, shipping, renewable energy, maritime safety and security, 
biotechnologies and port infrastructure developments, all fall under the critical developmental paradigm 
of the Blue Economy.  Developing human resources also ensures the effective and sustainable use of 
natural resources available.    

Oceans and inland water resources provide an enormous investment opportunity and benefits to 
humanity as a whole and create ‘blue spaces’ to ensure that these opportunities are utilized.  Water 
resources include; fisheries, food and nutrition, economic and social well-being, marine and coastal 
tourism, mining opportunities; and leaves doors open for innovative approaches to renewable energy 
developments for a safer environmental approach.  More than 40% of the global population lives within 
100km of coastal regions.  Thirteen of the world’s biggest business hub cities are located alongside 
coastal regions.  Overall, nearly 700 million people live in low-lying coastal areas which are less than 
10m above sea level and are highly dependable on aquaculture and fisheries to sustain the 
developments of the region.   



Journal of Indian Ocean Rim Studies, 2017 
Vol. 1, Issue 1  
ISSN 1694-3317 
 

Journal of Indian Ocean Rim Studies Page 179 
 

The demand for ocean resources, jobs, renewable energy and economic growth will be required in the 
coming years to increase the well-being of people in the Indian Ocean region.  This is a main focus 
area which needs to be addressed with appropriate policies and strategies to harness the benefits of 
the Blue Economy concept. 

Therefore, focussing on the overall development of the Blue Economy and the emerging ocean based 
industries, the increase of economic output of countries and the opportunity for employment is 
significant.   Investments and developments to enhance the Blue Economy paradigm have had an 
enormous impact on the overall development of the Indian Ocean region.  Around 58 million people are 
employed within fisheries and aquaculture industries alone and around 200 million people are able to 
benefit from direct and indirectly from the employment opportunities which are created by the 
developments in the value chain of the industry.  The importance of the fisheries and aquaculture 
industry is one of the most important sectors which are growing faster than traditional agriculture 
methods and have drawn attention from Member States.  Overall, the development of the Blue 
Economy has contributed significantly to the development of coastal regions whereby employment is 
one of the main pillars for the sustainability of the Blue Economy.   

The workforce contributing to the Blue Economy could be coined as the ‘Blue People’.  Without the 
‘Blue People’, the Blue Economy would not be able to prosper and to have an impact on the overall 
economic development in the Indian Ocean.  This developmental paradigm provides significant 
employment and economic benefits to the vast Indian Ocean, which constitutes around 20% of the 
earth’s surface. 

The advocacy lies in the coastal and island developing countries which recognise the importance of 
concentrating on the oceans (Blue Economy) output, offering sustainable developments in the long-run.  
This approach has the potential to ensure sustainable growth, environmentally-friendly developments to 
bring Member States of the Indian Ocean Rim Association (IORA) together.  Member States are able to 
benefit mutually from the varying knowledge, resources, investments and multi-faced activities.     

Focussing on the various developments within ‘blue spaces’ contributing to the economic output and 
employment creation opportunities are significantly increasing.  It is important to note that the economic 
activity in the Indian Ocean region is expanding and this is driven merely by the developments in the 
global population, trade and investment, rising income levels, climate and environmental change, 
technology developments and economic growth.   

‘BLUE CAREERS’ need to be developed.  The current established industries need to focus on the 
development of careers based on the demand of the industry.  The following industries listed below are 
the current ‘blue-based’ industries which require skilled and talented ‘Blue People’: 

i. Shipbuilding and Repair – The manufacturing, repair and maintenance of ships, boats and 
offshore platforms and offshore supply vessels. 

ii. Ports – The overall management of the hub in the economy of countries.  Includes storage, 
loading and unloading activities.  
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iii. Marine Manufacturing and Construction – The industry is vast providing multiple services to 
multiple sectors.  Includes ship materials, aquaculture supplies and marine equipment.  The 
construction of seabed cables and pipelines are related to engineering and port developments.  

iv. Seafood Processing – The preparation and preservation of fish for human consumption and for 
animal feed.   

v. Marine and Coastal Tourism – Includes all tangible and direct facilities of the ocean related 
tourism leisure activities.  Includes cruises, marine sport, aquariums, hotels/resorts and deep 
sea fishing.  

vi. Coastal Flood Defences – Includes the construction of preventative measures taken for the 
protection of coastal regions affected by erosion and sea levels rising which causes severe 
flooding.  Management techniques are vital for the conservation of coastal regions for the rest 
of the ocean-based industries to fully operate.  

The following listed industries are the emerging industries within the Blue-Economy: 

i. Marine Aquaculture – the farming techniques developed to produce seafood such as fish, 
crustaceans, molluscs, aquatic plants, algae, and other aquatic organisms. 

ii. Ocean Renewable Energy – Focuses on the production of ocean renewable energy such as 
tidal waves, osmotic energy and ocean thermal energy conservation (OTEC).  

iii. Maritime Safety and Security – includes the different sectors within the ocean such as pollution, 
fisheries control, custom and coastal defence by government and public/private organisations.   

iv. Marine and Seabed Mining – Includes the extraction, production and processing of non-living 
resources in seabed or seawater.   

The majority of shipping industries recruit employees from developing countries and especially from Far 
East Asia and South East Asia.  India and the Philippines are the top countries who supply maritime 
labour with many seafarers contributing to the migration of workers around the world.  China has also 
been an influencer in the employment pattern within the industries, as the country has a large workforce 
in maritime jobs.  These industries offer vast opportunities for addressing economic, environmental and 
social challenges faced within the Indian Ocean region.   

Furthermore, the ocean-based industries contribute roughly 1.5 Trillion USD (2.5%) to the global gross 
value added.  This demonstrates the impact of the development within the Blue Economy towards the 
contribution to economic output in employment and the development of human capital ensuring skilled 
labour resources.  The ocean-based industries contribute significantly towards job creation and have 
created more than 31 million direct full-time employment opportunities in 2010 and around 1% of the 
global workforce.  
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Source: Author’s calculations based on CECD STAN, UNIDO INDSTAT, UNSD, World Bank (2013); IEA (2014); OECD 
(2014); and various industry reports.   

Stat Link: http://dx.doi.org/10.1787/888933334627 

The population growth has a major impact on the Blue Economy and it is expected that urbanisation 
and coastal developments will be one of the main pillars of the emerging paradigm of the Blue 
Economy.  Therefore, by 2050 an extra 20 million people will need to be fed with the rising demand of 
fishery resources.  It is important to realise and to invest in the development and training of ‘Blue 
People’ for the future of the region and to ensure sustainability.   

Coastal regions in the Indian Ocean have the potential to create employment opportunities for the 
coming years to ensure a stable and well-functioning Blue Economy.  There are currently challenges 
faced which need the focus of Member States to ensure that human capital developments are effective.  
The current rate of unemployment is rising while the demand for skilled human capital is decreasing.  
This is due to the insufficient education and training techniques available for the ‘blue industries’ and 
the visibility of job prospects within the Blue Economy.   

Unemployment refers to the ‘share of the labour force that is without work but available for and seeking 
employment.  Definitions of unemployment may differ from country to country.’ 
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UNEMPLOYMENT RATES IN THE INDIAN OCEAN REGION AND INITIATIVES UNDERTAKEN BY 
MEMBER STATES TO ENSURE EMPLOYMENT OPPORTUNITIES 

Country Unemployment Rates & Initiatives undertaken for Employment  
Mauritius Unemployment Rate: 

The unemployment rate in Mauritius is 7.8% as of 2016. This is a decrease of -1.8% over 
the previous observation, 7.9% in 2015. Unemployment reached an all-time high of 10.0% 
in 1991 and an all-time low of 3.3% in 1992. Current youth unemployment in Mauritius is 
24.4% as of 2016. This is a decrease of -6.5% over the previous observation, 26.0% in 
2015. Youth unemployment reached an all-time high of 26.1% in 2005 and an all-time low 
was 7.7% in 1992. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Source: https://www.quandl.com/topics/mauritius-unemployment 

 
Initiatives taken: 
 The Government of Mauritius has enlisted 4,000 people under the National Skills 

Development Programme for training in technical skills which are currently in high 
demand. This includes training for 1,000 young people in each of the following sectors: 
ICT, tourism and hospitality; nursing and paramedics and construction and other 
industries. 

 Training is also developed and planned for 1,200 unemployed seafarers for cruise jobs 
and for shipping companies in 2017.   

 The Government has also developed the ‘Youth Employment Programme’ (YEP) which 
is an inactive developed to help university students by providing employment for 2,000 
unemployed under the YEP. 

 The Government created 7,200 vacancies and new posts in the civil service.  
 The National Women Entrepreneur Council, a para-statal body under the aegis of The 

Ministry of Gender Equality, Child Development and Family Welfare, provides women 
entrepreneurs with various facilities and training programmes to enable them to set up 
their enterprise and manage it effectively. 

 A Working Group co-chaired by the Ministry of Education & Human Resources, Tertiary 
Education and Scientific Research and the Joint Economic Council has also been 
implemented which is responsible for spearheading and overseeing the implementation 
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of the scheme.  The objectives of this working group include enhancing the 
employability of the unemployed graduates by providing them with skills as per the 
requirements of the industry after following a tailor-made training programme; and 
facilitating training and placement towards employment after having followed tailor-
made crash courses. 

 
India Unemployment Rate: 

The unemployment rate in India is 3.5% as of 2016. This is a decrease of -0.9% over the 
previous observation, 3.5% in 2015. Unemployment reached an all-time high of 4.4% in 
2005 and an all-time low of 3.5% in 2016. Current youth unemployment in India is 9.7% as 
of 2016. This is a decrease of -1.9% over the previous observation, 9.8% in 2015. Youth 
unemployment reached an all-time high of 10.6% in 2012 and an all-time low was 8.2% in 
1994.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Source: https://www.quandl.com/topics/india-unemployment 
 

Initiatives Taken: 
 The Indian Leather Development Programme trained 51,216 youth in a100 days and it 

plans to train 144,000 young person’s annually in this industry.  
 Four new branches of Footwear Design & Development Institute — at Hyderabad, 

Patna, Banur (Punjab) and Ankleshwar (Gujarat) — are being set up to improve training 
infrastructure in India. The industry is currently facing a skills gap and people trained 
are being absorbs by the industry, thus, increasing capacity building programs and 
employment generation.   

 The current work force in India is moving towards industries from traditional farming 
methods.  More than 90% of India's workforce still works in the informal sector, mostly 
in under-productive farms.  

 ‘Skill India’ initiative aims to train over 500 million people in different skills and generate 
a talent pool that could be unmatched in any part of the world. This initiative aims at 
creating formal certification to ensure employment opportunities locally and aboard, 
while meeting the global market demands.   

 ‘Start-up India’ initiative aims to promote entrepreneurship in India. The aim of this 
initiative is to provide new dimension to entrepreneurship by helping to setup a network 
of start-ups in the country and training citizens to be self-employed.  
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 The ‘Incredible India’ initiative has been able to train citizens to harness the tourism 
sector of India.   The objective of this initiative is to train and provide orientation to all 
stake holders involved in the tourism industry.  

 The ‘National Skill Development Corporation (NSDC)’ was created in early 2008, Prime 
Minister's National Council on Skill Development has spelt out policy advice and 
direction in the form of "Core Principles" and has given a Vision to create 500 million 
skilled people by 2022 through a skill systems.  The NSDC is aimed at addressing 
manpower needs of textiles and related segments including Handicrafts, Handlooms, 
Sericulture, Jute, Technical Textiles etc., by developing a cohesive and integrated 
framework of training based on the industry needs.  As such, this also includes catering 
for the skills gap faced in the mentioned above industries while keeping in mind the 
global demand for labour.  Providing training and development programs for a wide 
range of segments.    

 ‘Pradhan Mantri Kaushal Vikas Yojana’ (PMKVY) is the flagship outcome-based skill 
training scheme of the Ministry of Skill Development & Entrepreneurship (MSDE). The 
objective of this skill certification and reward scheme is to enable and mobilize a large 
number of Indian youth to take up outcome based skill training and become employable 
and earn their livelihood.  

 
Sri-Lanka Unemployment Rate: 

The unemployment rate in Sri Lanka is 5.0% as of 2016. This is an increase of 6.9% over 
the previous observation, 4.7% in 2015. Unemployment reached an all-time high of 14.7% 
in 1991 and an all-time low of 4.0% in 2012. Current youth unemployment in Sri Lanka is 
21.2% as of 2016. This is an increase of 6.1% over the previous observation, 19.9% in 
2015. Youth unemployment reached an all-time high of 41.8% in 1991 and an all-time low 
was 17.0% in 2012. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Source: https://www.quandl.com/topics/sri-lanka-unemployment 
 
Initiatives Taken: 
 Sri Lanka’s development plan, the ‘Mahinda Chintana’ outlines the ambitious goal of 

becoming a maritime, aviation, commercial, energy, and knowledge hub for Asia.  This 
indicates the capacity building framework to meet the objectives set by the 
Government.   

 The Government of Sri Lanka recognizes the potential role of the technical and 
vocational education and training (TVET) system to close the skills gaps faced within 
industries.   
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 The ‘Youth Employment Network ‘(YEN) is a joint initiative of the United Nations, the 
International Labour Organization and the World Bank and other relevant international 
specialized agencies, that aims to assist and support governments in addressing the 
challenges of youth unemployment - Sri Lanka government has committed to preparing 
and implementing a National Action Plan for Youth Employment. 

 
Seychelles Unemployment Rate: 

Unemployment Rate in Seychelles decreased to 4.20% in 2015 from 4.70% in 2014. 
Unemployment Rate in Seychelles averaged 2.82% from 2004 until 2015, reaching an all-
time high of 4.70% in 2014 and a record low of 1.00% in 2008. The inflation rate in 
Seychelles is -0.8% as of Apr 30 2017. This is an increase of 0.4% over the previous monthly 
observation, -1.2% as of Mar 31 2017. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Source: https://www.quandl.com/topics/seychelles 
 
Initiatives Taken: 
 The ‘Youth Employment Initiative Unit’ within the Programme Development Section has 

been set up to promote and raise awareness on employment opportunities, productivity 
and implement quality programmes and projects to address concerns of youth 
employment.  This initiative is aimed at reaching out to the youth providing appropriate 
skills that will help them gain sufficient knowledge and become potential entrepreneurs.  
Increasing the capacity of secondary and tertiary students which would enable them to 
compete in the local and international markets. 

 The ‘Seychelles Decent Work Country Programme’ will aim to build capacity of 
Seychellois workers in various sectors through technical agreements with the ILO. A 
national project is due to be implemented to modernise employment laws in Seychelles.   

 The Ministry of Employment, Entrepreneurship Development and Business Innovation 
has put the Unemployment relief scheme into action in 2017, which is linked to the social 
protection system. This is a mean to promote the welfare of the youth and encourage 
encouraging employment.  

 
Australia Unemployment Rate: 

Australia's seasonally adjusted unemployment rate unexpectedly rose to 5.8 percent in 
December of 2016 from 5.7 percent in November 2016 and slightly above markets 
consensus. It was the highest jobless figure since June as the economy added 13,500 jobs 
while the number of unemployed increased by 14,700.  
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The unemployment rate in Australia is 5.7% as of 2016. This is a decrease of -5.3% over the 
previous observation, 6.1% in 2015. Unemployment reached an all-time high of 10.9% in 
1993 and an all-time low of 4.2% in 2008.  
 
Current youth unemployment in Australia is 12.5% as of 2016. This is a decrease of -4.9% 
over the previous observation, 13.1% in 2015. Youth unemployment reached an all-time high 
of 19.3% in 1992 and an all-time low was 8.8% in 2008. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Source: https://www.quandl.com/topics/australia-unemployment 
 
Initiatives Taken: 
 The ‘Generation Success - youth employment’ initiative is an industry led initiative aimed 

at drawing employer’s attention to youth unemployment in Australia, and providing 
practical tips and advice to support employers and young people as well as parents and 
educators. 

 Australian Government has developed a range of resources to support employers, young 
people, and parents and educators.  This content has been informed by the strong 
‘Generation Success Research Agenda’, including surveys and interviews with CEOs 
and Human Resource Managers. 

 The ‘Australian Government’s Job Jumpstart’ website provides resources and information 
for job seekers, young workers and advisers, plus a range of other job search information 
and employment planning support.   

 The ‘Self-employment—New Enterprise Incentive Scheme’ (NEIS) is a program delivered 
by a network of 21 providers who provide individualised help for job seekers to become 
self-employed business owners.  A total of 8,600 NEIS places are available nationally 
each year. 

 The ‘Community Development Programme’ (CDP) is an essential programme for 
increasing employment and breaking the cycle of welfare dependency in remote areas of 
Australia. 

 
Kenya Unemployment Rate: 

The unemployment rate in Kenya is 11.0% as of 2016. This is a decrease of -2.6% over the 
previous observation, 11.3% in 2015. Unemployment reached an all-time high of 12.2% in 
2010 and an all-time low of 8.1% in 1999. Current youth unemployment in Kenya is 22.2% as 
of 2016. This is a decrease of -2.6% over the previous observation, 22.8% in 2015. Youth 
unemployment reached an all-time high of 24.1% in 2010 and an all-time low was 14.3% in 
1999. 
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Source: https://www.quandl.com/topics/kenya-unemployment 
 
Initiatives Taken: 
 The ‘Youth Enterprise Development Fund’ (YEDF) was officially launched in February 

2007 by the National Youth Council of the Republic of Kenya.  
 The ‘Constituency Youth Enterprise Scheme’ (C-YES) which finances projects of 

registered youth groups. The maximum amount lent through this component is the 
approximate equivalent of US$635. 

 The government allocated 300 million Kenyan shillings to the Youth Enterprise Fund, 200 
million Kenyan shillings for operations of the already established and 6 billion Kenyan 
shillings to the Uwezo Fund. 

 The youth enterprise development fund has already benefited over 20,000 youth 
initiatives and trained over 200,000 youth entrepreneurs. 

 Kenya is currently developing the second medium term plan for the implementation of 
Kenya Vision 2030, whose aim is to transform the country into a modern, globally 
competitive, middle income country, offering a high quality of life for all citizens by the 
year 2030.  

 The ‘Federation of Kenya Employers’ (FKE) has been involved in facilitating industrial 
attachment through collaboration with the education and training institutions and via its 
network of employers. The FKE has also established regional industrial attachment 
centres. 

 The ‘Employment Intensive Infrastructure Programmes’ (EIIP) have been executed in 
Kenya by various government departments, NGOs, donors and UN agencies in the last 
three and half decades, providing Kenya support and development.  

 
South-
Africa 

Unemployment Rate: 
The unemployment rate in South Africa is 25.9% as of 2016. This is an increase of 3.1% over 
the previous observation, 25.2% in 2015. Unemployment reached an all-time high of 27.1% in 
2003 and an all-time low of 16.9% in 1995. Current youth unemployment in South Africa is 
52.3% as of 2016. This is an increase of 4.3% over the previous observation, 50.1% in 2015. 
Youth unemployment reached an all-time high of 57.2% in 2003 and an all-time low was 
34.4% in 1995. 
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Source: https://www.quandl.com/topics/south-africa-unemployment 
 
Initiatives Taken: 
 The ‘Inter-Ministerial Committee on Public Employment Programmes’ (PEP-IMC) is 

driving government’s effort to create 6 million work opportunities by 2019. This is being 
done through programmes that create jobs for those who cannot find work and create 
new infrastructure or the improvement of existing infrastructure. 

 Government’s intervention aimed at stopping the decline in the clothing, textiles, leather 
and footwear sectors resulted in the retention of 68 000 jobs. 

 Environmental programmes such as ‘Working on Waste, Working for Wetlands, Working 
for Water and Working on Fire’ have created more than 30 000 work opportunities and 
aim to create more than 60 000. 

 The ‘Department of Communications'  digital migration will result in more than 23 500 
jobs created in the manufacturing value chain including installers and warehousing, 
logistics and repairs 

 Government departments align their programmes with the job creation imperatives. 2011 
was declared a year of job creation through meaningful economic transformation and 
inclusive growth. 

 The ‘Employment Tax Incentive’ (ETI) encourages youth employment. By the end of 
December 2014, about 29 000 employers had made use of the incentive. It came into 
effect in 2014, after the law was passed in December 2013.  Employers have claimed the 
incentive for at least 270 000 employees. 

 The Gauteng Department of Social Development has launched job centres to address 
unemployment and poverty among the province's youth. 

 Government established a jobs fund of R9 billion to finance new job-creation initiatives 
over the next three years. 

 Through the combined programmes of business support, enterprise financing and labour 
intensive activities in the social sector, 3 335 new jobs were facilitated by the National 
Youth Development Agency (NYDA) in 2012/13. 

 Initiatives are under way to promote rural employment, such as the ‘National Rural Youth 
Service Corps’ (NARYSEC), and provide stepped up support for agricultural producers. 

 The ‘Community Work Programme’ (CWP) is an innovative offering from government to 
provide a job safety net for unemployed people of working age. This programme created 
more than 79 000 work opportunities up to the second quarter of 2011/12, benefitting 
women and the youth particularly from the poor rural families. In addition, the Human 
Settlements Programme created over 50 000 direct jobs, 4 653 indirect jobs and 21 446 
induced job opportunities. 
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 The ‘Expanded Public Works Programme’ (EPWP) - provides poverty and income relief 
through temporary work for the unemployed. EPWP includes the Home-Based 
Community Care and Food for Waste Programmes. 

 The ‘New Growth Path’ (NGP) - aimed at enhancing growth, employment creation and 
equity. This provides financial support to qualifying companies in various sectors of the 
economy. Financial support is offered for various economic activities, including 
manufacturing, business competitiveness, export development and market access, as 
well as foreign direct investment. 

 The Small Enterprise Finance Agency fosters the establishment, survival and growth of 
SMMEs and contributes towards poverty alleviation and job creation. It was established 
in 2012 as a result of the merger of South African Micro Apex Fund, Khula Enterprise 
Finance Ltd and the small business activities of IDC. 

 The Department of Arts and Culture launched the ‘Mzansi Golden Economy Strategy’ in 
2011, which was expected to create more than 150 000 work opportunities between 2012 
and 2017. 

 
Bangladesh  Unemployment Rate: 

The unemployment rate in Bangladesh is 4.1% as of 2016. This is a decrease of -1.2% over 
the previous observation, 4.1% in 2015. Unemployment reached an all-time high of 5.1% in 
1997 and an all-time low of 2.2% in 1991. Current youth unemployment in Bangladesh is 
10.4% as of 2016. This is an increase of 1.1% over the previous observation, 10.3% in 2015. 
Youth unemployment reached an all-time high of 10.4% in 2016 and an all-time low was 
4.0% in 1991.  
 
 
 
 
 
 
 
 
 
 
 
 
 

Source: https://www.quandl.com/topics/bangladesh-unemployment 
 
Initiatives Taken: 
 The ‘Bangladesh Skills for Employment and Productivity’ (B-SEP) Project is an initiative 

of the Government of Bangladesh (GoB) funded by the Government of Canada and 
executed by the ILO with support from the GoB. The project aims to accelerate the 
current efforts being undertaken by other organizations, donors and government to make 
skills in Bangladesh nationally recognized, accessible to all, higher quality and directly 
linked to jobs. 

 Institutional capacity development is an important aspect supporting the National Skills 
Development Council  to implement the National Skills Development Policy, which 
includes developing a national human resources fund. 
 

http://nsdc.gov.bd/
http://nsdc.gov.bd/
http://www.ilo.org/dhaka/Whatwedo/Projects/WCMS_113958/lang--en/index.htm
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 A wide range of activities have been conducted over the past eighteen months in 
Bangladesh including the following:  
• ILO supports development of National Human Resources Development Fund  
• Second skills governance training workshop for skills development professionals held in 
Sylhet  
• First skills governance training workshop for skills development professionals held in 
Comilla   
• Employment Support Service to be piloted in Bangladesh Institute of Glass and 
Ceramics  
• Fourth skills governance training workshop for skills development professionals held in 
Kishoreganj  
• ILO supports Bangladesh’s first international conference on Technical and Vocational 
Education and Training  
 

 The expansion and availability of new training programs among different educational 
institutions and industries had led to new competency based programmes, providing 
training to workplace-based, institution-based trainers and assessors while enhancing the 
capacity of key government agencies to support regulation and implementation of new 
training courses.  

 Bangladesh established five new ‘Industry Skills Councils’, which expands the scope and 
nature of workplace learning and productivity enhancement programmes.  This includes 
the expansion of apprenticeship programmes in both the formal and informal sectors.  
 -  Some selected achievement include: 
- New strategy seeks to reinvigorate Bangladeshi apprenticeship system  
- First public private partnership in technical education in Bangladesh  
- Bangladesh businesses to benefit from introduction of new global productivity    
improvement tools  
- National apprenticeship strategy  

 
 The ILO and The ‘Bangladesh Employers ‘Federation’ (BEF) implemented a two-year 

joint programme, including strategic planning aimed at promoting employment and 
combatting social issues related with unemployment.  Issues such as labour compliance, 
freedom of association and social dialogue, Green Jobs, Better Work, youth employment, 
child labour, skills development, domestic workers, and social protection in vital to ensure 
capacity building.    

 
 

The above iniciatives and pol icies developed by Governments of Member States indicates the 
importance of poverty alleviation and the value of job creation.  These policies and strategies can be 
seen as a stepping stone for the Indian Ocean nation.  Furthermore, Member States recognises the 
critical approach to capacity builing for the achievement and en hancement of human capital 
development.   

 

 

 

http://www.ilo.org/dhaka/Whatwedo/Projects/WCMS_359184/lang--en/index.htm
http://www.ilo.org/dhaka/Whatwedo/Projects/WCMS_359352/lang--en/index.htm
http://www.ilo.org/dhaka/Whatwedo/Projects/WCMS_359352/lang--en/index.htm
http://www.ilo.org/dhaka/Whatwedo/Projects/WCMS_358746/lang--en/index.htm
http://www.ilo.org/dhaka/Whatwedo/Projects/WCMS_358746/lang--en/index.htm
http://www.ilo.org/dhaka/Whatwedo/Projects/WCMS_377592/lang--en/index.htm
http://www.ilo.org/dhaka/Whatwedo/Projects/WCMS_377592/lang--en/index.htm
http://www.ilo.org/dhaka/Whatwedo/Projects/WCMS_377772/lang--en/index.htm
http://www.ilo.org/dhaka/Whatwedo/Projects/WCMS_377772/lang--en/index.htm
http://www.ilo.org/dhaka/Whatwedo/Projects/WCMS_378964/lang--en/index.htm
http://www.ilo.org/dhaka/Whatwedo/Projects/WCMS_378964/lang--en/index.htm
http://www.ilo.org/dhaka/Whatwedo/Projects/WCMS_327013/lang--en/index.htm
http://www.ilo.org/dhaka/Whatwedo/Projects/WCMS_379194/lang--en/index.htm
http://www.ilo.org/dhaka/Whatwedo/Projects/WCMS_395604/lang--en/index.htm
http://www.ilo.org/dhaka/Whatwedo/Projects/WCMS_395604/lang--en/index.htm
http://www.ilo.org/dhaka/Whatwedo/Projects/WCMS_395627/lang--en/index.htm
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IMPLICATIONS  

Blue Economy industries are being influenced by the lack of skilled human resources and as a result, 
many companies fail to fill vacant posts due to unfit candidates not possessing the required skills.  
Educational institutions have not incorporated the importance of the Blue Economy approach and there 
has not been a shift in the educational direction as such.  Another important aspect to take into 
consideration is experienced employees in the marine industry which are retiring and some private and 
public sectors are making these experts redundant due to new innovations through the use of modern 
technology developed.  

Another identified issue is the ‘Unknown Blue Economy Approach’.  The new generation is not aware of 
the different sectors and job opportunities within the Blue Economy developments.  Hence, the ‘skill-
gap’ created by not acknowledging the importance of the blue economy paradigm for the future brings a 
setback to skill enhancement.  Educational institutions need to readdressed curriculums with the focus 
on the Blue Economy in the next 20 years to meet the demand for labour.  This would also ensure to 
minimise the ‘skill-gap’, also known as the mismatch of skills.   

Another challenge is the gender imbalance that exists in most maritime sectors and Blue Economy 
industries.  Few women are attracted to the traditionally known ‘man’s world’ employment industry.  The 
main issue till date is the ‘skill-gap’ which is not a myth but a mere reality which needs to be addressed.  
The lack of qualified employees could be a disadvantage to the development of the Blue Economy on a 
large scale.   

It is recommended that Member States address the issues of ‘the unknown professions’ within the Blue 
Economy.  Regional cooperation among educational institutions needs to revise the educational 
platform to ensure that the right talents are equipped with the correct skills to enhance the Blue 
Economy paradigm.  Educational institutions have to redevelop training materials to ensure that overall 
objectives are met and talents equipped with relevant knowledge.  As mentioned, an ambitious social 
dimension of the ocean economy and maritime literacy is essential in order to promote training and 
access for young people to maritime professions.  This approach is required to ensure a successful 
Indian Ocean region for the future.   

‘Blue Careers’ are essential for the existence of the Blue Economy.  The issues contributing to the 
‘skills gap’ analysed above indicates and provided us with a clear idea of the developments which need 
to be addressed, created and implied over the years to come.   

The Blue Industries developing within the Blue Economy has the potential to make a vital contribution 
towards employment growth rates and to establish a stepping stone as ocean-based industries are 
estimated to employ over 40 million people by the year 2030 (OECD 2016).  The growing industries 
such as coastal tourism and capture fisheries are expected to be the biggest employment industries 
and the creation of employment opportunities are expected to increase by 30% over a 20 year 
timeframe (OECD 2016).  
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RECOMMENDATIONS AND POLICY DEVELOPMENTS FOR THE FUTURE WITHIN THE BLUE 
ECONOMY 

It is clearly evident that Member States are investing and dev eloping national policies to create 
employment opportunities, especially among the youth.  T he mismatch of skills and abilities is a 
concurrent issue faced by many industries and developing countries.  Hence, the following 
recommendations are proposed for the effective development of the Blue Economy paradigm, ensuring 
that the focus is aimed at building capacity in the direction of ‘Blue Careers’. 

STRATEGIC PRIORITIES 

• The investment in training and development opportunities are essential to create awareness 
among of the youth at secondary and tertiary educational institutions. 
  

• Another important pillar is the visibility of the importance of the overall contribution towards the 
economic development within the Indian Ocean region.  C reating a platform to increase the 
visibility of the industry would be able to attract the required workforce, ensuring sustainability 
and effective developments within the Blue Economy development paradigm.  

 
• Gender equality is another important factor to establish ‘Blue Careers’.  In the 20st century we 

have seen significant changes in global workforce figures and the development of dual career 
families to ensure a stable income.  T hese factors contribute to the scenario of the ‘glass 
ceiling’ and the prejudice towards women as a ‘house executive’.  The importance to have a 
balanced view and t o give equal opportunities is essential in the development of the Blue 
Economy.  T his approach will help the industry to develop future generations with equal 
opportunities to contribute skills and knowledge as to sustain the overall ocean development 
paradigm.  C reating a pl atform for equality should be one of  the main objectives to ensure 
stable employment generation.   

 
• The current lack of sufficient skills within the Blue Economy developing industries need to be 

readdressed through strategic planning in collaboration with educational institutions.  This will 
ensure that talents are developed within the industry.  Without qualified and skilled talents the 
industry lacks the overall development and visibility. 

 
• Emphasis on the development of ‘Blue Careers’ are essential.  The Blue Economy is a vast 

spiral of opportunities which needs to be t apped on for future generations and economic 
development.   

 
• Member States are encouraged to develop ‘Blue Educational’ technical and vocational 

education and training (TVET) institutions/programs.  These Technical and Vocational colleges 
and manual labour should be made compulsory in the Indian Ocean region.  

 
• As Member States economies moves forward, the TVET systems in place will need to become 

more diversified; incorporating the emerging blue economy industries.  Including the active 
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engagement with employers, would make the system truly demand-driven and r educe the 
current skill gap. 

 
• The preparation and implementation of an ‘integrated blue skills development strategy’ is 

essential if workers are to acquire job-specific skills and knowledge.   
 

• Flexible and ac countable governance mechanisms are needed at all TVET levels, with 
components coordinated not only with each other but also with all system stakeholders in the 
Indian Ocean rim.   

 
• Member States are encouraged to promote and provide entrepreneurship programs to citizens 

in coastal regions.  T his will contribute to sustainable coastal management techniques and 
contribute to Sustainable Development Goals.   
 

The Blue Economy focuses on the development and sustainability of the oceans.  As such, the 
development of ‘Blue Careers’ and training the population accordingly to environmental aspects, will 
bring a new revolution to sustain our environment for future generations.  The development of ‘Blue 

Careers’ will also ensure a focus to effective and cautious measures on the development and 
sustainability of the environment.  Ensuring the implementation of SDGs, renewable energy, recycling, 
aquaculture or ‘going green’ initiatives, will bring prosperity.  The overall capacity building on human 
resources are essential for the oceans health in the years to come.  
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CONCLUSION 

The development of the Blue Economy aims at mitigating the shortcomings which are related to the 
ocean based industries and the growing pressure on marine resources.  The contribution in creating 
employment opportunities will help to reduce the current skill-gap which is an important factor for the 
functioning of the blue economy. The value added by creating ‘Blue Careers’ and investing resources to 
create skilled talents for the right positions would help the potential of the Blue Economy to outperform 
the growth rate of the global economy as a whole. 

Developments of ports, ships, machinery & technology all starts by a passion for an i nnovation, an 
innovation which is sparked by mankind and which evolves into reality, contributing to the overall 
development of the Blue Economy paradigm.  Without the ‘blue-people’ in the Blue Economy initiative, 
the strategy won’t be able to prosper as expected in the next 20 years.   

Human capital development is an e ssential element with the development in any industry.  T he 
development of the right talents at the right time and the right place is critical and a key to sustainability.  
Without strategic management practises and knowledge on the development of human capital 
resources, the rate of effectiveness decreases in the long-run.  A t the heart of the industry lies the 
passion and endurance of mankind to innovate and to bring sustainable change for the future.  The 
developments of human resources are the foundation of any industry and to obtain the strategic goals 
and objectives set.  W ithout the proper resources, any industry would have a def iciency to ensure 
sustainability, effectiveness and the proposed outcomes.  

The 6 R’s are therefore inclusive in the strategy to develop the Blue Economy for future inter-regional 
cooperation and ocean sustainability.   

Re-think. Re-innovate. Re-develop. Re-set. Re-employ. Re-gain. 
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Abstract 

    As Mauritius is gearing towards developing an Ocean Economy it is of utmost importance to have access to 
up-to-date information about the marine environment. Therefore an appropriate framework for a marine 
information system is needed. The marine resources of Mauritius are still under exploited mainly due to an 
insufficient amount of information available of our maritime zones. In this paper an application to collect data 
from the sea using wireless sensor networks is proposed. Data collected from the application are integrated with 
a Geographical Information System (GIS) to develop a marine information system.  

A prototype marine monitoring application has been successfully implemented to monitor various parameters of 
the sea such as location, temperature, salinity, pH and turbidity. A spill simulation has also been created to 
actually test how the application performed in such circumstances. A wireless sensor network simulator has been 
developed to simulate the nodes and data transmission to the base station. The data collected have been 
integrated with a GIS tool and are represented in easily understandable qualitative and quantitative formats to 
meet varying needs. The proposed system will allow any marine economic entity to deploy their sensor network 
and visualize their data from a Geographical Information System. 

The application developed has the potential to lead the way to further research and development in the field of 
marine information systems and contribute to the overall emerging sector of the ocean economy. 
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1. Introduction 

In the opening speech of a two-day National Dialogue on the Ocean Economy held in July 2013, the 
Prime Minister of Mauritius stated that “the potential in the ocean is enormous for growing the GDP, 
creating high productivity jobs and improving the standards of living of the citizens” (PM 2013). He also 
mentioned that the Ocean Economy will have a significant positive impact on the future development of 
the country. To achieve this goal Mauritius should have the right regulatory regime together with the 
required level of skills in order to license and supervise ocean activities. Mauritius should also have the 
essential knowledge to tap the ocean in a sustainable manner. The Prime Minister made an appeal to 
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the private sector and the civil society to collaborate with the government in this new endeavour to 
make the Ocean Economy become a new pillar of the economy. 

Including approximately 400 000 km2 jointly managed with the Seychelles, Mauritius has now a total 
maritime zone of 2.3 million km2, making Mauritius the 20th country in the world with the largest 
Exclusive Economic Zone (EEZ) (Intercontinental Trust 2013). This gives Mauritius exclusive rights 
concerning environment protection, exploitation of marine resources (fish stocks and exploration of 
mineral resources) and other activities, which can significantly boost the Mauritian Economy. At the 
launch of the “High Powered Committee on Achieving the Second Economic Miracle and Vision 2030”, 
the Prime Minister of Mauritius stated that one of the main core areas to fundamentally transform the 
Mauritian Economy is to leverage on the Exclusive Maritime Economic Zone to develop the Ocean 
Economy (PM 2015). 

Several economic activities have been identified (BOI 2017). These can be categorized in different 
groups based on their nature. The main categories are: Marine resource exploitation, Marine services, 
Marine renewable energies and, Marine research and development. The activities under marine 
resource exploitation are: seabed exploration of hydrocarbon and minerals, fishing, seafood processing 
and aquaculture, and Deep Ocean Water applications (DOWA), among others. Activities under the 
marine services are: Marine Tourism and Leisure, marine finance or seaport related activities (delivery 
of niche services as ship management, yacht leasing, marine insurance, ship Registration), among 
others. The activities under marine renewable energies are DOWA and energy from ocean wave and 
wind. The activities under marine research and development include Marine ICT (e.g. wave modelling 
tools, fish habitat monitoring, maritime transport related data) and Marine Biotechnology. 

All the above-mentioned activities can only become successful if up-to-date and accurate data about 
the marine environment is available. The effect of the activities should be closely monitored to avoid 
any kind of imbalance which can be harmful to the marine life. Tools have to be developed to better 
understand and leverage the vast potential of the Ocean Economy. These tools should provide 
information for the immediate and future business opportunities arising from the development of the 
Ocean Economy.  

2. Methodology and Approach 

The objective of this project is to develop a prototype marine information system using sensor networks 
and GIS technologies, in order to support the Ocean Economy. For the realization of the project the 
following methodology was proposed: 

(a)    To carry out a detailed investigation of marine sensor systems: a detailed evaluation of the 
different existing marine sensor systems and its corresponding technologies/methods. 

(b)   to carry out a detailed investigation of existing marine GIS systems: a detailed evaluation of the 
different existing marine GIS systems and its corresponding technologies/methods. 

(c)    Detailed investigation of appropriate GIS tools to integrate data from sensor networks. 
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(d)   Perform an analysis of the Ocean Economy in terms of the marine information requirements and 
application requirements. 

(e)    Propose the design of a marine information system that satisfies the requirements for the Ocean 
Economy.  

(f)    Prototype implementation of the proposed marine information system for a chosen application: 

• Implementation of the sensor network simulator for marine monitoring 

• Implementation of a communication protocol for the sensor network 

• Setting up of the GIS for marine monitoring 

• Integration of sensor data with GIS 

• Implementation of marine monitoring application 

(g)   Detailed evaluation of proposed marine information system: performance, accuracy, reliability and 
usability evaluations of the proposed system will be carried out. 

(h)   Recommendations for other applications of the marine information system. 

3. Literature Review 

3.1 Marine Sensor Networks 

The wireless sensor network is a self-organizing network composed of a large number of sensor nodes, 
which combine sensors, micro-electromechanical systems and network in one. With the advent of 
small, battery-powered, wireless computing and sensing technology, it is now possible to monitor and 
observe the world at unprecedented levels of granularity (Oliveira and Rodrigues 2011). Networks of 
such devices typically consist of tens or hundreds of small, power-constrained nodes deployed to 
monitor remote locations for months or years. Such networks present significant new opportunities for 
innovative data management applications (Singhal et al. 2012). The miniaturization and the availability 
of numerous types of sensor nodes have allowed new deployments of sensor networks for increasingly 
complex applications in the fields of healthcare, building monitoring, environment monitoring and target 
tracking, among others. With the continuous development of micro-electromechanical system (MEMS), 
wireless communication technology and electronic technology, the practical field of wireless sensor 
networks is becoming wider and wider. 

Wireless sensor networks combined with the technologies such as navigation and positioning, images 
and meteorological sensor information, geographic information, remote sensing information, offer 
opportunities for a marine information management system that can have a full range of monitoring and 
protection applications for the Ocean Economy. Marine sensor network’s aim is to sense, collect and 
process the information of the objects in the network coverage and send it to the data processing 
centre to provide the basis for ocean monitoring and managing and protecting the marine safety. 
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Applications of Marine Sensor Networks 

Marine sensor networks offer an unmatched option to a wide range of different domains (Mahdy 2008; 
Heidemann et al. 2012). In this section, a number of applications of marine sensor networks are 
presented which can significantly benefit the Ocean Economy. 

 Monitoring of Oceanic Life   

With hundreds of sensor nodes collecting data from the ocean, it is possible to monitor the marine 
ecosystem at a fine-grained and unprecedented scale. Biological monitoring such as tracking of fish or 
micro-organisms is possible. Moreover, monitoring of coral reef ecosystem can significantly be 
improved. Sensor networks can help to understand and predict the effect of human activities on marine 
ecosystems. 

 Weather Monitoring   

Close monitoring of the water conditions is essential for the analysis and forecasting of weather 
conditions in the ocean. Sensor networks provide a great option to such applications. Sensor networks 
can improve weather forecast and detect climate change. From daily weather forecast to deep study of 
the behaviour of the ocean, the significance of a marine sensor network is apparent. 

 Ocean Pollution Monitoring   

Marine sensor system offers a real opportunity to monitor water environments. By capturing 
hydrodynamic and oceanographic parameters sensor networks can perform pollution monitoring 
(chemical, biological, and nuclear) with a high level of accuracy. 

 Undersea Explorations 

Underwater sensor networks can be used to find underwater oilfields and support the exploration of 
valuable minerals from the sea. 

 Disaster Prevention and Relief   

Sensor networks can be used to measure seismic activity from remote locations which in turn may 
allow the development of Tsunami early warning system. Moreover, sensor networks may be used to 
improve disaster relief efforts by providing rapid and simple communication solutions. 

 Assisted Navigation 

Sensors can be used to identify hazards on the seabed, locate dangerous rocks or shoals in shallow 
waters, mooring positions, submerged wrecks, and to perform bathymetry profiling. 

 Surveillance 

Sensor networks can collaboratively monitor areas for surveillance, reconnaissance, targeting, and 
intrusion detection. Real-time sensor networks can be used to monitor marine borders and report any 
suspicious movement e.g. illegal fishing. 
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 Existing Marine Monitoring Systems Using Wireless Sensor Networks 

Albaladejo et al. (2012) illustrate a design and implementation for a new multi-sensor monitoring buoy 
system for monitoring of marine ecosystems in order to identify the parameters that determine their 
condition. The main system design requirements identified by the authors were: low cost of 
implementation, the possibility of application in coastal shallow-water marine environments, suitable 
dimensions for deployment and stability of the sensor system in a shifting environment like the seabed, 
and total autonomy of power supply and data recording. 

 

Figure 3.1 - The sensor buoy system (Albaladejo et al. 2012) 

The authors argued that buoy-based coastal monitoring systems are appropriate for the monitoring of 
the conditions of waters, as it is easy to perform installation and maintenance and the cost is relatively 
low. Moreover, surface sensor buoys can be deployed in a network so as to achieve a precise spatial 
representation of the marine variables measured. The proposed system is able to perform remote 
monitoring of marine temperature and pressure, and atmospheric temperature and pressure. The 
authors argued that the buoy sensor system seems to offer a broad range of applications. Figure 3.1 
illustrates the elements used in the design and implementation of the sensor buoy system. 

Trevathan et al. (2010) discuss several challenges of developing, deploying, and maintaining wireless 
sensor networks in aquatic environments. The authors argued that sensor networks deployed in the 
aquatic settings face numerous challenges including marine fowling of equipment, limited power supply, 
communications difficulties, and restricted accessibility for maintaining and updating sensor nodes. 
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Figure 3.2 - The basic setup of a sensor station (Trevathan et al. 2010) 

The Smart Environmental Measurements and Analysis Technologies (SEMAT) project plans to solve 
many of these problems by offering a low-cost, heterogeneous wireless sensor networks that can be 
instantly deployed in any aquatic environment. The proposed system is able to monitor with sufficient 
accuracy, the factors contributing to Lyngbya algae blooms in Deception Bay, Queensland. The system 
overcomes several software and hardware challenges for aquatic deployments which will allow 
researchers to focus on the application area, rather than the technicalities of setting up and managing 
the network. 

In the OceanSense (Liu et al. 2010) project an integrated sensor network system for environment 
surveillance on the sea is proposed. The purpose of the work is to acquire and analyse information 
about environment factors such as sea depth, temperature, and light luminance. The authors argued 
that current methods are mostly labour-intensive, and the data collection lacks both the density and 
consistency of samplings. Deploying a wireless sensor network allow continuous surveillance on the 
sea environment. OceanSense is used to monitor the extent of siltation reliably, at the H. H. Harbour, in 
order to ensure the safe operation of the harbour. OceanSense project also takes into account other 
useful environmental parameters such as the temperature, light luminance, and so on. 

 3.2 Geographic Information Systems  

Geographic Information Systems (GIS) are computer systems which focus on geographical data. Their 
functionalities include the capture, storage, management, manipulation and analysis of those data in 
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order to present critical information in the most appropriate way for decision-making (Maguire et al. 
1991). 

GIS are extensively used in various application areas, like environmental monitoring, transportation 
engineering, real estate transactions, remote sensing, archaeology, travel planning, historical GIS, 
hydrology, to name a few. 

 Existing Marine Monitoring Systems Using Geographic Information Systems  

Following the increasing influence of global warming, the number of typhoons affecting Taiwan has 
considerably increased, causing storm waves, leads to coastal erosion, floods and crop damage. Chien 
et al. (2010) believe that predicting the marine conditions in the area, through the use of a Marine GIS 
Information System can improve the efficiency of a search and rescue operation. In their study, they 
discuss various factors related to the storm waves, including Statistical Characteristics for Waves and 
Surges over Taiwan Waters by return period analysis, and drift orbit oversea and rescue range 
analysis. Following the study, they propose a disaster protection model, and show how it is integrated 
with the Marine GIS Information System. 

The model proposed uses ArcMIS system for integrating the GIS with the marine database. This 
system allows the capture of information like marine climate, water depth, harbour layout, bottom 
geology, ocean protection area, navigational markers and seabed pipeline. 

 

Figure 3.3  - Data Layers in GIS Database (Chien et al. 2010) 

The effective management of natural resources in Small Island Developing States (SIDS) has been of 
great concern during the last decade. The protection of these resources has always been of major 
concern since their availability and vulnerability may lead to natural and human degradation. Opadeyi et 
al. (2009) have reviewed technological advancements that could improve the management of natural 
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resources, through the use of GIS as a data analysis and modelling tool. They, then propose a strategic 
development plan for the effective use of GIS in land and marine resources management in SIDS. The 
development plan consists of the following elements: consistent data collection programme, efficient 
data management plan, capacity building and consistent data models and integrated analysis. 

The main objective of the project proposed by Kaminski et al. (2009) was to develop a marine GIS for 
monitoring of marine environment threats. The proposed system integrates marine data from various 
sources and presents it in the form of multiple, time-varying layers, rendered in up to three dimensions. 
Authenticated users can remotely view these layers in a geographic context using interactive features. 
Various techniques which have been studied include acoustic methods based on data acquired by 
multi-beam and side-scan sonars, direct sampling, and hydrological measurements using CTD 
(Conductivity-Temperature-Density) probes and satellite and airborne imagery. Figure 3.4 shows the 
system architecture. 

 

      Figure 3.4 - System Architecture (Kaminski et al. 2009) 

Open-source solutions have been used for the development of the system, namely, GeoServer (used 
as a map server) and OpenLayers (a Javascript library) for the client side of the web application. The 
system provides imaging of numerous, overlaid layers, presentation of data from real-time sensors, 
visualisation of animated layers and markers mechanism for imaging of advanced data. 3D imaging of 
spatial objects was also proposed. 
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4. Design of the Marine Information System     

The previous chapter has given an overview of a number of Sensor Networks and GIS being used for 
marine activities elsewhere. It should be noted that different activities require different types of data 
which are obtained from various types sensors. 

In this section the design of the proposed marine information system that is based on sensor networks 
and GIS is presented. A sensor network set-up for marine monitoring is proposed. The design consists 
of a complete sensor network simulation environment including the sensor nodes, topology, and 
communication protocol. Moreover, a GIS application is proposed that integrate all the data from the 
sensor network simulator. The GIS application provides different views for visualisation of the marine 
data collected. 

In the proposed system sensor networks technologies are used in order to collect various real-time data 
from the sea and these data are integrated to a GIS application to allow easy visualisation. Multi-layer 
Geographical Information System-based mapping information is used to allow users to view different 
types of information depending on their needs. The proposed application provides access to spatial and 
temporal marine variables, and related environmental information, derived from the remote sensing 
networks.  

 

Figure 4.1 shows the overall architecture of the proposed marine information system. 

In this project we lay the foundation for a marine information system that suits the requirement for the 
Ocean Economy. The most important marine parameters that need to be monitored are identified and 
the most suitable sensor network configurations are established. The data from the sensor networks will 
be integrated to a GIS. Since we have different types of data, it will be important to design a system 
which can allow easy integration of such data. The framework developed will allow any marine 
economic activity to deploy their sensor network and visualize their data from the Geographical 
Information System. 
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Figure 4.1: Overall Architecture of the Marine Information System 

A bottom-up approach is followed for the design of the marine information system. Following an 
extensive background study and analysis of Geographic Information Systems (GIS) and Wireless 
Sensor Networks (WSN), a list of requirements, functional and non-functional, is prepared that are 
deemed to fulfil the project’s objectives. 

4.1 Functional Requirements 

The input, processing and output of the project have been broken down into the GIS and WSN 
requirements for better understanding. 

GIS Requirements: 

• An appropriate visual representation of the EEZ area of Mauritius  should be displayed. 

• User should be able to add information on the GIS. 

• Data collected from WSN should be integrated with the GIS in a qualitative and quantitative 
manner.   

• A suitable means of saving information displayed on GIS should be included.   

• The marine information system shall be accessed with a login and password. 

WSN Requirements:  

• Data from WSN shall be stored in an easily readable and accessible format. 

• An Ad-hoc deployment shall be selected to simulate the marine environment.  

• The WSN should be dynamic and adapt to changes of nodes. 

• Basic parameters to be monitored are: Temperature, Salinity (conductivity) and pH. Others 
such as turbidity, dissolved Oxygen or ions can be added. 

• Geographical  location of each node will be assumed as known. 

• Accuracy of measurement should be preserved when transmitting data.   

• The number of nodes deployed shall be a variable. 

• Analysis tools shall be included to allow easy interpretation of data collected.  

 

4.2 Non-Functional Requirements 

Some of the quality requirements of the system are listed below: 

• A user-friendly interface shall be designed for easy use of the application 
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• The program shall run on the Windows platform 

• The software shall be developed on the Java Platform. 
 

4.3 Database Design 

As a means to store the data collected, comma separated values (CSV) file will be used. The sensor 
data will also be visible in the main window in a similar table format as shown in the next figure. CSV 
files have been preferred to implement this prototype as it can easily be read and does not require any 
special setup.  

 

Figure 4.2 shows the format of the CSV table. 

 Figure 4.2: CSV table format 

4.4 Algorithms Design 

Some of the processes involved in the simulation require the design and implementation of algorithms 
which are basically mathematical calculations to obtain a desired output based on certain parameters. 

K-means Clustering 

K-means is a widely used clustering technique used in various applications such as machine learning 
and it will be used to form clusters of nodes. The main steps of K-means to form clusters for this project 
can be described as follows: 

1. Select  the number of clusters, K , based on the number of nodes   

2. Select  K number of nodes as cluster heads 

3. Assign each node to the closest cluster head 

4. Calculate the centroid of each cluster 

5. Re-assign each node to the closest centroid and repeat step 4 until there is convergence 
(values of all centroids same as previous calculated) 

6. Assign the node closest to each centroid as cluster head 

7. Re-assign each node to the closest cluster head one more time 
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Priority Routing 

To transmit data from a node to the base station, an algorithm based on the geographical location of 
each node and the base station has been created. For each cluster head (CH), the distance separating 
it with other cluster heads is calculated and a priority is associated with each of them. The nearest CH 
will have the highest priority, 0. The same exercise is repeated for the distance separating each CH to 
the base station. The CH closest to the base station will have a priority, 0 and will by default transmit to 
the base station as it is the nearest one. 

To illustrate how the algorithm will work, Figure 4.3 shows how several cluster heads will route data to a 
base station. 

 

 

Figure 4.3: Data routing to the base station 

The default routing for all CH is to connect to the BS directly. The priority CH_CH for each cluster head 
is determined for each CH. In the case that the base station, BS, is closer to a CH than any other CH, 
this particular CH will route data directly to the BS. 

For CH0: 

CH0 is the closest CH base on the BS_CH distance and also the BS is the closer to CH0 than any 
other node. Therefore CH0 connects directly to BS. 

For CH1: 

The CH_CH priority of CH1 clearly shows that CH2 is closer than CH0. However, the BS_CH priority of 
CH0 is higher than CH2. A CH will only connect to another CH if its BS_CH priority is higher than its 
own. As a result CH1 connects to CH0 rather than directly to BS. 

For CH2: 

Then same process is applied on CH2. Initially, CH2 will connect to CH0 as its CH_CH priority and 
BS_CH priority is higher than its own. In the second iteration, it will check whether the CH_CH and 
BS_CH priority of CH1 is better than that of CH0. The same process is done for each and every CH 
with respect to another until all routing possibilities have been assessed. 
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5. Software Implementation    

The system was entirely developed using open source software. Java was used as programming 
language for the implementation part of the project. The system was developed using JDK 1.8.0 and 
JRE 1.8.0, with NetBeans IDE 8.0.2 as the development environment. JfreeChart, which is a Java chart 
library, was used to display quality charts in the application. Apache Derby was used as the relational 
database and the GIS tool used was GeoTools 12-RC1. iText PDF allowed the generation of reports 
from the application, in PDF format. 

5.1 System Interface    

Figure 5.1 shows the main system interface, which has been designed for a user-friendly access to the 
most important features within one click. 

 

Figure 5.1 - Main window 

The main window provides the following components: a menu bar, a toolbar, various buttons to input 
sensor data, a list of properties related to the sensor data, a table to view all sensor data, tips to help 
the user to make full use of the application, and access to user options settings, a few of which are 
detailed below. 

Menu Bar 

The menu bar presently contains two menus, File and Tools. The File menu contains options to open a 
shapefile, save and load data from the table, close the main window and exit the program. 

The first section of the Tools menu, as shown in Figure 5.2, contains options to manipulate the sensor 
data and these are readily accessible on the toolbar as well. The second section has more advanced 
options which include access to Timeline and Log. The other two options, already included in the 
simulation process, can be used to form clusters and optimise routing. These are particularly useful 
when data is inserted manually in the table. 
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Figure 5.2 - Tools menu 

Toolbar 

The Toolbar in the main window (Fig 5.3) gives access to the most important options to manipulate the 
sensor data. 

 

Figure 5.3 – Toolbar for sensor data 

Input Options 

There are three ways in which data are fed to the application for mapping on the GIS. The user can 
either simulate a number of nodes, manually input coordinates and measurements, or load a CSV file 
containing all the data. Figure 5.4 shows the buttons to access these options. 

 

Figure 5.4 Input options 
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Error Handling 

If the table already contains data and the user wants to run a simulation, enter data manually, or load a 
CSV file, the application will prompt the user whether or not to save the data before it is cleared, if the 
data has not been saved previously. In the case that some options that are data-dependent are 
launched, an error message will warn the user that no data is available to complete the request. 

Data Properties 

As a quick information tool, the data properties of the nodes contained in the table are displayed in the 
main window as shown in Figure 5.5. The properties are further repeated in the generated report. 

 

Figure 5.5 - Data properties 

5.2 Geographic Information System 

The GIS has been implemented using GeoTools 12-RC1. The default coordinate reference system that 
was used was the WGS 84 . 

Shapefiles 
The shapefile format (.shp) is an ESRI (Environmental Systems Research Institute) vector data storage 
format for GIS software. Relevant shapefiles to be used on GeoTools have been retrieved from: 
http://www.naturalearthdata.com/downloads/ and http://www.mapcruzin.com/free-mauritius-country-city-
place-gis-shapefiles.htm 

Layers 
Each information set included in the application is added as a layer. These layers can be viewed in the 
layer table on the left-hand side of the GIS window as shown in Figure 5.6. 

 

Figure 5.6 - Layer table 



Journal of Indian Ocean Rim Studies, 2017 
Vol. 1, Issue 1  
ISSN 1694-3317 
 

Journal of Indian Ocean Rim Studies Page 212 
 

The order in which layers are added is very important as features in a layer will hide those in a lower 
layer if they overlap. The user can still manually change the order of a layer by clicking and dragging it 
to a new position in the table. 

The visibility of a layer on the map can be toggled using the leftmost button of the layer in the table. The 
user can also change the selection of each layer to appear or not in the Feature Info. 

Base Layers 

As a foundation to the GIS developed for this project, 16 shapefiles have been selected to form the 
base layers. These layers include: 

• Geographical lines 

• 10 degrees latitudes and longitudes 

• Mauritius and Rodrigues detailed coastlines 

• World Countries coastlines 

• Reefs 

• Mauritian EEZ 

• Bathymetry 

Every time the GIS window is opened, these layers will be displayed with the same order, visibility, 
selection and style as these have been set in the OpenGISWindow() method specifically created to set 
up all the settings of the GIS as shown in Figure 5.7. Data is added to layers in the form of features. 
Each layer can contain only one Feature Type. 

 

Figure 5.7 – GIS window 
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Style 

The style of each layer will be based on the geometry it contains. The geometries can be classified as 
Point, LineString and Polygon as described in the Figure 5.8. 

 

Figure 5.8 - GeometryFactory provided by JTS 

(Source: http://docs.geotools.org/stable/userguide/library/jts/geometry.html) 

When defining the style of geometry, its colour (line and fill), thickness or size and opacity can be 
specified. 

Symbolizers 

For a more sophisticated look, symbolizers are used instead of standard geometry shapes. Point 
symbolizers have been used to replace the basic point class shapes (circle, square, cross, x, triangle, 
star) with images. The position of the base station has been replaced using an image of an antenna 
whereas nodes are represented using a buoy and gives the user an instantaneous understanding of the 
information represented on the map as illustrated in Figure 5.9. 

 

 

 

 

 

 

 

 

Figure 5.9 - Point symbolizers  
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Default Tools 

The GeoTools library comes with some default tools to view information on the map. The default tools 
include: 

• No Active Tool   (No tool selected) 

• Zoom In/Out   (Scale up or down map) 

• Pan    (Click and move map) 

• Feature Info   (Click on features to view information associated with them) 

• Zoom Extent   (Show the full extent of all the layers) 

 

Figure 5.10 - Default tools 

All default icons for the GIS have been replaced with more appropriate icons as illustrated for the 
default tools in the Figure 5.10. 

Custom Tools 

On top of the default tools available with the GeoTools library, other tools have been created to provide 
the user with various options to suit a wide range of needs as seen in Figure 5.11. 

 

 

Figure 5.11 - Custom options 

The custom tools include: 

• Add Layer   (Add shapefile to map) 

• Generate Report  (Create a PDF report) 

• Add Features  (Add features on map with a description) 

• Viewports   (Pre-defined and selected region map views) 

• Print screen/Snapshot (Save current view of map in PNG format) 

• Legend   (View legend for bathymetry) 
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• Select Boundary  (Choose regions to be included and selected)    

• Position Base Station (Choose base station position by clicking on map) 

• Set Conditions Limits (Set conditions limits for simulation or categorisation) 

• Analyse Parameters (Categorise parameters based on conditions limits set) 

• Parameter Range  (Select parameters to be displayed on map) 

• Refresh Map  (Repaint the map) 

• Show Connections  (Toggle the visibility of connections) 

 

5.3 Wireless Sensor Network 

The implementation of the wireless sensor network has been achieved by simulating the nodes with its 
parameters and the transmission of data to the base station. 

Data Generation 

Location and measurement data are randomly generated within certain limits. For instance, the 
coordinates of each node are checked to be within the selected area and outside the excluded area. 

Clustering 

The K-means clustering technique has been implemented to group nodes together based on their 
geographical location. The number of clusters, K, is dependent of the number of nodes, n. The 
following formula has been used to generate the number of clusters: 

 

Routing Algorithm 

To transmit data from nodes to base station in a way to minimise battery usage of each node, a routing 
algorithm that prioritises the distance between cluster and cluster heads to base station, has been 
created. 

In some cases, the initial algorithm developed would make a node A connect to node B, and B to A, 
which results into an infinite bouncing of data between these 2 nodes.  To identify these bounces, the 
checkNodeConnectBS() method has been developed to check whether data from each node reaches 
the base station. If a bounce is detected, the node that bounces data back to its sender will be 
reconnected to a lower priority cluster head which has a connected route to the base station using the 
reassignLowerPriorityCH() method. This process is repeated until all data reaches the base station. 
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After this stage, all data is successfully routed to the base station but the reassignLowerPriorityCH() 
method does not take into account the best option to route data to maximise battery use. An 
optimisation stage, the optimiseConnection() method, has therefore been added to reorganise every 
single connection so that the highest priority connection suitable to that connection is selected. 

 

 

 

 

 

 

 

 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 

Figure 5.12 - Before and after optimisation 

Figure 5.12 shows an example of how the optimisation stage reorganised the network in a more 
efficient way to minimise transmission distance. 

Collecting Data 

A communication protocol based on User Datagram Protocol (UDP) has been developed to simulate 
the transmission of data from node to node to finally be collected at the base station. The serialisation 
and transmission of data is also used to estimate the energy used to transmit the data. 
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Tabulation 

Figure 5.13 illustrates how data collected from each node is displayed in the table for the selected day 
and time. It is the data present in the table that is used in other options. 

 

 

Figure 5.13 - Tabulation of sensor data 

Saving Data 

The data displayed in the table can be saved for later reference. The ‘Save’ button will save the data in 
a CSV file as shown in Figure 5.14. 

 

 

Figure 5.14 - Saving sensor data 
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Plotting Data 

To visualise the position of each node and the routing of data from node to cluster head to finally reach 
the base station can be achieved using the ‘Plot Data’ button. The range (low, normal or high) of each 
parameter for all nodes can also be seen in colour code as shown in Figure 5.15. 

 

 

 

 

 

 

 

 

 
Figure 5.15 - Data plotted on GIS 

5.4 Simulation 

To start a simulation, the user needs to press the ‘Simulate’ button. The ‘Simulation Settings’ window, 
as shown in Figure 5.16, regroups all the parameters that can be modified before running a simulation 
and can be accessed with the ‘Settings’ button anytime. 

 

Figure 5.16 - Simulation settings 
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The number of nodes has been limited to a maximum of 100,000 and the number of days to 365. The 
frequency measure are available in fixed values of 24h, 12h, 8h, 6h, 4h, 3h, 2h, 1h, 30min, 15mins, 
10min and 5min.  Setting all parameters to generate a very large amount of data may lead to very high 
simulation time and even a system crash of the software.  An estimation of the simulation time, which is 
based on the number of nodes, days and frequency of measurements, is also displayed on the window 
to give the user an idea of how long the simulation will take. After the user has entered the simulation 
settings, the ‘Start’ button will launch the actual simulation process. 

Positioning Base Station 

The position of the base station is an important factor in the routing of data from nodes to cluster heads 
and cluster heads to finally reach the base station. The user can capture the new coordinates of the 
base station from the map or manually input it in the Base Station Options window as shown in Figure 
5.17. 

 

Figure 5.17 - Base Station Options 

Setting Boundary 

The ‘Set Boundary’ option allows the user to limit the deployment of the nodes in a certain area while 
excluding another area (Figure 5.18). Predefined areas such as the EEZ boundaries and islands 
coastlines are available to choose from, as well as custom shapes in the form of a circle and rectangle. 

When opting for a circle shape, the first coordinates captured will be used as the centre and the second 
set will be a point on the circumference from which the radius will be calculated and used to form the 
circle. As for the rectangle, the two points captured will be equivalent to the diagonal of the rectangle. 
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Figure 5.18 - Boundary Options 

Setting Conditions Limits 

To have realistic measurements, conditions limits are set for each parameter so that random data 
generated are within a certain range (Figure 5.19). These conditions limits can also be used as 
threshold value to categorize measurements as High, Normal and Low. 

Provisions have been made to include specific weather conditions, either to simulate these conditions 
or to analyse actual data for forecasting. Due to a lack of information, the weather conditions are yet to 
be defined. 

 

 

 

 

 

 

 

 

Figure 5.19 - Conditions Limits 
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Creating a Spill 

If ‘Create Spill’ has been selected, the ‘Spill Settings’ button will be enabled to allow the user to enter 
the coordinates of the starting point, the spill growth rate and whether the growth rate decreases over 
time as shown in the Figure 5.20. 

 

Figure 5.20 - Spill Settings 

The Spill Settings window automatically opens with the GIS window to allow the user to capture the 
coordinates on the map by a simple left-click. 

 

Figure 5.21 - Spill growth on GIS 

Figure 5.21 illustrates how a disturbance, in the form of an oil spill, is seen on the GIS. 

 

 



Journal of Indian Ocean Rim Studies, 2017 
Vol. 1, Issue 1  
ISSN 1694-3317 
 

Journal of Indian Ocean Rim Studies Page 222 
 

Generating Graph 

The ‘Graph’ button will give the user the possibility to see how the nodes deployed are spread for each 
of the parameter specified. Below is an example of the Turbidity of the nodes and it can clearly be seen 
that ten of them are above the High Turbidity Threshold, indicating the possibility of water pollution.  
Figure 5.22 shows a graph sample. 

Figure 5.22 - Graph sample 

Generating Report 

A quick and user-friendly way to present results was through a report in a commonly used and 
accessible format. On pressing the ‘Report’ button, present on both the main window and the GIS 
window, a PDF report in A4 format is generated. This report summarises the main information about the 
data available together with a “printscreen” of the map. The user can also choose to add the list of 
sensor data. 

 

 

 

 

 

Figure 5.23 - Report sample 
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Figure 5.23 shows an example of the PDF report generated. The first page contains a summary of the 
data and also a map showing the location of the nodes and the data route to the base station. The 
sensor data are listed on the subsequent pages if the user opted to include the list. This report is an 
easy way to disseminate the result of the marine information system. 

Other Features 

Other features of the system are listed below: 

• Multithreading has been used to improve the performance of the system 

• A Timeline has been created as a tool to view different screenshots of a simulation for a 
particular parameter over time 

• After previewing the playing sequence of images, the user can create an .mp4 video 

• Data can be input manually or through a CSV file 

• An event log is maintained and can be viewed any time 

 

6. Results and Discussions 

In this section, a performance evaluation of the system developed is carried out. The sensor network 
setup is evaluated for different number of nodes, number of days and measurement frequencies.  
Moreover, the capabilities of the GIS application are assessed.   

Evaluation of sensor network 

The most intensive calculations to be performed by the software occur when the simulator runs. It 
performs generally well and the simulation time is dependent on the three main input parameters: 

1. Number of nodes 

2. Number of days 

3. Measurement frequency 

However, it is the number of nodes that affects the simulation time the most, as more nodes result in 
more time required to determine the routing. 

The simulation time was recorded with other parameters remaining fixed to their lowest value. From the 
graph, we can see that the simulation time varies exponentially with the number of nodes. 
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Evaluation of GIS Application 

The marine monitoring application developed using GeoTools library on the Java Platform differs in 
some ways from other existing GIS applications. One main advantage of GeoTools is the possibility of 
customizing the tools and algorithms to meet our requirements compared to standard GIS applications, 
such as Google Earth or QGIS. Although these open-source software are quite powerful and full of 
features, they can be very difficult to operate for the layman.  

Another merit of using our application is that it can be easily deployed and it works on different 
operating systems without any modification as long as the device can run a Java runtime environment. 

The downside of using GeoTools to create the GIS application is that it is time-consuming to create 
features and options that are as intuitive and elaborated as in QGIS or Google Earth.  

Nonetheless, GeoTools has a great potential, especially because other Java libraries can be combined 
with it to create and add functionalities non-existent on other GIS applications. 

 
Discussions  

The marine monitoring application that has been developed can be used as a research tool as well as 
an information tool to allow a large proportion of the marine operators to harness our ocean economy’s 
potential. Within the scope of this project, a framework for a marine information system has been 
proposed and selected features for marine monitoring have been implemented.  The foundation has 
been laid for the development of a full- fledged marine monitoring system. 

As an island with a vast EEZ, Mauritius not only needs to have data to identify any pollution in its 
lagoon but also to identify specific areas for aquaculture or other utilisation of its marine resources, as 
well as to prevent any exploitation such as illegal fishing.  The proposed marine information system has 
the potential to help in those areas. Furthermore, the potential and usefulness of this marine monitoring 
application are intensified by the recent implementation of the Early Warning System for incoming storm 
surges, swells and tsunamis, a project financed by the Global Environment Fund jointly with the UNDP. 
Twenty sensors placed around Mauritius will measure wave amplitudes and send data to a main server, 
located at the Vacoas Meteorological Station. The system proposed in this paper can allow the 
integration of data obtained from the Early Warning System. 

Undoubtedly, Mauritius requires real-time marine data that can boost various marine economic 
activities.  Indeed, reliable data is a pre-requisite for the development of our marine space.  Hopefully 
this project will be a valuable contribution. 
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7. Conclusion and Future Works 

In this paper, an integrated marine information system based on sensor networks and GIS is designed 
and developed. The marine information system monitors various parameters of the sea such as 
location, temperature, salinity, pH and turbidity. Real-time data from the sensor network are integrated 
to a GIS application to allow easy visualisation. Multi-layer Geographical Information System-based 
mapping information is used to allow users to view different types of information depending on their 
needs. The system may be used as interactive planning tool that is intended to support the marine 
planning process by raising awareness and understanding of the marine data that is readily available 
for the Mauritian marine space.  

A simulator for the sensor network was developed where the number of nodes and measurement 
frequency may be varied. Data are transmitted from the sensors to the base station using a cluster-
based multi-hop routing strategy and stored in a database. The GIS application read the data from the 
database and provides different views of the data for proper visualization.  

The proposed system can further be expanded to monitor pollutants in the sea, aquaculture farms in 
the lagoon or illegal fishing activities in our marine space. Further works need to be carried out on the 
evaluation of state-of-the-art sensor technologies available for more reliable and accurate monitoring of 
the Mauritian marine space. A web portal may be developed so that data from the GIS application may 
be accessed by various stakeholders in the marine community.  
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THE MAURITIAN OCEAN ECONOMY: SOCIO-LEGAL BENEFITS AND 
CHALLENGES. 

Marie Valerie Uppiah, University of Mauritius 
Abstract 
     This paper analyses the socio-legal benefits and challenges for Mauritius in developing an ocean-based 
economy. In 2012, in order to diversify its economic activities, the Mauritian government embarked on the project 
of developing an ocean based economy. This initiative was echoed by other Small Islands Developing States as 
well as coastal States whereby these countries voiced out their concerns and interests in developing this sector 
during the Rio +20 Conference held in Brazil in 2012. 
Implementing an ocean-based economy present many opportunities and challenges for a country. The aim of the 
paper will be to analyse the social benefits of this sector for Mauritius in terms of its contribution to social equity 
and education. From a legal perspective, by ratifying and codifying the United Nations Convention on the Law of 
the Sea 1982 within the Maritime Zone Act 2005, Mauritius proved to the international community its willingness 
to abide by international maritime governance standards. However, despite those benefits many challenges have 
to be addressed in order to ensure a smooth implementation of an ocean-based economy. The challenges 
identified are: low level of communication among stakeholders, conflict between the users of the seas and the 
protection of the marine environment and overlapping of activities by the regulatory bodies. 
The research method used throughout the paper is a legal black letter research method whereby the different 
laws and regulatory bodies have been analysed to see their impact and effectiveness. The expected results of 
this paper are: to provide an insight to decision-makers and other stakeholders about the socio-legal benefits and 
challenges of an ocean-based economy for Mauritius and provide solutions to overcome the challenges 
presented. 

 
Introduction 
 
In 1967, during a United Nations General Assembly, the Maltese Ambassador, Arvid Pardo, proclaimed 
the seas and oceans as the ‘Common Heritage of Mankind’.53 This concept emphasises the fact that 
the sea and its resources, be they living or non-living, belong to humanity as a whole. Every individual, 
whether a citizen of a landlocked or coastal State, shall have the opportunity to benefit from the 
resources present in the sea.  
 
Over the years, this concept has received much importance and recognition within the international 
community. In 1982, when the United Nations Convention on the Law of the Sea (UNCLOS) was 
created, the concept of the Common Heritage of Mankind influenced the creation of ‘the Area’ and 

                                                             
53 A. Pardo (1967) 
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provided for its legal status.54 According to Article 1 (1) (1) of the UNCLOS 1982, the Area is defined as 
the seabed and ocean floor and subsoil thereof, which are beyond the limits of national jurisdiction. 
Article 136 of the 1982 Convention stresses on the fact that the Area and its resources are the common 
heritage of mankind. Furthermore, Article 137 provides for the legal status of the Area and elaborates 
on the fact that within the Area, no State shall claim sovereignty or sovereign rights.  
 
Notwithstanding areas where a State cannot claim sovereignty nor sovereign rights, the UNCLOS 1986 
does provides for parts of the sea where a State can claim either sovereignty or sovereign rights. For 
instance, as from the baseline up to the contiguous zone, a State can claim sovereignty over this part of 
the sea.55 Within its exclusive economic zone (EEZ) a State has, what Beckman and Davenport have 
described as, sui generis   rights.56 Article 55 of the UNCLOS 1986 provides for the specific legal 
regime of the EEZ and Article 56 points out that within the EEZ, the coastal State has sovereign rights 
for the purpose of exploring and exploiting as well as conserving and managing the resources present 
therein. 
 
Concerning the constitution of the EEZ, in terms of its natural ecosystem and biodiversity, a study made 
by Hollis and Rosen concluded that exclusive economic zones are the host to 99% of the world’s 
fisheries and ‘…contain about 87% of all of the known and estimated hydrocarbon reserves as well as 
almost all offshore mineral resources’.57 
 
In 2014, during the SIDS Accelerated Modalities of Actions (SAMOA) 2014 Conference, Small Islands 
Developing States (SIDS) recognised the wealth of resources present within their exclusive economic 
zones and acknowledged the need for them to sustainably explore and exploit their marine resources.58 
In order to achieve this task, SIDS were encouraged to develop an ocean-based economy. Through 
this ocean based economy concept, SIDS will be able to sustainably make full use of the resources 
present in their EEZ for their economic development. 
 
Mauritius, like many other Small Island developing States, has already taken the steps of creating and 
implementing an ocean-based economy. In 2015, the Ministry of Ocean Economy, Marine Resources, 
Fisheries, Shipping and Outer Islands, was created in order to ensure the development and 
implementation of an ocean-based economy in Mauritius. 
 
To this date, many steps have already been undertaken to make an ocean-based economy a reality in 
Mauritius. For instance, 20 in-lagoon sites have already been made available for the development of 
aquaculture. Other initiatives, such as marine services as well as sea-port related activities are being 
addressed to enhance their contribution in the implementation of the ocean-based economy. 
 

                                                             
54 C. Joyner (1986) 
55 Part II of the United Nations Convention on the Law of the Sea 1982 
56 R. Beckman and T. Davenport (2012) 
57 Hollis & Rosen, “The United Nations Convention on the Law of the Sea (UNCLOS),1982.” Available at 
http://www.eoearth.org/view/article/156775/ 
58 SAMOA Pathway 2014: https://sustainabledevelopment.un.org/sids2014/samoapathway 
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However, one issue that has to be given a special consideration when analysing the ocean-based 
economy concept is the legal framework that surrounds it. In Mauritius, various legislations exist that 
contribute to regulating the ocean-economy. They are, inter alia, the Fisheries and Marine Resources 
(Amended) Act 2007 and the Maritime Zone Act 2005. However, with all the legal, economic, social and 
environmental implications that an ocean-based economy entail, the need to have a specific legal 
framework for the ocean-economy may be considered. 
 
In order to conduct this research, two legal research methods have been used. They are the black letter 
approach and the socio-legal approach. The black letter research approach has been used to analyse 
the various international conventions that regulate the use and governance of the sea at an 
international level. The same approach has been used to examine the laws of Mauritius that govern the 
use and management of the sea and its resources. The socio-legal approach on the other hand has 
been used to assess the application and impact and effectives of the laws on the users of the seas and 
the various stakeholders concerned. 
 
The purpose of this paper is therefore, to analyse the extent to which, the existing legislations 
contribute and support the implementation of an ocean-based economy in Mauritius. The paper will be 
divided into three parts whereby: Part I will analyse the concept of an ocean-based economy. Part II will 
analyse socio-legal benefits of the ocean economy for Mauritius as well as the legal challenges that 
exist and Part III will provide for some recommendations to improve the way of regulating the ocean 
economy concept in Mauritius. 
 
Part I: The concept of an ocean-based economy (blue economy) 
 
For centuries, the sea has been a source of livelihood for millions of people around the world. A study 
conducted by the Food and Agriculture Organisation (FAO) in 2014, stated that the livelihood of around 
10 to 12 percent of the world’s population depended on fisheries and aquaculture.59  However today, 
with a rise in Illegal, Unreported and Unregulated (IUU) fishing as well as destruction of the marine 
ecosystem by various human activities, the need to properly manage the sea, its resources and 
ecosystem is being addressed by the international community.60 
 
In 2012, during the United Nations Conference on Sustainable Development (Rio + 20 Conference), the 
sea, its importance and challenges for coastal States, were at the heart of the discussion.61 Despite the 
fact that the main focus of the conference was about discussing the ‘Green Economy’ concept, many 
coastal States wanted to connect the seas and oceans with the ‘Green Economy’ concept in order to 
make it the ‘Blue Economy’.62 
 

                                                             
59 Food and Agriculture Organisation of the United Nations, ‘The State of the World Fisheries and Aquaculture’ (2014)  
60 The World Bank: http://www.worldbank.org/en/topic/environment/brief/oceans 
61United Nations Conference on Sustainable Development (2012): 
https://sustainabledevelopment.un.org/content/documents/2978BEconcept.pdf 
62 ibid 

http://www.worldbank.org/en/topic/environment/brief/oceans
https://sustainabledevelopment.un.org/content/documents/2978BEconcept.pdf
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Even though there are no universal working definition for the term Blue Economy, many authors have 
provided insights about what the concept entails. For Gunter Pauli, the spirit of the Blue Economy is 
about developing sustainable business models and paradigms that are inspired from how nature’s 
ecosystems operate.63  
 
In their article entitled ‘Blue Economy and Competing Discourses in International Oceans Governance’, 
Jennifer J . Silver et al stated that ‘… it is not clear whether the term blue economy will come to be 
singularly understood as the domain of a particular set of actors… or as a short-hand reference to 
particular sets of governance mechanism… or ideologies…’.64 However, the authors did recognise the 
importance of the use of seas and oceans for the economic development of countries. They also 
identified four aspects of the human-ocean relations that were discussed during the Rio +20 
Conference. These four aspects are: ocean as a natural capital, oceans as good business, oceans as 
integral to Pacific Small Island Developing States and oceans as small scale fisheries. 
 
For John Lesperance, the concept of the blue economy encompasses on the one hand, an ocean-
based economy and on the other hand, the conservation and sustainable use of ocean resources.65 
According to Lesperance, oceans do not only provide for resources but also embody values and 
services that should be encompassed in economic modelling and ocean-related decision making.66 
 
From the above analysis, it can be concluded that, despite the fact that there is no universal definition 
of the term Blue Economy, two major aspects of this concept are always highlighted by the authors. 
These aspects are: the use of the sea for the economic development of countries and the protection of 
the marine ecosystem. 
 
Whether being named Blue Economy or an ocean-based economy, many islands as well as coastal 
states are shifting their economic activities from the land to the sea. The aim behind taking such an 
initiative is to sustainably use marine resources for the economic development of the country. Adopting 
an ocean-based economy is mainly witnessed among the SIDS. Due to their small land territory, SIDS 
are limited in exploiting their land resources. Therefore, they are moving their economic focus from the 
land to the sea. However, it has to be underlined that not all SIDS use the sea in the same way in order 
to achieve economic prosperity. For example some SIDS like Naura, Trinidad and Tobago, among 
others, sustainably exploit and explores the non-living resources of the sea for economic development. 
Mauritius and Seychelles for instance, mainly use the sea as the backbone of their services sector such 
as tourism or financial services.67 
 
 
 
                                                             
63 G. Pauli (2010)  
64 J. J. Silver et al (2015) p137. 
65 J. Lesperance (2016) 
66 ibid 
67 United Nations Conference on Trade and Development, The Oceans Economy: Opportunities and Challenges for Small 
Islands Developing States (2012) 
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Part II: The socio-legal benefits of the ocean economy for Mauritius and its challenges. 
 
In 2012, in view of diversifying the economic activities of Mauritius, the government of the country 
decided to move from land based economic activities to concentrate on sea-based economic activities. 
The reasons for this economic shift can be linked to the fact that Mauritius was facing some challenges 
in its existing economic sectors. For example, with the abolition of the Sugar Protocol, Mauritius lost a 
significant market for its sugar with the European Union.68 With the 2008 financial crisis, the country 
witnessed a decrease in the number of tourist arrival in the country.69 This affected another economic 
pillar of Mauritius which is the tourism sector. In addition to these, the Mauritian financial services 
sectors, particularly the offshore sector, has been labelled by the international community as a tax 
haven. The European Union as well as the Organisation for Economic Cooperation and Development 
described Mauritius as a tax haven, thus giving a bad image of the offshore sector of Mauritius to the 
international community.70 With all these challenges, the government took the initiative to shift the focus 
of economic activities from the land to the sea. 
 
Mauritius has an exclusive economic zone of 2.3 million km2 including 396,000 km2 of jointly managed 
continental shelf with the Seychelles. The investment and development opportunities that this extensive 
EEZ present to Mauritius is both challenging and beneficial to the country. 
 
In order to make the ocean economy concept a reality in Mauritius, seven clusters have been created in 
order to sustainably explore and exploit the resources present in the EEZ. These seven clusters are: (i) 
seabed exploration for hydrocarbons and minerals, (ii) fishing, seafood processing and aquaculture, (iii)  
Deep Ocean Water Application (DOWA), (iv) marine services, (v) seaport related activities, (vi) marine 
renewable energies and (vii) ocean knowledge. In order to implement these clusters and ensure their 
effective performance, in 2015, the Ministry of Ocean Economy, Marine Resources, Fisheries and 
Shipping was created.   
 
The development of an ocean based economy can be beneficial for Mauritius on many levels. For the 
purpose of this paper, two aspects will be examined namely the societal aspect and the legal aspect. 
 
From a societal perspective, developing the ocean economy can bring an equilibrium in the 
participation of men and women in the economic activity of the country. As highlighted during the Rio + 
20 Conference, one of the aims of the Blue Economy is similar to that of the Green Economy in the 
sense that the expected outcome of the Blue Economy is to improve human wellbeing and social 
equity.71  
 
 

                                                             
68 Mauritius Chamber of Agriculture: available at http://www.mchagric.org/php/int_main.php?rub=79&langue= 
69 Statistics Mauritius: http://statsmauritius.govmu.org/English/Publications/Documents/MIF/mif09.pdf 
70 EU tax haven blacklist disputed by OECD and listed countries, available at: http://mnetax.com/9490-9490  
71 vide n15 

http://statsmauritius.govmu.org/English/Publications/Documents/MIF/mif09.pdf
http://mnetax.com/9490-9490


Journal of Indian Ocean Rim Studies, 2017 
Vol. 1, Issue 1  
ISSN 1694-3317 
 

Journal of Indian Ocean Rim Studies Page 232 
 

In Mauritius, for the past few years, initiatives have been undertaken to involve the participation of 
women in ocean-related economic activities. For instance, in 2014, the Grand Sable Women Planters 
Farmers Entrepreneurs Associations were invited to join the community-based seaweed farming project 
in order to empower women and enable them to have a source of income.72 
 
Moreover, under the ocean knowledge cluster, emphasis is laid on educating the population about the 
scientific, economic, environmental as well as legal implications involved in developing the ocean 
economy. Workshops and lectures are being organised to educate the people about the importance of 
this new sector of the Mauritian economy. 
 
Concerning the legal aspect of the ocean economy, by ratifying and codifying aspects of the United 
Nations Convention on the Law of the Sea 1982 into the Maritime Zones Act 2005, Mauritius showed to 
the international community its willingness to abide by the international standards and rules concerning 
ocean governance and took the initiative to apply them locally.  For instance, Part VI of the Maritime 
Zone Act 2005 deals with the Exclusive Economic Zone and section 15 of the Act provides for the 
rights, jurisdiction and duties of Mauritius within its EEZ.  
 
Furthermore, with regards to the regulation of activities taking place within the EEZ, section 17 of the 
Act states that it is the Prime Minister who has the authority to regulate and grant authorisation to 
persons willing to explore or recover natural resources within the EEZ. 
 
Concerning the regulation of fishing and shipping activities, the Fisheries and Marine Resources Act 
2007 and Merchant Shipping Act 2009 are the two major legislations that regulate those maritime 
activities in Mauritius. These activities fall under the aegis of the Ministry of Ocean Economy, Marine 
Resource, Fishing and Shipping. 
 
As for the regulation of the environment, a special department of the Ministry of Environment, namely 
the Integrated Coastal Zone Management Committee (ICZM) shall be responsible for the management 
of coastal zones in Mauritius as per section 50 (2) of the Environment Protection Act 2002.  
Furthermore, as per section 51 (1) of the Act, the Minister of Environment may make regulations 
providing for the management, protection and enhancement of the environment in coastal zones of 
Mauritius. 
 
Mauritius is being hailed by the international community for its successful implementation of the ocean-
economy and legal approach it has adopted to implement same.73 However, despite this positive legal 
international recognition, there are some inherent flaws that need to be addressed with regards to the 
implementation and successful realisation of an ocean-based economy in Mauritius. 
 

                                                             
72 ION News, Mauritius to harness blue economy to achieve high income status: http://ionnews.mu/mauritius-harness-blue-
economy-achieve-high-income-status/ 
73 United Nations Economic Commission for Africa, ‘Africa’s blue economy: a policy handbook’. (2016) 
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The first social challenge is the level of public consultation involved in developing some of the clusters 
of the ocean-economy. With regards to the development of aquaculture, the designation of 20 sites for 
the execution of the project has received much criticism by various environmentalists and other 
stakeholders. The main criticism was the lack of consultation between those responsible for the 
implementation of the project and the current users of the sea who are the fishermen of the region. 
Furthermore, when public notice was given in the Government Gazette that the projects was about to 
take place, the feedback concerning it was that the language used was too technical and that not 
everybody could understand the content of the notice.74 
 
Furthermore, another challenge relates to the environmental impact of the ocean-economy. According 
to the oceanographer Vassen Kauppaymootoo, the establishment of those aquaculture sites represents 
a danger to the marine ecosystem of the lagoon.75 The major consequence of setting up the 
aquaculture farms is the disturbance that it causes to the existing marine ecosystem. The introduction 
of those farms may attract sharks or even introduce alien species in the water that creates an 
imbalance or even destroys the existing ecosystem.76 
 
Another short term challenge can be linked to the lack of local knowledge and expertise to contribute to 
the development of the sector in Mauritius. Currently, the island is receiving the assistance of 
international organisations, for instance, the World Bank or the United Nations with regards to the 
realisation of an ocean-based economy.77 The lack of local expert knowledge and contribution to the 
development of this new pillar of the Mauritian economy can be a challenge as foreigners who come to 
share their knowledge, experience and skills may not understand the local customs or desires of the 
local communities when making decisions or taking actions to set up structures related to the ocean-
economy. 
 
Concerning the regulation and supervisory aspects of the ocean-economy, one comment that can be 
made is in relation to the institutional framework designed to take care of the concept. It can be noticed 
that, to some extent, there is a lack of coordination and harmonisation among the different stakeholders 
involved in the management of the ocean economy. 
 
For instance, the Ministry of Ocean Economy, Marine Resources, Fisheries and Shipping has been 
created and given the mandate to elaborate and implement the concept of an ocean-based economy 
for Mauritius. This involves conducting economic as well as research-based activities within the 
maritime zones of Mauritius, which according to section 2 (1) of the Maritime Zone Act 2005, includes 
the waters of the Exclusive Economic Zone.  
 

                                                             
74 Le Mauricien, ‘Projet d’aquaculture a travers l’ile: est-on en train de morceler nos eaux?: 
http://www.lemauricien.com/article/projets-daquaculture-travers-lile-en-train-morceler-nos-eaux 
75 Vassen Kauppaymootoo in Le Defi Quotidien, Aquaculture, les ferme aquacoles néfastes a l’écosystème: 
http://defimedia.info/aquaculture-les-fermes-aquacoles-nefastes-lecosysteme 
76 ibid 
77 African Money: http://africamoney.info/world-bank-to-help-mauritius-realize-ocean-economy-potential/ 
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However, as mentioned above, according to section 17 of the Act, it is the Prime Minister who has the 
authority to: ‘ make regulations to— 
(a) provide for the authorisation of persons to explore for natural resources in the EEZ, or to recover or 
attempt to recover any such resources, in accordance with such terms and conditions as may be 
determined by the Prime Minister; 
(b) regulate the laying of pipelines or cables in the EEZ; 
(c) provide for the authorisation and regulation of any drilling in the EEZ; and 
(d) regulate the construction, operation and use of— 
(i) artificial islands; 
(ii) installations and structures for the purposes provided for in Article 56 of UNCLOS; and 
(iii) installations and structures which may interfere with the exercise of the rights of Mauritius in its 
EEZ.’ 
 
It can be suggested therefore, that there is a form of overlapping of activities between the office of the 
Prime Minister and the Ministry of Ocean Economy concerning the regulation of activities within the 
EEZ. 
 
In addition to this, another form of overlapping that can be highlighted is between the Ministry of 
Environment, particularly the Integrated Coastal Zone Management Committee and the Ministry of 
Ocean Economy. The ICZM is responsible catering for the environmental protection of the coastal 
zones of Mauritius. However, it may be deduced that since the Ministry of Ocean Economy is 
responsible for conducting and regulating economic activities within the maritime as well as coastal 
zones of Mauritius, it should also have the mandate and responsibility to cater and ensure the 
protection and conservation of the marine environment in those zones. 
 
Despite the fact that the ocean economy represent a promising economic sector for Mauritius, during its 
implementation stage, some inconsistencies and overlapping could be highlighted. In order to provide 
some solutions to solve these inconsistencies, some recommendations will be made in this respect. 
 
Part III: Recommendations 
This part of the paper will provide for four main recommendations in order to ensure an effective and 
efficient execution of an ocean-based economy for Mauritius. The four recommendations are: (i) Further 
involvement of all stakeholders in decision-making process, (ii) Implementation of the concept of Marine 
Spatial Planning (MSP), (iii) A degree of harmonisation among the different regulators and finally (iv) 
Regional Cooperation. 
 
(i) Further involvement of all stakeholders in decision-making process 
In order to make the implementation of the ocean-based economy a success in Mauritius, it is important 
that all stakeholders, ranging from the local fishermen to the top government officials, have their voices 
heard. It is recommended that more consultative workshops be organised and even more site visits be 
done so that people from the local communities can voice out their concerns or provide for 
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recommendations to decision-makers. In this way, the concerns as well as  contributions of the 
members of the local communities will be taken into consideration during the decision-making process. 
 
In addition to this, it is recommended that any decision taken should be made available to the 
population at large, in a language that is understood by everyone. This will allow for a better sharing of 
information and provide for a level of transparency about decisions that have been taken. 
 
(ii) Implementation of the concept of Marine Spatial Planning (MSP) 
Fanny Douvere described Marine Spatial planning as ‘… a process that can influence where and when 
human activities occur in marine spaces.’78 The advantage of using MSP within the realm of an ocean-
based economy is that it allows for the organisation of human activities within the marine environment. 
When applying MSP during the implementation phase of the ocean economy, it will allow decision 
makers to have an overview of the different areas of the sea. The different areas may consists of 
regions having a dense marine ecosystem, some regions which are rich in resources and finally other 
areas with less resources. 
 
The advantage of using Marine Spatial Planning is that it will strike the right balance between economic 
activities taking place in the sea and the preservation and conservation of marine ecosystems. Under 
this concept, within areas which are rich in terms of their marine ecosystem, no human activities shall 
take place. Areas with less marine biodiversity and ecosystems shall be opted for in order to conduct 
economic activities at sea. In this way, the conflict between human economic activities at sea and the 
preservation and conservation of the marine environment will be avoided. 
 
(iii) A degree of harmonisation among the different regulators 
As we have seen, in Mauritius, three ministries are involved, directly or indirectly, in the regulation of 
activities falling with the scope of an ocean-based economy concept. It is acknowledged that the ocean 
economy concept involves various sectors and activities that have to be given special attention and 
consideration. However, with various organisations getting involved in the same project, this might be a 
source of policy incoherence and show a lack of leadership about who leads the realisation of the 
project. 
 
It is therefore recommended that a special purpose vehicle be created within the Ministry of Ocean 
Economy that will coordinate the activities within the various ministries. The rationale behind the 
creation of that special purpose vehicle will be that it will coordinate activities among the various 
regulators in order to ensure the harmonisation of rules as well as the effective implementation of 
decisions taken.  
 
Furthermore, the special purpose vehicle will shall have the responsibility to devise an effective dispute 
resolution mechanism in case of disputes among the various users of the sea. This mechanism should 
aim at resolving disputes in an efficient and timely manner.  

                                                             
78 F. Douvere (2008), p 765. 
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It is recommended that the dispute resolution mechanism to be developed be based on the format of 
the Dispute Settlement Body of the World Trade Organisation whereby a time frame is given to the 
parties as to when a decision will be given to them. 
 
(iv)  Regional Cooperation 
It is recommended that countries of the Indian Ocean as well as other coastal States share their 
experience and knowledge with each other. By increasing consultations and dialogues, this will enable 
States to engage in the development of an ocean-based economy and get an insight about the do’s 
and dont's concerning the implementation of the concept. 
 
Three arguments can be put forward to illustrate the advantages of a regional cooperation. First, 
regional cooperation will allow for a structural collaboration.79 This means that countries which opted for 
the same projects for the development of their ocean economy, can collaborate in order to share their 
knowledge and technology. For example, both South Africa and Mauritius are undertaking steps 
develop their offshore oil and gas exploitation. These two countries, as part of their regional 
cooperation, can adopt an agreement which will remove any administrative barrier in order to ease the 
movement of people as well as technology so that know-how and technical assistance can be shared 
easily among these member states. 
 
The second benefit of a regional cooperation is that it can allow for harmonization of rules with regards 
to the development of the ocean economy among member states. Areas where rules can be 
harmonized may include, inter alia, intellectual property, maritime transport and protection of the marine 
environment. For instance, Mauritius, Seychelles and South Africa have at heart the protection of the 
marine environment in developing their ocean economy. These countries can work on a common policy 
framework that will promote the protection and preservation of their marine ecosystem.  The advantage 
of having such a common policy will provide for a level of harmonization and ensure transparency and 
predictability with regards to the rules applicable in Member states. 
 
Finally, another advantage of regional cooperation can be linked to financial assistance. Member states 
among themselves can pull together their financial resources and create an institution that will act as a 
trust and which will assist financially member states facing financial difficulties in implementing their 
ocean-economy clusters. Instead of relying on international financial aid, which can be delayed due to, 
inter alia, lengthy administrative procedure or other factors, having recourse to this regional trust 
institution for financial assistance will be less time consuming and cumbersome. 
 
 
 
 
                                                             
79 V.N. Attri, ‘An emerging new development paradigm of the Blue Economy in IORA; A policy Framework 
for the Future’: 
http://iora.net/media/168644/an_emerging_new_development_paradigm_of_the_blue_economy_in_iora.
pdf 
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Conclusion 
 
The idea of developing an ocean-based economy, or blue economy as some may call it, has been 
warmly welcomed by coastal States as well as SIDS during the United Nations Conference on 
Sustainable Development in 2012. The purpose of developing this new economic pillar is to allow 
countries to shift their economic attention from the land to the sea. As has been highlighted above, the 
sea and its resources contribute to the livelihood of around 10 to 12 % of the world’s population.  
 
In Mauritius, for the past five years, steps have been taken to make the ocean-based economy a 
reality. There are various socio-legal benefits linked to the realisation of the concept. Social equity is 
being achieved through the involvement of women in the maritime sector and from a legal perspective, 
the elaboration of laws and setting up of a Ministry of Ocean Economy, contribute to ensure the 
effective realisation of the concept.  
 
However, despite those advantages, some challenges do exist with regards to the execution of the 
concept. These challenges can be listed as follow: low level of engagement from all stakeholders, 
environmental costs and lack of synergy among the various regulators are the major setbacks to the 
successful realisation of an ocean-based economy for Mauritius. 
 
It is therefore recommended that the following steps be undertaken to overcome these challenges and 
ensure a smooth realization of the ocean-economy concept for Mauritius. Firstly, there should be an 
increase in the level of engagement and communication among the various stakeholders. Moreover, in 
order to strike the right balance between economic developments at sea and the protection and 
conservation of the marine environment, Marine Spatial Planning should be undertaken as this concept 
will help in reducing the conflict between the various users of the sea. Thirdly, it is important that a 
special purpose vehicle be created that will ensure the smooth implementation of an ocean-based 
economy and act as intermediary for the various ministries linked to this concept. Finally, on a regional 
level, countries in the Indian Ocean should collaborate so that technical know-how and experience is 
shared in order to allow every member state to realise in an effective and efficient way their ocean-
economy projects. 
 
For centuries, the sea has been used as a major asset for the economic, social and cultural 
development of many countries. Today these countries are voicing out the need to have a national, 
regional as well as international framework that can help them regulate their activities. The necessary 
steps are being taken by the international community to help these countries to achieve their goal of 
sustainably using their seas. 
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SHORT ARTICLES 
Blue Economy: Blue Bonds  

Since 2014, Seychelles islands have pioneered blue economy as a model for its ocean based 
sustainable development and future prosperity. Seychelles blue economy aims to achieve economic 
diversification, creation of high value jobs, food security and sustainable use of marine and coastal 
environments for the benefit all Seychellois.  

In order to finance its blue economy Seychelles has been looking at diversifying sources of funding, in 
part because of the necessity to generate domestic funding, following graduating as a high income 
country and therefore no longer being eligible to a full suite of concession funding. Innovative financial 
instruments such as the Debt Swap for Conservation and the blue bond are such instruments. They 
aim to raise capital with new private investors interested in supporting a sustainable development 
agenda.  

Scheduled for 2017, the Seychelles Blue Bond will raise US$ 15 million, with the support of World Bank 
and the Global Environment Facility (GEF). The blue bonds proceeds, will be used to finance the 
transition to the sustainable management of its small scale artisanal fisheries, and fund activities such 
as rebuilding fish stocks, harvest control measures, post-harvest and value adding activities, scientific 
and sector support services, leading over time to a restructure of the fisheries sector and creating local 
investment opportunities (Small and Medium Enterprises (SMEs).   

The Blue Bond proceeds will be administered through the Seychelles Conservation and Climate 
Adaptation Trust (SeyCCAT) and the Development Bank of Seychelles (DBS). The disbursement of the 
blue bond proceeds complements sustainable fisheries initiatives and specifically the South West 
Indian Ocean Fisheries 3 (SWIOFISH 3) project.   

The Seychelles Blue Bond aims to create a replicable and scalable model for other countries/regions 
interested in innovative finance. The target is mainly for Small Island developing states; however, it can 
be extended to high-income countries. The Seychelles Blue Bond is more than a financial instrument; it 
is about changing the mind-sets of both the investment community and the sustainable development 
community.  
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DATA PROTECTION REGULATIONS IN MAURITIUS  

TRADE AND INVESTMENT FACILITATION 
 

In the global information economy, personal data have become the fuel driving much of current online activity. 
Every day, vast amounts of information are transmitted, stored and collected across the globe, enabled by 
massive improvements in computing and communication power. As more business models and practices move 
onto the digital platform and data becomes increasingly shared and exchanged on an international scale, its 
relationship to international trade intensifies. 

Data protection is recognized as an important field of law, policy development and regulation. It combines 
elements of human rights and consumer protection and, in many international agreements and individual 
jurisdictions; data protection is considered a fundamental right. At the same time, data protection regulation is 
also seen by many stakeholders as an enabling law, which facilitates the development of new technologies and 
innovations, and the promotion of international trade and investment. Insufficient protection can create negative 
market effects by reducing consumer confidence, and overly stringent protection can unduly restrict businesses, 
with adverse economic effects as a result.  

Mauritius’s privacy law, the Data Protection Act 2004(DPA) was enacted in 2004. The legislation is 
comprehensive and covers both public and private sectors. The Data Protection Office (DPO) is the data 
protection regulator in Mauritius. Data controllers must register with the DPO and provide particulars regarding 
information that is being or about to be processed.. Fees and annual renewal requirement also apply. DPA 
confers rights and responsibilities on data controllers which they have to comply with. The DPO processes 
requests from Organisations for authorisation of data to be transferred to other countries, subject to certain 
conditions. Upon completion of investigations on complaints giving rise to a suspicion of an offence under the 
DPA, the Data Protection Commissioner (DPC) gives decisions. In the event that a breach is committed, the 
DPC refers the matter to the Police. Any person aggrieved by a decision of the Data Protection Commissioner 
has a right of appeal within 21 days to the Information and Communication Technologies Appeal Tribunal. 
Various decisions delivered by the DPC have been upheld by the Information and Communication Technologies 
(ICT) Appeal Tribunal. Recently the appeal case regarding compulsory giving of fingerprints has been withdrawn 
at the Supreme Court thereby confirming the ICT Appeal Tribunal determination on the decision of the DPC. 
These court cases also confirm that Mauritius is a safe jurisdiction for the application of the data protection law, 
thus giving assurance to traders and investors for security of personal data. 

The Convention for the Protection of Individuals with regard to Automatic Processing of Personal Data, also 
known as ''Convention 108'' is the first and only legally binding international treaty dealing with privacy and data 
protection. Convention 108 protects individual against abuses which may accompany the collection and 
processing of personal data and seeks to regulate at the same time the trans frontier flow of personal data. Our 
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existing DPA is already compliant with the Convention. Mauritius has thus become the second non-European 
state – after Uruguay in 2013 – to ratify the Convention 108 and hence the first country in Africa. 

The ratification of Convention 108 has provided several benefits such as,  

i. recognising the mission of the Data Protection Office;  
ii. facilitating trans-border data flows amongst countries which have ratified the Convention thus 

attracting foreign investment and  
iii. receiving assistance and cooperation from the Council of Europe.  

As part of Vision 2030 Blueprint which stipulates that "data protection legislations need to be compliant with 
international best practices", the Data Protection office has adopted the position to meet this target with the 
ratification of the Convention 108. 

In Mauritius, the legal provisions under the DPA place no unreasonable burdens on businesses or disrupt cross-
border data transfers. Business Process Outsourcing (BPO) and Information Technology Enabled Service (ITES) 
are key industries, especially in developing nations, but they can only succeed if personal data can be 
transferred to the processing jurisdiction with trust and confidence that the data will be protected. There are 
various concerns about data protection and privacy - from consumers, businesses and governments. The 
Mauritian data protection and privacy law as much as possible seeks to balance these different concerns and 
interests, ideally in a way that does not unnecessarily hamper the scope for trade and investments. 

 

Data Protection Office 

14 April 2017 
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