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Coastal and marine biodiversity
and Ecos“stems Services i A1 wlarel A4 [As1-L

the overall environment and Agelni eRuisisL vt eRauLe
development context QA AL 1A HC{Q-[éldﬂ-q
L]

For Field-Level MPA Managers l
(5es-Aad-l MPA AaxRu1e l

Summary ARISL

This is the most comprehensive and time-intensive module of the course, setting the foundation L @5l dleolil eRasisl 2 cRUE Apaal B EQliq@ 4L H0ARASH AL alell s 2 e

of the issues of coastal and marine conservation in the overall development context. This module el HIsYel B, il Hisyet AectdA AR Rl @s cedis HRsAMHA Qs g1 —eRuisisl-l
facilitates participants looking into the overall development agenda via Global Sustainable Develop- Gl 2l 2)-.[[3’)@8[ 241 AciAdt AL AL AR5 RS8N AL RRURA Rt AB1RL 53 D, st
ment Goals, the concepts of sustainability, sustainable livelihoods and its interlinkages with the eco- E[%ulsiél 2 eBuUlS FARREAAL 2UEs el w4 Al @) @Sl'&llicis oA B A C{ldlCRQD:l'l 35
system services. The module takes a deeper look into the economic values, and threats to coastal 24 HUURAL ALAL 2151 el Au-L ERSIBL ) ePus FaRRUAL U281l L 2idDS A Gug
and marine biodiversity and focuses in detail on the climate change and disaster risk reduction and 114 3R 52 8. ee1olB 2 1B BlARIA 120, etLadl A1 MSCi A Yol RtE diel UgRAA
their interrelationship with the coastal and marine biodiversity conservation. To make the learn- A2 53 B — WRERAS wels Md 2 wsa 2 ol — AL SICUAS 290l Y2 A oiad] 2l

ing easy for participants, this module comprises two very interesting training methods—ecological
footprint game, and two simulation games on a fictitious countries—Bakul, and Ceebano.
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Learning outcomes

After completing this module, the participants are able to

appreciate the concept of sustainability
appreciate the role that biodiversity elements play in providing livelihoods to the coastal communities

Understand the value of ecosystems and different elements of it, and outline the economic benefits that
coastal and marine biodiversity provides to different sectors

summarise the threats that different coastal and marine habitats and species face

demonstrate the role of coastal and marine biodiversity in climate change adaptation and disaster risk reduc-
tion

critically analyse the synergies and trade-offs between climate change adaptation, disaster risk reduction,
coastal livelihoods and coastal marine biodiversity conservation.

Key messages

The eight Millennium Development Goals (MDGs) — which range from halving extreme poverty to halting the
spread of HIV/AIDS and providing universal primary education, all by the target date of 2015 — form a blue-
print agreed to by all UN member countries and all leading development institutions of the world. MDGs have
galvanised unprecedented efforts on a global scale to meet the needs of the world’s poorest.

The MDGs have been replaced by the Sustainable Development Goals from 2015. At the Rio+20 meeting,
two decades after the Earth Summit in Rio de Janeiro in 1992, it was decided to institute Sustainable Devel-
opment Goals (SDGs) from 2015. Targets for achieving these goals have been set for either 2020 or 2030.
Eradicating poverty was, once again, seen as the greatest challenge to humankind. Changing unsustainable
patterns of production and consumption and promoting sustainable ones were major priorities, and managing
the natural resource base was seen as essential to achieving such sustainable practices.

It is estimated that nearly 250 million people live within a swathe of 50 km from the coastline of India who
are dependent on the rich coastal and marine resources. Therefore, the ecological services of the marine and
coastal ecosystems of India play a vital role in India’s economic growth and the welfare of citizens.

Today, human activities are threatening the seas and coasts through overfishing, destructive fishing practices,
pollution and waste disposal, agricultural runoff, invasive alien species and habitat destruction. Global climate
change will make it worse. Sea levels are already rising and will rise further, water temperature will increase,
oceans will acidify, and there will be more storms and natural disasters of a severe nature.

Approximately 60% (15 out of 24) of the ecosystem services evaluated in the Millennium Ecosystem Assess-
ment (including 70% of regulating and cultural services) are being degraded or used unsustainably. The loss
of biodiversity in terms of habitat, species and genetic diversity is enormous.

The consequences of the biodiversity loss and resulting loss of ecosystem services has far reaching impact on
livelihoods and the overall wellbeing of human communities.

Valuing ecosystem services would provide policy-makers with a strong rationale to improve coastal and marine
ecosystem management and invest in conservation for its risk management value and economic benefits.

In order to fully leverage ecological and economic knowledge of ecosystems and services, there is a need to
generate and provide access to better data regarding ecosystem services.

According to the Intergovernmental Panel on Climate Change (IPCC), the UN body set up to assess climate
change, climate change refers to a change in the state of the climate that can be identified (e.g., by using sta-
tistical tests) by changes in the mean and/or the variability of its properties, and that persists for an extended
period, typically decades or longer. Climate change may be due to natural internal processes or external forc-
ings, such as modulations of the solar cycles, volcanic eruptions, and persistent anthropogenic changes in the
composition of the atmosphere or in land use.
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The main characteristics of climate change include rising temperatures, changes in rainfall pattern,
melting of glaciers and sea ice, sea level rise and an increased intensity and/or frequency of ex-
treme events. These changes in physical processes have impacts on biological and socio-economic
factors such as shifts in crop growing seasons, food production and food security, changes in
disease vectors, shifting boundaries of the forests and other ecosystems, and extreme events like
flooding, droughts and landslides.

Adaptation and mitigation are complementary strategies for reducing and managing the risks of
climate change. Substantial emissions reductions over the next few decades can reduce climate
risks in the 21st century and beyond, increase prospects for effective adaptation, reduce the costs
and challenges of mitigation in the longer term, and contribute to climate-resilient pathways for
sustainable development.

The goal of climate change adaptation (CCA) planning is to find local or locally adapted sustainable
solutions for robust and diversified livelihood options, especially in climate-sensitive sectors such as
agriculture, forestry and tourism.

The livelihoods of the rural poor are affected, in one way or the other, by three major factors, viz,
climate change, disruption/loss of ecosystem services and disasters.

Though the objective of both CCA and disaster risk reduction is reducing the vulnerability of the
local communities, some CCA and disaster risk interventions may negatively impact coastal and
marine biodiversity and habitats and consequently leave people even more vulnerable than before
to the impacts of natural disasters and vice versa.

Many marine and coastal ecosystems no longer deliver the full suite of ecosystem services that
humans have come to rely upon due to the existence of trade-offs between the activities of differ-
ent sectors. Trade-offs can be minimized if the primary goal of all the activities in the marine and
coastal ecosystems is maintaining a sustainable flow of ecosystem services.
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2.1 QOverall Development

2.1.1

Context

Millennium development goals:

At the turn of the millennium eight development goals
were set before the world taking 1990 as the base
year. Called the Millenium Development Goals, these
were established at the Millennium Summit of the
United Nations in 2000, following the adoption of the
United Nations Millennium Declaration.
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2.1.2

The eight MDGs — which range from halving extreme poverty to halting the spread of HIV/AIDS and

providing universal primary education, all by the target date of 2015 — form a blueprint agreed to by all
UN member countries and all the leading development institutions of the world. MDGs have galvanised
unprecedented efforts on a global scale to meet the needs of the world’s poorest. The eight MDGs are:

1. Eradicate extreme poverty and hunger

Achieve universal primary education

Promote gender equality and empower women

Reduce child mortality by two thirds for children under five (between 1990 and 2015)
Improve maternal health

Combat HIV and AIDS, malaria and other diseases

Ensure environmental sustainability

© N o o B~ W N

Develop a global partnership for development

What are the Sustainable Development Goals?

The sustainable development goals (SDGs) are a new, universal set of goals, targets and indicators that
UN member states will be expected to use to frame their agendas and political policies over the next
15 years. The SDGs follow, and expand on, the Millenium Development Goals (MDGs), which were
agreed on by governments in 2000 and are due to expire at the end of this year.

Why do we need another set of goals?

There is broad agreement that while the MDGs provided a focal point for governments on which to
hinge their policies and overseas aid programmes to end poverty and improve the lives of poor people
—as well as provide a rallying point for NGOs to hold them to account — they have been criticised for
being too narrow.

The eight MDGs — reduce poverty and hunger; achieve universal education; promote gender equal-
ity; reduce child and maternal deaths; combat HIV, malaria and other diseases; ensure environmental
sustainability; develop global partnerships — failed to consider the root causes of poverty, or gender
inequality, or the holistic nature of development. The goals made no mention of human rights, nor
specifically addressed economic development. While the MDGs, in theory, applied to all countries, in
reality, they were considered targets for poor countries to achieve, with finance from wealthy states.
Every country will be expected to work towards achieving the SDGs.

As the MDG deadline approaches, around 1 billion people still live on less then $1.25 a day - the
World Bank measure on poverty - and more than 800 million people do not have enough food to eat.
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SDGs relevant to coastal and marine biodiversity

Goal 12: Ensure sustainable production and consumption.
Target 12.4: By 2020, achieve environmentally sound management of chemicals and all wastes

throughout their life cycle and signifi cantly reduce their release to air, water and soil to minimize their adverse
impacts on human health and the environment. Marine pollution occurs when harmful impacts arise from

the entry into the ocean of chemicals; particles; or industrial, agricultural and residential waste or the spread
of invasive organisms. Most marine pollution originates from the land. It often comes from farm runoff, which
contains fertilizers and pesticides. The ocean can also be contaminated by excessive inputs of nutrients such
as untreated sewage and other biological waste. This is a primary cause of eutrophication of surface waters, in
which excess nutrients, usually nitrogen or phosphorus, stimulate the growth of algae.

Goal 13: Take urgent action to combat climate change and minimize its impacts.

At the UN climate change conference in Copenhagen in 2009, political leaders agreed to limit the tempera-
ture rise to 2°C to contain the catastrophic impacts of climate change. Failure to do so could, among other
consequences, raise sea levels by up to 1 m, fl ooding low-lying coastal areas, including mega cities such as
New York and Mumbai, which are located in such areas.

Target 13.1: Strengthen resilience and adaptive capacity to climate-related hazards and natural disasters in all
countries.

Goal 14: Conserve and sustainably use the oceans, seas and marine resources for sustainable develop-
ment.

Target 14.1: By 2025, reduce marine pollution of all kinds, particularly from land-based activities.
Target 14.2: By 2020, manage and protect marine and coastal ecosystems, including by
strengthening their resilience.

Target 14.3: Address the impacts of ocean acidifi cation.

Target14.4: By 2020, regulate fi shing, end overfi shing, illegal fi shing and destructive fi shing
practices and implement management plans to restore fi sh stocks.

Target 14.5: By 2020, conserve at least 10 per cent of coastal and marine areas.

Target 14.6: By 2020, prohibit certain forms of fi sheries subsidies.

Target 14.7: By 2030, increase the economic benefi ts to least developed countries from the sustainable use
of marine resources, including through management of fi sheries, aquaculture and tourism.

Target 14.a: Increase scientifi ¢ knowledge, develop research capacities and transfer marine technology to
improve ocean health and enhance the contribution of marine biodiversity to the development of developing
countries.

Target 14.b: Provide access to marine resources and markets to small-scale artisanal fi shers.
Target 14.c: Ensure the full implementation of international laws.

See more at https://sustainabledevelopment.un.org/sdgsproposal.html.
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1. End poverty in all its forms everywhere
End hunger, achieve food security and improved nutrition, and promote sustainable agriculture

Ensure healthy lives and promote wellbeing for all at all ages

> won

Ensure inclusive and equitable quality education and promote lifelong learning opportunities
for all

Achieve gender equality and empower all women and girls
Ensure availability and sustainable management of water and sanitation for all

Ensure access to affordable, reliable, sustainable and modern energy for all

© N o o

Promote sustained, inclusive and sustainable economic growth, full and productive
employment, and decent work for all

9. Build resilient infrastructure, promote inclusive and sustainable industrialisation, and foster
innovation

10. Reduce inequality within and among countries
11. Make cities and human settlements inclusive, safe, resilient and sustainable
12. Ensure sustainable consumption and production patterns

13. Take urgent action to combat climate change and its impacts (taking note of agreements
made bythe UNFCCC forum)

14. Conserve and sustainably use the oceans, seas and marine resources for sustainable devel-
opment

15. Protect, restore and promote sustainable use of terrestrial ecosystems, sustainably manage
forests, combat desertifi cation and halt and reverse land degradation, and halt biodiversity
loss

16. Promote peaceful and inclusive societies for sustainable development, provide access to
justice for all and build effective, accountable and inclusive institutions at all levels

17. Strengthen the means of implementation and revitalise the global partnership for sustainable
development

Establishing post-2015 goals was an outcome of the Rio+20 summit in 2012, which mandated
the creation of an open working group to come up with a draft set.

The open working group, with representatives from 70 countries, had its first meeting in March
2013 and published its final draft, with its 17 suggestions, in July 2014. The draft was presented
to the UN general assembly in September.

Alongside the open working group, the UN conducted a series of “global conversations”, which
included 11 thematic and 83 national consultations, and door-to-door surveys. It also launched
an online My World survey asking people to prioritise the areas they'd like to see addressed in the
goals. The results of the consultations should have fed into the working group’s discussions.
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2.2 Interlinkages

2.2.1

between ecosystem
services and
livelihood security
and overall well-
being of the human
population

What is sustainable livelihood?

A livelihood is a means of making a living, and com-
prises the necessary capabilities, assets (stores, re-
sources, claims and access) and activities required for
a means of living (Chambers and Conway, 1991).

Over 500 million people in developing countries
depend, directly or indirectly, on fisheries and aqua-
culture for their livelihood. There are approximately

15 million fish-workers employed aboard decked and
undecked fishing vessels in the marine capture fisher-
ies sector.

A livelihood is sustainable and secure when:

e it can cope with and recover from stress and
shocks,

e maintain or enhance its capabilities and assets,
and

e provide sustainable livelihood opportunities for the
next generation.
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It contributes net benefits to other livelihoods at the local and global levels and in the short and long

term.

A livelihood is environmentally sustainable when the natural resources and ecosystem services are be-

ing utilized for livelihood activities at a rate and in a manner that do not pose any threats to the natural

ecosystems and the ecosystem services.

The livelihood is socially sustainable,
when it is able to cope with stress
(declining resources, climate vari-
ability) and shocks (natural disasters),
and retain its ability to continue and
improve, or in other terms, when it

is less vulnerable to the stresses and
shocks.

Both aspects of livelihood sustainabil-
ity — social and environmental — are
fundamentally affected by the type,
amount and sustainability of the eco-
system services. The consequences
of biodiversity loss and ecosystem
disruption, therefore, are often
harshest for the rural poor, who are
highly dependent on local ecosystem
services for their livelihood and who
are often the least able to access or
afford substitutes when these become
degraded. These impacts are highest
in mountain and coastal communi-
ties; these ecosystems are also one
of the most vulnerable as far as the
negative impacts of climate change

are concerned. In fact, the Millennium

Marine fish and invertebrates are among

the last sources of wild food on the planet,
providing over 2.6 hillion people with at least
20% of their average per capita protein
intake. Moreover, the world’s oceans host 32
of the 34 known phyla on Earth and contain
somewhere hetween 500,000 and 10 million
marine species. Species diversity is known to
be as high as 1,000 per square metre in the
Indo-Pacific Ocean, and new oceanic species
are continuously being discovered, particularly
in the deep sea. It is therefore not surprising
that the genetic resources in the oceans and
coasts are of actual and potential interest for
commercial uses.

Coastal livelihoods activities in India:
Fisheries, aquaculture, honey collection
(Sundarbans), Mangrove resptimber products
related livelihoods

See more at: http:// www.mangrovesforthefuture.org/
countries/members/india/#sthash. ADBzs6Q7.dpuf

Ecosystem Assessment has confirmed that biodiversity loss poses a significant barrier to meeting the
needs of the world’s poorest, as set out in the United Nations Millennium Development Goals
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2.2.2 Importance of the Ocean as a Life-Support System for Human Societies (I0C/UN-
ESCO, 2011)

Importance / Issues

Communities

Territories & Settlements  More than 40% of the world’s population (more than 2.8 billion people) live
within 100 kilometres of the coast. Rapid urbanisation will lead to more coastal
mega-cities containing 10 million or more people. Thirteen of the world’s 20
megacities lie along coasts and nearly 700 million people live in low lying coastal
areas less than ten metres above sea level.

In Asia, the coastal mega-cities of Chennai (2005: population 6.9 million), Dhaka
(12.4 million), Karachi (11.6 million), Calcutta (14.3 million) and Mumbai (18.2
million) are located only a few metres above sea level. One quarter of Africa’s
population is located in resource-rich coastal zones and a high proportion of gross
domestic product (GDP) is exposed to climate influenced coastal risks.

In West Africa, the 500 kilometres of coastline between Accra (Ghana) and the
Niger delta (Nigeria) is expected to become a continuous urban megalopolis of
more than 50 million inhabitants by 2020. In North Africa, the Nile Delta is

one of the most densely populated areas of the world and is highly vulnerable to
sea-level rise. It is estimated that by 2050, adverse effects associated with global
climate change will result in the displacement of between 50 and 200 million
people globally.

Small Island Developing SIDS are among the most vulnerable nations to changing climate and ocean and
States (SIDS) coastal degradation. Activities within the ocean and coastal sector in SIDS are
important sources of income and foreign exchange.

For example, in the Seychelles, coastal tourism contributes 46 to 50% of GDP,
70% of foreign income and employs 20% of the population. In Cape Verde, tour-
ism is the most important economic resource. In Pacific SIDS, fishing can provide
between 30 and 80% of exports and GDP — an advantage of the very large Exclu-
sive Economic Zones (EEZs) and the economic values they are able to capture;
e.g. transboundary and highly migratory fisheries such as the tuna fishery.

In the Caribbean and Pacific islands, more than 50% of the population lives
within 1.5 kilometres of the coast. Almost without exception, international air-
ports, roads and capital cities in the small islands of the Indian and Pacific Ocean
and the Caribbean are sited along the coast, or on tiny coral islands. The tsunami
of December 2004 in the Indian Ocean caused massive loss of life, severe dam-
ages to the physical infrastructure of many small islands estimated at USD 470
million, amounting to 62% of the GDP in the Maldives.

Economic Activities (main 4 sectors)

Fisheries In 2009, capture fisheries and aquaculture production was approximately 145

& Aquaculture million tonnes, of which marine capture production was 78.6 million tonnes.
Almost 81%, or 118 million tonnes, of world fish production was destined for hu-
man consumption and provided about 4.2 billion people with more than 15% of
their average per capita intake of animal protein.

Fish used for human consumption grew by more than 90 million tonnes in the
period 1960-2009 (from 27 to 118 million tonnes). The share of fishery and
aquaculture production entering international trade increased from 25% in 1976
to about 39% in 2009. In 2008 the value of world exports reached a record value
of USD 102 billion, declining by 6% in 2009. Aquaculture now provides 47% of
global fish used for human consumption and has been the fastest growing food
sector for many years.

Employment in fisheries and aquaculture has grown substantially in the last three
decades, with an average rate of increase of 3.6% per year since 1980. In 2008,
44.9 million people were employed in capture fisheries or in aquaculture, at
least 12% of whom were women. For each person employed in capture fisheries
and aquaculture production, approximately three jobs are produced in secondary
activities, with an estimated total of more than 180 million jobs in the entire fish
industry. Employment in the fisheries and aquaculture sectors has grown faster
than the world’s population and faster than employment in traditional agriculture.
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Importance / Issues

Tourism

Ports & Infrastructure/
Maritime Transport

Communities

While the growth of tourism has been accompanied by significant challenges —
for instance, in terms ofGreenhouse Gas (GHG) emissions, water consumption,
discharge of untreated water, waste generation, damage to local terrestrial and
marine biodiversity, and threats to the survival of local cultures and traditions —
tourists are driving the greening of the sector, as seen by the recent 20% annual
growth rate enjoyed by ecotourism; about six times the industry- wide rate of
growth.

Travel and tourism are human-resource intensive, employing 230 million people or
8% of the population of developing countries, and it is estimated that one job in
the core tourism industry creates about one and a half additional or indirect jobs
in the tourism-related economy. In the Seychelles, coastal tourism contributes
46 to 50% of GDP, 70% of foreign income and employs 20% of the population.
In Cape Verde, tourism is the most important economic resource. The downside
of tourism which many coastal nations are pursuing as the ‘engine of growth’
includes capital intensive infrastructure, inadequate services for waste disposal
and inadequate enforcement of environmental or coastal regulations on construc-
tion and waste minimisation, placing serious pressures on the near shore marine
ecosystem. Tourism has also frequently been found to displace local people from
their livelihoods while others benefit from the new activity. This reinforces the
need for sound planning, regulation and enforcement.

Ports and associated infrastructure provide significant employment and economic
benefits to local areas, and also act as the hub for the majority of incoming and
outgoing ocean commerce. International shipping transports more than 90% of
global trade and is therefore a crucial underpinning of sustainable development.
Both developing and developed countries benefit from seaborne trade. The nature
of shipping is such that developing countries can and do become major partici-
pants in the industry itself generating income and creating wealth by so doing.
Short-sea-shipping, which encompass the movement of cargo and passengers
mainly by sea, without directly crossing an ocean, could play a vital role in devel-
oping countries’ future transport systems by creating low carbon supply chains
and Green Economy jobs. The development of short-sea-shipping can help to
reduce the growth of road transport, establish a balance between modes of trans-
port, bypass bottlenecks and contribute to green transports as well as improved
safety and have general positive effects on human health and local ecosystems.

Measures adopted by IMO, or under development, have put shipping companies
and the industry in general under increasing scrutiny and have increased expecta-
tions regarding reduction of ships’ emissions, including GHGs, prevention of the
spread of invasive species through ballast water and hulls, and decreased pollu-
tion from ships. While the contribution of shipping to GHG emissions is only 2.7%
at present, rapid growth of the global economy including exports means this pro-
portion is increasing relative to many other sources. In July 2011, IMO formally
adopted treaty obligations to reduce GHG emissions from international shipping.
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Importance / Issues

Energy

Provisioning Services

Regulating services

Cultural services
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Communities

In 2009, offshore fields accounted for 32% of worldwide crude oil production.

It should rise to 34% in 2025 (that is, 23 million barrels per day) 4 and over
4,000 wells drilled in the Gulf of Mexico at all depths. New technologies will al-
low greater exploitation of oil and gas at increasing depths in the future. Oil spills
from oil tankers operating at sea world-wide account for only 7.7% of oil entering
the marine environment.

Marine energy technologies which exploit the energy of the tides, waves and cur-
rents of the sea, as well as temperature and salinity gradients, for the generation
of electricity is an emerging source of renewable energy that in principle, exists in
all the world’s regions. It is however exploitable in practice only at sites that are
close to demand centres and where, at the same time, damage to local ecosys-
tems can be contained.

As a result, marine technologies are the least developed of the renewable energy
technologies and would require much further research and public investment to
become cost-efficient and scalable.

Offshore wind on the other hand will be a major influence on future renewable
energy development. As of October 2010, 3.16 gigawatts of offshore wind power
capacity was operational, mainly in Northern Europe. More than 16 gigawatts

of additional capacity will be installed before the end of 2014 and the UK and
Germany will become the two leading markets. Offshore wind power capacity is
expected to reach a total of 75 gigawatts worldwide by 2020, with significant
contributions from China and the US. The ever increasing demand for marine
space to accommodate energy as well as other uses will require the establishment
of planning and zoning processes such as marine spatial planning within nations’
EEZ.

Ecosystem Service

In addition to producing half of the oxygen in the earth’s atmosphere, marine
phytoplanktons produce the organic matter that determines the carrying capac-
ity of the ecosystem which sustains the food web up to fish and marine mam-
mals, and ultimately human consumption. Biodiversity and habitat protection
and restoration are of fundamental importance to maintaining resilience of ocean
ecosystems.

57% of atmospheric carbon captured by living organisms is captured by marine
organisms, and of this between 50 and 71% is captured by the ocean’s vegetated
habitats including mangroves, salt marshes, sea grasses and seaweed, so-called
blue forests, which cover less than 0.5% of the seabed. Currently the ocean
absorbs more than 26% of the carbon dioxide emitted to the atmosphere from hu-
man activities, resulting in increased acidity of the ocean. Oceans play a key role
in atmospheric and climate regulation, while coastal areas provide flood protec-
tion, and erosion control for low lying communities, and act as a sink for waste
and nutrient disposal. With climate change, a warmer ocean would tend to evapo-
rate more water vapour into the air and to warm the atmosphere, increasing air
temperature gradients and, consequently winds. In turn, winds push horizontally
against the sea surface and, in combination with the Coriolis effect due to the
earth’s rotation, drive ocean surface current and upwelling patterns. In parallel,
differences in the density of surface waters (driven by the balance between pre-
cipitation, run-off, and evaporation), drive the vertical or ‘thermohaline’ circula-
tion of the deeper oceans. Through this ocean circulatory system, the oceans and
atmosphere distribute heat and regulate global climate. Sustained observations of
ocean climate change and variability will provide insight into the future climate
factors underpinning local sustainable development all over the globe, including
far from the coast.

Coastal areas and marine resources are of substantial cultural and historic signifi-
cance to the communities that inhabit and use them. In developing countries and
SIDS, they sometimes provide not only the main sources of food, including protein
and important nutrients from fish, but have been providing settlement areas for
millennia for many communities in developing countries and SIDS. The aesthetic
benefit of coastal areas and marine resources provides corresponding tourism ben-
efit in many cases, and although difficult to value in economic terms, is the basis
upon which some tourism is founded.
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2.2.3 Human well-being, ecosystem services and livelihood sustainability

The Millennium Ecosystems Assessment uses the concept of well-being, which is far more inclusive
than livelihood (See Figure).

The consequences of the biodiversity loss and resulting loss of ecosystem services has far reaching
impact on livelihoods and overall wellbeing of human communities. Human well-being has multiple
constituents, including basic material for a good life, freedom and choice, health, good social relations,
and security. Well-being is at the opposite end of a continuum from poverty, which has been defined as
a “pronounced deprivation in well-being.” The constituents of well-being, as experienced and perceived
by people, are situation-dependent, reflecting local geography, culture, and ecological circumstances.

Fig: Ecosystem Services and Human Well-being

Surrounded by the Indian Ocean, the Arabian Sea and the Bay of Bengal, India has over 7500 km of coast-
line, which spans 13 maritime mainland states and union territories (UTs). India has a variety of coastal
and marine ecosystems that are storehouses of biodiversity. From an economic perspective, these coastal
and marine ecosystems are of great importance in that they provide a wide range of ecosystem goods and
services. Approximately 20 per cent of India’s population lives in coastal areas, with a large proportion
based in coastal urban centres such as Mumbai, Chennai and Kolkata. For those who live along the coastal
belts, the fi sheries sector is vital, providing employment to over 6 million people, and accounts for 1.07 per
cent of India’s total GDP.

See more at http://www.mangrovesforthefuture.org/countries/members/india/#sthash.ADBzs6Q7.dpuf.
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Approximately 60 per cent (15 out of 24) of the ecosystem services evaluated in the Millennium
Ecosystem As- sessment (including 70 per cent of regulating and cultural services) are being de-
graded or used unsustainably. Loss of biodiversity, in terms of habitat, species and genetic diversity, is
enormous.

The ecosystem services that have been degraded over the past 50 years include capture fisheries,
water supply, waste treatment and detoxification, water purification, natural hazard protection, regula-
tion of air quality, regula- tion of regional and local climate, regulation of soil erosion, spiritual
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Fresh drinking water is increasingly derived from marine waters in many parts of the world. The Arabian
Gulf has about half of the world’s desalination capacity, with a combined seawater desalination volume ex-
ceeding 11 million m3/day. Some countries are especially dependent on desalination, e.g. 90% of Kuwait's
potable water comes from the sea. As desalination technology becomes more affordable and available to
developing nations and SIDS, we expect to see its adoption increased around the world, thereby decreasing
fresh water shortages and increasing the need to ensure marine waters are clean. At the same time, saline
residues from desalination can have local negative impacts on marine ecosystems so proper management
regimes need to be put in place to minimise these effects. Desalination also tends to be very energy inten-
sive underscoring the need for nations that depend on desalination to also aggressively pursue low carbon
energy strategies.

Source: IOC/UNESCO, IMO, FAO, UNDP. (2011). A Blueprint for Ocean and Coastal Sustainability. Paris: IOC/UNESCO
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fulfilment, and aesthetic enjoyment. The use of two ecosystem services — capture and fresh water

fisheries — is now well beyond levels that can be sustained even at current demands, much less future
ones. At least one quarter of important commercial fish stocks are overharvested (high certainty). The
quantity of fish caught by humans increased until the 1980s but is now declining because of the short-
age of stocks.

According to UNEP reports, FROM 5 per cent to possibly 25 per cent of global freshwater use exceeds
long-term accessible supplies. It is now met either through engineered water transfers or overdraft

of groundwater supplies (low to medium certainty). Some 15-35 per cent of irrigation withdrawals
exceeds supply rates and are therefore unsustainable (low to medium certainty).

Of the 24 ecosystem services, only 4 have been enhanced in the past 50 years, three of which involve
food production — crops, livestock, and aquaculture. Terrestrial ecosystems were on average a net
source of CO2 emissions during the 19th and early 20th centuries due to widespread deforestation,
but became a net sink around the middle of the last century due to reforestation efforts. Thus, in the
last 50 years, the role of ecosystems in regulating global climate through carbon sequestration has also
been enhanced.:
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Valuing the ocean:

The Boston Consulting Group in collaboration with the Global Change Institute and WWF recently estimated
that the ocean generates economic benefits worth at least US$2.5 trillion per year.

The total value of the ocean’s underpinning assets is at least US$24 trillion (Hoegh-Guldberg et al., 2015).
Underpinning the value estimates are direct outputs (e.g. fishing), services enabled (e.g. tourism, educa-
tion), trade and transportation (coastal and oceanic shipping) and adjacent benefits (e.g. carbon sequestra-
tion, biotechnology)(BCG, 2015). More than two-thirds of this value relies on healthy ocean conditions.

However, the values highlighted are considered to be vast underestimates. The study did not attempt to
assess the value of less well understood ecosystems such as seamounts and deep-sea habitats. Moreover,
the study did not consider the role the ocean plays in atmospheric regulation, carbon storage and planetary
temperature control — nor its incalculable spiritual and cultural values. The ocean is, of course, infinitely
valuable: without it, life on Earth simply could not exist. It also has an intrinsic value, irrespective of human
perceptions. Valuation tools are not about putting a price tag on our ocean assets so they can be commod-
itized, but about enabling decision-makers to make smarter choices so present and future generations can
continue to enjoy the benefits of a healthy ocean.

See more at http://www.mangrovesforthefuture.org/countries/members/india/#sthash.ADBzs6Q7.dpuf.
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Given the kind ongoing trend of exploitation of marine resources, WWF came up with One Planet Perspective that
provides a framework for making better choices for the marine environment.
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2.3 What is sustainable
development?

Defined in many ways, the most frequently quoted
definition is from Our Common Future, also known as
the Brundtland Report.

“Sustainable development is development
that meets the needs of the present
without compromising the ability of future
generations to meet their own needs”

It contains within it two key concepts:

e the concept of needs, in particular the essential
needs of the world’s poor, to which overriding
priority should be given; and

e the idea of limitations imposed by the state of

technology and social organisation on the environ-

ment’s ability to meet present and future needs.”
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e 1.1 billion people surviving on less than $1 per day of income; 70% in rural areas where they are highly de-
pendent on ecosystem services

e |nequality has increased over the past decade. During the 1990s, 21 countries experienced a decline in their
rankings in the Human Development Index

Access to Ecosystem Services

e An estimated 852 million people were undernourished in 2000-02, up 37 million from the period 1997-99
Per capita food production has declined in sub-Saharan Africa

e Some 1.1 billion people still lack access to improved water supply, and more than 2.6 billion lack access to
improved sanitation

e Water scarcity affects roughly 1-2 billion people worldwide

In the next section, we will explore the concept of current and future needs and its link with the pos-
sible availability of resources for future generations via the concept of Ecological Footprint

2.3.1 Ecological Footprint
2.3.1.1 What is ecological footprint?

The simplest way to define ecological footprint would be to call it the impact of human activities
measured in terms of the area of

biologically productive land and water

required to produce the goods con-

sumed and to as- similate the wastes

generated. (wwf.panda.org)

The concept of ecological footprint
was originated by Dr. Bill Rees

1. Which things are included in
your Ecological Footprint To
produce Your Food:

e Croplands and orchards
e Forests

e Pastures and rangelands

2. Your energy requirements:
e Fuel for your vehicles

e Cooking food

3. Your housing requirements:
e Bricks, Cement, Land

e  Electricity, water
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4. Fertilisers and pesticides 4. WldR ¥ ‘x'g-uels]

e Land required for production plant o Gauled HI2 %33 ¥l

5. Drugs and medicines 5. gclil A R_ARURN

e Production plant o GBaled wle

e Raw material . SL{JLH[E[%%{Gt

6. Packaging and refrigerating the food 6. ulRs Us s2a) 1 £l 5

o U5ROLHRRua
e Packing and refrigeration plant o U334 glBau el

e Packaging material

7. Waste you generate 7. di Gud S¥A SAR

e Paper o W
e Plastic o WiRes
e (Glass e S
e Biological waste e s sAA
2.3.1.2 Can you calculate how big your ecological footprint is? 2.3.1.2 dH> WRRAAs uieRe seg HIg & Al dA araldsl 41 21s) 917

We can measure most of the resources we consume and many of the wastes we generate These mea-

UL quRLL SRcll Bl Al Al 4t Bl sUAAL HUR(L 53] 4L HIUESIA 193U &L ¥ 212Ul AHg
surements can be converted to corresponding areas of productive land or sea.

(QRARIA BeulesHl 3UidRd 53 alsiu 8.

2.3.1.3 Why would we want to know how big our footprint is? 2.3.1.3 WRRAQS UeREA 3eq HIE & A 23| 28l 212 Hlcl M2 lA?

e To facilitate system analysis and to understand the availably and types of ecosystem services

o ReH [QeAnel Al Hie A HiAd] gLl dauRldl GUEse WRRALAS dotl AciRA] AL USIR AHesdl
being used by human beings

HI2 MG A weLall %3 uS &

e To understand the relationship of organisms with the ecosystem elements o RapAd decl A AW A0iEL AH¥AL HI2

e To have a realistic estimate of the Human demand Vs Ecological supply o URRAMS Y5l @ Hid 1oLl dARdRs el sladl

Example 1: A cooked meal of fish and rice would require bioproductive land for the rice, a biopro-
ductive sea or river for the fish, and forested ‘energy’ land to re-absorb the carbon emitted during the
processing and cooking.
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HRRUA auRd 8.

Example 2: Driving a car requires built land for roads, parking, and so on, as well as a large amount
of forested ‘energy’ land to re-absorb the carbon emissions from petrol use. In addition, energy and
materials are used for construction and maintenance.
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Figure: Ecological footprint, from 1960 to 2050 2U5[: URRARS ueRs, 1960 ol 2050 H2
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2.3.1.4 How do countries compare on ecological footprint? 23.1.4 22l 569 UWRRARS weRsl detll sd 2

http://www.footprintnetwork.org/en/index.php/GFN/page/the_ecological_footprint_how_countries_com-
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Figure: Ecological creditors and debtors
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2.3.1.5 How can we reduce our ecological footprint?

I

Reduce the use Buy organic Use less
of fossil fuel food packaging

7A

Buy fresh Eat less meat Eat food grown
instead of locally, rather
processed food than transported

http://www.footprintnetwork.org/en/index. php/GFN/page/personal_footprint/

Water Footprint

e http://Iwww.waterfootprint.org/Reports/Hoekstra2008-Ecological-versus-WaterFootprint.

pdf

http://fenvironment.nationalgeographic.com/environment/freshwater/change-the-course/

water-footprint-calculator/

http://www.watercalculator.org/

Carbon Footprint

e http://www.carbonfootprint.com/calculator.aspx
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http://www.watercalculator.org/
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2.4 Economic activities

2.4.1

on the coast

Industries

With the presence of ports, and with access to refiner-
ies and fuel linkages, industrial clusters have devel-
oped along the coast.

Traditionally there have also been industrial complexes
related to export-oriented industries along the coast.
However, with the promulgation of the Special Eco-
nomic Zones Act (SEZA-2005) there is a focus on the
creation of such zones on the coast.

In the Union Budget for 2014-2015, the Union
Government committed itself to the development of
a coastal industrial corridor between Chennai and
Vishakhapatnam.
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2.4.2 Shipbuilding and ship-breaking

If ships are needed to sail the seas, they need to be built and also dismantled when they have com-
pleted their years of sailing. The Indian coast has centres for shipbuilding and ship-breaking.

The four major centres of shipbuilding are in Kochi, Kolkata, Mumbai and Vishakhapatnam.

According to the Strategic Plan document of the Ministry of Shipping, the Union Government’s ef-
forts to strengthen shipbuilding will include measures such as the introduction of a new shipbuilding
subsidy scheme, grant of infrastructure status to shipbuilding, capital subsidy for adopting world class
technologies, purchase preference for vessels from Indian shipyards, formulation of a policy to pro-
mote shipbuilding, repair and ancillary unit clusters, and promote the building of ‘green ships’.

The most important ship-breaking centre is at Alang in Gujarat. Valinokkam in Tamil Nadu used to be a
ship- breaking centre, but not anymore as the activities have been stopped for environmental reasons.

2.4.3 Salt mining

Salt mining is among the oldest industrial activity on the coast. According to the statistics published
by the office of the Salt Commissioner, India is the third largest salt producer in the world, after China
and the USA. The average annual production of salt in India is 21.58 million tonnes; the highest ever
production of 24 million tonnes was recorded during 2009-10 followed by 22.1 million tonnes during
2012-13.

Gujarat, Tamil Nadu and Rajasthan are surplus salt producing states accounting for about 96 per cent
of the country’s production. Gujarat contributes 76.7% to the total production, followed by Tamil Nadu
(11.16 %) and Rajasthan (9.86%). The rest 2.28% production comes from Andhra Pradesh, Maha-
rashtra, Odisha, Karnataka, West Bengal, Goa, Himachal Pradesh, Diu and Daman. On an average
62% of the total production is from large salt producers followed by small scale producers (28%) and
the rest by medium scale producers.

Though salt can be produced from sea brine, lake brine, sub-soil brine and rock salt deposits, the
important source remains sea water evaporation in the coasts. Marine salt works are along the coast of
Guijarat (Jamnagar, Mithapur, Jhakhar, Chira, Bhavnagar, Rajula, Dahej, Gandhidham, Kandla, Maliya,
Lavanpur), Tamil Nadu, (Tuticorin, Vedaranyam, Covelong), Andhra Pradesh (Chinnaganjam, Iskapalli,
Krishnapatnam, Kakinada and Naupada), Maharashtra (Bhandup, Bhayandar, Palghar), Odisha
(Ganjam, Sumadi) and West Bengal (Contai).

The average annual supplies of salt for human consumption is about 5.9 million tonnes and that for
industrial consumption is about 10.7 million tonnes. India exports surplus production of salt to the
tune of about 3.5 million tonnes on an average per year. During the year 2011-12, a record export of
3.8 million tonnes was achieved primarily due to a surge in demand from China. Other major countries
importing salt from India include Japan, Bangladesh, Indonesia, South Korea, North Korea, Malaysia,
UAE, Vietnam and Qatar.

2.4.4 Urban development

Ports led to trade, which in turn led to the creation of urban centres. Chennai, Kolkata and Mumbai
are three major metropolitan coastal centres that have developed over centuries. These centres in turn
have been a hub for manufacturing and commerce and have led to the establishment of other urban
centres along the coast.
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AL HR AR e4[AsL (il 8.




The trend is continuing. The state of Andhra Pradesh was bifurcated into Telangana and Andhra UL ACRL ALY ¥ @] B, gl U2 AAAL 2014 i AcIRI A igl UE Hi R SRAB 21 &,

Pradesh in 2014. While Telangana decided to keep the city of Hyderabad as its capital, Andhra Acidlau Al sl ddl3 Bealeite 2Bl eval Qe cllel B, el g Ut eRUBAR Qaaist, %2R,
Pradesh has decided to create a new urban agglomeration around Vijayawada, Guntur, Tenali and Aettell 243 oL Al 2139 e ottt 12 Aek clled
Mangalagiri, all along the coast.
: 2. 4.5 g3
2. 4. 5 Tourism
HEJ 1990 M, 50 AIARZIA U A0 315 AU W RAE 2Ll el cled. dng 2@
In the mid-1990s, Kerala decided to promote itself as an international tourism destination. The cam- “optat-l Wil 2eell g 212 A BASELL E14SL BiER 01 A Rl Avs 20 a2 1AL 220 243
paign with the catch-phrase ‘God’s own country’ began and within half a decade Kerala was included 32011 ERUBARL AN At AaRH] Uells A1), AicRRALA Ui 20 ol 9 B
among the best destinations across the world. The beaches of Kerala, along with the contiguous back- )
waters that flow into the sea, became international tourism destination. 5 AL AR AL 3ELLUA oi4cll UBEL NAURA ¢flA YU HIS AHARIERL SR2ARUA ddlS lRit 53, 2
GURIct A ERULE AR WA &L ofld Ul A5 Aleuizt vl 8ldl di A HieHBL @U[As E2(l uaR{lA
Decades before Kerala became an international destination, Goa reigned as an international destina- Bell. A A0 B £RAUS Ui A McRilE AU12] Az AL, 301, HaRRY, diRelg, B2, UEH cidua
tion for beach tourism. The other coastal states too have a significant number of beach tourists, but igdel, saifes, ieiHi4 21 ASlolR 2yl w1 caidlu 2yl Aet B, )
they mostly domestic travellers. States that have been promoting coastal tourism are: Goa, Kerala,
Maharashtra, Tamil Nadu, Odisha, West Bengal, Andhra Pradesh, Karnataka, Andaman and Nicobar eRAUE U 2 MHRAHT Ul et eles dell @l lal &l Yl HAlA AUARAd ([ 4isSL
islands and Lakshadweep islands. Ul 2ll. 2013 Hi el e YR RA 1A yowot eelld 8.
Even though coastal tourism is growing to be a significant component of tourism in India, the Ministry o{]&{; vdidd 2014 (A9 veca-dl e5lsAl
of Tourism statistics do not give disaggregated figures. The total tourism picture for the country in 2013
reveals the following:
Box: Important Facts About Tourism, 2014 o clRdul ARl warRll el 2vul 7.68 M@
alls g(g €2 10.2%
e No of foreign tourist arrival in India 7.68 million o ourdla Al weld 18.33 A
Annual growth rate 10.2% s 96 EAQ 10.3%
ooy lnden Nedsual Beparies dem ek LELSS e o NS5 warR(A gRL A A A SwuRd uted-l yeustd 1282 M@Qu-
Annual growth rate 10.3% Qs 9@ €2 11.9%
e No of Domestic Tourist Visits to all States/UTs 1282 million o yar uasHiell Hog 134 Asud-
Annual growth rate 11.9% )
QUGEMI 3MUL INR 1,23,320 s3ls (#)
e Foreign Exchange Earning from Tourism al¥s g(g €2 14.5%
In INR terms INR 1,23,320 Crore (#) SIER 2U0ElML US$ 20.24 2y (#)
Annual Growth Rate 14.5% al¥s g(g €2 9.7%
In US$ terms US$ 20.24 billion (#)
Annual Growth Rate 9.7% 1Al HIRA U AHISSLUR AS ¥R 2014. www.tourism.nic.in
Source: India Tourism Statistics at a Glance 2014. www.tourism.nic.in 2.4.6 Hliﬂ‘-lla

HIESTHISL MRAMT AS LRI 8A & - A ALl AlSIA AL YIL WIS & 244 g2l vitel Yratl Hie S0l 4N 8.

2.4.6 Fisheries 7,000 Bl aiotl eRUBHIRL 1A 2 A DR Bl AsusgBa S-S oA\ (EEZ) 243 s diest wiell-t
Al A1, HIESHI Hecayl oAst (A 8. dAdHIAHI, o3l A5 AsASERIR AA AL GDPHI 1.07 esl
Fishery is an important sector in India — it provides employment to millions of people and contributes 2 243 5.30 251 5 247 ctu ugR 1S AdLelt AN B 2D el vl el (2002-2007) £2MxUL
to the country’s food security. With a coastline of over 7,000 km, an Exclusive Economic Zone (EEZ) Ad2A2L B2y U5 Heu 31,682.50 s3ls 3R e &d .
of over 2 million sq km, and with extensive freshwater resources, fisheries play a vital role. At present,
fisheries and aquaculture contribute 1.07 per cent to the national GDP, and 5.30 per cent to agricul- ERAUEG HRA VRIS YReEUHI SL00 AN & 247 41 24155cldl A 1.5 QA IS HiEdlHISlell Alell A1l Y3
ture and allied activities, while the aver- age annual value of output during the Tenth Five Year Plan 8.

(2002-2007) was Rs 31,682.50 crore.

Marine Fisheries contributes to food security and provides direct employment to over 1.5 million fisher
people besides others indirectly dependent on the sector.
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According to the census conducted by the Central Marine Fisheries Research Institute (CMFRI) in
2010, there are 3,288 marine fishing villages and 1,511 marine fish landing centres in 9 maritime
states and 2 Union territories. The total marine fisherfolk population is about 4 million comprising
864,550 families. Nearly 61% of the fishers’ families are in the BPL category. The average family size
is 4.63 and the overall sex ratio is 928 females per 1,000 males. Almost 58% of the fisherfolk are
educated with varying levels of education. About 38% marine fisherfolk are engaged in active fishing
with 85% having full time engagement. About 63.6% of the fisherfolk are engaged in fishing and allied
activities. Nearly 57% of the fisherfolk engaged in fish seed collection are women and 43% are men.
Among the marine fishers’ households nearly 76% are Hindus, 15% Christians and 9% are Muslims
while 17% are SC/ST. The Indian coastline can be delineated into 22 zones, based on the ecosystem
structure and functions. The Indian boat type ranges from the traditional catamarans, masula boats,
plank-built boats, dug-out canoes, machwas, dhonis to the present day motorised fibre-glass boats,
mechanised trawlers and gillnetters. In the marine fisheries sector, there are 194,490 craft in the fish-
ery out of which 37% are mechanised, 37% are motorised and 26% are non-motorised. Out of a total
of 167,957 craft fully owned by fisherfolk 53% are non-motorised, 24% are motorised and 23% are
mechanised. Among the mechanised craft fully owned by fishers, 29% are trawlers, 43% gillnetters
and 19% are dolnetters.

India’s marine capture fish production, increased from 520,000 tonnes in 1950 to 3.15 million tonnes
in 2007. The bulk of the catch comprises oil sardines, followed by penaeid and non-penaeid shrimp,
Indian mackerel, Bombay duck, croakers, smaller quantities of cephalopods, other sardines and
threadfin breams. (CMFRI 2008).

2.4.7 Ports

India is endowed with an extensive coastline of about 6,000 kms along nine coastal states — Gujarat,
Maharashtra, Karnataka, Goa and Kerala on India’s western coast and Tamil Nadu, Andhra Pradesh,
Odisha and West Bengal on the eastern coast. These nine states have in all 12 major and 179 minor
ports.

Of the 12 major ports, six are located on the west coast (Kandla, Mumbai, Jawarlal Nehru, Mormugao,
Kochi, New Mangalore) and six on the east coast (Chennai, Tuticorin, Paradip, Vizag, Kolkata, Haldia).
Four of the major ports — Kolkata, Mumbai, Chennai, and Mormugao — are more than 100 years
old. Kochi and Vizag ports are more than 50 years old. Kandla, Tuticorin, New Mangalore and Paradip
ports were built after independence. The Jawaharlal Nehru Port Trust in Navi Mumbai became opera-
tional after 1989.

Out of a total of declared 179 minor ports, including 13 non-working ports, 120 ports (67 per cent)
belong to west coast states, 24 ports to east coast states and the rest (35) belong to the island Union
territories. Maharashtra has the highest numbers of both major (2) and minor (53) ports in India fol-
lowed by Gujarat with one major and 40 minor ports. West Bengal is the only maritime state which,
despite adequate waterfront has no declared minor port.

The globalisation process as part of the economic reforms initiated in 1991 enhanced the importance
of international trade in the hitherto closed economy of India. During the 1990s a higher growth rate
was registered in exports when compared to imports. Many of the import restrictions were dismantled.

A significant portion of the international trade was carried out through the ports and this reflected in
the port capacity utilisation rate, with the ports being used more than they were designed for.

A port grows by virtue of the trade it attracts. A weak growth of foreign trade makes the port system
volatile which forces the system to concentrate more on coastal trading. In spite of the considerable
fluctuation of overseas trade through Indian ports from year to year, one sees a picture of general

2010 Hi Azc HRA (5213108 A4 (CMFRI) glRL &2 &Rl 1A addl ARLdS] Yy, MIRdHL et 3,288
HIEIHISL SALAUHL & 44 9 €RALEY A% A 2 S 2R HeNHL 1511 eRUE Ml Getrlel 5l &. ge
eRULE HIEIHIRL sRcll Als\l Al 4 AQA & FHi 864.550 URARL AHIAR &, HIEIHIR “URALRL 2112 61%
ofllAet AR(HI 219 8. ARRA URAIRS S€ 4.63 & A AHAU AsA (AU 1000 Yyl £ls 928 A=A 8.
HISIHIR SRl Als @21edL 58% (il (AAeL R A1 MR 8. 38% €[RALE HIEHIZL e 85% Uyel
AHU A AU HISHIRIHIASRAGL & AHY 63.6% HISHIR HISIHIL & A AU 1Y QM AsRA 8. 57%
R{UIRL HIEIHIZL AR HEARA HIBE ol AASH ASRAAL & 24 43% Y2l uel dHi ASRE 8. eRauLE
HIEIHIRHL cLEPL 76% (B2l 8, 15% (ARl 44 9% YRAM & AR 17% elAd el (SC/ST) 8.
HRARL ERAUBAIRY, 22 UL caeURA & % HlatAdstAl HIuWL 4 SR UR BUELRA 8. ekl 1512\l
USRHL URURPLA el dldil ole, Hyal olle, il oidl elleall Hisl, ot 1B SAEY, HIGHRAL olle,
Hi241A] sle01R dc-l olle, AUiRSs 2ER 19 Planer ole. eRULE HIIHIZL axtHi, 194,490 HieflHIs)
HeAl BlS120L & BHi 37% UiAS 37% Hl2R Ysel 3t 26% (At HI2R Ysci 8. 167,957 it jyeiuid HieflHill
HUASAL & BHI 53% (A HI2R YScl A 24% HleRdAlL 3 23% UiASs 8. HISHRIAL H@SIHL A-H 29%
&R 43% dAlleeR 2 19% sleneR 8.

el eRUE HIBE] Geted 1950 Hi 520,000 2-ell aell 2007 Hi 3.15 Hlcflu 2 &l 213 &g, a8 ussami
ALl IR A ARSI, VANS A ([A4-04AS oflat, LRl vilel eRuS Hioell), ol ss, 5153,
AL ¥2UML 2= ERULES U, A URSELAY 24 QRAUES oAl AHIA2L 2t . (CMFRI 2008).
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growth of traffic at all the ports, particularly in the post-liberalisation period. A fall in inequality among
Indian ports may mean a rapid rise in the value of commodities handled, or an absolute diversion of
traffic away from the larger to the smaller and better equipped ports.

The Union government continues its support for developing ports. In the Union Budget for 2014-2015,
the government has decided to clear 16 new port development projects.

2. 4. 8 New power plants near the coast

The economic liberalisation opened up the possibility of establishing power plants in the private sector.
Due to its relatively quicker gestation and power production reliability, thermal power plants were pre-
ferred. The coasts became the preferred destination for establishing these power plants, since it was
easier to supply fuel — be it coal, oil, naphtha or natural gas — along the coast.

One of the earliest private power plants to be established after economic liberalisation was the Dabhol
Power Plant at Dabhol in Ratnagiri district of Maharashtra. The plant was to be built by Enron, General
Electric and Bechtel, and run by Enron. The work on the plant started in the 1990s. Later, it was taken
over by Ratnagiri Gasand Power Pvt. Ltd., promoted by two public-sector undertakings the National
Thermal Power Corporation Ltd. (NTPC) and the Gas Authority of India Ltd. (GAIL).

With an installed capacity of 1,967 megawatts, the plant also has fuel jetty, breakwater and a re-gasifi-
cation facility for liquid natural gas.

The Dabhol Power Plant was a first on many counts. It was among the earliest private power plants; it
envisaged its own landing facility for fuel linkage. And it also created conflicts with coastal communi-
ties and environment activists.

After the Dabhol Power Plant was established many thermal power plants were built along the coast
and continue to be built. For instance, it has been reported that 63 power plants are being planned in
coastal Andhra Pradesh. Most of the power plants are also establishing captive ports or landing jetties
for fuel linkage.

2.4.9 Coastal highways — the Golden Quadrilateral

Between 2000 and 2004, the Union Government initiated a project to build a Golden Quadrilateral
highway linking the four major cities of New Delhi, Kolkata, Chennai and Mumbai. One arm of this
quadrilateral — between Kolkata and Chennai — passes close to the east coast. The section of the quad-
rilateral between Mumbai and the cities in Gujarat also passes close to the coast.

Further south, from Chennai to Tuticorin, a new East Coast highway links the coastal towns of Tamil
Nadu. Similarly, along the west coast a national highway links Kochi to Mumbai. This highway is being
widened into a major artery.

Coastal railways — Konkan Railways

The west coast of India did not have adequate rail connectivity till the 1990s, when the Konkan Rail-
ways laid tracks from Mangalore to Mumbai along the coast. This reduced the travel time considerably
for passengers and for freight.

The coastal railway backbone in the east coast — linking Chennai with Kolkata — has been in place for
decades. Many new feeder routes have accessed more coastal towns in recent decades.
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2.4.10 Special economic zones (SEZs) linked to ports

Since the initiation of economic reforms there has been a thrust on exports. Parliament enacted
the Special Economic Zones Act of 2005 (SEZA) to establish enclaves with policy support for
manufacturing products for exports. For easy access to shipping, many of them were near coasts
with access to ports.

By establishing a legal framework for the creation of a geographic area governed by a distinct
regulatory regime — where taxes and bureaucratic burdens on business activity, especially the
development of export infrastructure, are substantially reduced — the SEZA signalled a new
approach to advancing economic reforms. The stated purpose of SEZA was to “provide for the
establishment, development and management of the Special Economic Zones for the promotion
of exports and for matters connected therewith or incidental thereto.”

The SEZA was worked upon with alacrity by private sector developers working in collaboration
with state government agencies. Hundreds of SEZs were approved in the early years. By August
2011, 133 SEZs out of the 585 formally approved under the SEZA, were operational.

The governmental support for SEZs continues in the Union Budget of 2014, with support for
establishing SEZs along Kandla and Jawaharlal Nehru Port Trust in Navi Mumbai.

2.4.10 QAR $S\\Rs 2\ (SEZs) o i WA AsLaL
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2.5 The economic 2.5 eRaERd

importance of
coasts and ways to
give it value

2.5.1 Overview

From time immemorial human beings have been drawn
towards nature and its services. But now we are at a
stage of evolution where the current rate of extinction of
species has surpassed all records in history. One of the
main reasons cited is the unwise use or exploitation of
nature.

The causes of ecosystem degradation and biodiversity
loss were well documented in the Millennium Ecosys-
tem Assessment of 2005 (MEA 2005),24 which also
listed the many values nature added to society and the
economy. MEA 2005 also lists some of the ecosystem
services. Ecosystem services are the benefits people
obtain from eco- systems. These include provisioning
services such as food and water, regulating services
such as flood and disease control, cultural services
such as spiritual, recreational, and cultural benefits
and supporting services such as nutrient cycling that
maintain the conditions for life on Earth.
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On the question of why there is a need for measuring the value of nature, the most imperative answer
would be that the aim of defining and measuring the value of the natural environment are to better
inform management choices, and/or influence human behaviour.

Valuing ecosystem services would provide policy-makers with a strong rationale to improve coastal and
marine ecosystem management and invest in conservation for its risk management value and econom-
ic benefits. In order to fully leverage ecological and economic knowledge of ecosystems and services,
there is a need to generate and provide access to better data regarding ecosystem services.

Figure: Ecosystems goods and services and their value

UL HIR Gl Y Hiual-Al %32 & A uat-l Alell ag Bctlas et A 89l & gerdl uuiaRei cuvARd sall
i Y& HIUdlA &g g A3 aRUMA UHEA AL HIS AV AL HIA Al UR Al edldA wslalL Hi

8.

AaAdat ARA Yelis-t sraiell A esdu0A Hyojd d5 1Nl B 1 Al eRULE 17 RULE AlauAd A
A2 YERAL HIE U 591 A AL AUIH ARULCEA] HRL 1 A5 et HI iRetRii AslalL 59 Aysiudl
et Botadl Hie Rariddall Aqrild WRRAMS 11 4U(Es sti-ield %391 8. (Ratdddal Aail Aoi@d HiEd

Gaud sl A1 Al auRiel YR wisal{l %32 8.
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Marine and coastal resources provide millions of impoverished people across the globe
with livelihoods and range of critical ecosystem services like biodiversity, culture to carbon
storage to flood protection. Coastal and marine ecosystems are among the most productive
ecosystems in the word, provide many services to human society and are of great economic
value (UNEP, 2006). The Indian coasts support about 30% of the total 1.2 billion human
populations.

(TII, 2014).
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2.5.2 Economic value of biodiversity and its valuation

Economic valuation offers a way to compare the diverse benefits and costs associated with ecosystems
by attempting to measure them and expressing them in a common denominator — typically a
monetary unit. The main framework used is the Total Economic Value (TEV) approach. The breakdown
and terminology vary slightly from analyst to analyst, but generally include (i) direct use value, (ii)
indirect use value, (iii) option value, and (iv) non-use value. The first three are generally referred to
together as ‘use value’.

Environmental valuation is largely based on the assumption that individuals are willing to pay for
environmental gains and, conversely, are willing to accept compensation for some environmental
losses. The individual demonstrates preferences, which, in turn, place values on environmental
resources. That society values environmental resources is certain; monetizing the value placed

on changes in environmental assets such as coastal areas and water quality is far more complex.
Environmental economists have developed a number of market and non- market-based techniques to
value the environment.

2.5.2.1 Direct use values

Direct use values refer to ecosystem goods and services that are used directly by humans. These
include the value of consumptive uses such as harvesting of food products, timber for fuel or
construction, and medicinal products and hunting of animals for consumption, and the value of non-
consumptive uses such as the enjoyment of recreational and cultural activities that do not require
harvesting of products. Direct use values are most often enjoyed by people visiting or residing in the
ecosystem itself.

2.5.2.2 Indirect use values

Indirect use values are derived from ecosystem services that provide benefits outside the ecosystem
itself. Examples include natural water filtration which often benefits people far downstream, the storm
protection function of mangrove forests which benefits costal properties and infrastructure, and carbon
sequestration which benefits the entire global community by abating climate change.

2.5.2.3 Option values

Option values are derived from preserving the option to use in the future ecosystem goods and services
that may not be used at present, either by oneself (option value) or by others/heirs (bequest value).
Provisioning, regulating, and cultural services may all form part of option value to the extent that they
are not used now but may be used in the future.

2.5.3.4 Non-use values

Non-use values refer to the enjoyment people may experience simply by knowing that a resource exists
even if they never expect to use that resource directly themselves. This kind of value is usually known
as existence value (or, sometimes, passive use value).
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2.5.3 Valuation techniques

There are three families of valuation techniques: market based techniques, revealed preference and
stated preference.

2.5.3.1 Market-based techniques

These use evidence from markets in which environmental goods and services are traded, markets in
which they enter into the production functions for traded goods and services, or markets for substitutes
or alternative resources.

Example: To understand the economic benefits generated from coastal and marine habitats and eco-
systems in Bohol Marine Triangle (BMT) in the Philippines as a basis for sustaining the use of natural
resources in the area. BMT area has rich biodiversity and the local community is dependent on the
coastal and marine resources of the area. The study combined market-based valuation of economic
activities (fisheries, tourism, gleaning, and seaweed farming) and value transfer methods for non-
marketed impacts (biodiversity conservation, flood protection, fish nursery function). The accumulated
total net benefit for the BMT natural resources over a 10-year period was found to be US$11.54 million
(with a 10% discount rate). This led to officials in allocating resources for maintaining the ecosystems
of BMT.

2.5.3.2 Revealed preference methods

These are based on deducing the value of ecosystem services by interpreting observed human behav-
iour.

Example: The decision-makers were faced with the issue of eutrophication in the Stockholm archi-
pelago. They carried out the analysis of the benefits and costs of reducing the eutrophication in the
Stockholm archipelago. For this evaluation, it was assumed that a reduction in eutrophication would
lead to an increase in water transparency, which would increase both ecological health and human en-
Joyment of the area. It was also assumed that a 40 per cent reduction in nitrogen load was needed to
achieve a one-metre increase in transparency, through a combination of measures including increased
sewage water treatment and reduced fertilizer use. The total costs of such measures were estimated to
be SEK 57 million per year. The benefits of the reduction of eutrophication were estimated to be about
SEK 60 million per year for recreational benefits (travel cost method) and SEK 500 million per year for
all conservation benefits (contingent valuation method). However, the analysis indicates that the costs
of reducing eutrophication could be justified purely by the recreation values and that when taking a full
range of values into account the benefits could outweigh the costs by a ratio of 8:1 or more.

2.5.3.3 Stated preference techniques

These methods are based on surveys in which people give valuation responses in hypothetical situ-
ations. Some of the popular valuation methods are contingent valuation, choice experiments, value
transfer.
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The Economics of Ecosystems and Biodiversity (TEEB)

Key Concepts:

Natural resources make important contributions to long-term economic performance and should be
considered economic assets.

We cannot manage what we do not measure. The loss of ecosystem services is often overlooked
because most of them, such as soil retention or spiritual values, are public goods and services.

Subsidies to fisheries, fossil fuel industries, and other potentially harmful activities should be mea-
sured and reported annually; the perverse components of these subsidies should be tracked, re-
duced, and eventually phased out altogether.

Three stages:

Demonstration, the identification and measurement of the flow of ecosystem services and their values.

Appropriation, capturing some or all of the demonstrated and measured values of ecosystem services
so as to provide incentives for their sustainable provision.

Benefit sharing, appropriation mechanisms are designed in such a manner that the captured ecosys-
tem services benefits are distributed to those who bear the costs of conservation.

[Source: Sukhdey, P. 2011. Putting a Price on Nature: The Economics of Ecosystems and BiodiversitySolutions. Vol 1, No. 6.

pp. 34-43 - http:// www.thesolutionsjournal.com/node/823]

Put a Value on Nature! Pavan Sukhdev TED Talk
http://www.youtube.com/watch?v=0U9G2E_RYJo
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TEEB-India

The Ministry of Environment and Forests, Government of India formally initiated the TEEB study in February
2011. The Minister stated the ministry’s commitment to developing a framework for green national accounts
by 2015, facilitated by TEEB India. Consultations in February 2011 and September 2011 led to identification
of three biophysical sectors critical to India. Findings from investigating these sectors were presented in

an initial assessment and scoping report at COP11, Hyderabad, India (October 2012). The report lays

out high level methodology for doing an ecosystem based economic valuation. Current efforts are to bring
policy relevance to further investigations for TEEB in India, and increase its technical scope from economic
valuation to a broader recognition of natural capital.

Ecosystem: Forests, Inland wetlands, Coastal and marine ecosystems

e TEEB India process aims to recognise and harness the economic valuation of biodiversity and
ecosystem services

Action at three levels:
—  Policy making

—  Business

—  Citizen awareness

Three stages:

e  Demonstration, the identification and measurement of the flow of ecosystem services and their values.

e  Appropriation, capturing some or all of the demonstrated and measured values of ecosystem services
so as to provide incentives for their sustainable provision.

Benefit sharing, appropriation mechanisms are designed in such a manner that the captured
ecosystem services benefits are distributed to those who bear the costs of conservation.

TEEB-GlRcl
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2.6

2.6.1

Loss of hiodiversity
and ecosystem
services

Current status of biodiversity loss:

Approximately 60 per cent (15 out of 24) of the eco-
system services evaluated in the Millennium Ecosystem
Assessment (including 70 per cent of regulating and
cultural services) are being degraded or used unsus-
tainably. Loss of biodiversity at habitat, species and
genetic levels is enormous.

The ecosystem services that have been degraded over
the past 50 years include capture fisheries, water sup-
ply, waste treatment and detoxification, water purifica-
tion, natural hazard protection, regulation of air quality,
regulation of regional and local climate, regulation of
erosion, spiritual fulfilment and aesthetic enjoyment.
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The use of two ecosystem services—capture fisheries and fresh water—is now well beyond levels that
can be sustained even at current demands, much less future ones. At least one quarter of important
commercial fish stocks are over- harvested (high certainty). The quantity of fish caught by humans
increased until the 1980s but is now declining because of the shortage of stocks.

From 5 per cent to possibly 25 per cent of global freshwater use exceeds long-term accessible supply.
It is now met either through engineered water transfers or overdraft of groundwater supplies (low to
medium certainty). Some 15-35 per cent of irrigation withdrawals exceed supply rates and are there-
fore unsustainable (low to medium certainty).

Out of 24, only four ecosystem services have been enhanced in the past 50 years, three of which
involve food production: crops, livestock and aquaculture. Terrestrial ecosystems were on average a
net source of CO, emissions during the nineteenth and early twentieth centuries due to widespread
deforestation, but became a net sink around the middle of the last century due to reforestation efforts.
Thus, in the last 50 years, the role of ecosystems in regulating global climate through carbon seques-
tration has also been enhanced.

According to the findings of Millennium Ecosystem Assessment”

e QOver the past 50 years, humans have changed ecosystems more rapidly and extensively than in
any comparable period of time in human history.

e This has resulted in a substantial and largely irreversible loss in the diversity of life on earth.

Unprecedented change in ecosystems

e More land was converted to cropland in the 30 years after 1950 than in the 150 years between
1700 and 1850. 20 per cent of the world’s coral reefs were lost and 20 per cent degraded in the
last several decades.

e 35 per cent of the mangrove area has been lost in the last several decades Amount of water in
reservoirs quadrupled since 1960.

e Withdrawals from rivers and lakes doubled since 1960.

Unprecedented change: Biogeochemical Cycles since 1960:

e Flows of biologically available nitrogen in terrestrial ecosystems doubled. Flows of phosphorus
tripled.

e > B0 per cent of all the synthetic nitrogen fertiliser ever used has been used since 1985.

e 60 per cent of the increase in the atmospheric concentration of CO2 since 1750 has taken place
since 1959.

Significant and largely irreversible changes to species diversity

e The distribution of species on earth is becoming more homogenous. Humans have increased the
species extinction rate by as much as 1,000 times over background rates typical over the planet’s
history (medium certainty).

e 10-30 per cent of mammal, bird and amphibian species are currently threatened with extinction
(medium to high certainty).
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The loss of marine biodiversity is increasingly impairing the ocean‘s capacity to provide food and other
market and non-market services, and the trend of biodiversity loss is accelerating on a global scale.
Coastal habitats are under pressure, with approximately 20% of the world’s coral reefs lost and another
20% degraded11. Mangroves have been reduced to 30 to 50% of their historical cover12, impacting
biodiversity, habitat for inshore fisheries, and carbon sequestration potential. 29% of seagrass habitats
are estimated to have disappeared since the late eighteen hundreds. Over 80% of the world’s 232 ma-
rine ecoregions reported the presence of invasive species which is the second most significant cause
of biodiversity loss on a global scale and the marine bio-invasion rates have been reported as high as
up to one invasion every nine weeks. As with non-point source pollution, the challenge is as much
institutional inertia as it is scientific consensus in terms of dealing with loss of biodiversity and habitat,
and increasing both protection and restoration efforts.

2.6.2 Hahitat Loss

e 20-50 per cent of more than half of the world’s 14 biomes surface areas have already been con-
verted to crop- lands.

e Some 60 per cent of the world’s major rivers have been fragmented by dams and diversions. Coral
reefs

m 60 per cent are already destroyed or on the verge of destruction Southeast Asia.
e High altitude mountain forest. Tropical forest.

e Mangroves
m 40 and 70 per cent in Africa

m 70 per centin Asia
* 85 per centin India

* 87 per cent in Thailand.

2.6.3 Species Extinctions
e 130 species disappear from the earth each day.
e Between 10 and 20 per cent of all species will be driven to extinction in the next 20 to 50 years.

e The current and impending rate of human-caused extinctions - 100 to 1,000 times the back-
ground extinction rate.

2.6.4 Erosion of Genetic Diversity

e Example: In China, the number of local rice varieties being cultivated has declined from 46,000 in
the 1950s to slightly more than 1,000 in 2006.

m In some 60 to 70 per cent of the areas where wild relatives of rice used to grow, it is either no
longer found or the area devoted to its cultivation has been greatly reduced.

e 21 per cent of the world’s 7,000 livestock breeds (amongst 35 domesticated species of birds and
mammal) are classified as being at risk.
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2.7 Challenges in 27 MPAs 3

managing coastal
and marine
hiodiversity and
MPAs:

2.7.1 Overview:

Oceans cover 70 per cent of our planet and represent
over 95 per cent of the biosphere. Marine and coastal
habitats include coral reefs, mangrove forests, sea-
grass beds, estuaries, hydrothermal vents, seamounts
and soft sediments on the ocean floor deep below the
surface. The ocean is more than just a valuable source
of food and recreation - it is one of the largest natural
reservoirs of carbon. It stores about 15 times more
CO2 than the terres- trial biosphere and soils, and
plays a significant role in climate moderation. Coastal
ecosystems such as mangroves play a very crucial role
in extending protection to the coastal communities
and mega coastal cities from natural disasters such as
tsunamis, cyclones as well as the impacts of a sea level
rise.
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2.1.2

This tremendous wealth of biodiversity and ecosystem services is not infinite. Today, human activities
are greatly threatening the seas and coasts through overfishing, destructive fishing practices, pollution
and waste disposal, agricultural runoff, invasive alien species, and habitat destruction. Global climate
change will make it worse. Sea levels will rise, water temperature will increase, oceans will acidify, and
there will be more storms and natural disasters (IYB CBD Factsheet on Marine and Coastal Biodiver-
sity).

Coastal habitats are under pressure, with approximately 20 per cent of the world’s coral reefs lost and
another 20 per cent degraded. Mangroves have been reduced to 30 to 50 per cent of their historical
cover, impacting biodiversity, habitat for inshore fisheries, and carbon sequestration potential. 29 per
cent of seagrass habitats are estimated to have disappeared since the late eighteen hundreds Let's
take a closer look at how these stress factors generate impacts on the coastal and marine ecosystems
and consequently on the life and livelihoods of coastal communities.

Unsustainable fishing

There are many inter-related issues affecting the sustainability of fisheries, including overcapacity in
fishing fleets and a related increase in illegal, unregulated and unreported (IUU) fishing, a failure to
take into consideration ecosystem effects of fishing into management plans (e.g. bycatch, discards,
destructive fishing practices), lack of incentives-based management, weak monitoring, control and sur-
veillance capacity and inability and/or unwillingness to accept short-term costs for long-term benefits.
The continuing contribution of fisheries to sustainable development depends on the health of function-
ing, productive ecosystems and on their optimal utilisation.

Coastal fish farming is increasing and will continue to increase and expand in the marine environment
as the demand for food fish increases and as freshwater becomes more limited. Mariculture with fed
species, if not managed properly, could impact on biodiversity and ecosystem functions through the
release of nutrients beyond the recycling capacity of ecosystems and through the release of farmed
species, diseases and chemicals. The improvement in, and expansion of, green technologies for mari-
culture together with adoption of an ecosystem approach to aquaculture that includes identification
and management of risks, can ensure sustainable increase in fish production from the seas.
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About 80 per cent of world fish stocks, for which assessment information is available, are fully ex-
ploited or overexploited and thus require effective and precautionary management

According to the United Nations Food and Agriculture Organization (FAO), Fishing may alter or affect:
e the target resource (especially if it is overfished);

e species associated with or dependent on the target resource (such as predators or prey);

e trophic relationships within the ecosystem in which the fishery operates; and

e habitats in which fishing occurs.

The benefits lost to fishing nations as a consequence of overfishing are in the order of USD 50 billion
per annum.

Overfishing and excessive fishing can reduce the spawning biomass of target species below desired
levels such as maximum sustainable or economic yields.

When there is sustained overfishing, changes in species composition and biodiversity can occur with
a progressive reduction of large, long-lived and high value predator species and an increase in small,

short-lived and lower value pelagic prey species, a process described as ‘fishing down the food chain’.

Intensive fishing can also reduce genetic diversity of wild populations.

Non-selective fishing gear that is not modified to exclude or otherwise deter the entanglement of non-
target spe cies may take a significant bycatch of juvenile fish, benthic animals, marine mammals, ma-
rine birds, vulnerable or endangered
species. These are often discarded
dead. While bycatch and discard
problems are usually measured in

the potential loss of human food, the
increased risk of depletion for particu-
larly vulnerable or endangered species
(e.g. small cetaceans, turtles) can be
significant.

Ghost fishing can occur when certain
gear such as pots or gillnets have
either been lost or abandoned at sea
and, although untended, continue to
catch and kill fish until the gear falls
apart.

Impacts on the sea floor can result

from the intense use of trawls and other mobile bottom gear (e.g. dredges) and can change the sea
floor structure, microhabitats, and benthic fauna. The activity is particularly damaging in sensitive
environments, par- ticularly in the case of long-term trawling/dredging in the same area.

Fishing with dynamite and poisons can have severe and broad-reaching impacts, particularly on coral
reefs.
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Global Fisheries watch data website and video
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http://www.globalfishingwatch.org/

http://www.globalfishingwatch.org/
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https://www.youtube.com/watch?v=fn2JXmCUo30 https://www.youtube.com/watch?v=fn2JXmCUo30
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2.1.3 Tourism

Tourism is a double-edged
activity. It has the potential
to contribute in a positive
manner to socio-economic
achievements but, at the
same time, its fast and
sometimes uncontrolled
growth can be the major
cause of degradation of the
environment and loss of
local identity and traditional
cultures (Convention on
Biological Diversity).

Coastal tourism is a key
component of coastal and marine economies. It is, in many countries, the fastest growing area of
contemporary tourism, which has placed increasing pressure on the coast. These are often areas in
which uses may already be highly concentrated in the form of agriculture, human settlements, fishing,
industry, etc.

Tourism provides 43%
A Iagk of land-use planning arlwd building regulations in many of jOhS in French coastal
destinations has led to sprawling developments along coast- . .
lines, leading to habitat fragmentation. The sprawl includes regions, gener?tm_g more
tourism facilities themselves and supporting infrastructure such revenue than fIShII‘Ig or
as roads, housing, parking, service areas and waste disposal. shipping
Habitat degradation is an- other negative impact of tourism
development. For example, coastal wetlands are often drained (UNEP 2009)
and filled and mangroves cut due to a lack of more suitable
sites for construction of tourism facilities and infrastructure. Apart from this, many tourism activities
such as anchoring, snorkeling or sport fishing and tourism related littering can cause direct harm
to species (e.g. marine mammals) and degradation of marine habitats with subsequent impacts on
coastal erosion and fisheries.

Tourists and suppliers, often unknowingly, can bring in species (insects, wild and cultivated plants and
diseases) that are not native to the local environment, which can cause enormous disruption and even
destruction of eco- systems. Although an important tool for environmental education and increasing
awareness, wildlife viewing can stress the animals and alter their natural behaviour when tourists come
too close and create noise, e.g. with their mo- torised vehicles and lights.

The Convention on Biological Diversity (CBD) website contains a very good case study on this topic,
which can be accessed here http://www.cbd.int/doc/case-studies/tour/cs-tour-pa-01-en.pdf

According to the Millennium Ecosystem Assessment, at a conservative estimate, they cover some seven
per cent of the earth’s surface and deliver 45 per cent of the world’s natural productivity and ecosystem
services of which the benefits are estimated at USD20 trillion a year (Source: www.maweb.org).

In the past, demand for land, as well as poor understanding of the services provided by wetlands, has re-
sulted in viewing such wetlands as wastelands and hence there has been ‘extensive ‘reclamation’ and con-
version into other land use, especially for settlements and industries. Today, the importance of wetlands,
especially in terms of the ecosystem services that they provide, is increasingly understood and appreciated.
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To ensure stabhility on the water,
most large commercial vessels
have ballast tanks that can he
filled with water or emptied

to safely balance the weight
distribution of their load or to
compensate for reductions in
cargo or fuel. However, ballast
water taken on hoard in one port
may be released in another port,
inadvertently releasing non-
native species that the water
may contain.

Ballast water management in the Great Lakes

Invasive plants and animals from foreign freshwater ports are those most likely to thrive in the fresh waters of
the Great Lakes. Ballast water exchange, where ships’ crews exchange coastal port water in ships’ ballast tanks
with oceanic salt water during the voyage, is used to reduce the risk of species invasions by physically removing
coastal organisms from the tanks. Second, the high salinity of the ocean water would be inhospitable for many
coastal organisms that had not been removed from tanks.

Third, any marine organisms drawn into the ballast tanks along with salt water in mid-ocean are unlikely to
survive if released in a coastal port. Used globally, ballast water exchange is particularly effective for reducing the
risk of invasion to freshwater ports such as those in the Great Lakes.

Between 1959 and 2010, at least 56 non-native aquatic species were reported in the Great Lakes, with 34 of
them attributed to transoceanic shipping. For example, ballast water is the original vector by which Zebra and
Quagga mussels, Tubenose and Round gobies, spiny water fleas and Blood Red Shrimp were transported to the
Great Lakes. Since their original introduction, these aquatic invaders have spread further through river systems
and from lake to lake by other means such as on fishing equipment, in bait buckets, or on the hulls of recre-
ational boats that may not have been cleaned properly.

Between 1989 and 1993, ballast water exchange was voluntary. In 1993, it became mandatory for ships des-
tined for the Great Lakes to exchange ballast water loaded at or near a port with salt water from mid-ocean (at
least 200 miles offshore and in water at least 2000 m deep).

In 2006, Canada added a new measure for ships with empty ballast tanks to help prevent the arrival of non-
native species. In addition to mid-ocean ballast water exchange, the new regulations require that empty tanks be
flushed or rinsed in mid-ocean to make sure any leftover organisms are also given the salt water treatment.

These regulations are supported by intensive inspection and compliance efforts. All vessels entering the St.
Lawrence Seaway from outside Canada’s Exclusive Economic Zone are inspected by Transport Canada or the
U.S. Coast Guard under a unique binational inspection programme when they reach the Port of Montreal. Annu-
ally, no more than 3 per cent of vessels are non-compliant, and all of these ships are required to take corrective
actions before proceeding. The programme has been heralded around the world as a model of effective manage-
ment and bilateral regulatory cooperation.

Source: Government of Canada, Fisheries and Oceans,
http://www.dfo-mpo.gc.ca/science/publications/article/2011/06-13-11-eng.html
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2.1.4 Loss of native habitats and species and threat from invasive alien species

Alien invasive species are alien species that invade new habitat; that is, they become established in
natural or semi-natural ecosystems or habitats, are agents of change and threaten native biological
diversity.

Over 80 per cent of the world’s 232 marine eco-regions reported the presence of invasive alien species
which is the second most significant cause of biodiversity loss on a global scale; and marine bio-
invasion rates have been reported to be as high as up to one invasion every nine weeks (IOC/UNESCO,
IMO, FAO, UNDP, 2011). Ballast water from the ships plays a major role in the spread of invasive spe-
cies. Visit Module 5 for information on impacts of ballast water on spreading invasive alien species and
the possible solution.

In order to find a solution to the problem of alien invasive, the Global Invasive Species Programme
(GISP) has been designated as an international thematic focal point for invasive alien species under
the clearing-house mechanism of the CBD.

2.1.5 Pollution

More than 80 per cent of all marine pollution originates from land-based sources which are primar-

ily industrial, agricultural and urban. Pollution in all its forms — air, water, chemical, sewage and
municipal solid waste — ultimately enters the ocean through water channels. The disposal of waste is
also a serious constraint to sustainable development. Agricultural practices, coastal tourism, port and
harbour developments, damming of rivers, urban development and construction, mining, fisheries,
aquaculture, and manufacturing, among others, are all sources of marine pollution threatening coastal
and marine habitats. The occurrence of marine and coastal hypoxic areas or ‘dead zones’ has been
increasing at a massive rate in recent years.

In addition to land based and marine pollution, plastic materials and other litter are widespread in
the ocean. Much of the trash that enters the ocean is made up of plastics: plastic bags, food packag-
ing, and straws and lids from our to-go cups. In the ocean, these plastics break down into tiny, toxic
particles that are ingested by marine life, which in turn is consumed by us. This plastic may be from
tourists or from the municipal waste of local populations dumped in the coastal waters or from ships
dumped in the open sea.

2.1.6 Marine debris

Solid materials, typically waste, that has found its way to the marine environment is called marine
debris. Plastic and synthetic materials are the most common types of marine debris and cause the
most problems for marine animals and birds. At least 267 different species are known to have suffered
from entanglement or ingestion of marine debris, including seabirds, turtles, seals, sea lions, whales
and fish.

The scale of contamination of the marine environment by plastic debris is vast. It is found floating in all
the world’s oceans, everywhere, from polar regions to the equator. The seabed, especially near coastal
regions, is also contaminated — predominantly with plastic bags. Plastic is also ubiquitous on beaches

everywhere from populous regions to the shores of very remote uninhabited islands.
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2.7.6.1 Sources of marine debris

It has been estimated that around 80 per cent of marine debris is from land-based sources and the
remaining 20 per cent is from ocean based sources. The sources can be categorised into four major
groups:

e Tourism related litter at the coast: This includes litter left by beach goers such as food and bev-
erage packaging, cigarettes and plastic beach toys.

e Sewage related debris: This includes water from storm drains and combined sewer overflows
which discharge waste water directly into the sea or rivers during heavy rainfall. These waste wa-
ters carry with them garbage such as street litter, condoms and syringes.

e Fishing related debris: This includes fishing lines and nets, fishing pots and strapping bands from
bait boxes that are lost accidentally by commercial fishing boats or are deliberately dumped into
the ocean.

e  Wastes from ships and boats: This includes garbage which is accidentally or deliberately dumped
overboard.

e Huge volumes of non-organic wastes, including plastics and synthetics, are produced in more
developed, industrialised countries. Conversely, in less developed and more rural economies,
generally a much smaller amount of these non-biodegradable persistent wastes are produced.
However, in the future, as less developed countries become more industrialised, it is likely that
they will also produce more plastic and synthetic wastes and this will increase further the threat of
pollution of the marine environment.

2.7.6.2 Harm to marine wildlife

Countless marine animals and sea birds become entangled in marine debris or ingest it. This can
cause them serious harm and often results in their death.

Entanglement in marine debris

Marine debris which is known to cause entanglement includes derelict fishing gear such as nets and
mono-fila- ment lines and also six-pack rings and fishing bait box strapping bands. This debris can
cause death by drowning, suffocation, strangulation, starvation through reduced feeding efficiency,
and injuries. Particularly affected are seals and sea lions, probably due to their very inquisitive nature
of investigating objects in their environment. Entanglement rates in these animals of up to 7.9 per cent
of a population have been recorded.

Furthermore, in some instances entanglement is a threat to the recovery of already reduced popula-
tion sizes. An estimated 58 per cent of seal and sea lion species are known to have been affected by
entanglement including Hawaiian monk seals, Australian sea lions, New Zealand fur seals and other
species in the Southern Ocean.

Whales, dolphins, porpoises, turtles, manatees and seabirds have all been reported to have suffered
from entanglement. Many different species of whale and turtle have been reported to have been
tangled in plastic. Manatees have been found with scars or missing flippers due to entanglement.
species of seabirds are also known to have been affected. Derelict fishing gear also causes damage to
coral reefs when nets or lines get snagged by the reef and they break off.

Finally, discarded or lost fishing nets and pots can continue to trap and catch fish even when they are
no longer in use. This phenomenon is known as ghost fishing and can result in the capture of large
quantities of marine organisms. Consequently, it has become a concern with regard to conservation of
fish stocks in some areas and has resulted in economic losses for fisheries.

2.7.6.1 eRALY steHLA-AL A\l

A RNt A Y2 & & MM £RAULE 512HIHI 80 251 sl gy YHA AR 8l & 4 24=1 20 % R
HLERd 1A Vel 2l 8. 4L AA AR Hud gl Hi (lsd 531 2ASIU:

o gL BAR waliA Aol sURA: 2 SU/AHL o1 UAR{INAL WRLSs 47 el U501, RdRe A s
ofl USSIAL AHIALL AR B,

o O12R AR SARN: AL dRALerAl WIR(L 212RL 24 4Yscl GeHRLel 2R uH1d2L 2ARL & % Uil AR
led eRuUMI asldll & & AUl MR dRULE €11 AEHT AR U 8. AL U WR(HI ARl How- 3t Bl
o(eS], S1-SIH AA RS Bl A AHAl A1 &S U 8.

o YSIUIEL ALEULRA SleHI-AL SUI : L sleHtnH] ofleSe ollsAHiell HESIHIRAL clleS A ostofl, HeflMIL1AL
ARARIN A AL A-S-Al AHIALL 2R D ¥ RAARULRS HIESHISL ol glRL AUSRAS Lilale 1 & Haudl
gRlelyds AYgHl A 219 8§

o 5Ll AU BLSIRALAL SUJA: AWML A SAURJUA AHLA2L 2L B B ol glRL AUSRAS LAl 1 & ]
gRUENYAS UHgHT AuAHl 1A &

o Hlal UHIRHI [A-516{[As sU B w@lRes 1A R-ASsUAL A2 A &, B ag AsRAd 2elBls
ol Geuted At 8. d-ell (AQuild 3ld 21 @AsRd 241 agy Al 2eldaHi A1 Id 4L Q-
(Qere-tat UM 5UA Yot Al UHIRIHL G 21 8. 15, cfAmu, 291 AsRd g2l uel ag 2lells
ol A 25U B & Al ULl 4 EiRes A RARS sARA VEL 52 A 2Ll ag Rl yuiaReiAL wgnel
BlutH g8l

2.7.6.2 eRAE aAYaAA 4SA1

(@Rl RULE WRMA 241 uallail ERULE SIeHINHE SAE AU & Al A4 Gl A &, 4L AMA 2Ue{lR s
S1RQL ot 215 & 1A &Rl quid dx-L YYHL R &.

eRud steminui djuaet

eRUE slHIOHL ¥ 2Rl Vel 5L HIS ARl & AHT 1Y) EURAE HISIHEL Pla1RAL -9l 2 & ¥ 5
Hievell ussal Hie-l el v HiAGeHe Al 21 Qs As 30 dHy HISIHIR cllee cllsy 21 A5 [,
Y sURAL g01g, djaLNHRL, ARMI AAREA, ouiHR), VRIS sRlatHdL eedl 2 S0 gLl Y A 25 8.
VIR 531 flet A Ay [Rle AU ag ARL D A 5181 SERL AuAl udlaRRmMi YelRlll duril vl x Bstiy
qcid 8. gt Al 7.9 est el 2udl 3la sALe i lalq e 8.

agHl, Secls (BRARNHL AL A Wil gt uedall « aedl ardl{l Y4uila Hie vidizu 8. fla 21
AYqg (el el 58 251 YA 4L AUARL gIRL AR Adl HIe Q[ & FHI el Hs Alet, (A
g (e, Yolla-sl 52 Alet A (AR HERUPRHT 244 USUARAA A+l 24 B,

&, SUG, SIRUOH, HER 4 A1 eRUE Ul SAJAML AL SIZHIOHT AU W JYHIRUL Eld-L
BAUA B, B A 2ea-l [AAe UAN WAHIRRSL SURUAHL A12CULES 111 Elclle HRIAHT HIR] &, ARl
SIRQL AL SR & AL M AT EL & i2ql ot 418 Holl 209 &, RuULE Ul UM AR UL AUR 2
8. LRI AARAM B HIESHISAL SLeHI01 Bl HLEAL URL URALNUAL USSR JSALA 52 & AR WA A AL
UiSSA AHAR1A 8§ dl d atidll L .

Bed, SIEL Al AUAct AL WAL ARAE HIESHIHL A0 41 ctlg Hedl ussaly Alg AW & uelL dx{l-l
GuAL Al A2, 21l el "elRe (BRI 5& & A d-el Rl U Hlel ¥22UHi ussLe 25 8. uReuR, d
52clls (ARARIHE HIBEAL w22l RaeL ollotd RldlAl [@Qvl o1l R0 & A HRAENL HIR A41Rs J51 23 B,




54

Ingestion of marine debris

Ingestion of marine debris is known to particularly affect sea turtles and seabirds but is also a problem
for marine mammals and fish. Ingestion is generally thought to occur because the marine debris is
mistaken for prey and most that is erroneously ingested is plastic of different types including plastic
bags, plastic pellets and fragments of plastic that have been broken up from larger items. The biggest
threat from ingestion occurs when it blocks the digestive tract or fills the stomach, resulting in malnu-
trition, starvation and possibly death.

Studies show that a high proportion (about 50 to 80%) of sea turtles found dead, are known to have
ingested marine debris. This can have a negative impact on turtle populations. In young turtles, a
major problem is dietary dilution in which debris takes up some of the gut capacity and threatens their
ability to take on necessary quantities of food. For seabirds, 111 out of 312 species are known to have
ingested debris and it can affect a large percentage of a population (up to 80%). Moreover, plastic
debris is also known to be passed to the chicks in regurgitated food from their parents. One harmful
effect from plastic ingestion in birds is weight loss due, for example, to a falsely sated appetite and
failure to put on adequate fat stores for migration and reproduction.

Potential invasion of alien species

Plastic debris which floats on the oceans can act as rafts for small sea creatures to grow and travel on.
Plastic can travel for long distances and therefore there is a possibility that marine animals and plants
may travel to areas where they are non-native. Plastic with different sorts of animals and plants have
been found in the oceans in areas remote from their source. This represents a potential threat for the
marine environment should an alien species become established. It is postulated that the slow speed
at which plastic debris crosses oceans makes it an ideal vehicle for this. The organisms have plenty of
time to adapt to different water and climatic conditions.

2.1.6.3 Marine debris around the world

Many studies have been carried out in different countries and oceans estimating the quantity of plastic
on beaches, the sea floor, in the water column, and on the sea surface. Most of these studies have
focused, partially for reasons of practicality, on large (macro) debris. A limited body of literature also
exists concerning small to microscopic particles (micro debris).The results show that marine debris is
ubiquitous in the world’s oceans and shorelines. Higher quantities are found in the tropics and in the
mid-latitudes compared to areas towards the poles. It has been noted that high quantities are often
found in shipping lanes around fishing areas and in oceanic convergence zones.

Floating marine debris: Studies on different areas of the marine environment reported quantities of
floating marine debris that were generally in the range of 0-10 items of debris per sq km . Higher val-
ues were reported in the English Channel (10-100+ items/sq km) and Indonesia (more than 4 items in
every sg m ). Floating micro debris has been measured at much higher levels: the North Pacific Gyre,
a debris convergence zone, was found to contain maximum levels, that when extrapolated represent,
near to a million items per square kilometre.

Seafloor debris: Research has shown that marine debris was present on the seafloor in several loca-
tions in European waters, and also in the United States, Caribbean and Indonesia. In European waters,
the highest quantity recorded was 101,000 items/sq km and in Indonesia the equivalent of 690,000
items/sq km .

Shoreline Debris: Surveys of shorelines around the world have recorded the quantity of marine debris
either as the number of items per km of shoreline or the seven number of items per square metre of
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shoreline. The highest values
reported were for Indonesia (up
to 29.1 items per m) and Sicily
(up to 231 items per m).

2.1.6.4 Solutions

There are a number of global,
international and national initia-
tives in place that are aimed at
protecting the oceans from ma-
rine debris. The most far reach-
ing of these is the International
Convention for the Prevention of
Pollution from Ships (MARPOL).

Other measures to address
marine debris include manual
clean-up operations of shore-
lines and the sea floor as well
as school and public education
programmes.

While the above measures are
important for preventing or
reducing the problem of marine
debris, the ultimate solution to
waste prevention is to implement
a responsible waste strategy, with
the concept of “Zero Waste” .
Such a strategy encompasses
waste reduction, reuse and
recycling as well as producer
responsibility and ecodesign.
Ultimately, this would mean
reduction of the use of plastics
and synthetics such that they
are only used where absolutely
necessary and where they have
been designed for ease of recy-
cling within the existing recovery
infrastructure. It is possible that
biodegradable plastics could be
used where plastic was deemed
necessary but could not be seen
as an environmentally sound
alternative unless they are known
to break down rapidly to non-
hazardous substances in natural
environments.
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Coastal squeeze

Coastal squeeze is the term used to describe what happens to coastal
habitats that are trapped between a fixed landward boundary, such
as a sea wall and rising sea levels and/or increased storminess. The
habitat is effectively ‘squeezed’ between the two forces and dimin-
ishes in quantity and/or quality.

Prominent sites to observe coastal squeeze are the mega coastal cit-
ies, where seawalls are constructed to protect property along retreat-
ing beaches. These seawalls confine the wave energy and intensify
erosion by concentrating the sediment transport processes in an in-
creasingly narrow zone. Eventually, the beach disappears, leaving the
seawall directly exposed to the full force of the waves, and wherever
the seawall is not present in this zone, water enters cities leading to
urban flooding situations.

One recent estimate found that at least 40 per cent of the global
oceans are ‘heavily affected’ by human activities. This has a direct
impact on sustainable development, with the majority of human
settlements located on or near the coasts. Many of these ‘stresses’
to coastal and marine biodiversity develop either due to insufficient
information that different agencies working in the coastal areas have
on coastal geology and processes, or are intentional due to commer-
cial interests.

See a case study here

http://repository.tudelft.nl/view/ir/uuid % 3Ae23ef22d-
172a-4c22-9a2b-477d8d294466/
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2.9

2.9.1

What is climate
change? How
climate change
iImpacts coastal and
marine ecosystems

Overview

According to the Millennium Ecosystem Assessment,
climate change is likely to become one of the most
significant drivers of biodiversity loss by the end of

the century. It will create new hazards such as glacier
recession, sea level rise and extreme weather events
in frequency and intensity, never seen before. Greater
rainfall in some areas will trigger more floods and land-
slides, with consequent disruption to agriculture, urban
settlements, commerce and transport. Climate change
will, therefore, further aggravate the existing disaster
risks and vulnerabilities and expose millions of people
never affected before to risks, around the world.
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A projected sea-level rise of 88 cm over the 21st century could lead to the loss of 13 per cent of
mangrove area in 16 pacific island countries or territories, with losses as high as 50 per cent on
some islands.

In addition to affecting individual species and ecosystem health, climate change will also impact eco-
system services (Figure). These include provisioning services such as food and raw materials, which
may improve in the short term in boreal regions and decline elsewhere; regulating services such as
flood control and coastal protection which are expected to be particularly impacted by the degradation
of coral reefs and wetlands; and cultural services including traditional livelihoods.

A study by the World Bank revealed that coral reef degradation attributable to climate change in
Fiji is expected to cost between USD 5 million and USD 14 million a year by 2050.

Figure: Biodiversity and climate change have a two-way relationship.

First, there is ample evidence that climate change affects biodiversity. On the other hand, biodiversity
can support efforts to reduce the negative effects of climate change. Conserved or restored habitats
can remove carbon dioxide from the atmosphere, thus helping to address climate change by storing
carbon (for example, reducing emissions from deforestation and forest degradation). Moreover, con-
serving intact ecosystems, such as mangroves, for example, can help reduce the disastrous impacts of
climate change such as flooding and storm surges.
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2.9.2 Basic science of climate change

In the atmosphere, CO2 is the dominant carbon bearing trace gas. Additional trace gases include
methane and carbon monoxide and still smaller amounts of hydrocarbons, black carbon aerosols and
organic compounds.

The terrestrial biosphere reservoir contains carbon in organic compounds in vegetation living biomass,
in dead organic matter in litter and soils, old soil carbon in wetland soils, and in permafrost soils.

Since the beginning of the Industrial Era, humans have been producing energy by burning of fossil
fuels (coal, oil and gas), a process that is releasing large amounts of CO2 into the atmosphere. The
second major source of anthropogenic CO, emissions to the atmosphere is caused by changes in land
use (mainly deforestation), which causes globally a net reduction in land carbon storage, although
recovery from past land use change can cause a net gain in in land carbon storage in some regions.

According to the United Nations Framework Convention on Climate Change (UNFCCC), climate
change refers to a change of climate that is attributed directly or indirectly to human activity that alters
the composition of the global atmosphere and that is in addition to natural climate variability observed
over comparable time periods. In this description of climate change, the term, climate variability,
refers to variations in the mean state and other statistics (such as standard deviations and statistics of
extremes) of the climate on all temporal and spatial scales beyond those of individual weather events.
Variability may be due to natural internal processes within the climate system (internal variability) or
variations in natural or man-made external forcing factors (external variability) (UNFCCC 2001).

Human influence on the climate system is clear, and recent anthropogenic emissions of greenhouse
gases are the highest in history. Recent climate changes have had widespread impacts on human and
natural systems. In recent decades, changes in climate have caused impacts on natural and human
systems on all continents and across the oceans. Impacts are due to observed climate change, irre-
spective of its cause, indicating the sensitivity of natural and human systems to changing climate.
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Anthropogenic greenhouse gas emissions have increased since the pre-industrial era, driven largely by econom-
ic and population growth and are now higher than ever. This has led to atmospheric concentrations of carbon
dioxide, methane and nitrous oxide that are unprecedented in at least the last 800,000 years.

Their effects, together with those of other anthropogenic drivers, have been detected throughout the climate
system and are extremely likely to have been the dominant cause of the observed warming since the mid-20th
century.

Changes in many extreme weather and climate events have been observed since about 1950. Some
of these changes have been linked to human influences, including a decrease in cold temperature
extremes, an increase in warm temperature extremes, an increase in extreme high sea levels and an
increase in the number of heavy precipitation events in a number of regions (IPCC, 2014).

Human influence has been detected in warming of the atmosphere and the ocean, in changes in the
global water cycle, in reductions in snow and ice, in global mean sea level rise, and in changes in some
climate extremes. This evidence for human influence has grown since IPCC Assessment Report 4. It is
extremely likely that human influence has been the dominant cause of the observed warming since the
mid-20th century. Continued emissions of greenhouse gases will cause further warming and changes
in all components of the climate system. Limiting climate change will require substantial and sustained
reductions of greenhouse gas emissions. The global ocean will continue to warm during the 21st cen-
tury. Heat will penetrate from the surface to the deep ocean and affect ocean circulation (IPCC, 2013).

IPCC (2014) studies have confirmed, continued emission of greenhouse gases will cause further
warming and long-lasting changes in all components of the climate system, increasing the likelihood
of severe, pervasive and irreversible impacts for people and ecosystems. Climate change will amplify
existing risks and create new risks for natural and human systems. Risks are unevenly distributed and
are generally greater for disadvantaged people and communities in countries at all levels of develop-
ment Limiting climate change would require substantial and sustained reductions in greenhouse gas
emissions which, together with adaptation, can limit climate change risks (IPCC, 2014).
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Some key terms

¢ Hazard. It is the potential occurrence of a natural or human-induced physical event or trend or physi-
cal impact that may cause loss of life, injury or other health impacts, as well as damage and
loss to property, infrastructure, livelihoods, service provision, ecosystems and environmental
resources. In this report, the term ‘hazard’ usually refers to climate-related physical events or
trends or their physical impacts.

e Exposure. The presence of people, livelihoods, species (or ecosystems), environmental functions,
services and resources, infrastructure or economic, social or cultural assets in places and
settings that could be adversely affected.

e Vulnerability. The propensity or predisposition to be adversely affected. Vulnerability encompasses a variety
of concepts and elements including sensitivity or susceptibility to harm and lack of capacity
to cope and adapt.

e [mpacts. Effects on natural and human systems. In this report, the term ‘impacts’ is used primarily to
refer to the effects on natural and human systems of extreme weather and climate events
and of climate change. Impacts generally refer to effects on lives, livelihoods, health, ecosys-
tems, economies, societies, cultures, services and infrastructure of the interaction of climate
changes or hazardous climate events occurring within a specific time period on an exposed
society or system. Impacts are also referred to as consequences and outcomes. The impacts
of climate change on geophysical systems, including floods, droughts and sea-level rises, are
a subset of impacts called ‘physical impacts.’
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2.9.3 What's the difference between climate change and global warming?

Climate change is the shift in long-term, global weather patterns due to human action; it's not
exclusive to warming or cooling.

Climate change includes any change resulting from different factors, like deforestation or an
increase in greenhouse gases. Global warming is one type of climate change, and it refers to the
increasing temperature of the surface of Earth.

“Global warming” refers to the long-term warming of the planet. Global temperature shows a well-
documented rise since the early 20th century and most notably since the late 1970s. Worldwide,

since 1880 the average surface temperature has gone up by about 0.8 °C (1.4 °F), relative to the
mid-20th-century baseline (of 1951-1980).

“Climate change” encompasses global warming, but refers to the broader range of changes that
are happening to our planet. These include rising sea levels, shrinking mountain glaciers, accel-
erating ice melt in Greenland, Antarctica and the Arctic, and shifts in flower/plant blooming times.
These are all consequences of the warming, which is caused mainly by people burning fossil
fuels and putting out heat-trapping gases into the air. The terms “global warming” and “climate
change” are sometimes used interchangeably, but strictly hey refer to slightly different things.

[ Source: NASA http://climate.nasa.gov/faq/ 1
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The main characteristics of climate change include rising temperatures, changes in rainfall
patterns,melting of glaciers and sea ice, sea-level rises and an increased intensity and/or frequency of
extreme events. These changes in physical processes have impacts on biological and socioeconomic
factors such as shifts in crop-growing seasons, food production and food security, changes in disease
vectors, shifting boundaries of forests and other ecosystems and extreme events such as flooding,
droughts and landslides.

According to the fifth report of the IPCC, in recent decades, climate change has caused impacts on
natural and human systems on all continents and across the oceans.

e |n many regions, changing precipitation or melting snow and ice is altering hydrological
systems,affecting water resources in terms of quantity and quality.

e Many terrestrial, freshwater and marine species have shifted their geographic ranges, seasonal
activities, migration patterns, abundance and species interactions in response to ongoing climate
change.

e Climate change has negatively affected wheat, maize, rice and soybean yields in many regions
and in the global aggregate.

e There has been increased heat-related mortality and decreased cold-related mortality in some
regions as a result of warming.

Changes in many extreme weather and climate events have been observed since about 1950. Some
of these changes have been linked to human influences, including a decrease in cold temperature
extremes, an increase in warm temperature extremes, an increase in extreme events, high sea levels
and an increase in the number of heavy precipitation events in a number of regions.
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‘Vulnerability is the degree to which a system is susceptible to, or unable to cope with, adverse effects
of climate change, including climate variability and extremes.” Vulnerability, therefore, is a function of
the character, magnitude and rate of climate variation to which a system is exposed, its sensitivity and
its adaptive capacity (IPCC 2007). The lower the adaptive capacity of a system, the higher will be its
vulnerability to the negative impacts of climate change.

Vulnerability is also governed by the stability and resilience of local ecosystems. The more stable and
resilient an ecosystem is, the lesser vulnerable the communities will be. Therefore, protection, restora-
tion or establishment of biologically diverse ecosystems that provide important goods and services may
constitute important adaptation measures to increase the adaptive capacities of the population. Main-
taining biodiversity is an important component of adaptation as biodiversity contributes to the provision
of many ecosystem services.

Increased exposure to extreme weather events and natural disasters and their impacts on ecosystems
are cited among the five tipping points through which climate change impacts human development
(UNDP 2007). With the current trends, the average global temperature could rise by 2°C to 3°C within
the next 50 years or so, leading to many severe impacts, often mediated by water. These impacts will
be manifested in the coastal and marine environment as a rise in the sea level, violent storm surges,
ocean acidification, coral bleaching and heat stress. Crippled functionalities of ecosystems, declining
crop yields, floods during the wet season and a reduction in the off-season water supply are other pos-
sible impacts.

Fluctuating weather patterns are inducing changes in the distributions and ranges of species and are
disrupting the natural balances of many ecosystems. As a result, the goods and services they provide
to humans will be affected drastically. Invasive species, with shorter life cycles and higher reproductive
capacities, are more likely to survive climate change, leading to their proliferation, often at the cost of
native species. Changes in the distribution of species can also expand the ranges of disease vectors,
such as mosquitoes, which can have insidious implications for human health.

2.9.4.2 Impact on coral reefs:

Coral reefs are critical to the fi sheries and protect coasts from wave action and erosion (Middleton
1999; Ruddle et al 1988). However, they are undergoing rapid destruction (due to a number of factors
including destructive fi shing techniques and reef mining for calcium carbonate production, ocean
acidifi cation due to higher CO2 levels in the atmosphere, siltation as a result of deforestation, sedi-
mentation, marine pollution with contaminants, freshwater dilution, subaerial exposure and disease),
and global warming and climate change are posing an additional emerging and severe threat to al-
ready stressed coral reefs. The rising sea level and changed weather patterns, such as altered El Nifio
and La Nifia events, are already affecting coral reefs. In 1998, the tropical sea surface temperatures
(SSTs) were the highest on record (the culmination of a 50 year trend), and coral reefs suffered the
most extensive and severe bleaching (loss of symbiotic algae) and death on record. As a result of this
El Nifio event, 16 per cent of the world’s coral reefs and 50 per cent of those in the Indian Ocean were
destroyed (Wilkinson 2004). As such, reef communities have been altered in the region. Although
healthy reefs are likely to be able to adapt to projected sea level changes, coral reefs that are already
stressed by other human activities and threats will not (UNISDR/UNDP 2012a, 2012b).

2.9.4.3 Impact on Mangroves

Mangroves are restricted to the intertidal zone along the coasts and are becoming increasingly
depleted due to anthropogenic pressures. They are also extremely vulnerable to the effects of climate
change, such as rising sea levels, resulting in loss of habitat and changes in salinity, changes in
precipitation and wave climates and an increase in the frequency of natural disasters. The 6000 km?
extent of mangrove forest called the Sunderbans (literally, beautiful forests), a UNESCO World
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Heritage Site, along the coast of India and Bangladesh is the largest such forest in the world (Allison
1998). As a result of rising sea levels, 75 km2 (1.25 percent) of the mangroves in this tract along

the shores of the two countries has been lost due to inundation. A UNESCO document titled ‘Case
Studies on Climate Change and World Heritage’ (published in 2007) stated that a 45-centimetre
(18-inch) rise in the sea level (which is likely by the end of the 21st century according to the IPCC),
combined with other stresses on the Sunderbans, could lead to the destruction of three-quarters of its
mangroves. Mangrove forests are home to a number of species such as the critically endangered tiger,
the Eurasian otter, five species of marine turtle and the estuarine crocodile and to large numbers of
crustaceans and fishes. With a 1-m rise in the sea level, the Sunderbans are likely to disappear, which
may result in the extinction of the tiger as well as the other species in these habitats (Smith et al 1998).

2.9.4.4 Impact on Sea grasses

Higher water temperatures resulting from climate change will affect the growth, reproduction and gen-
eral metabolism of sea grasses, while increased acidity will affect their productivity (Bjork et al 2008;
Short and Neckles 1999). Increased numbers of storms will also result in physical damage to sea grass
meadows and increase the turbidity of the water, affecting the availability of light for photosynthesis
(Bjork et al 2008).

2.9.4.5 Impact on Sand dunes

Sand dunes are cleared for many reasons. Structures such as beach huts and beach restaurants are
often built illegally, destroying sand dunes. There is a great danger that sand dunes will be levelled

or damaged when artificial green belts are established or mangrove replanting is undertaken. When
exotic species such the whistling pine (Casuarina equisetifolia) are planted, additional problems, such
as the prevention of marine turtles from nesting, also ensue (Choudhury et al 2003).

Any removal of sand—inland or from a beach—affects sand dunes (Salm et al 2000). When there is
coastal erosion, the nesting habits of endangered marine turtles are disrupted. In India, there is severe
damage to the nesting beaches of the olive ridley turtle (Lepidochelys olivacea) along the coasts of Odi-
sha, Andhra Pradesh and Kerala as a result of sand and mineral mining on beaches (Choudhury et al
2003). Recreation is a major use of sand dunes and beaches, these being used extensively by tourists.

Excessive trampling of sand dune vegetation causes death of the flora and can result in erosion of
dune sites (UNISDR/UNDP 2012a, 2012b).

2.9.4.6 Impact on Salt marshes

Salt marshes are areas where water is retained for some time. They therefore act as areas where
inland pollutants are stored. Excess nutrients—from the agriculture sector—are a particular problem

in salt marshes because they lead to eutrophication. Industrial pollutants may contain toxic chemicals
such as mercury, lead and aluminium, which cause lethal and chronic risks to the fl ora, the fauna and
humans.

Salt marshes get filled with dredged material to create roads, residential communities and businesses.
The resulting habitat destruction alters the fl ooding regime, elevation soil type and plant and animal
communities. Ideally, salt marshes shift with changing environmental conditions. Many salt marshes
are being ‘squeezed’ between the rising sea and fi xed fl ood defence walls. Because salt marshes are
a unique mixture of both terrestrial and aquatic habitats, invasive species from the land and sea pose
threats to their well-being (UNISDR/UNDP 2012a, 2012b).
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2.94.7 Impact on Coastal wetlands, including estuaries, deltas, salt marshes and

mudflats

Coastal wetlands are associated with deltas, estuaries, lagoons and sheltered bays (Bird 1992). They
are affected by rising sea levels and sedimentation. The Great Rann of Kutch, in Gujarat is a huge
area of seasonal salt lakes that supports large populations of various species, including the largest
population of the greater flamingo (Phoenicopterus roseus) in Asia (Ali 1985; Bapat 1992), and is the
only place where Indian wild asses (Equus hemionus khur) may be observed. With a sea level rise,
these salt marshes and mudflats are likely to be submerged (Bandyopadhyay 1993), which will result
in a reduced extent of the habitat available for breeding flamingoes and lesser floricans (Sypheotides
indicus) (Sankaran et al 1992) and a loss of habitat for wild asses. Changes in river water discharges
resulting from climate change may also affect the wetlands associated with deltas. As such, plant and
animal species that inhabit these coastal wetlands are also threatened. Mudflats in the intertidal zone
are habitats of several migratory birds, which are also threatened by climate change (UNISDR/UNDP
2012a).

2.9.4.8 Impact on Wave climates

Ocean currents are driven by heat and salinity (which together determine density) and are, as such,
affected significantly by global warming. This will have repercussions for the weather patterns and cli-
mates of continents (particularly coastal regions), which are maintained by wave currents. Changes in
near-shore currents can also have profound impacts on coastal ecosystems through altered transport
and retention of sediments and nutrients (UNISDR/UNDP 2012a).
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2.9.5 How can climate change he managed? Climate change mitigation and adaptation !

Climate change, or global warming, is caused by increases in the concentrations of greenhouse gases
in the atmosphere. There are two ways in which climate change can be managed. One is to reduce
the emission of these gases (mitigation). The other way is to change or adapt our lifestyles to live with
it. The main greenhouse gases, according to the UNFCCC, are carbon dioxide (CO,), methane (CH,),
nitrous oxide (N,0), perfl uorocarbons (PFCs), hydrofl uorocarbons (HFCs) and sulphur hexafl uoride
(SF6).

2.9.5.1 Climate change mitigation

Mitigation is a human (anthropogenic) intervention that is designed to reduce the sources of emission
or enhance the sinks of greenhouse gases. This can be through the use of energy-efficient technolo-
gies in manufacturing industry, transport and construction. Increased sequestration (capturing) of
carbon dioxide by plant life can also reduce the greenhouse gas concentration in the atmosphere. So
afforestation and community plantations can help sequester carbon dioxide. The aim of the UNFCCC
was to mitigate and stabilize the emission of greenhouse gases in the atmosphere. The text of the con-
vention reads thus: The ultimate objective of this Convention and any related legal instruments that the
Conference of the Parties may adopt is to achieve, in accordance with the relevant provisions of the
Convention, stabilization of greenhouse gas concentrations in the atmosphere at a level that would pre-
vent dangerous anthropogenic interference with the climate system. Such a level should be achieved
within a time frame sufficient to allow ecosystems to adapt naturally to climate change, to ensure that
food production is not threatened and to enable economic development to proceed in a sustainable
manner.

The Kyoto Protocol, an instrument that was designed within the UNFCCC, set a commitment figure
foremission reduction for developed countries. It states:

The Parties included in Annex | shall, individually or jointly, ensure that their aggregate
anthropogenic carbon dioxide equivalent emissions of the greenhouse gases listed in Annex
A do not exceed their assigned amounts, calculated pursuant to their quantified emission
limitation and reduction commitments inscribed in Annex B and in accordance with the pro-
visions of this Article, with a view to reducing their overall emissions of such gases by at least
5 per cent below 1990 levels in the commitment period 2008 to 2012.

Reduced Emissions from Deforestation and Forest Degradation (REDD) is one programme that was
introduced for mitigation at the Conference of Parties (CoP) held at Copenhagen in Denmark in 2009.
Through REDD, developed countries can financially support developing-country partners in increasing
their green cover. The Copenhagen Accord reads thus:

We recognize the crucial role of reducing emission from deforestation and forest degradation
and the need to enhance removals of greenhouse gas emission by forests and agree on the
need to provide positive incentives to such actions through the immediate establishment of
a mechanism including REDD-plus, to enable the mobilization of financial resources from
developed countries.

2.9.5.2 Climate change adaptation (CCA)

Climate change is altering ecological systems, biodiversity, genetic resources, and the benefi ts derived
with ecosystem services. Human and natural systems have a capacity to cope with adverse circum-
stances but, with continuing climate change, adaptation will be needed to maintain this capacity
(IPCC, 2012)
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Adaptation is “the process of adjustment to actual or expected climate and its effects. In human
systems, adaptation seeks to moderate harm or exploit benefi cial opportunities. In natural systems,
human intervention may facilitate adjustment to expected climate and its effects...” Adaptation involves
reducing risk and vulnerability; seeking opportunities; and building the capacity of nations, regions, cit-
ies, the private sector, communities, individuals, and natural systems to cope with climate impacts, as
well as mobilizing that capacity by implementing decisions and actions (Tompkins et al., 2010)

Natural systems have the potential to adapt through multiple autonomous processes (e.g., phenology
changes, migration, compositional changes, phenotypic acclimation, and/or genetic changes), and
humans may intervene to promote particular adjustments such as reducing non-climate stresses or
through managed migration (see Section 4.5). But successful adaptation will depend on our ability to
allow and facilitate natural systems to adjust to a changing climate, thus maintaining the ecosystem
services on which all life depends.

Adaptation requires adequate information on risks and vulnerabilities in order to identify needs and ap-
propriate adaptation options to reduce risks and build capacity. In framing an approach to adaptation,
it is important to engage people with different knowledge, experience, and backgrounds in tackling and
reaching a shared approach to addressing the challenges (Preston and Stafford Smith, 2009;Tompkins
et al., 2010; Fiunfgeld and McEnvoy, 2011; Eakin et al., 2012) Initially, identifying needs was most
often based on impact assessments (or risk-hazard approaches), but social vulnerability or resilience-
assessments are increasingly being used (Funfgeld and McEnvoy, 2011; Preston et al., 2011b).

Adaptation needs refer to circumstances requiring information, resources, and action to ensure safety
of populations and security of assets in response to climate impacts. Adaptation options are the array
of strategies and measures available and appropriate to address needs. Because identifying needs
and selecting and implementing options require the engagement of individuals, organizations, and
governments at all levels, a range of actors need to be involved in these processes to avoid the risks of
maladaptation.

Various types of adaptation can be distinguished, including anticipatory, autonomous and planned
adaptation.

e  Anticipatory adaptation takes place before impacts of climate change are observed—this is also
referred to as proactive adaptation.

e Autonomous adaptation does not constitute a conscious response to climatic stimuli but is trig-
gered by ecological changes in natural systems and by market or welfare changes in human
systems, and this is also referred to as spontaneous adaptation.

e  Planned adaptation is the result of a deliberate policy decision based on awareness that condi-
tions have changed or are about to change and that action is required to return to, maintain or
achieve a desired state.

So, what does adaptation mean in terms of action?

Identifying needs stemming from climate risks and vulnerabilities provides a foundation for selecting
adaptation options. Over the years, a number of categories of options have been identified. These op-
tions include a wide range of actions that are organized into three general categories:

Structural/physical:

e Engineered and built environment: Sea walls and coastal protection structures, flood levees and
culverts, water storage and pump storage, sewage works, improved drainage, beach nourishment,
flood and cyclone shelters, building codes, storm and waste water management, transport and
road infrastructure adaptation, floating houses, adjusting power plants and electricity grids
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Adaptation using technological interventions: New crop and animal varieties, genetic techniques,
traditional technologies and methods, efficient irrigation, water saving technologies, including
rainwater harvesting, conservation agriculture, food storage and preservation facilities, hazard
mapping and monitoring technology, early warning systems, building insulation, mechanical and
passive cooling, renewable energy technologies, second-generation biofuels

Ecosystem-based adaptation: Ecological restoration , including wetland and floodplain conserva-
tion and restoration, conserving biological diversity, afforestation and reforestation, conservation
and replanting mangrove forest, bushfire reduction and prescribed fire, green infrastructure (e.g.,
shade trees, green roofs), controlling overfishing, fisheries co-management, assisted migration or
managed translocation, ecological corridors, ex situ conservation and seed banks, community-
based natural resource management, adaptive land use management

Adaptation through increasing supply of key services: Social safety nets and social protection,
food banks and distribution of food surplus, municipal services including water and sanitation,
vaccination programs, essential public health services, including reproductive health services and
enhanced emergency medical services, international trade

Social

Adaptation through imparting relevant education: Awareness raising and integrating into
education,gender equity in education, extension services, sharing local and traditional knowledge,
including integrating into adaptation planning, participatory action research and social learning,
community surveys, knowledge-sharing and learning platforms, international conferences and
research networks, communication through media

Adaptation through enhancing the information base: Hazard and vulnerability mapping, early
warning and response systems, including health early warning systems, systematic monitoring and
remote sensing, climate services, including improved forecasts, downscaling climate scenarios,
longitudinal data sets, integrating indigenous climate observations, community-based adaptation
plans, including community-driven slum upgrading and participatory scenario development

Adaptation through behavioral change: Accommodation, household preparation and evacua-
tion planning, retreat and migration, which has its own implications for human health and human
security, soil and water conservation, livelihood diversification, changing livestock and aquaculture
practices, crop-switching , changing cropping practices, patterns, and planting dates, silvicultural
options, reliance on social networks

Institutional
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Adaptation through Economic instruments: Financial incentives including taxes and
subsidies,insurance including index-based weather insurance schemes, catastrophe bonds,
revolving funds, payments for ecosystem services, water tariffs, savings groups, microfinance,
disaster contingency funds, cash transfers

Adaptation through Laws and regulations: Land zoning laws, building standards, easements,
water regulations and agreements, laws to support disaster risk reduction, laws to encourage
insurance purchasing, defining property rights and land tenure security, protected areas, marine
protected areas, fishing quotas, patent pools and technology transfer,

Government policies and programs: National and regional adaptation plans, including main-
streaming climate change; sub-national and local adaptation plans, urban upgrading programs,
municipal water management programs, disaster planning and preparedness, city-level plans,
district-level plans, sector plans, which may include integrated water resource management,
landscape and watershed management, integrated coastal zone management, adaptive manage-
ment, ecosystem-based management, sustainable forest management, fi sheries management,
and community-based adaptation
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Video of “Climate Change 2014: Synthesis Report”,
a report of the Intergovernmental Panel on Climate Change
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Selecting adaptation options:

Considerations when selecting adaptation options:

e  Effective in reducing vulnerability and increasing resilience

e Efficient (increase benefits and reduce costs)

e Equitable, especially to vulnerable groups

e Mainstreamed /integrated with broader social goals, programs, and activities
e  Stakeholder participation, engagement, and support

e  Consistent with social norms and traditions

e |egitimacy and social acceptability

e Sustainable (environmental and institutional sustainability)

e Flexible and responsive to feedback and learning

e Designed for an appropriate scope and time frame

e Likely to avoid maladaptive traps

e Robust against a wide range of climate and social scenarios

e Resources available (including information, fi nance, leadership, management capacity
e Need for transformative changes considered

e Coherence and synergy with other objectives, such as mitigation

Adaptation can contribute to the well-being of populations, the security of assets and the maintenance
of eco-system goods, functions and services now and in the future. Adaptation is place- and context
specific. Adaptation can reduce the risks of climate change impacts, but there are limits to its effec-
tiveness, especially with greater levels and rates of climate change. Taking a longer-term perspective
in the context of sustainable development increases the likelihood that more immediate adaptation
actions will also enhance future options and preparedness.

Mitigation, in the near-term and through the century, can substantially reduce climate change impacts
in the latter decades of the 21st century and beyond. Benefi ts from adaptation can be realized even
now in addressing current risks and can be realized in the future for addressing emerging risks. Ad-
aptation and mitigation are complementary strategies for reducing and managing the risks of climate
change. Substantial emission reduction over the next few decades can reduce climate risks in the 21st
century and beyond, increase prospects for effective adaptation, reduce the costs and challenges of
mitigation in the longer term and contribute to climate-resilient pathways for sustainable development.
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Many adaptation and mitigation options can help address climate change, but no single
option is sufficient by itself. Effective implementation depends on policies and cooperation
at all scales and can be enhanced through integrated responses that link adaptation and
mitigation with other societal objectives.

2.9.5.3 Ecosystem-Based Adaptation

Ecosystem-based adaptation (EBA)—which is the use of biodiversity and ecosystem services as part
of an overall adaptation strategy to help people to adapt to the adverse effects of climate change—is
becoming an integral approach to adaptation. Often, when faced with climate-related threats, first
consideration is given to engineered and technological approaches to adaptation. However, working
with nature’s capacity and pursing ecological options, such as coastal and wetland maintenance and
restoration, to absorb or control the impact of climate change in urban and rural areas can be efficient
and effective means of adapting.

The use of mangroves and salt marshes as a buffer against damage to coastal communities and
infrastructure has been well researched and found to be effective both physically and financially in
appropriate locations. They can also provide biodiversity co-benefits, support fish nurseries, and have
carbon sequestration value. An example of adaptation in an urban area can be that New York City has
a well-established program to enhance its water supply through watershed protection that is cost-effec-
tive compared to constructing a filtration plant.

However, there are trade-offs relating to land use and the availability of space for people and social,
economic, and environmental activities. For example, providing an effective wetland buffer for coastal
protection may require emphasis on silt accumulation possibly at the expense of wildlife values and
recreation. Moreover, it is considered that ecosystem-based approaches are often more difficult to
implement as they usually require cooperation across institutions, sectors, and communities, and their
benefits are also spread across a similarly wide set of stakeholders. Nevertheless, ecosystem based
adaptation seems to be the most sustainable option of climate change adaptation.
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2.10 Disaster Risk

2.10.1

Reduction

Basics of Disaster risk reduction

The term ‘disaster,” meaning ‘bad star’ in Latin, is de-
fined as an impact of a natural or human-made hazard
that causes human suffering or creates human needs
that the victims cannot meet without assistance. The
word’s root is from astrology and implies that when a
star is in a bad position, a bad event is about to hap-
pen. In a recent document published by the United
Nations Development Programme (UNDP) in the
Americas, a disaster is defined as ‘a social crisis situa-
tion occurring when a physical phenomenon of natural,
socionatural or anthropogenic origin negatively impacts
vulnerable populations ... causing intense, serious and
widespread disruption of the normal functioning of the
affected social unit.’
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India’s Disaster Management Act 2005 defines ‘disaster’ as ‘a catastrophe, mishap, calamity or grave.
occurrence in any area, arising from natural or man-made causes, or by accident or negligence which
results in substantial loss of life or human suffering or damage to, and destruction of, property, or dam-
age to, or degradation of, environment, and is of such nature or magnitude as to be beyond the coping
capacity of the community of the affected area.’ Officially, the United Nations defines ‘disaster’ as ‘the
occurrence of sudden or major misfortune which disrupts the basic fabric and normal functioning of
the society or community.’

With growing populations and infrastructure, the world’s exposure to natural hazards is witnessing a
steep increase. This is particularly true as the fastest population growth is in coastal areas (with greater
exposure to floods, storms and tidal waves). To make matters worse, any land remaining available for
urban growth is generally risk prone, for instance, floodplains or steep slopes subject to landslides. The
accompanying graphs show a steep increase in the frequency of disasters in recent years. This raises
several questions.

e |sthe increase due to a significant improvement in access to information?
e What part does population growth and infrastructure development play?

e s climate change behind the increasing frequency of natural hazards?

There are many reasons for the escalation in the frequency of disasters, such as new settlement pat-
terns, population growth, increased rural-to-urban migration, emerging poverty levels and trends, the
impact of development processes, new forms of vulnerabilities related to technological and industrial
developments, emergence of virulent biological threats, ecological degradation, phenomena such as El
Nifio/La Nifia, climate change and the potential for rising sea levels, affecting the patterns and intensity
of hydro-meteorological hazards.
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Disasters are often classified according to their causes (natural vs human-made) and speed of
onset(sudden vs slow)

2.10.2.1 Classification by cause

Natural disasters. These types of disasters are caused by biological, geological, seismic, hydro-
logic or meteorological conditions or processes in the natural environment, e.g., cyclones, earth-
quakes, tsunami, floods, landslides and volcanic eruptions.

Human-made disasters. These are disasters or emergency situations of which the principal, direct
causes are identifiable human actions, deliberate or otherwise. Apart from technological disasters,
this mainly involves situations in which civilian populations suffer casualties and loss of property,
basic services and means of livelihood as a result of war, civil strife or other conflicts, or policy
implementation. In many cases, people are forced to leave their homes, giving rise to congrega-
tions of refugees or externally and/or internally displaced persons as a result of civil strife, an
airplane crash, a major fire, an oil spill, an epidemic, terrorism, etc.

2.10.2.2 Classification by speed of onset

Sudden onset. The disaster happens with little or no warning, and there is minimal time to pre-
pare, for example, an earthquake, a tsunami, a cyclone, a volcanic eruption.

Slow onset. These adverse events are slow to develop: first, the situation develops; the second
level is an emergency; the third level is a disaster. Examples are droughts, civil strife and epidem-
ics.

Figure: Trends in natural disasters (Source: Centre for Research on the Epidemiology of Disasters)

‘SlosiReal A Hi2edl AL s1Re0 44 gHEtL aula (ARLEw] ual €lH) wHIQL adllsd saAMi 2419 8.

2.10.2.1 sRel gt a2(ls:el

o

gedl U@L gerdl aldiareldl 24t usRl 2@, Gelgwl ddls, alailsi, ardlsy), Yy,
FOUCRI), ¢Ruic 21 walaull steal Il B[As, ¢lbl@s, ardlsu ci@d, o Aeifd 2aal
Ml 2R AoiAd URRAR adl wEARAA s1RQl adl 8l 8.

HidAFd @Al 241l @A 2129l 5SSl URRAARA & Bl Hul 47 Alewl skl Adl
Hid sRIA vl 2isia dal & aHaal gRueyds-l 8. WelBls 2u@adlell AHedt 2L Yuud Adl
YRRAQNA AL 52 8 5 FUL ARSI arcll, Yeer, Ams-L el 2l Hdelel 2iadal At
HEllsR0UAL URBUHPY A1 (ASIAL ALEAL A HAGd A, S8R dl AESAlAL JsAULAN Ae 52
8. €Ul 50, e wel¥q ¢él usq, [Qeun 2L cdpLdl, dd YR, ASIHS AU A ALdSALEAL
YReun ollel AUl AHidRS A Asa AT AelR] Sl (AU ulsaAA 2al ARUBRA

1o dlell Wdl-l &Rl 8181 & 8.

2.10.2.2 gHeu-ll sy gl ag adllswel

lelledl ddeelledl

[d(d

URAA GHELL 2L AMR o1 A A2l ARAd AR A1 21 B 24 d2UF] 5L HIZ 8RN A AHA
& 8. Belgrul dils, erdlsy, YAl A, satnpull stedl.

e[l gHEll. 241 (Al ele-ArAl qeran Hi2 €llHL 8: ugcll URRAM QAsA 8; ofl R As selsél Gell a8
A Al R AWM 241D B, 35101, UMHURS ENRN A4 ASIHS AIRUON AL BelERRN .

Qs

d QR
AL 1A 2R
ALesal %)Lvmj
g2l

wloiled

Jlofleal URad-q
B i

BAL9RBL

AAE1GU AL B

{15(A: gercl UURRAAL B (AR feNe AWM 1WA 579)



€2 arl] uleg QJ'l.éQlC‘l 3‘80{‘{1

e ele-1A
HW{HI qABL
I AR
AletRAet AuiHl aeARAAL AvuHi
AR SEIRL HIUBAL auRiL-L Aleult
JURRA A Rl glgA 5122 &
U@ eRclsU Al ARuMRHI YR i
B R Usdldl-{l ele-t ag e 8. dell 8
AL 2L B: AL AL BoLAd] ¥ ATA 5 9
s1a. erdlEu aclol@ oL secl 2LSANAL AL
§s19, , K]
LR[S UL, AR 52 B?
YR,%d Buad,
sayull sicl
Alsadl, Hlni %2l
Gl c{mc{l AL,
Y- clSl-. X
1% eRdlsU Qg 2ledealell
Gud 2AE AAu[A
YR
eRdlsul usAldl
aRdlsul
Figure: the Trends of Climatic events over the years. 2150: ay g3 uodEdlAL adRl.
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2.10.4 The disaster continuum and the context of coastal and marine biodiversity 2.10.4 QA MR 2 Al a2t R Ba QR ArateL isol

conservation ,
AQ 247 agladla QLRI daul AALe 5HIEIA 24 Gell R YEL YEL AGSSIRAA &Ll AsH 5 2@

Disaster management can be defined as the body of policy and administrative decisions and opera- eyl vl 53 oSt . AURL uaR2AUAHT SHINS1RAAL ARl dHSRA D,
tional activities that pertain to the various stages of a disaster at all levels. There are three key stages of
activity in disaster management. 2.10.4.1. 2 A2 A vgal (2 yd)
2.10.4 .1. Before a disaster strikes (pre-disaster) {52 SRQL HIHd A1 REsd sl gatsal Hie U9l sl A9 4 A YL WLt sl AL 5 AR
AU AR RUR URL 5L E2lS] 2ASRL LAl AHA AuiHHL el2Ls] AL AL Ug[RRAL 5B 41 8. A M
Activities taken to reduce human and property losses caused by the hazard and ensure that these a1215a1 24 AU ugRA 13 ouiarHi 2419 8. RRAR 43 a2l eRUL Br121 4 eRULE 2isueA, FH
losses are also minimized when the disaster strikes. Risk reduction activities are taken up in this S A4 g, YAl uSSs| A AYg B A AH{[ %d..“ GUOHA M1 A1 eRuLs QJ‘[[‘S(‘H AW vl H%[aq,ﬂ
stage. They are termed mitigation and preparedness activities. Stable and healthy coastal and marine 12 v A3y B,
habitats such as mangroves, coral reefs and sea grasses are key in ensuring the pre-disaster mitigation
and preparedness activities against coastal disasters. 2.10.4.2 "Ull‘-lr'a €Y1 (mmﬁl é].?-l &ll%)
2.10.4.2. During a disaster (disaster occurrence) AUt AlSIl B2 RAULAA 155 5L clall 45U US| sl sIRIAEA 5l AN, 2L doisS sAML
adl st “selsél el wlalBaulas spRlA” seat 8.
Activities taken to ensure that the needs of affected people are met and suffering is minimized. Activi-
ties carried out during this stage are called emergency response activities. 2.10.4.3 %{Nfﬂ OlLE ('bll‘l[a \{Eﬂ.ﬂ)
2.10.4.3. After a disaster (post-disaster) azg YU 241 usaldl Adeelld uRRARA s3l2l weuldd §§ A A55 5L HIe Qdldl HAdl-l
SRIAEIRA “UAHIA “ At YA U SRIAERA sEARL . AR “d}de4(ld” AlSL UR ‘JSALA AAR 52 & AR
Activities undertaken for early recovery and efforts undertaken to ensure that the earlier vulnerable A As “UMR" ¢ B, 45, Ade-2lletdl 24 AR ASRIcs URRIHAL SuHA eleisal HiHl aHiHeldle
conditions do not prevail again. These are called response and recovery activities. Aare] URH uRel .
A ‘disaster’ occurs when a ‘hazard’ impacts on ‘vulnerable’ people. The combination of hazards, 2l[s Q{gERﬂ-ﬂ Q{QE-[Q[IC-ldL, A8l %.25[.21..[1 ASRIHS AU SRV 48 & A A2l #Lal Qi'j&llﬂ-l RAL
vulnerability and inability to reduce the potential negative consequences of risk results in disasters. lell Gt AvA \S] 2ari 241 . Adl % 41Q s3lell AURA LAl dERIAON AHYERL BUENEAL 3SR AR
The vulnerability of local communities increases due to the negative impacts of climate change and 2 ag Ade-ellet &9,

therefore leaves these communities at a higher risk of disasters. Similarly, a community that is more
prone to recurring disasters will be more vulnerable to the impacts of climate change.
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2.10.5 Hazard profile of India

India is one of the 10 most disaster-prone countries in the world. The country is prone to disasters due
to a number of factors, both natural and human induced, including adverse geoclimatic conditions,
topographic features, environmental degradation, population growth, urbanization, industrialization
and nonscientific development practices. These factors, either by themselves or by accelerating the
intensity and frequency of disasters, are responsible for a heavy toll of human lives and for disrupting
the support system in the country.

The basic reason for the high vulnerability of the country to natural disasters is its geographical
features. The five distinctive regions of the country, i.e., the Himalayan region, the alluvial plains, the
desert, the hilly part of the peninsula and the coastal zone, have their own specific problems. While the
Himalayan region is prone to disasters such as earthquakes and landslides, the plains are affected by
floods almost every year. The desert is affected by droughts, while the coastal zone is susceptible to
cyclones.

The geotectonic features of the Himalayan region and adjacent alluvial plains make the region sus-
ceptible to earthquakes, landslides, water erosion, etc. Peninsular India is considered to be the most
stable portion, but occasional earthquakes in the region show that geotectonic movements are still
going on within its depth.

Floods top the list of disasters in India on an annual basis. The protection mechanisms in the country
against these floods are inadequate. The western part of the country, including Rajasthan, Gujarat and
some parts of Maharashtra, are hit very frequently by droughts. Around 68 per cent of the land area in
India is prone to drought. Of this, 35 per cent receives rainfall of 750-1125 mm a year and is consid-
ered drought prone, and 33 per cent receives less than 750 mm and is considered chronically drought
prone. If the monsoon is poor, drought spreads to other parts of the country as well.

India is exposed to 10 per cent of the world’s tropical cyclones. About 71 per cent of this area is in
10 states (Gujarat, Maharashtra, Goa, Karnataka, Tamil Nadu, Andhra Pradesh, West Bengal, Kerala,
Orissa, Puducherry). Other factors such as the increasing pressure exerted by the population, de-
teriorating environmental conditions, deforestation, unscientific and unplanned development, faulty
agricultural practices and grazing, unplanned urbanization and construction of large dams, are also
responsible for the increased impacts and frequency of disasters in the country.

In recent years, India has been witnessing an ascending trend in the occurrence of heat and cold
waves, especially in the wake of the climate change phenomenon. Uttar Pradesh and Bihar rank the
highest in terms of casualties on account of cold waves in India, primarily due to a slow pace of devel-
opment and a lack of adequate and appropriate shelters for workers and farmers.

Thunderstorms and hailstorms usually affect the central, northern, northeastern and northwestern
parts of the country.

India has been divided into four seismic zones according to the maximum intensity of earthquake
expected. Of these, Zone V is the most active one, comprising all of Northeast India, the northern por-
tion of Bihar, Uttarakhand, Himachal Pradesh, Jammu and Kashmir, Gujarat and the Andaman and
Nicobar Islands. Six major earthquakes struck different parts of India between 1995 and 2010.

As far as man-made disasters are concerned, it is estimated that currently there are over 1949 indus-
trial units in India that are considered to represent major accident hazards, besides many more small
and medium industrial units.
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2.11 Climate change

2.11.1

and disaster risk:
How they relate to
coastal and marine
biodiversity and
coastal livelihoods

The interrelationship

Consequences of biodiversity loss and ecosystem
degradation are often harshest for the rural poor, who
are highly dependent on ecosystem services for their
livelihoods and who are often the least able to access
or afford substitutes for the lost ecosystem services.
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The Millennium Ecosystem Assessment (2005) has confirmed that biodiversity loss poses a signifi-
cant barrier to meeting the needs of the world’s poorest, as set out in the United Nations Millennium
Development Goals. Impacts of biodiversity loss and ecosystem degradation are highest in mountain
and coastal communities, and these ecosystems are also one of the most vulnerable ecosystems as far
as the negative impacts of climate change are concerned.

Climate-related hazards affect poor people’s lives directly through impacts on livelihoods, reduc-
tions in crop yields, or destruction of homes and indirectly through, for example, increased food
prices and food insecurity

The livelihoods of rural poor are, therefore, greatly affected, in one or the other way by three major
factors — climate change, ecosystem services and disasters. In the recent past, climate change has
emerged as one of the most serious threats to the existence of human societies, impacting communi-
ties with far-reaching consequences on their lives and livelihoods, especially in developing countries.
Climate studies show that the best possible scenario of controlling the greenhouse gases emissions will
still leave us with at least 1.8 degrees Celsius temperature rise by 2100, which means that while on the
one hand mitigation is an important aspects of managing climate change, countries must start plan-
ning towards adaptation, i.e. strategies to cope with this temperature rise on the other hand.
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Value of Ecosystem Services in Disaster Risk Management: Some Examples

e In the Maldives, degradation of protective coral reefs necessitated the construction of artificial break-
waters at a cost of US$ 10 million per kilometer (SCBD, 2009).

e |n Vietnam, the Red Cross began planting mangroves in 1994 with the result that, by 2002, some
12,000 hectares of mangroves had cost US$1.1 million for planting but saved annual levee main-
tenance costs of US$ 7.3 million, shielded inland areas from a significant typhoon in 2000, and
restored livelihoods in planting and harvesting shellfish (Reid and Hug, 2005; SCBD, 2009).

e Inthe United States, wetlands are estimated to reduce flooding associated with hurricanes at a value
of US$ 8,250 per hectare per year, and US$ 23.2 billion a year in storm protection services (Costan-
za et al., 2008).

e In Orissa, India, a comparison of the impact of the 1999 super cyclone on 409 villages in two tahsils
with and without mangroves showed that villages that had healthy stands of mangroves suffered
significantly less loss of lives than those without (or limited areas) healthy mangroves, even though
all villages had the benefit of early warnings and accounting for other social and economic variables
(Das and Vincent, 2009).
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The goal of climate change adaptation planning is to find local or locally adapted sustainable solutions
for robust and diversified livelihood options, especially in climate-sensitive sectors like agriculture,
forestry, tourism etc. In the coastal areas, the need for adaptation becomes further high due to the
unique challenges that these areas face for their livelihoods in terms of higher risk of natural disasters,
high concentration of human population on the coastline, stronger role of women in the fisheries sec-
tor, concentration of polluting industries on the coast at the expense of natural coastal habitats adding
to the vulnerability of the local communities, etc.

Therefore, adapting to climate change is of high relevance for protecting livelihood security of commu-
nities in coastal areas and overall well-being of such areas.
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2.11.2 Synergies and Trade-offs: climate change, disaster risk, coastal and marine biodiver-

sity and rural livelihoods

Though the objective of both climate change adaptation and disaster risk reduction is reducing the
vulnerability of the local communities, some climate change adaptation and disaster risk interventions
may unintentionally leave people more vulnerable than before to the impacts of natural disasters and
vice versa.

This is not because of lack of understanding of the interlinkages between climate change and disas-
ters. At the framework level, international conventions and national policies on climate and disaster

do recognise the linkages between climate change adaptation and disaster risk reduction. There is
also no dearth of scientific evidence that different elements of biodiversity and ecosystem services are
the foundation of livelihoods of human communities (MEA, 2005) and also reduce the vulnerability of
human communities to the negative impacts of climate change and disasters (IPCC 2007). The chal-
lenge, however, lies in identifying the activities and strategies that may be mutually beneficial (inter-
linkages), or may diminish the efforts of the other sectors (trade-offs) in a particular context. It may not
be possible to develop a global equation on the interlinkages between various sectoral strategies as the
linkages may be highly context specific.

For environmental sustainability, livelihoods can be categorised broadly into three categories based on
the level of utilisations of natural resource base. The first category can be of those livelihood activities
that do not harm natural resources; the second category of livelihood activities would be where the live-
lihood activities strive to maintain the existing natural resource base. And the third category capitalises
on the opportunities created by cli- mate variability and change. Livelihood activities falling under these
three categories bring synergies with climate change adaptation efforts, while all other activities that
negatively affect the quantity or quality of biodiversity and other ecological resources, will disrupt the
ecosystem balance, and subsequently decreases the ability of the ecosystems to regulate the disaster
risk. This renders the livelihoods socially unsustainable.

This delicate relationship between livelihoods and ecosystem stability is further stressed when the
ecosystems and human communities are impacted by climate change and variability. The greatest
impact of climate change is on biodiversity and disruption of ecosystem services. However, the impacts
of climate change on ecosystems and their services will not be distributed equally around the world.
Dry lands, mountain regions and Mediterranean regions are likely to be more vulnerable than others
(Gitay et al., 2001) and ecosystem degradation is largest in these regions (Hassan et al., 2005, cited
from IPCC 2007). The threat is also greater in communities and areas that have a high dependency

on the natural resources for their lives and livelihoods. Rural populations living in the coastal areas of
developing countries are, therefore, among the most vulnerable group of communities due their high
vulnerability and low adaptive capacities.
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2.11.3 Synergies and trade-offs with disaster risk reduction and climate change adaptation

A number of studies indicate that sustainable strategies for disaster risk reduction help improve liveli-
hoods (Pomeroy et al 2006). Disaster risk reduction strategies involve enhancement of the adaptive
capacity of the coastal population, which also increases the livelihood options through better com-
munication and awareness (Pomeroy et al 2006; IPCC 2012). The coastal population, with enhanced
adaptive capacities, is also less vulnerable to the negative impacts of climate change.

While most of the DRR activities are synergistic with the objectives of marine and coastal protected
areas and the livelihoods of coastal communities, there are certain activities with trade-offs, such

as shelterbelt plantation on the shoreline with Casuarina equisetifolia for cyclone protection (NDMA
2008), which reportedly has adverse effects on the nesting of sea turtles by causing beaches to shrink
(Balu 2008). Ironically, it has also not been possible so far to establish the effectiveness of thin shelter-
belt plantations as bio-shields (Forbes & Broadhead 2007). This example supports the need to build
scenarios of ecosystem services trade-offs, which will help prioritise activities based on their impacts
on ecosystem services.

Threats to marine and coastal biodiversity are further enhanced in light of the observed and predicted
impacts of climate change. Climate change will have heightened negative impacts on the coastal
ecosystems by increasing the risk of natural disasters such as coastal flooding and other extreme
events (IPCC 2012). Adaptation is an important management strategy for reducing the vulnerability
of people and infrastructure to the negative impacts of climate change. CCA interventions reduce the
threats to habitats and tourism infrastructure and therefore enhance tourism opportunities (Parry et al
2007). However, trade-offs can be seen with the adaptation options such as modification of land use
for agricultural practices and aquaculture, which may lead to habitat loss and degradation, spread of
invasive alien species and coastal pollution — changes that may result in loss of fisheries, affecting local
livelihoods and ultimately leaving the coastal communities more vulnerable to the negative impacts of
climate change and natural disasters than before.

Similarly, protective hard infrastructure raised as CCA option (such as seawalls, floodgates and tidal
barriers and saltwater-intrusion barriers) have been reported to be ineffective in extending protection,
rather enhancing the risk of natural disasters and contributing to habitat loss due to coastal squeeze
(Knogge et al 2004; Rochelle- Newall et al 2005). Such CCA strategies, termed as mal-adaptation
(Burton 1996), may compromise biodiversity and ecosystem stability in the long term; they not only
increase disaster risk, but also diminish livelihood opportunities of the population and make them more
vulnerable to climate change.
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2.11.4 Marine and coastal protected areas and livelihood security

Coastal communities, especially those in the developing countries, depend largely on fisheries for their
livelihoods (Pérez 2010; Koziell 2001). With the increasing population, the need for fish catch is also
increasing. Marine and coastal protected areas play a crucial role in maintaining the fish population in
the sea and help meet the increasing demand for fish and support coastal livelihoods. These pro-
tected areas, if partially or entirely closed to fishing, have proved to be very effective in association with
conventional fisheries management in rebuilding damaged fish stocks and in giving all stocks some
stability. In several regions, fish stocks have increased rapidly following the establishment of marine
protected areas (MPAs). Far from hurting the fishing industry, MPAs have led to enhanced catches,
hence providing a direct economic benefit. The larger stocks inside the reserves export their offspring
to fishing grounds through ocean currents. Juveniles and adults may also emigrate from the re- serves,
so boosting fisheries nearby (Kelleher 1999).

Certain livelihood activities negatively affect marine and coastal habitats and species and thus hinder
the sustainability of MPAs. The use of two ecosystem services “capture fisheries and freshwater” is
now well beyond levels that can be sustained even at current demands, much less future ones (MEA
2005). The role of the shipping industry in spreading invasive alien species is known to threaten sever-
al ecosystems (IOC/UNESCO, IMO, FAO and UNDP 2011). Tourism is emerging as another important
livelihood activity among coastal communities. The values of tourism increase when the areas receive
some degree of protection. Marine and coastal protected areas, therefore, are instrumental in bringing
income to the coastal communities in the form of tourism. Coastal tour- ism is a double-edged activity:
on one hand it has the potential to contribute to socio-economic achievements and, on the other hand,
its fast and uncontrolled growth can be the major cause of degradation of the coastal environment and
loss of local identity and traditional cultures (SCBD 2004).

A very important issue, when discussing trade-offs, is the perceived loss of livelihood opportunity of
the coastal populations due to restricted resource use in a marine protected area. The designation and
expansion of protected areas apparently have also brought associated social and ecological costs and
can threaten the long-term viability of the protected areas themselves (Pimbert and Jules 1997). This
lack of livelihood security and loss of trust ultimately undermine conservation objectives as the rates of
extraction intensify in areas surrounding the marine and coastal protected areas.
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2.11.5 Possible synergies and trade-offs in Climate Change Adaptation and Livelihoods

Climate change adaptation must enhance adaptive capacities of people through socially and envi-
ronmentally sustainable livelihoods and resilient ecosystems on one hand and recognise any possible
trade-offs between livelihood strategies and biodiversity and ecosystem resilience.

Studies forecast that climate change will adversely affect many ecosystems particularly the coastal and
marine ecosystems and the most vulnerable areas are coastal areas. The implications of stress from
climate change on people’s livelihood systems are not widely understood. Knowledge on special forms
of vulnerability of people living in coastal ecosystems is sparse. However, it is predicted that the coastal
population, particularly the poor, is relatively more vulnerable to the adverse impact of climate change
due to their low adaptive capacities and greater dependence on climate-sensitive sectors like fisheries
for their livelihoods and heightened risk of natural disasters and extreme events.

Trade-offs can be seen when climate change adaptation strategies may increase the vulnerability of
communities to disaster risk, via long-term negative impacts on biodiversity. Similarly, some livelihood
interventions can unintentionally leave people more vulnerable than before to the impacts of climate
change. For example, rural infrastructure development such as village roads in hilly terrain, aiming
at climate change adaptation may lead to recurring disasters, if the landslide hazard of that hill is not
taken into account. Another area of trade-off can be in the forestry and horticulture sector, where
large-scale single-species plantations, especially with exotic species may run into the risk of soil ero-
sion, exotic pest invasion and soil nutrient imbalance.

Apart from adaptation focused activities, there are certain mitigation efforts that may have a negative
impact on risk reduction efforts. The new opportunities in carbon trading encourage raising plantations
on the available land, which consist of mostly exotic species, and very often in the form of monocul-
ture. This phenomenon may disrupt the ecosystem structure and services in that landscape on the
one hand, and take away the opportunity to use that land for more sustainable adaptation options on
the other hand. Trade-offs can also be seen when disaster risk may increase due to other sectoral ac-
tivities, which may hamper adaptation efforts in an ecosystem. For example, plantation or construction
activity on a steep slope may lead to soil erosion and landslide in the hill areas, leading to increased
risks for livelihood security and overall development of the area.

The above climate change adaptation/mitigation strategies may compromise biodiversity and ecosys-
tem stability in the long term. This not only increases disaster risk, but also diminish livelihood oppor-
tunities of the population, making them further vulnerable to climate change.
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Trade-offs hetween
different ecosystem
Services

Stable and bio-diverse ecosystems provide multiple
services, which interact in multiple ways. This makes
the ecosystem services relate to each other either
negatively or positively. Some ecosystem services
co-vary positively (an increase in one service means
another also increases) and others co-vary negatively

(an increase in one service means another decreases).

Focusing on one ecosystem service in isolation from
the possible impacts on other critical ecosystems
services provided by the same ecosystem leads to a
situation of conflict and management failure (Elmqvist
etal 2011).
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Marine and coastal ecosystems around the world are experiencing an increasing demand for their
diverse ecosystem services, required for different sectors such as fisheries, tourism, biodiversity con-
servation, climate change adaptation, disaster risk reduction, and so on. The viability of many activities
of these sectors is dependent on the services provided by the same ecosystem. In such situations,
progress towards one objective such as increasing fish production has often been at the cost of other
objectives such as conserving biological diversity or improving water quality (MEA 2005), and this is
known as a ‘trade-off '. These trade-offs exist even within the ‘green sector’.

Significant co-benefits, synergies, and trade-offs exist between mitigation and adaptation and among
different adaptation responses; interactions occur both within and across regions (very high confi-
dence). Increasing efforts to mitigate and adapt to climate change imply an increasing complexity of
interactions, particularly at the inter- sections among water, energy, land use, and biodiversity, but tools
to understand and manage these interactions remain limited. Examples of actions with co-benefits
include (i) improved energy efficiency and cleaner energy sources, leading to reduced emissions of
health-damaging climate-altering air pollutants; (ii) reduced energy and water consumption in urban
areas through greening cities and recycling water; (iii) sustainable agriculture and forestry; and (iv)
protection of ecosystems for carbon storage and other ecosystem services.

Way forward:

Stable ecosystems are the foundation for achieving the goals of reduced vulnerability, and higher
adaptive capacities towards climate and disaster risk reduction. In the coastal ecosystems, the role

of biodiversity and ecosystem services is further critical due to high dependence of communities on
natural resources for livelihoods. Adopting an ecosystem approach in the overall development planning
should be top priority for the region. Conservation of ecosystems and biodiversity provide multiple
benefits in the long run, and will automatically minimise the trade-offs between actions of various
sectors. Adopting ‘no regrets’ measures, such as planting mangroves to stabilise coastal land and
climate-proofing key investments, can go a long way towards reducing vulnerability.

Sectoral studies on assessing the combined vulnerability (DFID 2004) and cumulative risk due to cli-
mate change and disasters, and identifying sector-specific synergies and trade-offs and their long-term
impact on the coastal and marine ecosystems are immediately needed in the country. This will not only
help each sector identify climate related disaster risk to their activities but will also facilitate the state
governments in prioritising coastal conservation action at the vulnerable locations and ecosystems.

It is important that the education and trainings of relevant stakeholders include this concept, so that
a strong support system is created that ensure the success of various government interventions. The
school and college curriculum must include coastal and marine biodiversity issues as an integrated
concept in the subject of environmental/ ecological sciences. Climate change and disaster manage-
ment trainings must have coastal and marine biodiversity management as an integrated concept, and
vice versa.

It is high time to invest in infrastructure, human capacity and information networks at international, na-
tional and regional levels, which are required for efficient vulnerability and risk assessment, early warn-
ing and preparedness planning in the region and also timely rehabilitation and reconstruction work.

Many marine and coastal ecosystems no longer deliver the full suite of ecosystem services upon which
humans have come to rely (Mengerink et al 2009) due to the existence of trade-offs between the
activities of different sectors. Trade-offs can be minimised if the primary goal of all the activities in the
marine and coastal ecosystems is maintaining a sustainable flow of ecosystem services (Rosenberg
2005; MEA 2005). An inclusive approach to marine and coastal protected area management, com-
prising the following pathways could possibly lead to sustainable management of marine and coastal
protected areas in general and enhancing support from the coastal communities in particular.

Placing ecosystem services at the centre of all the strategic development planning in marine and
coastal ecosystems may support decision-makers in framing policies, plans and programmes with
‘biodiversity in mind’.
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BBC Human Planet ep 1 of 8 Oceans pt 14 HD nature documentary, http://www.youtube.com/
watch?v=Mugl3av42Bk

Concerned Citizens Commission Report: ‘Mumbai Marooned’; also National Geographic channel docu-
mentary, https://www.youtube.com/watch?v=uvluroTz8Gw

Website of Indo-German Biodiversity Programme, http://www.indo-germanbiodiversity.com/index.
php?r=project/view&id=2

UN International Strategy for Disaster Risk Reduction (2004): Terminology of Disaster Reduction. www.
unisdr.org/eng/library/lib-terminology-eng %20home.htm

IPCC Special Report on Managing the Risks of Extreme Events and Disasters to Advance Climate
Change Adaptation. https://www.youtube.com/watch?v=VIGeHzuwFSQ

IPCC Fifth Assessment Report - Working Group Il - Climate Change 2014: Impacts, Adaptation, and
Vulnerability. https://www.youtube.com/watch?v=jMIFBJYpSgM

Climate Change 2013: The Physical Science Basis. The IPCC has produced a video on its Fifth Assess-
ment Report (ARS). The fi rst part on the Working Group | contribution to AR5 is now available. The
other parts will be released with the successive approvals of the other two Working Group contributions
and the Synthesis Report in the course of 2014. https://www.youtube.com/watch?v=6yiTZmOy1YA

Website of Indo-German Biodiversity Programme http://www.indo-germanbiodiversity.com/index.
php?r=project/view&id=2
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