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7.5

Reefs at Risk Index

SuMMary
Warm-water coral reefs are the most biodiverse marine habitat per unit area, but are highly restricted in their
geographic distribution. Coral reefs are also one of the most endangered habitats on the planet, threatened by
anthropogenic pressures such as warming waters, ocean acidification, pollution, overfishing, and extraction.
Projected increases in these threats may impact human societies through losses in fishery resources, income from
tourism, building materials, and coastal protection.
This first assessment of the threats faced by coral reefs within LMEs and the Western Pacific Warm Pool (WPWP)
is based on the Global Distribution of Coral Reef data set and the Reefs at Risk GIS data set. Coral reefs were
assessed using an integrated threat score that incorporates threats from overfishing and destructive fishing, coastal
development, pollution, and damage, plus a global threat score that incorporates threats from rising sea temperatures
and ocean acidification. The first global baseline assessment of coral reef extent by LME is also provided – this is
needed for monitoring future changes and effective management and conservation of coral reefs. The confidence
level surrounding the results is assessed as medium.

© David Burdick/flickr

For the 24 LMEs that contain coral reefs, plus the WPWP, reefs cover an average of 0.52 per cent of the total LME
area. The Northeast Australian Shelf LME (which includes the Great Barrier Reef) has the largest extent of coral reef
(2.83 per cent of its area), followed by the Indonesian Sea LME (2.66 per cent). Based on the integrated threat score,
28 per cent of reefs in LMEs and the WPWP face ‘high’ to ‘highest’ levels of threat.
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Key Messages
1.

2.

3.

4.

One quarter of LMEs have more than 50 per cent of their coral reef area under ‘high’ to ‘highest’ threat
from local, present-day threats. Overfishing and destructive fishing practices are of greater threat to
coral reefs than coastal development and marine pollution.
• LMEs with high local, present-day threats: Somali Coastal Current, Kuroshio Current, Sulu-Celebes
Sea, East China Sea, and others.
• LME with lowest level of local threats to coral reefs: North Brazil Shelf.
Ocean warming and acidification is projected to increase the threats faced by coral reefs. By 2030,
over 50 per cent of coral reefs are projected to be at ‘high’ to ‘critical’ risk, increasing to almost 80 per
cent by 2050. By 2050, only four LMEs are projected to have any reef area left under ‘low’ threat.
• Conditions may be particularly severe in the Gulf of California and Kuroshio Current LMEs.
Implementing measures such as marine protected areas may enhance ecosystem resilience in the
face of increasing global threats. The extent of the negative impact on coral reefs will depend on
their resilience, as well as on measures to manage and protect them and their associated biodiversity.
Multiple local threats are likely reduce the ability of coral reefs to respond and adapt to ocean warming
and acidification.
Monitoring coral reef health is important for assessing the impacts on this threatened ecosystem
from both local and global threats. The Reefs at Risk indicator is not a direct measure of coral reef
condition. Monitoring coral reef health by tracking, for example, species diversity, algal cover, and live
coral cover, provides information needed to understand the extent and nature of impacts from the
identified threats.

7.5.1 Introduction
Warm-water coral reefs have a biodiversity comparable to rainforests but only occupy an area of 260 000 to 600 000
km2, less than 0.1 per cent of the Earth’s surface, or 0.2 per cent of the ocean’s surface (Reaka-Kudla 2005). This
restricted distribution reflects the need for areas of warm, shallow, stable waters to produce the limestone necessary
for coral reef formation. Coral reef species diversity is concentrated in the central Indo-Pacific (the ‘Coral Triangle’)
and decreases with increasing distance from the Indo-Australian archipelago (Hughes et al. 2002).
Coral reefs are some of the most economically valuable ecosystems on earth, and their declines are likely to have
severe consequences for the estimated 500 million people who depend on them for food, coastal protection, building
materials, and tourism (Wilkinson 2008). Not only do coral reef ecosystems provide habitat for fish that are important
as a source of food and income, they contribute to protecting coastlines from storms and erosion and provide jobs
through fisheries and tourism. Hawaii’s coral reefs, for example, are estimated to have direct economic benefits of
US$360 million per year, when combining recreational, amenity, fishery, and biodiversity values (Cesar 2003).
Coral reefs are one of the most endangered habitats on the planet (Bellwood et al. 2004), facing dramatic population
declines as a result of bleaching and diseases driven by elevated sea surface temperatures. Increasing ocean
acidification also decreases the availability of minerals such as calcite and aragonite that are required for coral
skeletons. Declines in coral populations and coral reef extent will have significant consequences for the estimated
500 million people who depend on coral reefs for food, coastal protection, building materials, and income from
tourism (Wilkinson 2008). Extinction risk is exacerbated by local-scale anthropogenic disturbances, such as coral
mining, agricultural and urban run-off, pollution, and fisheries. More than 60 per cent of the world’s reefs are under
immediate and direct threat from one or more local sources (Burke et al. 2010). As it is estimated that 50 per cent
of the world’s population will live along coasts by 2050, pressures on these habitats are likely to grow, bringing
increasing challenges to managers of coastal habitats and coral reefs (Wilkinson 2008).
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The Reef at Risk indicator was calculated using the Reefs at Risk Revisited (Burke et al. 2010) GIS data set (available
from the World Resources Institute). LMEs and WPWP boundary polygons were overlaid with the Reefs at Risk
Revisited Index data sets to undertake the first assessment of the threats faced by coral reefs in LMEs and the WPWP.
The Reefs at Risk data sets assign a level of threat to coral reefs around the world for a set of key threats. The data
sets analysed include the Integrated Local Threat Index, which combines the threats from overfishing and destructive
fishing, coastal development, watershed-based pollution, and marine-based pollution and damage. In addition,
indices combining the Local Threat Index with the global-scale threats of ocean warming and acidification were
assessed. The data set used to determine coral reef extent is the Global Distribution of Coral Reef data set (IMaRSUSF 2005), which is the most comprehensive global data set of warm-water coral reefs to date, with approximately
85 per cent of the data set originating from the Millennium Coral Reef Mapping Project. Further details are given in
the methodology section below.

7.5.2 Findings and discussion
7.5.2.1 Reefs at Risk Index
The present-day Integrated Local Threat Index scores for each LME and the WPWP are listed in Table 7.10. The
LMEs and WPWP were divided into five categories of potential risk based on these index scores, as defined in Table
7.10 and mapped in Figure 7.19. The North Brazil Shelf LME has the lowest score and the Kuroshio Current LME the
highest. The majority of LMEs are assessed as facing a local threat level of at least ‘medium’. This index does not
include global threats such as ocean acidification and other projected changes due to climate change.
Table 7.10 Risk categories based on Integrated Local Threat Index scores for LMEs containing coral reefs and the
WPWP
Risk category

Range of index
scores

Number of LMEs

LMEs and WPWP in category
(Integrated Local Threat Index score)

0–142

7

North Brazil Shelf (103); West-Central Australian Shelf (111); North Australian
Shelf (114); Northeast Australian Shelf (115); Northwest Australian Shelf
(118); East-Central Australian Shelf (137); Insular Pacific-Hawaiian (142)

Low

143–208

4

Western Pacific Warm Pool (152); Gulf of Mexico (174); Red Sea (187); East
Brazil Shelf (208)

Medium

209–241

6

Caribbean Sea (221); Arabian Sea (231); Pacific Central-American Coastal
(235); Southeast US Continental Shelf (236); Bay of Bengal (238); South
China Sea (241)

High

242–257

4

Indonesian Sea (250); Gulf of Thailand (253); Gulf of California (255);
Agulhas Current (257)

Highest

258–290

4

Somali Coastal Current (282); East China Sea (283); Sulu-Celebes Sea (284);
Kuroshio Current (289)

Lowest

Figure 7.20 (a) shows the proportion of coral reef area in each LME by Integrated Local Threat Index score. The
‘lowest and ‘low’ risk categories (Table 7.10) are combined in this analysis. One-quarter of the LMEs have more than
50 per cent of their coral reef area rated as under ‘high’ to ‘highest’ threat, based on local, present-day threats. LMEs
with a relatively high proportion under ‘high’ to ‘highest’ threat include the East China Sea (66.9 per cent of coral reef
extent rated as ‘high’ to ‘highest’ threat), Gulf of California (58.9 per cent), Kuroshio Current (63.7 per cent), Somali
Coastal Current (62.9 per cent), and Sulu-Celebes Sea (62.3 per cent). In contrast, the Australian Shelf, North Brazil
Shelf, and Insular Pacific-Hawaiian LMEs have a high proportion (more than 80 per cent) of their coral reef area at
low threat. It is worth noting that the North-East Australian Shelf LME contains the largest extent of coral reef of any
LME and has one of the lowest present-day threat indicator levels. About 11 per cent of the WPWP coral reef area is
under ‘high’ to ‘highest’ local integrated threat.
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Figure 7.19 Integrated Local Threat Index scores for LMEs containing coral reefs and the WPWP, shown by risk category. 7KH1RUWK
%UD]LO6KHOI/0(KDVWKHORZHVWVFRUHDQGWKH.XURVKLR&XUUHQW/0(WKHKLJKHVW7KHPDMRULW\RI/0(VDUHDVVHVVHGDVIDFLQJD
ORFDOWKUHDWOHYHORIDWOHDVWǦPHGLXPǧ

Figure 7.20(b) shows integrated local threat combined with past thermal stress estimated between 1998 and 2007.
When past thermal stress is added to the analysis, the proportion of LMEs with 50 per cent or more of their coral reef
area rated as ‘high’ or ‘highest’ threat almost doubles (to 11, compared with 6 when this factor is not considered).
For the Gulf of Thailand, Pacific Central-American Coastal, Kuroshio Current, and East China Sea LMEs, the inclusion
of past thermal stress results in a particularly large increase in coral reef area under ‘high’ to ‘highest’ threat. Overall,
there is a 32.8 per cent decrease across all LMEs in the coral reef area experiencing low threat, and a 60 per cent
increase in the area experiencing high threat. For the WPWP, the extent of area under ‘high’ to ‘highest’ threat
increases to between 11 and 26.4 per cent.
Figure 7.21(a) shows the proportion of coral reef area projected to face global threats (from ocean warming and
acidification) by 2030. If reefs are at high threat for both thermal stress and acidification, the threat classification is
increased by two levels. In order to portray some nuance in the degree of threat, the rating scale has been extended
to include one additional threat category above ‘highest’ called ‘critical’. The projected increase in threat due to
warming and acidification is apparent across most LMEs. The East China Sea, Gulf of California, North Brazil Shelf,
Pacific Central-American Coastal, and Sulu-Celebes Sea LMEs have no coral reef area remaining in the low-threat
category. More than half the LMEs have more than 50 per cent at ‘high’ to ‘critical’ threat levels. LMEs projected to
be particularly threatened are the Pacific Central-American Coastal (94.3 per cent ‘high’ to ‘critical’), Sulu-Celebes
Sea (91.3 per cent), Agulhas Current (82.6 per cent), and East China Sea (80.9 per cent). Areas that are projected to
be less threatened by global threats by 2030 are the East-Central Australian Shelf LME (74.9 per cent of coral reef
area at low threat) and the West-Central Australian Shelf LME (57 per cent at low threat). The WPWP has around 39
per cent of coral reef area at ‘high’ to ‘critical’ threat levels.
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Figure 7.20 Proportion of LME and WPWP coral reef extent by threat level for a) present-day integrated local threats and b)
present-day integrated local threats and past thermal stress. 2QHTXDUWHURIWKH/0(VKDYHPRUHWKDQSHUFHQWRIWKHLUFRUDO
UHHIDUHDUDWHGDVXQGHUǦKLJKǧWRǦKLJKHVWǧWKUHDW7KHVHLQFOXGHWKH(DVW&KLQD6HD*XOIRI&DOLIRUQLD.XURVKLR&XUUHQW6RPDOL
&RDVWDO&XUUHQWDQG6XOX&HOHEHV6HD,QFRQWUDVWWKH$XVWUDOLDQ6KHOI1RUWK%UD]LO6KHOIDQG,QVXODU3DFLȨF+DZDLLDQ/0(V
KDYHDKLJKSURSRUWLRQ PRUHWKDQSHUFHQW RIWKHLUFRUDOUHHIDUHDDWORZWKUHDW

a) Present-day integrated local threats

b) Present-day integrated local threats
and past thermal stress

Agulhas Current
Arabian Sea
Bay of Bengal
Caribbean Sea
East Brazil Shelf
East-Central Austalian Shelf
East China Sea
Gulf of California
Gulf of Mexico
Gulf of Thailand
Indonesian Sea
nsular aci c a aiian
Kuroshio Current
North Australian Shelf
North Brazil Shelf
Northeast Australian Shelf
North est Australian Shelf
aci c Central American Coastal
Red Sea
Somali Coastal Current
South China Sea
Southeast S Continental Shelf
Sulu-Celebes Sea
West-Central Australian Shelf
estern aci c arm ool

Lo est lo
edium
igh
ighest

20%

40%

60%

80%

100%

0%

20%

40%

60%

80%

100%

Proportion of coral reef extent by threat level

© Jim Maragos/U.S. Fish and Wildlife

0%

207

LARGE MARINE ECOSYSTEMS: STATUS AND TRENDS

Figure 7.21 Projected proportion of LMEs and WPWP coral reef area by threat level for global threats (warming and acidification)
by a) 2030 and b) 2050. %\RQO\IRXU/0(VKDYHDQ\FRUDOUHHIDUHDUHPDLQLQJXQGHUORZWKUHDWZKLOHRYHUKDOIKDYHDWOHDVW
SHUFHQWRIFRUDOUHHIDUHDDWǦKLJKǧWKUHDWRUDERYH,IUHHIVDUHDWKLJKWKUHDWIURPERWKWKHUPDOVWUHVVDQGDFLGLȨFDWLRQWKH
WKUHDWFODVVLȨFDWLRQLVLQFUHDVHGE\WZROHYHOV7RVKRZWKLVLQFUHDVHGUDQJHRIWKUHDWOHYHOVWKHUDWLQJVFDOHKDVEHHQH[WHQGHG
WRLQFOXGHDǦFULWLFDOǧFDWHJRU\RQHDGGLWLRQDOWKUHDWFDWHJRU\DERYHǦKLJKHVWǧWKUHDW
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By 2050, only four LMEs have any coral reef area remaining under low threat: Western-Central Australian Shelf,
Northwest Australian Shelf, Northeast Australian Shelf, and East-Central Australian Shelf (Figure 7.21(b)). Over half
the LMEs (15) have at least 80 per cent of coral reef area at ‘high’ threat or above. Those LMEs with the highest
proportion of area under ‘high’ to ‘critical’ threat are Gulf of California (100 per cent), Kuroshio Current (99.4 per
cent), Pacific Central-American Coastal (99 per cent), and the South China Sea (99 per cent). For the WPWP, there is
no change in the proportion of area under ‘high’ to ‘critical’ threat.

7.5.2.2 Extent of coral reef by LME
The distribution of warm-water coral reefs in the LMEs the WPWP is shown in Figure 7.22.
Figure 7.23 (a) shows the proportion of coral reef area in each LME and the WPWP. On average, coral reefs extend
over 0.52 per cent of the total LME area. The Northeast Australian Shelf LME, which includes the Great Barrier Reef,
has the largest extent (2.83 per cent of its area), followed by the Indonesian Sea LME (2.66 per cent).
Figure 7.23 (b) shows the area (in km2) of coral reefs in each LME and the WPWP. In total, coral reefs cover an area of
184 577 km2. The Northeast Australian Shelf LME contains the largest estimated area, at 36 315 km2. The Indonesian
Sea and Caribbean Sea LMEs also have relatively large areas, at 25 673 km2 and 20 791 km2, respectively. Other areas
with large coral reef extent include the Sulu-Celebes Sea LME and the WPWP.
The confidence level surrounding these results is medium, the rationale being that the results are based on the
best available data but limited by a small number of methodological and technical aspects, specifically the lack of
sufficient ground-truthing and the age of the baseline data.
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Figure 7.22 Warm-water coral reef areas within LMEs and the WPWP

Figure 7.23 Coral cover within each LME and the WPWP shown as a) percentage and b) area. 2QDYHUDJHFRUDOUHHIVH[WHQGRYHU
SHUFHQWRIWKHWRWDO/0(DUHDUHSUHVHQWLQJDQDUHDRINP
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7.5.3 Methodology
7.5.3.1 Reefs at Risk Index
LME and WPWP boundary polygons were overlaid with the global coral reef data set to derive statistics on coral
reef extent for each LME and the WPWP. LME boundary polygons were from the National Oceanic and Atmospheric
Administration (NOAA 2013), while the WPWP polygon data were provided by the Sea Around Us, University of
British Columbia.
During this analysis we noted that, due to the coarseness of the global land boundaries, coral reef sites sometimes
fall over areas demarcated as land. For this reason, we included coral reef sites over coastal margins, using a buffer
for each LME (shown in Figure 7.24). As the Reefs at Risk indicators give the proportions of different risk categories
faced by coral reefs within a given LME, any changes as a result of buffering would probably be negligible. The
adjustment was not made for the WPWP, as it did not present an issue for this region, which contains only relatively
small island states.
The Reefs at Risk Revisited GIS data sets are available from the World Resources Institute, with more information
given in Burke et al. (2010). Burke and Reytar (2011) assign threat levels to coral reefs around the world. The Reefs at
Risk Revisited report (Burke et al. 2010) provides a detailed assessment of the status and threats to coral reefs from
human activities and climate-related threats. It also includes a series of maps depicting the distribution of local and
climate-related threats to coral reefs. These spatial data sets were used to calculate the Reefs at Risk indicator within
each LME and the WPWP.
The indicator is not a direct measure of reef status or condition. Some areas rated as threatened may have already
suffered considerable loss or degradation, such as reduced live coral cover, increased algal cover, or reduced species
diversity. Using the indices calculated by the Reefs at Risk Revisited Project, we assess 1) the present-day Integrated
Local Threat Index, 2) the Integrated Local Threat accounting for the impact of past thermal stress, and 3) the
Integrated Local Threat combined with estimates of future (2030 and 2050) thermal stress and ocean acidification.
Figure 7.24 LMEs extended inland to incorporate all coral reef areas within LMEs into the analysis
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Threats faced by coral reefs may be divided into local and global. For each local threat, sources of stress that could be
mapped were identified and combined into a proxy indicator that reflect the degree of threat. For example, stressors
may include human population density and infrastructure features such as the size and location of cities and ports.
Distance-based rules were then developed for each threat, with threat declining as distance from stressor increases.
Thresholds for low, ‘medium’, ‘high’, and ‘highest’ threats were developed using information on observed impacts of
threats to coral reefs. Four calculated local threats, coastal development, watershed-based pollution, marine-based
pollution and damage, and overfishing and destructive fishing, were combined into a single Integrated Local Threat
Index in order to obtain a single, broad measure of threat and represent the cumulative impact of these threats on
coral reefs.
Threats to coral reefs from coastal development were modelled on the basis of size of cities, ports, and airports; size
and density of hotels; and coastal population pressure (a combination of population density, growth, and tourism
growth). Threats from watershed-based pollution were modelled on the basis of relative erosion rates, sediment
delivery, and sediment plume dispersion. The indicator of threat from marine-based pollution and damage was
based on the size and volume of commercial shipping ports, size and volume of cruise ship ports, intensity of shipping
traffic, and location of oil infrastructure. Threats to coral reefs from overfishing were evaluated on the basis of coastal
population density and extent of fishing areas (coral reef and shallow shelf areas), with adjustments to account for
the increased demand due to proximity to large populations and market centres. Areas where destructive fishing
(explosives or poisons) occurs were also included, based on expert monitoring and mapping. The threat estimate
was reduced inside marine protected areas that had been rated by experts as having ‘effective’ or ‘partially effective’
management.
For each LME and the WPWP, the percentage of coral reef area under each of the four Reefs at Risk threat categories
(low, medium, high, and highest) was calculated (threat per cent). This percentage was then multiplied by a weighting
factor, depending on the threat level, as follows:
low = threat per cent X 1
medium = threat per cent X 2
high = threat per cent X 3
highest = threat per cent X 4
The overall integrated threat score was then calculated by summing the values for each threat score, as outlined in
Table 7.11.
Table 7.11 Example of how the total integrated threat scores were calculated for three of the LMEs
LME name

Agulhas
Current

Arabian Sea

LME area
(km2)

2 626 582

3 932 202

LME coral area
(km2)

7 923

3 845

Threat

Coral area
(km2)

Threat per
cent

LME threat
score

Highest

1 738

21.9

87.7

High

2 437

30.8

92.3

Medium

2 370

29.9

59.8

Low

1 379

17.4

17.4

Highest

630

16.4

65.5

High

816

21.2

63.7

1 504

39.1

78.2

895

23.3

23.3

Medium
Low

Northeast
Australian Shelf

1 281 700

36 315

Highest

67

0.2

0.7

High

288

0.8

2.4

Medium

4 660

12.8

25.7

Low

31 301

86.2

86.2

Total integrated
threat score

257

231

115
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The addition of global threats addresses the impacts of climate and ocean chemistry on coral reefs. The stressors used
for these models were derived from satellite observations of sea surface temperature, coral bleaching observations,
and modelled estimates of future warming and ocean acidification. The global threats assessed were then used to
explore the cumulative effects of integrated local and global threats on coral reefs, as follows:
The Integrated Local Threat Index was adjusted to account for the impact of past thermal stress, using data indicating
the locations of severe thermal stress events between 1998 and 2007. For example, reefs in areas of thermal stress
increase in threat by one level, reflecting the ability of thermal stress to cause coral bleaching on otherwise healthy
reefs.
The Integrated Local Threat Index was combined with modelled future estimates of thermal stress and ocean
acidification to project threats to reefs in 2030 and 2050, based on an IPCC A1B (‘business-as-usual’) emissions
scenario, and adjusted to account for historic temperature variability.

7.5.3.2 Extent of coral reef by LME
The coral reef data set used to support this analysis is the Global Distribution of Coral Reefs (UNEP-WCMC, WorldFish
Centre, WRI, TNC 2010)1. It is the most comprehensive global data set of warm water coral reefs to date, acting as a
foundation baseline map for future more detailed investigations.
Approximately 85 per cent of this data set originates from the Millennium Coral Reef Mapping Project (35 per cent
validated and 50 per cent unvalidated) and is the highest resolution global coral reef data set available to date,
mapped at 30 metres resolution. The validated data correspond to the final standard of the Millennium Coral Reef
Mapping Project products, and consists of vector spatial data (polygons) with attributes. The contours of polygons
and final labels for the unvalidated data, in contrast with the validated products, have not been entirely determined.
The remaining 15 per cent of the data set is a mosaic of data from various sources. All original source information is
maintained within the global layer.

1
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Millennium Coral Reef Mapping Project validated maps provided by the Institute for Marine Remote Sensing, University of South Florida
(IMaRS/USF) and Institut de Recherche pour le Développement (IRD, Centre de Nouméa), with support from NASA.
Millennium Coral Reef Mapping Project unvalidated maps provided by the Institute for Marine Remote Sensing, University of South
Florida (IMaRS/USF), with support from NASA. Unvalidated maps were further interpreted by UNEP-WCMC. Institut de Recherche pour le
Développement (IRD, Centre de Nouméa) does not endorse these products.
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