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Relative Vulnerability of Indian Coastal Districts
to Sea-Level Rise and Climate Extremes

K.S. Kavi Kumar*and S. Tholkappian”

This study estimates the relative vulnerability of coastal districts of India using an integrated
vulnerability index, which is defined as a function of the exposure, sensitivity, and adaptive capacity of
the districts to present and future climate risks. The study also ranks districts in terms of the likely number
of human casualties due to potential surge associated with cyclonic storms. The results indicate that the
districts on the east coast are relatively more vulnerable than those on the west coast. Relative rankings of
the coastal districts based on predicted storm-induced casualties are similar to the rankings based on the
integrated vulnerability index, indicating the robustness of the findings. The primary purpose of the
relative vulnerability measures developed in this study is to provide insights on prioritizing adaptation for
specifically vulnerable regions. The study discusses policy issues with reference to the “adapt to what”
and “how to adapt” aspects of adaptation and argues in favor of avoiding maladaptation to present-day
extreme climate events and harmonizing climate-change adaptation with integrated coastal-zone
management practices.
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1. Introduction

Climate change and associated sea-level rise (SLR) are believed to be inevitable, and the
Intergovernmental Panel on Climate Change (IPCC) observes in its third assessment report (2001, p.10)
that “there is new and stronger evidence that most of the warming observed over the last 50 years is
attributable to human activities.” While changing climate poses challenges to humanity as a whole, the
available evidence suggests that the developing countries are particularly vulnerable. Most of the
available impact estimates, however, do not account for impacts due to extreme climate events such as
cyclones and droughts, whose frequency and intensity could also increase under changed climatic
conditions. These natural disasters currently cause significant damage in developing countries. Asia, for
example, accounted for almost 38 percent of hydrological and meteorological disasters that occurred
during the period 1991 and 2000 around the world. Of those reported killed by natural disasters, 83
percent lived in Asia, while 67 percent lived in nations with low Human Development Indexes (IFRC
2001).Thus, from the developing country perspective, present-day vulnerability due to natural disasters,
the possibility of increase in frequency and intensity of such events with climate change, and the
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potential high impact of climate change on the performance of climate-sensitive sectors make a strong
case for focus on adaptation options as part of climate-change policy. A fundamental input necessary for
formulating adaptation policy is knowledge about impacts induced by climate change on, and the
vulnerability of, climate-sensitive sectors.

The threat of rising sea levels as a result of climate change makes coastal resources, coastal
infrastructure, and population living in coastal areas highly vulnerable. At the same time, as the rise in
sea levels is likely to be a gradual process, numerous adaptation options, such as building dikes and
floodwalls, wetland restoration, afforestation, and relocation of threatened buildings, also exist.
Moreover, climate change could manifest itself through extreme events such as cyclones, and hence a
proper understanding of current management practices for coastal zones, such as early-warning systems
and hazard insurance, could provide useful insights about potential adaptation strategies.

India, with more than 7,500 km of coastline covering the Gujarat, Konkan, and Malabar coasts in the
west and Tamil Nadu, Andhra Pradesh, Orissa, and West Bengal coasts in the east, is the specific focus
of this study. There are a total of 53 coastal districts and six union territories, and a large proportion of
the total population lives in these areas. The objective of this study is to assess the relative vulnerability
of coastal districts of India to present-day and future climate threats. The paper is organized as follows:
the rest of this section briefly reviews the related literature; section 2 describes the methodology adopted
and data used; section 3 presents the results; and the last section discusses the policy implications of the
results.

Literature on SLR impacts is vast and well advanced. However, given that the focus of the present
study is on assessing the relative vulnerability of coastal regions, the discussion here is limited to only a
few aspects of this literature. After providing a brief overview of evidence for SLR and extreme climate
events in India, this section outlines the literature on SLR impact assessment and India-specific studies.

The studies by Emery and Aubrey (1989) and Mahadevan (1992) have established weak evidence for
rise in the mean sea level along the Indian coast. Analysis of historical tide-gauge data along peninsular
India shows an average rise of sea level by 0.67 mm/yr as against the global average of 1.8 mm/yr
(Asthana 1993). There are also studies refuting the link between sea-level rise and climate change and
arguing that interdecadal changes in sea level along the Indian coast can be linked to the variability of
the monsoon (for example, Shankar 1998).

Table 1 shows the occurrence of cyclonic storms in the Bay of Bengal during the period 1877 to 1995.
According to Ali (1999), India is hit by 3.34 percent of the world’s total tropical cyclonic storms; India
and Bangladesh together are hit by only 4.27 percent of the world storms but suffer most, with 76
percent of total storm-related deaths occurring in the two countries. One necessary but insufficient
condition for tropical cyclone formation is that the sea’s surface should have a minimum temperature of
about 26 to 27°C. This leads to speculation that any rise in sea surface temperature (SST) due to climate
change is likely to be accompanied by an increase in cyclone frequency. However, evidence from the
Bay of Bengal region suggests that even though there has been an increase in the SST since 1950, no
corresponding increase in the frequency of cyclones can be established.
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Table 1. Cyclonic storms in the Bay of Bengal, 1877-1995

India Bangladesh Dead Total
All types 848 154 115 1,223
Depressions 539 68 69 715
Cyclonic storms (CS) 197 43 35 310
Severe cyclonic storms (SCS) 112 43 11 198
CS+SCS 309 86 46 508
% of global total (CS + SCS) 3.34 0.93 0.5 55

Source: Ali 1999.

Besides evidence from historical records, predictive climate models can also be used to analyze
extreme climate events. In a recent study, Palmer and Raisanen (2002) analyzed the output of 19 climate
models and estimated that the Asian monsoon region would experience a fivefold increase in amount of
summer rainfall, escalating the risk of flooding in already flood-prone areas. On the other hand, there
are reasons to expect the storm-surge height to increase, both due to climate change (and hence increase
in SST) and to SLR. Using a numerical storm-surge model, Ali (1999) showed that the surge height of a
cyclonic storm that hit the Bangladesh coast in April 1991 would be increased by as much as 40 percent
if SST were to increase by 4°C and the sea level were to rise by 1 m.

The impact assessment studies can be classified into four generations of models (West and
Dowlatabadi 1999). The first-generation models overlaid SLR scenarios onto topographical maps of
coastal regions to assess the physical and economic impacts (Yohe 1990), whereas the second-
generation models accounted for the possibility of human adaptation (Titus et al. 1991). The third-
generation models brought in the possibility of perfect foresight of the markets while assessing the value
of property at risk of inundation (Yohe et al. 1996). Fourth-generation models share the features of
third-generation models but also take into consideration the present-day influence of extreme climate
events such as cyclones (West, Dowlatabadi, and Small 2000).

The study coordinated by Jawaharlal Nehru University for Ministry of Environment and Forests,
Government of India (Asthana 1993) is by far the most comprehensive effort undertaken to assess
potential land loss due to SLR and the associated population at risk in India. Using the methodology of
the first generation of impact models, this study estimated that a total area of 5,763 km? (i.e., 0.4 percent
of the total area of the coastal states) would be affected, and that about 7.1 million people (some 4.6
percent of the total coastal population) would be at risk. ADB (1994) expressed these physical impacts
in value terms by making some broad assumptions about the land value and population displacement
costs. The overall economic damage was estimated to be as high as 43 percent of India’s 1988 gross
domestic product (GDP), while the annualized costs spread over a period of 40 years are estimated at
0.18 percent of GDP.

In a more recent study, TERI (1996) assumed that changes in GDP could be used as a proxy for land
and capital losses due to SLR. An interesting observation of this study is that the cost of protection is
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relatively low in districts that are prone to high economic impacts such as Mumbai, whereas the
protection costs are higher in districts like Balasore and Goa where the impacts are likely to be less.

2. Methodology and data

To assess economic impacts due to SLR in accordance with the third- and fourth-generation models
mentioned above, more precise estimates of the physical impacts than those available from Asthana
(1993) would be required. In the absence of such information, the present study adopts two distinct but
related strategies to assess the relative vulnerability of Indian coastal districts: First, given that the
impacts due to sea-level rise are likely to be varied across different parts of the country, a district-level
composite vulnerability index is developed to identify the most vulnerable coastal districts. Also, the
vulnerability index would take both climate and non-climate factors into consideration and hence the
analysis is a step forward from impact assessment. Second, Indian coastal districts are often affected by
cyclonic storms. However, there are significant differences across districts in terms of their exposure
and vulnerability to such storms. Hence, using human casualties—which are the most significant
impacts due to the storms—it is possible to study the relative vulnerability of coastal districts.

2.1. Coastal vulnerability index

Two aspects of index computation that deserve attention, namely the choice of components and the
method of computation, are discussed in detail here. Use of the term vulnerability here is in accordance
with the broad definition used in IPCC literature: vulnerability of a system is a function of its exposure
and sensitivity to climate change, and its adaptive capacity. A wide range of characteristics of the
system, including ecological, economic, social, demographic, technological, and political factors, is
considered here to assess vulnerability. District-specific data on the following parameters (which are
considered to influence vulnerability) is assembled:

Demographic: (a) population density based on the 2001 census (Gol 2001); (b) annual growth rate of
population; (c) population at risk due to sea-level rise.

Physical: (a) coast length; (b) insularity (defined as ratio of coastal length to the area of the district);
(c) frequency of cyclones (weighted to account for cyclones of different intensities) based on historic
data; (d) probable maximum surge height; (e) area at risk of inundation due to SLR; (f) number of
vulnerable houses—both those at risk of damage and of destruction (based on the 1991 census).

Economic: (a) agricultural dependency (expressed in terms of population dependent on agriculture
and other primary sectors); (b) income and/or infrastructure index.

Social: (a) literacy; (b) spread of institutional set-up.

In terms of the IPCC definition of vulnerability, indicators like coastal length and frequency of
cyclones represent the region’s exposure, whereas population density and its growth rate, insularity,
agricultural dependency of the population, area and population at risk due to SLR, probable maximum
surge height, and number of vulnerable houses represent the region’s sensitivity. Together these two sets
characterize the potential impacts on the region. Socio-economic indicators like literacy and income
represent the adaptive capacity of the region, and the vulnerability is the net result of potential impacts
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and adaptive capacity. It may be noted that income can be considered both as a measure of adaptive
capacity and as an indicator of sensitivity.

Table 2 shows district-specific data on the above parameters. It may be noted that some of the districts
are clubbed for data consistency.! Income data at district level is not readily available and state-level
value added in primary, secondary, and tertiary sectors is allocated across districts using the following
procedure:

Income for k™ district is estimated as:

Incomey = Agricultural NDDPy + Industrial NDDPy + Services NDDP

where, NDDP is net district domestic product and NSDP is net state domestic product. Sector-wise
NDDP for k™ district is calculated as:

Net sown area in the district
Total net sown area in the state

Agricultural NDDP, ={ }xAgricultural NSDP

Industrial NDDP, =

Population employed inindustrial sector inthe district
Population employed inindustrial sector inthe state

}x Industrial NSDP

Population employed in servicesector inthe district
Population employed in servicesector inthe state

Services NDDP, = { }x Services NSDP

Since the components of the index are often measured in different units, the observations have to be
standardized or normalized to enable their use in index computation. The normalization procedure most
commonly used is one that adjusts the observation to take a value of between 0 and 1, using the formula

Vij = (Xij —min X,) / (maX Xi— min X,)

where, Vj; stands for the standardized observation associated with the i"" component for region j; Xij
stands for the value of the i"" component in the vulnerability index, for region j; max X; and min X; stand
for the maximum and minimum values of the i component for all regions in the index. The method is
further refined to reduce the undue impact of outliers on the distribution of the observations, by

1. In Andhra Pradesh, Prakasam District is clubbed with Nellore District, and Vizianagaram District is clubbed with
Vishakapatnam District. In Tamil Nadu, Pudukottai District is clubbed with the Thanjavur District, and Chidambaranar District
is clubbed with Tirunelveli-Kattabomman District.
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assigning the value of 1 to the top decile of values in the observations of a particular variable and a
value of 0 to the bottom decile.

The averaging procedure to compute the final index can be based on assigning equal or varying
weights to each component. Briguglio (1995) experimented with varying weights for each component,
but the preferred method was that involving equal weights. Many index-based studies have followed this
procedure (for example, Brenkert and Malone 2004; Briguglio 1995, 1997; O’Brien et al. 2004; Wells
1996).2

In this study, the composite index for each district is calculated by taking the average of all the
standardized observations over all the components. The averaging procedure implies that equal weights
are assigned to each component. The procedure is similar to that followed in the construction of the
Human Development Index by the UNDP (see UNDP 2002). The index computations are made for a
range of combinations of the parameters listed above. The components of the different indices are as
follows:

V1 = Insularity, population density, population growth, population dependent on agriculture, literate
population, vulnerable houses (total), probable maximum surge height, and cyclone frequency.

V2 = Insularity, population density, population growth, population in agriculture, literate population,
vulnerable houses (at risk of being destroyed), probable maximum surge height, and cyclone
frequency.

V3 = Insularity, population density, population growth, population in agriculture, literate population,
vulnerable houses (at risk of being damaged), probable maximum surge height, and cyclone
frequency.

V4 = V1 + income as vulnerability indicator.

V5 = V1 + income as resilience indicator.

V6 = V1 —insularity + area affected due to sea-level rise.
V7 = V6 + income as vulnerability indicator.

V8 = V6 + income as resilience indicator.

The indices V3, V2, and V1 differ in terms of categories of vulnerable houses: V2 includes houses at
risk of being destroyed, V3 includes houses at risk of being damaged but not destroyed, and V1 includes
houses in both categories. Three different indices are considered because in some coastal districts, more
houses are at risk of damage, whereas in other districts, more houses are at risk of destruction. The
indices V4 and V5 are more complete indices (in comparison to V1), as they include an income
component also. However, they differ in terms of considering income as an indicator of adaptive
capacity (or resilience) and as an indicator of sensitivity. The index V6 is a variant of index V1 but

2. Other methods include: (a) mapping on a categorical scale, which is suitable for qualitative data and involves mapping the
scores on a categorical scale ranging from the lowest possible incidence to the highest (see Kaly et al. 1998); and (b) the
regression method, which lets the data produce the weights and does not require normalization of the observations. However,
the regression method has a number of methodological problems that limit the operationalization and reliability of the index,
the most important limitation being the need to identify a proxy for vulnerability to serve as a dependent variable (see ; Atkins,
Mazzi, and Ramlogan 1998; Wells 1996).

11
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replaces the insularity indicator with the estimated potential area affected due to SLR. Finally, indices
V7 and V8 again represent improvements over V6 as they include an income component. Different
indices are constructed to check whether relative ranking across districts varies with the choice of
components for the index.

2.2. Storms and human casualties

Given sufficient warning and resources, it is always possible to minimize the human loss during
cyclonic storms. Broadly, the loss of human lives would depend on the risk level of the region, warning
time, and compliance with the evacuation plan. Compliance with a warning would further depend on the
preparedness of the region to evacuate the affected population to cyclone shelters as well as the
confidence of the people in the reliability of the warning. Due to high levels of literacy and the
credibility of the forecasts, in developed countries non-compliance factors would typically be low,
whereas they would be high in a developing country.

The loss of human lives in any region can be estimated using the formula
H= Z; PC a;li

where P is the population of the region, C is the non-compliance factor, ¢ is the fraction of the region’s
area related to a given hazard level, and r; is the risk coefficient for the hazard level.

For each coastal district, the area with different hazard levels—which are defined based on wind
velocities that would prevail during a storm and the storm penetration—is assessed using the
Vulnerability Atlas of India (BMTPC 1997). The Vulnerability Atlas defines the following hazard levels
for various wind speeds: very high (VH): 50 to 55 m/sec; high (H): 47 to 50 m/sec; moderate (M): 39 to
47 misec; and low (L): 33 to 39 m/sec. Each VH hazard zone is further classified into two zones,
because part of a VH zone would be at higher risk due to the influence of surge. The surge influence
factor for a district is calculated by the formula

surge influence factor = (coast length x inland penetration)/(area)

where the coast length and area represent the district-specific values, and inland penetration is a
parameter that is changed to generate different scenarios.

Thus for the analysis, four hazard levels are considered: VH + surge, VH, H, and M. The risk
coefficients for various hazard levels are gathered from disaster-management literature (Krishna and
Bhandari 1999): VH + surge: 5 x 10% VH: 5 x 103 H: 5 x 10®; and M: 5 x 10°®. These risk coefficients
reflect the probability of death due to storm; estimates of human casualties during the two major
cyclones that crossed the coast of Andhra Pradesh in 1977 and 1990 made using these coefficients are
close to the real figures (BMTPC 1998). The surge influence factor is calculated for two different
scenarios of surge penetration: 10 km and 30 km. Two different scenarios for non-compliance factors
are used to represent the extent of compliance observed during the 1977 and 1990 Andhra Pradesh
cyclones. Since the present analysis assumes that the non-compliance factor is linearly related to human
casualties, the two scenarios merely represent the extent of impact under different confidence levels in
the cyclone warnings.
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3. Results and discussion

Computed vulnerability indices for the coastal districts along with their ranks according to each of the
specifications described in the previous section are shown in table 3, while figure 1 shows the
vulnerability index as per specification V1. The rank correlation between various vulnerability indices is
shown in table 4. The correlations are significantly high between various indices, indicating that the
relative ranking of the districts across different index specification is robust. Discussion here focuses on
the highlighted rank correlations shown in table 4. Very high (0.99) and high (0.91) rank correlation
between indices V1 and V2 and between V1 and V3, respectively, suggest that including either total
vulnerable houses or houses that are at risk of destruction or damage may not change the overall ranking.
Interestingly, the very high correlations between V1 and V4 and between V1 and V5 indicate that
including income as either a resilience indicator or a sensitivity indicator does not influence the
vulnerability rankings. One may argue, based on this result, that vulnerability across the Indian coastal
districts is mainly determined by the potential physical impacts. However, rankings change significantly
when the literacy component is taken out of the overall index calculation, justifying a role for adaptive
capacity in the definition of vulnerability. High correlation between indices V4 and V5 (and also
between V7 and V8) is surprising because these indices treat income in opposite ways. A careful look at
the rankings in table 3 shows that the ranking of Greater Mumbai is reversed across these indices, in
accordance with the hypothesis. However, it does not translate into the overall rank correlation because
of the large difference between income levels of Greater Mumbai (which includes the commercial hub
of India) and other districts.

Table 4. Rank correlation between various vulnerability indices

V1 V2 V3 V4 V5 V6 V7 V8
V1 1.00 - - - - - - -
V2 0.99 1.00 - - - - - -
V3 0.91 0.89 1.00 - - - - -
V4 0.98 0.98 0.89 1.00 - - - -
V5 0.96 0.94 0.87 0.92 1.00 - - -
V6 0.89 0.87 0.75 0.90 0.87 1.00 - -
V7 0.90 0.89 0.77 0.92 0.83 0.98 1.00 -
V8 0.86 0.83 0.72 0.83 0.90 0.96 0.89 1.00
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Figure 1. Map of Indian coastal districts showing vulnerability index (using index V1)

The vulnerability index indicates that:

» The districts along the east coast are relatively more vulnerable than those on the west coast.

e The coastal districts in the states of West Bengal, Orissa, Andhra Pradesh, and Tamil Nadu are

only marginally different from each other in terms of their vulnerability.

» The districts that are frequently affected by cyclonic storms are relatively more vulnerable—these

include districts like 24 Paraganas, Baleshwar, and Krishna.

As well as districts on the east coast of India being more vulnerable compared to those on the west
coast, more cyclones hit the east coast than hit the west coast. The estimated human casualties for the
coastal districts along the east coast under different scenarios are presented in table 5. The last two
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columns show the likely losses due to more-severe cyclonic storms with higher inland surge penetration,
which are expected under climate-change conditions. As mentioned in the previous section, the non-
compliance factors are chosen merely to reflect the extent of damage observed in the two earlier
cyclones that crossed the coast of Andhra Pradesh. In 1977, the early warnings were not sufficiently
credible and compliance was very low. Added to that, the cyclone surge was very severe and the
damage was some of the worst in India’s history. In contrast, the 1990 cyclone, while comparable in
severity to that of 1977, was marked by credible early warning and, as a result, high compliance. Table
5 shows damage corresponding to non-compliance factors of 0.1 and 0.0065 (adapted from BMTPC
1998), reflecting these two extreme scenarios.

Comparison of the results shown in table 5 with those presented under the vulnerability index shows
that the relative ranking of districts remains more or less similar between the two analyses. This is an
important result because the two analyses address vulnerability from two related but different
perspectives and their similarity shows the robustness of the findings.

4. Conclusions and policy implications

This study estimated the relative vulnerability of coastal districts of India using an integrated
vulnerability index that takes into account impact—induced by present-day and future climate pressures,

Table 5: Expected Casualties due to Storms

Surge Penetration — 10 Surge Penetration — 30
km km
NCF 0.1 0.0065 0.1 0.0065
District

East Godavari 167 334 374 747
Guntur 34 68 56 112
Krishna 105 211 224 448
Nellore 79 158 136 273
Srikakulam 218 436 476 952
Visakhapatnam 94 187 168 336
West Godavari 33 66 42 84
Baleshwar 192 384 441 882
Cuttack 186 372 390 780
Ganjam 36 71 57 115
Puri 98 196 209 417
South Arcot 71 142 127 254
Medinipur 310 620 562 1124
N 24 Parganas 470 940 1053 2105
S 24 Parganas 286 571 580 1160

Note: NCF — non-compliance factor, value 0.1 represents the extent of non-compliance observed during 1970 cyclone in Andhra
Pradesh and 0.0065 represents the same during 1990 cyclone in Andhra Pradesh.
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as well as the adaptive capacity of the districts, characterized by a range of physical, economic, social,
and demographic parameters. Using information on areas with different hazard levels in the coastal
districts, the study also estimated the number of human casualties across coastal districts due to potential
surge associated with cyclonic storms.

Relative rankings of Indian coastal districts based on the integrated vulnerability index indicate that
districts on the east coast are relatively more vulnerable than those on the west coast. Relative rankings
of the coastal districts based on predicted storm-induced casualties are similar to the rankings based on
integrated vulnerability index, indicating the robustness of the findings.

The primary purpose of the relative vulnerability measures developed in this study is to provide
insights to guide prioritization of adaptation strategies for specially vulnerable regions. Given that
adaptation is an important policy response, this section looks a little more closely at two important
aspects of adaptation, namely what to adapt to and how to adapt.

4.1. Adapt to what?

As climate change may actually be experienced as a change in the frequency and/or intensity of
extreme climatic events, disaster preparedness is an important component of climate-change action
plans. Understanding vulnerability to present-day climate extremes such as cyclones would provide
useful insights about the adaptive capacity of a region. Adaptation measures taken in anticipation of
climate change can and usually should be harmonized with responses to current extreme climatic events.
However, human activities are not always as well adapted to the current extreme events as one would
want them to be. As argued by Burton, Kates, and White (1993), the losses suffered due to climate
extremes cannot be ascribed to the events alone, because lack of appropriate human adaptation and
sometimes maladaptation account for significant losses.

In this context it may be worth noting the experiences with the super-cyclone in 1999 that devastated
the state of Orissa. There is general agreement that the cyclone’s devastating impacts were worsened
significantly by deforestation on the coast. Satellite pictures show that 2.5 km? of mangrove forest was
lost every year during the 1970s. Without the protection of forests, the super-cyclone was believed to
have traveled as far as 50 km inland. Mangrove forests make ideal places for conversion into ponds for
shrimp farming, and India is one of the top four shrimp exporters in the world, with production growing
by 15 percent a year. Orissa, a major center for the business, specializes in raising tiger prawns.

A rough estimate by the UN Food and Agriculture Organization (FAO 1999) indicates that in the past
three decades, Andhra Pradesh has lost 40 percent of its mangrove forest to shrimp farming, while the
corresponding losses in Orissa, Tamil Nadu, and West Bengal are 26 percent, 26 percent, and 1.25
percent respectively. It may be noted that the majority of the highly vulnerable districts according to the
estimations in this study are located in these four states. An important policy lesson is to avoid these
maladaptations and aim for sustainable resource-management practices.

4.2. How to adapt

Coastal zone management is about making trade-offs aimed at resolving competing sectoral demands,
rather than optimizing the output of a single resource. Solving such problems requires integration of
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management objectives and hence there is increasing interest in integrated coastal zone management
(ICZM). In terms of responding to climate change, ICZM can be seen as an essential institutional
mechanism that can deal with all competing pressures on a coast, including short-, medium-, and long-
term issues. Vulnerability assessment of the type addressed in this study is often described as one
possible trigger for ICZM; at the same time, ICZM will increase the need for more sophisticated and
detailed assessment of the implications of climate change—while accounting for other climatic and non-
climatic stresses on the coastal zones. Thus, an interactive evolution of vulnerability assessment within
the ICZM framework can be envisaged, progressively contributing to an improved knowledge base for
decision making. In India, ICZM plans are being drawn up for more and more coastal regions. The
coastal zone regulations can be cited as an early manifestation of the ICZM plans.

Though risk management is well developed in the Indian context, with early warning systems and
post-disaster management systems firmly in place, use of effective mechanisms for enabling people to
better manage their own catastrophe risks are still lacking. While government’s role in disaster
management cannot be eliminated entirely, efforts should be made to reduce the burden substantially.
Once disaster assistance is institutionalized, as it is in the Indian context, then it has many of the longer-
term effects of an insurance subsidy that inadvertently worsens future problems by encouraging people
to increase their exposure to potential losses. For example, compensation for cyclone damage to homes
can lead to construction of more houses in cyclone-prone areas. Insurance against natural disasters
should have little or no government subsidy, to avoid the problems of moral hazard and adverse
selection. New approaches like index-based or area-based contracts to insure against natural disasters
should be attempted, and these approaches, in conjunction with developments in micro-finance, could
make insurance an increasingly viable proposition for poor people to better manage risk.’

The insurer often faces high exposure because of the covariate nature of the insured risk. When a
payment is due, then all those who have purchased insurance against the same risk must be paid at the
same time. To hedge against this risk, the insurer can sell part of it on the international reinsurance and
financial markets. Even though the global reinsurance market is well developed, its benefits are reaped
almost entirely by the developed world. While the United States, the United Kingdom, and Japan
account for almost 55 percent of the total reinsurance market, the developing countries in Asia, where
most natural-disaster-related damage is borne, accounts for less than 8 percent of the global market. It is
into this area that government should put most of its efforts, rather than into actual disaster assistance.

3. Area based (or index-based) insurance is specific to an area instead of each individual. Since buyers in a region pay the same
premium and receive the same indemnity per standard unit contract (SUC), it avoids all adverse selection problems. Moreover,
the insured’s management decisions will not be influenced by the index contract, eliminating moral hazard. A farmer with
rainfall insurance, for example, possesses the same economic incentives to produce a profitable crop as the uninsured farmer. It
could be very inexpensive to administer, since there are no individual contracts to write, no on-site inspections, and no
individual loss assessments. It uses only data on a single regional index, and this is based on data that is available and
generally reliable. It is also easy to market—SUCs are sold rather like travelers’ checks, and presentation of the certificate is
sufficient to claim a payment when one is due.
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