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ABSTRACT

Climate change has o profound impact on aguatic
ecosystems affecting the distribution and productivity

of fisheries. Coastal communities dependent on fishery
resources for their livelihood are most vulnerable to such
chunges. This study undertaken in the coastal districts
of Karnataka, India documents the affect of climate
change on the environment, fishery, social, economic
and development drivers. Vulnerability indices were
constructed to identify the districts which would be most
affected by climate changs. The study revealed that the
coastal district of Udupl was the most affected with the
highest vulnerability index of 0.46. Among the various
drivers, development ranked foremost ameong the fishers
perception of climate change.
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1. Introduction

Climate Change Is raoidly impacting aquatic
ecosystems including marine, fresh and
brackish waoter. Climate change plays o
major role in influencing fish distribution,
fish migration and also in deciding the

fish productivity in various countries of

the world. It will have a profound impact
on humans and ecosystems during the
coming decades through variations in
global average temperature and rainfall.

It is predicted to bring about diverse
impacts with extreme weather conditions
across regions like intense rainfall and
flood risks while on the other side there
would be extreme droughts besices higher
tides, intense storms, warmer oceans and
erosion along coastlines os an outcome of
zeq level rise. Climate change can offect
lives, livelihoods and production systems
posing nigh risk to people living in rural
areas, particularly the poor, This is seen

as o challenge and threat specifically to
India's growing economy. Fish spawning

is especiolly sensitive to temperature,

and several specias of marine fish are
known to spown only at o particular water
temperature. Climatic changes are already
affecting the availability, behaviour and
distribution of some commercial fish. It

has been obszerved that thereis a positive
relationship between the sec surfoce
temperature and spawning activity of
threadfin breams. The fish are shifting their
reproductive activities to o period where
the temperature is closer to their optimum.
The changes in reproduction patterns will
ploy an important rale in the availability of
these fish and the livelihoods and incomes
of fisherfolk, One of the popular food
fishes with which chorges in behaviour
were noticed due to climate change is

the Qil Sardine, a coastal, schooling fish
with a high reproductive rate (Badjeck et
al,, 2010). Its distribution Is restricted to
the Malabar region along the southwest
coast; however, it plays a crucial ecelogical
role in the ecosystem both as a plankten
feeder and as food for large predators.

It has economic importance inthat the
annual average production is 3.37 lakh
tonnes which comprise 8.8 % of India's total
catch. (CMFRI, 2018) It is also important
in terms of food ond nutritional security os

it is o good source of protein, serving as a
staple food for millions of coostal people,
Due to the current warming of the Indicn
Ocean, the oil sardine has already spread
to the northern and eastern bouncaries

of its origingl distribution in the Indian
Ocean, Vulnerability has become the key
cancept of climate change. Vulnerability is
the degree to which o system is susceptible
to or unable to cope with adverse effects
of climate change including climate
variability and extremes (IPCC, 20017).
Climate- related vulnerability assessments
are basad on the characteristics of the
vulnerable system spanning over physical,
economic and social factors (Gillman et

al., 2008). The impacts of climate chonge
can be addressed through adaptation

and mitigation. The costs and benefits of
adaptation are essentially local or national,
while the costs of mitigation are essentially
national whereas the benefits are global.
Several international agencies, including the
World Bank and the Food and Agriculture
Orgonization (FAQ, 2007) have pragroms
to help countries ond communities adopt to
global warming, for example by developing
policies to improve the resilience (Allison

et al., 2007) of natural resources, through
assessments of risk and vulnerability, by
increasing awareness (Culvy and Allison,
2009) of climate change impocts and
strengthening key institutions, such as for
weather forecasting and early warning
systems (Gillman et al., 2008). The Weorld
Development Report 2010, shows that
reducing cvercapacity in fishing fleets ond
rebuilding fish stocks can both improve
resilience to climate change and increase
economic returns from marine capture
fisheries by US$50 billion per year, while
also reducing GHG emissions by fishing
fleets. Conseguently, remaoval of subsidies
on fuel for fishing can have a double benefit
by reducing emissions and overfishing.
Investrent in sustainable oguaculture

can buffer water use in agriculture while
producing food and diversifying economic
activities,

Throughout the world, fisherfolk are

poorly informed of climate change and

its consequences that would impact the
livelihood of fishars. Fishers at first instance
are not awars of the terminology of ¢climate



change, but when it is exploined to them
by a change agent /extension worker

at the field leve! that climate chonge is

a significant and lasting change in the
distribution of weother patterns over
periods ronging from decades to millions
of years, they are cble to relote to varicus
weather phenomena in which they have
observed a change/departure from the
normal course of events over the lost few
decades.

In projected climate change scenarios,

the main threots to cogstal populations
aond ecosystams are sea-level rise, the
intensificotion of extreme weather events
and ecosystam changes, (Nicholls et al,,
1999), Other expected impacts are a rise
of up to 3 °C on sea surface temperature,
changes in precipitotion and freshwaoter
input, saltwater intrusion into soils and
coastal aquifers, and ocean acidification.
{Wu and Siewert, 2008) These climate
alterations will have varied effects on
coastal ecosystems and human populations,
with a likely increase on flooding and

loss of wetlands as observed by Nicholls,
2004, Flooding of populated areas and
infrastructure, results in severe economic
impacts and changes in the availability of
natural resources, with consequences for
the livelihoods of those who rely directly on
them for survival, such as traditional or neo-
traditional coastal populotions, including
fisher folk (Badjeck et al., 2010).

Fishing communities have a major role

to play in the process of adaptation and
mitigation of climate chonge effects.
Fisherfolk should shoulder the respaonsibility
that they are not only mere harvesters

of fish, but they are also the guardians of
these scarce resources and should be at
the farefront of initiatives that suppart
and maintain sustainable activities and
faciltote coastal resource conservation
and management. They should be involves
in the restoraticon of natural borriers such
as mangroves, coral reefs and seagrasses.
Restoration of coastal habitats will, in the
lang run, increase fish productivity and
oquatic biodiversity of any given area.
Fisherfolk can also engage in rebuilding
cepleted fish stocks by strictly observing
government fishing regulations which

include limited entry, secsonal and area
closure, mash size limits, appropriate fishing
methods, among others, They should also
participate in crafting innovative gear
modifications to mitigete the problems.
Increasing sociol participation of fisherfolk
in local organisations and co-operatives
can promote integroted coastal resource
management. Their inherent capacities and
local knowledge can be used to madify and
improve conventional practices supporting
community adaptations to extreme
conditions. In addition, they should be
willing to |learn to roise their awareness
ang help them understand how dimate
change will impact their daily life, livelihood
productivity and well-being. By actively
participating, they can access information
and influence decision-making concerning
development activities that may threaten
their lives and resources. Collective action

is also a good strategy for deterring illegal
activities. Along with these are affordable
communication technology/tools such as
mobile phones, radios, etc. that can be used
to receive up-to-date waather forecasts
and storm warnings.

2. Objectives

Against this background, it was proposed
to toke up a study with the following
objectives:

1, To assess the vulnerability of coastal
districts of Karnataka by construction of
vulnerability indices,

2. To study the climate change effects with
respect to environmental impact, fishery
impact, social impact, end economic
impact and development drivers’ impact os
was perceived by the fisherfolk,
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3. Study Area and
Methodology

An overview of coastal Karnataka

The study was carried out in coastal
Karnataka. Karnotoka's coastline stretches
for 320 kilometres and consists of the three
coastal districts namely, Uttare Kannada,
Udupi ong Dakshino Kannada. Of these,
Uttaro Konnoda hes 1680 kilometre long
coastline, Udupi district has 98 kilometres
coastline, and the rest 62 kilometre length
of coastline Tfalls in Dakshing Kannacao
gistrict (Figure 1). The distinct cgro-
climatic zones range from coastal flotlands
in the west with undulating hills and valleys
in the middle, and high hill ranges in the
eqst that separates it from the peninsula.
There is a narrow strip of coastal ploins with
varying width between the mountain ond
the Arabion Seq, Fourteen rivers drain into
the shore waters of Karnotoka. Saondbars
have developed in most of the estuaries.
There are 80 beaches with increasing scope
for beach tourism,

The coostal zone of Karnotaka hosts
better developed geogrophical areas

of the state with a high degree of
economic development and high density
of population. There are o total of 144
marine fishing villages with 86 fishing
villages in Uttara Kannada, 41 in Udupi
and 17 in Dakshine Kannada district. The
accupational pressure of the region can
be attributed to agricultural activities,
aquaculture, fish landing and processing,
port maintenance, mining for lime shells,
bauxite and silica sang, cashew processing
industries, rice mil's and coconut oil
extraction mills.

3.1 Coastal erosion

Coastal Karnataka is subject to three

types of erosion, cccurring along the open
beaches, mouths of rivers/estuaries and the
tidal reach of rivers causing considerable
loss of land, vegetation ond revenue. About
20 percent of the area under coastal zone
is sUbjected to moderate soil erosion and 15
percant of the areo to severe scil erosion.
The annual rates of soil erosion vary from
5-15t/hato 15-40 t/ha in moderate to
severe soil erosion areas. This problem is
severe in Dakshina Kannada and Udupi
coosts.

3.2 Selection of the coastal district:
Armong the three coastal districts of
Karnotaka, Udupi district was selected for
the study bosed on secondary data such as
historical data on extremea weather events,
seq erosions, loss in fishing days. 46 km of
the total 85 km stretch of Udupi’s coastline
is under critical coastal erosion {Dwarkish
et al., 2009}, Besides, his studies hove
revealed that 59 per cent of the 95 km of
the shoreline of Udupi district is ot very
high risk due to future Sea Level Rise (SLR).
In addition, secandary data collection
Participatory Rural Appraisal methods
(PRA) and Rapid Rural Appraisal (RRA)
methods were used for the selaction of the
district.

3.3 Selection of coastal villages:

Six villages of Udupi district were selected
bosed on historical date for foctors such
as shoreline changse, agricultural lands,
wetlands, salt pans, beaches, population
density, literacy rates, occupation,
infrastructure and craft and gears in the
fishery. The six villages selected for the
study were Thenkaoyermal, Mattu, Kodekar,
Udyavarg, Paduthonse, and Maravanthe
{Figure 2)

3.4 Methodology

Dato was collected using well-structured
interview schedules using village survey
schedules for individual villages and
household schedules for individual
households. Dota were collected from 125
households per village thus totalling tc 7350
households which formed the total somple
for the study. Besides data collection

using structured schedules, focus group
discussions, freewheeling interviews and
PRAs and RRAs techniques were used in the
study villoges in order to get greater access
to the fisher communities.

The vulnerability index for each coastal dis-
trict was worked out by adopting the meth-
od developed by Patnaik and Norayanan,
2005



Vi=YVulnerability index

i

- Ve /
Vi= S/,

| il

Where Vi=Vulnerability index

{4l) is the average index far each source of
vulnerability: n is the number of source of
vulnerability and @ =n.

Accordingly, Tor the present study, five
parcmeters of vulnerability namely
demography, occupation, infrastructure,
glimate components and fishery
companents and their respective sub-
indicatars were used for the study. They
were o) Demography- number of fishing
villages, riumber of fishermen households,
total fisherfolk population, literacy; b)
Occupation-Full time fishermen, part-time
and nccasional, ) Infrastructure- kutcha
hauses, educationdl institutions, number
of hospitals/ dispensaries, numker of
banks, number of fishermen co-operative
societies, number of community centres; d)
climote components- temperature, rainfall
and wind velocity e) Fishery components-
rrechanised, motorised, non-motorized,
and npumber of active fishermen. Since

all the five parameters were in different
units and scales, the methodology used in
LNDP's Human Develcoment Index (HDI)

(UNDP, 2008} was used to normalise them
using their functional relationshio with
vulnerability. When vaoriables such as rainfall
had onincreasing functional relationship
with vulnerability, the normalisation was
done using the formulo:

.Y{f —Min {_I['.-”}
= i
Mk {iy)—Min £Xy)

i I

Xy

When variokbles such as literacy had a
decreasing functional relationship with
vulnerability the normalisation was done
using the formula:

Max {Xy] — Xy

V=

Max{X;! —Min { Xy}
/ !

The perceptions of the fisherfelk towards
climate change effects concerning
environmental impuacts, fishery impact,
sacial impact, economic impact ang
development drivers impact were studied by
administering a psychometric scale (Likerts
summated rating technigue, 1932) ona
1-5 continuum,
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Figure 1: Coastal districts of Karnaotaka
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 Paduthonse
\ Thenkayermal

Figure 2: Sample villages in the case study area
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4. Findings and discussion

The five most important climate parameters such as Demogrophy, Infrastructure,
Oecupation, Climate and Fishery were used for the construction of the vulneraoility index

Table 1: Vulnerability assessment of coostal districts of Karnataka

- : s Vulnerability
Demography  Infrastructure  Occupation Climate  Fishery Index (V.I)
Uttar
. 0.30 0.78 013 0.32 0.28 0.362

Kdnnada
Udupi .30 0.84 0.56 0.35 025 0.460
o -

Ry 0.32 0.69 0.22 029 0.57 0.418
Kannado

The vulnerability index of the three coastal
districts of Karnataka are shown in Table 1.
It can be observed that, Udupi district has
the highest vulnerability index of 0.460,
followed by Dakshing Kennada with an
index of 0.418 and Uttara Kannada with
the lowest index of 0.362. Udupi district
consists of 41 fishing villages. Udupi district
is vulnerable to acceleratad sealevel rise
(SLR) due to its iow topography and due

to its high ecolegical and touristic value
(Dwarakish et al., 2008). Of the 41 fishing
villages of Udupl district, six fishing villages
namely Thenkayermal, Mattu, Kadekar,
Udyavara, Paduthonse, and Maravanthe

DK

Udupi

were selected for the study based on sacial,
economic and geographical parometers.
The vulnercbility indices were worked out
far the salected fishing villages (Figure 4).
It can be inferred that the fishing village of
Maravanthe had the highest V.l of 62.05
clasely followed by Thenkayermal with V.|
of 61.58 and Udyavaora with V.l of 61.55.
However, it can be ohserved thot all the six
fishing villages were more or less uniformly
impacted by climate change parameters.
Paduthonse had the lowest V.| of 58.89.

c 0.1 0.2

0.3 04 0.5

Figure 3: Vulnerability incices of coastal cistricts of Karnataka
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Figure 4: Vulnerahility indices for fishing villages in Udupi district

Clirete Change and Development drivers
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| ——- 84.75
——— 50.02

62.16

| 61.53

—_ §0.02

v 1% 20 e &0 50 1) i
RBQ values

Figure 5: Climote porameter assessment of the composite villages

The climate parameter assessment of the
composite villages is depicted in Figure

5. It can be cbserved that the parameter
namely climate change and development
driver ranked first (RBQ of 64.75) among
fisherfolk followed by climate change and
social impact (RBQ of 62.18), followed by
climate change and fishery impact (RBQ
of 61.53). An attribute analysis for the
development drivers (Figure &) indicated
that among the development drivers such
as infrostructure drivers, productivity
enhancement drivers, anthropogenic
drivers, ICT enobled drivers and policy
support drivers, anthropegenic drivers had

impacted the fisherfolk most with an RBQ
value of 60.68. (Rank 1). The sample of

six fishing villages undertoken forthe study
namely Thenkayermal, Mattu, Kadekar,
Udyavara, Paduthense, and Maravanthe
had witnessed an increased influx of tourists
over the years. This had led to an increase

in developmental activities and impacts
such os beach tourism, increased deposition
of litter, plastics; and the respondents are
of the perception that in the process of
developreant, sustoinchbility issues have
been cverlooked, and there has beena
spurt in the anthropogenic activities over
the vedrs,
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The parameter namely climate change
and social impact ranked second with
respect to fisherfolk perception on climate
change parameters (Figure 7). Among
the social impacts, the fisherfolk perceivec
infrostructure sensitivity as having the
highest attribute. Among the resilience
indicators to this ottribute, it was cbservad
that the households in the study area were
highly prone te disasters and seawater
inundction ond coostal erosion was high in
these villages.

Climate change and fishery impoct ranked
third in the order with a RBQ of 671.53
(Figure 8). It can be inferred from the
attribute analysis that the fishery was
impacted mostly by catch, The analysis

on the resilience indicotor te this attribute
indicated that fish catch had decreased
draosticolly over the years and effort hos
increased fairly ond targeted groups of
fishes have changed significantly,

B Infrastructurs crivers
B Productiaty
an hancameant drivers:
Apthropooenic divers

B |CT anabl=cl crivers

E Policy support drivers

m CEmoaraphy

B Social stanclard s
Infrastructurs s=nsitivity

B Social participation

B Com munity orisntotion

Figure 7: Attribute onalysis for climote change and social impact
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B Loss infishery inventory
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Figure 8: Attribute analysis for climate change and fishery impaoct
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Figure 9: Attribute analysis for climote change and enviromental impact

® Income sffect

m Costof fishing

# Lossin fishing days
8 Migration
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Figure 10: Attribute analysis for climate change and economic impact

CLIMATE CHANGE AND THE VULMNERABLE INDIAN COAST 199




0
&
|
=
"
m
=
n
=
=
-]
-

200

Climate change dand envirenmental

impact ran<ed fourth with o RBQ value

of 60.02. The attribute analysis for this
parameter indicated that environmental
parameter was highly impoctad by
segwater inundation followed by extreme
weather events (Figure ). Seawater
inundation was high in the fishing villages of
Udyavara, Paduthonse, Maravanthe and
Thenkavermal.

The climate parameter assessment of the
composite villoges indicated thot climate
change and economic impact was ranked
as last in order with the lowest RBQ value
of 50.02. The attribute aralysis for this
parameter indicated that the economic
parameter was highly impacted by the loss
in figshing days followed by the phenomena
of migration (Figure 10). Fisherfolk believes
that there is a considerable economic loss
due to the decregse in the number of fishing
days owing to extreme weather events.
Competition in fishing has increased due

to the increcsed number of fleets over the
vears, Coagstal Karnataka on the west coast
of India has been a witness to inter-sectoral
migration. There has been a shift in the
occupational mobility and o steady influx of
migrants from the agrarian sector of Tamil
Madu, Andhra Prodesh and Odisha to the
coastal districts of Karnatoka,

The study on climote change and
vulnerability indicated that climate chenge
and development driver ranked first among
fisherfolk. The coostal district of Udupi has
been impacted the most with the highest
vulnerability index of 0.46. The low lying
nature of Udupi coastal zone coupled with
significant land reclamation investments
and extensive industrial, commercial,
residential and tourism activity emphasises
thot ecological and socic-economic systems
ore currently focing tremendous pressure
due to rapid industrialisation urbanisation
ond economic development. Fifty- nine
percent of Udupi's shoreline is classified os
being at very high risk due to future Sea
Level Rise. This implies thot the population
living presently in these areas would be
disploced. There is an urgent need for
incorporating the elevation levels for new
settlement areas under the town planning
acts so that human life and property are
soved from naturol hozards fvulnerabilities.

It was observed during the study that the
awarensss of the fishers about climate
chonge was relatively low. Widesprand
owareness campaigns on climate chonge
is vital. The options available for protection
of Udugi coast from future sea level rise
could be dune afferestation, mangrove
restoration and management, pericdic
beach nourishment and building seawalls
and groynes. Long term measures should
focus on planned and reguloted urban
development, institutional building ond
invelverment of local fisherfolk for disaster
preparedness and creation of awareness on
o large scale,

5. Adaptation and mitigation
strategies to combat Climate
Change in Udupi district

A total of 85 km of the shereline is ranked

in the study areg, out of which 59% of the
mapped shoreling is classified os being ot
very high risk due to future Sea Level Rise.
The percentage of high and moderore risk
isonly 11%, and the remaining 320% of the
shoreline is under the low- risk category

It i= clear that the Udupi coast is highly
vulnerable for future SLR, and the different
LU/LC featuras under the direct risk of
flooding include coastal villages, agricultural
land, wetland, salt pans, aquaculture ponds,
link roads, beaches and coastal dunes. This
implies that the populatian living pressntly
in these areas would be displaced.

The opticns availoble for the protection of
thie Udupi coast from future SLE could be
dune aofforestation, mangrove restoration
ond monogement, pericdic beach
rourishment and building seawalls ana
arains. The construction of seawalls is costly,
and hence it would be used only for some
settlements ot high risk of inundotion. The
performance of properly constructed ond
maintained seawalls olong the undivided
Dakshing Kannada coast is satisfactory

The integroted coastal zone management
plan, though active In India, is still not fully
functionaol. it must emphasise more on
building regulations, urban growth planning,
gevelopment of institutional capacity,
involvermnent of local community, incredsing
public awaraness and should be bosed

oh long-term sustainahble develcpmental
programmes.



Adaptive capacity is the ability or potential
of a system tc respond successfully to
climate variability and charge and includes
adjustments in both behaviour and
resources ond technologies. The presence
of adaptive capaocity is prerequisite

for the design and implementation

of effective adaptation strategies to
reduca the likelihood and the intensity

of harmful consequances accruing from
climate change, (Brocoks et al., 2005)
Adaptive capacity also enables sectors
ond institutions to take advantoge of
opportunities cr benefits from climate
change, such as a longer growing season or
increased ootential for tourism,

Much of the current understanding of
adaptive capacity comes from vulnerability
assessments. Even if vulnerability indices
do not explicitly include determinants of
adaptive copacity, the indicotors selected
often provide Iimportant insights on the
factors, processes and structures that
promote of constrain adaptive capacity
{Ericson et al., 2006). One clear result
frarm research on vulnerability and
adeptive copacity is that some dimensions
of adaptive capacity are generic, while
others are specific to particular climate
change impaocts. Generic indicotors include
factors such os education, income and
nealth. Vulnerability is operationalised for
the present study as the extent to which
fisherfolk are affected by or unable to
withstand the harmful effects of Climate
Change.

Technology can potentially play arn
important role in adapting te climate
change. Strategies which can be adopted
by fisherfolk could include estuarine cage
farming, reserting to diversified livelihoods,
use of solar dryers for drying of fish, since
rainfall and temperature no longer follow
set potterns of occurrence. Other tactics
could be efficient cooling systems, improved
seeds, desalination technologies, and other
engineering salutions represent same of
the options thot can lead to improved
outcomes and incracsed coping under
conditions of climate changs. Technelogical
adaptations and innovations are developed
through research programmes undertaken
by governments and by the private sector
{Smit and Skinner, 2002). Innovation,

which refers to anything perceived as new
or the revival of old ones in response to

new conditions, is an important aspect of
adaptation, particularly under uncertain
future climate system (Baoss, 2005), All
climate change issues cannot be addressed
by technological innavations. For example
high wind speed, changing water currents,
seq level rise con reduce the number of
fishing doys in o veor leeding to low income

af the fisherfolk,

In the climote change context, the term
‘mainstreaming’ hos been used to refer
tothe incarporation of climate change
vulnerabilities or adaptation plans into
some government schemes such as water
management, disaster preporedness and
emergency planning or land-use planning
(Agrawala, 2005). Actions that promote
adaptation include integration of climate
information into environmental data

sets, vulnerability or hozard cssessments,
proad development strategias, macro
policies, sector policies, institutional or
organisaticnal structures, or in development
project design and implamentation (Burtan
cnd Aalst, 1999), By implementing
mainstreaming initiotives, it s argued that
cdaptation to climote change will become
an integral part of other well-established
programmes, particularly sustainable
gevelopment planning.

6. Measures for coastal
adaptation to climate change

v An effective early waorning communication
and response system can reduce death
and destruction

b Hozord owareness education and
perscnal hazore experience are important
contributers to reducing community
vulnerability

v Many factors reduce the ability or
willingness of people to flee an impending
disoster, including the warning time, access
and egress routes, ond thair perceived
need to protect property, pets and
possessions

v Coastal landferms (coral reefs, barrier
islands) cnd wetland scosystems
imangroves, marshes) provide a notural
first line of protection from storm surges
and flooding, despite divergent views
about the extent to which they reduce
destruction
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b Recurrent events reduce the resilience of
natural ond artificial defences

b In the aftermath of extreme events,
additional traume occcurs in terms of
dispossession and mental health

» Uncoordinated and poorly regulated
construction hos dccantuated vulnerability

v Effective disaster orevention and response
rely on strong governance and instilutions,
aswell as adequate public creparedness

This assessment shows that the level

of knowledge is net consistent with the
potertial severity of the problem of climate
chonge and coastal zones. Establishing
hetter basgelines of actual coostal changes,
including local factors and sea-level

rise, and the climate and non-climate
drivers, through additional observations
and expanded manitoring would better
establish the cousal links betweaen climate
ond coostal change which tend to remain
inferred rather than cbserved and support
rmodel development.

v Improving predictive copacity for Tuture
coastel chonge due to climate and other
drivers, through field observaotions,
experiments and model development. A
particulor challenge will be understanding
thresholds under multiple drivers of
changs. Developing a better understanding
of the ocoptotion of the human systems
in the coostal zona. At the simplest level,
this could be an inventory of assets at risk,
but much more could be dona interms
of deepening our understanding of the
qualitative trends and issues of cdaptive
capocity.

b Improving impact and vulnerability
gssessments within an integroted
assessment framework that includes
natural-humaon sub-system interactions.
This requires a robust inter-disciplinary
appraach and tne targeting of the most
vu nerable areas, such oz populated
mega deltas and deltas, small islonds and
coastal cities. Improving systems of coastal
olanning and zoning and institutions that
con enforce regulations for clearer coostal
governance is required in many countries.

» Developing methods for identfication
and prioritisation of coastal adaptation
options. The effectiveness and efficiency
of adaptation interventions needto be
considered, including immediate benefits
anc the lenger term goal of sustainable
development

v Developing and expanding networks
ta share knowledge and experience on
climate change and coastal management
among coastal scientists and practitioners

7. Increasing human utilisation
of the coastal zone

Although not all coosts of the world are
innabited, very few of them are devoid

of human influence (Buddemeier et al,,
20032). Utilisotion of the coast increcses
dramatically during the 20th century

a trend that seems certain to continue
through the 2 15t century. The increasing
population density harboured by many

of the world's deltas, barrier islands and
estucries has led to the unprecedented
conversion of natural coostal landscopes to
agriculture, aguaculture, silvicu'ture, os well
as for commercial and residenticl uses (Wu
etal, 2009). It has been gssessed that 23%
of the world's population lives both within
100 km distance of the coast and <7100 m
obove sea level, and population densities

in coastal regions are about thrice higher
than the global average (Small and Nicholls,
Z003). The ottractivenass of the coost

has resulted in disproportionately repid
expansion of economic activity, settlements,
urban centres and tourist resorts. Migration
of peaple to coastal regions is commonin
both developed and developing nations.
Sixty percent of the world's 39 metropolises
with a population of over 5 million are
located within 100 km of the coost,
including 12 of the warld’s 16 cities with
populations greater than 10 millien: Ropid
urbanisation has many censeguences: for
example, enlargament of notural coostal
inlets and dredging of waterwoys for
navigation, port facilities, and pipelines
exacerbate scltwater intrusion into

surface and ground waters. Instances of
Increasing shoreline retrect and dangers
arising from eccurrence of floods in coastal
cities in Thailond (Durongdej, 2001, Saito,
2001), Indig, (Mohanti, 2000}, Vietnam
(Thanh et al., 2004) and the Unitec States
{Scavia et al,, 2002) have been attributed
to degradation of coastal ecosystems by
humean activities.

The direct impacts of anthropogenic
gctivities on the coastal zone hove been
more conspicuous over the last century than



impacts that could be directly attributed to
observed changes in the climote (Scavia et
al., 2002, Lotze et al., 2006), The major
direct impacts include drainage of coastal
wetlands, deforestation and reclamation,
and discharge of sewage, fertilisers

and contaminonts into coastal waters.
Extractive activities include sand mining and
hydrocarbon production, harvest of fisheries
and other living resources, introductions

of invasive species and construction of
seowalls and other structures. Engineering
structures, such as darmming, channelisation
and diversions of coastal waterways

harden the coast, change circulation
potterns and alter freshwater, sediment
and nutrient delivery. Natural systems are
often affected and chonged directly or
indiractly by soft engineering mechanisms,
such as beach nourishment, and for dune
construction {Nordstorm, 2000; Hamm

ond Stive, 2002 ). Human activities often
disrupt ecosystem services on the coast. For
example, tropical and subtropical mangrove
forests and temperate saltmarshes provide
goods ond services (they accumulate and
transform nutrients, attenuate waves and
storms, bind sediments and support rich
ecclogical communities), which are reduced
by large-scale ecosystem conversion

for agriculture, industrial and urban
development, and aguaculture.

8. Conservation and
development of mangroves

The coastal zone in Karnataka contains
habitats and ecosystems, such as estuaries,
mangroves and coral reefs, which have

a definite role in the maintenonce of
ecoiogical balance and economic vitality
of the coastal region. The diversity and
distribution of mangroves along the
Karnataka coast indicate the sensitivity to
various environmental changes. Increasing
anthropogenic pressures in the form of
conversion of habitats or pollution are
mainly responsible for the decline in
specias- leve| diversity of mangroves and
coral reefs along the coast. To overcome
such prablem, it is essentiol to formulote
an action plan for replanting ef mangrove
in the area where they hove disappeared.
Also to be taken up in conjunction with

protection of mangroves is the restoration
of patches of biodiversity-rich habitats

in the cogstal, riverine and deltaic belt.
The Karnataka State Coastal Zone
Management Authority can:

» Develop a vioble concept for replanting
in terms of extent, timefrarms,
implementation, maonitoring etc. in
consultation with competent research
institutes

¢ Ensure local communities' participation to
protect mongroves

» Promote awareness on the importance of
maongrove ecosystems

» Rermaoval of encroachments peosing a threat
to mangrove ecosysiems

» Re-plantation plan to rejuvenaote the
MONgrove ecosysiem

The stakeholders would be the Karnataka
State Coastal Zone Management
Authaority, Karnataka Biodiversity Beard,
the Department of Agriculture, Panchayot
Rej Institutions and local nen-governmental
grganisations. It is essential to impart
knowledge on mangrove protection to
different groups of coastal pepulation.
The awareness /user-interaction shouid

be conducted in different regions during
different times of the year. Further,

skill training programme on mangrove
nursery and using of Information and
communication tools improves the desired
level of awareness.
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