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Socio-economics: Examining socioeconomic dimensions of risk and
vulnerability among coastal inhabitants
of large marine ecosystems

TWAP
TRANSBOUNDARY WATERS ASSESSMENT PROGRAMME

SuMMary
This study assesses large marine ecosystems (LMEs) to examine patterns of vulnerability among their coastal
populations and the influence of this vulnerability on environmental and disaster risk. Vulnerability encompasses
factors that affect people’s capacity to cope and recover from impacts, not only of natural hazards, but also of marine
ecosystem degradation. Risk is the chance of danger, loss, income reduction, or diminished or lost opportunity for an
improved life for an individual, a household, or a community. Vulnerability and risk both result from the interactions
of natural and anthropogenic factors. Threat and risk are used synonymously in this study.
To compare the vulnerability and risk of populated LMEs, we selected quantitative indicators that address these key
concepts (as highlighted in the LME assessment conceptual framework) and that are supported by publicly available
global databases. These indicators include measures of coastal demographics (population sizes and rural/urban
fractions, and number of coastal poor); measures of resource use (fisheries and tourism revenues, fish protein in
diet, and the contribution of LME tourism to national economies); measures of well-being (Human Development
Index (HDI)); impact measures as hazard proxies of climate-related extreme events such as floods and storms (deaths
and property losses from such events); projections of sea-level rise to 2100; and risk scores indicating the states of
marine ecosystems. Because few of these data sets are available at the LME scale, geo-referenced population or
other regional data are used as weighting values to downscale national data before they are aggregated for each
LME. Where feasible, indicator values were projected, using two contrasting development scenarios for 2100, for
example, for coastal populations and the HDI.
We constructed two risk indices to examine the vulnerability of coastal populations to relatively high-frequency
climate-related extreme events (storms, flooding, and drought) and to projected sea-level rise. A third risk index –
the Contemporary Threat Index – combines indicators of present-day LME states (provided by authors of this report)
with current climate event-related risks, and integrates these measures of environmental risk with measures of
dependence of coastal populations on LMEs and a measure of the capacity to adapt to change. These indicators and
indices are used to categorize the 64 populated LMEs into five risk categories, from lowest to highest risk.
The global coastal population was slightly over 2.5 billion in 2010, nearly 40 per cent of the total global population.
Almost 60 per cent of coastal residents live in rapidly urbanizing areas; more than 20 per cent are considered poor.
Estimates of the worldwide coastal population in 2100 range from 2.9 to 4.7 billion based on contrasting development
scenario-based population projections.
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Key messages
1.

2.

3.

4.

High levels of human well-being and ecosystem health are indicative and mutually reinforcing
outcomes of sustainable ecosystems. To achieve these, reducing risk and vulnerability of coastal
populations must be addressed without sacrificing ecosystem health, and vice-versa. Universal safety
nets that guarantee opportunities for human development are integral to smart ecosystem management
that aims to achieve sustainable LMEs.
Coastal populations in highly populated tropical regions are the most at risk, taking into account the
combined effects of environmental threats, dependence on LME resources, and shortfalls in capacity
to adapt. Environmental threats include loss or degradation of fish stocks and ecosystem health, and
damage from climate-related extreme events. Dependence includes coastal population size and reliance
on fish for food and on tourism for income. The LMEs at highest risk are Bay of Bengal, Canary Current,
Gulf of Thailand, South China Sea, Sulu-Celebes Sea, Somali Coastal Current, Indonesian Sea, Guinea
Current, Arabian Sea, Caribbean Sea, East China Sea, Yellow Sea, and Agulhas Current.
Risks associated with future deterioration of ecosystem health and with climate change are
additional burdens that exacerbate an already precarious state for coastal populations of some LMEs
– but measures can be taken to mitigate these risks. Sea-level rise threat is amplified by the size of
population exposure and the degree of socio-economic vulnerability. LMEs most at risk from sea-level
rise include many of those currently at highest risk, especially those of the southern coastal regions of
Africa. Assessing vulnerability to sea-level rise in 2100 using contrasting future socio-economic scenarios
indicates that development pathways that strengthen opportunities for better education, health, and
livelihood, and reduce population growth, at national scale and in the coastal areas of LMEs, should
decrease future risk levels.
Regional assessments may prove essential for designing appropriately scaled programmes to reduce
vulnerability and risk. Such assessments would substantiate this baseline global assessment and
highlight sub-national features. While the indicators used in assessments are evidence-based, choices
made about what indicators to combine into an index affect the outcomes of the assessment. The
set of results presented here is influenced by these choices. Future assessments should validate the
results using a suite of indicators based on finer-scale spatial data, including geo-referenced data on
LME resource utilization, poverty distribution, urbanization, and economic activity. Impacts of changing
climate and coastal ecosystems on disadvantaged groups such as women, children, and the elderly
should be quantified and addressed by national and regional sustainable development goals.

3.1 Introduction
Sixty-six large marine ecosystems (LMEs), each at least 200 000 km2 in area, encompass the majority of the world’s
coastal areas along continental margins. Human populations that live on or near the coast rely on the innumerable
ecosystem services LMEs provide, such as fish for food and trade, cultural services for tourism, and waste processing
(UNEP 2006). Spatial distribution of populations, the extent of their economic activities and reliance on LMEs for food
and amenities, levels of well-being, and risks of current and projected climate-related changes – all superimposed on
achievements in human development – significantly influence the social-ecological states of LMEs. In this chapter, 13
socio-economic indicators are used to assess these features at the LME scale with the aim of providing comparative
baseline profiles of vulnerabilities and risks of climate-related disasters and environmental degradation across the 64
populated LMEs. This assessment references the LME assessment conceptual framework that highlights interactions
between the human and natural systems in defining trajectories of change in LME states (IOC-UNESCO and NOAA,
this report) and the patterns of risk these interactions generate. It thus complements the biophysical and governance
assessments included in this report.
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Central to the comparison of LME-scale coastal populations are the concepts of vulnerability and risk. Wisner et
al. (2003) defines disaster vulnerability as “characteristics of a person or group and their situation that influences
their capacity to anticipate, cope with, resist, and recover from the impact of a natural hazard.” In the context of
this study, vulnerability is expanded to include the socio-economic impacts not only of natural hazards but also
of environmental degradation of LMEs, notwithstanding the inherent differences between hazards, and degraded
ecosystem health and the interactions between these. The indicators used in assessing overall vulnerability include:
coastal population size, reliance on fish for protein, dependence on LME tourism for GDPs of coastal states, and the
level of human development (or the inadequacy of the human development level, referred to as the HDI Gap). These
features have been downscaled to the 100 km coastal zone. For transboundary LMEs, an LME coastal area differs
from an individual country’s coastal area: it is an aggregate of all country coastal segments surrounding the LME.
In this study, risk is the “chance of danger, damage, loss, injury, or any other undesirable consequences for a
household (or an individual or a community)” (Heltberg et al. 2009). Numerically, the Intergovernmental Panel on
Climate Change (IPCC) equates disaster risk to the product of exposure and vulnerability, and the impacts when risk
events do occur (Oppenheimer et al. 2014). Three threat indices are used to represent current and future climate
threats: the extent of current risks to climate-related extreme events (flooding, storms, and extreme temperatures);
projected risks from sea-level rise in 2100; and the Contemporary Threat Index, which combines risks of extreme
climate events with those of ecosystem change as additional challenges to human development.
A number of key points need to be kept in mind when using the results of this assessment. First, analysing an LME
coast is complex because it is made up of coastal-country segments, the unit of analysis for this study. In continental
areas, this spatial unit is sub-national in character, which requires that data be spatially explicit (geographically
referenced) or that national data be appropriately downscaled. Secondly, the aggregation of data from coastalcountry segment to LME scale is accompanied by a loss of the heterogeneity of features observed at finer scales.
This makes the derived LME-scale features homogenized and spatially coarse. Describing human populations at this
coarse scale is necessary but insufficient for examining human-environment interactions at national and local scales.
The sub-LME scale (for example, sub-national) is the scale at which patterns of risk may best be studied. It is prudent
to retain the ability to scale down to the sub-national or national scales, where risks may be more amplified, and
where targeted actions may be required. This would be possible in a more in-depth, regional (rather than global)
assessment. For brevity and consistency, only the LME-scale patterns are presented in this chapter. We envision
that this baseline global assessment will be followed by regional assessments that highlight sub-national features of
risk and vulnerability. Regional mitigation plans may then complement global-scale programmes so that actions are
mutually supportive to reduce risk.

3.2 Findings
Annex Table 3-A lists the indicators by sub-theme with their underlying metrics and data sources, and summarizes
the methods used in assessing LMEs and the levels of confidence in the results. More details on methodology are
presented in the last section of this chapter.
A general limitation of the study is the use of non-spatially-explicit data such as most of the national input data used
in assessing well-being. Where sub-national data are available, as in the case of sub-national regional estimates of
Gross Domestic Product, these are used to downscale national estimates of tourism and fishing revenues to coastalcountry segments, prior to aggregating these to LME-scale values. In defining risk categories, the range of assessed
values is divided into five groups with equal or nearly equal numbers of LMEs per group, or into unequal groups
where there are natural breaks in index values. The boundaries between risk classes are arbitrary and less important
than the overall range of values assessed for each indicator.
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3.2.2 Coastal demographics
3.2.2.1 Coastal population in 100 km coastal zones
Coastal populations living around LMEs, at slightly more than 2.7 billion, made up 37 per cent of the global population
in 2010. They live on 22 per cent of the Earth’s total land area. Worldwide, around 58 per cent live on urban coasts,
indicating that the global coast is urbanizing. The ten most populated LMEs are, in decreasing order: Bay of Bengal,
South China Sea, Mediterranean, Arabian Sea, Indonesian Sea, Yellow Sea, East China Sea, Kuroshio Current,
Caribbean Sea, and Sulu-Celebes Sea (Figure 3.1). Coastal inhabitants around these ten LMEs together account for
half of the global coastal population. In the context of risk, a large population in the 100 km coastal area indicates a
high risk of natural resource depletion and water quality degradation. The most populous LMEs are almost always
the most threatened by extreme degradation of LMEs, although the relationship between population growth and
environmental change is more complex, being influenced by consumption patterns and institution-defined resource
rights (Bremner et al. 2010).

Figure 3.1 The size of coastal populations – a proxy measure of pressure on ecosystem services provided by LMEs.7KHPRVW
SRSXODWHG FRDVWDO DUHDV LQFOXGH WKH %D\ RI %HQJDO b b   WKH 6RXWK &KLQD 6HD b b   WKH 0HGLWHUUDQHDQ
bb WKH$UDELDQ6HD bb DQGWKH,QGRQHVLDQ6HD bb 

3.2.2.2 Rural populations
Coastal populations in rural areas (Figure 3.2) are of particular interest because natural resources very often support
their livelihoods, including through fishing and agriculture. The small populations of the East Siberian Sea, Laptev
Sea, Beaufort Sea, Hudson Bay Complex, and the Canadian Eastern Arctic-West Greenland LMEs (243 000 in total),
are 80 to 100 per cent rural – ‘few’ and ‘rural’ may not connote high pressure on marine living resources. In these
high-latitude LMEs, fishing supplements other subsistence activities, including hunting and reindeer herding, and
cash economies rely on mining, oil and gas and government employment (Glomsrød and Aslaksen 2006). Rural
populations are proxy measures that indicate significant pressure on fishery resources when large in size, as in
the cases of the Sulu-Celebes Sea, Agulhas Current, Somali Coastal Current, Bay of Bengal, and Oyashio Current
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LMEs. Large rural coastal populations indicate higher dependence on marine living resources with fishing as a major
livelihood, thus placing an LME at higher risk of overexploitation. For fisheries, the harvest rates of coastal states (in
addition to those of the distant-water fishing countries) need to be accounted for to have a more complete picture
of fishing pressure.
Figure 3.2. Proportion of coastal zone population that is rural. $ERXWSHUFHQWRIJOREDOFRDVWDOSRSXODWLRQVOLYHLQUXUDODUHDV
/0(VZLWKUXUDOSRSXODWLRQVPDNLQJXSSHUFHQWRUPRUHRIWKHSRSXODWLRQZLWKLQNPRIWKHFRDVWDUH%D\RI%HQJDO
6XOX&HOHEHV6HD1RUWKZHVW$XVWUDOLDQ6KHOIDQG(DVWHUQ$IULFDQDQGKLJKODWLWXGH/0(V5XUDOSRSXODWLRQVLQGHYHORSLQJDQG
GHYHORSHGFRXQWULHVUHO\RQQDWXUDOUHVRXUFHVIRUWKHLUOLYHOLKRRGVRUVXEVLVWHQFH)LVKLQJDQGRWKHUPDULQHKDUYHVWLVHVSHFLDOO\
LPSRUWDQWIRUUXUDOSHRSOHDORQJFRDVWVRIKLJKODWLWXGH/0(VZKHUHDJULFXOWXUHLVQRQH[LVWHQWRUOLPLWHG

3.2.2.3 Coastal poor
The number of coastal inhabitants considered poor based on national poverty standards reached slightly over 520
million in 2010 (Figure 3.3). This is roughly the same as the combined 2010 populations of Western Europe, the
US, and the city of Beijing. In contrast to the distribution obtained with the global coastal population, 57 per cent
of impoverished coastal inhabitants live along rural coasts. Ten LMEs account for 67 per cent of the global coastal
poor: Bay of Bengal, Arabian Sea, South China Sea, Guinea Current, Mediterranean, Caribbean Sea, Indonesian Sea,
Pacific Central-American, Agulhas Current, and the Sulu-Celebes Sea. The risks that coastal poor face in dealing with
environmental change are key determinants of societal resilience. For this study, a large number of coastal poor in
an LME is an indicator of high socio-economic vulnerability. Data on spatial distribution of the coastal poor would
provide qualitatively superior assessment products, but poverty mapping is not available for all coastal countries.
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Figure 3.3 Populations below national poverty lines – an indicator of socio-economic vulnerability. 7KHQXPEHURIFRDVWDOUHVLGHQWV
ZKROLYHRQLQFRPHVEHORZWKHLUUHVSHFWLYHQDWLRQDOSRYHUW\OLQHVLVVOLJKWO\RYHUbb2IWKHVHSHUFHQWOLYHLQWKH
IROORZLQJ/0(V LQRUGHURIGHFUHDVLQJQXPEHUVRISRRUSHRSOH %D\RI%HQJDO$UDELDQ6HD6RXWK&KLQD6HD*XLQHD&XUUHQW
0HGLWHUUDQHDQ&DULEEHDQ6HD,QGRQHVLDQ6HD3DFLȨF&HQWUDO$PHULFDQ&RDVWDO$JXOKDV&XUUHQWDQG6XOX&HOHEHV6HD

3.2.3 Economic benefits from LMEs through fishing and tourism
Tourism and fishing are the two economic activities chosen for this study because of their prevalence, regardless of
the level of economic development. In addition, the economic impact of these two sectors as bases of livelihoods
and income streams have been extensively analysed at various scales.

3.2.3.1 Fishing revenues
Despite the availability of commercial fisheries catch and ex-vessel fish price data, the ability to fully evaluate the
economic impact of marine fishing in terms of its contribution to national GDPs and national employment across
littoral states remains elusive. Data on production costs and value multiplication along the commodity chain (from
harvest to processing and retail distribution) are not periodically monitored across fishing countries. Routine fisheries
data gathering is resource-intensive and many developing nations are unable to implement monitoring programmes
covering subsistence fishing which plays a critical role for food and employment security.
The figures for fishing revenues reported here are gross value-added estimates provided by Pauly and Lam (this
report), converted to 2013 US$ from 2005 US$ in the original data set. If production costs, subsidies, and taxes were
available for each fishing country, the valuation could be expanded to include the contribution of fishing to GDP,
employment, and income, and to estimate direct fish consumption for evaluating food security for the subsistence
sector. The World Bank undertook a major study to estimate 2007 fishing contributions (both marine and inland) to
123 economies, including contributions of subsistence and recreational fisheries (World Bank 2010). Results include
an estimated US$274 billion contribution to global GDP from commercial fishing alone (marine and inland), and
another US$160 billion from recreational fishing and associated activities such as boat building.
Average annual landed value of marine capture fisheries for the period 2001 to 2010 are shown in Annex Table 3A.2.
The ten LMEs with the highest landed fish values are South China Sea, East China Sea, Bay of Bengal, Humboldt
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Current, Sea of Okhotsk, Arabian Sea, Yellow Sea, Northeast US Continental Shelf, Mediterranean, and Celtic-Biscay
Shelf. The average annual revenues of these ten LMEs account for 58 per cent of the average annual global total of
$88 billion (2013 US$).
Dependence on fishing at the LME scale is quantified as the proportion of LME-scale fish protein to total animal
protein consumption for LME coastal countries. Using national fish consumption patterns and the contribution of
fish protein to the total animal protein of coastal countries, an average fish protein contribution is estimated for each
LME. The population of the coastal country is used as a weighting factor. The top ten LMEs where fish contribution
to animal protein is highest are Indonesian Sea, Faroe Plateau, Guinea Current, Greenland Sea, Sulu-Celebes Sea,
Gulf of Thailand, Sea of Japan, Oyashio Current, Kuroshio Current, and Canadian Eastern Arctic-West Greenland.
It should be noted that fish consumption patterns cannot not be attributed solely to marine food fish supply, as
fish can be sourced from aquaculture and inland fisheries. Coastal countries with significant non-marine sources of
fish include Bangladesh (Bay of Bengal LME), Cambodia (Gulf of Thailand and South China Sea LMEs), Mozambique
(Agulhas Current LME), Tanzania (Somali Coastal Current LME), Kenya (Somali Coastal Current LME), and the Republic
of Congo (Guinea Current LME).

3.2.3.2 Tourism revenues
Tourism is a well-monitored economic sector, despite the nature of the flows of goods and services that make it
an inter-sectoral activity, and despite the complexity inherent in its valuation (see the methodology section). The
contributions of tourism to GDP and employment are routinely tracked at the national scale. Attempts to identify
the contribution of coastal and marine tourism separately from that of inland tourism, require a separate accounting
system that may not be possible given that these sub-sectors share goods, services and travel infrastructure with
inland tourism activities. A regional tourism accounting system with a focus on coastal sub-national regions is a good
approach to acquiring more specific information on revenues, and one that a number of coastal states, including the
US and Australia, have implemented.
Annex Table 3-B summarizes the national tourism revenues that have been downscaled to 100 km country coastal
segments and then aggregated at the LME scale for the period 2004 to 2013. Globally, the tourism revenues attributed
to LMEs are $3 931 billion (2013 US$) – two orders of magnitude more than the gross value added total for fishing. The
latter, however, does not take into account income and employment multipliers along the fish commodity chain from exvessel prices to retail distribution and associated industries such as fishing gear and manufacture of vessels. The top ten
tourism revenue grossing LMEs are the Mediterranean, North Sea, Gulf of Mexico, South China Sea, Celtic-Biscay Shelf,
California Current, Yellow Sea, Northeast and Southeast US Continental Shelves, and East China Sea. To determine the
average contribution of LME tourism revenues to the GDPs of coastal countries as a metric of economic dependence,
the national tourism GDP of each coastal country was weighted by the percentage of a country’s contribution to the
total LME tourism revenue. In using percentage contribution to national GDPs, it must be noted that LMEs with small
aggregate tourism revenues can still contribute significantly to the national GDPs of the surrounding coastal countries,
especially if these GDPs are also small. The top ten GDP-contributing LMEs (percentage-wise) are Iceland Shelf and Sea,
Caribbean Sea, Gulf of Thailand, New Zealand Shelf, Canary Current, Iberian Coastal, Bay of Bengal, Gulf of California,
Mediterranean, and Somali Coastal Current. Both the Iceland Shelf and Sea and Somali Coastal Current LMEs bring in
tourism revenues classified as lowest (with a category range of from US$0 to 4.2 billion per year). Nonetheless, tourism
revenues contribute 19 and 12 per cent to the GDPs of their respective coastal countries.
Water quality is important for local and international tourism and is a critical indicator for assessment of the
sustainability of marine tourism. Worldwide, Honey and Krantz (2007) find that water pollution remains the biggest
concern in examining the impacts of coastal tourism, even if land clearance and coastal ecosystem degradation
remain the most destructive impacts. Figure 3.4 plots LMEs by their Index of Coastal Eutrophication Potential (ICEP),
an indicator of water quality and of risk of harmful algal blooms (Seitzinger and Mayorga, this report). Pairing the
ICEP with the HDI for each LME shows the Bay of Bengal as the LME most at risk from eutrophication, but also at risk
because its coastal inhabitants are already compromised, having a low HDI (in the ‘highest’ risk category. The Yellow
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and East China Seas are comparable to the North Sea and Celtic-Biscay Shelf LMEs with respect to ICEP, but the lower
HDIs for the two large Asian LMEs put them more at risk than their developed counterparts. Environmental impacts
directly attributable to the tourism economic sector, such as habitat conversion, water pollution including nitrogen
loading from coastal tourist facilities, socio-cultural impacts, and revenue leakage (loss of revenue generated by
tourism to other countries or regions), should be examined for how they modify socio-economic risks for people and
ecological risks for coastal ecosystems.
Figure 3.4 Coastal eutrophication potential and the Human Development Index. 7KLV LQGLFDWRU PD\ EH XVHG WR JDXJH WKH
VXVWDLQDELOLW\RIWRXULVPUHODWLYHWRHFRV\VWHPLPSDFWVRQWKH/0(V:KHQSDLUHGZLWK+',WKHDVVHVVPHQWVKRZVWKDWIRUWKH
VDPHOHYHORIHQYLURQPHQWDOULVNGHYHORSLQJFRXQWU\/0(VDUHPRUHYXOQHUDEOHEHFDXVHRIWKHLUORZHUOHYHORIKXPDQGHYHORSPHQW
1
Central Australian Shelf 41

4245
39 44
40
7 N.E. US 22North Sea
1
49 36355 9 66
24 Celtic iscay Shelf
50
Sea of apan
5
54 23
Iberian
Coastal
25
52
20 14
0.8
13 Humboldt Current 4 58 56
Yellow Sea
57
48
26 62
N. Brazil 17
15 16
47 E. China Sea
lack
35
Sea
36 S. China Sea
ulf of hailand
33 Red Sea

LME-scale HDI

Scotian Shelf 8

S.E. US 6

0.6

Canary Current 27
Agulhas Current 30

Highest HDI
Lo est risk
High HDI
Lo risk
Medium HDI
ediumm risk

32 Arabian Sea

34 ay of engal

29 Benguela Current

Lowest HDI
ighest risk

Guinea Current 28

Numbers in circles are L

0.4

-5

0

numbers

Si es of circles re ect
population density in

31 Somali Coastal Current

0

Low HDI
igh risk

5

10

Index of Coastal Eutrophication Potential

3.2.4 Measures of well-being
3.2.4.1 Night Light Development Index
The 2006 Night Light Development Index (NLDI) is based on a geo-referenced product that combines the satellite
readings of night lights as a proxy for spatial distribution of economic activity with population distribution. High values
of NLDI indicate highly uneven distributions of spatial economic activity, while low values indicate more uniform
distribution of night lights and, hence, of economic activity. For this study, both the national and sub-national NLDI
estimates were analysed.
Figure 3.5 shows the risk categories based on NLDI: high NLDI indicates high risk of unevenly distributed economic
activity. The most NLDI-at-risk LMEs are East Siberian Sea, Agulhas Current, Somali Coastal Current, North Brazil
Shelf, Benguela Current, Sulu-Celebes Sea, and Guinea Current (with NLDI ranging from 0.9554 to 0.8599). The lack
of connections to the power grid and the highly rural population of East Siberian Sea, result in the highest NLDI
rating, representing a highly uneven spatial distribution of economic activity. Country NLDI is inversely correlated
with country HDI at about 70 per cent (Elvidge et al. 2012). At the scale of LMEs, the inverse correlation is not
as strong (42 per cent) because the coarse resolution degrades the country-scale correlation (Figure 3.6). The use
of night lights to examine the spatial extent of economic activity is technologically feasible and enables annual
monitoring and reporting that would otherwise not be possible with non-continuous, project-based assessments.
However, a relatively simple metric at coarse resolution cannot be expected to fully and efficiently capture a nuanced
phenomenon such as human development. Calibration of NLDI against HDI or other spatially explicit metrics at finer,
sub-national scale would be beneficial.
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Figure 3.5 Night light distribution as a spatial proxy for level of economic development (Night Light Development Index).7KH1/',
PHDVXUHVWKHFRYDU\LQJGLVWULEXWLRQRISRSXODWLRQDQGQLJKWOLJKWVWKHODWWHUDVDSUR[\RIVSDWLDOHFRQRPLFDFWLYLW\$KLJK1/',YDOXH
LQGLFDWHVDKLJKO\XQHYHQGLVWULEXWLRQRISHRSOHDQGQLJKWOLJKWVZKLOHDORZYDOXHLQGLFDWHVDPRUHXQLIRUPVSDWLDOGLVWULEXWLRQ

Figure 3.6 Night Light Development Index paired with the Human Development Index.$WWKHFRXQWU\VFDOHWKH1/',LVLQYHUVHO\
FRUUHODWHGZLWKWKH+',DWSHUFHQW)RU/0(VWKLVFRUUHODWLRQLVGHJUDGHGE\FRDUVHUHVROXWLRQDQGZKLFKGURSVWRDERXW
SHUFHQW%HFDXVHQLJKWOLJKWGLVWULEXWLRQLVDQRSHUDWLRQDOSURGXFWWKDWFDQEHHVWDEOLVKHGDQQXDOO\LIQHHGHGLWRȧHUVDFKHDS
PRQLWRULQJVWUDWHJ\IRUWUDFNLQJWKHH[WHQWRIVSDWLDOHFRQRPLFDFWLYLW\+RZHYHULWZLOOQHHGLQGHSHQGHQWYHULȨFDWLRQXVLQJWKH
+',RUEHWWHUVWLOOXVLQJDQRWKHUVSDWLDOO\H[SOLFLWPHWULF
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3.2.4.2 Human Development Index
The HDI scores for the 64 populated LMEs were estimated using averages (for the period 2009 to 2013) of metrics for
education (mean and expected years in school), health (life expectancy at birth), and income (per capita annual gross
national income (GNI)). LMEs with the lowest HDI scores are the Somali Coastal Current, Guinea Current, Agulhas
Current, Benguela Current, Canary Current, and Bay of Bengal (Figure 3.7). The HDI Gap (1-HDI) measures the deficit
between the theoretical (set as 1.0) and the realized HDI. This is a measure of LME-scale well-being.
The 2014 HDI minimum and maximum goalpost values that are used in the calculation of the HDI are as follows: 20
and 85 years for life expectancy at birth; 0 and 15 years for mean years at school; 0 and 18 years for expected years
at school; and US$100 and US$75 000 purchasing power parity (PPP, in 2011 US$) for per capita GNI. The measured
insufficiencies are assumed to place LMEs at risk even prior to their exposure to hazard-specific risks. Thus, an LME’s
vulnerability to specific risks may be increased by pre-existing human development-related inadequacies from the
start. If development policies are to reduce these prior existing risks, the most strategic HDI component to target is
education, as it provides people with the potential to increase income and acquire the knowledge to make prudent
choices on health, livelihood, and consumption lifestyles (Samir and Lutz 2014). Education offers a long-term and
strategic means to build the competent and resilient human capital needed in the event of adverse environmental
and climate change. Thus, even if the magnitudes of specific risks (storms, flooding, droughts, and sea-level rise) are
the same, LMEs with larger HDI Gap (1-HDI) due to lower levels of health, education, and income, will have higher
total risks.

Figure 3.7 Human Development Index for LMEs. 7KH/0(+',LQWHJUDWHVKHDOWKHGXFDWLRQDQGLQFRPHPHWULFVDQGKDVWKHORZHVW
DVVHVVHGYDOXHVLQ/0(VRIWKHWURSLFDOGHYHORSLQJZRUOG7KHVL[/0(VZLWKWKHORZHVW+',YDOXHV UDQNHGZLWKORZHVWȨUVW DUH
6RPDOL&RDVWDO&XUUHQW*XLQHD&XUUHQW$JXOKDV&XUUHQW%HQJXHOD&XUUHQW&DQDU\&XUUHQWDQG%D\RI%HQJDO
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3.2.4.3 Projected Human Development Index in 2100
Shared Socio-economic Pathways
The projected 2100 HDI and HDI Gaps were developed for two contrasting Shared Socio-economic Pathways (SSP)
narratives: SSP1 (sustainable world) and SSP3 (fragmented world). SSPs describe five plausible alternative pathways
for society and natural systems over the 21st century, in narrative form and in models. They were used by the
Intergovernmental Panel on Climate Change (IPCC) scientific community to consider a full range of potential scenarios
and required actions during its Fifth Assessment Report (O’Neill et al. 2015; Moss et al. 2010).
Figure 3.8 is a pictograph of the five SSPs. Selection of SSPs for this analysis was based on maximizing the contrast
in assumptions listed in Annex Table 3-C. The physical pathways known as Representative Concentration Pathways
(RCPs) are possible climate futures, integrating variables such as the concentration of greenhouse gases and aerosols,
and land-use and cover change, that provide the physical forcing functions for integrated scenarios. RCPs and SSPs
are combined to examine options for mitigating impacts and ways to reduce vulnerability and increase resilience in
the face of climate and global environmental change (Figure 3.9). Development pathways, both physical (RCPs) and
socio-economic (SSPs), do not aim to provide predictions. They are cohesive narratives that may be used to define
potential outcomes of development choices. The metrics chosen to underpin the 2100 HDI are influenced by the
availability of modelled data, as is the case with the other indicators.
Figure 3.8 Shared Socio-economic Pathways. 7KH6KDUHG6RFLRHFRQRPLF3DWKZD\V 663V SURYLGHFRKHUHQWVWRU\OLQHVRIKXPDQ
DQGHFRQRPLFGHYHORSPHQWWUDMHFWRULHV 2ǧ1HLOOet al.DQG 7RH[DPLQHFRDVWDOVRFLRHFRQRPLFVHWWLQJVLQ663
DQG663ZHUHFKRVHQWRSURYLGHWKHPRGHOOHGPHWULFVIRUHYDOXDWLQJULVNDQGYXOQHUDELOLW\

SSP 3

SSP 5

(High challenges)

(Mitigation challenges dominate)

Fragmented world

Socio-economic
challenges for mitigation

Fossil-fuelled development

A

SSP 2

(Intermediate challenges)

Middle of the road

SSP 1

(Low challenges)

Sustainable world

SSP 4

(Adaptation challenges dominate)

A

Inequality

Socio-economic
challenges for adaption
Source: O’Neill et al. 2015, with permission
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Figure 3.9 The use of Representative Concentration Pathways and Shared Socio-economic Pathways in the analysis of impact,
adaptation, and vulnerability in relation to global environmental change
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Metrics for Projected HDI (2100) and Projected HDI Gap (2100) for SSP1 and SSP3 pathways
In this study, the metrics chosen to calculate a measure of human well-being are similar to those used in calculating
the current HDI: life expectancy from birth, per capita gross domestic product in PPP 2005 US$ (a measure similar to
per capita GNI), projected mean years at school, and the modelled female tertiary educational attainment for the age
group 20 to 39 years as a percentage of national female population in the same age group (replacing the currentlyused expected years in school, for exploratory purposes). The key role of female educational attainment in making
choices relevant to the well-being of their households during the childbearing period (20 to 39 years) appears to
have profound impacts on child health and mortality, household energy consumption, adaptation, and the quality
of participation in governance and democratic processes (Lutz et al. 2014; Samir and Lutz 2014). The use of female
tertiary educational attainment is not meant to supplant the traditional education metric. It is used here to explore
its sensitivity in measuring risks.
The calculation of the Projected HDI (2100), as discussed in the methods section, includes the use of goalposts
to standardize the underlying metrics. The maximum goalposts are aspirational, while the minimum indicate the
minimum values for the metrics, which are lower than the lowest of the country values. Once the aspirational
goalpost is achieved, the maximum goalpost is used in the calculations. For health, the minimum and maximum life
expectancies from birth are 20 and 100 years; for income, the minimum and maximum per capita gross domestic
product are $700 and $100 000 in PPP 2005 US$; for mean years at school, the minimum and maximum goalposts
are 0 and 18 years; and for female tertiary educational attainment, the minimum and maximum values are 0 and 70
per cent of the female population age 20 to 39 years.
Figure 3.10 shows the resulting HDI for both the sustainable world (SSP1) pathway (bottom panel) and the fragmented
world (SSP3) pathway (top panel). Under the SSP1 narrative, education, health and income metrics have high values.
In contrast, these attributes have low values under the SSP3 narrative (Annex Table 3-C). Consequently, in SSP1, 58 of
61 data-complete LMEs have HDIs that are highest (above 0.810) and, therefore, small HDI Gaps. Only three African
LMEs – Somali Coastal Current, Agulhas Current, and Benguela Current – have HDI scores ranging from 0.747 to 0.773

32

SOCIO-ECONOMICS

that fall in the ‘medium’ to ‘high’ HDI score categories. In contrast, SSP3 projects a bleaker scenario in which 27 LMEs
have HDI scores belonging to the ‘lowest’ HDI score group. No LME reaches an HDI score ranked ‘highest’, and only
four LMEs – Scotian Shelf, Newfoundland-Labrador Shelf, Hudson Bay Complex, and Canadian High Arctic-North
Greenland (all Canadian LMEs) – reach a ‘high’ HDI rating (0.756 to 0.800).
Figure 3.10 Human Development Index in 2100 based on two Shared Socio-economic Pathways. ,Q D  WKH IUDJPHQWHG ZRUOG
SDWKZD\ 663 /0(VKDYHǦORZHVWǧ+',VFRUHVFRUUHVSRQGLQJWRǦKLJKHVWǧULVNOHYHOV,QFRQWUDVWLQE WKHVXVWDLQDEOHZRUOG
SDWKZD\/0(VKDYHǦKLJKHVWǧ+',VFRUHVFRUUHVSRQGLQJWRǦORZHVWǧULVN7KH6RPDOL&RDVWDO&XUUHQW/0(ZKLFKFXUUHQWO\KDV
WKHORZHVW+',VFRUHRIDOO/0(VDFKLHYHVWKHǦPHGLXPǧ+',FDWHJRU\ DQGǦPHGLXPǧULVN XQGHU663
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Annex Table 3-D compares the projections of coastal populations using the 2100 Center for International Earth
Science Information Network (CIESIN) population data layer (CIESIN 2013), which is based on the United Nations
Development Programme (UNDP) projection using medium variant population growth rate, with the modelled
national populations in the context of the sustainable world and fragmented world development pathways. The
ratio of population in the 100 km coastal zone to national population obtained from the CIESIN population layer is
used to downscale the SSP national population projections to the 100 km coastal populations. In terms of absolute
magnitudes, the CIESIN values appear to approximate the SSP3 projections. If population growth is tending towards
SSP3 following a medium variant growth rate, there is reason to believe that HDI metrics may be headed along the
same pathway, and policy-makers would need to think seriously about how to steer away from SSP3 conditions.

3.2.5 Climate-related risks to LME coastal populations
3.2.5.1 Present-day Climate-related Extreme Events Threat Index
This index includes hazard measures (annual rates of deaths from climate-related events and average annual
property losses, both for the period 1994 to 2013), the 2010 population in the 100 km coastal zone as a coarse proxy
for exposure; and the HDI Gap (1-HDI, averaged for the period 2009 to 2013) as a vulnerability metric. Climaterelated events include cyclones, coastal surges, coastal flooding, and extreme temperatures. Table 3.1 shows that
including property losses in an index formula tends to place developed and developing country LMEs in the same risk
categories because high property values increase the Index value, and hence the risk, for developed country LMEs.
However, this does not account for the fact that, for the same degree of hazard, developing country LMEs have less
capacity to cope with extreme events than developed countries. The inclusion of a vulnerability metric such as (1HDI) provides a means to include this reduced coping ability for poorer countries.

Figure 3.11 Present-day Climate-related Extreme Events Threat Index. 7KH,QGH[LQFOXGHVIRXUPHWULFVGHDWKVDQGSURSHUW\ORVVHV
IURPF\FORQHVȩRRGLQJDQGH[WUHPHWHPSHUDWXUHV+',*DS +', DQGSRSXODWLRQH[SRVHGZLWKLQNPRIWKHFRDVW7KH
/0(VPRVWDWULVNDUH%D\RI%HQJDO$UDELDQ6HD6RXWK&KLQD6HD(DVW&KLQD6HD&DULEEHDQ6HD<HOORZ6HD6XOX&HOHEHV6HD
&DQDU\&XUUHQW3DFLȨF&HQWUDO$PHULFDQ6RPDOL&RDVWDO&XUUHQW*XOIRI7KDLODQG0HGLWHUUDQHDQDQG$JXOKDV&XUUHQW
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Table 3.1 Comparison of Present-day Climate-related Extreme Events Threat Index values with and without the HDI
Gap as a vulnerability measure for the two highest risk categories. Colours represent risk levels (red = highest; orange
= high). HDI Gap is 1-HDI.
LME

Index based on deaths, losses,
and population exposure

LME

Index based on deaths, losses,
population exposure, and HDI
Gap

Bay of Bengal

1.0000

Bay of Bengal

1.0000

South China Sea

0.9818

Arabian Sea

0.9389

Yellow Sea

0.9385

South China Sea

0.9091

East China Sea

0.9368

East China Sea

0.8402

Arabian Sea

0.9327

Caribbean Sea

0.8389

Mediterranean

0.9077

Yellow Sea

0.8296

Caribbean Sea

0.9048

Sulu-Celebes Sea

0.8225

Sea of Japan

0.8790

Canary Current

0.8193

Baltic Sea

0.8709

Pacific Central-American

0.8157

North Sea

0.8685

Somali Coastal Current

0.7870

Gulf of Mexico

0.8595

Gulf of Thailand

0.7827

California Current

0.8589

Mediterranean

0.7779

Northeast US Continental Shelf

0.8550

Agulhas Current

0.7703

Black Sea

0.8443

Black Sea

0.7576

Pacific Central-American

0.8414

Guinea Current

0.7476

Celtic-Biscay Shelf

0.8229

Indonesian Sea

0.7432

Gulf of Thailand

0.8228

North Brazil Shelf

0.7250

Southeast US Continental Shelf

0.8181

Red Sea

0.6870

Iberian Coastal

0.8162

Benguela Current

0.6758

Sulu-Celebes Sea

0.8152

South Brazil Shelf

0.6627

Gulf of Alaska

0.8107

East Brazil Shelf

0.6562

Sea of Okhotsk

0.7749

Gulf of California

0.6504

Oyashio Current

0.7617

Gulf of Mexico

0.6438

Insular Pacific-Hawaiian

0.7602

West Bering Sea

0.6424

North Brazil Shelf

0.7589

Kara Sea

0.6401

Canary Current

0.7521

Iberian Coastal

0.6370

Figure 3.11 maps the threat levels for this index in five categories for the 62 LMEs with data. LMEs most at risk
to extreme climate events (in decreasing order) are the Bay of Bengal, Arabian Sea, South China Sea, East China
Sea, Caribbean Sea, Yellow Sea, Sulu-Celebes Sea, Canary Current, Pacific Central-American LME, the Somali Coastal
Current, the Gulf of Thailand, Mediterranean, and Agulhas Current.
Based on the measures that make up the Present-day Climate-related Extreme Events Threat Index, any intervention
to mitigate exposure and HDI-based vulnerability can potentially reduce the overall threat of climate from a socioeconomic perspective. Raising low human development metrics is complex in that health, education, and income
states evolve out of choices and circumstance, interacting at multiple scales from households, communities, and
states. The Human Development Report (2014) stresses that “universal access to basic social services – education,
health care, water supply and sanitation, and public safety – enhances resilience”, and that this is an achievable goal,
even at an early stage of a state’s development, which may be accomplished over a reasonably short period, for
example, in less than a decade.
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3.2.5.2 Sea-level Rise Threat Index under SSP1 and SSP3 scenarios
The Sea-level Rise (SLR) Threat Index for 2100 integrates maximum sea-level rise, population living within 10 m
elevation above sea level and 10 km from the coast, and projected HDI Gap (1-HDI). The regionalized maximum sealevel rise estimates at LME scale are based on the RCP 8.5, with global warming reaching 8.5 watts per m2 in 2100.
This metric is a constant in calculating both SSP1 and SSP3 SLR Threat Indices. Figure 3.12(a) shows the contours of
sea surface height in metres under RCP 8.5.
Figure 3.12 Projected mean sea surface height in 2100 and Sea-level Rise Threat Index in 2100 for two shared Socio-economic
Pathways.7KH SURMHFWHG VHD VXUIDFH KHLJKW LQ HDFK /0( LV XVHG DV D PHDVXUH RI KD]DUG7KLV PHDVXUH LV WKH VDPH IRU ERWK
663V'LȧHUHQFHVLQWKH6HDOHYHO5LVH7KUHDW,QGH[EHWZHHQWKHWZRVFHQDULRVDUHGXHWRGLȧHUHQFHVLQ+',*DS DPHDVXUHRI
YXOQHUDELOLW\ DQGSRSXODWLRQVL]HOLYLQJLQWKHPHOHYDWLRQE\NPFRDVWDOVWULS)ROORZLQJWKH663 IUDJPHQWHGZRUOG 
SDWKZD\ E /0(VKDYHǦKLJKHVWǧDQGKDYHǦKLJKǧWKUHDWOHYHOV)ROORZLQJWKH663 VXVWDLQDEOHZRUOG SDWKZD\ F /0(V
KDYHORZHVWWKUHDWOHYHOV1RWDEO\WKH%D\RI%HQJDO$UDELDQ6HD&DQDU\&XUUHQWDQG*XLQHD&XUUHQWKDYHORZWKUHDWOHYHOVIURP
VHDOHYHOULVHXQGHUWKLVVXVWDLQDELOLW\SDWKZD\
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Most of the coastal areas will experience sea-level rise, while some locations near ice sheets will experience land
uplift caused by melting ice sheets and, thus, sea-level fall. Within SSP1 and SSP3 pathways, estimates of population
exposure in the 10 m by10 km coastal zone are very different, with a global total of 308 million inhabitants for
SSP1 and 507 million for SSP3. Under SSP1 (Figure 3.12(b)), 56 LMEs achieve the highest HDI category, while 25
LMEs under SSP3 have lowest to low HDI values (Figure 3.12(c)). Thus sea-level rise threat is amplified by the size
of population exposure and the degree of HDI-based vulnerability. Mitigation measures may include attempts to
reduce population size within the 10 m by 10 km coastal zone and to implement shoreline defence through hard
engineering (infrastructure) and soft engineering (coastal ecosystem restoration). More importantly and over the
long term, enhancing human development strategically through education (which influences lifestyle choices, for
example, fewer children, greater participation in democratic processes) and consumption patterns, and providing
social safety nets such as pension and unemployment insurance, would reduce persistent vulnerability.

3.2.6 Contemporary Threat Index
This index was developed to determine which LME coastal populations are most threatened by extreme climate
events and by LME environmental degradation, both of which exacerbate their core socio-economic vulnerability.
The Contemporary Threat Index is calculated as the geometric mean of measures of socio-economic dependence
(coastal population, fish protein consumption, and LME tourism contribution to coastal country GDP), lack of
adaptive capacity (the HDI Gap), and environmental risk (risk of losses and deaths from climate-related extreme
events, and risk scores for five indicators of the state of fish and fisheries and four indicators for the state of pollution
and ecosystems, from Kleisner et al. (this report). For the Barents Sea and Norwegian Sea LMEs, the Index excludes
the fisheries indicators.
This index highlights three interrelated factors that determine the level of overall environmental threat to coastal
populations. Even without climate risk and risks associated with degrading LMEs, coastal populations may be at risk
because of their dependence on LME services for food and livelihood, and because of limited capacities to adapt and
seek opportunities in non-LME-based income-generating activities. Climate-related extreme events and changing
ecosystems are therefore additional burdens. Disease and civil unrest can add to these burdens.
For transboundary LMEs (for which governance was assessed) the Contemporary Threat Index was evaluated to
include the average of governance completeness and engagement as the fourth factor. In 41 of 47 shared LMEs, risk
levels increased with the inclusion of governance metrics, and risk levels decreased in 6 LMEs.
Variables not included in the Index include the proportion of the coastal population that is rural and the proportion
that is poor. Both rural and urban sectors of the population would be affected by climate-related extreme events and
by ecological changes in LMEs. Therefore, the population size within the 100 km coastal zone is the more appropriate
variable to include. In addition, as the proportion of coastal poor and the HDI are correlated at 47 per cent (R2 value
of 0.47), the HDI Gap is retained as a proxy for lack of adaptive capacity.
LMEs most threatened, in order of decreasing risk, are the highly populated tropical LMEs: Bay of Bengal, Canary
Current, Gulf of Thailand, South China Sea, Sulu-Celebes Sea, Somali Coastal Current, Indonesian Sea, Guinea Current,
Arabian Sea, Caribbean Sea, East China Sea, Yellow Sea, and Agulhas Current (Table 3.2).
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Table 3.2 Contemporary Threat Index for each LME. Colours represent risk levels (red = highest; orange = high; yellow
= medium; green = low; blue = lowest).
LME

Contemporary Threat Index

LME

Contemporary Threat Index

Bay of Bengal

0.592

Patagonian Shelf

0.327

Canary Current

0.544

Oyashio Current

0.321

Gulf of Thailand

0.527

Black Sea

0.310

South China Sea

0.524

East Siberian Sea

0.299

Sulu-Celebes Sea

0.522

Northeast US Continental Shelf

0.297

Somali Coastal Current

0.514

Laptev Sea

0.297

Indonesian Current

0.509

California Current

0.292

Guinea Current

0.500

Southeast US Continental Shelf

0.291

Arabian Sea

0.483

Northern Bering-Chukchi Seas

0.291

Caribbean Sea

0.481

Iceland Shelf and Sea

0.267

East China Sea

0.480

Canadian Eastern Arctic-West
Greenland

0.266

Yellow Sea

0.474

Gulf of Alaska

0.266

Agulhas Current

0.469

Insular Pacific-Hawaiian

0.262

Mediterranean

0.440

Northeast Australian Shelf

0.251

Pacific Central-American

0.440

Newfoundland-Labrador Shelf

0.246

Benguela Current

0.421

Scotian Shelf

0.246

Iberian Coastal

0.398

New Zealand Shelf

0.242

North Brazil Shelf

0.396

East Bering Sea

0.235

Red Sea

0.393

Southeast Australian Shelf

0.223

South Brazil Shelf

0.390

East-Central Australian Shelf

0.221

Gulf of California

0.384

Beaufort Sea

0.218

East Brazil Shelf

0.379

West-Central Australian Shelf

0.216

Humboldt Current

0.364

Southwest Australian Shelf

0.215

Sea of Japan

0.351

North Australian Shelf

0.206

Baltic Sea

0.348

Norwegian Sea

0.201

Sea of Okhotsk

0.343

Hudson Bay Complex

0.201

Barents Sea

0.342

Northwest Australian Shelf

0.198

Gulf of Mexico

0.339

Aleutian Islands

0.193

Kuroshio Current

0.338

Canadian High Arctic-North
Greenland

0.146

Kara Sea

0.336

Greenland Sea

Incomplete data

West Bering Sea

0.330

Faroe Plateau

Incomplete data

Celtic-Biscay Shelf

0.329

Antarctic

Incomplete data

North Sea

0.328

Central Arctic Ocean

Incomplete data

Table 3.3 and Figure 3.13 highlight the mean attributes and spatial distribution of LMEs by Contemporary Threat
Index category. In general, the metrics of socio-economic dependence, lack of adaptive capacity, and extremeevent mortality follow decreasing trends with decreasing threat levels. Mean property losses with climate-related
events are highest for the ‘low’ threat category, which is dominated by developed states (for example, Southeast US
Continental Shelf, Scotian Shelf, and the New Zealand Shelf LMEs). Fisheries exploitation scores are highest for the
‘medium’ threat category (for example, Gulf of Mexico, Celtic-Biscay Shelf, Patagonian Shelf LMEs). Pollution and
ecosystem scores are highest for the ‘highest’ risk category.
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Table 3.3 Average values of attributes of LMEs by risk category of Contemporary Threat Index. All values are averages
for the LMEs in the respective risk category for the Index

Tourism contribution to
coastal country GDPs (%)

Deaths per year (due to
storms, flooding, extreme
temperature) 1994–2013

Property losses per year
(million US$ PPP) 1993–2012

Fisheries scores

Pollution and ecosystem
scores

HDI Gap
(1-HDI)

Environmental risk (climate, ecosystem
changes)

Fish contribution to animal
protein (%)

Lack of
adaptive
capacity

2010 coastal population
(millions)

Dependence on LME
ecosystem services

Lowest

12

1.7

9.8

9.1

0.074

114

10 777

0.237

0.454

Low

12

6.1

13.1

8.9

0.111

672

17 115

0.290

0.551

Contemporary
Threat Index

Number
of LMEs

Medium

12

34.6

14.9

8.1

0.162

1 824

8 736

0.338

0.594

High

13

45.5

14.2

9.8

0.242

1 443

2 473

0.289

0.565

Highest

13

126.3

27.8

11.7

0.373

2 257

10 699

0.305

0.622

Figure 3.13 Contemporary Threat Index. 7KLVLQGH[FRPELQHVLQGLFDWRUVRISUHVHQWGD\/0(VWDWHV EDVHGRQLQGLFHVLQWKH)LVK
DQG)LVKHULHVPRGXOHDQGWKH3ROOXWLRQDQG(FRV\VWHP+HDOWKPRGXOH ZLWKFXUUHQWFOLPDWHHYHQWUHODWHGULVNVDQGLQWHJUDWHV
WKHVH PHDVXUHV RI HQYLURQPHQWDO ULVN ZLWK PHDVXUHV RI GHSHQGHQFH RI FRDVWDO SRSXODWLRQV RQ /0(V DQG D PHDVXUH RI WKH
FDSDFLW\WRDGDSWWRFKDQJH
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3.2.7 Assessment of Western Pacific Warm Pool States
The WPWP is a thermally dynamic region of the Western Pacific defined by the annual average sea surface
temperature isotherm 28 °C and above. Within this shifting region are 14 oceanic island states that receive support
from the Global Environment Facility: Cook Islands, Federated States of Micronesia, Fiji, Kiribati, Marshall Islands,
Nauru, Niue, Palau, Papua New Guinea, Samoa, Solomon Islands, Tonga-Tokelau, Tuvalu, and Vanuatu (Honey and
Sherman 2013). Although not an LME, the WPWP states are included in this study because they are inhabited coastal
areas. Because of the limited data available for island states in general, only five island states (Fiji, Samoa, Solomon
Islands, Tonga, and Vanuatu) are assessed. The normalization process allows comparisons among these five.
The populations of the five island states together accounted for 85 per cent of the aggregate estimate for the 14
GEF beneficiary states in 2010. Nearly 90 per cent of the population is rural, with relatively high rates of poverty
(regionally referred as hardship). National poverty head count ratios are highest for Vanuatu at 40 per cent, and are
31 per cent for Fiji, 23 per cent for the Solomon Islands, and 20 per cent for Samoa (http://www.ruralpovertyportal.
org/region/home/tags/oceania). There are no numerical data for Tonga’s poor, although its outer islands (such as the
Ha’apai island group) are considered least developed and poor. As a result, the range of HDI values among these five
island countries cuts across the three lower HDI classification groups with Fiji at the top having a ‘medium’ 2013 HDI
score (0.724) and Solomon Islands having a score in the ‘lowest’ category (0.491) (Table 3.4).
The Present-day Climate-related Extreme Events Threat Index is highest for Solomon Islands because of that island
state’s low HDI (high HDI Gap). Fiji has the next highest threat level because it has the highest cyclone-related annual
mortality rate and highest annual property losses incurred during the period 1994 to 2013. The differences between
SSP1 and SSP3 scores of the Sea-level Rise Threat Index is related to the differences in projected HDI scores, since
sea-level rise and population estimates are the same for both scenarios. Solomon Islands is the most vulnerable of
the five oceanic states in both scenarios, and Samoa the least. Projected RCP 8.5 sea-level rises reach about 0.81 m
in 2100. As indicated for LME coastal countries, investing in education offers a strategic and long-term approach to
reducing human vulnerability. It is particularly important for the Solomon Islands where education metrics such as
mean years in school and the female tertiary educational attainment for present and projected scenarios are at the
low end of the range. A long-term mitigation plan that answers to issues of habitability within the projected sea-level
rise scenarios is needed.
Table 3.4 Assessment of Pacific island states within the Western Pacific Warm Pool. The WPWP is a thermally dynamic
region of the western tropical Pacific defined by the annual average sea surface temperature isotherm 28°C or higher.
Because of limited data coverage for oceanic small island states, only five could be assessed in this study. The data are
normalized in the computation of the present-day and scenario-based 2100 Sea-level Rise Threat Index, so that these values
are comparable only among the five island states assessed here.
SSP1
Western
Pacific
Warm Pool
island state
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SSP3

Present-day
Climaterelated
Extreme
Events
Threat Index

Sea-level
rise
RCP8.5
2100 (m)
near state
capitals

2100
population

2100
HDI

Sealevel
Rise
Threat
Index

2100
population

2100
HDI

Sealevel
Rise
Threat
Index

2010
population

2013
HDI

Fiji

854 098

0.724

0.5196

0.7923

600 167

0.849

0.3804

600 167

0.4733

0.4761

Samoa

183 081

0.694

0.3104

0.7828

102 000

0.869

0.1113

102 000

0.5383

0.1265

Solomon
Islands

535 699

0.491

0.5597

0.7911

796 833

0.721

0.6549

796 833

0.3539

0.6549

Tonga

104 260

0.705

0.2395

0.8097

67 500

0.869

0.2108

67 500

0.5497

0.2080

Vanuatu

245 786

0.616

0.2292

0.7931

369 333

0.852

0.3252

369 333

0.3899

0.5090
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3.3 Discussion and conclusions
Describing human populations has progressed from using metrics of wealth like GDP to measures of well-being
such as the iconic Human Development Index (HDI), and to new measures of vulnerability. The profound impacts
of episodic or seasonal climate extreme events and decadal ecosystem changes (for example, fish stock collapses
or food webs that are changing in response to chronic nutrient loading) on human security are triggering this focal
shift (Stiglitz et al. 2009). In coastal areas worldwide, the confluence of climate and ecosystem changes and their
interactions with food and livelihood security, and rising demand for fish and marine-based amenities worldwide,
raise questions about how risks and vulnerabilities may be measured and presented to inform current policy and
effect policy change to minimize risk.
While the use of indicators in assessments is an evidence-based method, it must be borne in mind that the
choices experts make during index construction introduce subjectivity to indicator-based assessment. Results from
assessments must therefore be examined together with consideration of the validity of the methods used. Results
are also always subject to further validation using finer scale spatial data.

3.3.1 Trends using the Contemporary Threat Index
Demographic, economic, and well-being indicators have been used individually to describe the 64 populated LMEs, as
discussed above. In addition, three threat indices are used to quantify risk. The Present-day Climate-related Extreme
Events Threat Index and the 2100 Sea-level Rise Threat Index both estimate disaster risk by factoring in exposure,
hazard level, and vulnerability (measured by the HDI Gap). The third risk measure, the Contemporary Threat Index,
includes three indicators in addition to HDI Gap to quantify vulnerability: population size, dependence on fish protein,
and dependence on LME tourism for income. Inclusion of these indicators is justified because the affected populations
interact with coastal ecosystems through food and income dependence. Annex Table 3-B shows that mean population,
mean fish protein, and mean LME tourism dependence follow a remarkably similar pattern in decreasing from ‘highest’
to ‘lowest’ threat levels, and the pairwise correlations among these three are low (r2 ranging from 7 to 10 per cent).
Given this low level of redundancy, these three indicators may be used together in index construction. The average of
their transformed and normalized scores is used as a metric of dependence on LME ecosystem services. Results show
that the Indonesian Sea LME has the highest dependence, followed by the Gulf of Thailand LME, and the Bay of Bengal
LME. The least reliant, using these measures, is the Canadian High Arctic-North Greenland LME. However, for this and
other LMEs, sectors of the population that have the highest reliance on ecosystem services may be overlooked using
these measures, even at the scale of coastal-country segments. These sectors may include subsistence fishers, smallscale tour operators, and small-scale fish traders. Only fine-scale sub-national assessments may be able to show this
reliance. Using sub-national data, the vulnerable sub-populations may be identified, and the disaster and environmental
risks they face may be better quantified for targeting mitigation in terms of regions and timing.
The HDI Gap, as previously discussed, measures unrealized human development potential relative to aspirational
goalposts in education, health, and income. The extent of these inadequacies at national or sub-national scales
contributes to the overall vulnerability of a coastal population. Ideally, outcomes of good governance that address
human development inadequacies or increase overall adaptive capacity should be included in the Index. Numerically,
outcomes of good governance should be incorporated into the measure (1-adaptive capacity) so that outcomes of
good governance lead to decreasing risk with increasing value of adaptive capacity. Governance is assessed only for
transboundary LMEs (Mahon et al. this report). In applying the Contemporary Threat Index to transboundary LMEs,
we found that including governance metrics of engagement and completeness of governance instruments resulted
in greater risk in most LMEs. Transboundary water management, which is in its infancy, requires a fairly involved
level of coordination among agencies within a country, and among countries which have variable capacities for
environmental governance. In general, inadequate transboundary water management contributes to increasing risk.
Inclusion of governance metrics reduced the risk levels in six LMEs: Pacific Central-American, Mediterranean, Guinea
Current, Benguela Current, West Bering Sea, and Northern Bering-Chukchi Seas. The dependence measure (based on
coastal population, protein from fish, and reliance on LME tourism) and the HDI Gap together quantify vulnerability
as the social component of risk in this index.
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The third element of contemporary risk is the average of climate risk and risk due to ecosystem states. Conceptually,
changes that erode ecosystem health and integrity amplify the risks coastal populations face when extreme events
occur. The LMEs that exhibit the highest risks due to both climate extreme events and degrading ecosystem states
are the East China Sea, Yellow Sea, North Sea, South China Sea, Baltic Sea, and Bay of Bengal.

3.3.2 Comparison with similar indices
The Coasts at Risk Index (Coasts at Risk 2014) assesses risk, vulnerability, and exposure to coastal hazards, both
climatic and geological in nature, at the coastal country scale. Vulnerability is estimated as the mean of the indices
for susceptibility, lack of coping capacity, and lack of adaptive capacity. The resulting Vulnerability Index is multiplied
by an Exposure Index to derive the Coast at Risk Index. Although this index and the Contemporary Threat Index share
some common indicators, the use of exposure as the main weighting factor for the Coasts at Risk Index has the effect
of highlighting the vulnerability of small island states. The top ten country coasts with highest risk (based on the
Coasts at Risk Index) are Antigua and Barbuda, Tonga, Saint Kitts and Nevis, Vanuatu, and Fiji, Brunei Darussalam,
Bangladesh, Philippines, Seychelles and Kiribati. The matching LMEs for these would be the Caribbean, South China
Sea, and Bay of Bengal. The Seychelles and the Pacific Islands do not have corresponding LMEs. The differences in
scale and weighting factors between the two indices highlight the subjective nature of index construction. Results of
Coasts at Risk and this study are not necessarily comparable.
The Transboundary Waters Assessment Programme (TWAP) Risk Index (Kleisner et al. this report) ranks 64 populated
LMEs based on the HDI Gap and the average of nine environmental indicators (four addressing fish and fisheries,
and five measuring pollution and ecosystem health). The Contemporary Threat Index uses the same factors and
adds the influence of socio-economic dependence metrics and extreme climate-event-related property losses and
deaths for 62 populated LMEs. A comparison of the resulting risk categories shows that 43 of the 62 LMEs (70 per
cent) have the same levels of risk based on the two indices. Ten LMEs have risk levels one category higher using the
Contemporary Threat Index. This reflects the influence of high levels on climate-event-related property losses and
deaths. Another nine LMEs have risk levels one category lower using the Contemporary Threat Index because socioeconomic dependence is low or climate-event-related losses and deaths are low, or both, for these LMEs. The HDI
Gap appears to provide a robust basis for risk assessment for 70 per cent of the LMEs. For 19 LMEs, the additional
socio-economic metrics included in the Contemporary Threat Index allowed adjustments in risk categories by one
level higher or lower, at the most.

3.3.3 Mitigating risk and vulnerability
Reducing risk by minimizing the vulnerability of human and social capital and maintaining healthy ecosystems to
conserve natural capital are two strategic and mutually reinforcing principles of risk management. Neumeyer (2001)
maintains that human and social capital must be developed at rates capped by the natural rates of production (growth
and reproduction) if natural capital stocks are to be conserved for future generations. Human development, while
aiming to reduce vulnerability, must be sustainable – that is, not at the expense of natural capital. It is unsustainable
if a country’s manufactured and natural capital stock net depreciation is greater than its investment. The pursuit
of sustainability must require a de-emphasis on economic growth and a sharper focus on the twin and inherently
integrated social and environmental goals (Howarth 2012). In the most recent Sustainable Society Index Report, Van
de Kerk and Manuel (2008 and 2014) show a negative correlation between human and environmental well-being
(r2 value of 55 per cent) and higher incomes coinciding with higher well-being and lower environmental well-being
(correlation r2 values of 70 per cent). While correlation does not impute causation, a deeper examination of why
human and environmental well-being appear mutually exclusive is warranted. Both may have to be calibrated by a
sustainability factor before trends may be appropriately compared.
The Human Development Report (2014) notes that persistent vulnerability prevalent among the elderly, women,
and children at all life stages must be addressed. Provision of universal safety nets to safeguard full employment
and ensure access to education, health care and basic services may be the optimal approach for this. Vulnerability
cannot be remediated without taking into account that poverty and inequality must be reduced. Hence, universal
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safety programmes to allow opportunities for human development among those experiencing chronic deprivation
are necessary components of environmental risk management.
In the context of ecosystem management for LMEs, it is imperative that the social component of risk (vulnerability)
is addressed directly through integrated programmes where people and environment are fully acknowledged as
integral elements of a whole ecosystem (Howarth 2012). The GEF may use its partnerships with the UN Environment
Programme, the UN Development Programme, and international NGOs in designing strategic and integrated action
plans to reduce environmental degradation and human vulnerability to both climate and environmental change. The
processes through which these action plans evolve must include democratic participation of the most vulnerable
groups, and therefore become meaningful exercises of engagement in civil society, a key element of human
development (Campbell et al. 2006).

3.3.4 Data and process requirements for future assessments
As previously mentioned, the LME scale of analysis may be a necessary but not an optimum scale for assessing
vulnerability. The global-scale comparisons presented here must be followed by finer-scale studies using georeferenced indicators of social and economic attributes as they relate to environmental change. Such assessment
is probably best implemented regionally. Participating countries would provide a thesis of their respective country
coastal segments together with maps of resource use, poverty distribution, time-series statistics on spatially explicit
occurrence of extreme events, and time series of changes in ecosystem states together with information on the
economic impacts these changes have on livelihood systems. Regional estimates of GDP contributions of fisheries,
tourism, and other LME-based economic activities are extremely important. At the regional scale, the spatial match
among assessments, monitoring, and adaptive management may be closest, and optimal for setting quantifiable
management targets.

3.4 Methodology and analysis
The application of national data to the LME scale requires the use of scaling-up factors that take into account the
proportion of either the population or the area of the country segment relative to the total of all country segments
that make up the LME’s 100 km coastal width (or another measure of width). These scaling factors were derived
using Geographic Information System (GIS) analysis and available spatial products. They were used in computing
LME-scale indicator values, notably in the calculation of revenues and the metrics that are used as indices.
Input data and analytical methods for each of the 13 major indicators used in assessing the socio-economic features
of LMEs and for the assessment of the WPWP states are presented in the sections that follow. Annex Table 3-A lists
the indicators and the sources of input data and summarizes the methods.

3.4.1 Coastal population and area by country coastal segment (100 km wide)
Input data
The spatial population estimates for 2010 are based on 2000 census data. They are projected to 2010 using the UNDP
average national-level growth rates assuming UN medium estimates. Population counts for 2100 were calculated
using the International Institute for Applied Systems Analysis (IIASA) Greenhouse Gas Initiative (GGI) Downscaled
Spatially Explicit Socio-Economic Scenario Data at 0.5-degree resolution from 2000 to 2100, in decadal increments.
A 100-year growth rate was determined on a 1 km pixel basis to obtain the 2100 population projections within a
framework of socio-economic scenarios defined and used by the Intergovernmental Panel on Climate Change (IPCC)
Fourth Assessment Report (2007). The urban–rural delineations are based on the 1995 determination of urban
centres (based on buffered settlement points for which the total population is greater than 5 000), and are assumed
to remain the same in area through to 2100. The coastlines of the population layer have been reconciled with the
high-resolution 3 arc second Shuttle Radar Topography Mission (SRTM) satellite-defined coastline.
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Analytical methods
Using GIS analysis of CIESIN 2013 global population layers resolved at 1 km for 2010 and 2100, first a buffer was
defined from the landward boundaries of the LME (the shoreline) to 100 km inland and the corresponding regional
area grid was clipped. A fixed distance of 100 km was chosen for a number of reasons: it allows tracking of changes in
the spatial distribution of coastal populations through time; it captures both human and environmental interactions
that directly influence changes in LME comparisons with previous global estimates; and it does not preclude studies
from examining biophysical processes and social interactions at finer scales and along the hydrological continuum
from watershed to the coast, which varies with location. The regional area grid was used to identify and define the
corresponding country coastal segments of 100 km width that make up an LME coastal area. The area raster was
converted to points with area values, with urban and rural areas identified. The area raster was overlaid on the
population grid to extract population values for the corresponding area points, again distinguishing the rural and
urban components. Points with area and population values were summarized and tabulated for each country coastal
segment. All population and area values were summed across all country coastal segments that make up an LME
coastal area. The analysis was iterated for the populated 64 LMEs (all LMEs with the exception of Central Arctic Ocean
and Antarctic). Coastal population as a percentage of national population, together with the absolute population
numbers, is a proxy for the level of stress on marine ecosystems.

Level of confidence
High for 2010 population and area estimates; medium for 2100 population.

3.4.2 Coastal population in the area up to 50 km from shore and up to 10 m elevation, 2100
Input data
The 2100 population data layer was used to derive coastal populations in increments of elevation and coastal distance.
These populations are vulnerable to storms, coastal flooding, and sea-level rise. A Global Digital Elevation Model
(GDEM) called ACE2 was chosen as the most accurate global database for elevation because it blends altimeter
and satellite readings to give more accurate elevation estimates than provided by either method alone, especially
in areas where the vegetation canopy can interfere with satellite measurements in reckoning reference to the true
geoid (the shape of the ocean surface influenced by Earth’s gravitation and rotation). ACE2 GDEM is available at 3, 9,
and 30 arc seconds, and at 5 arc minutes resolution. The 30 arc second (1 km at the equator) resolution was chosen
to coincide with the 1 km resolution of the population data layers.

Analysis
Using GIS analysis of the CIESIN (2013) global population layer for 2100, as described above, a country-by-country
clipping of country coastal segments to 50 km was first implemented, and 50 km-from-shore area grids were
obtained. The coastal-country segment area grid, population layer, and the ACE2 DEM layer were analysed together
to obtain population values at the intersection of elevation (m) and coastal distance (km): populations at ≤1, ≤2, ≤3,
≤5, 5 to 10 m, and ≥10m elevation; and at 0 to 2 km, 2 to 4 km, 4 to 6 km, 6 to 10 km, 10 to 15 km, 15 to 20 km, 20
to 30 km, 30 to 40 km, and 40 to 50 km from shore. The values for coastal-country segments were summed to obtain
LME population values, by elevation, within the 50 km coastal zone. This population value at 10 m by 10 km is used
to indicate exposure to coastal disasters such as storms and sea-level rise.

Level of confidence
Medium to high for elevation estimates; variable by location.
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3.4.3 Coastal poor, 2000s
Input data
National poverty head counts as percentages of national populations were obtained from the World Bank Development
Indicators database, covering the period 2008 to 2013. Where country data for poverty in developed countries were
missing, additional data were obtained from the Organisation for Economic Cooperation and Development (OECD)
Income Distribution and Poverty database for OECD countries, and from individual country statistics offices.

Analysis
National poverty head counts as percentages of national population were averaged over the period 2008 to 2013
when more than one value was available. These percentages were used to obtain the number of poor in each country
coastal segment within 100 km from shore. The country segment poor were summed to obtain the number of LME
coastal poor. Sub-national poverty mapping offers more accurate estimates of the location of the coastal poor and
such maps have been produced for major countries in the developing world. However, the absence of a global
data product to support a proper spatially-explicit poverty assessment at the global scale, with commonly accepted
standards of what constitutes poverty, is a major challenge. Thus, the national poverty head counts calculated from
country-specific poverty lines, and their application in coastal areas, is in need of confirmation using spatially-explicit
sub-national poverty data. Coastal poor, as a percentage of national population or of coastal population, indicates
the level of well-being. High values correspond to low states of well-being.

Level of confidence
Low to medium

3.4.4 Fishing revenues for the period 2001 to 2010
Input data
Data on catch (tonnes) and landed value (2005 US$) by fishing country, by LME for the period 1950 to 2010, were
provided by the Sea Around Us (www.seaaroundus.org; 2014 dataset for each LME). The catch data were originally
derived from Food and Agriculture Organization (FAO) fisheries statistics and were disaggregated into time series in
0.5° spatial grid cells, following a rule-based algorithm (Pauly and Lam, this report). The data include mainly industrial
catch, as subsistence fisheries are not routinely included in national fisheries reports to the FAO.

Analysis
The annual catch and landed value by fishing country in each LME were averaged over the ten-year period. The sums
of average annual catch and landed values at the country scale across coastal countries of an LME provide the basic
metrics for valuing fishing at the LME scale. Landed value is also called gross value added (GVA), which is derived
from the multiplication of total catch by fish price. To calculate fishing GDP, data on production costs (fees, fuel, and
maintenance and repair of fishing vessels and fishing equipment) and on taxes and subsidies are needed. These
required data are not routinely gathered at the country scale, so fishing GDP calculations are not necessarily part
of the National Account Systems of many coastal states. A systematic evaluation of the full economic contribution
of fishing to a country’s GDP, including its direct and direct impacts on income, employment, and state revenues,
therefore remains a challenge to this and subsequent LME assessments. In the absence of global data on production
costs, this study provides the valuation of LME-scale fisheries at the level of GVA as a first-order economic value of
the food provisioning ecosystem service that LMEs provide. Landed value is expressed in 2005 US$ and is converted
to 2013 US$ to be comparable with calculated values of LME tourism values.
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Level of confidence
Medium

3.4.5 Average LME fish contribution to animal protein (2011)
Input data
Data on national-scale fish contribution to animal protein as a percentage for 2011 were obtained from FAO.

Analysis
National-scale input data were weighted using the country segment population proportion, relative to the total
LME population. Products were summed across LME coastal countries to obtain average LME fish contribution to
animal protein, expressed as a percentage. Coastal country segment populations are more likely to have higher
fish consumption rates, and thus higher percentages of fish-derived animal protein in their diets. However, fish
consumption rates at the sub-national level are not routinely monitored. The higher the level of fish consumption,
the higher the level of dependence on the LME’s fishery resources, and the greater the likelihood for fish to be
exploited with increasing human population over time.

Level of confidence
Medium

3.4.6 Tourism revenues for the period 2004 to 2013 (in 2013 US$)
Input data
Country tourism data, including tourism GDP and the sector’s contribution to employment, were obtained from the
World Tourism and Travel Council (WTTC).

Analysis
Unlike fishing, tourism as an economic activity is generally well tracked by coastal states. However, the nature
of tourism presents a number of challenges in valuing coastal and marine tourism in a spatial manner. Many
countries have adopted a tourism satellite accounting system to allow more efficient planning and tourism product
development. A satellite account is a method for assessing the economic contribution of an economic sector that
is not defined as an industry in a country’s national account system. Tourism integrates many economic sectors
(including construction, transport, accommodation and food services, and real estate) in providing tourism experience
to inbound tourists and in supporting outbound tourism (Frechtling 2010). It does not lend itself easy to spatially
explicit analysis without the use of elaborate econometric tools. To properly assess the contribution of tourism to
national economies, countries follow the International Recommendations for Tourism Statistics 2008 adopted by
the United Nations Statistical Commission. Some countries have also attempted to expand their tourism satellite
accounting systems to include a regional dimension. A regional tourism satellite accounting system would be ideal
for analysing coastal and marine tourism, but this type of system has higher requirements for input data and analysis
than most countries can currently afford.
Hoagland and Jin (2008) estimated maritime industry activity indices for LMEs using country data with temporal
coverage from 2002 to 2004. To aggregate country data to LMEs, they used the coast length as a weighting factor.
They noted that this weighting procedure did not resolve “the issue of attributing all of a nation’s marine activities
to an LME when only a portion of that nation has been assigned to the LME” (Hoagland and Jin 2008). Despite these
limitations, the marine activity indices remain as reference values for the time and data the study covered. The
methods for estimating fisheries and tourism revenues in this study are not comparable to those in Hoagland and
Jin (2008), due to the difference in methods employed by this study to scale national data to coastal segment scale
(aggregation of spatially-explicit population data at the LME scale).
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In this study, the national tourism data, specifically tourism GDP, is scaled to the 100 km coastal area by using scaling
factors in ordered priority, depending on data availability. Regional sectoral GDP for food and accommodation as a
percentage of national GDP is the preferred scaling factor, followed by regional GDP (for all economic sectors). The
least preferred scaling factor is the proportion of the country coastal segment population in relation to the coastal
country national population.
By far the most commonly available data set for scaling is regional GDP (total for all economic sectors). The total
regional GDP for sub-national regions that form part of the country coastal segment was obtained as a percentage
of national GDP and was used to calculate the country coastal segment share of the national tourism GDP. The sum
of country coastal segment tourism GDP shares is the LME total tourism revenue, since GDP is appropriate only for
country measures. Where no regional GDP data were available, the least preferred scaling factor of coastal segment
population as a percentage of national population was used. Where possible, gaps in the WTTC database were filled
using data from country tourism databases. Like fishing, average annual tourism revenue at the LME scale indicates
the monetized value of amenities and recreation provided by an LME and does not necessarily, by itself, indicate
risk or threat relative to sustainability. Other metrics that track the environmental impacts of tourism, such as water
pollution and coastal development, are required to infer whether tourism is on a sustainable path.

Level of confidence
Variable by LME. Where regional GDP was used as the scaling factor, the confidence level is medium, and where the
percentage coastal segment population was used, the confidence level is low.

3.4.7 Average LME tourism contribution to coastal states GDPs
Input data
The contribution of tourism to national GDP as a percentage and amount over the period 2004 to 2013 was obtained
from the WTTC.

Analysis
For each LME, an average tourism contribution to the GDPs of its coastal states was calculated as the sum of the
national tourism GDP of each coastal country, weighted by the country’s share of the LME tourism. This provides an
LME-scale metric of dependence on LME tourism. Each coastal country’s tourism revenue value is expressed as a
percentage of national GDP, a measure of economic dependence on coastal/ marine tourism.
To get the weighted average of dependence across coastal countries, each dependence metric was weighted by
the percentage contribution each country makes to the LME’s total tourism revenues. For single-country LMEs,
the dependence metric (percentage coastal tourism in regional GDP) was multiplied by 100 per cent because a
single country accounts for all LME tourism revenue. For multi-country LMEs, the dependence metric was multiplied
by a country’s percentage contribution to LME tourism revenues. The sum of the products is the weighted mean
dependence of an average coastal country to LME tourism revenues.
The greater the degree of dependence, the greater the likelihood that the amenities services of an LME are used
without the needed safeguards to make tourism environmentally sustainable. Increased dependence on tourism
may also create a less diversified livelihood portfolio, and one that may become increasingly subject to the vagaries
of discretionary consumer spending.

Level of confidence
Medium
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3.4.8 Night Light Development Index (NLDI 2006)
Input data
The NLDI is the third major spatial input data set used in this socio-economic assessment for coastal populations
of LMEs. This index is based on the spatial co-distribution of night-time irradiance (light) as a proxy of economic
activity and population at 1 km resolution. It is analysed using the Lorenz curve approach, which plots the cumulative
percentage of population against the cumulative percentage of irradiance (Elvidge et al. 2012). The higher the NLDI
value, the more uneven is the distribution of economic activity – as would be the case for developing economies. In
more developed regions, the NLDI would assume lower values, indicating more even distribution of economic activity
relative to population distribution. A major advantage of the NLDI is that night-time illumination is an operational
satellite product that can be used to provide relatively inexpensive updates of the Index. However, its limitation is
that a single spatial indicator is unable to capture the complexity of the spatial distribution of economic activity as
a measure of well-being. Rural areas that are not connected to energy grids and not lighted are automatically not
measured. The potential to blend this indicator with other spatial measures of well-being may be addressed in future
research.

Analysis
The sub-national scale of the NLDI product provides values for the NLDI for each state or province of individual
countries. The NLDI of coastal sub-national divisions were averaged to yield the coastal-country segment NLDI.
Where data were absent at the sub-national scale, the national NLDI value was used for the coastal-country segment
NLDI. These country segment NLDIs were each multiplied by the percentage area of the relevant LME in relation to
the total LME area. The resulting products were summed to yield the LME NLDI. A high value of NLDI corresponds to
a low level of economic development.

Level of confidence
Medium

3.4.9 Contemporary LME Human Development Index (2009 to 2013) and HDI Gap
Input data
Human Development Index Reports have been produced every year since 1992 at various scales, but most widely
at the country scale with global coverage (UNDP 2015). The Human Development Index itself has not changed since
1992, except for the minimum and maximum goalposts used to standardize the data. The latest set of goalposts for
the 2014 report is used in this analysis. All data were obtained from the UNDP reports website at http://hdr.undp.
org/en.

Analysis
The four input metrics of HDI – life expectancy from birth, mean and expected years in school, and the per capita
GNI for each country segment– were first individually averaged for the period 2009 to 2013. To up-scale the country
segment metrics to the corresponding LME metrics, the value of each country average HDI metric was weighted by
the percentage of the population living in each country segment relative to the total LME population within 100 km
of the coast. The weighted values for each metric were summed to obtain the corresponding LME HDI metric. The
metrics were standardized using the minimum and maximum goalposts established by the HDI report, the latest
values of which are reported in the HDI 2014 report: 20 years minimum and 85 years maximum life expectancy from
birth; 0 years minimum and 18 years maximum expected years in school; 0 years minimum and 15 years maximum
mean years in school; and PPP 2011 US$100 minimum and US$75 000 maximum per capita GNIs (HDR 2014).
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The two standardized metrics for education – mean and expected years in school – were averaged to generate an
LME Education Index. The standardized metric for health based on life expectancy became an LME Health Index,
and the standardized natural logarithm of per capita GNI became the Income Index. The geometric means of these
three indices were used to obtain the LME HDI for the period 2009 to 2013, which was computed for each of the 64
LMEs with resident coastal populations. LME HDI measures the well-being of coastal inhabitants. The aspirational
maximum goalposts for longevity, expected and realized years in school, and income, if all achieved, give a maximum
HDI of 1.0. The HDI Gap (1-HDI) is used in this study as a metric for estimating combined human-development-related
insufficiencies in health, education, and income. These lead to pre-existing risks that may be exacerbated by specific
risks due to changes in climate, adverse environmental and political changes, and natural disasters. The HDI Gap is
therefore included as a risk factor in calculating present and future climate-related risk or threat indices (below).

Level of confidence
High

3.4.10 Indicators for calculating 2100 LME HDIs and underlying metrics within the Shared
Socio-economic Pathways Scenarios
Analytical framework for future development scenarios
In preparation for the Fifth Assessment Report, in 2008 the Intergovernmental Panel for Climate Change (IPCC)
initiated a parallel scenario development process whereby the biophysical pathways of climate change are
conceptualized alongside pathways of societal change (Moss 2010). The RCPs identify four levels of radiative forcing
based on the combined effects of greenhouse gases, aerosols, and land cover and use. The RCPs are basic forcing
functions in generating climate scenarios. The SSPs describe five trajectories of future changes in demographics,
human development, economy, policies and institutions, environment and natural resources, and technology, each
with its set of challenges for dealing with climate change (O’Neill et al. 2012 and 2015; Figure 3.8).
Annex Table 3-C lists the thematic elements for three SSPs. The list includes metrics used in the computation of the
Human Development Index. In this study, HDI metrics in SSP1 and SSP3 (longevity, expected mean years in school and
female tertiary education for 20 to 39 years of age, and income) are used to compute HDI, which is the basis required
for comparing human-development-related risks and risks from sea-level rise in 2100. SSP1 describes a sustainable
future where human development features such as education, health investments, and equity are well developed.
These same features are poorly developed for SSP3 (a stalled-development pathway). Population growth, fertility,
and mortality are low for SSP1, and reach high levels for SSP3.
The metrics for the five SSPs have been modelled and are available for use as an SSP database with projections of
population, urbanization, and GDP. The database is available for download with registration at https://secure.iiasa.
ac.at/web-apps/ene/SspDb/dsd?Action=htmlpageandpage=about.

Input data
SSP elements that can be used in developing HDI-like indices are obtained from the SSP database (2012). These
include national population, life expectancy at birth, mean years at school as total for both sexes, tertiary educational
attainment of females of childbearing ages (20 to 39 years) as a percentage of total female population in this age
bracket, and per capita GDP in PPP 2005 US$. The tertiary education of females was chosen to replace the expected
years at school metric that was not included among those modelled for the SSPs. The inclusion of the metric on
female tertiary educational attainment is exploratory and allows an examination of how it influences the HDI values
in each of the SSP scenarios. Modelled national GDP and population data for SSP1 and SSP3 are from the OECD
models (2011).
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Analysis
The percentage of population in 2100 each country segment contributes to the total LME population, as discussed for
the first indicator, above, weights the metrics for each country coastal segment. It should be noted that calculations
of HDI use contemporary goalposts in standardizing underlying metrics, which are considered meaningful up to
2025 (HDR 2014). As there are no aspirational goalposts established for the year 2100, a practical method was
used to determine these. The minimum goalposts were set to bracket the minimum modelled values for both SSPs,
and the maximum goalposts were set arbitrarily by the authors following trends in the modelled data and those
set for the contemporary HDI (which are good to 2025). For 2100, minimum and maximum goalposts for female
tertiary educational attainment were set at 0 and 70 per cent of the 20 to 39 age group. Minimum and maximum
goalposts for life expectancy were set at 20 and 100 years, and minimum and maximum goalposts for per capita
GDP were set at PPP 2005 US $700 and $100 000. The geometric mean of the mean number of years in school and
the females with tertiary education as a percentage of the total number of females in the 20 to 39 years age group
was used because of the differences in units. Geometric means are numerically smaller than arithmetic means. The
standardization process to obtain the education, health, and income indices for each LME were as described above
for the contemporary HDI. Finally, the geometric mean of the three indices yielded the 2100 LME HDI for each of the
two socio-economic pathways. High values of SSP HDIs connote high levels of human well-being.

Level of confidence
Not applicable since these are scenario-based values and are not meant to be predictive, but rather to be consistent
with a cohesive set of assumptions and parameters about predefined development pathways. The SSP HDIs in this
study aim to compare the levels of risk or threat to coastal populations in the context of a sustainable world pathway
and a fragmented world trajectory.

3.4.11 Present-day Climate-related Extreme Events Threat Index (2010)
Climate-related Extreme Events Threat Index2010
= [(1-HDI) X (population2010) X (average annual deaths) X (average annual property losses)]1/4
where

(1-HDI) is the HDI Gap (or human-development-related insufficiency);
exposure is represented by LME coastal population; and
average annual deaths and property losses are hazard proxies.

Input data
Country data on climate-related mortalities associated with cyclones, flooding, and extreme temperatures were
obtained from the EM-DAT international disaster database (www.emdata.be) for the period 1994 to 2013. Property
losses data were accessed from the GermanWatch Climate Risk Index database for years 1993 to 2012 (Kreft and
Eckstein 2014). LME Coastal Population (2010) and (1-HDI 2009 to 2013) are derived LME-scale data previously
derived from analysis and calculations for the indicators and indices described above.

Analysis
The mortality and property loss data were averaged for the period 1993 to 2013. For countries with multiple LMEs,
the data were simply used for each LME, as these events have no associated geographic coordinates. Country data
were aggregated at the LME scale. LME values of mortality, property loss, and population were log-transformed. The
LME HDI Gap and the log-transformed metrics were standardized to a value range of 0.1 to 0.9 (since a value of 0
would lead to a geometric mean of 0). The geometric mean of the four metrics is the Present-day Climate-related
Extreme Events Index. For LME populations with the same degree of exposure and hazards, those with large HDI
Gaps (that is, high human-development-related pre-existing risks) will experience higher levels of climate-related
threat.
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Level of confidence
Medium

3.4.12 RCP 8.5 Sea-level Rise Threat Index under SSP1 and SSP3 scenarios in 2100
SLR Threat IndexRCP 8.5, SSP = [(max SLR) X (1-SSP HDI) X Population in 10 m by 10 km coastal zone)1/3
where

max SLR = Maximum sea-level rise at RCP 8.5 and represents the hazard;
1-SSP HDI is the HDI Gap for the SSP scenario; and
population in 10 m by 10 km coastal zone represents exposure.

Input data
Regionalized sea-level rise data for RCP 8.5 scenario (where radiative forcing reaches 8.5 watts per m2 in 2100) were
accessed from the Integrated Climate Data Center of the University of Hamburg, and the minimum and maximum
sea-level rise for the coastline of each LME were obtained using GIS analysis. Values of the HDI Gap for both SSP1
and SSP3 development pathways were calculated previously (section 3.4.11). Populations projected to 2100 under
both development pathways for the 100 km and 10 m by 10 km coastal areas were derived using population scaling
factors computed from the GIS analysis of the CIESIN (2013) 2100 spatial population layer. Values were standardized
from 0.1 to 0.9 to avoid having zeros that yield index values of zero.

Analysis
RCPs drive the climate models to predict resulting global warming, sea-level change and a host of other physical
responses of the earth system, and were used in preparing the most recent IPCC Fifth Assessment Report. RCP 8.5
refers to a radiative forcing of more than 8.5 watts per m2 in 2100, resulting in the highest warming: 4.5°C temperature
increase over pre-industrial levels (Moss et al. 2010). This pathway also projects rising greenhouse gases, and is the
most extreme of the four RCPs. The SLR Threat Index was developed to illustrate how risk changes with one RCP
scenario of sea-level change in combination with two SSP scenarios.
To estimate exposure for either development pathway:
SSP exposure in 10 m by 10 km coastal segment =
(Coastal segment 2100 population in 10 m by 10 km) X (2100 SSP national population)
(2100 national population)

Level of confidence
Not applicable. Index values are scenario-based that are not meant to be predictive, but rather to be consistent
with a cohesive set of assumptions and parameters about predefined concentration (RCP) and development (SSP)
pathways. The Threat Indices for SSP1 and SSP3 are used to compare threats relative to quantification of SSP HDI
metrics.

3.4.13 Contemporary Threat Index
Input data
The input data for most of the indicators included in the Contemporary Threat Index are described in previous
sections. Measures of ecosystem state are risk scores for fisheries and for pollution and ecosystems, described by
Kleisner et al. (this report, Annex Table 8-D). These are based on indicators selected from the chapters of the Fish and
Fisheries module and the Pollution and Ecosystem Health module of this report.
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For transboundary LMEs for which governance architecture was assessed by Mahon et al. (this report), the geometric
mean of the three factors and mean governance metric (average of engagement and completeness measures), was
calculated

Analysis
The Index was calculated as follows:
Contemporary Threat Index = Geometric mean (dependence, lack of adaptive capacity, environmental risk) where
Socio-economic dependence = Average (coastal population (2010), mean per cent fish protein contribution to
animal protein, mean per cent LME tourism contribution to coastal country GDPs)
Lack of adaptive capacity = 1-HDI (or HDI Gap) based on education, health, and income achievements
Environmental risk = Average (extreme climate-related events losses and deaths, mean (fish and fisheries
indicators, pollution and ecosystem health indicators))
Note: In the case of transboundary LMEs for which governance completeness and engagement are assessed,
the average of these two indicators provide a fourth factor in the evaluation of Contemporary Threat Index.
For the Barents and Norwegian Seas LMEs, the Index excludes the fisheries indicators.
The LMEs were ranked using the Contemporary Threat Index which integrates threats caused by extreme events and
ecosystem degradation, and exacerbating existing constraints to human development, and state of transboundary
water governance (where applicable). Implicitly, the desired level of human development is one with a more
diversified economic portfolio resulting in less dependence on LME ecosystem services for income. With higher
educational achievement, a society can generate income including those which use diverse and high skilled labourbased economies rather than direct exploitation of marine living resources or the amenities these provide.

3.4.14 Assessment of the Western Pacific Warm Pool island states
Input data
The same input data needed to characterize and assess present-day climate and 2100 scenario-based sea-level rise
threats for the LMEs were assembled for the island states of the Western Pacific Warm Pool. Because of the limited
coverage of existing data, of the 14 island states in the region that receive support from the Global Environment
Facility, only Fiji, Samoa, Solomon Island, Tonga, and Vanuatu are assessed. Input metrics for index computation were
standardized from 0.1 to 0.9.

Analysis
The analysis is as described for the previous indicators and indices.
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2010, 2100

2100

2008–2013

1. Coastal
population and
area of country
segment within
100 km coastal
zone (spatial)

2. Coastal
population by
elevation up to 10
m and by distance
from shore up to 50
km (spatial)

3. Coastal poor

Time period

2001–2010

2011

2004–2013

Indicator

4. Fisheries
revenues (spatial)

5. Fish
contribution to
animal protein

6. Tourism
revenues

Economic activities sub-theme

Time period

Indicator

Demographics sub-theme

Tourism revenues

Fish consumption
per capita

Catch and landed
value

Underlying
metrics

Head count below
national poverty
line

Coastal populations
in increments of
elevation and
coastal distance

Rural and urban
fractions of coastal
populations

Underlying
metrics

Computation of LME tourism revenues
based on national tourism GDPs.

Country-scale estimates of fish protein
aggregated to LME scale; countrysegment population as a proportion of
total LME coastal population used to
weight national data on fish contribution
to animal protein. Coastal-country
segments may consume fish at higher
rates than indicated by national averages.

Computation of 10-year mean fishing
revenues to evaluate food provisioning
ecosystem service by LMEs; includes
mostly industrial catches.

Methods

National poverty head count as
percentage poor of national population;
averaged for period 2008-2013.
Scaling factor: none

GIS analysis; scaling factor: none
Proportion of population living within
10 km and within 10m elevation in 2100
relative to national population is used
to derive populations for SSP1 and SSP3
scenarios in 2100.

GIS analysis; scaling factor: none
Population and area estimates for country
coastal segments are used as scaling
factors for majority of the socio-economic
indicators assessed in this chapter for
baseline conditions.

Methods

Variable,
depending on
data used to scale
down to the coast
(regional tourism
GDP, regional total
GDP, regional
coastal population)

Medium

Medium

Confidence level

Low to medium;
spatial poverty
maps are needed
to verify spatial
distribution of the
poor.

Medium to high
for elevation
estimates, variable
by location.

High for 2010
population and
area estimates;
medium for 2100
population.

Confidence level

World Tourism and Travel Council 2014
(http://www.wttc.org/datagateway/); Country
regional GDP from national statistics offices
as listed at http://unstats.un.org/unsd/
methods/inter-natlinks/sd_natstat.asp.

FAO (http://faostat3.fao.org/download/FB/
FBS/E)

Fisheries data from FAO fisheries statistics reanalysed using time series by the Sea Around
Us (Pauly and Lam, this report).

Data sources

World Bank development indicators 2014
(http://data.worldbank.org/data-catalog/
world-development-indicators); OECD
income distribution and poverty (www.stats.
oecd.org); Pacific island country poverty
statistics (http://www.ruralpovertyportal.org/
region/home/tags/oceania).

Derived from CIESIN 2013 spatial population
layers with additional ACE2 Digital Elevation
Model available at http://tethys.eaprs.cse.
dmu.ac.uk/ACE2/ (registration required)
(Berry et al. 2008).

CIESIN population layers for 2010 and 2100
(2013) (http://sedac.ciesin.columbia.edu/
data/set/lecz-urban-rural-population-landarea-estimates-v2; registration required).

Data sources
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Annex

Annex Table 3-A Socio-economic indicators, methods, and data sources used in assessing
risk and vulnerability of coastal populations next to LMEs. See the methodology section
for more details.

2004–2013

Time period

2006

2009–2013

2100 under
SSP1 and
SSP3

Indicator

8. Night Light
Development
Index (spatial)

9. Contemporary
Human
Development
Index

10. Projected
Human
Development
Index 2100

Human well-being sub-theme

7. Tourism
contribution to
GDP

Modelled data for
health, education,
and income

National data on
health, education,
and income

Satellite data of
night lights at
sub-national and
national scales;
population data

Underlying
metrics

Contribution
to GDP and
employment

Application of modelled national metrics
to coastal populations; all metrics are
projected by SSP1 and SSP3 scenarios
and distributed to the coastal-country
segments using the CIESIN (2013)
population layer for 2100 and the
national populations for SSP1 and SSP3 as
calibration factors.
Health metric is life expectancy from
birth; education metrics are mean years
in school and female tertiary educational
attainment for 20–39 years age group;
and income metric is per capita GDP.

Application of national metrics of health
(life expectancy from birth), education
(mean and expected years in school), and
income (Gross National Income per capita)
to coastal population. Metrics are missing
for some territories and islands where
input data are incomplete or non-existent.
Scaling factor: proportion of countrysegment population relative to LME
population

GIS analysis of sub-national and national
measures of the co-distribution of
night-time irradiance and population
distribution at 1 km resolution; data are
missing for small island states and rural
areas not connected to power grids.
Scaling factor: proportion of coastalcountry segment area to total LME coastal
area

Methods

Coastal state contribution to tourism
revenues (as a proportion of total LME
tourism revenues) used to weight the
percentage contribution of tourism to
total GDP for each country; country
products are summed to obtain mean
LME-scale values.

Not applicable for
scenario-based
analyses

Medium

Medium

Confidence level

Medium

IIASA Population Model, SSP Database, 2012
(https://secure.iiasa.ac.at/web-apps/ene/
SspDb)
Health metric: modelled by Lutz et al. (2012);
Wittgenstein Centre for Demography and
Global Human Capital 2014 (http://witt.null2.
net/shiny/wittgensteincentredataexplorer/)
Education metrics: data from Samir and Lutz
2012
Income metric: per capita GDP using
OECD modelled national GDP and national
population, obtained from the SSP database.

Human Development Report 2014 (http://
hdr.undp.org/en)

NLDI layer (Elvidge et al. 2012); NOAA (http://
ngdc.noaa.gov/eog/dmsp/download_nldi.
html)

Data sources

As above
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2010

2100 under
SSP1 and
SSP3

11. Present-day
Climate-related
Extreme Events
Index

12. Sea-level Rise
Threat Index 2100

Time period
Current

Indicator

13. Contemporary
Threat Index

Contemporary threat sub-theme

Time period

Indicator

Climate-related threats sub-theme

Coastal population;
fish protein; tourism
contribution to
GDP; HDI; climaterelated deaths and
property losses;
LME system states
(fisheries and
ecosystem risk
scores)

Underlying
metrics

Modelled
populations
exposed to sealevel rise under
SSP1 and SSP3
scenarios; HDI for
SSP1 and SSP3

Climate-related
deaths and
property losses;
coastal population;
HDI

Underlying
metrics

Includes indicators for socio-economic
dependence on LME services, lack of
adaptive capacity, and combined climaterelated and ecosystem state risks.

Methods

Development of a Sea-level Rise Threat
Index for 2100 using exposed population
in a 10 m by 10 km coastal strip, based on
two SSP scenarios and maximum sea-level
rise at RCP 8.5, and the HDI Gap.

Development of an index based on deaths
and property losses from climate-related
events for the period 1994–2013, the
exposed population in the 100 km coastal
zone, as calculated for 2010, and the HDI
Gap.

Methods

Medium

Confidence level

Not applicable for
scenario-based
analyses

Medium

Confidence level

Sources for most indicators are listed above;
LME fisheries and ecosystem scores are from
Kleisner et al. (this report).

Data sources

Sea-level rise modelled data for RCP 8.5
scenario at http://icdc.zmaw.de/1/daten/
ocean/ar5-slr.html.

Deaths compiled from EM-DAT disaster
database (http://www.emdat.be/database);
property losses from GermanWatch Climate
Risk Index 2015 (http://germanwatch.org/
en/9470).

Data sources
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Annex Table 3-B Fishing and tourism revenues. Average annual percentage LME fish contribution to animal protein and
average percentage LME tourism contribution to the GDPs of LME coastal countries are indicated by risk colour categories,
where a high contribution indicates high dependence on LME ecosystem services. Contribution (and risk) levels: blue =
lowest; green = low; yellow = medium; orange = high; red = highest. The 14 LMEs with the highest revenues for each sector
are shaded in purple. Data sources are cited in Annex Table 3-A.
LME

East Bering Sea

Average annual
landed fish value
(2001–2010) (millions
of 2013 US$)

Average annual %
LME fish contribution
to animal protein of
LME coastal countries

Average annual
tourism revenues
(2004–2013)
(millions of 2013 US$)

Average annual
% LME tourism
contribution to
GDPs of LME coastal
countries

1 152

7.4%

4 240

8.4%

Gulf of Alaska

634

8.3%

14 779

6.1%

California Current

563

7.4%

227 106

8.5%

Gulf of California

206

7.8%

12 874

13.8%

1 665

7.6%

252 343

9.0%

Southeast US Continental Shelf

247

7.4%

164 160

8.6%

Northeast US Continental Shelf

3 873

7.4%

203 155

8.4%

614

9.7%

5 173

5.2%

Gulf of Mexico

Scotian Shelf
Newfoundland-Labrador Shelf

1 154

9.7%

1 483

5.2%

Insular Pacific-Hawaiian

24

7.4%

6 096

8.4%

Pacific Central-American

672

6.9%

48 482

11.9%

Caribbean Sea

810

8.7%

84 768

18.0%

Humboldt Current

5 353

16.2%

19 209

8.5%

Patagonian Shelf

2 486

3.0%

41 105

10.0%

South Brazil Shelf

223

5.4%

113 067

9.8%

East Brazil Shelf

218

5.4%

25 958

9.8%

North Brazil Shelf

561

8.7%

6 541

9.5%

Canadian Eastern Arctic-West
Greenland

386.

34.2%

124

3.5%

Greenland Sea

87

39.5%

40

0.0%

Barents Sea

556

15.9%

18 289

6.4%

Norwegian Sea

470

23.4%

6 315

7.4%

North Sea

2 497

10.5%

338 271

10.0%

Baltic Sea

236

11.8%

89 034

8.5%

Celtic-Biscay Shelf

2 742

10.0%

233 075

11.4%

Iberian Coastal

686

20.3%

96 028

15.0%

Mediterranean

3 431

12.2%

478 729

13.1%

Canary Current

2 624

25.1%

39 268

16.2%

Guinea Current

1 330

41.8%

4 798

4.9%

Benguela Current

1 202

16.4%

6 131

7.8%

Agulhas Current

576

19.9%

12 598

8.7%

Somali Coastal Current

103

13.2%

944

12.2%

4 131

11.7%

53 385

7.2%

230

9.2%

12 134

6.9%

Bay of Bengal

5 891

32.4%

57 951

14.6%

Gulf of Thailand

1 143

38.0%

33 128

17.0%

South China Sea

10 287

27.5%

234 946

12.1%

Sulu-Celebes Sea

1 596

38.9%

14 403

11.5%

Arabian Sea
Red Sea
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Average annual
landed fish value
(2001–2010) (millions
of 2013 US$)

Average annual %
LME fish contribution
to animal protein of
LME coastal countries

Average annual
tourism revenues
(2004–2013)
(millions of 2013 US$)

Average annual
% LME tourism
contribution to
GDPs of LME coastal
countries

1 912

54.5%

53 153

10.5%

North Australian Shelf

275

8.3%

33 729

11.7%

Northeast Australian Shelf

86

8.6%

32 443

11.7%

East-Central Australian Shelf

70

8.3%

50 719

11.7%

Southeast Australian Shelf

221

8.3%

38 113

11.7%

Southwest Australian Shelf

242

8.3%

25 582

11.7%

West-Central Australian Shelf

174

8.3%

15 953

11.7%

Northwest Australian Shelf

200

8.3%

15 953

11.7%

LME

Indonesian Sea

853

10.6%

24 640

16.3%

East China Sea

New Zealand Shelf

6 955

24.3%

146 489

9.1%

Yellow Sea

4 042

25.8%

208 962

9.8%

Kuroshio

1 618

36.4%

102 053

6.6%

Sea of Japan

2 353

36.9%

80 112

6.6%

Oyashio Current

952

36.9%

14 149

6.7%

Sea of Okhotsk

4 549

27.1%

15 231

6.6%

West Bering Sea

715

14.0%

378

6.1%

Northern Bering-Chukchi Seas

328

10.4%

4 759

8.4%

Beaufort Sea

0

8.9%

16 299

6.1%

East Siberian Sea

1

14.0%

1 201

6.1%

Laptev Sea

3

14.0%

3 781

6.1%

Kara Sea

1

14.0%

5 126

6.1%

Iceland Shelf and Sea

488

29.1%

471

19.3%

Faroe Plateau

228

43.2%

265

0.1%

Antarctic

2

no data

1 229

no data

Black Sea

601

8.9%

43 086

10.8%

Hudson Bay Complex

2

9.7%

19 522

5.2%

Central Arctic Ocean

2

no data

17 277

no data

200

7.4%

36

8.4%

0

10.8%

216

4.3%

Aleutian Islands
Canadian High Arctic-North
Greenland
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Annex Table 3-C A comparison of the elements of Shared Socio-economic Pathways 1 and 3 used in the study.
Modified from O’Neill et al. 2015.
SSP element

Sustainable world pathway
(SSP1)

Fragmented world/ stalled development
(SSP3)

Demographics – population (by age, sex, education)
Growth

Relatively low

High for high and low fertility countries; low
for rich OECD countries

Fertility

Low for high and low fertility countries;
medium for rich OECD countries

High for high and low fertility countries; low
for rich OECD countries

Mortality

Low

High

Migration

Medium

Not prescribed

Level

High

Low

Type

Well managed

Poorly managed

Demographics – urbanization

Human development
Education

High

Low

Health investments

High

Low

Access to health facilities, water and
sanitation

High

Low

Equity

High

Low

Social cohesion

High

Low

Societal participation

High

Low

High in low and medium income countries;
medium in high income countries

Slow

Economy and lifestyle
Per capita growth
Inequality

Reduced across and within countries

High, especially across countries

Consumption and diet

Low growth in material consumption, lowmeat diets, first in high income countries

Material-intensive consumption

Environmental policy

Improved management of local and global
issues: tighter regulation of pollutants

Low priority for environmental issues

Policy orientation

Toward sustainable development

Oriented toward security

Institutions

Effective at national and international levels

Weak global institutions/ national
governments dominate societal decision
making

Fossil constraints

Preferences shift away from fossil fuels

Unconventional resources for domestic
supply

Environment

Improving conditions over time

Serious degradation

Land Use

Strong regulations to avoid environmental
trade-offs

Hardly any regulation; continued
deforestation due to competition over land

Agriculture

Improvements in agricultural productivity;
rapid diffusion of best practices

Low technology development, restricted
trade

Policies and institutions

Environment and natural resources

Technology
Development

Rapid

Slow

Transfer

Rapid

Slow

Energy tech. change

Directed away from fossil fuels, toward
efficiency and renewables

Slow tech. change, directed toward
domestic energy sources

Carbon intensity

Low

High in regions with large domestic fossil
fuel resources
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Annex Table 3-D Comparing coastal populations projected by the UNDP and population estimates based on Shared
Socio-economic Pathways. CIESIN (2013) projections use medium variant population growth. SSP1 is a coherent narrative
depicting a sustainable world, while SSP3 is a narrative for a fragmented world rife with regional rivalry. SSP1 population
growth is reduced, while SSP3 population grows much faster. The 2100 CIESIN (2013) projections are closer to the SSP3
indicative population sizes. Coastal populations are those living within 100 km of the coast. Colours represent risk levels
(red = highest; orange = high; yellow = medium; green = low; blue = lowest).
Large marine ecosystem
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Coastal population
2100 (CIESIN 2013)

Rank

Story line coastal
population 2100
for SSP1

Rank

Story line coastal
population 2100
for SSP3

Rank

Bay of Bengal

501 774 392

1

289 850 745

1

630 139 506

1

Mediterranean

353 577 642

2

281 135 650

2

455 649 483

3

Arabian Sea

316 830 284

3

194 497 439

4

432 856 437

4

Guinea Current

251 496 615

4

229 621 140

3

455 939 424

2

Indonesian Sea

242 699 415

5

149 060 440

6

240 500 861

7

Yellow Sea

225 934 193

6

187 780 814

5

255 251 464

5

South China Sea

213 297 270

7

133 244 117

7

252 484 353

6

East China Sea

166 220 610

8

73 322 826

13

103 175 475

16

Caribbean Sea

126 576 916

9

63 976 980

15

140 614 853

11

Sulu-Celebes Sea

116 545 183

10

95 922 569

9

211 093 008

9

South Brazil Shelf

108 248 326

11

54 235 670

20

105 963 825

15

Red Sea

103 998 449

12

49 504 159

22

111 980 214

13

Pacific Central-American

97 859 738

13

47 047, 14

23

121 475 675

12

Somali Coastal Current

92 037 170

14

57 160, 23

19

143 277 472

10

Kuroshio

91 035 098

15

69 012 447

14

43 687 902

24

North Sea

86 764 309

16

105 022 039

8

59 788 094

18

Celtic-Biscay Shelf

76 595 295

17

90 603 616

10

53 676 129

21

Agulhas Current

75 017 836

18

57 232 872

18

110 477 613

14

Northeast US Continental Shelf

73 602 865

19

83 857 940

12

47 033 729

23

Canary Current

71 913 903

20

86 893 918

11

217 089 110

8

Humboldt Current

68 326 175

21

25 549 628

27

56 036 151

20

Gulf of Mexico

64 430 109

22

61 364 078

16

58 219 268

19

Gulf of Thailand

62 702 332

23

53 017 307

21

62 778 001

17

Sea of Japan

55 696 060

24

37 931 338

24

23 775 441

30

California Current

54 244 644

25

59 806 253

17

37 313 073

26

East Brazil Shelf

49 074 792

26

24 587 948

28

48 039 105

22

Patagonian Shelf

38 646 210

27

15 230 457

33

33 470 117

27

Southeast US Continental Shelf

29 368 453

28

33 378 073

26

18 744 570

31

Baltic Sea

25 679 136

29

36 191 059

25

25 396 062

29

Benguela Current

24 515 118

30

21 604, 878

29

39 078 333

25

Black Sea

18 123 039

31

16 845 938

32

30 932 582

28

Iberian Coastal

14 662 042

32

21 110 232

30

12 508 799

32

East-Central Australian Shelf

12 883 190

33

18 923 909

31

10 466 806

34

North Brazil Shelf

10 865 253

34

5 600 866

37

11 375 071

33

Gulf of Alaska

9 205 202

35

12 629 555

34

6 789 484

36

Southeast Australian Shelf

8 158 529

36

11 983 931

35

6 628 307

37

New Zealand Shelf

5 721 885

37

6 432 423

36

3 828 207

38

Gulf of California

4 945 965

38

2 942 371

41

7 010 392
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Coastal population
2100 (CIESIN 2013)

Rank

Story line coastal
population 2100
for SSP1

Rank

Story line coastal
population 2100
for SSP3

Rank

Insular Pacific-Hawaiian

2 569 510

39

2 921 936

42

1 639 604

43

Southwest Australian Shelf

2 067 494

40

3 036 909

39

1 679 713

40

West-Central Australian Shelf

2 055 745

41

3 019 651

40

1 670 168

41

Newfoundland-Labrador Shelf

1 844 035

42

3 252 182

38

1 662 602

42

Barents Sea

1 101 642

43

1 426 396

44

1 898 857

39

Scotian Shelf

913 809

44

1 630 726

43

833 671

44

Sea of Okhotsk

681 092

45

650 266

46

753 450

45

Norwegian Sea

585 562

46

1 080 509

45

567 227

46

Oyashio Current

412 377

47

322 245

49

201 641

51

Iceland Shelf and Sea

404 432

48

593 600

47

324 328

49

Large marine ecosystem

Northeast Australian Shelf

399 548

49

542 371

48

388 747

47

West Bering Sea

196 173

50

230 673

50

371 513

48

51

256 336

50

Kara Sea

135 355

51

159 159

Canadian Eastern Arctic-West
Greenland

49 979

52

no data

Northern Bering-Chukchi Seas

45 969

53

53 116

Faroe Plateau

43 668

54

no data

North Australian Shelf

40 318

55

59 222

52

32 756

55

Laptev Sea

37 888

56

44 551

54

71 753

52

East Siberian Sea

27 383

57

32 199

56

51 858

54

East Bering Sea

26 429

58

30 053

57

16 864

57

Hudson Bay Complex

20 975

59

37 430

55

19 135

56

Northwest Australian Shelf

12 860

60

18 890

58

10 448

58

Beaufort Sea

7 938

61

11 823

59

6 250

59

Aleutian Islands

4 466

62

5 079

60

2, 50

60

Greenland Sea

3 588

63

no data

138

64

Canadian High Arctic-North Greenland

197

no data
53

56 641

53

no data

no data
61

100

Antarctic

no data

no data

Central Arctic Ocean

no data

no data

61

61

