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30.6.1. Natural Ecosystems 

Adaptation in natural ecosystems may occur autonomously, such as
tracking shifts in species’ composition and distributions (Poloczanska
et al., 2013), or engineered by human intervention, such as assisted
dispersal (Section 4.4.2.4; Hoegh-Guldberg et al., 2008). Currently,
adaptation strategies for marine ecosystems include reducing additional
stressors (e.g., maintaining water quality, adapting fisheries management)
and maintaining resilience ecosystems (e.g., Marine Protected Areas),
and are moving toward whole-of-ecosystem management approaches.
Coral reefs, for example, will recover faster from mass coral bleaching
and mortality if healthy populations of herbivorous fish are maintained
(medium confidence; Hughes et al., 2003), indicating that reducing
overfishing will help maintain coral-dominated reef systems while the
international community reduces the emissions of GHGs to stabilize
global temperature and ocean chemistry.

Approaches such as providing a formal valuation of ecological services
from the Ocean have potential to facilitate adaptation by underpinning

more effective governance, regulation, and ocean policy while at the
same time potentially improving management of these often vulnerable
services through the development of market mechanisms and incentives
(Beaudoin and Pendleton, 2012). Supporting, regulating, and cultural
ecosystem services tend to transcend the immediate demands placed
on provisioning services and are difficult to value in formal economic
terms owing to their complexity, problems such as double counting,
and the value of non-market goods and services arising from marine
ecosystems generally (Fu et al., 2011; Beaudoin and Pendleton, 2012).

“Blue Carbon” is defined as the organic carbon sequestered by marine
ecosystems such as phytoplankton, mangrove, seagrass, and salt marsh
ecosystems (Laffoley and Grimsditch, 2009; Nellemann et al., 2009). In
this respect, Blue Carbon will provide opportunities for both adaptation
to, and mitigation of, climate change if key uncertainties in inventories,
methodologies, and policies for measuring, valuing, and implementing
Blue Carbon strategies are resolved (McLeod et al., 2011). Sediment
surface levels in vegetated coastal habitats can rise several meters over
thousands of years, building carbon-rich deposits (Brevik and Homburg,
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1.  Increased ocean temperature and decreased pH (WGI Sections 3.2, 
3.8, 10.4; WGII Sections 30.3.1–2, 30.5)

2.  Decrease in dissolved oxygen (WGI Sections 3.8, 10.4,  30.3.2)

3.  Increase in temperature extremes (WGI Sections 30.3.2, WGII 
Sections 30.3.1, 30.5.3–4)

4.  Increased water column stratification and reduced ocean mixing 
and ventilation (WGI Section 3.8; WGII Section 30.3.1)

5.  Decreased Deep Sea dissolved oxygen and pH (Sections 30.3.2, 
30.5.7)

6. Increased upwelling (Sections 30.5.5, 30.5.2)
7. Changes in wind and wave stress (Sections 30.3.1, 30.5.1, 30.5.6)
8. Increase in hypoxic areas (Sections 30.5.3–5)
9. Expansion of low-productivity waters (WGI Section 3.8.4; WGII 

Section 30.5.6)

Physical and chemical systems

Biological systems

Equatorial Upwelling Systems (EUS)

Subtropical Gyres (STG)

A  Coral bleaching and mortality (Sections 30.5.3–4, 30.5.6, Box 
CC-CR)

B.  Changes in distribution of tuna stocks (Section 30.5.6)
C.  Poleward expansion of distributions of plankton communities 

(Section 30.5.1)

D.  Redistribution of marine plants and animals to higher latitudes 
(Sections 30.4, 30.5.1–6, Box CC-MB)

E.  Increased fisheries catch potential (Section 30.5.1, Box CC-MB)
F.   Decreased fisheries catch potential (Sections 30.5.3–4, 30.5.6, Box 

CC-MB)
G.  Changes to net primary productivity (Box CC-PP)
H.  Changes to Deep Sea ecosystems (Section 30. 5.7)
I.   Changes to reproduction and migration (Sections 30.4, 30.5.1–6)
J.  Decreased calcification (Sections 30.5.3–4, 30.5.6, Box CC-OA)

High-Latitude Spring Bloom Systems (HLSBS)

Eastern Boundary Upwelling Systems (EBUE)

Semi-Enclosed Seas (SES)

Deep Sea (DS)

Coastal Boundary Systems (CBS)

Figure 30-11 | Expert assessment of degree of confidence in detection and attribution of physical and chemical changes (white circles) and ecological changes (dark gray 
squares) across sub-regions, as designated in Figure 30-1a, and processes in the Ocean (based on evidence explored throughout Chapter 30 and elsewhere in AR5). Further 
explanation of this figure is given in Sections 18.3.3-4 and 18.6.
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(1) Expansion of low- 
productivity areas as a 
consequence of thermal 
stratification and changes in 
wind stress. (Low)

(2) Northward expansion of 
plankton, invertebrate, and 
fish communities with 
warming.  Increase in fish 
biomass at high latitude 
fringes. (High)

(3) Upwelling, hence productivity, changes as 
a result of climate variability, particularly wind 
stress variability. (Low)

(5) Declining dissolved 
oxygen concentrations and 
expansion of Oxygen 
Minimum Zones (OMZ). 
(High)

(6) Decline in dissolved oxygen 
through changes in oxygen 
solubility (temperature), and 
ocean ventilation and circulation. 
(Medium)

(7) Expansion of seasonally 
hypoxic waters due to thermal 
stratification and 
eutrophication. Mass coral 
bleaching events leading to 
degradation of coral reefs and 
loss of associated biodiversity. 
(High)

(8) Shoaling of aragonite 
saturation horizon reduces 
biological calcification and alters 
plankton communities. (High)

(9) Mass coral bleaching and 
mortality in response to warming 
as well as temperature-driven 
decline in growth rates of some 
corals leading to degradation of 
coral reefs and loss of associated 
biodiversity. (Very high)

Examples of projected impacts and vulnerabilities associated with climate change in Ocean regions

(4) Spread of tropical species 
originating from Indian and Atlantic 
Oceans. Increased frequency of mass 
mortality events of benthic plants 
and animals linked to extreme 
temperature events. (High)

(A) Acidification of seasonally 
upwelling waters impacts 
shellfish aquaculture. 
(Medium)

(B) Increased fish catches at 
high-latitude fringes with 
economic disruptions and 
jurisdictional tensions as 
some fish stocks shift 
distributions. (Medium)

(C) Thermal stratification 
and eutrophication 
reduces dissolved 
oxygen with impacts on 
fish stocks. (Medium)

(D) Sea level rise 
modifies coastlines 
and increases flooding, 
challenging 
aquaculture such as 
shrimp farms. 
(Medium) 

(E) Warming leads to 
decline in primary 
production and 
reductions in fish catch. 
(Low)

(F) Increase in variability of 
upwelling in some EBUEs adds 
uncertainty to fisheries 
management. (Medium) 

(G) Degradation of coral reefs and 
associated fish stocks as the extent 
and intensity of mass coral 
bleaching and mortality increases,  
increasing risks to regional food 
security. (High)

(H) Temperature-driven shifts 
in stocks of large pelagic fish 
create winners and losers 
among country and island 
economies. (High)

Examples of risks to fisheries from observed and projected impacts 
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Figure 30-12 | Top: Examples of projected impacts and vulnerabilities associated with climate change in Ocean sub-regions. Bottom: Examples of risks to fisheries from 
observed and projected impacts across Ocean sub-regions. Words in parentheses indicate level of confidence. Details of sub-regions are given in Table 30-1a and Section 30.1.1.
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2004; Lo Iacono et al., 2008). The degradation of coastal habitats not
only liberates much of the carbon associated with vegetation loss, but
can also release and oxidize buried organic carbon through erosion of
cleared coastlines (high confidence; Duarte et al., 2005). Combining
data on global area, land use conversion rates, and near-surface carbon
stocks for marshes, mangroves, and seagrass meadows, Pendleton et
al. (2012) revealed that the CO2 emissions arising from destruction of
these three ecosystems was equivalent to 3 to 19% of the emissions
generated by deforestation globally, with economic damages estimated
to be US$6 to US$42 billion annually. Similarly, Luisetti et al. (2013)
estimate the carbon stock of seagrass and salt marshes in Europe,
representing less than 4% of global carbon stocks in coastal vegetation,
was valued at US$180 million, at EU Allowance price of €8/tCO2 in June
2012. A reversal of EU Environmental Protection Directives could result
in economic losses of US$1 billion by 2060. Blue Carbon strategies can
also be justified in light of the numerous ecosystem services these
ecosystems provide, such as protection against coastal erosion and
storm damage, and provision of habitats for fisheries species (Section
5.5.7).

30.6.2. Economic Sectors

30.6.2.1. Fisheries and Aquaculture

The Ocean provided 64% of the production supplied by world fisheries
(capture and aquaculture) in 2010, amounting to 148.5 million tonnes
of fish and shellfish (FAO, 2012). This production, valued at US$217.5
billion, supplied, on average, 18.6 kg of protein-rich food per person
to an estimated population of 6.9 billion (FAO, 2012). Marine capture
fisheries supplied 77.4 million tonnes with highest production from the
northwest Pacific (27%), west-central Pacific (15%), northeast Atlantic
(11%), and southeast Pacific (10%) (FAO, 2012). World aquaculture
production (59.9 million tonnes in 2010) is dominated by freshwater
fishes; nevertheless, marine aquaculture supplied 18.1 million tonnes
(30%) (FAO, 2012).

Marine capture fisheries production increased from 16.8 million tonnes
in 1950 to a peak of 86.4 million tonnes in 1996, then declined before
stabilizing around 80 million tonnes (FAO, 2012). The stagnation of marine
capture fisheries production is attributed to full exploitation of around
60% of the world’s marine fisheries and overexploitation of 30%
(estimates for 2009) (FAO, 2012). Major issues for industrial fisheries
include illegal, unreported, and unregulated fishing; ineffective
implementation of monitoring, control, and surveillance; and overcapacity
in fishing fleets (World Bank and FAO, 2008; FAO, 2012). Such problems
are being progressively addressed in several developed and developing
countries (Hilborn, 2007; Pitcher et al., 2009; Worm et al., 2009), where
investments have been made in stock assessment, strong management,
and application of the FAO Code of Conduct for Responsible Fisheries
and the FAO Ecosystem Approach to Fisheries Management.

The significance of marine capture fisheries is illustrated powerfully by
the number of people engaged in marine small-scale fisheries (SSF) in
developing countries. SSF account for around half of the fish harvested
from the Ocean, and provide jobs for more than 47 million people—
about 12.5 million fishers and another 34.5 million people engaged in

post-harvest activities (Mills et al., 2011). SSF are often characterized by
large numbers of politically weak fishers operating from decentralized
localities, with poor governance and insufficient data to monitor catches
effectively (Kurien and Willmann, 2009; Cochrane et al., 2011; Pomeroy
and Andrew, 2011). For these SSF, management that aims to avoid
further depletion of overfished stocks may be more appropriate in
the short-term than management aimed at maximizing sustainable
production. These aims are achieved through adaptive management by
(1) introduction of harvest controls (e.g., size limits, closed seasons and
areas, gear restrictions, and protection of spawning aggregations) to
avoid irreversible damage to stocks in the face of uncertainty (Cochrane
et al., 2011); (2) flexible modification of these controls through
monitoring (Plagányi et al., 2013); and (3) investing in the social capital
and institutions needed for communities and governments to manage
SSF (Makino et al., 2009; Pomeroy and Andrew, 2011).

Changes to ocean temperature, chemistry, and other factors are generating
new challenges for fisheries resulting in loss of coastal and oceanic
habitat (Hazen et al., 2012; Stramma et al., 2012), the movement of
species (Cheung et al., 2011), the spread and increase of disease and
invading species (Ling, 2008; Raitsos et al., 2010; Chan et al., 2011),
and changes in primary production (Chassot et al., 2010). There is
medium evidence and medium agreement that these changes will
change both the nature of fisheries and their ability to provide food and
protein for hundreds of millions of people (Section 7.2.1.2). The risks to
ecosystems and fisheries vary from region to region (Section 7.3.2.4).
Dynamic bioclimatic envelope models under SRES A1B project potential
increases in fisheries production at high latitudes, and potential
decreases at lower latitudes by the mid-21st century (Cheung et al.,
2010; Section 6.5). Overall, warming temperatures are projected to shift
optimal environments for individual species polewards and redistribute
production; however, changes will be region specific (Cheung et al.,
2010; Merino et al., 2012).

Fisheries, in particular shellfish, are also vulnerable to declining pH
and carbonate ion concentrations. As a result, the global production of
shellfish fisheries is likely to decrease (Cooley and Doney, 2009; Pickering
et al., 2011) with further ocean acidification (medium confidence;
Sections 6.3.2, 6.3.5, 6.4.1.1; Box CC-OA). Impacts may be first observed
in EBUE where upwelled water is already relatively low in O2 and under-
saturated with aragonite (Section 30.5.5). Seasonal upwelling of
acidified waters onto the continental shelf in the California Current
region has recently affected oyster hatcheries along the coast of
Washington and Oregon (Barton et al., 2012; Section 30.5.5.1.1). Whether
declining pH and aragonite saturation due to climate change played a
role is unclear; however, future declines will increase the risk of such
events occurring.

Most marine aquaculture species are sensitive to changing ocean
temperature (Section 6.3.1.4; exposed through pens, cages, and racks
placed directly in the sea, utilization of seawater in land-based tanks,
collection of wild spat) and, for molluscs particularly, changes in carbonate
chemistry (Turley and Boot, 2011; Barton et al., 2012; Section 6.3.2.4).
Environmental changes can therefore impact farm profitability, depending
on target species and farm location. For example, a 1°C rise in SST is
projected to shift production of Norwegian salmonids further north but
may increase production overall (Hermansen and Heen, 2012). Industries
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for non-food products, which can be important for regional livelihoods
such as Black Pearl in Polynesia, are also affected by rising SST. Higher
temperatures are known to affect the quality of pearl nacre, and can
increase levels of disease in adult oysters (Pickering et al., 2011; Bell et
al., 2013b). Aquaculture production is also vulnerable to extreme events
such as storms and floods (e.g., Chang et al., 2013). Flooding and
inundation by seawater may be a problem to shore facilities on low-
lying coasts. For example, shrimp farming operations in the tropics will
be challenged by rising sea levels, which will be exacerbated by
mangrove encroachment and a reduced ability for thorough-drying of
ponds between crops (Della Patrona et al., 2011).

The impacts of climate change on marine fish stocks are expected to
affect the economics of fisheries and livelihoods in fishing nations
through changes in the price and value of catches, fishing costs, income
to fishers and fishing companies, national labor markets, and industry
re-organization (Sumaila et al., 2011; Section 6.4.1). A study of the
potential vulnerabilities of national economies to the effects of climate
change on fisheries, in terms of exposure to warming, relative importance
of fisheries to national economies and diets, and limited societal capacity
to adapt, concluded that a number countries including Malawi, Guinea,
Senegal, Uganda, Sierra Leone, Mozambique, Tanzania, Peru, Colombia,
Venezuela, Mauritania, Morocco, Bangladesh, Cambodia, Pakistan,
Yemen, and Ukraine are most vulnerable (Allison et al., 2009). 

Aquaculture production is expanding rapidly (Bostock et al., 2010) and
will play an important role in food production and livelihoods as the
human demand for protein grows. This may also add pressure on
capture fisheries (FAO, 2012; Merino et al., 2012). Two-thirds of farmed
food fish production (marine and freshwater) is achieved with the use
of feed derived from wild-harvested, small, pelagic fish and shellfish.
Fluctuations in the availability and price of fishmeal and fish oil for
feeds, as well as their availability, pose challenges for the growth of
sustainable aquaculture production, particularly given uncertainties in
changes in EBUE upwelling dynamics to climate change (Section
30.5.5). Technological advances and changes in management such as
increasing feed efficiencies, using alternatives to fishmeal and fish oil,
and farming of herbivorous finfish, coupled with economic and regulatory
incentives, will reduce the vulnerability of aquaculture to the impacts
of climate change on small, pelagic fish abundance (Naylor et al., 2009;
Merino et al., 2010; FAO, 2012).

The challenges of optimizing the economic and social benefits of both
industrial fisheries and SSF and aquaculture operations, which often
already include strategies to adapt to climatic variability (Salinger et
al., 2013), are now made more complex by climate change (Cochrane
et al., 2009; Brander, 2010, 2013). Nevertheless, adaptation options
include establishment of early warning systems to aid decision
making, diversification of enterprises, and development of adaptable
management systems (Chang et al., 2013). Vulnerability assessments
that link oceanographic, biological, and socioeconomic systems can
be applied to identify practical adaptations to assist enterprises,
communities, and households to reduce the risks from climate change
and capitalize on the opportunities (Pecl et al., 2009; Bell et al., 2013b;
Norman-López et al., 2013). The diversity of these adaptation options,
and the policies needed to support them, are illustrated by the examples
in the following subsections.

30.6.2.1.1. Tropical fisheries based on large pelagic fish

Fisheries for skipjack, yellowfin, big-eye, and albacore tuna provide
substantial economic and social benefits to the people of Small Island
Developing States (SIDS). For example, tuna fishing license fees
contribute substantially (up to 40%) to the government revenue of
several Pacific Island nations (Gillett, 2009; Bell et al., 2013b). Tuna
fishing and processing operations also contribute up to 25% of gross
domestic product in some of these nations and employ more than
12,000 people (Gillett, 2009; Bell et al., 2013b). Considerable economic
benefits are also derived from fisheries for top pelagic predators in the
Indian and Atlantic Oceans (FAO, 2012; Bell et al., 2013a). Increasing
sea temperatures and changing patterns of upwelling are projected to
cause shifts in the distribution and abundance of pelagic top predator
fish stocks (Sections 30.5.2, 30.5.5-6), with potential to create “winners”
and “losers” among island economies as catches of the transboundary
tuna stocks change among and within their exclusive economic zones
(EEZs; Bell et al., 2013a,b).

A number of practical adaptation options and supporting policies have
been identified to minimize the risks and maximize the opportunities
associated with the projected changes in distribution of the abundant
skipjack tuna in the tropical Pacific (Bell et al., 2011b, 2013a; Lehodey
et al., 2011; Table 30-2). These adaptation and policy options include
(1) full implementation of the regional “vessel day scheme,” designed to
distribute the economic benefits from the resource in the face of climatic
variability, and other schemes to control fishing effort in subtropical
areas; (2) strategies for diversifying the supply of fish for canneries in
the west of the region as tuna move progressively east; (3) continued
effective fisheries management of all tuna species; (4) energy efficiency
programs to assist domestic fleets to cope with increasing fuel costs
and the possible need to fish further from port; and (5) the eventual
restructuring of regional fisheries management organizations to help
coordinate management measures across the entire tropical Pacific.
Efforts to ensure provision of operational-level catch and effort data
from all industrial fishing operations will improve models for projecting
redistribution of tuna stocks and quotas under climate change (Nicol
et al., 2013; Salinger et al., 2013). Similar adaptation options and policy
responses are expected to be relevant to the challenges faced by tuna
fisheries in the tropical and subtropical Indian and Atlantic Oceans.

30.6.2.1.2. Small-scale fisheries

Small-scale fisheries (SSF) account for 56% of catch and 91% of people
working in fisheries in developing countries (Mills et al., 2011). SSF are
fisheries that tend to operate at family or community level, have low
levels of capitalization, and make an important contribution to food
security and livelihoods. They are often dependent on coastal ecosystems,
such as coral reefs, that provide habitats for a wide range of harvested
fish and invertebrate species. Despite their importance to many developing
countries, such ecosystems are under serious pressure from human
activities including deteriorating coastal water quality, sedimentation,
ocean warming, overfishing, and acidification (Sections 7.2.1.2, 30.3,
30.5; Box CC-CR). These pressures are translating into a steady decline
in live coral cover, which is very likely to continue over the coming
decades, even where integrated coastal zone management is in place
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(Sections 30.5.4, 30.5.6). For example, coral losses around Pacific Islands
are projected to be as high as 75% by 2050 (Hoegh-Guldberg et al.,
2011a). Even under the most optimistic projections (a 50% loss of
coral by 2050), changes to state of coral reefs (Box CC-CR; Figures 30-10,
30-12) are very likely to reduce the availability of associated fish and
invertebrates that support many of the SSF in the tropics (high confidence).
In the Pacific, the productivity of SSF on coral reefs has been projected to
decrease by at least 20% by 2050 (Pratchett et al., 2011b), which is also
likely to occur in other coral reef areas globally given the similar and
growing stresses in these other regions (Table SM30-1; Section 30.5.4).

Adaptation options and policies for building the resilience of coral reef
fisheries to climate change suggested for the tropical Pacific include (1)
strengthening the management of catchment vegetation to improve
water quality along coastlines; (2) reducing direct damage to coral reefs;
(3) maintaining connectivity of coral reefs with mangrove and seagrass

habitats; (4) sustaining and diversifying the catch of coral reef fish to
maintain their replenishment potential; and (5) transferring fishing
effort from coral reefs to skipjack and yellowfin tuna resources by
installing anchored fish-aggregating devices (FAD) close to shore (Bell
et al., 2011b; 2013a,b; Table 30-2). These adaptation options and
policies represent a “no regrets” strategy in that they provide benefits
for coral reef fisheries and fishers irrespective of climate change and
ocean acidification.

30.6.2.1.3. Northern Hemisphere HLSBS fisheries

The high-latitude fisheries in the Northern Hemisphere span from around
30/35°N to 60°N in the North Pacific and 80°N in the North Atlantic,
covering a wide range of thermal habitats supporting subtropical/
temperate species to boreal/arctic species. The characteristics of these

Adaptation options Supporting policies

Economic 
development

• Full implementation of the vessel day scheme to control fi shing effort by the 
Parties to the Nauru Agreementa (W–W)

• Diversifying sources of fi sh for canneries in the region and maintaining trade 
agreements, e.g., an economic partnership agreement with the European Union 
(W–W)

• Continued conservation and management measures for all species of tuna to 
maintain stocks at healthy levels and make these valuable species more resilient to 
climate change (W–W)

• Energy effi ciency programs to assist fl eets to cope with oil price rises and minimize 
CO2 emissions and reduce costs of fi shing further afi eld as tuna distributions shift 
east (W–W)

• Pan-Pacifi c tuna management through merger of the WCPFC and Inter-American 
Tropical Tuna Commission to coordinate management measures across the tropical 
Pacifi c (L–W)

• Strengthen national capacity to administer the vessel day scheme. 

• Adjust national tuna management plans and marketing strategies to provide 
fl exible arrangements to buy and sell tuna.

• Include implications of climate change in management objectives of the WCPFC. 

• Apply national management measures to address climate change effects for 
subregional concentrations of tuna in archipelagic waters beyond the mandate of 
WCPFC.

• Require all industrial tuna vessels to provide operational-level catch and effort 
data to improve the models for redistribution of tuna stocks during climate change.

Food security • Manage catchment vegetation to reduce transfer of sediments and nutrients 
to coasts to reduce damage to adjacent coastal coral reefs, mangroves, and 
seagrasses that support coastal fi sheries (W–W).

• Foster the care of coral reefs, mangroves, and seagrasses by preventing pollution, 
managing waste, and eliminating direct damage to these coastal fi sh habitats 
(W–W).

• Provide for migration of fi sh habitats by prohibiting construction adjacent to 
mangroves and seagrasses and installing culverts beneath roads to help the plants 
colonize landward areas as sea level rises (L–W).

• Sustain and diversify catches of demersal coastal fi sh to maintain the 
replenishment potential of all stocks (L–W).

• Increase access to tuna caught by industrial fl eets through storing and selling tuna 
and by-catch landed at major ports to provide inexpensive fi sh for rapidly growing 
urban populations (W–W).

• Install fi sh aggregating devices close to the coast to improve access to fi sh for rural 
communities as human populations increase and demersal fi sh decline (W–W).

• Develop coastal fi sheries for small pelagic fi sh species, e.g., mackerel, anchovies, 
pilchards, sardines, and scads (W–W?).

• Promote simple post-harvest methods, such as traditional smoking, salting, and 
drying, to extend the shelf life of fi sh when abundant catches are landed (W–W). 

• Strengthen governance for sustainable use of coastal fi sh habitats by (1) building 
national capacity to understand the threats of climate change; (2) empowering 
communities to manage fi sh habitats; and (3) changing agriculture, forestry, and 
mining practices to prevent sedimentation and pollution.

• Minimize barriers to landward migration of coastal habitats during development of 
strategies to assist other sectors to respond to climate change.

• Apply “primary fi sheries management” to stocks of coastal fi sh and shellfi sh to 
maintain their potential for replenishment.

• Allocate the necessary quantities of tuna from total national catches to food 
security to increase access to fi sh for both urban and coastal populations.

• Dedicate a proportion of the revenue from fi shing licences to improve access to 
tuna for food security.

• Include anchored inshore fi sh aggregating devices as part of national infrastructure 
for food security.

Livelihoods • Relocate pearl farming operations to deeper water and to sites closer to coral 
reefs and seagrass /algal areas where water temperatures and aragonite saturation 
levels are likely to be more suitable for good growth and survival of pearl oysters 
and formation of high-quality pearls (L–W). 

• Raise the walls and fl oor of shrimp ponds so that they drain adequately as sea 
level rises (L–W).

• Identify which shrimp ponds may need to be rededicated to producing other 
commodities (L–W).

• Provide incentives for aquaculture enterprises to assess risks to infrastructure so 
that farming operations and facilities can be “climate-proofed” and relocated if 
necessary.

• Strengthen environmental impact assessments for coastal aquaculture activities to 
include the additional risks posed by climate change.

• Develop partnerships with regional technical agencies to provide support for 
development of sustainable aquaculture.

Table 30-2 |  Examples of priority adaptation options and supporting policies to assist Pacifi c Island countries and territories to minimize the threats of climate change to 
the socioeconomic benefi ts derived from pelagic and coastal fi sheries and aquaculture, and to maximize the opportunities. These measures are classifi ed as win–win (W–W) 
adaptations, which address other drivers of the sector in the short term and climate change in the long term, or lose–win (L–W) adaptations, where benefi ts do not exceed costs 
in the short term but accrue under longer term climate change (modifi ed from Bell et al., 2013b). WCPFC = Western and Central Pacifi c Fisheries Commission.

aThe Parties to the Nauru Agreement are Federated States of Micronesia, Kiribati, Marshall Islands, Nauru, Palau, Papua New Guinea, Solomon Islands, and Tuvalu.
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HLSBS environments, as well as warming trends, are outlined in Section
30.5.1 and Table 30-1. In part, as a result of 30 years of increase in
temperature (Belkin, 2009; Sherman et al., 2009), there has been an
increase in the size of fish stocks associated with high-latitude fisheries
in the Northern Hemisphere. This is particularly the case for the Norwegian
spring-spawning herring, which has recovered from near-extinction as a
result of overfishing and a cooler climate during the 1960s (Toresen and
Østvedt, 2000). The major components of both pelagic and demersal
high-latitude fish stocks are boreal species located north of 50°N.
Climate change is projected to increase high-latitude plankton production
and displace zooplankton and fish species poleward. As a combined
result of these future changes, the abundance of fish (particularly boreal
species) may increase in the northernmost part of the high-latitude
region (Cheung et al., 2011), although increases will only be moderate
in some areas.

The changes in distribution and migration of pelagic fish shows
considerable spatial and temporal variability, which can increase tensions
among fishing nations. In this regard, tension over the Atlantic mackerel
fisheries has led to what many consider the first climate change-related
conflict between fishing nations (Cheung et al., 2012; Section 30.6.5),
and which has emphasized the importance of developing international
collaboration and frameworks for decision making (Miller et al., 2013;
Sections 15.4.3.3, 30.6.7). The Atlantic mackerel has over the recent
decades been a shared stock between the EU and Norway. However,
the recent advancement of the Atlantic mackerel into the Icelandic EEZ
during summer has resulted in Icelandic fishers operating outside the
agreement between the EU and Norway. Earlier records of mackerel
from the first half of the 20th and second half of the 19th century show,
however, that mackerel was present in Icelandic waters during the
earlier warm periods (Astthorsson et al., 2012). In the Barents Sea, the
northeast Arctic cod, Gadus morhua, reached record-high abundance
in 2012 and also reached its northernmost-recorded distribution (82°N)
(ICES, 2012). A further northward migration is impossible as this would
be into the Deep Sea Polar Basin, beyond the habitat of shelf species.
A further advancement eastwards to the Siberian shelf is, however,
possible. The northeast Arctic cod stock is shared exclusively by Norway
and Russia, and to date there has been a good agreement between
those two nations on the management of the stock. These examples
highlight the importance of international agreements and cooperation
(Table 30-4).

The HLSBS fisheries constitute a large-scale high-tech industry, with
large investments in highly mobile fishing vessels, equipment, and land-
based industries with capacity for adapting fisheries management
and industries for climate change (Frontiers Economics, Ltd., 2013).
Knowledge of how climate fluctuations and change affect the growth,
recruitment, and distribution of fish stocks is presently not incorporated
into fisheries management strategies (Perry et al., 2010). These strategies
are vital for fisheries that hope to cope with the challenges of a changing
ocean environment, and are centrally important to any attempt to
develop ecosystem-based management and sustainable fisheries under
climate change. The large pelagic stocks, with their climate-dependent
migration pattern, are shared among several nations. Developing
equitable sharing of fish quotas through international treaties (Table
30-4) is a necessary adaptation for a sustainable fishery. Factors presently
taken into account in determining the shares of quotas are the historical

fishery, bilateral exchanges of quotas for various species, and the time
that stocks are in the various EEZs. 

30.6.2.2. Tourism

Tourism recreation represents one of the world’s largest industries,
accounting for 9% (>US$6 trillion) of global GDP and employing more
than 255 million people. It is expected to grow by an average of 4%
annually and reach 10% of global GDP within the next 10 years (WTTC,
2012). As with all tourism, that which is associated with the Ocean is
heavily influenced by climate change, global economic and socio-political
conditions, and their interactions (Scott et al., 2012b; Section 10.6.1).
Climate change, through impacts on ecosystems (e.g., coral reef bleaching),
can reduce the appeal of destinations, increase operating costs, and/or
increase uncertainty in a highly sensitive business environment (Scott
et al., 2012b).

Several facets of the influence of climate change on the Ocean directly
impact tourism (Section 10.6). Tourism is susceptible to extreme
events such as violent storms, long periods of drought, and/or extreme
precipitation events (Sections 5.4.3.4, 10.6.1; IPCC, 2012). SLR, through
its influence on coastal erosion and submergence, salinization of water
supplies, and changes to storm surge, increases the vulnerability of
coastal tourism infrastructure, tourist safety, and iconic ecosystems
(high confidence; Sections 5.3.3.2, 5.4.3.4, 10.6; Table SPM.1; IPCC,
2012). For example, approximately 29% of resorts in the Caribbean are
within 1 m of the high tide mark and 60% are at risk of beach erosion
from rapid SLR (Scott et al., 2012a).

Increasing sea temperatures (Section 30.3.1.1) can change attractiveness
of locations and the opportunities for tourism through their influence
on the movement of organisms and the state of ecosystems such as
coral reefs (Section 10.6.2; Box CC-CR; UNWTO and UNEP, 2008). Mass
coral bleaching and mortality (triggered by elevated sea temperatures;
high confidence) can decrease the appeal of destinations for diving-
related tourism, although the level of awareness of tourists of impacts
(e.g., <50% of tourists were concerned about coral bleaching during a
major bleaching year, 1998) and expected economic impacts have been
found to be uncertain (Scott et al., 2012b). Some studies, however, have
noted reduced tourist satisfaction and identified “dead coral” as one
of the reasons for disappointment at the end of the holiday (Westmacott
et al., 2000). Tourists respond to changes in factors such as weather and
opportunity by expressing different preferences. For example, preferred
conditions and hence tourism are projected to shift toward higher
latitudes with climate change, or from summer to cooler seasons
(Amelung et al., 2007; Section 10.6.1).

Options for adaptation by the marine tourism sector include (1)
identifying and responding to inundation risks with current infrastructure,
and planning for projected SLR when building new tourism infrastructure
(Section 5.5; Scott et al., 2012a); (2) promoting shoreline stability and
natural barriers by preserving ecosystems such as mangroves, salt
marshes, and coral reefs (Section 5.5; Scott et al., 2012b); (3) deploying
forecasting and early-warning systems in order to anticipate challenges
to tourism and natural ecosystems (Strong et al., 2011; IPCC, 2012); (4)
preparation of risk management and disaster preparation plans in order
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to respond to extreme events; (5) reducing the effect of other stressors
on ecosystems and building resilience in iconic tourism features such
as coral reefs and mangroves; and (6) educating tourists to improve
understanding of the negative consequences of climate change over
those stemming from local stresses (Scott et al., 2012a,b). Adaptation
plans for tourism industries need to address specific operators and
regions. For example, some operators may have costly infrastructure at
risk while others may have few assets but are dependent on the
integrity of natural environments and ecosystems (Turton et al., 2010).

30.6.2.3. Shipping

International shipping accounts for more than 80% of world trade by
volume (UNCTAD, 2009a,b) and approximately 3% of global CO2

emissions from fuel combustion although CO2 emissions are expected
to increase two- to threefold by 2050 (Heitmann and Khalilian, 2010;
WGIII AR5 Section 8.1). Changes in shipping routes (Borgerson, 2008)
and variation in the transport network due to shifts in grain production
and global markets, as well as new fuel and weather-monitoring
technology, may alter these emission patterns (WGIII AR5 Sections 8.3,
8.5). Extreme weather events, intensified by climate change, may
interrupt ports and transport routes more frequently, damaging
infrastructure and introducing additional dangers to ships, crews, and
the environment (UNCTAD, 2009a,b; Pinnegar et al., 2012; Section
10.4.4). These issues have been assessed by some countries which have
raised concerns over the potential for costly delays and cancellation of
services, and the implications for insurance premiums as storminess and
other factors increase risks (Thornes et al., 2012).

Climate change may benefit maritime transport by reducing Arctic sea ice
and consequently shorten travel distances between key ports (Borgerson,
2008), thus also decreasing total GHG emissions from ships (WGIII AR5
Section 8.5.1). Currently, the low level of reliability of this route limits
its use (Schøyen and Bråthen, 2011), and the potential full operation of
the Northwest Passage and Northern Sea Route would require a transit
management regime, regulation (e.g., navigation, environmental, safety,
and security issues), and a clear legal framework to address potential
territorial claims that may arise, with a number of countries having
direct interest in the Arctic. Further discussion of issues around melting
Arctic sea ice and the Northern Sea Route are given in Chapter 28
(Sections 28.2.6, 28.3.4).

30.6.2.4. Offshore Energy and Mineral Resource
Extraction and Supply

The marine oil and gas industry face potential impacts from climate
change on its ocean-based activities. More than 100 oil and gas
platforms were destroyed in the Gulf of Mexico by the unusually strong
Hurricanes Katrina and Rita in 2005. Other consequences for oil
pipelines and production facilities ultimately reduced US refining
capacity by 20% (IPCC, 2012). The increasing demand for oil and gas
has pushed operations to waters 2000 m deep or more, far beyond
continental shelves. The very large-scale moored developments required
are exposed to greater hazards and higher risks, most of which are not
well understood by existing climate/weather projections. Although there

is a strong trend toward seafloor well completions with a complex of
wells, manifolds, and pipes that are not exposed to surface forcing,
these systems face different hazards from instability and scouring of
the unconsolidated sediments by DS currents (Randolph et al., 2010).
The influence of warming oceans on sea floor stability is widely debated
due largely to uncertainties about the effects of methane and methane
hydrates (Sultan et al., 2004; Archer et al., 2009; Geresi et al., 2009).
Declining sea ice is also opening up the Arctic to further oil and gas
extraction. Discussion of potential expansion of oil and mineral production
in the Arctic is made in Chapter 28 (Sections 28.2.5-6, 28.3.4).

The principal threat to oil and gas extraction and infrastructure in
maritime settings is the impact of extreme weather (Kessler et al., 2011),
which is likely to increase given that future storm systems are expected
to have greater energy (Emanuel, 2005; Trenberth and Shea, 2006;
Knutson et al., 2010). Events such as Hurricane Katrina have illustrated
challenges which will arise for this industry with projected increases in
storm intensity (Cruz and Krausmann, 2008). In this regard, early
warning systems and integrated planning offer some potential to reduce
the effect of extreme events (IPCC, 2012).

30.6.3. Human Health

Major threats to public health due to climate change include diminished
security of water and food supplies, extreme weather events, and
changes in the distribution and severity of diseases, including those due
to marine biotoxins (Costello et al., 2009; Sections 5.4.3.5, 6.4.2.3, 11.2).
The predominantly negative impacts of disease for human communities
are expected to be more serious in low-income areas such as Southeast
Asia, southern and east Africa, and various sub-regions of South America
(Patz et al., 2005), which also have under-resourced health systems
(Costello et al., 2009). Many of the influences are directly or indirectly
related to basin-scale changes in the Ocean (e.g., temperature, rainfall,
plankton populations, SLR, and ocean circulation; McMichael et al.,
2006). Climate change in the Ocean may influence the distribution of
diseases such as cholera (Section 11.5.2.1), and the distribution and
occurrence of HABs. The frequency of cholera outbreaks induced by
Vibrio cholerae and other enteric pathogens are correlated with sea
surface temperatures, multi-decadal fluctuations of ENSO, and plankton
blooms, which may provide insight into how this disease may change
with projected rates of ocean warming (Colwell, 1996; Pascual et al.,
2000; Rodó et al., 2002; Patz et al., 2005; Myers and Patz, 2009; Baker-
Austin et al., 2012). The incidence of diseases such as ciguatera also
shows links to ENSO, with ciguatera becoming more prominent after
periods of elevated sea temperature. This indicates that ciguatera may
become more frequent in a warmer climate (Llewellyn, 2010), particularly
given the higher prevalence of ciguatera in areas with degraded coral
reefs (low confidence; Pratchett et al., 2011a).

30.6.4. Ocean-Based Mitigation

30.6.4.1. Deep Sea Carbon Sequestration

Carbon dioxide capture and storage into the deep sea and geologic
structures are also discussed in WGIII AR5 Chapter 7 (Sections 7.5.5, 7.8.2,
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7.12). The economic impact of deliberate CO2 sequestration beneath
the sea floor has previously been reviewed (IPCC, 2005). Active CO2

sequestration from co-produced CO2 into sub-sea geologic formations is
being instigated in the North Sea and in the Santos Basin offshore from
Brazil. These activities will increase as offshore oil and gas production
increasingly exploits fields with high CO2 in the source gas and oil.
Significant risks from the injection of high levels of CO2 into deep ocean
waters have been identified for DS organisms and ecosystems although
chronic effects have not yet been studied. These risks are similar to those
discussed previously with respect to ocean acidification and could
further exacerbate declining O2 levels and changing trophic networks
in deep water areas (Seibel and Walsh, 2001; Section 6.4.2.2).

There are significant issues within the decision frameworks regulating
these activities. Dumping of any waste or other matter in the sea,
including the seabed and its subsoil, is strictly prohibited under the 1996
London Protocol (LP) except for those few materials listed in Annex I.
Annex 1 was amended in 2006 to permit storage of CO2 under the
seabed. “Specific Guidelines for Assessment of Carbon Dioxide Streams
for Disposal into Sub-Seabed Geological Formations” were adopted by
the parties to the LP in 2007. The Guidelines take a precautionary
approach to the process, requiring Contracting Parties under whose
jurisdiction or control such activities are conducted to issue a permit
for the disposal subject to stringent conditions being fulfilled (Rayfuse
and Warner, 2012).

30.6.4.2. Offshore Renewable Energy

Renewable energy supply from the Ocean includes ocean energy and
offshore wind turbines. The global technical potential for ocean and
wind energy is not as high as solar energy although considerable
potential still remains. Detailed discussion of the potential of renewable
energy sources are given in WGIII AR5 Chapter 7 (Sections 7.4.2, 7.5.3,
7.8.2). There is an increasing trend in the renewable energy sector to
offshore wind turbines (Section 10.2.2). At present, there is high
uncertainty about how changes in wind intensity and patterns, and
extreme events (from climate change), will impact the offshore wind
energy sector. Given the design and engineering solutions available to
combat climate change impacts (Tables 10-1, 10-7), it is unlikely that this
sector will face insurmountable challenges from climate change. 

30.6.5. Maritime Security and Related Operations

Climate change and its influence on the Ocean has become an area of
increasing concern in terms of the maintenance of national security and
the protection of citizens. These concerns have arisen as nation-states
increasingly engage in operations ranging from humanitarian assistance
in climate-related disasters to territorial issues exacerbated by changing
coastlines, human communities, resource access, and new seaways
(Kaye, 2012; Rahman, 2012; Section 12.6). In this regard, increasing sea
levels along gently sloping coastlines can have the seemingly perverse
outcome that the territorial limits to the maritime jurisdiction of the
State might be open to question as the distance from national baselines
to the outer limits of the EEZ increases beyond 200 nm over time
(Schofield and Arsana, 2012).

Changes in coastal resources may also be coupled with decreasing
food security to compound coastal poverty and lead, in some cases, to
increased criminal activities such as piracy; IUU fishing; and human,
arms, and drug trafficking (Kaye, 2012). While the linkages have not
been clearly defined in all cases, it is possible that changes in the Ocean
as result of climate change will increase pressure on resources aimed
at maintaining maritime security and countering criminal activity,
disaster relief operations, and freedom of navigation (Section 12.6.2).
National maritime security capacity and infrastructure may also require
rethinking as new challenges present themselves as a result of climate
change and ocean acidification (Allen and Bergin, 2009; Rahman, 2012;
Sections 12.6.1-2).

Opportunities may also arise from changes to international geography
such as formation of new ice-free seaways through the Arctic, which
may benefit some countries in terms of maintaining maritime security
and access (Section 28.2.6). Conversely, such new features may also lead
to increasing international tensions as States perceive new vulnerabilities
from these changes to geography.

Like commercial shipping (Section 30.6.2.3), naval operations in many
countries result in significant GHG emissions (e.g., the US Navy emits
around 2% of the national GHG emissions; Mabus, 2010). As a result,
there are a number of programs being implemented by navies around
the world to try and reduce their carbon footprint and air pollution such
as improving engine efficiency, reducing fouling of vessels, increasing
the use of biofuels, and using nuclear technology for power generation,
among other initiatives.

30.7. Synthesis and Conclusions

Evidence that human activities are fundamentally changing the Ocean
is virtually certain. Sea temperatures have increased rapidly over the
past 60 years at the same time as pH has declined, consistent with the
expected influence of rising atmospheric concentrations of CO2 and
other GHGs (very high confidence). The rapid rate at which these
fundamental physical and chemical parameters of the Ocean are
changing is unprecedented within the last 65 Ma (high confidence) and
possibly 300 Ma (medium confidence). As the heat content of the
Ocean has increased, the Ocean has become more stratified (very likely),
although there is considerable regional variability. In some cases,
changing surface wind has influenced the extent of mixing and upwelling,
although our understanding of where and why these differences occur
regionally is uncertain. The changing structure and function of the
Ocean has led to changes in parameters such as O2, carbonate ion, and
inorganic nutrient concentrations (high confidence). Not surprisingly,
these fundamental changes have resulted in responses by key marine
organisms, ecosystems, and ecological processes, with negative
implications for hundreds of millions of people that depend on the
ecosystem goods and services provided (very likely). Marine organisms
are migrating at rapid rates toward higher latitudes, fisheries are
transforming, and many organisms are shifting their reproductive and
migratory activity in time and in concert with changes in temperature
and other parameters. Ecosystems such as coral reefs are declining
rapidly (high confidence). An extensive discussion of these changes is
provided in previous sections and in other chapters of AR5.
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Table 30-3 | Key risks to ocean and coastal issues from climate change and the potential for risk reduction through mitigation and adaptation. Key risks are identified based on 
assessment of the literature and expert judgments made by authors of the various WGII AR5 chapters, with supporting evaluation of evidence and agreement in the referenced 
chapter sections. Each key risk is characterized as very low, low, medium, high, or very high. Risk levels are presented for the near-term era of committed climate change (here, 
for 2030–2040), in which projected levels of global mean temperature increase do not diverge substantially across emissions scenarios. Risk levels are also presented for the 
longer term era of climate options (here, for 2080–2100), for global mean temperature increases of 2°C and 4°C above pre-industrial levels. For each time frame, risk levels are 
estimated for the current state of adaptation and for a hypothetical highly adapted state. As the assessment considers potential impacts on different physical, biological, and 
human systems, risk levels should not necessarily be used to evaluate relative risk across key risks. Relevant climate variables are indicated by symbols.
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Changes in ecosystem productivity 
associated with the redistribution and 
loss of net primary productivity in open 
oceans. (medium confidence)

[6.5.1, 6.3.4, Box CC-PP]

Adaptation options are limited to the translocation of industrial fishing activities 
due to regional decreases (low latitude) versus increases (high latitude) in 
productivity, or to the expansion of aquaculture.

Distributional shift in fish and invertebrate 
species, fall in fisheries catch potential at 
low latitudes, e.g., in EUS, CBS, and STG 
regions. (high confidence)

[6.3.1, Box CC-MB]

Evolutionary adaptation potential of fish and invertebrate species to warming  is limited 
as indicated by their changes in distribution to maintain temperatures. Human adaptation 
options involve the large-scale translocation of industrial fishing activities following the 
regional decreases (low latitude) versus (possibly transient) increases (high latitude) in 
catch potential as well as deploying flexible management that can react to variability and 
change. Further options include improving fish resilience to thermal stress by reducing 
other stressors such as pollution and eutrophication, the expansion of sustainable 
aquaculture and development of alternative livelihoods in some regions.

High mortalities and loss of habitat to 
larger fauna including commercial species 
due to hypoxia expansion and effects. 
(high confidence)

[6.3.3, 30.5.3.2, 30.5.4.1-2]

Human adaptation options involve the large-scale translocation of industrial 
fishing activities as a consequence of the hypoxia-induced decreases in 
biodiversity and fisheries catch of pelagic fish and squid. Special fisheries may 
benefit (Humboldt squid). Reducing the amount of organic carbon running off of 
coastlines by controlling nutrients and pollution running off agricultural areas can 
reduce microbial activity and consequently limit the extent of the oxygen 
drawdown and the formation of coastal dead zones.

Ocean acidification: Reduced growth and 
survival of commercially valuable shellfish 
and other calcifiers, e.g., reef building 
corals, calcareous red algae. 
(high confidence)

[5.3.3.5, 6.1.1, 6.3.2, 6.4.1.1, 30.3.2.2, 
Box CC-OA]

Evidence for differential resistance and evolutionary adaptation of some species 
exists but is likely limited by the CO2 concentrations and high temperatures 
reached;  adaptation options shifting to exploit more resilient species or the 
protection of habitats with low natural CO2 levels, as well as the reduction of 
other stresses, mainly pollution and limiting pressures from tourism and fishing.

Reduced biodiversity, fisheries abundance 
and coastal protection by coral reefs due 
to heat-induced mass coral bleaching and 
mortality increases, exacerbated by ocean 
acidification, e.g., in CBS, SES, and STG 
regions. (high confidence)

[5.4.2.4, 6.4.2, 30.3.1.1, 30.3.2.2, 30.5.2, 
30.5.3, 30.5.4, 30.5.6, Box CC-CR]

Evidence of rapid evolution by corals is very limited or nonexistent.  Some corals 
may migrate to higher latitudes.  However, the movement of entire reef systems is 
unlikely given estimates that they need to move at the speed of 10 – 20 km yr–1 
to keep up with the pace of climate change. Human adaptation options are 
limited to reducing other stresses, mainly enhancing water quality and limiting 
pressures from tourism and fishing. This option will delay the impacts of climate 
change by a few decades but is likely to disappear as thermal stress increases.

Coastal inundation and habitat loss due 
to sea level rise, extreme events, changes 
in precipitation, and reduced ecological 
resilience, e.g., in CBS and STG 
subregions. (medium to high confidence)

[5.5.2, 5.5.4, 30.5.6.1.3, 30.6.2.2, Box 
CC-CR]

Options to maintain ecosystem integrity are limited to the reduction of other 
stresses, mainly pollution and limiting pressures from tourism, fishing, physical 
destruction, and unsustainable aquaculture. Reducing deforestation and increasing 
reforestation of river catchments and coastal areas to retain sediments and 
nutrients. Increased mangrove, coral reef, and seagrass protection and restoration 
to protect numerous ecosystem goods and services such as coastal protection, 
tourist value, and fish habitat. 
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30.7.1. Key Risks and Vulnerabilities

The rapid changes in the physical, chemical, and biological state of the
Ocean pose a number of key risks and vulnerabilities for ecosystems,
communities, and nations worldwide. Table 30-3 and Figure 30-12
summarize risks and vulnerabilities from climate change and ocean
acidification, along with adaptation issues and prospects, and a summary
of expert opinion on how these risks will change under further changes
in environmental conditions.

Rising ocean temperatures are changing the distribution, abundance, and
phenology of many marine species and ecosystems, and consequently
represent a key risk to food resources, coastal livelihoods, and industries

such as tourism and fishing, especially for HLSBS, CBS, STG, and EBUE
(Sections 6.3.1, 6.3.4, 7.3.2.4, 30.5; Figure 30-12; Table 30-3; Box CC-MB).
Key risks involve changes in the distribution and abundance of key
fishery species (high confidence; Section 30.6.2.1; Figure 30-12 A,B,G,H)
as well as the spread of disease and invading organisms, each of which
has the potential to impact ecosystems as well as aquaculture and fishing
(Sections 6.3.5, 6.4.1.1, 6.5.3, 7.3.2.4, 7.4.2, 29.5.3-4; Table 30-3).
Adaptation to these changes may be possible in the short-term through
dynamic fisheries policy and management (i.e., relocation of fishing
effort; Table 30-3), as well as monitoring and responding to potential
invading species in coastal settings. The increasing frequency of thermal
extremes (Box CC-HS) will also increase the risk that the thermal
threshold of corals and other organisms is exceeded on a more frequent
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fisheries yields.
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Decrease in catch and species diversity of fisheries in 
tropical coral reefs, exacerbated by interactions with 
other human drivers such as eutrophication and 
habitat destruction. (high confidence)

[6.4.1, 30.5.3-4, 30.5.6, Box CC-CR]

Restoration of overexploited fisheries and reduction of other 
stressors on coral reefs delay ecosystem changes. Human adaptation 
includes the usage of alternative livelihoods and food sources (e.g., 
coastal aquaculture).

Current spatial management units, especially the 
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Effective shift to alternative livelihoods, changes in food 
consumption patterns, and adjustment of (global) markets.

Global redistribution and decrease of low-latitude 
fisheries yields are paralleled by a global trend to 
catches having smaller fishes. (medium confidence)

[6.3.1, 6.4.1, 6.5.3, 30.5.4, 30.5.6, 30.6.2]

Increasing coastal poverty at low latitudes as fisheries becomes 
smaller –  partially compensated by the growth of aquaculture and 
marine spatial planning, as well as enhanced industrialized fishing 
efforts.
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basis (especially in CBS, STG, SES, HLSBS, and EUS regions; Sections 6.2,
30.5; Box CC-CR). These changes pose a key risk to vulnerable ecosystems
such as mangroves and coral reefs, with potential to have a series of
serious impacts on fisheries, tourism, and coastal ecosystem services
such as coastal protection (Sections 5.4.2.4, 6.3.2, 6.3.5, 6.4.1.3, 7.2.1.2,
29.3.1.2, 30.5; Table 30-3; Box CC-CR). Genetic adaptation of species
to increasing levels of stress may not occur fast enough given fairly long
generation times of organisms such as reef-building corals and many
other invertebrates and fish (Table 30-3). In this case, risks may be
reduced by addressing stresses not related to climate change (e.g.,
pollution, overfishing), although this strategy could have minimal
impact if further increases in sea temperature occur (high confidence).

Loss of these important coastal ecosystems is associated with emerging
risks associated with the collapse of some coastal fisheries along with
livelihoods, food, and regional security (medium confidence). These
changes are likely to be exacerbated by other key risks such as coastal
inundation and habitat loss due to SLR, as well as intensified precipitation

events (high confidence; Section 5.4; Box CC-CR). Adaptation options
in this case include engineered coastal defenses, reestablishing coastal
vegetation such as mangroves, protecting water supplies from salination,
and developing strategies for coastal communities to withdraw to less
vulnerable locations over time (Section 5.5).

The recent decline in O2 concentrations has been ascribed to warming
through the effect on ocean mixing and ventilation, as well as the
solubility of O2 and its consumption by marine microbes (Sections 6.1.1.3,
6.3.3, 30.3.2.3, 30.5.7). This represents a key risk to ocean ecosystems
(medium confidence; Figure 30-12 5,6,C). These changes increase the
vulnerability of marine communities, especially those below the
euphotic zone, to hypoxia and ultimately lead to a restriction of suitable
habitat (high confidence; Figure 30-12 5). In the more extreme case,
often exacerbated by the contribution of organic carbon from land-based
sources, “dead zones” may form. Decreasing oxygen, consequently, is
very likely to increase the vulnerability of fisheries and aquaculture
(medium confidence; Figure 30-12 C), and consequently puts livelihoods

Key risk Adaptation issues & prospects  Climatic
drivers

Risk & potential for 
adaptationTimeframe

Risks to humans and infrastructure (continued)

CO O

Present

2°C

 4°C

Very
low 

Very 
high Medium 

Present

2°C

 4°C

Very
low 

Very 
high Medium 

Impacts due to increased frequency of 
harmful algal blooms (medium confidence)

[6.4.2.3]

Adaptation options include  improved monitoring and early warning system, 
reduction of stresses favoring harmful algal blooms, mainly pollution and 
eutrophication, as well as the avoidance of contaminated areas and fisheries 
products.

Impacts on marine resources threatening 
regional security as territorial disputes and 
food security challenges increase 
(limited evidence, medium agreement)

[IPCC 2012, 30.6.5,  12.4-12.6, 29.3]

Decrease in marine resources, movements of fish stocks and opening of new 
seaways , and impacts of extreme events coupled with increasing populations 
will increase the potential for conflict in some regions, drive  potential 
migration of people, and increase humanitarian crises.

CO O

Present

2°C

 4°C

Very
low 

Very 
high Medium Impacts on shipping and infrastructure for 

energy and mineral extraction increases as 
storm intensity and wave height increase 
in some regions (e.g., high latitudes)
(high confidence)

[IPCC 2012, 30.6.5,  12.4-12.6, 29.3]

Adaptation options are to limit activities to particular times of the year and/or 
develop strategies to decrease the vulnerability of structures and operations.

Near term 
(2030 – 2040)

Long term
(2080 – 2100)

Near term 
(2030 – 2040)

Long term
(2080 – 2100)

Near term 
(2030 – 2040)

Long term
(2080 – 2100)

Table 30-3 (continued)

Present

2°C

 4°C

Very
low 

Very 
high Medium Reduced livelihoods and increased poverty.

(medium confidence)

[6.4.1-2, 30.6.2, 30.6.5]

Human adaptation options involve the large-scale translocation of industrial 
fishing activities following the regional decreases (low latitude) versus increases 
(high latitude) in catch potential and shifts in biodiversity. Artisanal fisheries are 
extremely limited in their adaptation options  by available financial resources 
and technical capacities, except for their potential shift to other species of 
interest.

Near term 
(2030 – 2040)

Long term
(2080 – 2100)

Present

2°C

 4°C

Very
low 

Very 
high Medium Reduced coastal socioeconomic security. 

(high confidence)

[5.5.2, 5.5.4, 30.6.5, 30.7.1]

Human adaptation options involve (1) protection using coastal defences (e.g. seawalls 
where appropriate and economic) and soft measures (e.g., mangrove replanting and 
enhancing coral growth); (2) accommodation to allow continued occupation of 
coastal areas by making changes to human activities and infrastructure; and (3) 
managed retreat as a last viable option. Vary from large-scale engineering works to 
smaller scale community projects. Options are available under the more traditional 
CZM (coastal zone management) framework but increasingly under DRR (disaster risk 
reduction) and CCA (climate change adaptation) frameworks. 

*High confidence in existence of adaptation measures, Low confidence in magnitude of risk reduction

*

*

*

*
Near term 

(2030 – 2040)

Long term
(2080 – 2100)

CBS = Coastal Boundary Systems; EBUE = Eastern Boundary Upwehlling Ecosystems; EUS = Equatorial Upwelling Systems; HLSBS = High-Latitude Spring Bloom Systems;  
SES = Semi-Enclosed Seas; STG = Subtropical Gyres.
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at risk, particularly in EBUE (e.g., California and Humboldt Current
ecosystems; Section 30.5.5), SES (e.g., Baltic and Black Seas; Section
30.5.3), and CBS (e.g., Gulf of Mexico, northeast Indian Ocean; Sections
30.3.2.3, 30.5.4). It is very likely that the warming of surface waters has
also increased the stratification of the upper ocean by about 4% between
0 and 200 m from 1971 to 2010 in all oceans north of about 40°S. In
many cases, there is significant adaptation opportunity to reduce
hypoxia locally by reducing the flow of organic carbon, hence microbial
activity, within these coastal systems (Section 30.5.4). Relocating fishing
effort, and modifying procedures associated with industries such as
aquaculture, may offer some opportunity to adapt to these changes
(likely). Declining O2 concentrations are likely to have significant impacts
on DS habitats, where organisms are relatively sensitive to environmental
changes of this nature owing to the very constant conditions under
which they have evolved (Section 30.5.7).

Ocean acidification has increased the vulnerability of ocean ecosystems
by affecting key aspects of the physiology and ecology of marine
organisms (particularly in CBS, STG, and SES; Section 6.3.2; Table 30-3;
Box CC-OA). Decreasing pH and carbonate ion concentrations reduce
the ability of marine organisms to produce shells and skeletons, and
may interfere with a range of biological processes such as reproduction,
gas exchange, metabolism, navigation ability, and neural function in a
broad range of marine organisms that show minor to major influences of
ocean acidification on their biology (Sections 6.3.2, 30.3.2.2; Box CC-OA).
Natural variability in ocean pH can interact with ocean acidification to
create damaging periods of extremes (i.e., high CO2, low O2 and pH),
which can have a strong effect on coastal activities such as aquaculture
(medium confidence; Section 6.2; Figure 30-12 A; Box CC-UP). There may
be opportunity to adapt aquaculture to increasingly acidic conditions
by monitoring natural variability and restricting water intake to periods
of optimal conditions. Reducing other non-climate change or ocean
acidification associated stresses also represents an opportunity to build
greater ecological resilience against the impacts of changing ocean
carbonate chemistry. Ocean acidification is also an emerging risk for
DS habitats as CO2 continues to penetrate the Ocean, although the
impacts and adaptation options are poorly understood and explored.
Ocean acidification has heightened importance for some groups of
organisms and ecosystems (Box CC-OA). In ecosystems that are heavily
dependent on the accumulation of calcium carbonate over time (e.g.,

coral reefs, Halimeda beds), increasing ocean acidification puts at risk
ecosystems services that are critical for hundreds of thousands of
marine species, plus people and industries, particularly within CBS, STG,
and SES (high confidence). Further risks may emerge from the non-
linear interaction of different factors (e.g., increasing ocean temperature
may amplify effects of ocean acidification, and vice versa) and via the
interaction of local stressors with climate change (e.g., interacting
changes may lead to greater ecosystems disturbances than each impact
on its own). There is an urgent need to understand these types of
interactions and impacts, especially given the long time it will take to
return ocean ecosystems to preindustrial pH and carbonate chemistry
(i.e., tens of thousands of years (FAQ 30.1) should CO2 emissions continue
at the current rate).

It is very likely that surface warming has increased stratification of
the upper ocean, contributing to the decrease in O2 along with the
temperature-related decreases in oxygen solubility (WGI AR5 Section
3.8.3). Changes to wind speed, wave height, and storm intensity influence
the location and rate of mixing within the upper layers of the Ocean
and hence the concentration of inorganic nutrients (e.g., in EBUE, EUS;
Figure 30-12 1,3). These changes to ocean structure increase the risks and
vulnerability of food webs within the Ocean. However, our understanding
of how primary productivity is going to change in a warming and more
acidified ocean is limited, as is our understanding of how upwelling will
respond to changing surface wind as the world continues to warm
(Boxes CC-PP, CC-UP). As already discussed, these types of changes can
have implications for the supply of O2 into the Ocean and the upward
transport of inorganic nutrients to the euphotic zone. Although our
understanding is limited, there is significant potential for regional increases
in wind speed to result in greater rates of upwelling and the supply of
inorganic nutrients to the photic zone. Although this may increase
productivity of phytoplankton communities and associated fisheries,
greater rates of upwelling can increase the risk of hypoxic conditions
developing at depth as excess primary production sinks into the Ocean
and stimulates microbial activity at depth (Sections 6.1.1.3, 30.3.2.3,
30.5.5; Table 30-3). Changes in storm intensity may increase the risk of
damage to shipping and industrial infrastructure, which increases the risk
of accidents and delays to the transport of products between countries,
security operations, and the extraction of minerals from coastal and
oceanic areas (Section 30.6.2; IPCC, 2012).

Frequently Asked Questions

FAQ 30.5 |  How can we use non-climate factors to manage
                  climate change impacts on the oceans?

The Ocean is exposed to a range of stresses that may or may not be related to climate change. Human activities
can result in pollution, eutrophication (too many nutrients), habitat destruction, invasive species, destructive fishing,
and over-exploitation of marine resources. Sometimes, these activities can increase the impacts of climate change,
although they can, in a few circumstances, dampen the effects as well. Understanding how these factors interact
with climate change and ocean acidification is important in its own right. However, reducing the impact of these
non-climate factors may reduce the overall rate of change within ocean ecosystems. Building ecological resilience
through ecosystem-based approaches to the management of the marine environment, for example, may pay dividends
in terms of reducing and delaying the effects of climate change (high confidence).
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The proliferation of key risks and vulnerabilities to the goods and
services provided by ocean ecosystems as a result of ocean warming and
acidification generate a number of key risks for the citizens of almost
every nation. Risks to food security and livelihoods are expected to
increase over time, aggravating poverty and inequity (Table 30-3). As
these problems increase, regional security is likely to deteriorate as
disputes over resources increase, along with increasing insecurity of
food and nutrition (Sections 12.4-6, 29.3.3, 30.6.5; Table 30-3; IPCC,
2012).

30.7.2. Global Frameworks for Decision Making

Global frameworks for decision making are central to management of
vulnerability and risk at the scale and complexity of the world’s oceans.
General frameworks and conventions for policy development and decision

making within oceanic and coastal regions are important in terms of
the management of stressors not directly due to ocean warming or
acidification, but that may influence the outcome of these two factors.
Tables 30-3 and 30-4 outline a further set of challenges arising from
multiple interacting stressors, as well as potential risks and vulnerabilities,
ramifications, and adaptation options. In the latter case, examples of
potential global frameworks and initiatives for beginning and managing
these adaptation options are described. These frameworks represent
opportunities for global cooperation and the development of international,
regional, and national policy responses to the challenges posed by the
changing ocean (Kenchington and Warner, 2012; Tsamenyi and Hanich,
2012; Warner and Schofield, 2012).

The United Nations Convention on the Law of the Sea (UNCLOS) was a
major outcome of the third UN Conference on the Law of the Sea
(UNCLOS III). The European Union and 164 countries have joined in the

Continued next page

Primary 
driver(s)

Biophysical 
change 

projected

Key risks and 
vulnerabilities Ramifi cations Adaptation options Policy frameworks and 

initiatives (examples)

Key references 
and chapter 

sections

hT,  hOA Spatial and temporal 
variation in primary 
productivity (medium 
confi dence at global 
scales; Box CC-PP)

Reduced fi sheries production 
impacts important sources 
of income to some countries 
while others may see 
increased productivity 
(e.g., as tuna stocks shift 
eastwards in the Pacifi c) 
(medium confi dence).

Reduced national 
income, increased 
unemployment, plus 
increase in poverty.  
Potential increase in 
disputes over national 
ownership of key fi shery 
resources (likely)

Increased international cooperation 
over key fi sheries. Improved 
understanding of linkages between 
ocean productivity, recruitment, and 
fi sheries stock levels. Implementation 
of the regional “vessel day scheme” 
provides social and economic 
incentives to fi sheries and fi shers for 
adaptation.

UNCLOS, PEMSEA, CTI, 
RFMO agreements, UNSFSA

Bell et al. (2011, 
2013a); Tsamenyi 
and Hanich 
(2012); Sections 
6.4.1, 6.5.3, 
30.6.2.1, 30.7.2; 
Box CC-PP

hT,  hOA

 

 

 

Ecosystem regime 
shifts (e.g., coral 
to algal reefs; 
structural shifts 
in phytoplankton 
communities) 
(medium confi dence) 

 

 

 

Reduced fi sheries production 
of coastal habitats and 
ecosystems such as coral 
reefs (medium confi dence).

Decreased food and 
employment security and 
human migration away 
from coastal zone (likely)

Strengthen coastal zone management 
to reduce contributing stressors (e.g., 
coastal pollution, over-harvesting, and 
physical damage to coastal resources). 
Promote Blue Carbona initiatives.

PEMSEA, CTI, PACC, 
MARPOL, UNHCR, CBD, 
International Organization 
for Migration, Global 
Environment Facility, 
International Labor 
Organization

Bell et al. (2013a); 
Sections 5.4.3, 
6.3.1–2, 12.4, 
29.3.1, 29.3.3, 
30.5.2–4, 30.5.6, 
30.6.1, 30.6.2.1; 
Box CC-CR

Tourist appeal of coastal 
assets decreases as 
ecosystems change to less 
“desirable” state, reducing 
income to some countries 
(low confi dence).

Increased levels of 
coastal poverty in some 
countries as tourist 
income decreases (likely)

As above, strengthen coastal zone 
management and reduce additional 
stressors on tourist sites; implement 
education programs and awareness 
among visitors. Diversify tourism 
activities.

CBD, PEMSEA, CTI, PACC, 
UNHCR, MARPOL

Kenchington and 
Warner (2012); 
Sections 5.5.4.1, 
6.4.1–2, 10.6, 
30.6.2.2 

Increased risk of some 
diseases (e.g., ciguatera, 
harmful algal blooms) as 
temperatures increase shift 
and ecosystems shift away 
from coral dominance (low 
confi dence).

Increased disease and 
mortality; decreases in 
coastal food resources 
and fi sheries income 
(likely) 

Increase monitoring and education 
surrounding key risks (e.g., ciguatera); 
develop alternate fi sheries and income 
for periods when disease incidence 
increases, and develop or update 
health response plans. 

National policy strategies 
and regional cooperation 
needed

Llewellyn (2010); 
Sections 6.4.2.3, 
10.6, 29.3.3.2, 
29.5.3, 30.6.3 

Increased poverty and 
dislocation of coastal people 
(particularly in the tropics) 
as coastal resources such as 
fi sheries degrade (medium 
confi dence)

Increased population 
pressure on migration 
destinations (e.g., large 
regional cities), and 
reduced freedom to 
navigate in some areas 
(as criminal activity 
increases) (likely)

Develop alternative industries and 
income for affected coastal people. 
Strengthen coastal security both 
nationally and across regions. Increase 
cooperation over handling of criminal 
activities.

UNCLOS, PEMSEA, CTI, 
International Ship and Port 
Facility Security, IMO, Bali 
Process, Association of 
Southeast Asian Nations 
MLA Treaty and bilateral 
extradition and MLA 
agreements

Kaye (2012); 
Rahman 
(2012); Sections 
12.4–6,29.3.3, 
29.6.2, 30.6.5

Table 30-4 |  Ramifi cations, adaptation options, and frameworks for decision making for ocean regions. Symbols for primary drivers: IC = ice cover; NU = nutrient concentration; 
OA = ocean acidifi cation; SLR = sea level rise; SS = storm strength; T = sea temperature (h = increased; i = decreased; * = uncertain).

aBlue Carbon initiatives include conservation and restoration of mangroves, saltmarsh, and seagrass beds as carbon sinks (Section 30.6.1).

Notes: CBD = Convention on Biological Diversity; CTI = Coral Triangle Initiative; IHO = International Hydrographic Organization; IOM = International Organization of Migration; 
ISPS = International Ship and Port Facility Security; MARPOL = International Convention for the Prevention of Pollution From Ships; MLA = mutual legal assistance; PACC 
= Pacifi c Adaptation to Climate Change Project; PEMSEA = Partnerships in Environmental Management for the Seas of East Asia; RFMO = Regional Fisheries Management 
Organizations; UNCLOS = United Nations Convention on the Law of the Sea; UNHCR = United Nations High Commissioner for Refugees; UNSFSA = United Nations Straddling 
Fish Stocks Agreement.
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Primary 
driver(s)

Biophysical 
change 

projected

Key risks and 
vulnerabilities Ramifi cations Adaptation options Policy frameworks and 

initiatives (examples)

Key references 
and chapter 

sections

hT

 

 

Migration of 
organisms and 
ecosystems to higher 
latitudes (high 
confi dence)

 

 

Reorganization of 
commercial fi sh stocks and 
ecological regime shifts 
(medium to high confi dence)

Social and economic 
disruption (very likely)

Increase international cooperation 
and improve understanding of 
regime changes; implement early-
detection monitoring of physical and 
biological variables and regional 
seasonal forecasting; include 
related uncertainties into fi sheries 
management; provide social and 
economic incentives for industry.

UNCLOS, CBD, RFMO 
agreements, UNSFSA

Sections 7.4.2, 6.5, 
30.5, 30.6.2.1; Box 
CC-MB

Increase in abundance, 
growing season, and 
distributional extent of pests 
and fouling species (medium 
confi dence)

Increased disease risk 
to aquaculture and 
fi sheries. Income loss 
and increased operating 
and maintenance costs 
(very likely)

Increase environmental monitoring; 
promote technological advances to 
deal with pest and fouling organisms; 
increase vigilance and control related 
to biosecurity.

IMO, ballast water 
management, Anti- Fouling 
Convention

Sections 6.4.1.5, 
7.3.2.4, 29.5.3–4, 
30.6.2.1; Box 
CC-MB 

Threats to human health 
increase due to expansion 
of pathogen distribution 
to higher latitudes (low 
confi dence)

Increased disease and 
mortality in some coastal 
communities (likely)

Reduce exposure through increased 
monitoring and education, adoption, 
or update of health response plans to 
outbreaks.

UNICEF, World Health 
Ogranization, IHOs, and 
national governments

Myers and Patz 
(2009); Sections 
6.4.3, 10.8.2, 11.7, 
29.3.3, 30.6.3; Box 
CC-MB

hT, hNU, 
hOA*

Increased incidence 
of harmful algal 
blooms (low 
confi dence)

Increased threats to 
ecosystems, fi sheries, and 
human health (medium 
confi dence)

Reduced supply of 
marine fi sh and shellfi sh 
and greater incidence 
of disease among some 
coastal communities 
(likely)

Provide early-detection monitoring 
and improve predictive models; 
provide education and adoption or 
update of health response plans.

CTI, PEMSEA, World Health 
Organization, MARPOL

Llewellyn (2010);, 
Sections 30.6.3, 
11.7, 6.4.2.3

hT Increased 
precipitation as a 
result of intensifi ed 
hydrological cycle in 
some coastal areas 
(medium confi dence)

Increased freshwater, 
sediment, and nutrient fl ow 
into coastal areas; increase 
in number and severity of 
fl ood events (medium to 
high confi dence)

Increasing damage to 
coastal reef systems with 
ecological regime shifts 
in many cases (very 
likely)

Improve management of catchment 
and coastal processes; expand riparian 
vegetation along creeks and rivers; 
improve agricultural retention of soils 
and nutrients.

CTI, PEMSEA, Secretariat 
of the Pacifi c Regional 
Environment Programme

Sections 3.4, 
29.3.1, 30.5.4, 
30.6.1 

hT Changing weather 
patterns, storm 
frequency (medium 
confi dence)

Increased risk of damage to 
infrastructure such as that 
involved in shipping and 
oil and gas exploration and 
extraction (medium to low 
confi dence)

Increased damage and 
associated costs (likely) 

Adjust infrastructure specifi cations, 
develop early-warning systems, and 
update emergency response plans to 
extreme events.

IMO IPCC (2012); 
Sections 10.4.4, 
29.3, 30.6.2.3–4

hSLR,  
hSS

 

Increased wave 
exposure of coastal 
areas and increased 
sea level (high 
confi dence)

 

Exposure of coastal 
infrastructure and 
communities to damage 
and inundation, increased 
coastal erosion (high 
confi dence)

Increased costs to 
human towns and 
settlements, numbers of 
displaced people, and 
human migration (very 
likely)

Develop integrated coastal 
management that considers SLR 
in planning and decision making; 
increase understanding of the issues 
through education.

UNICEF, IHOs, and national 
governments

Warner (2012); 
Sections 5.5, 
12.4.1, 29.5.1, 
30.3.1.2, 30.6.5 

Inundation of coastal 
aquifers reduces water 
supplies and decreases 
coastal agricultural 
productivity (high 
confi dence).

Reduced food and 
water security leads 
to increased coastal 
poverty, reduced food 
security, and migration 
(very likely).

Assist communities in fi nding 
alternatives for food and water, or 
assist in relocation of populations and 
agriculture from vulnerable areas.

UNICEF, IHOs, and national 
governments.

Warner (2012); 
Sections 5.4.3, 
12.4.1, 29.3.2, 
30.3.1.2 

hSLR Risk of inundation 
and coastal erosion, 
especially in low-
lying countries (high 
confi dence)

UNCLOS-defi ned limits 
of maritime jurisdiction 
will contract as national 
baselines shift inland.  
Potential uncertainty 
increases in some areas 
with respect to the 
international boundaries to 
maritime jurisdiction (high 
confi dence).

Lack of clarity increases, 
as do disputes over 
maritime limits and 
maritime jurisdiction.  
Some nations at risk 
of major losses to their 
territorial waters (very 
likely)

Seek resolution of “shifting national 
baselines” issue (retreat and 
redefi nition, stabilization, or fi xation 
of exclusive economic zones and other 
currently defi ned maritime jurisdiction 
limits).

UNCLOS IPCC (2012); 
Schofi eld and 
Arsana (2012); 
Warner and 
Schofi eld (2012); 
Sections 5.5, 
30.6.5

hT, iIC

 

Loss of summer sea 
ice (high confi dence)

 

Access to northern coasts 
of Canada, USA, and Russia 
increases security concerns 
(high confi dence).

Potential for increased 
tension on different 
interpretations of access 
rights and boundaries 
(likely to very likely)

Seek early resolution of areas in 
dispute currently and in the future.

UNCLOS Chapter 28

New resources become 
available as ice retreats, 
increasing vulnerability 
of international borders 
in some cases (medium 
confi dence).

Tensions over maritime 
claims and ownership of 
resources (likely)

Sort out international agreements.

Table 30-4 (continued)
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Convention. UNCLOS replaced earlier frameworks that were built around
the “freedom of the seas” concept and that limited territorial rights to
3 nm off a coastline. UNCLOS provides a comprehensive framework for
the legitimate use of the Ocean and its resources, including maritime
zones, navigational rights, protection and preservation of the marine
environment, fishing activities, marine scientific research, and mineral
resource extraction from the seabed beyond national jurisdiction. The
relationship between climate change and UNCLOS is not clear and
depends on interpretation of key elements within the UNFCCC (United
Nations Framework Convention for Climate Change) and Kyoto Protocol
(Boyle, 2012). However, UNCLOS provides mechanisms to help structural
adaptation in response to challenges posed by climate change. In a similar
way, there is a wide range of other policy and legal frameworks that
structure and enable responses to the outcomes of rapid anthropogenic
climate change in the Ocean.

There are many existing international conventions and agreements that
explicitly recognize climate change (Table 30-4). The UN Straddling Fish
Stocks Agreement (UNSFSA) aims at enhancing international cooperation
of fisheries resources, with an explicit understanding under Article 6 that
management needs to take account “existing and predicted oceanic,
environmental and socio-economic conditions” and to undertake
“relevant research, including surveys of abundance, biomass surveys,
hydro-acoustic surveys, research on environmental factors affecting
stock abundance, and oceanographic and ecological studies” (UNSFSA,
Annex 1, Article 3). International conventions such as these will become
increasingly important as changes to the distribution and abundance
of fisheries are modified by climate change and ocean acidification.

Global frameworks for decision making are increasingly important in
the case of the Ocean, most of which falls outside national boundaries
(Oude Elferink, 2012; Warner, 2012). Approximately 64% of the Ocean
(40% of the Earth’s surface) is outside EEZs and continental shelves of
the world’s nations (high seas and seabed beyond national jurisdiction).
With rapidly increasing levels of exploitation, there are increasing calls
for more effective decision frameworks aimed at regulating fishing and
other activities (e.g., bio-prospecting) within these ocean “commons.”
These international frameworks will become increasingly valuable as
nations respond to impacts on fisheries resources that stretch across
national boundaries. One such example is the multilateral cooperation
that was driven by President Yudhoyono of Indonesia in August 2007
and led to the Coral Triangle Initiative on Coral Reefs, Fisheries, and
Food Security (CTI), which involves region-wide (involving 6.8 million
km2 including 132,800 km of coastline) cooperation between the
governments of Indonesia, Philippines, Malaysia, Papua New Guinea,
the Solomon Islands, and Timor Leste on reversing the decline in coastal
ecosystems such as coral reefs (Clifton, 2009; Hoegh-Guldberg et al.,
2009; Veron et al., 2009). Partnerships, such as CTI, have the potential
to provide key frameworks to address issues such as interaction between
the over-exploitation of coastal fishing resources and the recovery of
reefs from mass coral bleaching and mortality, and the implications of
the movement of valuable fishery stocks beyond waters under national
jurisdiction.

An initiative called the Global Partnership for Oceans set out to establish
a global framework with which to share experience, resources, and
expertise, as well as to engage governments, industry, civil, and public

sector interests in both understanding and finding solutions to key
issues such as overfishing, pollution, and habitat destruction (Hoegh-
Guldberg et al., 2013). Similarly, the Areas Beyond National Jurisdiction
(ABNJ, Global Environment Facility) Initiative has been established to
promote the efficient, collaborative, and sustainable management of
fisheries resources and biodiversity conservation across the Ocean.

Global partnerships are also essential for providing support to the many
nations that often do not have the scientific or financial resources to
solve the challenges that lie ahead (Busby, 2009; Mertz et al., 2009). In
this regard, international networks and partnerships are particularly
significant in terms of assisting nations in developing local adaptation
solutions to their ocean resources. By sharing common experiences and
strategies through global networks, nations have the chance to tap into
a vast array of options with respect to responding to the negative
consequences of climate change and ocean acidification on the world’s
ocean and coastal resources.

30.7.3. Emerging Issues, Data Gaps, and Research Needs

Although there has been an increase in the number of studies being
undertaken to understand the physical, chemical, and biological changes
within the Ocean in response to climate change and ocean acidification,
the number of marine studies of ecological impacts and risks still lag
behind terrestrial studies (Hoegh-Guldberg and Bruno, 2010; Poloczanska
et al., 2013). Rectifying this gap should be a major international objective
given the importance of the Ocean in terms of understanding and
responding to future changes and consequences of ocean warming and
acidification. 

30.7.3.1. Changing Variability and Marine Impacts

Understanding the long-term variability of the Ocean is critically important
in terms of the detection and attribution of changes to climate change
(Sections 30.3, 30.5.8), but also in terms of the interaction between
variability and anthropogenic climate change. Developing instrument
systems that expand the spatial and temporal coverage of the Ocean
and key processes will be critical to documenting and understanding
its behavior under further increases in average global temperature
and changes in the atmospheric concentration of CO2. International
collaborations such as the Argo network of oceanographic floats
illustrate how international cooperation can rapidly improve our
understanding of the physical behavior of the Ocean and will provide
important insight into its long-term subsurface variability (Schofield et
al., 2013).

30.7.3.2. Surface Wind, Storms, and Upwelling

Improving our understanding of the potential behavior of surface wind
in a warming world is centrally important to our understanding of how
upwelling will change in key regions (e.g., EUS, EBUE; Box CC-UP).
Understanding these changes will provide important information for
future fisheries management but will also illuminate the potential risks
of intensified upwelling leading to hypoxia at depth and the potential
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expansion of “dead zones” (Sections 30.3.2, 30.5.2-4). Understanding
surface wind in a warming climate will also yield important information
on surface mixing as well as how surface wave height might also vary,
improving our understanding of potential interactions in coastal areas
between wind, waves, and SLR (Section 30.3.1). Given the importance
of mixing and upwelling to the supply of inorganic nutrients to the
surface layers of the ocean, understanding these important phenomena
at the ocean-atmosphere interface will provide important insight into
how ocean warming and acidification are likely to impact ecosystems,
food webs, and ultimately important fisheries such as those found along
the west coasts of Africa and the Americas. 

30.7.3.3. Declining Oxygen Concentrations

The declining level of O2 in the Ocean is an emerging issue of major
importance (Section 30.3.2). Developing a better understanding of the
role and temperature sensitivity of microbial systems in determining O2

concentrations will enable a more coherent understanding of the changes
and potential risks to marine ecosystems. Given the importance of
microbial systems to the physical, chemical, and biological characteristics
of the Ocean, it is extremely important that these systems receive
greater focus, especially with regard to their response to ocean warming
and acidification. This is particularly important for the DS (>1000 m),
which is the most extensive habitat on the planet. In this respect,
increasing our understanding of DS habitats and how they may be
changing under the influence of climate change and ocean acidification
is of great importance. Linkages between changes occurring in the surface
layers and those associated with the DS are particularly important in
light of our need to understand how rapidly changes are occurring and
what the implications are for the metabolic activity and O2 content of
DS habitats.

30.7.3.4. Ocean Acidification

The rapid and largely unprecedented changes to ocean acidification
represent an emerging issue given the central importance of pH and
the concentration of ions such as carbonate in the biology of marine
organisms (Box CC-OA). Despite the relatively short history of research
on this issue, there are already a large number of laboratory and field
studies that demonstrate a large range of effects across organisms,
processes, and ecosystems. Key gaps (Gattuso et al., 2011) remain in
our understanding of how ocean acidification will interact with other
changes in the Ocean, and whether or not biological responses to ocean
acidification are necessarily linear. The vulnerability of fishery species
(e.g., molluscs) to ocean acidification represents an emerging issue, with
a need for research to understand and develop strategies for fishery
and aquaculture industries to minimize the impacts. Understanding of
how carbonate structures such as coral reefs and Halimeda beds will
respond to a rapidly acidifying ocean represents a key gap and research
need, especially in understanding the rate at which consolidated
carbonate structures and related habitats are likely to erode and dissolve.
Interactions between ocean acidification, upwelling, and decreasing O2

represent additional areas of concern and research. There is also a need
to improve our understanding of the socioeconomic ramifications of
ocean acidification (Turley and Boot, 2011; Hilmi et al., 2013).

30.7.3.5. Net Primary Productivity

Oceanic phytoplankton are responsible for approximately 50% of global
net primary productivity. However, our understanding of how oceanic
primary production is likely to change in a warmer and more acidified
ocean is uncertain (Boxes CC-PP, CC-UP). Changes in net primary
productivity will resonate through food webs and ultimately affect
fisheries production. Given the central role that primary producers and
their associated ecological processes play in ocean ecosystem functioning,
the understanding of how net primary productivity is likely to vary at
global and regional levels is improved (Sections 30.5.2, 30.5.5). At the
same time, understanding how plankton communities will vary spatially
and temporarily will be important in any attempt to understand how fish
populations will fare in a warmer and more acidified ocean. The research
challenge is to determine when and where net primary production is
expected to change, coupled with research on adaptation strategies for
coping with the changes to the global distribution of seafood procurement,
management, and food security.

30.7.3.6. Movement of Marine Organisms and Ecosystems

Marine organisms are moving generally toward higher latitudes or
deeper waters consistent with the expectation of a warming ocean. Our
current understanding of which organisms and ecosystems are moving,
ramifications for reorganization of ecosystems and communities, and
the implications for nations is uncertain at best. Given the implications
for fisheries, invasive species, and the spread of disease, it is imperative
that our understanding of the movement of ecosystems is improved.
Documentation of species’ responses and a deeper understanding of
the processes that lead to persistent range shifts, and a focus on
the ecosystem, social, and economic implications of range shifts is an
important research need.

30.7.3.7. Understanding Cumulative and Synergistic Impacts

Understanding cumulative and synergistic impacts is poorly developed
for ocean systems. Much of our understanding has been built on
experimental approaches that are focused on single stressors that
respond gradually without interaction or impacts that accumulate over
time (Table 30-3). Multifactorial experiments exploring the impact of
combined variables (e.g., elevated temperature and acidification at the
same time) will enable more realistic projections of the future to be
established. Equally, developing a better understanding of how biological
and ecological responses change in relation to key environmental
variables should also be a goal of future research. In this regard,
assumptions that responses are likely to be gradual and linear over
time ultimately have little basis, yet are widespread within the scientific
literature.

30.7.3.8. Reorganization of Ecosystems and Food Webs

The pervasive influence of ocean warming and acidification on the
distribution, abundance, and function of organisms and processes has
and will continue to drive the reorganization of ecosystems and food
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webs (virtually certain; Hoegh-Guldberg and Bruno, 2010; Poloczanska
et al., 2013; Box CC-MB). One of the inevitable outcomes of differing
tolerances and responses to climate change and ocean acidification is the
development of novel assemblages of organisms in the near future. Such
communities are likely to have no past or contemporary counterparts,
and will consequently require new strategies for managing coastal
areas and fisheries. Changes to a wide array of factors related or not
related to climate change have the potential to drive extremely complex
changes in community structure and, consequently, food web dynamics.
Developing a greater capability for detecting and understanding these
changes will be critical for future management of ocean and coastal
resources.

30.7.3.9. Socio-ecological Resilience

Many communities depend on marine ecosystems for food and income
yet our understanding of the consequences of environmental degradation
is poor. For example, although there is high confidence that coral reefs
will continue to deteriorate at current rates of climate change and ocean
acidification (Gardner et al., 2003; Bruno and Selig, 2007; De’ath et al.,
2012), there is relatively poor understanding of the implications for the
hundreds of millions of people who depend on these important coastal
ecosystems for food and livelihoods. Improving our understanding of
how to reinforce socio-ecological resilience in communities affected by
the deterioration of key coastal and oceanic ecosystems is central to
developing effective adaptation responses to these growing challenges
(Section 30.6, Tables 30-3, 30-4).
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Abrupt climate change
A large-scale change in the climate system that takes place over a few
decades or less, persists (or is anticipated to persist) for at least a few
decades, and causes substantial disruptions in human and natural systems.

Access to food
One of the three components underpinning food security, the other two
being availability and utilization. Access to food is dependent on (1) the
affordability of food (i.e., people have income or other resources to
exchange for food); (2) satisfactory allocation within the household or
society; and (3) preference (i.e., it is what people want to eat, influenced
by socio-cultural norms). See also Food security.

Acclimatization
A change in functional or morphological traits occurring once or repeatedly
(e.g., seasonally) during the lifetime of an individual organism in its
natural environment. Through acclimatization the individual maintains
performance across a range of environmental conditions. For a clear
differentiation between findings in laboratory and field studies, the term
acclimation is used in ecophysiology for the respective phenomena
when observed in well-defined experimental settings. The term
(adaptive) plasticity characterizes the generally limited scope of changes
in phenotype that an individual can reach through the process of
acclimatization.

Adaptability
See Adaptive capacity.

Adaptation1

The process of adjustment to actual or expected climate and its effects.
In human systems, adaptation seeks to moderate or avoid harm or exploit
beneficial opportunities. In some natural systems, human intervention
may facilitate adjustment to expected climate and its effects. 

Incremental adaptation Adaptation actions where the central
aim is to maintain the essence and integrity of a system or process
at a given scale.2

Transformational adaptation Adaptation that changes the
fundamental attributes of a system in response to climate and its
effects.

See also Autonomous adaptation, Evolutionary adaptation, and
Transformation.

Adaptation assessment
The practice of identifying options to adapt to climate change and
evaluating them in terms of criteria such as availability, benefits, costs,
effectiveness, efficiency, and feasibility. 

Adaptation constraint
Factors that make it harder to plan and implement adaptation actions
or that restrict options.

Adaptation deficit
The gap between the current state of a system and a state that
minimizes adverse impacts from existing climate conditions and
variability. 

Adaptation limit
The point at which an actor’s objectives (or system needs) cannot be
secured from intolerable risks through adaptive actions.

Hard adaptation limit No adaptive actions are possible to avoid
intolerable risks.

Soft adaptation limit Options are currently not available to avoid
intolerable risks through adaptive action.

Adaptation needs
The circumstances requiring action to ensure safety of populations and
security of assets in response to climate impacts.

Adaptation opportunity
Factors that make it easier to plan and implement adaptation actions,
that expand adaptation options, or that provide ancillary co-benefits.

Adaptation options
The array of strategies and measures that are available and appropriate
for addressing adaptation needs. They include a wide range of actions
that can be categorized as structural, institutional, or social. 

Adaptive capacity
The ability of systems, institutions, humans, and other organisms to
adjust to potential damage, to take advantage of opportunities, or to
respond to consequences.3

Adaptive management
A process of iteratively planning, implementing, and modifying strategies
for managing resources in the face of uncertainty and change. Adaptive
management involves adjusting approaches in response to observations
of their effect and changes in the system brought on by resulting
feedback effects and other variables. 

Aggregate impacts
Total impacts integrated across sectors and/or regions. The aggregation
of impacts requires knowledge of (or assumptions about) the relative
importance of different impacts. Measures of aggregate impacts include,
for example, the total number of people affected, or the total economic
costs, and are usually bound by time, place, and/or sector.

Ancillary benefits
See Co-benefits. 

Anomaly
The deviation of a variable from its value averaged over a reference
period. 

1 Reflecting progress in science, this glossary entry differs in breadth and focus from the entry used in the Fourth Assessment Report and other IPCC reports.
2 This definition builds from the definition used in Park et al. (2012).
3 This glossary entry builds from definitions used in previous IPCC reports and the Millennium Ecosystem Assessment (MEA, 2005).
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Anthropogenic 
Resulting from or produced by human activities.

Anthropogenic emissions
Emissions of greenhouse gases, greenhouse gas precursors, and
aerosols caused by human activities. These activities include the burning
of fossil fuels, deforestation, land use changes, livestock production,
fertilization, waste management, and industrial processes.

Arid zone 
Areas where vegetation growth is severely constrained due to limited
water availability. For the most part, the native vegetation of arid zones
is sparse. There is high rainfall variability, with annual averages below
300 mm. Crop farming in arid zones requires irrigation.

Atlantic Multi-decadal Oscillation/Variability (AMO/AMV)
A multi-decadal (65- to 75-year) fluctuation in the North Atlantic, in
which sea surface temperatures showed warm phases during roughly
1860 to 1880 and 1930 to 1960 and cool phases during 1905 to 1925
and 1970 to 1990 with a range of approximately 0.4°C. See AMO Index
in WGI AR5 Box 2.5.

Atmosphere-Ocean General Circulation Model (AOGCM)
See Climate model.

Attribution
See Detection and attribution.

Autonomous adaptation
Adaptation in response to experienced climate and its effects, without
planning explicitly or consciously focused on addressing climate change.
Also referred to as spontaneous adaptation.

Baseline/reference 
The baseline (or reference) is the state against which change is measured.
A baseline period is the period relative to which anomalies are computed.
The baseline concentration of a trace gas is that measured at a location
not influenced by local anthropogenic emissions.

Biodiversity
The variability among living organisms from terrestrial, marine, and
other ecosystems. Biodiversity includes variability at the genetic, species,
and ecosystem levels.4

Bioenergy
Energy derived from any form of biomass such as recently living organisms
or their metabolic by-products.

Biofuel
A fuel, generally in liquid form, developed from organic matter or
combustible oils produced by living or recently living plants. Examples
of biofuel include alcohol (bioethanol), black liquor from the paper-
manufacturing process, and soybean oil.

First-generation manufactured biofuel First-generation
manufactured biofuel is derived from grains, oilseeds, animal fats,
and waste vegetable oils with mature conversion technologies.

Second-generation biofuel Second-generation biofuel uses non-
traditional biochemical and thermochemical conversion processes
and feedstock mostly derived from the lignocellulosic fractions of,
for example, agricultural and forestry residues, municipal solid
waste, etc.

Third-generation biofuel Third-generation biofuel would be
derived from feedstocks such as algae and energy crops by
advanced processes still under development.

These second- and third-generation biofuels produced through new
processes are also referred to as next-generation or advanced biofuels,
or advanced biofuel technologies.

Biomass 
The total mass of living organisms in a given area or volume; dead
plant material can be included as dead biomass. Biomass burning is the
burning of living and dead vegetation.

Biome
A biome is a major and distinct regional element of the biosphere,
typically consisting of several ecosystems (e.g., forests, rivers, ponds,
swamps within a region). Biomes are characterized by typical communities
of plants and animals.

Biosphere 
The part of the Earth system comprising all ecosystems and living
organisms, in the atmosphere, on land (terrestrial biosphere), or in the
oceans (marine biosphere), including derived dead organic matter, such
as litter, soil organic matter, and oceanic detritus.

Boundary organization
A bridging institution, social arrangement, or network that acts as an
intermediary between science and policy.

Business As Usual (BAU)
Business as usual projections are based on the assumption that operating
practices and policies remain as they are at present. Although baseline
scenarios could incorporate some specific features of BAU scenarios
(e.g., a ban on a specific technology), BAU scenarios imply that no
practices or policies other than the current ones are in place. See also
Baseline/reference, Climate scenario, Emission scenario, Representative
Concentration Pathways, Scenario, Socioeconomic scenario, and SRES
scenarios.

Capacity building 
The practice of enhancing the strengths and attributes of, and resources
available to, an individual, community, society, or organization to respond
to change.

4 This glossary entry builds from definitions used in the Global Biodiversity Assessment (Heywood, 1995) and the Millennium Ecosystem Assessment (MEA, 2005).
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Carbon cycle
The term used to describe the flow of carbon (in various forms, e.g., as
carbon dioxide) through the atmosphere, ocean, terrestrial and marine
biosphere, and lithosphere. In this report, the reference unit for the
global carbon cycle is GtC or equivalently PgC (1015g).

Carbon dioxide (CO2) 
A naturally occurring gas, also a by-product of burning fossil fuels from
fossil carbon deposits, such as oil, gas, and coal, of burning biomass, of
land use changes, and of industrial processes (e.g., cement production).
It is the principal anthropogenic greenhouse gas that affects the Earth’s
radiative balance. It is the reference gas against which other greenhouse
gases are measured and therefore has a Global Warming Potential of 1.

Carbon dioxide (CO2) fertilization
The enhancement of the growth of plants as a result of increased
atmospheric carbon dioxide (CO2) concentration.

Carbon sequestration
See Uptake.

Clean Development Mechanism (CDM)
A mechanism defined under Article 12 of the Kyoto Protocol through
which investors (governments or companies) from developed (Annex
B) countries may finance greenhouse gas emission reduction or removal
projects in developing (Non-Annex B) countries, and receive Certified
Emission Reduction Units for doing so, which can be credited towards
the commitments of the respective developed countries. The CDM is
intended to facilitate the two objectives of promoting sustainable
development in developing countries and of helping industrialized
countries to reach their emissions commitments in a cost-effective way. 

Climate
Climate in a narrow sense is usually defined as the average weather, or
more rigorously, as the statistical description in terms of the mean and
variability of relevant quantities over a period of time ranging from months
to thousands or millions of years. The classical period for averaging
these variables is 30 years, as defined by the World Meteorological
Organization. The relevant quantities are most often surface variables
such as temperature, precipitation, and wind. Climate in a wider sense
is the state, including a statistical description, of the climate system.

Climate-altering pollutants (CAPs)
Gases and particles released from human activities that affect the
climate either directly, through mechanisms such as radiative forcing
from changes in greenhouse gas concentrations, or indirectly, by, for
example, affecting cloud formation or the lifetime of greenhouse gases
in the atmosphere. CAPs include both those pollutants that have a
warming effect on the atmosphere, such as CO2, and those with cooling
effects, such as sulfates.

Climate change 
Climate change refers to a change in the state of the climate that can
be identified (e.g., by using statistical tests) by changes in the mean
and/or the variability of its properties, and that persists for an extended
period, typically decades or longer. Climate change may be due to
natural internal processes or external forcings such as modulations of

the solar cycles, volcanic eruptions, and persistent anthropogenic
changes in the composition of the atmosphere or in land use. Note
that the Framework Convention on Climate Change (UNFCCC), in its
Article 1, defines climate change as: “a change of climate which is
attributed directly or indirectly to human activity that alters the
composition of the global atmosphere and which is in addition to
natural climate variability observed over comparable time periods.” The
UNFCCC thus makes a distinction between climate change attributable
to human activities altering the atmospheric composition, and climate
variability attributable to natural causes. See also Climate change
commitment and Detection and Attribution.

Climate change commitment 
Due to the thermal inertia of the ocean and slow processes in the
cryosphere and land surfaces, the climate would continue to change
even if the atmospheric composition were held fixed at today’s values.
Past change in atmospheric composition leads to a committed climate
change, which continues for as long as a radiative imbalance persists
and until all components of the climate system have adjusted to a new
state. The further change in temperature after the composition of the
atmosphere is held constant is referred to as the constant composition
temperature commitment or simply committed warming or warming
commitment. Climate change commitment includes other future
changes, for example, in the hydrological cycle, in extreme weather
events, in extreme climate events, and in sea level change. The constant
emission commitment is the committed climate change that would
result from keeping anthropogenic emissions constant and the zero
emission commitment is the climate change commitment when emissions
are set to zero. See also Climate change.

Climate extreme (Extreme weather or climate event) 
See Extreme weather event.

Climate feedback 
An interaction in which a perturbation in one climate quantity causes
a change in a second, and the change in the second quantity ultimately
leads to an additional change in the first. A negative feedback is one in
which the initial perturbation is weakened by the changes it causes; a
positive feedback is one in which the initial perturbation is enhanced.
In this Assessment Report, a somewhat narrower definition is often
used in which the climate quantity that is perturbed is the global mean
surface temperature, which in turn causes changes in the global
radiation budget. In either case, the initial perturbation can either be
externally forced or arise as part of internal variability. 

Climate governance
Purposeful mechanisms and measures aimed at steering social systems
towards preventing, mitigating, or adapting to the risks posed by climate
change (Jagers and Stripple, 2003).

Climate model (spectrum or hierarchy)
A numerical representation of the climate system based on the physical,
chemical, and biological properties of its components, their interactions,
and feedback processes, and accounting for some of its known properties.
The climate system can be represented by models of varying complexity;
that is, for any one component or combination of components, a
spectrum or hierarchy of models can be identified, differing in such
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aspects as the number of spatial dimensions, the extent to which
physical, chemical, or biological processes are explicitly represented, or
the level at which empirical parameterizations are involved. Coupled
Atmosphere-Ocean General Circulation Models (AOGCMs) provide a
representation of the climate system that is near or at the most
comprehensive end of the spectrum currently available. There is an
evolution towards more complex models with interactive chemistry and
biology. Climate models are applied as a research tool to study and
simulate the climate, and for operational purposes, including monthly,
seasonal, and interannual climate predictions. See also Earth System
Model.

Climate prediction
A climate prediction or climate forecast is the result of an attempt to
produce (starting from a particular state of the climate system) an
estimate of the actual evolution of the climate in the future, for example,
at seasonal, interannual, or decadal time scales. Because the future
evolution of the climate system may be highly sensitive to initial
conditions, such predictions are usually probabilistic in nature. See also
Climate projection, Climate scenario, and Predictability.

Climate projection
A climate projection is the simulated response of the climate system to
a scenario of future emission or concentration of greenhouse gases and
aerosols, generally derived using climate models. Climate projections
are distinguished from climate predictions by their dependence on the
emission/concentration/radiative-forcing scenario used, which is in turn
based on assumptions concerning, for example, future socioeconomic
and technological developments that may or may not be realized. See
also Climate scenario.

Climate-resilient pathways
Iterative processes for managing change within complex systems in
order to reduce disruptions and enhance opportunities associated with
climate change.

Climate scenario
A plausible and often simplified representation of the future climate,
based on an internally consistent set of climatological relationships that
has been constructed for explicit use in investigating the potential
consequences of anthropogenic climate change, often serving as input
to impact models. Climate projections often serve as the raw material
for constructing climate scenarios, but climate scenarios usually require
additional information such as the observed current climate. See also
Emission scenario and Scenario.

Climate sensitivity 
In IPCC reports, equilibrium climate sensitivity (units: °C) refers to the
equilibrium (steady state) change in the annual global mean surface
temperature following a doubling of the atmospheric equivalent carbon
dioxide concentration. Owing to computational constraints, the
equilibrium climate sensitivity in a climate model is sometimes estimated
by running an atmospheric general circulation model coupled to a
mixed-layer ocean model, because equilibrium climate sensitivity is
largely determined by atmospheric processes. Efficient models can be run
to equilibrium with a dynamic ocean. The climate sensitivity parameter
(units: °C (W m–2)–1) refers to the equilibrium change in the annual

global mean surface temperature following a unit change in radiative
forcing.

The effective climate sensitivity (units: °C) is an estimate of the global
mean surface temperature response to doubled carbon dioxide
concentration that is evaluated from model output or observations for
evolving non-equilibrium conditions. It is a measure of the strengths of
the climate feedbacks at a particular time and may vary with forcing
history and climate state, and therefore may differ from equilibrium
climate sensitivity. 

The transient climate response (units: °C) is the change in the global
mean surface temperature, averaged over a 20-year period, centered
at the time of atmospheric carbon dioxide doubling, in a climate model
simulation in which CO2 increases at 1% yr–1. It is a measure of the
strength and rapidity of the surface temperature response to greenhouse
gas forcing.

Climate system
The climate system is the highly complex system consisting of five major
components: the atmosphere, the hydrosphere, the cryosphere, the
lithosphere, and the biosphere, and the interactions among them. The
climate system evolves in time under the influence of its own internal
dynamics and because of external forcings such as volcanic eruptions,
solar variations, and anthropogenic forcings such as the changing
composition of the atmosphere and land use change.

Climate variability 
Climate variability refers to variations in the mean state and other
statistics (such as standard deviations, the occurrence of extremes,
etc.) of the climate on all spatial and temporal scales beyond that of
individual weather events. Variability may be due to natural internal
processes within the climate system (internal variability), or to variations
in natural or anthropogenic external forcing (external variability). See
also Climate change.

Climate velocity
The speed at which isolines of a specified climate variable travel across
landscapes or seascapes due to changing climate. For example, climate
velocity for temperature is the speed at which isotherms move due to
changing climate (km yr–1) and is calculated as the temporal change
in temperature (°C yr–1) divided by the current spatial gradient in
temperature (°C km–1). It can be calculated using additional climate
variables such as precipitation or can be based on the climatic niche of
organisms.

Climatic driver (Climate driver)
A changing aspect of the climate system that influences a component
of a human or natural system.

CMIP3 and CMIP5
Phases three and five of the Coupled Model Intercomparison Project
(CMIP3 and CMIP5), coordinating and archiving climate model
simulations based on shared model inputs by modeling groups from
around the world. The CMIP3 multi-model data set includes projections
using SRES scenarios. The CMIP5 data set includes projections using the
Representative Concentration Pathways.
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Coastal squeeze
A narrowing of coastal ecosystems and amenities (e.g., beaches, salt
marshes, mangroves, and mud and sand flats) confined between
landward-retreating shorelines (from sea level rise and/or erosion) and
naturally or artificially fixed shorelines including engineering defenses
(e.g., seawalls), potentially making the ecosystems or amenities vanish.

Co-benefits
The positive effects that a policy or measure aimed at one objective
might have on other objectives, irrespective of the net effect on overall
social welfare. Co-benefits are often subject to uncertainty and depend
on local circumstances and implementation practices, among other
factors. Co-benefits are also referred to as ancillary benefits.

Community-based adaptation 
Local, community-driven adaptation. Community-based adaptation
focuses attention on empowering and promoting the adaptive capacity
of communities. It is an approach that takes context, culture, knowledge,
agency, and preferences of communities as strengths.

Confidence 
The validity of a finding based on the type, amount, quality, and
consistency of evidence (e.g., mechanistic understanding, theory, data,
models, expert judgment) and on the degree of agreement. Confidence
is expressed qualitatively (Mastrandrea et al., 2010). See Box 1-1. See
also Uncertainty. 

Contextual vulnerability (Starting-point vulnerability)
A present inability to cope with external pressures or changes, such as
changing climate conditions. Contextual vulnerability is a characteristic
of social and ecological systems generated by multiple factors and
processes (O’Brien et al., 2007).

Convection 
Vertical motion driven by buoyancy forces arising from static instability,
usually caused by near-surface cooling or increases in salinity in the
case of the ocean and near-surface warming or cloud-top radiative
cooling in the case of the atmosphere. In the atmosphere, convection
gives rise to cumulus clouds and precipitation and is effective at both
scavenging and vertically transporting chemical species. In the ocean,
convection can carry surface waters to deep within the ocean.

Coping
The use of available skills, resources, and opportunities to address,
manage, and overcome adverse conditions, with the aim of achieving
basic functioning of people, institutions, organizations, and systems in
the short to medium term.5

Coping capacity 
The ability of people, institutions, organizations, and systems, using
available skills, values, beliefs, resources, and opportunities, to address,
manage, and overcome adverse conditions in the short to medium
term.6

Coral bleaching
Loss of coral pigmentation through the loss of intracellular symbiotic
algae (known as zooxanthellae) and/or loss of their pigments. 

Cryosphere 
All regions on and beneath the surface of the Earth and ocean
where water is in solid form, including sea ice, lake ice, river ice, snow
cover, glaciers and ice sheets, and frozen ground (which includes
permafrost).

Cultural impacts
Impacts on material and ecological aspects of culture and the lived
experience of culture, including dimensions such as identity, community
cohesion and belonging, sense of place, worldview, values, perceptions,
and tradition. Cultural impacts are closely related to ecological impacts,
especially for iconic and representational dimensions of species and
landscapes. Culture and cultural practices frame the importance and
value of the impacts of change, shape the feasibility and acceptability
of adaptation options, and provide the skills and practices that enable
adaptation.

Dead zones 
Extremely hypoxic (i.e., low-oxygen) areas in oceans and lakes, caused
by excessive nutrient input from human activities coupled with other
factors that deplete the oxygen required to support many marine
organisms in bottom and near-bottom water. See also Eutrophication
and Hypoxic events.

Decarbonization 
The process by which countries or other entities aim to achieve a low-
carbon economy, or by which individuals aim to reduce their consumption
of carbon.

Deforestation
Conversion of forest to non-forest. For a discussion of the term forest
and related terms such as afforestation, reforestation, and deforestation
see the IPCC Special Report on Land Use, Land-Use Change, and Forestry
(IPCC, 2000). See also the report on Definitions and Methodological
Options to Inventory Emissions from Direct Human-induced Degradation
of Forests and Devegetation of Other Vegetation Types (IPCC, 2003).

Desertification
Land degradation in arid, semi-arid, and dry sub-humid areas resulting
from various factors, including climatic variations and human activities.
Land degradation in arid, semi-arid, and dry sub-humid areas is reduction
or loss of the biological or economic productivity and complexity of
rainfed cropland, irrigated cropland, or range, pasture, forest, and
woodlands resulting from land uses or from a process or combination
of processes, including processes arising from human activities and
habitation patterns, such as (1) soil erosion caused by wind and/or
water; (2) deterioration of the physical, chemical, biological, or economic
properties of soil; and (3) long-term loss of natural vegetation (UNCCD,
1994).

5 This glossary entry builds from the definition used in UNISDR (2009) and IPCC (2012a).
6 This glossary entry builds from the definition used in UNISDR (2009) and IPCC (2012a).
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Detection and attribution
Detection of change is defined as the process of demonstrating that
climate or a system affected by climate has changed in some defined
statistical sense, without providing a reason for that change. An identified
change is detected in observations if its likelihood of occurrence by
chance due to internal variability alone is determined to be small, for
example, <10%. Attribution is defined as the process of evaluating the
relative contributions of multiple causal factors to a change or event
with an assignment of statistical confidence (Hegerl et al., 2010).

Detection of impacts of climate change
For a natural, human, or managed system, identification of a change
from a specified baseline. The baseline characterizes behavior in the
absence of climate change and may be stationary or non-stationary
(e.g., due to land use change). 

Disadvantaged populations
Sectors of a society that are marginalized, often because of low
socioeconomic status, low income, lack of access to basic services such
as health or education, lack of power, race, gender, religion, or poor
access to communication technologies.

Disaster 
Severe alterations in the normal functioning of a community or a society
due to hazardous physical events interacting with vulnerable social
conditions, leading to widespread adverse human, material, economic,
or environmental effects that require immediate emergency response
to satisfy critical human needs and that may require external support
for recovery.

Disaster management 
Social processes for designing, implementing, and evaluating strategies,
policies, and measures that promote and improve disaster preparedness,
response, and recovery practices at different organizational and societal
levels.

Disaster risk
The likelihood within a specific time period of disaster. See Disaster.

Disaster Risk Management (DRM) 
Processes for designing, implementing, and evaluating strategies,
policies, and measures to improve the understanding of disaster risk,
foster disaster risk reduction and transfer, and promote continuous
improvement in disaster preparedness, response, and recovery practices,
with the explicit purpose of increasing human security, well-being,
quality of life, and sustainable development.

Disaster Risk Reduction (DRR) 
Denotes both a policy goal or objective, and the strategic and instrumental
measures employed for anticipating future disaster risk; reducing existing
exposure, hazard, or vulnerability; and improving resilience. 

Discounting 
A mathematical operation making monetary (or other) amounts received
or expended at different times (years) comparable across time. The

discounter uses a fixed or possibly time-varying discount rate (>0) from
year to year that makes future value worth less today.

Disturbance regime
Frequency, intensity, and types of disturbances of ecological systems,
such as fires, insect or pest outbreaks, floods, and droughts.

Diurnal temperature range
The difference between the maximum and minimum temperature
during a 24-hour period.

Downscaling 
Downscaling is a method that derives local- to regional-scale (10 to
100 km) information from larger-scale models or data analyses. Two
main methods exist: dynamical downscaling and empirical/statistical
downscaling. The dynamical method uses the output of regional climate
models, global models with variable spatial resolution, or high-resolution
global models. The empirical/statistical methods develop statistical
relationships that link the large-scale atmospheric variables with local/
regional climate variables. In all cases, the quality of the driving model
remains an important limitation on quality of the downscaled information.

Drought
A period of abnormally dry weather long enough to cause a serious
hydrological imbalance. Drought is a relative term; therefore any
discussion in terms of precipitation deficit must refer to the particular
precipitation-related activity that is under discussion. For example,
shortage of precipitation during the growing season impinges on crop
production or ecosystem function in general (due to soil moisture
drought, also termed agricultural drought), and during the runoff and
percolation season primarily affects water supplies (hydrological drought).
Storage changes in soil moisture and groundwater are also affected
by increases in actual evapotranspiration in addition to reductions in
precipitation. A period with an abnormal precipitation deficit is defined
as a meteorological drought. A megadrought is a very lengthy and
pervasive drought, lasting much longer than normal, usually a decade
or more. For the corresponding indices, see WGI AR5 Box 2.4.

Dynamic Global Vegetation Model (DGVM) 
A model that simulates vegetation development and dynamics through
space and time, as driven by climate and other environmental changes.

Early warning system
The set of capacities needed to generate and disseminate timely and
meaningful warning information to enable individuals, communities,
and organizations threatened by a hazard to prepare to act promptly
and appropriately to reduce the possibility of harm or loss.7

Earth System Model (ESM)
A coupled atmosphere-ocean general circulation model in which a
representation of the carbon cycle is included, allowing for interactive
calculation of atmospheric CO2 or compatible emissions. Additional
components (e.g., atmospheric chemistry, ice sheets, dynamic vegetation,
nitrogen cycle, but also urban or crop models) may be included. See
also Climate model.

7 This glossary entry builds from the definition used in UNISDR (2009) and IPCC (2012a).
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Ecophysiological process
Processes in which individual organisms respond continuously to
environmental variability or change, such as climate change, generally
at a microscopic or sub-organ scale. Ecophysiological mechanisms
underpin individual organisms’ tolerance to environmental stress, and
comprise a broad range of responses defining the absolute tolerances
by individuals of environmental conditions. Ecophysiological responses
may scale up to control species’ geographic ranges.

Ecosystem 
A functional unit consisting of living organisms, their non-living
environment, and the interactions within and between them. The
components included in a given ecosystem and its spatial boundaries
depend on the purpose for which the ecosystem is defined: in some cases
they are relatively sharp, while in others they are diffuse. Ecosystem
boundaries can change over time. Ecosystems are nested within other
ecosystems, and their scale can range from very small to the entire
biosphere. In the current era, most ecosystems either contain people as
key organisms, or are influenced by the effects of human activities in
their environment.

Ecosystem approach
A strategy for the integrated management of land, water, and living
resources that promotes conservation and sustainable use in an equitable
way. An ecosystem approach is based on the application of scientific
methodologies focused on levels of biological organization, which
encompass the essential structure, processes, functions, and interactions
of organisms and their environment. It recognizes that humans, with
their cultural diversity, are an integral component of many ecosystems.
The ecosystem approach requires adaptive management to deal with
the complex and dynamic nature of ecosystems and the absence of
complete knowledge or understanding of their functioning. Priority
targets are conservation of biodiversity and of the ecosystem structure
and functioning, in order to maintain ecosystem services.8

Ecosystem-based adaptation
The use of biodiversity and ecosystem services as part of an overall
adaptation strategy to help people to adapt to the adverse effects of
climate change.  Ecosystem-based adaptation uses the range of
opportunities for the sustainable management, conservation, and
restoration of ecosystems to provide services that enable people to
adapt to the impacts of climate change. It aims to maintain and increase
the resilience and reduce the vulnerability of ecosystems and people in
the face of the adverse effects of climate change. Ecosystem-based
adaptation is most appropriately integrated into broader adaptation
and development strategies (CBD, 2009).

Ecosystem services
Ecological processes or functions having monetary or non-monetary
value to individuals or society at large. These are frequently classified as
(1) supporting services such as productivity or biodiversity maintenance,
(2) provisioning services such as food, fiber, or fish, (3) regulating services
such as climate regulation or carbon sequestration, and (4) cultural
services such as tourism or spiritual and aesthetic appreciation.

El Niño-Southern Oscillation (ENSO)
The term El Niño was initially used to describe a warm-water current
that periodically flows along the coast of Ecuador and Peru, disrupting
the local fishery. It has since become identified with a basin-wide
warming of the tropical Pacific Ocean east of the dateline. This oceanic
event is associated with a fluctuation of a global-scale tropical and
subtropical surface pressure pattern called the Southern Oscillation. This
coupled atmosphere-ocean phenomenon, with preferred time scales of
2 to about 7 years, is known as the El Niño-Southern Oscillation (ENSO).
It is often measured by the surface pressure anomaly difference between
Tahiti and Darwin or the sea surface temperatures in the central and
eastern equatorial Pacific. During an ENSO event, the prevailing trade
winds weaken, reducing upwelling and altering ocean currents such that
the sea surface temperatures warm, further weakening the trade winds.
This event has a great impact on the wind, sea surface temperature,
and precipitation patterns in the tropical Pacific. It has climatic effects
throughout the Pacific region and in many other parts of the world,
through global teleconnections. The cold phase of ENSO is called La
Niña. For the corresponding indices, see WGI AR5 Box 2.5.

Emergent risk
A risk that arises from the interaction of phenomena in a complex
system, for example, the risk caused when geographic shifts in human
population in response to climate change lead to increased vulnerability
and exposure of populations in the receiving region.

Emission scenario
A plausible representation of the future development of emissions of
substances that are potentially radiatively active (e.g., greenhouse
gases, aerosols) based on a coherent and internally consistent set
of assumptions about driving forces (such as demographic and
socioeconomic development, technological change) and their key
relationships. Concentration scenarios, derived from emission scenarios,
are used as input to a climate model to compute climate projections. In
IPCC (1992) a set of emission scenarios was presented, which were used
as a basis for the climate projections in IPCC (1996). These emission
scenarios are referred to as the IS92 scenarios. In the IPCC Special
Report on Emissions Scenarios (Nakićenović and Swart, 2000) emission
scenarios, the so-called SRES scenarios, were published, some of which
were used, among others, as a basis for the climate projections
presented in Chapters 9 to 11 of IPCC (2001) and Chapters 10 and 11
of IPCC (2007). New emission scenarios for climate change, the four
Representative Concentration Pathways, were developed for, but
independently of, the present IPCC assessment. See also Climate
scenario and Scenario.

Ensemble 
A collection of model simulations characterizing a climate prediction or
projection. Differences in initial conditions and model formulation result
in different evolutions of the modeled system and may give information
on uncertainty associated with model error and error in initial conditions
in the case of climate forecasts and on uncertainty associated with
model error and with internally generated climate variability in the case
of climate projections.

8 This glossary entry builds from definitions used in CBD (2000), MEA (2005), and the Fourth Assessment Report.



1765

Glossary                                                                                                                                                                                                             Annex II

II

Environmental migration
Human migration involves movement over a significant distance and
duration. Environmental migration refers to human migration where
environmental risks or environmental change plays a significant role in
influencing the migration decision and destination. Migration may
involve distinct categories such as direct, involuntary, and temporary
displacement due to weather-related disasters; voluntary relocation as
settlements and economies become less viable; or planned resettlement
encouraged by government actions or incentives. All migration decisions
are multi-causal, and hence it is not meaningful to describe any migrant
flow as being solely for environmental reasons.

Environmental services
See Ecosystem services.

Eutrophication 
Over-enrichment of water by nutrients such as nitrogen and phosphorus.
It is one of the leading causes of water quality impairment. The two most
acute symptoms of eutrophication are hypoxia (or oxygen depletion)
and harmful algal blooms. See also Dead zones. 

Evolutionary adaptation
For a population or species, change in functional characteristics as a result
of selection acting on heritable traits. The rate of evolutionary adaptation
depends on factors such as strength of selection, generation turnover time,
and degree of outcrossing (as opposed to inbreeding). See also Adaptation.

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

External forcing 
External forcing refers to a forcing agent outside the climate system
causing a change in the climate system. Volcanic eruptions, solar variations,
and anthropogenic changes in the composition of the atmosphere and
land use change are external forcings. Orbital forcing is also an external
forcing as the insolation changes with orbital parameters eccentricity,
tilt, and precession of the equinox.

Externalities/external costs/external benefits
Externalities arise from a human activity when agents responsible for
the activity do not take full account of the activity’s impacts on others’
production and consumption possibilities, and no compensation exists
for such impacts. When the impacts are negative, they are external costs.
When the impacts are positive, they are external benefits.

Extratropical cyclone 
A large-scale (of order 1000 km) storm in the middle or high latitudes
having low central pressure and fronts with strong horizontal gradients
in temperature and humidity. A major cause of extreme wind speeds
and heavy precipitation especially in wintertime.

Extreme climate event 
See Extreme weather event.

Extreme sea level 
See Storm surge.

Extreme weather event 
An extreme weather event is an event that is rare at a particular place
and time of year. Definitions of rare vary, but an extreme weather event
would normally be as rare as or rarer than the 10th or 90th percentile
of a probability density function estimated from observations. By
definition, the characteristics of what is called extreme weather may vary
from place to place in an absolute sense. When a pattern of extreme
weather persists for some time, such as a season, it may be classed as
an extreme climate event, especially if it yields an average or total that
is itself extreme (e.g., drought or heavy rainfall over a season).

Famine 
Scarcity of food over an extended period and over a large geographical
area, such as a country, or lack of access to food for socioeconomic,
political, or cultural reasons. Famines may be caused by climate-related
extreme events such as droughts or floods and by disease, war, or other
factors.

Feedback 
See Climate feedback.

Fire weather 
Weather conditions conducive to triggering and sustaining wild fires,
usually based on a set of indicators and combinations of indicators
including temperature, soil moisture, humidity, and wind. Fire weather
does not include the presence or absence of fuel load.

Fitness (Darwinian) 
Fitness is the relative capacity of an individual or genotype to both
survive and reproduce, quantified as the average contribution of the
genotype to the gene pool of the next generations. During evolution,
natural selection favors functions providing greater fitness such that
the functions become more common over generations.

Flood 
The overflowing of the normal confines of a stream or other body of
water, or the accumulation of water over areas not normally submerged.
Floods include river (fluvial) floods, flash floods, urban floods, pluvial
floods, sewer floods, coastal floods, and glacial lake outburst floods. 

Food security 
A state that prevails when people have secure access to sufficient
amounts of safe and nutritious food for normal growth, development,
and an active and healthy life.9 See also Access to food.

Food system
A food system includes the suite of activities and actors in the food chain
(i.e., producing, processing and packaging, storing and transporting,
trading and retailing, and preparing and consuming food); and the
outcome of these activities relating to the three components underpinning
food security (i.e., access to food, utilization of food, and food availability),
all of which need to be stable over time. Food security is therefore

9 This glossary entry builds from definitions used in FAO (2000) and previous IPCC reports.
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underpinned by food systems, and is an emergent property of the
behavior of the whole food system. Food insecurity arises when any
aspect of the food system is stressed.

Forecast 
See Climate prediction and Climate projection.

General Circulation Model (GCM)
See Climate model.

Geoengineering 
Geoengineering refers to a broad set of methods and technologies that
aim to deliberately alter the climate system in order to alleviate the
impacts of climate change. Most, but not all, methods seek to either
(1) reduce the amount of absorbed solar energy in the climate system
(Solar Radiation Management) or (2) increase net carbon sinks from
the atmosphere at a scale sufficiently large to alter climate (Carbon
Dioxide Removal). Scale and intent are of central importance. Two key
characteristics of geoengineering methods of particular concern are that
they use or affect the climate system (e.g., atmosphere, land, or ocean)
globally or regionally and/or could have substantive unintended effects
that cross national boundaries. Geoengineering is different from weather
modification and ecological engineering, but the boundary can be fuzzy
(IPCC, 2012b, p. 2).

Global change
A generic term to describe global scale changes in systems, including
the climate system, ecosystems, and social-ecological systems. 

Global Climate Model (also referred to as General
Circulation Model, both abbreviated as GCM) 
See Climate model.

Global mean surface temperature 
An estimate of the global mean surface air temperature. However, for
changes over time, only anomalies, as departures from a climatology,
are used, most commonly based on the area-weighted global average
of the sea surface temperature anomaly and land surface air temperature
anomaly. 

Greenhouse effect 
The infrared radiative effect of all infrared-absorbing constituents in the
atmosphere. Greenhouse gases, clouds, and (to a small extent) aerosols
absorb terrestrial radiation emitted by the Earth’s surface and elsewhere
in the atmosphere. These substances emit infrared radiation in all
directions, but, everything else being equal, the net amount emitted to
space is normally less than would have been emitted in the absence of
these absorbers because of the decline of temperature with altitude
in the troposphere and the consequent weakening of emission. An
increase in the concentration of greenhouse gases increases the
magnitude of this effect; the difference is sometimes called the enhanced
greenhouse effect. The change in a greenhouse gas concentration
because of anthropogenic emissions contributes to an instantaneous
radiative forcing. Surface temperature and troposphere warm in
response to this forcing, gradually restoring the radiative balance at
the top of the atmosphere.

Greenhouse gas (GHG) 
Greenhouse gases are those gaseous constituents of the atmosphere,
both natural and anthropogenic, that absorb and emit radiation at
specific wavelengths within the spectrum of terrestrial radiation emitted
by the Earth’s surface, the atmosphere itself, and clouds. This property
causes the greenhouse effect. Water vapor (H2O), carbon dioxide (CO2),
nitrous oxide (N2O), methane (CH4), and ozone (O3) are the primary
greenhouse gases in the Earth’s atmosphere. Moreover, there are a
number of entirely human-made greenhouse gases in the atmosphere,
such as the halocarbons and other chlorine- and bromine-containing
substances, dealt with under the Montreal Protocol. Beside CO2, N2O,
and CH4, the Kyoto Protocol deals with the greenhouse gases sulfur
hexafluoride (SF6), hydrofluorocarbons (HFCs), and perfluorocarbons
(PFCs). For a list of well-mixed greenhouse gases, see WGI AR5 Table
2.SM.1.

Ground-level ozone
Atmospheric ozone formed naturally or from human-emitted precursors
near Earth’s surface, thus affecting human health, agriculture, and
ecosystems. Ozone is a greenhouse gas, but ground-level ozone, unlike
stratospheric ozone, also directly affects organisms at the surface.
Ground-level ozone is sometimes referred to as tropospheric ozone,
although much of the troposphere is well above the surface and thus
does not directly expose organisms at the surface. See also Ozone.

Groundwater recharge 
The process by which external water is added to the zone of saturation
of an aquifer, either directly into a geologic formation that traps the
water or indirectly by way of another formation.

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

Heat wave 
A period of abnormally and uncomfortably hot weather.

Hotspot
A geographical area characterized by high vulnerability and exposure
to climate change.

Human security 
A condition that is met when the vital core of human lives is protected,
and when people have the freedom and capacity to live with dignity.
In the context of climate change, the vital core of human lives includes
the universal and culturally specific, material and non-material elements
necessary for people to act on behalf of their interests and to live with
dignity. 

Human system 
Any system in which human organizations and institutions play a major
role. Often, but not always, the term is synonymous with society or
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social system. Systems such as agricultural systems, political systems,
technological systems, and economic systems are all human systems in
the sense applied in this report.

Hydrological cycle 
The cycle in which water evaporates from the oceans and the land
surface, is carried over the Earth in atmospheric circulation as water
vapor, condenses to form clouds, precipitates over ocean and land as
rain or snow, which on land can be intercepted by trees and vegetation,
provides runoff on the land surface, infiltrates into soils, recharges
groundwater, discharges into streams, and ultimately, flows out into
the oceans, from which it will eventually evaporate again. The various
systems involved in the hydrological cycle are usually referred to as
hydrological systems.

Hypoxic events
Events that lead to deficiencies of oxygen in water bodies. See also Dead
zones and Eutrophication.

Ice cap
A dome-shaped ice mass that is considerably smaller in extent than an
ice sheet.

Ice sheet 
A mass of land ice of continental size that is sufficiently thick to cover
most of the underlying bed, so that its shape is mainly determined by
its dynamics (the flow of the ice as it deforms internally and/or slides
at its base). An ice sheet flows outward from a high central ice plateau
with a small average surface slope. The margins usually slope more
steeply, and most ice is discharged through fast flowing ice streams or
outlet glaciers, in some cases into the sea or into ice shelves floating
on the sea. There are only two ice sheets in the modern world, one on
Greenland and one on Antarctica. During glacial periods there were
others.

Ice shelf
A floating slab of ice of considerable thickness extending from the coast
(usually of great horizontal extent with a very gently sloping surface),
often filling embayments in the coastline of an ice sheet. Nearly all ice
shelves are in Antarctica, where most of the ice discharged into the
ocean flows via ice shelves.

(climate change) Impact assessment 
The practice of identifying and evaluating, in monetary and/or non-
monetary terms, the effects of climate change on natural and human
systems.

Impacts (Consequences, Outcomes)10

Effects on natural and human systems. In this report, the term impacts
is used primarily to refer to the effects on natural and human systems
of extreme weather and climate events and of climate change. Impacts
generally refer to effects on lives, livelihoods, health, ecosystems,
economies, societies, cultures, services, and infrastructure due to the

interaction of climate changes or hazardous climate events occurring
within a specific time period and the vulnerability of an exposed society
or system. Impacts are also referred to as consequences and outcomes.
The impacts of climate change on geophysical systems, including floods,
droughts, and sea level rise, are a subset of impacts called physical
impacts.

Income
The maximum amount that a household, or other unit, can consume
without reducing its real net worth. Total income is the broadest measure
of income and refers to regular receipts such as wages and salaries,
income from self-employment, interest and dividends from invested
funds, pensions or other benefits from social insurance, and other current
transfers receivable.11

Indian Ocean Dipole (IOD) 
Large-scale mode of interannual variability of sea surface temperature
in the Indian Ocean. This pattern manifests through a zonal gradient of
tropical sea surface temperature, which in one extreme phase in boreal
autumn shows cooling off Sumatra and warming off Somalia in the
west, combined with anomalous easterlies along the equator.

Indigenous peoples
Indigenous peoples and nations are those that, having a historical
continuity with pre-invasion and pre-colonial societies that developed
on their territories, consider themselves distinct from other sectors of
the societies now prevailing on those territories, or parts of them. They
form at present principally non-dominant sectors of society and are
often determined to preserve, develop, and transmit to future generations
their ancestral territories, and their ethnic identity, as the basis of their
continued existence as peoples, in accordance with their own cultural
patterns, social institutions, and common law system.12

Industrial Revolution 
A period of rapid industrial growth with far-reaching social and
economic consequences, beginning in Britain during the second half of
the 18th century and spreading to Europe and later to other countries
including the United States. The invention of the steam engine was an
important trigger of this development. The industrial revolution marks
the beginning of a strong increase in the use of fossil fuels and emission
of, in particular, fossil carbon dioxide. In this report the terms preindustrial
and industrial refer, somewhat arbitrarily, to the periods before and after
1750, respectively.

Industrialized/developed/developing countries
There are a diversity of approaches for categorizing countries on the
basis of their level of development, and for defining terms such as
industrialized, developed, or developing. Several categorizations are
used in this report. In the United Nations system, there is no established
convention for the designation of developed and developing countries
or areas. The United Nations Statistics Division specifies developed and
developing regions based on common practice. In addition, specific
countries are designated as least developed countries, landlocked

10 Reflecting progress in science, this glossary entry differs in breadth and focus from the entry used in the Fourth Assessment Report and other IPCC reports.
11 This glossary entry builds from the definition used in OECD (2003).
12 This glossary entry builds from the definitions used in Cobo (1987) and previous IPCC reports.
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developing countries, small island developing states, and transition
economies. Many countries appear in more than one of these categories.
The World Bank uses income as the main criterion for classifying
countries as low, lower middle, upper middle, and high income. The
UNDP aggregates indicators for life expectancy, educational attainment,
and income into a single composite human development index (HDI) to
classify countries as low, medium, high, or very high human development.
See Box 1-2.

Informal sector 
Commercial enterprises (mostly small) that are not registered or that
otherwise fall outside official rules and regulations. Among the
businesses that make up the informal sector, there is great diversity in
the value of the goods or services produced, the numbers employed,
the extent of illegality, and the connection to the formal sector.
Many informal enterprises have some characteristics of formal-sector
enterprises, and some people are in informal employment in the formal
sector as they lack legal protection or employment benefits.

Informal settlement 
A term given to settlements or residential areas that by at least one
criterion fall outside official rules and regulations. Most informal
settlements have poor housing (with widespread use of temporary
materials) and are developed on land that is occupied illegally with
high levels of overcrowding. In most such settlements, provision for
safe water, sanitation, drainage, paved roads, and basic services is
inadequate or lacking. The term slum is often used for informal
settlements, although it is misleading as many informal settlements
develop into good quality residential areas, especially where governments
support such development.

Institutions 
Institutions are rules and norms held in common by social actors that
guide, constrain, and shape human interaction. Institutions can be
formal, such as laws and policies, or informal, such as norms and
conventions. Organizations—such as parliaments, regulatory agencies,
private firms, and community bodies—develop and act in response to
institutional frameworks and the incentives they frame. Institutions can
guide, constrain, and shape human interaction through direct control,
through incentives, and through processes of socialization.

Insurance/reinsurance 
A family of financial instruments for sharing and transferring risk among
a pool of at-risk households, businesses, and/or governments. See also
Risk transfer.

Integrated assessment
A method of analysis that combines results and models from the physical,
biological, economic, and social sciences, and the interactions among
these components, in a consistent framework to evaluate the status
and the consequences of environmental change and the policy responses
to it.

Integrated Coastal Zone Management (ICZM) 
An integrated approach for sustainably managing coastal areas, taking
into account all coastal habitats and uses.

Invasive species/Invasive Alien Species (IAS)
A species introduced outside its natural past or present distribution (i.e.,
an alien species) that becomes established in natural or semi-natural
ecosystems or habitat, is an agent of change, and threatens native
biological diversity (IUCN, 2000; CBD, 2002).

Key vulnerability, Key risk, Key impact 
A vulnerability, risk, or impact relevant to the definition and elaboration
of “dangerous anthropogenic interference (DAI) with the climate
system,” in the terminology of United Nations Framework Convention
on Climate Change (UNFCCC) Article 2, meriting particular attention by
policy makers in that context. 

Key risks are potentially severe adverse consequences for humans and
social-ecological systems resulting from the interaction of climate-
related hazards with vulnerabilities of societies and systems exposed.
Risks are considered “key” due to high hazard or high vulnerability of
societies and systems exposed, or both.

Vulnerabilities are considered “key” if they have the potential to combine
with hazardous events or trends to result in key risks. Vulnerabilities
that have little influence on climate-related risk, for instance, due to
lack of exposure to hazards, would not be considered key.

Key impacts are severe consequences for humans and social-ecological
systems.

Land grabbing 
Large acquisitions of land or water rights for industrial agriculture,
mitigation projects, or biofuels that have negative consequences on
local and marginalized communities.

Land surface air temperature 
The surface air temperature as measured in well-ventilated screens over
land at 1.5 m above the ground.

Land use and Land use change 
Land use refers to the total of arrangements, activities, and inputs
undertaken in a certain land cover type (a set of human actions). The
term land use is also used in the sense of the social and economic
purposes for which land is managed (e.g., grazing, timber extraction,
and conservation). Land use change refers to a change in the use or
management of land by humans, which may lead to a change in land
cover. Land cover and land use change may have an impact on the
surface albedo, evapotranspiration, sources and sinks of greenhouse
gases, or other properties of the climate system and may thus give rise
to radiative forcing and/or other impacts on climate, locally or globally.
See also the IPCC Special Report on Land Use, Land-Use Change, and
Forestry (IPCC, 2000).

La Niña 
See El Niño-Southern Oscillation.

Last Glacial Maximum (LGM) 
The period during the last ice age when the glaciers and ice sheets
reached their maximum extent, approximately 21 ka ago. This period
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has been widely studied because the radiative forcings and boundary
conditions are relatively well known.

Likelihood
The chance of a specific outcome occurring, where this might be
estimated probabilistically. Likelihood is expressed in this report using
a standard terminology (Mastrandrea et al., 2010), defined in Box 1-1.
See also Confidence and Uncertainty.

Livelihood 
The resources used and the activities undertaken in order to live.
Livelihoods are usually determined by the entitlements and assets to
which people have access. Such assets can be categorized as human,
social, natural, physical, or financial. 

Low regrets policy 
A policy that would generate net social and/or economic benefits under
current climate and a range of future climate change scenarios. 

Maladaptive actions (Maladaptation) 
Actions that may lead to increased risk of adverse climate-related
outcomes, increased vulnerability to climate change, or diminished
welfare, now or in the future.

Mean sea level 
The surface level of the ocean at a particular point averaged over an
extended period of time such as a month or year. Mean sea level is often
used as a national datum to which heights on land are referred.

Meridional Overturning Circulation (MOC) 
Meridional (north-south) overturning circulation in the ocean quantified
by zonal (east-west) sums of mass transports in depth or density layers.
In the North Atlantic, away from the subpolar regions, the MOC (which
is in principle an observable quantity) is often identified with the
thermohaline circulation (THC), which is a conceptual and incomplete
interpretation. It must be borne in mind that the MOC is also driven by
wind, and can also include shallower overturning cells such as occur in the
upper ocean in the tropics and subtropics, in which warm (light) waters
moving poleward are transformed to slightly denser waters and subducted
equatorward at deeper levels. See also Thermohaline circulation.

Microclimate 
Local climate at or near the Earth’s surface. See also Climate.

Mitigation (of climate change) 
A human intervention to reduce the sources or enhance the sinks of
greenhouse gases.

Mitigation (of disaster risk and disaster) 
The lessening of the potential adverse impacts of physical hazards
(including those that are human-induced) through actions that reduce
hazard, exposure, and vulnerability.

Mode of climate variability 
Underlying space-time structure with preferred spatial pattern and
temporal variation that helps account for the gross features in variance

and for teleconnections. A mode of variability is often considered to be
the product of a spatial climate pattern and an associated climate index
time series.

Monsoon 
A monsoon is a tropical and subtropical seasonal reversal in both the
surface winds and associated precipitation, caused by differential
heating between a continental-scale land mass and the adjacent ocean.
Monsoon rains occur mainly over land in summer.

Non-climatic driver (Non-climate driver) 
An agent or process outside the climate system that influences a human
or natural system.

Nonlinearity 
A process is called nonlinear when there is no simple proportional
relation between cause and effect. The climate system contains many
such nonlinear processes, resulting in a system with potentially very
complex behavior. Such complexity may lead to abrupt climate change.
See also Predictability.

North Atlantic Oscillation (NAO) 
The North Atlantic Oscillation consists of opposing variations of surface
pressure near Iceland and near the Azores. It therefore corresponds to
fluctuations in the strength of the main westerly winds across the Atlantic
into Europe, and thus to fluctuations in the embedded extratropical
cyclones with their associated frontal systems. See NAO Index in WGI
AR5 Box 2.5.

Ocean acidification 
Ocean acidification refers to a reduction in the pH of the ocean over an
extended period, typically decades or longer, which is caused primarily
by uptake of carbon dioxide from the atmosphere, but can also be
caused by other chemical additions or subtractions from the ocean.
Anthropogenic ocean acidification refers to the component of pH
reduction that is caused by human activity (IPCC, 2011, p. 37).

Opportunity costs 
The benefits of an activity forgone through the choice of another
activity.

Outcome vulnerability (End-point vulnerability)
Vulnerability as the end point of a sequence of analyses beginning with
projections of future emission trends, moving on to the development of
climate scenarios, and concluding with biophysical impact studies and
the identification of adaptive options. Any residual consequences that
remain after adaptation has taken place define the levels of vulnerability
(Kelly and Adger, 2000; O’Brien et al., 2007).

Oxygen Minimum Zone (OMZ)
The midwater layer (200 to 1000 m) in the open ocean in which oxygen
saturation is the lowest in the ocean. The degree of oxygen depletion
depends on the largely bacterial consumption of organic matter, and the
distribution of the OMZs is influenced by large-scale ocean circulation.
In coastal oceans, OMZs extend to the shelves and may also affect
benthic ecosystems. 
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Ozone 
Ozone, the triatomic form of oxygen (O3), is a gaseous atmospheric
constituent. In the troposphere, it is created both naturally and by
photochemical reactions involving gases resulting from human activities
(smog). Tropospheric ozone acts as a greenhouse gas. In the stratosphere,
it is created by the interaction between solar ultraviolet radiation and
molecular oxygen (O2). Stratospheric ozone plays a dominant role in the
stratospheric radiative balance. Its concentration is highest in the ozone
layer. 

Pacific Decadal Oscillation (PDO) 
The pattern and time series of the first empirical orthogonal function
of sea surface temperature over the North Pacific north of 20°N. The
PDO broadened to cover the whole Pacific Basin is known as the Inter-
decadal Pacific Oscillation (IPO). The PDO and IPO exhibit similar
temporal evolution.

Parameterization
In climate models, this term refers to the technique of representing
processes that cannot be explicitly resolved at the spatial or temporal
resolution of the model (sub-grid scale processes) by relationships
between model-resolved larger-scale variables and the area- or time-
averaged effect of such sub-grid scale processes.

Particulates
Very small solid particles emitted during the combustion of fossil and
biomass fuels. Particulates may consist of a wide variety of substances.
Of greatest concern for health are particulates of diameter less than or
equal to 10 nm, usually designated as PM10.

Pastoralism
A livelihood strategy based on moving livestock to seasonal pastures
primarily in order to convert grasses, forbs, tree leaves, or crop residues
into human food. The search for feed is however not the only reason
for mobility; people and livestock may move to avoid various natural
and/or social hazards, to avoid competition with others, or to seek more
favorable conditions. Pastoralism can also be thought of as a strategy
that is shaped by both social and ecological factors concerning
uncertainty and variability of precipitation, and low and unpredictable
productivity of terrestrial ecosystems.

Path dependence
The generic situation where decisions, events, or outcomes at one point
in time constrain adaptation, mitigation, or other actions or options at
a later point in time.

Permafrost
Ground (soil or rock and included ice and organic material) that remains
at or below 0°C for at least 2 consecutive years.

Persistent Organic Pollutants (POPs)
Toxic organic chemical substances that persist in the environment for
long periods of time, are transported and deposited in locations distant
from their sources of release, bioaccumulate, and can have adverse
effects on human health and ecosystems.13

Phenology 
The relationship between biological phenomena that recur periodically
(e.g., development stages, migration) and climate and seasonal changes.

Photochemical smog 
A mix of oxidizing air pollutants produced by the reaction of sunlight
with primary air pollutants, especially hydrocarbons.

Poverty 
Poverty is a complex concept with several definitions stemming from
different schools of thought. It can refer to material circumstances (such
as need, pattern of deprivation, or limited resources), economic conditions
(such as standard of living, inequality, or economic position), and/or
social relationships (such as social class, dependency, exclusion, lack of
basic security, or lack of entitlement). 

Poverty trap
Poverty trap is understood differently across disciplines. In the social
sciences, the concept, primarily employed at the individual, household,
or community level, describes a situation in which escaping poverty
becomes impossible due to unproductive or inflexible resources. A
poverty trap can also be seen as a critical minimum asset threshold,
below which families are unable to successfully educate their children,
build up their productive assets, and get out of poverty. Extreme poverty
is itself a poverty trap, since poor persons lack the means to participate
meaningfully in society. In economics, the term poverty trap is often
used at national scales, referring to a self-perpetuating condition
where an economy, caught in a vicious cycle, suffers from persistent
underdevelopment (Matsuyama, 2008). Many proposed models of
poverty traps are found in the literature.

Predictability 
The extent to which future states of a system may be predicted based on
knowledge of current and past states of the system. Because knowledge
of the climate system’s past and current states is generally imperfect,
as are the models that utilize this knowledge to produce a climate
prediction, and because the climate system is inherently nonlinear and
chaotic, predictability of the climate system is inherently limited. Even
with arbitrarily accurate models and observations, there may still be
limits to the predictability of such a nonlinear system (AMS, 2000).

Preindustrial 
See Industrial Revolution.

Probability Density Function (PDF) 
A probability density function is a function that indicates the relative
chances of occurrence of different outcomes of a variable. The function
integrates to unity over the domain for which it is defined and has the
property that the integral over a sub-domain equals the probability that
the outcome of the variable lies within that sub-domain. For example,
the probability that a temperature anomaly defined in a particular way
is greater than zero is obtained from its PDF by integrating the PDF over
all possible temperature anomalies greater than zero. Probability density
functions that describe two or more variables simultaneously are
similarly defined.

13 This glossary entry builds from the definition in the Stockholm Convention on Persistent Organic Pollutants (Secretariat of the Stockholm Convention, 2001).
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Projection 
A projection is a potential future evolution of a quantity or set of
quantities, often computed with the aid of a model. Unlike predictions,
projections are conditional on assumptions concerning, for example,
future socioeconomic and technological developments that may or may
not be realized. See also Climate prediction and Climate projection.

Proxy 
A proxy climate indicator is a record that is interpreted, using physical
and biophysical principles, to represent some combination of climate-
related variations back in time. Climate-related data derived in this way
are referred to as proxy data. Examples of proxies include pollen analysis,
tree ring records, speleothems, characteristics of corals, and various data
derived from marine sediments and ice cores. Proxy data can be calibrated
to provide quantitative climate information.

Public good
A good that is both non-excludable and non-rivalrous in that individuals
cannot be effectively excluded from use and where use by one individual
does not reduce availability to others.

Radiative forcing 
Radiative forcing is the change in the net, downward minus upward,
radiative flux (expressed in W m–2) at the tropopause or top of atmosphere
due to a change in an external driver of climate change, such as a
change in the concentration of carbon dioxide or the output of the Sun.
Sometimes internal drivers are still treated as forcings even though they
result from the alteration in climate, for example aerosol or greenhouse
gas changes in paleoclimates. The traditional radiative forcing is computed
with all tropospheric properties held fixed at their unperturbed values,
and after allowing for stratospheric temperatures, if perturbed, to
readjust to radiative-dynamical equilibrium. Radiative forcing is called
instantaneous if no change in stratospheric temperature is accounted
for. The radiative forcing once rapid adjustments are accounted for is
termed the effective radiative forcing. For the purposes of this report,
radiative forcing is further defined as the change relative to the year
1750 and, unless otherwise noted, refers to a global and annual average
value. Radiative forcing is not to be confused with cloud radiative forcing,
which describes an unrelated measure of the impact of clouds on the
radiative flux at the top of the atmosphere.

Reanalysis 
Reanalyses are estimates of historical atmospheric temperature and
wind or oceanographic temperature and current, and other quantities,
created by processing past meteorological or oceanographic data using
fixed state-of-the-art weather forecasting or ocean circulation models
with data assimilation techniques. Using fixed data assimilation avoids
effects from the changing analysis system that occur in operational
analyses. Although continuity is improved, global reanalyses still suffer
from changing coverage and biases in the observing systems.

Reasons for concern 
Elements of a classification framework, first developed in the IPCC Third
Assessment Report, which aims to facilitate judgments about what level
of climate change may be “dangerous” (in the language of Article 2 of
the UNFCCC) by aggregating impacts, risks, and vulnerabilities.

Reference scenario
See Baseline/reference.

Reflexivity 
A system attribute where cause and effect form a feedback loop, in
which the effect changes the system itself. Self-adapting systems such
as societies are inherently reflexive, as are planned changes in complex
systems. Reflexive decision making in a social system has the potential
to change the underpinning values that led to those decisions. Reflexivity
is also an important aspect of adaptive management.

Reforestation 
Planting of forests on lands that have previously contained forests but
that have been converted to some other use. For a discussion of the
term forest and related terms such as afforestation, reforestation, and
deforestation, see the IPCC Special Report on Land Use, Land-Use
Change, and Forestry (IPCC, 2000). See also the Report on Definitions
and Methodological Options to Inventory Emissions from Direct Human-
induced Degradation of Forests and Devegetation of Other Vegetation
Types (IPCC, 2003).

Relative sea level 
Sea level measured by a tide gauge with respect to the land upon which
it is situated. See also Mean sea level and Sea level change.

Representative Concentration Pathways (RCPs)
Scenarios that include time series of emissions and concentrations of
the full suite of greenhouse gases and aerosols and chemically active
gases, as well as land use/land cover (Moss et al., 2008). The word
representative signifies that each RCP provides only one of many
possible scenarios that would lead to the specific radiative forcing
characteristics. The term pathway emphasizes that not only the long-
term concentration levels are of interest, but also the trajectory taken
over time to reach that outcome (Moss et al., 2010).

RCPs usually refer to the portion of the concentration pathway extending
up to 2100, for which Integrated Assessment Models produced
corresponding emission scenarios. Extended Concentration Pathways
(ECPs) describe extensions of the RCPs from 2100 to 2500 that were
calculated using simple rules generated by stakeholder consultations,
and do not represent fully consistent scenarios.

Four RCPs produced from Integrated Assessment Models were selected
from the published literature and are used in the present IPCC Assessment
as a basis for the climate predictions and projections in WGI AR5 Chapters
11 to 14:

RCP2.6 One pathway where radiative forcing peaks at approximately
3 W m–2 before 2100 and then declines (the corresponding ECP
assuming constant emissions after 2100).

RCP4.5 and RCP6.0 Two intermediate stabilization pathways in
which radiative forcing is stabilized at approximately 4.5 W m–2 and
6.0 W m–2 after 2100 (the corresponding ECPs assuming constant
concentrations after 2150).
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RCP8.5 One high pathway for which radiative forcing reaches
greater than 8.5 W m–2 by 2100 and continues to rise for some
amount of time (the corresponding ECP assuming constant emissions
after 2100 and constant concentrations after 2250). 

For further description of future scenarios, see WGI AR5 Box 1.1.

Resilience
The capacity of social, economic, and environmental systems to cope with
a hazardous event or trend or disturbance, responding or reorganizing
in ways that maintain their essential function, identity, and structure,
while also maintaining the capacity for adaptation, learning, and
transformation.14

Return period 
An estimate of the average time interval between occurrences of an
event (e.g., flood or extreme rainfall) of (or below/above) a defined size
or intensity. See also Return value.

Return value 
The highest (or, alternatively, lowest) value of a given variable, on
average occurring once in a given period of time (e.g., in 10 years). See
also Return period. 

Risk 
The potential for consequences where something of value is at stake and
where the outcome is uncertain, recognizing the diversity of values.15

Risk is often represented as probability of occurrence of hazardous
events or trends multiplied by the impacts if these events or trends
occur. Risk results from the interaction of vulnerability, exposure, and
hazard. In this report, the term risk is used primarily to refer to the risks
of climate-change impacts.

Risk assessment 
The qualitative and/or quantitative scientific estimation of risks. 

Risk management 
Plans, actions, or policies to reduce the likelihood and/or consequences
of risks or to respond to consequences.

Risk perception 
The subjective judgment that people make about the characteristics and
severity of a risk.

Risk transfer 
The practice of formally or informally shifting the risk of financial
consequences for particular negative events from one party to
another. 

Runoff
That part of precipitation that does not evaporate and is not transpired,
but flows through the ground or over the ground surface and returns
to bodies of water. See also Hydrological cycle.

Salt-water intrusion/encroachment
Displacement of fresh surface water or groundwater by the advance of
salt water due to its greater density. This usually occurs in coastal and
estuarine areas due to decreasing land-based influence (e.g., from
reduced runoff or groundwater recharge, or from excessive water
withdrawals from aquifers) or increasing marine influence (e.g., relative
sea level rise).

Scenario 
A plausible description of how the future may develop based on a
coherent and internally consistent set of assumptions about key driving
forces (e.g., rate of technological change, prices) and relationships. Note
that scenarios are neither predictions nor forecasts, but are useful to
provide a view of the implications of developments and actions. See
also Climate scenario, Emission scenario, Representative Concentration
Pathways, and SRES scenarios.

Sea level change 
Sea level can change, both globally and locally due to (1) changes in
the shape of the ocean basins, (2) a change in ocean volume as a result
of a change in the mass of water in the ocean, and (3) changes in ocean
volume as a result of changes in ocean water density. Global mean sea
level change resulting from change in the mass of the ocean is called
barystatic. The amount of barystatic sea level change due to the addition
or removal of a mass of water is called its sea level equivalent (SLE).
Sea level changes, both globally and locally, resulting from changes in
water density are called steric. Density changes induced by temperature
changes only are called thermosteric, while density changes induced by
salinity changes are called halosteric. Barystatic and steric sea level
changes do not include the effect of changes in the shape of ocean
basins induced by the change in the ocean mass and its distribution.
See also Relative sea level and Thermal expansion.

Sea Surface Temperature (SST) 
The sea surface temperature is the subsurface bulk temperature in the
top few meters of the ocean, measured by ships, buoys, and drifters.
From ships, measurements of water samples in buckets were mostly
switched in the 1940s to samples from engine intake water. Satellite
measurements of skin temperature (uppermost layer; a fraction of a
millimeter thick) in the infrared or the top centimeter or so in the
microwave are also used, but must be adjusted to be compatible with
the bulk temperature.

Semi-arid zone 
Areas where vegetation growth is constrained by limited water availability,
often with short growing seasons and high interannual variation in
primary production. Annual precipitation ranges from 300 to 800 mm,
depending on the occurrence of summer and winter rains.

Sensitivity 
The degree to which a system or species is affected, either adversely or
beneficially, by climate variability or change. The effect may be direct
(e.g., a change in crop yield in response to a change in the mean, range,

14 This definition builds from the definition used in Arctic Council (2013).
15 This definition builds from the definitions used in Rosa (1998) and Rosa (2003).
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or variability of temperature) or indirect (e.g., damages caused by an
increase in the frequency of coastal flooding due to sea level rise).

Significant wave height 
The average trough-to-crest height of the highest one-third of the wave
heights (sea and swell) occurring in a particular time period.

Sink 
Any process, activity, or mechanism that removes a greenhouse gas,
an aerosol, or a precursor of a greenhouse gas or aerosol from the
atmosphere.

Social Cost of Carbon (SCC)
The net present value of climate damages (with harmful damages
expressed as a positive number) from one more tonne of carbon in the
form of CO2, conditional on a global emissions trajectory over time.

Social protection 
In the context of development aid and climate policy, social protection
usually describes public and private initiatives that provide income or
consumption transfers to the poor, protect the vulnerable against livelihood
risks, and enhance the social status and rights of the marginalized, with
the overall objective of reducing the economic and social vulnerability of
poor, vulnerable, and marginalized groups (Devereux and Sabates-Wheeler,
2004). In other contexts, social protection may be used synonymously
with social policy and can be described as all public and private initiatives
that provide access to services, such as health, education, or housing, or
income and consumption transfers to people. Social protection policies
protect the poor and vulnerable against livelihood risks and enhance
the social status and rights of the marginalized, as well as prevent
vulnerable people from falling into poverty.

Socioeconomic scenario 
A scenario that describes a possible future in terms of population,
gross domestic product, and other socioeconomic factors relevant to
understanding the implications of climate change.

Southern Annular Mode (SAM) 
The leading mode of variability of Southern Hemisphere geopotential
height, which is associated with shifts in the latitude of the midlatitude
jet. See SAM Index in WGI AR5 Box 2.5.

Species distribution modeling 
Simulation of ecological effects of climate change. Species distribution
modeling uses statistically or theoretically derived response surfaces to
relate observations of species occurrence or known tolerance limits to
environmental predictor variables, thereby predicting a species’ range
as the manifestation of habitat characteristics that limit or support its
presence at a particular location. Species distribution models are also
referred to as environmental niche models. Bioclimate envelope models
can be considered as a subset of species distribution models that predict
species occurrence or habitat suitability based on climatic variables only.

SRES scenarios
SRES scenarios are emission scenarios developed by Nakićenović and
Swart (2000) and used, among others, as a basis for some of the climate
projections shown in Chapters 9 to 11 of IPCC (2001) and Chapters 10

and 11 of IPCC (2007). The following terms are relevant for a better
understanding of the structure and use of the set of SRES scenarios:

Scenario family Scenarios that have a similar demographic, societal,
economic, and technical change storyline. Four scenario families
comprise the SRES scenario set: A1, A2, B1, and B2. 

Illustrative scenario A scenario that is illustrative for each of the
six scenario groups reflected in the Summary for Policymakers of
Nakićenović and Swart (2000). They include four revised marker
scenarios for the scenario groups A1B, A2, B1, and B2, and two
additional scenarios for the A1FI and A1T groups. All scenario
groups are equally sound. 

Marker scenario A scenario that was originally posted in draft
form on the SRES web site to represent a given scenario family. The
choice of markers was based on which of the initial quantifications
best reflected the storyline, and the features of specific models.
Markers are no more likely than other scenarios, but are considered
by the SRES writing team as illustrative of a particular storyline.
They are included in revised form in Nakićenović and Swart (2000).
These scenarios received the closest scrutiny of the entire writing
team and via the SRES open process. Scenarios were also selected
to illustrate the other two scenario groups. 

StorylineA narrative description of a scenario (or family of scenarios),
highlighting the main scenario characteristics, relationships between
key driving forces, and the dynamics of their evolution. 

Storm surge 
The temporary increase, at a particular locality, in the height of the sea
due to extreme meteorological conditions (low atmospheric pressure
and/or strong winds). The storm surge is defined as being the excess
above the level expected from the tidal variation alone at that time and
place. 

Storm tracks 
Originally, a term referring to the tracks of individual cyclonic weather
systems, but now often generalized to refer to the main regions where
the tracks of extratropical disturbances occur as sequences of low
(cyclonic) and high (anticyclonic) pressure systems.

Stratosphere 
The highly stratified region of the atmosphere above the troposphere
extending from about 10 km (ranging from 9 km at high latitudes to
16 km in the tropics on average) to about 50 km altitude.

Stressors
Events and trends, often not climate-related, that have an important
effect on the system exposed and can increase vulnerability to climate-
related risk.

Subsistence agriculture
Farming and associated activities that together form a livelihood
strategy in which most output is consumed directly but some may be
sold at market. Subsistence agriculture can be one of several livelihood
activities.
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Surface temperature 
See Global mean surface temperature, Land surface air temperature,
and Sea Surface Temperature.

Sustainability
A dynamic process that guarantees the persistence of natural and
human systems in an equitable manner. 

Sustainable development 
Development that meets the needs of the present without compromising
the ability of future generations to meet their own needs (WCED, 1987).

Thermal expansion 
In connection with sea level, this refers to the increase in volume (and
decrease in density) that results from warming water. A warming of the
ocean leads to an expansion of the ocean volume and hence an increase
in sea level. See also Sea level change.

Thermocline
The layer of maximum vertical temperature gradient in the ocean, lying
between the surface ocean and the abyssal ocean. In subtropical regions,
its source waters are typically surface waters at higher latitudes that have
subducted and moved equatorward. At high latitudes, it is sometimes
absent, replaced by a halocline, which is a layer of maximum vertical
salinity gradient.

Thermohaline circulation (THC) 
Large-scale circulation in the ocean that transforms low-density upper
ocean waters to higher-density intermediate and deep waters and
returns those waters back to the upper ocean. The circulation is
asymmetric, with conversion to dense waters in restricted regions at
high latitudes and the return to the surface involving slow upwelling
and diffusive processes over much larger geographic regions. The
THC is driven by high densities at or near the surface, caused by cold
temperatures and/or high salinities, but despite its suggestive though
common name, is also driven by mechanical forces such as wind and
tides. Frequently, the name THC has been used synonymously with
Meridional Overturning Circulation. See also Meridional Overturning
Circulation.

Tipping point
A level of change in system properties beyond which a system reorganizes,
often abruptly, and does not return to the initial state even if the drivers
of the change are abated.16

Traditional knowledge 
The knowledge, innovations, and practices of both indigenous and local
communities around the world that are deeply grounded in history and
experience. Traditional knowledge is dynamic and adapts to cultural and
environmental change, and also incorporates other forms of knowledge
and viewpoints. Traditional knowledge is generally transmitted orally
from generation to generation. It is often used as a synonym for
indigenous knowledge, local knowledge, or traditional ecological
knowledge.

Transformation 
A change in the fundamental attributes of natural and human systems.

Tree line 
The upper limit of tree growth in mountains or at high latitudes. It is
more elevated or more poleward than the forest line.

Tropical cyclone 
A strong, cyclonic-scale disturbance that originates over tropical oceans.
Distinguished from weaker systems (often named tropical disturbances
or depressions) by exceeding a threshold wind speed. A tropical storm is
a tropical cyclone with 1-minute average surface winds between 18 and
32 m s–1. Beyond 32 m s–1, a tropical cyclone is called a hurricane,
typhoon, or cyclone, depending on geographic location.

Troposphere
The lowest part of the atmosphere, from the surface to about 10 km in
altitude at mid-latitudes (ranging from 9 km at high latitudes to 16 km
in the tropics on average), where clouds and weather phenomena occur.
In the troposphere, temperatures generally decrease with height. See
also Stratosphere.

Tsunami 
A wave, or train of waves, produced by a disturbance such as a submarine
earthquake displacing the sea floor, a landslide, a volcanic eruption, or
an asteroid impact.

Tundra
A treeless biome characteristic of polar and alpine regions.

Uncertainty 
A state of incomplete knowledge that can result from a lack of information
or from disagreement about what is known or even knowable. It may
have many types of sources, from imprecision in the data to ambiguously
defined concepts or terminology, or uncertain projections of human
behavior. Uncertainty can therefore be represented by quantitative
measures (e.g., a probability density function) or by qualitative statements
(e.g., reflecting the judgment of a team of experts) (see Moss and
Schneider, 2000; Manning et al., 2004; Mastrandrea et al., 2010). See
also Confidence and Likelihood.

United Nations Framework Convention
on Climate Change (UNFCCC) 
The Convention was adopted on 9 May 1992 in New York and signed
at the 1992 Earth Summit in Rio de Janeiro by more than 150 countries
and the European Community. Its ultimate objective is the “stabilization
of greenhouse gas concentrations in the atmosphere at a level that
would prevent dangerous anthropogenic interference with the climate
system.” It contains commitments for all Parties. Under the Convention,
Parties included in Annex I (all OECD countries and countries with
economies in transition) aim to return greenhouse gas emissions not
controlled by the Montreal Protocol to 1990 levels by the year 2000.
The convention entered in force in March 1994. In 1997, the UNFCCC
adopted the Kyoto Protocol.

16 The glossary for the Working Group I contribution to the Fifth Assessment Report defines tipping point in the context of climate: “In climate, a hypothesized critical threshold
when global or regional climate changes from one stable state to another stable state. The tipping point event may be irreversible.” 
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Uptake 
The addition of a substance of concern to a reservoir. The uptake of
carbon containing substances, in particular carbon dioxide, is often
called (carbon) sequestration.

Upwelling region 
A region of an ocean where cold, typically nutrient-rich waters well up
from the deep ocean.

Urban heat island
The relative warmth of a city compared with surrounding rural areas,
associated with changes in runoff, effects on heat retention, and
changes in surface albedo.

Volatile Organic Compounds (VOCs) 
Important class of organic chemical air pollutants that are volatile
at ambient air conditions. Other terms used to represent VOCs are
hydrocarbons (HCs), reactive organic gases (ROGs), and non-methane
volatile organic compounds (NMVOCs). NMVOCs are major contributors
(together with NOX and CO) to the formation of photochemical oxidants
such as ozone.

Vulnerability17

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

Vulnerability index
A metric characterizing the vulnerability of a system. A climate
vulnerability index is typically derived by combining, with or without
weighting, several indicators assumed to represent vulnerability.

Water cycle
See Hydrological cycle.

Water-use efficiency 
Carbon gain by photosynthesis per unit of water lost by evapotranspiration.
It can be expressed on a short-term basis as the ratio of photosynthetic
carbon gain per unit transpirational water loss, or on a seasonal basis
as the ratio of net primary production or agricultural yield to the amount
of water used.
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20CR 20th Century Reanalysis 
AAL average annual loss 
ABNJ Areas Beyond National Jurisdiction 
ACC Antarctic Circumpolar Current 
ACCCA Advancing Capacity for Climate Change Adaptation 
ACRE Atmospheric Circulation Reconstructions over the

Earth 
AF Adaptation Fund 
AFTA ASEAN Free Trade Agreement 
AGCM Atmosphere General Circulation Models 
AgMIP Agricultural Model Intercomparison and

Improvement Project
AGWA Alliance for Global Water Adaptation
AIM Asia-Pacific Integrated Model
AMMA African Monsoon Multidisciplinary Analysis
AMO Atlantic Multi-decadal Oscillation
AMOC Atlantic Meridional Overturning Circulation 
AMU Arab Maghreb Union 
AOC Appellation d’Origine Controlee 
AOGCMs Atmosphere-Ocean General Circulation Model 
AOSIS Alliance Of Small Island States 
APHRODITE Asian Precipitation – Highly Resolved Observational

Data Integration Towards Evaluation
AR4 Fourth Assessment Report
AR5 Fifth Assessment Report
ARPEGE Action de Recherche Petite Echelle Grande Echelle
ASEAN Association of Southeast Asian Nations
ASH Aragonite Saturation Horizon
ASP adaptive social protection 
AVHRR Advanced Very High Resolution Radiometer 
BATS Bermuda Atlantic Time-series Study
BAU business as usual 
BFIs Bilateral Finance Institutions 
C4MIP Carbon Cycle Model Intercomparison Project 
CAADP Comprehensive Africa Agriculture Development

Program 
CaCO3 calcium carbonate 
CAF Cancun Adaptation Framework 
CAP Common Agricultural Policy  
CAPS climate-altering pollutants
CARLA Climate Adaptation for Rural Livelihoods and

Agriculture 
CBA community-based adaptation 
CBAA Community-Based Adaptation in Africa 
CBD Convention on Biological Diversity 
CBDRR community-based disaster risk reduction 
CBNRM community-based natural resource management 
CBS Coastal Boundary Systems 
CC community composition 
CCA climate change adaptation 
CCAD Central American Commission for Environment and

Development 
CCAFS Climate Change Agriculture and Food Security 
CCAMLR Commission for the Conservation of Antarctic

Marine Living Resources
CCM carbon-concentrating mechanism
CCRA Climate Change Risk Assessment 

CCRIF Caribbean Catastrophe Risk Insurance Facility 
CCS carbon capture and storage 
CCSM Community Climate System Model 
CDM Clean Development Mechanism 
CDR carbon dioxide removal 
CEN-SAD Community of Sahel-Saharan States 
CER certified emissions reduction 
CFP Ciguatera fish poisoning 
CFP Common Fisheries Policy 
CFSR Climate Forecast System Reanalysis 
CGCM Coupled General Circulation Model 
CGE Computable General Equilibrium 
CGIAR Consultative Group on International Agricultural

Research 
CH4 methane
CIAV climate impact, adaptation, and vulnerability 
CIL Cold Intermediate Layer 
CILSS Permanent Inter-States Committee for Drought

Control in the Sahel 
CLARIS Europe-South America Network for Climate Change

Assessment and Impact Studies
Climate-ADAPT Climate Adaptation Platform 
CLIVAR Climate Variability and Predictability Programme 
CLLJ Caribbean Low Level Jet
CLRTAP Convention on Long-range Transboundary Air

Pollution 
CMIP3 Coupled Model Intercomparison Project Phase 3
CMIP5 Coupled Model Intercomparison Project Phase 5 
CNRM Centre National de Recherches Météorologiques
CO2 carbon dioxide
COADS Comprehensive Ocean-Atmosphere Data Set 
COMESA Common Market for Eastern and Southern Africa 
COMIFAC Commission of Central African Forests 
CORDEX Coordinated Regional Downscaling Experiment 
CPIA Country Policy and Institutional Assessment 
CPP Cyclone Preparedness Program 
CRED Centre for Research on the Epidemiology of Disasters
CRiSTAL Community-based Risk Screening Tool-Adaptation

and Livelihoods 
CRUTEM4 Climatic Research Unit/Hadley Centre gridded land-

surface air temperature version 4 
CSIRO Commonwealth Scientific and Industrial Research

Organisation 
CSP concentrating solar power
CTI Coral Triangle Initiative 
CTM Chemical Transport Model 
CTP carbon from thawed permafrost
DAI dangerous anthropogenic interference 
DALYs disability-adjusted life years 
Defra Department for Environment Food and Rural Affairs 
DGVM Dynamic Global Vegetation Model 
DHMs degree heating months 
DIN dissolved inorganic nitrogen
DIP dissolved inorganic phosphorus
DIVA Dynamic Interactive Vulnerability Assessment 
DJF December-January-February 
DMS dimethylsulfide 
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DNCs dark needle conifers 
DO Dansgaard-Oeschger 
DOC Denominazione di Origine Controllata 
DOCG Denominazione di Origine Controllata e Garantita 
DOM dissolved organic matter
DRM disaster risk management 
DRR disaster risk reduction 
DS Deep Sea 
E&V exposure and vulnerability 
EAC East African Community 
EAC East Australian Current 
EAM East Asian Monsoon
EbA Ecosystem-based Adaptation 
EBUE Eastern Boundary Upwelling Ecosystems 
ECCAS Economic Community of Central African States
ECHAM4 European Centre for Medium Range Weather

Forecasts and Hamburg 4 
ECLAC Economic Commission for Latin America and the

Caribbean 
ECO European Climate Change Oscillation 
ECOWAS Economic Community of West African States
ECP Extended Concentration Pathway 
EEZs exclusive economic zones 
EIs economic instruments 
ENM Ecological Niche Model 
ENSO El Niño-Southern Oscillation 
ERA European Centre for Medium Range Weather

Forecasts Reanalyses 
ERSST Extended Reconstructed SST 
ESCI Emerging and Sustainable Cities Initiative 
ESCOs Energy Service Companies 
ESM Earth System Model 
ESPACE European Spatial Planning Adapting to Climate

Events Project 
ETCCDI Expert Team on Climate Change Detection and

Indices 
ETCs extratropical cyclones 
EU European Union 
EUS Equatorial Upwelling System 
EWS early warning systems 
EWS Eelpout in the Wadden Sea 
FACE Free Air CO2 Enrichment 
FACE free atmosphere carbon exchange 
FADs fish-aggregating devices 
FAO Food and Agriculture Organization 
FAR First Assessment Report
FCP Fisheries Catch Potential
FDIs foreign direct investments 
FEWS NET Famine Early Warning Systems Network 
FFDI Forest Fire Danger Index 
FONDEN Fondo de Desastres Naturales 
FUND Framework for Uncertainty, Negotiation and

Distribution 
GAIN Global Adaptation Alliance 
GANs Global Action Networks 
GCAM Global Change Assessment Model
GCM General Circulation Model 

GCMs Global Climate Models
GDIs gross domestic investments 
GDP gross domestic product
GEF Global Environmental Facility 
GENIE Grid Enabled Integrated Earth System Model 
GFDL-CM2 Geophysical Fluid Dynamics Laboratory Coupled

Model version 2 
GHG greenhouse gas
GHM Global Hydrological Model
GIS Geographic Information System 
GISS Goddard Institute of Space Studies 
GISTEMP Goddard Institute for Space Studies Surface

Temperature Analysis 
GLADA Global Land Degradation Assessment and

Improvement 
GLISA Great Lakes Integrated Sciences and Assessments 
GLOF glacier lake outburst flood 
GMOs genetically modified organisms 
GMSL global mean sea level
GMSLR global mean sea level rise
GMST global mean surface temperature 
GMT global mean temperature 
GNP Gross National Product 
gNPP global NPP 
GPCC Global Precipitation Climatology Centre 
GPP Gross Primary Productivity
GS governance structures
HABs harmful algal blooms 
HadCM3 Hadley Centre climate prediction model 3 
HadCRUT4 Hadley Centre/climatic research unit gridded surface

temperature data set 4 
HadCRUT4.2 Hadley Centre/climatic research unit gridded surface

temperature data set 4.2 
HadGEM2-ES Hadley Centre new Global Environmental Model

version 2 Earth System 
HadRM3 Hadley Centre Regional Model 3 
HARITA Horn of Africa Risk Transfer for Adaptation 
HDI Human Development Index 
HE hypoxia effect
HIC high-income country
HIRHAM HIgh-Resolution HAMburg climate Model 
HLSBS High-Latitude Spring Bloom Systems 
HNLC high-nutrient low-chlorophyll 
HOT Hawaii Ocean Time series 
HY-INT hydroclimatic intensity 
I&FF investment and financial flows
IAM Integrated Assessment Model
IAS invasive alien species
IAV impacts, adaptation, and vulnerability 
ICLEI International Council for Local Environmental

Initiatives
ICOADS International Comprehensive Ocean-Atmosphere

Data Set 
ICPAC International Climate Prediction and Applications

Centre 
ICTs information and communication technologies
ICZM Integrated Coastal Zone Management 
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IDB Inter-American Development Bank 
IEA International Energy Agency 
IGAD Intergovernmental Authority on Development 
IHO International Hydrographic Organization 
IJEPA Indonesia-Japan Economic Partnership Agreement 
ILO International Labor Organization
iLUC indirect land use change 
IMAGE Integrated Model to Assess the Global Environment 
IMF International Monetary Fund
IMO International Maritime Organization
IOD Indian Ocean Dipole
IOM International Organization of Migration 
IPO Inter-decadal Pacific Oscillation
IPY International Polar Year 
ISFS Invasive Species Forecasting System 
ISI-MIP Inter-Sectoral Impact Model Intercomparison Project 
ISPS International Ship and Port Facility Security 
ITCZ Intertropical Convergence Zone 
ITF Indonesian Throughflow 
IUCN International Union for Conservation of Nature 
IUPA Index of Usefulness of Practices for Adaptation 
IUU illegal, unreported, and unregulated 
IWRM Integrated Water Resource Management 
JGOFS Joint Global Ocean Flux Study 
JI Joint Implementation 
JJA June-July-August
JMA Japan Meteorological Agency 
KOE Kuroshio-Oyashio Extension 
KVs Key Vulnerabilities 
LAPA Local Adaptation Plans of Action
LDCF Least Developed Countries Fund 
LDCs Least Developed Countries 
LECZ low-elevation coastal zone
LGM Last Glacial Maximum
LIC low-income country
LiDAR Light Detection And Ranging 
LMB Lower Mekong River Basin 
LMICs lower middle-income countries
LP London Protocol 
LPB La Plata Basin
LSLA large-scale land acquisitions 
LUCC land use and cover change 
M&A mitigation and adaptation 
MAB Marine Air Breathers 
MAGICC Model for the Assessment of Greenhouse gas

Induced Climate Change 
MAM March-April-May 
MAP mean annual precipitation
MARPOL International Convention for the Prevention of

Pollution From Ships 
MBIs market-based instruments
MCA multi-criteria analysis 
MCDA multi-criteria decision analysis 
MDB Marine Data Bank 
MDB Multilateral Development Bank 
MDBA Murray-Darling Basin Authority 
MDGs Millennium Development Goals 

MEA Millennium Ecosystem Assessment 
MERCOSUR Mercado Común del Sur
MERRA Modern Era Reanalysis for Research and Applications
MESSAGE Model for Energy Supply Strategy Alternatives and

their General Environmental Impact 
MFIs Multilateral Financial Institutions 
MICs medium-income country
MIROC Model for Interdisciplinary Research On Climate 
MLD mixed layer depth 
MLOST Merged Land-Ocean Surface Temperature 
MME Multi-Model Ensemble 
MMM Maximum Monthly Mean
MOC Meridional Overturning Circulation 
MODIS Moderate Resolution Imaging Spectrometer 
MOSE MOdulo Sperimentale Elettromeccanico
MPAs marine protected areas
MPI Max Planck Institute
MRC Mekong River Commission 
MRI-AGCMS Meteorological Research Institute of Japan

Meteorological Agency 
MRSP Metropolitan Region of São Paulo 
MSL mean sea level
MWF mid-water fishes 
NAFTA North American Free Trade Agreement 
NAMS North American Monsoon System 
NAO North Atlantic Oscillation 
NAP National Adaptation Plan
NAPA National Adaptation Programme of Action 
NARCCAP North American Regional Climate Change

Assessment Program 
NARR North American Regional Reanalysis 
NCAR National Center for Atmospheric Research 
NCCARF National Climate Change Adaptation Research

Facility
NCCRS National Climate Change Response Strategies 
NCDC National Climate Data Center 
NCEP National Centers for Environmental Prediction
NDVI Normalized Difference Vegetation Index 
NEB northeast Brazil
NEPAD New Partnership for Africa’s Development 
NGO non-governmental organization
NH Northern Hemisphere
NIES National Institute for Environmental Studies 
NNR NCEP-NCAR Reanalyses
NOAA National Oceanic and Atmospheric Administration
NPGO North Pacific Gyre Oscillation 
NPP Net Primary Productivity 
NRM Natural Resource Management 
NSR Northern Sea Route 
NWP Northwest Passage
O2crit critical O2 concentration
O3 ozone
OA ocean acidification
OAE ocean acidification effect
OC organic carbon
OCLTT Oxygen and Capacity Limited Thermal Tolerance 
ODA Official Development Assistance 
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OECD Organisation for Economic Co-operation and
Development

OMZ Oxygen Minimum Zone 
OND October-November-December 
OPEC Organization of the Petroleum Exporting Countries 
PACC Pacific Adaptation to Climate Change Project 
pCO2 CO2 partial pressures 
PDF Probability Density Function 
PDO Pacific Decadal Oscillation 
PDSI Palmer Drought Severity Index 
PEMSEA Partnerships in Environmental Management for the

Seas of East Asia 
PES Payment for Environmental Services 
PESETA Projections of Economic impacts of climate change

in Sectors of Europe based on bottom-up analysis
PETM Paleocene-Eocene Thermal Maximum 
PFEL Pacific Fisheries Environmental Laboratory, 
PIACC Ibero-American Programme on Adaptation to

Climate Change 
PM2.5 particulate matter with aerodynamic diameter

<2.5 μm 
PM5 particulate matter with aerodynamic diameter

<5 μm 
PNA Pacific North America 
POM particulate organic matter
POPs persistent organic pollutants
PP Plankton Phenology
PPCR Pilot Program for Climate Resilience 
PRECIS Providing REgional Climates for Impact Studies
PROVIA Programme of Research on Climate Change

Vulnerability, Impacts and Adaptation 
PSS78 Practical Salinity Scale 1978
PV photovoltaic 
PVA participatory vulnerability assessment 
PWC Pacific Walker Circulation 
RAC Regional Adaptation Collaborative
RCA 3 Rossby Centre regional Atmospheric model 3
RCM Regional Climate Model 
RCP Representative Concentration Pathway 
RDM robust decision making
RECs Regional Economic Communities 
REDD+ Reduction of Emissions from Deforestation and

Forest Degradation 
RFC Reasons for Concern 
RFMO Regional Fisheries Management Organization 
RICE Regional dynamic Integrated model of Climate and

the Economy
RISAs Regional Integrated Sciences and Assessments 
ROI return on investment
RSLR relative sea level rise 
RWCs reef-building warm-water corals 
SADC Southern African Development Community 
SAM Southern Annular Mode 
SAMS South American Monsoon System 
SAR synthetic aperture radar
SAR Second Assessment Report
SAS Southeast Asian Seas

SCC social cost of carbon
SCS South China Sea
SDGs Sustainable Development Goals 
SDM species distribution modeling 
SE synergistic effects 
SeaWiFS Sea-viewing Wide Field-of-view Sensor 
SED socioeconomic development 
SEI Stockholm Environment Institute 
SES Semi-Enclosed Seas
SICA Sistema de la Integración Centroamericana 
SIDS Small Island Developing States 
SLP sea level pressure 
SLR sea level rise 
SMEs small to medium enterprises 
SO2 sulfur dioxide
SP social protection 
SPAs Shared Policy Assumptions 
SPCRs Strategic Programmes for Climate Resilience 
SPCZ South Pacific Convergence Zone 
SPM Summary for Policymakers 
SPREP South Pacific Regional Environmental Programme 
SR Species Richness
SRC short rotation coppice 
SRES Special Report on Emission Scenarios
SREX Special Report on Managing the Risks of Extreme

Events and Disasters to Advance Climate Change
Adaptation

SRM Solar Radiation Management 
SRREN Special Report on Renewable Energy Sources and

Climate Change Mitigation
SSFs small-scale fisheries 
SSP Shared Socioeconomic Pathway 
SST sea surface temperature
STF subtropical front 
STG subtropical gyre
SWH significant wave height 
TAR Third Assessment Report
TBE tick-borne encephalitis 
TC tropical cyclone 
TE temperature effect
TEK traditional ecological knowledge
TEP transparent exopolymer particle
TH thermal heating
THC thermohaline circulation 
THI Temperature-Humidity Index 
TRMM Tropical Rainfall Measuring Mission 
UCL urban canopy layer 
UHI urban heat island 
UKCIP UK Climate Impacts Program 
UMIC upper middle income country
UNCLOS United Nations Convention on the Law of the Sea 
UNDP United Nations Development Programme
UNFCCC United Nations Framework Convention on Climate

Change 
UNHCR United Nations High Commissioner for Refugees 
UNSFSA United Nations Straddling Fish Stocks Agreement 
UV ultraviolet
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VCO voluntary carbon offset 
VOCs volatile organic compounds 
WAP western Antarctic Peninsula 
WASWind Wave- and Anemometer-based Sea Surface Wind 
WaterMIP Water Model Intercomparison Project 
WB World Bank 
WCRP World Climate Research Programme

WHO World Health Organization 
WIPO World Intellectual Property Organization 
WMO World Meteorological Organization
WOCE World Ocean Circulation Experiment  
WTO World Trade Organization
WUCA Water Utilities Climate Alliance 
WUE water use efficiency
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Climate Change: The IPCC Scientific Assessment
Report of the IPCC Scientific Assessment Working Group
1990

Climate Change: The IPCC Impacts Assessment
Report of the IPCC Impacts Assessment Working Group
1990

Climate Change: The IPCC Response Strategies
Report of the IPCC Response Strategies Working Group
1990

Climate Change 1992: The Supplementary Report
to the IPCC Scientific Assessment
Report of the IPCC Scientific Assessment Working Group
1992

Climate Change 1992: The Supplementary Report
to the IPCC Impacts Assessment
Report of the IPCC Impacts Assessment Working Group
1992

Climate Change: The IPCC 1990 and 1992 Assessments –
IPCC First Assessment Report Overview and Policymaker
Summaries, and 1992 IPCC Supplement
1992

Climate Change 1994: Radiative Forcing of Climate Change
and an Evaluation of the IPCC IS92 Emission Scenarios
IPCC Special Report
1994

IPCC Guidelines for National Greenhouse Gas Inventories
1994

Climate Change 1995: The Science of Climate Change
Contribution of Working Group I
to the IPCC Second Assessment Report
1996

Climate Change 1995: Impacts, Adaptations, and Mitigation
of Climate Change: Scientific-Technical Analyses
Contribution of Working Group II
to the IPCC Second Assessment Report
1996 

Climate Change 1995: Economic and Social Dimensions
of Climate Change
Contribution of Working Group III
to the IPCC Second Assessment Report
1996

Climate Change 1995: IPCC Second Assessment Synthesis
of Scientific-Technical Information Relevant to Interpreting
Article 2 of the UN Framework Convention on Climate Change
1996

Technologies, Policies, and Measures
for Mitigating Climate Change
IPCC Technical Paper I
1996

Revised 1996 IPCC Guidelines
for National Greenhouse Gas Inventories
1996

An Introduction to Simple Climate Models
used in the IPCC Second Assessment Report
IPCC Technical Paper II
1997

Stabilization of Atmospheric Greenhouse Gases:
Physical, Biological, and Socio-Economic Implications
IPCC Technical Paper III
1997

Implications of Proposed CO2 Emissions Limitations
IPCC Technical Paper IV
1997

The Regional Impacts of Climate Change
IPCC Special Report
1998

Aviation and the Global Atmosphere
IPCC Special Report
1999

Methodological and Technological Issues in Technology Transfer
IPCC Special Report
2000

Land Use, Land-Use Change, and Forestry
IPCC Special Report
2000

Emissions Scenarios
IPCC Special Report
2000

Good Practice Guidance and Uncertainty Management
in National Greenhouse Gas Inventories
2000

Climate Change 2001: The Scientific Basis
Contribution of Working Group I
to the IPCC Third Assessment Report
2001

Climate Change 2001: Impacts, Adaptation, and Vulnerability
Contribution of Working Group II
to the IPCC Third Assessment Report
2001
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Climate Change 2001: IPCC Third Assessment Synthesis Report
2001

Climate Change and Biodiversity
IPCC Technical Paper V
2002

Good Practice Guidance for Land Use,
Land-Use Change, and Forestry
2003

Safeguarding the Ozone Layer and the Global Climate System:
Issues Related to Hydrofluorocarbons and Perfluorocarbons
IPCC Special Report
2005

Carbon Dioxide Capture and Storage
IPCC Special Report
2005

2006 IPCC Guidelines for National Greenhouse Gas Inventories
2006

Climate Change 2007: The Physical Science Basis
Contribution of Working Group I
to the IPCC Fourth Assessment Report
2007

Climate Change 2007: Impacts, Adaptation, and Vulnerability
Contribution of Working Group II
to the IPCC Fourth Assessment Report
2007

Climate Change 2007: Mitigation of Climate Change
Contribution of Working Group III
to the IPCC Fourth Assessment Report
2007

Climate Change 2007: Synthesis Report
2008

Climate Change and Water
IPCC Technical Paper VI
2008

Renewable Energy Sources and Climate Change Mitigation
IPCC Special Report
2011

Managing the Risks of Extreme Events and Disasters
to Advance Climate Change Adaptation
IPCC Special Report
2012

Climate Change 2013: The Physical Science Basis
Contribution of Working Group I
to the IPCC Fifth Assessment Report
2013

2013 Revised Supplementary Methods and
Good Practice Guidance Arising from the Kyoto Protocol
2014

2013 Supplement to the 2006 IPCC Guidelines
for National Greenhouse Gas Inventories: Wetlands
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Climate Change 2014: Impacts, Adaptation, and Vulnerability
Contribution of Working Group II
to the IPCC Fifth Assessment Report
2014

Climate Change 2014: Mitigation of Climate Change
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to the IPCC Fifth Assessment Report
2014

Climate Change 2014: Synthesis Report
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Abrupt climate change*, 15, 63, 64, 67, 276

paleontological records, 421-423
Acclimatization*, 49, 287, 426, 427
Acidification. See Ocean acidification
Active transport, 714, 742
Adaptation*, 14-28, 39, 59-84, 833-977, 1101-1131

about: relationship between adaptation
chapters, 838, 1115-1117

actors and roles in, 836
adaptation as development, 816
ancillary benefits of, 910-911, 948
assessment* (See Adaptation assessment)
autonomous*, 321-324, 815, 1284-1286,

1472-1473, 1531, 1538-1539
barriers to, 233, 906, 1476
climate change magnitude and rate and, 1121
climate policies, 89-90, 171, 909, 922, 948-949
community-based* (See Community-based

adaptation)
Copenhagen Accord, pledges, 1115
core concepts and entry points, 26, 85
costs and benefits (See Adaptation costs and

benefits)
decision making and governance, 9-11, 54-56,

85-87, 388-390, 389, 638, 836, 1118
definition of, 40, 853
development and, 816, 882, 948, 954, 1473
disagreements about, 180-182
disaster risk management and, 836
as dynamic issue, 951
early, 878
economics of (See Adaptation economics)
ecosystem-based* (See Ecosystem-based

adaptation)
emergent risks and, 1060-1061
ethical dimensions, 903, 925-927, 926
evolutionary*, 322-323, 415, 426
experience, 8-9, 51-55, 52-55
facilitating, 888, 908, 948, 965
feedbacks in, 9
first step as vulnerability reduction in present,

25-26, 85, 1502, 1531, 1545
framing and focus of, 836, 838-839, 874, 948
funding gap, 28, 87, 844, 953
genetic and evolutionary responses, 322-323,

426, 1709
global, costs and benefits, 392-393
goals, 836
human-assisted, 324-326, 325, 328
incremental*, 733, 1121, 1445
indigenous knowledge in, 87, 758, 766
inter-relationship with mitigation (See

Adaptation and mitigation inter-
relationships)

in IPCC assessment reports, 180-182
limits to (See Adaptation limits)

local government and, 836, 842-843, 849
mainstreaming, 87, 948, 1351-1352
maladaptation*, 87, 254, 518, 837, 857-859,

1476
management decisions, 324-325
measuring, 853-857, 855
metrics, 853-857
micro-finance for, 584
mitigation and (See Adaptation and mitigation

inter-relationships)
National Adaptation Programmes of Action

(NAPAs), 215, 816, 836, 852, 873,
880, 1111

needs and options (See Adaptation needs and
options)

opportunities, constraints, and limits (See
Adaptation opportunities, constraints,
and limits)

pathways, 1116-1117, 1386-1387
planning and implementation (See Adaptation

planning and implementation)
principles for, 25-28, 85-87
private sector engagement, 843-844, 876, 876,

880-881, 886
regional, 8-9, 21-25, 90-91, 1145-1148,

1152-1157
risk management and, 56, 253-258,

1104-1105, 1117-1118
sectoral synthesis, 14-20, 922
synergies, 28, 87
technology and, 885
trans-generational, 415
transformational* (See Transformational

adaptation)
transitional, 733
unintended consequences of, 277, 327-328
See also specific systems and regions

Adaptation and mitigation inter-relationships,
26, 28, 180-181, 1080-1083

in Asia, 1352-1353
co-benefits, 89-91, 1104, 1118
decision processes, 216-218, 217
examples, 90-91
integration of adaptation and mitigation,

1104, 1117-1118
sustainable development and, 216-217, 217,

1109-1110
synergies and trade-offs, 89-91, 216, 217, 394,

925, 1104
Adaptation assessment*, 51, 837, 850-853,

1176-1184
analysis and reliability of, 1176-1184
first-generation, 851
national assessments, 852-853
purpose of, 850
regional, 1176-1184
scale in, 1149
scenario-based, 213, 851
second-generation, 851
ìstandard approachî to, 850-851
top-down and bottom-up, 851, 1144, 1144
trends in, 850-851

Adaptation constraints*, 87, 902, 906, 911-919
adaptation needs and, 844-845
assessing, 901
biological, 902, 913-914, 922
in coastal areas, 393-394
competing values, 917
cross-scale dynamics, 912, 918-919

cultural factors, 902
definition of, 907
differences from barriers, obstacles, and limits,

906
economic, 914, 922
ethical dimensions, 903, 925-927, 926
financial, 914-915
governance and institutional, 916-917, 922
hard and soft limits, 89, 903, 907, 919-921
human resource, 915, 922
institutional factors, 902
knowledge, awareness, and technology,

911-913, 922
overcoming, 927
physical, 913, 922
risk-based framework, 902, 905-908, 906
in rural areas, 617, 642-643
sectoral and regional synthesis, 922-924, 922
social and cultural, 902, 915-916, 922
in urban areas, 540
See also Adaptation opportunities, constraints,

and limits
Adaptation costs and benefits, 392-393, 948,

952-953, 953, 958-963
ancillary benefits, 948
broad categorization of, 952
in coastal systems, 364, 392-393, 395
cost-benefit analysis, 948, 956-957, 963
in freshwater resources, 256
global adaptation costs, 392-393, 949,

959-960, 959, 960
new thinking on, 948
socioeconomics and, 959
See also Adaptation economics; Trade-offs

Adaptation deficit*, 210, 214, 839
Adaptation economics, 26, 945-977

adaptation as dynamic issue, 951
adaptation benefits and costs, residual

damage, and projects, 952-953, 953
adaptation costs, 952-953, 953
adaptation limits and, 951-952, 952
adjustment costs, 955
ancillary benefits/effects, 948, 951
behavior, role of, 966
bias in (potential), 961
biophysical limits to adaptation, 948
broad-based approach, 948, 949, 951-954,

961, 963
broad categorization of adaptation strategies,

950
broad categorization of benefits and costs, 952
charges, 965-966
co-benefits, 948, 951, 952, 960
competitive adaptation, 948, 954
complementary adaptation, 948, 954
consistency between localized and global

analyses, 960
coordination, government failures, and political

economy, 956
cost-benefit analysis, 948, 956-957, 963
costing adaptation, 958-963
coverage of adaptation costs and benefits, 960
decision making, 954-958, 954, 963
decision making, economic barriers to, 955-956
decision making support, 948
decision making with uncertainty, 9, 956-958
development and adaptation, 948, 954
differences between adaptation potential and

achievement, 948
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discount rates, 959
disincentives, 949, 964
economic analyses, desired characteristics of,

949
economic aspects of adaptation, 950-954
economic instruments, 26, 87, 948-949,

963-966, 965
education, 948, 950, 963
eligibility for adaptation funds, 952, 952
environmental regulation, 948, 950
equity and, 948, 955-956
ethics and distributional issues, 955-956
facilitating adaptation, 948, 965
financing, 948-949, 952
global adaptation costs, 949, 959-960, 959,

960
incentives, 949, 963-966
innovation, 966
insurance, 949, 964
intellectual property rights, 966
mainstreaming, 87, 948, 1351-1352
market-based instruments, 965-966
market failures, 955
missing markets, 955
moral hazard, 964
multi-metric decision making, 957, 957
multi-metric evaluations, 948
narrow economic approach, 961
narrowing of adaptation, 951-952, 952
non-market factors, 948, 951, 956, 958, 960,

961, 962, 963
non-monetary considerations, 948-949, 951,

961, 963
non-probabilistic methodologies, 949, 957-958
Paris agglomeration, 957, 957
payment for ecosystem services (PES), 964,

965, 1523, 1540-1541, 1541
practical adaptation strategy, 951-952, 952
private and public sectors, 948, 950
regional and sectoral studies, 949
research & development funding, 948, 966
residual cost, 952-953, 953
resource pricing, 964-965
risk financing, 949
risk pools, 949, 964
risk sharing and transfer, 949, 964
robustness, 949, 957-958, 958
sectoral and regional studies, 960-963, 960,

962-963
subsidies, 949, 965-966
taxes, 949, 965-966
technology transfer, 966
theoretical basis, 948
trade-offs, 948
transaction costs, 955
uncertainty and, 949, 954, 956-958
valuation of ecosystem services, 956-957
water markets, 964-965

Adaptation limits*, 9, 89, 902-903, 906, 919-922,
1085

assessing, 902
avoiding, 920, 927
biophysical, 922, 948
change and, 902-903, 912
in coastal areas, 393-394
definition of, 907
differences from constraints, barriers, and

obstacles, 906
economic, 922

ethical dimensions, 903, 925-927, 926
exceedance of, 28, 87, 924
factors influencing, 951-952, 952
hard and soft limits, 89, 903, 907, 919-921
historical perspectives, 920
interacting systems, 903-904
mitigation and, 903, 924-925, 924
in ocean systems, 416
overview, 902-903
risk-based framework, 902, 905-908, 906
in rural areas, 617, 642-643
scale-dependent properties, 921
sectoral and regional synthesis, 922-924, 922
social/cultural, 922
transformational adaptation and, 89, 921-922,

1121
See also Adaptation opportunities, constraints,

and limits
Adaptation needs and options*, 833-868

actors and roles, 836, 841-844
adaptation assessments*, 837, 840, 850-853
adaptation constraints and limits*, 844-845
adaptation needs*, 839-844
adaptation options*, 844-850, 845
awareness of, 837, 845, 848
behavioral measures, 845, 847
biophysical and environmental needs, 840-841
broad categorization of adaptation strategies,

950
categories of needs and options, 840, 845
cost and, 948
ecosystem-based adaptation, 845, 846-847
engineering and built environment, 845, 846
ethics and, 903
finance and, 392, 843-844, 845, 848-849
freshwater resource management, 254, 255
governments and, 836, 842-843, 845, 849
information, capacity, and resource needs,

844, 845, 848
institutional needs*, 842-843
institutional options*, 836, 845, 848-849
local government involvement, 836, 842-843,

849
maladaptation*, 836, 857-859
measuring adaptation, 837, 853-857, 855
metrics, 837, 853-857
migration as an option, 770-771, 770
options in coastal systems, 365
policy actions, 948-949
private sector engagement, 836, 843-844
research and data gaps, 859-860
safety nets, 836, 845
selection of options, 836, 849-850, 850, 903
service provision, 845, 847
social needs, 841-842
social options, 845, 847-848
structural and physical options, 845-847, 845
summary of AR4 findings, 839
technological options*, 836, 845, 846
trade-offs, 918
transformative adaptation, 836
vulnerability and, 836, 839-840

Adaptation opportunities, constraints, and
limits*, 14-28, 59-84, 899-943

adaptation constraints*, 902, 906, 911-919
adaptation limits*, 902-903, 906, 919-922
adaptation opportunities*, 902, 908-911, 909
assessing, 902
awareness raising, 845, 909, 922

capacity building, 902, 909, 922
case study of opportunities (Bangladesh), 910
changes and, 902-903, 912
cross-chapter box, 101-103
cross-scale dynamics, 912, 918-919
decision support tools, 902
definitions, 907
ethical dimensions, 903, 925-927, 926
facilitating adaptation, 908, 948
hard and soft limits, 89, 903, 907, 919-921
innovation, 909, 922
learning, 902, 909, 922
mitigation and, 903, 924-925, 924
policy, 909, 922
risk-based framework, 902, 905-908, 906
sectoral and regional synthesis, 14-25, 62-73,

922-924, 922
seizing opportunities, overcoming constraints,

and avoiding limits, 927
selection and implementation of options, 903
summary of AR4 findings, 904-905
summary of SREX findings, 905
sustainable development and, 909-910
tools, 902, 909, 922
trade-offs, 918, 925
transformational adaptation, 89, 921-922
See also Adaptation constraints; Adaptation

limits
Adaptation options. See Adaptation needs and

options
Adaptation planning and implementation, 8,

25-26, 51, 85-87, 869-898
in Australasia, 1374-1375, 1389-1390
in Central and South America, 1531,

1538-1539
common recognition, 873-874
communication tools, 883
decision support tools, 883, 902
development and, 882
disaster risk management, 871, 881-882
early adaptation, 878
early warning systems, 872, 877, 878, 883-885
in Europe, 1297
examples, 875, 875, 879-880, 880, 1355
facilitating, 888
factors constraining, 902
financing, 878-881, 902
governance, 25, 85-87, 887-889
horizontal interplay, 871
impacts-led approaches, 872
implementation, 390-392, 877-878, 879-880
implementation tools, 838
increasing capabilities, 888-889
indigenous communities, 876
information and communication technologies,

884
institutional dimensions, 871, 886-888
insurance, 872, 884, 885-886
international mechanisms, 873-874
learning processes, 871
levels of, 873-877
livelihoods and poverty and, 815-816
local governments, 871, 876
local knowledge, 875
mixed-portfolio approaches, 883
monitoring, modeling, and spatially integrated

tools, 872, 883
multidisciplinary efforts, 872
multiple approaches to, 871-872
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multiple stresses and, 871
national initiatives, 85, 871, 874-875
planning tools, 883-885
political dimensions, 887-888
present status, global, 876
private sector, 8, 871, 876, 876, 880-881, 886,

948, 950
public sector, 8, 948, 950
research needs, 889-890
return on investment, 880-881
status and progress, 871, 873-881, 876
strategies and approaches, 871-872, 883-884
subnational initiatives, 85, 871, 875-877, 875,

881
technology development, 885
in terrestrial and inland water systems,

324-326
tools, 872, 883-886, 884
top-down and bottom-up approaches, 871-872
transboundary, Mekong River Basin, 1355
types of approaches, 871-872, 878
in urban areas, 539-540, 876-877

Adaptation potentials. See Adaptation
opportunities, constraints, and limits

Adaptive capacity*, 838, 875, 1176-1178
assessment of, 214
building, 909, 1115-1116
in China, 1116
development and, 1111
exceedance of, 87
in food systems, 513-514
of indigenous peoples, 765, 766
limits to, 426
of ocean systems, 416
poverty and, 816
regional context, 1142-1144
resilience and, 217
in rural areas, 617
in small islands, 1617, 1636-1637
of societal actors and natural systems, 902
in urban areas, 179-180, 539
See also specific systems and regions

Aeroallergens, 729, 1043
Afforestation, 233, 257, 284, 317, 321
Africa, 1199-1265

access to resources/technology, 1204
adaptation, 8, 51, 487, 1203-1204, 1225-1238,

1237-1238, 1240
adaptation and development linkages,

1203-1204
adaptation barriers, 1236-1238
adaptation deficit, 1203
adaptation experiences and lessons learned,

54, 1229-1236
adaptation limits, 1204, 1236-1238
adaptation opportunities, constraints, and

limits, 21, 922
adaptive capacity, 1204, 1226
agricultural pests, diseases, and weeds, 1220
agriculture, 54, 519, 1203, 1212-1213,

1218-1221, 1223, 1231
air quality, 1224
biodiversity, 1231-1232
biofuels, 1240-1241
biome change, 1215
Botswana, 804
climate finance and management, 1241-1242,

1241
climate forecasts, 643

coastal and ocean systems, 388, 1216
communication, 1233
community-based adaptation, 1229
conclusions from previous assessments,

1205-1206, 1205
costs of climate impacts, 631
crop insurance, 1147
crop yields, 510, 1218-1219, 1219
Darfur, conflict in, 773
deserts/desertification, 1205, 1209, 1210,

1213, 1214, 1215, 1234
detection and attribution, 44, 1003-1009,

1005-1006, 1212
development pathways, 1203-1204
diseases, 1222-1224
droughts, 42
East Africa coast and Madagascar, 1688
ecosystem services, 1231-1232
ecosystems, 1202, 1213-1216, 1214
education, 1213, 1233
emerging issues, 1238-1242
environmental context, 1211-1212
equity, 1226, 1227
extreme temperature and rainfall, 1210-1211
extreme weather and climate events, 42
fisheries, 1220-1221
floods, 42, 804, 805
food insecurity, 512, 1203
food production, 1202, 1212-1213
food security, 1202, 1212-1213, 1218-1221,

1221
freshwater ecosystems, 1215-1216
governance, 1203, 1227-1229
hantavirus, 1224
health, 1221-1224
human health, 715, 1203
human population, 1203
human security, 1204, 1238-1239
ICPAC, 1157
impacts, 1211-1225
infrastructure, 1234-1235
insurance, 54, 1231
integrated adaptation/mitigation, 91, 1240
Intergovernmental Authority on Development

(IGAD), 1157
key risks, 21, 76, 117, 1204, 1237-1238, 1238
Lagos flooding, 804
land use, 1240-1241
leishmaniasis, 1223
Limpopo River, 803
livelihoods, 1155, 1230-1231
livestock, 511, 1219-1220
maladaption risks, 1203-1204, 1235-1236
malaria, 722-723, 723, 1222-1223
malnutrition, 1222
meningococcal meningitis, 1224
migration, 1239-1240
mitigation, 1237-1238, 1240
mixed farming in Tanzania, 519
monsoons, 1161-1162
multiple stressors, 1202
Nairobi Work Programme, 583
natural resource management, 1231-1232
observed changes, 30, 82, 848, 1206-1211,

1207, 1208
observed climate trends, 1206-1211
observed impacts, 44, 1003-1009, 1005-1006,

1202
perennial crops, 1202, 1219, 1219

policies and access to information, 635
poverty, 801, 1211-1212
poverty indicators, 624
precipitation, 82, 1202, 1207, 1208, 1209-1210
projected changes, 82, 1206-1211, 1207, 1208
projected impacts, 796, 1202, 1204
regions within, 1205
research gaps, 1204, 1242-1243, 1242
resilience in, 1204
Rift Valley fever, 1223
risk management/reduction, 1202, 1204,

1230-1231, 1237-1238
risks, 21, 73-75, 76, 117, 1204, 1237-1238,

1238
river flow, 143-144
Sahel region, 519, 777
schistosomiasis, 1223-1224
social justice, 1227, 1227
socioeconomic context, 1211-1212
sub-Saharan, 796, 801
sustainable development, 1226-1227
technology, 1204, 1234-1235
temperature, 82, 1202, 1204, 1206-1209,

1207, 1208, 1224
terrestrial ecosystems, 1213-1215, 1214
trees, integrating into cropping systems, 1231
tropical beverage crops, 626, 641
undernourishment, 1213, 1213
urbanization, 1224-1225
violent conflict, 1239, 1239
vulnerability, 1202-1203, 1211-1225
water resources, 73-74, 250, 250, 625, 1203,

1213, 1216-1218
water stress, 73-74, 1202, 1217, 1237, 1237

Aggregate impacts*, 690, 690
risks associated with, 12, 61, 1015, 1016,

1044, 1077-1078
Agricultural droughts, 232, 247-248, 247
Agricultural productivity, 60, 810-812
Agriculture

adaptation, 215, 277, 489, 514-516, 515, 516,
638, 639-640

adaptation options, economic evaluation of,
962

adaptation trade-offs, 918
in coastal systems, 384
conservation agriculture, 638
crop insurance, 54, 685, 1147
diversification of, 516, 638
economic dependence on, 616, 617
extreme events and, 503
high-value food crops, 625
human security and, 761, 762, 763, 766,

768-769
irrigation, 233, 241, 251, 257
land conversion for, 67
observed impacts, 996-997
post-harvest aspects, 623-625
projected changes, 488-489, 623-625, 810-812
rainfed, 251-252, 498, 499, 514, 616, 624, 634
in rural areas, 616, 617, 621-625
smallholder and subsistence, 503, 616, 623,

627, 634, 638, 797
soil erosion and, 233, 237-239, 246
temperature effects, 110
trade and, 617, 628-629
tropical beverage crops, 625, 626-627, 641,

1528
under-investment in, 616
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in urban areas, 539
valuation of changes, 617, 631-632, 632
water demand, 251-252, 625
See also Crop yields; Food production systems

Air pollution, 713, 727-730, 728
acute episodes, 729
biomass burning, 739
black carbon, 716, 739
climate-altering pollutants, 713, 714, 715, 716,

728, 728
forest fires and, 721, 729
fuel combustion, 738-739
household sources, 738-739
human health and, 727-730, 737-738
outdoor sources, 738, 739
ozone, 728-729, 728
particulate, 728, 728
primary co-pollutants, 739
reducing, 737-740
secondary co-pollutants, 739-740
temperature and, 729-730
transboundary pollution, 1353

Air quality, 189, 727-730
fires and, 721, 729
human health and, 727-730
near-term future, 729-730
ozone and, 1171, 1172
projected changes, 729-730, 1171, 1172
regional projections, 1171, 1172
in urban areas, 556

Air transportation, 676
Albedo, 274

green and white roofs, 90, 574-575
Algal blooms, 253, 257, 454-455

dissolved inorganic carbon and, 287
harmful (HAB), 439-440, 454-455, 465, 726,

1582
toxins produced by, 251, 252

Alien species. See Invasive species and invasive
alien species

Allergens, 1000, 1043, 1056, 1064-1065, 1465
Alpine ecosystems, 314-317, 1274, 1274, 1301
Alternative development pathways, 1044, 1052,

1072-1073
Amazon region, 64, 67, 1502, 1507, 1509-1510,

1518, 1519, 1542
abrupt and irreversible changes (potential), 64,

67, 276, 309-310, 1016
Amazon river, 1518, 1519, 1521, 1543
biomass in, 308, 989
deforestation, 276, 284, 310, 1502, 1503,

1509-1510, 1514-1515, 1514, 1522-
1523, 1535

forests, 64, 67, 276, 284, 310, 982, 990-991,
1016, 1503, 1512, 1514, 1522-1523

observed impacts, 83, 982, 990-991
projected changes, 83
tipping point (potential), 64, 309-310, 1016

Amphibians, 275, 300, 989
Anaerobic organisms, 415, 443
Andes region, 1502, 1507, 1508, 1510, 1519, 1521,

1522
Animals

Arctic, 317, 990, 1016, 1570, 1575-1576,
1588, 1596

hypoxia and, 443
life cycles, 441
marine, 414, 429-430, 440-441, 443, 449-450,

457, 1575-1576, 1588-1589

multiple drivers, responses to, 447
phenology, 292
in polar regions, 317, 414
temperature and, 49, 447
thermal sensitivity/windows, 48, 49, 427-428,

427, 428, 429-430
Annex 1 and 2 countries, 1115
Anoxia, 415-416, 443-445
Antarctic Circumpolar Current, 1671
Antarctica

freshwater systems, 1573, 1586-1587
key risks and adaptation, 1594
ocean acidification, 1587
productivity and species, 1576-1577
Southern Ocean, 1585-1586, 1589
terrestrial ecosystems, 1581, 1590
tourism, 1595
See also Polar regions

Anthropogenic* climate change, 26, 982
DAI (See Dangerous anthropogenic interference)
drivers of, 1502
See also Detection and attribution

Aquaculture, 452, 488, 676, 1701-1704
adaptation, 489, 516
in coastal systems, 366, 384
impacts, 366, 384, 500-501, 508, 676
ocean acidification and, 452
vulnerabilities, 500-501

Aquifers, 364, 379, 991
See also Groundwater

Arabian Gulf, 1683
Arabian Sea, 1687-1688
Aragonite, 423, 1673, 1674, 1675, 1683
Arctic region, 1570, 1572

abrupt and irreversible changes (potential),
276, 1017

adaptation limits, 1570
animal populations, 1580-1581
cascading impacts, 1015-1016
compound risk, 1058, 1059
economic sectors, 1584-1595
economy, 1585
extreme weather events, 42
fisheries, 1584
freshwater ecosystems, 1572-1573, 1586,

1594
health impacts, 42, 1581-1583, 1594
hydrology, 1572-1573, 1586
indigenous peoples, 51, 983, 1016, 1581-1583,

1593-1595
infrastructure, 1584-1585, 1594
key risks and adaptation, 8, 1594
krill, 1577
livelihoods, 51, 983
marine mammals and seabirds, 1588-1589
marine transport, 1584
multiple stressors, 1572-1586
navigation and shipping, 559, 776, 776, 1173,

1174, 1584, 1591-1593, 1591, 1592,
1705

observed changes, 1572-1586
observed impacts, 232, 314, 982, 983, 990,

1017
ocean acidification, 1587
phenology, 1578, 1578, 1588-1589
as potential carbon source, 315
projected changes, 314-317
projected impacts, 1586-1593
rapid rate of change in, 1570

regime shift in, 1015-1016
resource exploration, 1585, 1593
river ice, 232
sea ice losses, 60, 623, 776, 982, 987, 987,

1015-1016, 1071, 1570, 1591, 1595,
1705, 1712

sea ice projections, 1136, 1591-1593
security and geopolitical issues, 776
socioeconomic impacts, 1595
terrestrial ecosystems, 1577-1581, 1589-1590
tipping elements, 276, 1015-1016, 1017
traditional knowledge, 8, 54, 1583-1584
trans-Arctic shipping, 453, 1584, 1705
transportation infrastructure, 628
as unique and threatened system, 1013, 1014
vegetation, 1578-1580, 1579
vulnerability, 1572-1593
warming in, 190, 776
See also Polar regions

Armed conflict, 771-775, 772, 773
Asia, 75-76, 1327-1370

about: countries and regions included, 1332
adaptation, 8, 22, 51, 922, 1334-1352,

1336-1337, 1355
adaptation and mitigation interactions,

1352-1353
adaptation, mainstreaming and institutional

barriers, 1351-1352
adaptation, valuation of, 1350-1351
agriculture, 75
biodiversity, 1342
case studies, 1355-1356
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Climate regulation, 453, 456
Climate-resilient pathways. See Resilience:

Climate-resilient pathways
Climate scenarios*. See Scenarios
Climate sensitivity*, 423-424, 450, 997
Climate system*

dangerous anthropogenic interference with,
11, 1043-1044, 1047, 1049, 1073

human interference with, 3, 12, 37, 61-62
Climate variability*, 414, 419, 450

human health and, 717-720
impacts of, 6
modes of*, 1162, 1180
net primary production and, 133
Ocean (region), 1658-1659, 1713
violence/conflict and, 1001-1002

Climate velocity*, 15, 62, 67, 125, 126, 274, 296,
297

Climatic drivers*, 240, 256
in coastal systems, 364, 367, 368, 370-372
land use change, 274

CMIP3 and CMIP5*, 178, 179, 1143, 1454
regional assessments (CMIP5), 1143
regional projections (CMIP5), 137-138, 1159,

1159
See also Climate models

Coastal squeeze*, 375, 376, 378, 1623
Coastal systems and low-lying areas, 17, 69,

361-409
adaptation and risk management, 365, 386-396
adaptation costs and benefits, 17, 364
adaptation decision making and governance,

388-390, 389
adaptation implementation and practice,

390-392
adaptation measures, 387-388
adaptation opportunities, constraints, and

limits, 922
adaptation options, economic evaluation of,

962
adaptation planning, 387
adaptation, successful projects, 365
adaptation trade-offs, 918
adaptive capacity, 373
agriculture, 384
aquaculture, 366, 384, 500-501
aquifers, 364, 379, 991
beaches, barriers, and sand dunes, 375-376
biodiversity, 376-377
carbon stocks, 394
climate change and, 374, 376
climate-related drivers, 364, 367, 368, 370-372
community-based adaptation, 390, 391
coral reefs, 378-379, 378

costs and socioeconomic aspects, 373, 382,
383

decision making for, 211
definition, 366-367
deltas, 147-148, 369, 380-381
detection and attribution, 386, 386, 989-991,

1007-1008
developed vs. developing countries, 364-365
drivers of change, 364, 367-374, 367, 368
erosion, 7, 17, 44-46, 69, 364, 376, 381, 386,

991
estuaries and lagoons, 379-380, 991
eutrophication, 364, 373, 380, 420, 465
exposure, 364, 372-373, 381
extreme events, 385
fisheries, 384
global mean sea level rise, 364, 366
groundwater, 246
habitat destruction, 375, 1707
human health, 385-386
human impacts, 364, 366, 375
human migration to, 373, 805
human population in, 17, 364, 372-373, 381,

386
human-related drivers, 372-374
human settlements and infrastructure, 364,

381-383, 382, 993
human systems, 381-386
hypoxia, 373, 420
impact and risk assessment approaches,

374-375
impacts, 364, 374-386, 375, 982, 991-993
industry, infrastructure, transport, and network

industries, 383-384
information gaps, data gaps, and research

needs, 363-366
infrastructure, 364, 383-384, 993
Integrated Coastal Zone Management (ICZM),

365, 366, 878
inundation, 374, 1707, 1712
invasive species, 364
key risks and vulnerabilities, 59, 1070
local sea level, 364
Low Elevation Coastal Zone (LECZ), 372
natural systems, 375-381
nutrients, 364, 373, 380
observed impacts, 7, 30-32, 48, 991-993,

1007-1008
ocean acidity and, 364, 368, 370, 372, 374
ocean temperature and, 364, 371-372, 379
planned retreat, 387, 389, 1375-1376
progress since AR4, 366, 368
protection, 364, 371, 387, 395
regional differences, 382
regional sea level, 364, 369
rocky coasts, 376-377, 992
runoff changes and, 364, 368, 372
salinity levels, 370, 379, 993
scenarios and models, 367
sea level extremes, 370, 991, 993
sea level rise, 7, 17, 364, 366, 367-370, 368,

374, 375, 379, 381, 385, 1669-1670,
1707

sea level rise, long-term commitment to, 394-
395

sea surface temperature, 368, 371-372, 431
sediment amounts and distribution, 364, 369,

373-374, 379, 380
socioeconomic development, 372-373
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species abundance, distribution, and range
shifts, 364, 376, 377, 378, 982

storm surge, 147, 148, 364, 370, 381, 453
storms, 364, 368, 370
submergence/subsidence, 364, 368, 369, 374
tourism and recreation, 364, 384-385
upwelling, 149-152, 150, 364, 373, 994
urban flooding in, 722
vulnerabilities and risks, 60-62, 69, 364,

372-386, 453, 462-463, 1347
wetlands and seagrass beds, 373, 377-378,

992, 1330
winds and waves, 368, 371
See also specific regions and countries

Co-benefits*, 28, 89-91, 180, 737-741, 742
of adaptation, 89-91, 538, 578-579, 948, 1118
coastal areas, 393
of development, 948
human health, 714, 737-741, 737, 738
of integration of adaptation and mitigation,

1104
of mitigation, 714, 737-741, 737, 738, 742
trade-offs and, 1119
in urban areas, 538, 578-579

Coccolithophores*, 428, 440, 1681
See also Phytoplankton

Cocoa, 626-627
Cod, 461
Coffee growing/production, 506, 625, 626-627,

1528
Cold-related mortality, 721, 983
Commercial sectors, 662, 671
Communicable diseases*. See Infectious diseases
Communication tools, 883
Community-based adaptation*, 390, 391,

580-582, 582, 641, 1157
adaptation experience, 53
in small islands, 1146

Compound risk, 1042, 1057-1059, 1058, 1412
Computable general equilibrium (CGE) model,

671, 689, 1059
Confidence*, 7, 177, 184-185, 186

degree of certainty, 6, 7, 41
See also Uncertainty; specific topics and

executive summaries
Conflict. See Violence and conflict
Conservation, 674, 1176

conservation agriculture, 638
ex situ, 326

Construction, 27, 677
traditional methods, 1637

Copenhagen Accord, 1115
Coral bleaching*, 80, 98, 364, 378, 1621, 1689

detection and attribution, 982, 992, 1014,
1014

observed impacts, 378, 378, 414, 982, 992,
1014, 1014

projections, 457, 465, 1628, 1659
temperature and, 379, 457, 1689

Coral reefs, 97-100, 378-379, 431
adaptation potential, 431
in Asia, 1342
in Australasia, 431, 1374, 1375, 1392-1393,

1395, 1413
biodiversity, 1016
in Central and South America, 1503, 1525,

1527, 1543, 1545
compound risk, 1058, 1059
Coral Reef Provinces (of Ocean), 1667, 1669

cross-chapter box, 97-100
degradation of, 1690
economic impacts, 131
emergent risks, 1054, 1058
food production, 493, 1690
geographic locations, worldwide, 1689
Great Barrier Reef, 431, 1393
habitat loss, 414
interactive effects on, 416
Mesoamerican Coral Reef, 1503, 1525
observed impacts, 378, 982, 992, 992, 1014,

1014
ocean acidification and, 16, 17, 98, 129, 131,

364, 368, 415, 436, 438, 1064, 1065
potentially irreversible changes, 1017
projected impacts, 16, 379, 457, 1659
recreation and tourism value, 384
responses to climate change, 414
sea level rise and, 378
services provided by, 99
small islands and, 1616, 1621, 1628, 1635
thermal stress, 63, 110, 1669
vulnerability/risk, 63, 97, 364, 415, 1064, 1065,

1075
See also Coral bleaching

Corals
calcification of, 99, 436, 441, 1042, 1064, 1065
coral regions, 1689
ocean acidification and, 364
temperature and, 431, 457
vulnerability/risk, 64, 1016
warm- and cold-water corals, 16, 68, 431, 438,

441, 465, 1014
Core concepts and entry points, 3, 3-4, 85
Corporations, 566, 836
Cost-benefit analysis, 948, 956-957, 963

See also Adaptation costs and benefits
Cost of Policy Inaction (COPI) Projects, 326-327
Costs

adaptation (See Adaptation economics)
coastal systems, impacts, 382, 383
computable general equilibrium (CGE) model,

671, 689
extreme weather events, 633, 805, 982, 998,

1016
freshwater resources/management, 233
global adaptation costs, 949, 959-960, 959,

960
health care, 687-689, 737
residual cost, 952-953, 953
social cost of carbon, 690-691, 691
valuation of impacts, 617, 630-633, 632

Crop insurance, 54, 685, 1147
Crop production, 488-489, 491-493

adaptation, 514-516, 514
carbon dioxide effects, 487, 488, 507
detection and attribution, 996-997
emergent risks, 1059-1060
models, 496
observed impacts, 996-997
ozone effects, 488, 493
risks and vulnerabilities, 494-505
See also Food production systems

Crop yields, 17-18, 18, 65, 488-489, 491-493, 492,
997

adaptation and, 514-516, 515, 516, 519
aggregate impacts, 1016
carbon dioxide effects on, 487, 488, 493, 494,

499, 506

cereals and grains, 488, 491, 492, 497-499,
498, 621

climate extremes and, 796
emergent risks, 1054
observed impacts, 4-6, 7, 491-493, 492, 616,

982
ozone effects on, 488, 493
pests, weeds, and diseases, 500, 506-507
projected impacts, 17-18, 18, 69-70, 70,

505-507, 505, 506, 509-511, 623-624
rural areas, 616, 629
sensitivity to climate and weather, 497-502,

504-505, 504
temperature and, 488, 492-493, 492, 497-499,

498, 516
trade and, 629
See also Agriculture; Food production systems;

specific regions
Cross-chapter boxes, 97-166

coral reefs, 97-100
ecosystem-based adaptation, 101-103
gender and climate change, 105-107
heat stress and heat waves, 109-111
key risks and vulnerabilities, emergent risks,

and hazards, 113, 114-121
long-term resilience, 147-148
marine biogeography, abundance, and

phenology, 123-127
net primary production in the ocean, 133-136
ocean acidification, 129-131
regional climate summary figures, 137-141,

138-140
river flow regimes, 143-146
tropical cyclones, 147-148
upwelling ecosystems, 149-152
urban-rural interactions, 153-155
vegetation and water flows, 157-161
water-energy/feed/fiber nexus, 163-166

Crustaceans, 16, 68, 415, 438, 465
Cryosphere*

Andean, 1502, 1517-1518, 1522
detection and attribution, 982, 986-989, 987
observed impacts, 982, 986-989, 987, 1003
regional impacts, 1003
See also Polar regions

Cultural and organizational theory, 198, 204, 272
Culture

adaptation and, 762-765, 764
climate impacts and, 762-765, 764
climate policy and, 764
cultural constraints to adaptation, 915-916
cultural landscapes, 318
cultural services, oceans, 453
cultural values, 71-72, 203-204
human security and, 71-72, 758, 762-766, 764

Cyanobacteria, 439-440, 726
Cyclones. See Extratropical cyclones; Tropical

cyclones

D
Dams, 275, 327, 1061-1062

in Asia, 1110-1111, 1342, 1345, 1353, 1355
in Egypt (Aswan High Dam), 252
in USA, 1458
in Vietnam, 1110-1111, 1355

Dangerous anthropogenic interference (DAI), 11,
1043-1044, 1047

Article 2 (UNFCCC), 1047
definition of, 1049, 1073
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Dansgaard-Oeschger (DO) events, 421-423
Dar es Salaam, 591-592
Darfur, conflict in, 773
Dead zones*, 17, 373, 415, 420, 1676, 1693,

1709-1710
Deaths. See Mortality
Decision making, 9-11, 54-56, 195-228

adaptation, mitigation, and sustainable
development–linkage of, 216-218,
217, 388-390, 638, 1118

approaches, 199-200
assess-risk-of-policy framing, 208
assessment of impact, adaptation, and

vulnerability, 213-214, 213, 837
behavioral sciences, 198, 199, 204
climate and climate change decisions, 200,

210, 214-216, 216
climate impacts, adaptation, and vulnerability,

204-214, 213
complexity in, 200-201
context for, 9-11, 54-56, 203-207
cultural and organizational theory, 198, 204,

272
cultural values, 199, 202, 203-204
decision analysis, 212
decision implementation, 212
decision review, 212
decision scoping, 212
downscaling, 211-212
economic barriers to, 955-956
in economic context of adaptation, 954-958,

954
economic evaluations as support for, 948
ethics, 198, 205-206
four-stage process of, 212
frameworks for, in ocean regions, 1661,

1711-1713, 1711-1712
geo-political dimension, 212-213
indigenous, local, and traditional knowledge,

758, 765-766
information for, 171, 210-213
institutional context, 206-207
key concepts, 199-203
knowledge transfer, 198, 213
language and meaning, 204-205
learning, review, and reframing, 209-210
methods, tools, and processes, 207-210, 922
multi-attribute decision theory, 209
multi-metric, 957, 957
opportunity space for, 181-182, 182
psychology and, 204
in regional context, 1136, 1139, 1140
resilience and, 182, 198, 216-217
risk/risk management and, 198, 199-202, 201,

202, 215
scale issues, 1118
scenario-based projections, 213
scenarios and, 198, 208
social context, 203-206
stakeholder involvement in, 199, 209, 254, 837
sustainability and, 198, 216-218, 217
trade-offs, 208-209, 216, 217
transformational adaptation, 198, 217-218
uncertainties and, 56, 198, 207-208,

1386-1387
with uncertainty, 9, 956-958
wicked problems, 200-201, 208, 211

Decision support, 26, 87, 198, 202-203, 210-216
climate information and services, 210-213

tools, 883, 902
in water resources, 255

Deforestation*, 283, 284, 1016
in Amazon basin, 276, 284, 310, 1502, 1503,

1509-1510, 1514-1515, 1514,
1522-1523, 1535

avoided, 1540
carbon release by, 276
in Central and South America, 276, 284, 310,

1502, 1503, 1509-1510, 1514-1515,
1514, 1522-1523, 1535, 1540

REDD payments, 617, 630, 641, 797, 814, 965,
1111, 1119

reduction in, 276, 302, 1522-1523
Delta Programme, 391
Delta Works, 365
Deltas, 369, 380-381

cities in, compound risk, 1058, 1059
tropical cyclones and, 147-148, 148

Dengue fever, 385, 723-725, 723, 731
in Asia, 723, 723, 1348
in Caribbean, 724
climate-related factors and, 723
in Europe, 723
intervention to control, 724
near-term future, 725-726
in small islands, 1624
thermal tolerance of vectors, 736
vectors, 725, 736

Deserts/desertification*, 312
in Africa, 1205, 1209, 1210, 1213, 1214, 1215,

1234
in Asia, 1330, 1339, 1344
in Europe, 1275

Detection and attribution*, 7, 42, 979-1037
aggregate impacts, 1015, 1016
anthropogenic climate change, 982, 1502
assessing all climate change aspects, 1017
attribution, 986
attribution, challenges of, 1018
attribution of a single event, 1018
attribution to climate change, 7, 42
attribution to precipitation changes, 982
attribution to warming, 982
biological systems, 1015
cascading impacts, 983, 1012, 1013
challenges, 986, 1018
coastal systems, 991-993, 1007-1008
conclusions, 188-189, 1016-1017
confidence, 7, 184-185
coral bleaching, 992, 992
crop production, 996-997
cryosphere, 986-989, 987
definitions, 985-986
detection, 985-986
differences in land and ocean systems, 995
economic impacts, 997-998
extreme weather events, 998-1000, 999, 1014,

1014
food production systems, 996-997, 1017
freshwater resources, 986-989, 987
gaps, research needs, and emerging issues,

983, 1017
human and managed systems, 996-1003,

1009-1010, 1015, 1017
human interference with climate system, 3, 12,

37, 61-62
hydrological systems, 986-989, 987, 1013,

1015, 1016

impacts attributed to climate change, 30-32
importance of, 1017
indigenous people, 983, 1001, 1002, 1003,

1014
methodological concepts, 984-986, 985
natural systems, 986-996, 1014, 1015
new evidence, 982
ocean ecosystems, 993-996, 993, 994, 995,

1007-1008
phenology, 989
physical systems, 982, 984, 994, 1011, 1012
quantitative synthesis assessment, 986
Reasons for Concern, 983, 1013-1016
regional impacts, 30-32, 1001-1030, 1003-1010
of single weather events, 998-1000, 1018
terrestrial and inland water systems, 989-991
terrestrial ecosystems, 982, 983, 989-990,

1005-1006, 1017
traditional ecological knowledge and, 1001
water resources, 982, 986-989, 987

Developed countries*, 181
adaptation experience, 51
poverty in, 796

Developing countries, 181
adaptation experience, 51
adaptation in context of development path, 948
coastal area impacts/costs, 364
ocean systems and, 416
poverty in, 616, 623, 796, 797
rural poverty, 616, 623
sea-level rise, costs of, 364

Development
adaptation and, 816, 882, 948, 954
adaptive capacity and, 1111
alternative development pathways, 1044,

1052, 1072-1073
ancillary or co-benefits, 948
Clean Development Mechanism (CDM), 797,

813-814, 848-849, 1111
climate-resilient development pathways, 818
of coastal areas, 364
country development terminology, 181
economic (See Economic development)
equity issues, 1351
greener, 180-181
Human Development Index (HDI), 720
inequalities and, 40
integrating with climate policies, 1111-1112
mitigation and, 1109, 1114-1115
pathways, 563-566, 1052, 1109
pathways of countries, 948
policy, climate change and, 1110
transformative, 538
See also Sustainable development

Diarrheal diseases, 689, 726, 727
Diatoms, 726
Dinoflagellates, 439, 726
Disadvantaged populations*, 796, 798, 799,

801-802, 806, 808
Disaster risk management (DRM)*, 27, 881-882

adaptation and, 836, 871
community-based programs, 734
early warning systems, 734, 872, 877, 878,

883-885, 1145
insurance and, 686, 797
lessons from, 817

Disaster risk reduction (DRR)*, 91, 148, 390,
565-566, 565, 1296

Hyogo Framework for Action, 14, 217
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Disasters*
education on, 733
health care treatment during, 687-688
preparedness programs, 714, 733
SREX report, 680
See also Extreme weather events; specific

disasters
Discount rates, 959
Diseases, 19-20, 713, 717-720

age and gender and, 717-718
air quality and, 727-730
in Central and South America, 1503, 1532,

1532, 1535-1536, 1536, 1543, 1545
cholera, 415, 455, 726, 1536
climate change variability and, 717-720
in coastal regions, 385
current status, 717
diarrheal, 726, 727
early warning systems, 734
floods and windstorms and, 722
food production and, 500, 506-507
mosquito-borne, 722-726, 723
near-term future, 725, 727
ocean systems and, 415, 431
parasites, bacteria, and viruses, 726-727
projected changes, 713, 725, 727
rodent-borne diseases, 725, 1000
in small islands, 1624-1625
spatial distribution of, 713
tick-borne, 722, 723, 725
in urban areas, 556
vector-borne, 713, 722-726, 723
vulnerability to, 717-720
water-borne, 713, 726-727
zoonotic, 725, 726
See also Human health; Infectious diseases;

specific diseases
Displacement, 72

forced, 736, 1175-1176
health risks, 736
numbers of people displaced, 768
permanent, sea level rise and, 770, 770
See also Migration, human

Distribution of benefits (of mitigation), 1111
Distribution of impacts, 12, 61, 241, 254, 1015,

1044, 1045, 1077
ethical issues, 955-956

Distribution of species. See Species distribution
Disturbance regimes*, 276, 277, 290

abrupt changes and, 276
fire, 290, 314, 317
observed changes, 276, 290
projected changes, 276
See also Fires; Insect pests

Downscaling*, 211-212, 241, 1137-1138
Droughts*, 232, 247-248

agricultural, 232, 247-248, 247
conclusions of AR4, 189
detection and attribution, 44-46
dryness, 81-84
extreme events, 247-248, 248
frequency and severity, 247-248, 247
impacts, 248
meteorological, 232, 247-248, 247
migration and mobility outcomes, 769-770
observed and projected changes, 1165-1170
observed impacts, 7, 30-32, 44-46, 239-240,

620
projected changes, 232

rural areas, 616, 620-621
urban areas, 538, 552, 555
vulnerability/risk, 60, 63, 1070-1071
wildfires and, 721
See also specific regions

Dryland ecosystems, 308-312
Dryness, 81-84
Durban, adaptation in, 573, 592-593
Dust, airborne transcontinental, 1616, 1633
Dynamic Global Vegetation Models (DGVMs)*,

305

E
Early warning systems*, 734, 872, 876, 878,

883-885, 1145, 1448, 1466, 1538
adaptation experience, 52

Earth system, 985, 986, 1084
Earth System Models (ESMs)*, 282, 456
large-scale interventions, 1114, 1121
potential tipping points in, 1016

East China Sea, 1686-1687
Echinoderms, 415, 438, 439, 465, 1633-1634
Ecological sustainability*, 552
Economic costs of climate change, 326-327, 326

valuation of impacts, 617, 630-633, 632
Economic development, 662, 679, 688

human health and, 713, 720
Economic goals, trade-offs with environmental

goals, 1118-1119
Economic growth, 663, 691-692, 997

climate-resilient pathways and, 1114-1115
conflict with environmental management,

1118
human health and, 713
Malthusian ideas, 1118

Economic instruments, 26, 87, 948-949, 963-966
Economic sectors and services, 19-20, 50, 70-71,

659-708
adaptation potential, 62-73
aggregate impacts, 690, 690
aquaculture, 676
charges, 965-966
climate change impacts on, 662, 690, 690,

997-998
commercial sectors, 662, 671
construction and housing, 677
crop and animal production, 676
detection and attribution, 997-998
economic development, 662, 679, 688
economic growth and productivity, 663,

691-692
economic impact estimates, global, 663
economic welfare, 662, 664
electricity grids, 669, 669
energy, 664-672, 693
extreme weather events and, 50
financial services, 680, 686-687
fisheries, 676
forestry and logging, 676
health and health care, 663, 687-689, 693
impacts on markets and development, 689-693
insurance, 663, 680-687, 693
key risks, 59-60, 59-62, 64-65
macroeconomic impacts, 669-672, 670-671
manufacturing, 677
markets, 663, 688, 689-690, 690
mining and quarrying, 676
pipelines, 71, 668, 669, 675
poverty traps, 692

projected impacts, 70-71
public-private partnerships, 686, 686
recreation, 677-678
research needs and priorities, 663, 693-694
residential sectors, 662, 671, 676
social cost of carbon, 690-691, 691
summary, 692-693, 693
supply and demand, 662, 664, 679
tourism, 663, 677-679, 693
transport, 662, 674-676, 693
transport infrastructure, 662
vulnerability, 664, 688
water infrastructure, 662, 672, 693
water services, 672-674, 693
water supply, 662

Economic welfare, 662, 664
Economics, 27, 945-977

of adaptation (See Adaptation economics)
analysis in face of uncertainty, 949
economic analyses, desirable characteristics in,

949, 963
economic instruments, 26, 87, 948-949,

963-966, 965
global economic risk and impacts, 63, 71
green fiscal policies, 90
incentives, 949, 963-966
macroeconomic analysis, 963
multi-metric evaluations, 948, 957, 957
PESETA project, 1059
REDD payments, 965
See also Markets; Socioeconomic impacts;

specific systems and regions
Ecosystem-based adaptation*, 101-103, 836,

846-847
adaptation options, 845
in coastal systems, 388
costs of, 393
cross-chapter box, 101-103
in Durban, 573, 592-593
payment for ecosystem services (PES), 641-642,

964, 1523, 1540-1541, 1541
processes in, 102
in rural areas, 641-642
in urban areas, 539

Ecosystem degradation, 276
Ecosystem services*, 319-321, 319, 659-708

degradation of, 276
economic costs related to, 326-327, 326
emergent risks, 1042, 1053-1054, 1054
ocean systems, 414, 452-453, 461-465
payment for (PES), 641-642, 949, 964, 1523,

1540-1541, 1541
projected changes, 274
risks from large temperature increase, 63
species composition and seasonal changes

and, 274
in urban areas, 538, 572-575
valuation of, 956-957
See also Economic sectors and services

Ecosystems*, 271-359
abrupt changes in, 276
adaptation and thresholds, 278-279, 321-328
adaptation capacity, 277
boundaries of, 278
carbon dioxide effects on, 287
climate change, effects of, 319
degradation, 276
detection and attribution, 42
drivers of change, 274
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dynamic and inclusive view of, 278-290
economic costs of climate change, 326-327,

326
emerging issues, 328
GHG and climate change impacts on, 249
human influence on, 278
impacts/risks for major systems, 301-319, 302
key issues risks, 1058, 1071
management, 27, 453-454, 456
multiple stressors, 276, 283-290
observed impacts, 7, 30-32, 42-43, 982
paleoecological evidence, 279-282
projected impacts, 274-277
properties of, 278
protected areas, 324
regime shifts, 454
restoration of, 324
services (See ecosystem services)
thermal tolerance, 432
thresholds, 278-279
tipping points, 276, 278-279, 309-310, 316-317
uncertainties, 328
vulnerability/risk, 274-277, 290-321, 302, 1071
See also Biodiversity; Freshwater ecosystems;

Marine ecosystems; Terrestrial
ecosystems

Education, 720, 731
access to, 19, 27, 70, 73, 154, 625
disaster education, 733
gender and, 39, 73, 105, 106
health education, 734
higher education, 1352
long-term resilience and, 148
options in, 27, 52
in rural areas, 70, 618, 625

Egypt, Aswan High Dam, 252
El Niño Southern Oscillation (ENSO)*, 1162

agriculture effects, 632
in Australasia, 632, 1377
conclusions of AR4, 191
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equitable development, 1351
equity weighting, 926
See also Inequality

Erosion
beaches, 1524, 1525, 1620, 1624
in coastal systems, 17, 44-46, 69, 364, 376,

381, 386, 991
observed impacts, 988-989
soil, 233, 237-239, 246
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detection and attribution, 997
exploitation and overfishing, 69, 452, 456
food security and, 414-415
high-latitude, 414, 508
management, 456, 516
marine, 16, 18, 68-69, 69, 1659-1660, 1663,

1699, 1701-1704, 1707-1708, 1708
marine capture, 1701
observed changes, 384, 493, 997
pelagic, 150, 384, 435, 1016, 1702, 1708
in polar regions, 1584, 1590-1591
production by, 150, 416, 489, 493
projected impacts, 16, 68-69, 69, 384, 452-453,

457-459, 458, 465, 507-508, 507
in rural areas, 627-628, 632-633, 637, 642, 644
shellfish, 64, 1701
in small islands, 1616, 1621, 1629
small-scale, 1702-1703
spatial shifts in species, 414-415, 493, 994
tuna, 507, 1629
UN Straddling Fish Stocks Agreement

(UNSFSA), 1713
valuation of, 452, 632-633
vulnerability/risk, 68-69, 416, 452, 500-501,

516, 1699
Floods*

adaptation, 52, 962, 1146
conclusions of AR4, 189
costs, 633
detection and attribution, 44-46
economic impacts, 673
extreme events, 234, 247-248, 248
flash floods, 805
flood defenses, 1146, 1157, 1181, 1297
frequency and severity, 66, 232, 239, 247-248,
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limits to food production, 736
livestock, 494, 502, 508-512, 517, 519-520
observed impacts, 7, 30-32, 44-46, 49-50,

488-489, 491-494, 982, 996-997,
1017

ocean acidification and, 507

oceans and marine ecosystems, 452-453, 456
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insect infestations/damage, 289-290, 1016,

1443, 1447, 1458, 1459
management, 640-642
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Global Environmental Facility (GEF), 874
Global sea level. See Sea level; Sea level change
Global temperatures. See Temperature
Global warming. See Climate change; Temperature;

Temperature impacts; Temperature projections
Globalization, 616, 1303
Governance/government, 26, 207

adaptation and, 842-843, 845, 849, 1475-1476
adaptation planning and implementation, 25,

85-87, 388-390, 874-875, 886-889
government failures, 956
insurance and, 686, 686
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leadership, 540, 589-590
local, 566, 577-578, 836, 842-843, 876
national adaptation responses, 871
national governments, 25, 27, 85, 842, 1475
policy on environmental migrants, 771, 771
rural areas, 617
security and national security challenges, 758
stakeholder participation, 540, 1473-1475
state integrity and geopolitical rivalry, 72-73,

775-777
subnational level adaptation, 85, 1475-1476
urban governance, 538-540, 566, 575-578,

578
Grain crops, 488, 491-493, 492

projected impacts, 488-489
sensitivity to climate change, 497-499, 498
temperature and, 488, 498
See also Agriculture; Crop yields; specific

regions
Grapes, 499, 506, 625
Grasslands, 311, 311-312, 637
Great Barrier Reef, 431, 1393
Green and white roofs, 90, 574-575
Green economy, 567
Green fiscal policies, 90
Green infrastructure, 90, 560, 572-575, 847, 884
Greener development, 180-181
Greenhouse gases (GHGs)*, 50, 171, 188-189, 249

feedbacks, 274
mitigation, 903, 1045
release from permafrost, 67
vulnerability/risk and, 66, 852
water resources and, 15, 66
See also Carbon dioxide

Greenland ice sheet, 63
Gross Domestic Product (GDP), 811-812

impacts computed as a percent of, 364, 631
Groundwater, 66, 243-246

attribution of changes, 237
coastal groundwater, 246, 364, 379
observed changes, 237, 238
pollutants in, 252
projected changes, 14, 243-246, 250, 625
salinization, 633, 991
vulnerabilities, 250-251, 250

Groundwater recharge*, 158, 244-246, 250
Growing season. See Phenology
Gulf of Mexico, 1678

H
Habitat

destruction, 375, 414, 1707
fragmentation, 275, 327-328
See also Biodiversity; Ecosystems

Hailstorms, 683
Hantavirus, 725, 1224, 1536
Hard and soft limits, 89, 903, 907, 919-921
Harmful algal blooms (HABs), 439-440, 454-455,

465, 726, 1582, 1709, 1712
Hazards, 37, 113, 114-121, 1042, 1070-1071

definition of, 39
novel, 59

Health. See Human health
Health care, 663, 687-689, 693, 733

costs, 687-689, 737
Heat islands. See Urban heat islands
Heat-related deaths, 42, 60, 720-721, 736, 983,

1058, 1069, 1374
in Australasia, 1375, 1402-1403, 1411

in Europe, 1280, 1290-1291, 1301
in North America, 1470, 1477

Heat strain/exhaustion, 731, 733
Heat stress, 109-111

effect on livestock, 517, 627
gender and, 106
in urban areas, 538, 556
See also Thermal stress

Heat stroke, 731
Heat waves*, 109-111, 558, 720-721

in Australasia, 42, 1374, 1375, 1380, 1400,
1401, 1402, 1405, 1407, 1411, 1413

brownouts and blackouts, 558
cross-chapter box, 109-111
disproportionate impacts, 109
early warning systems, 883-885, 1145
in Europe, 720, 721, 729, 999, 1278, 1280,

1290-1291
frequency and intensity of, 721
mortality from, 42, 60, 110, 720-721, 736, 983,

1058, 1069, 1374
in North America, 721, 1444, 1470, 1477
observed and projected changes, 1165-1170
in Russia, 503, 729, 999
violence and, 109

Hemorrhagic fever with renal syndrome (HFRS),
725

Herbicides, 500
Heritage benefits, 453
Heritage sites, 560, 1272, 1292-1293, 1301, 1303
High-altitude ecosystems, 17, 274, 312, 995

responses to climate change, 317
species distribution, 274
species range shifts toward, 274, 278-279, 279
tourism increases, 678
See also Mountain regions

High-latitude ecosystems, 124, 274, 312
deforestation, 283
fisheries, 414, 508
food production, 488
impacts/risks, 301, 1010
primary productivity in, 293, 415
tourism increases, 678
water resources, 251

Honeybees, 320-321
Hotspots*, 20, 1137, 1177-1178, 1463
Housing, 538, 539, 559-560, 568-570, 676
Human-assisted adaptation*, 324-326, 325, 328
Human capital, 761, 762, 774
Human Development Index (HDI), 720
Human health, 19-20, 50, 71, 709-754

adaptation, 712, 733-737, 735, 742, 922
adaptation options, economic evaluation of,

962
adaptation policies, 733-734
adaptation under high levels of warming,

735-737
aeroallergens, 729, 1043
air pollution, 713, 716, 727-730
air quality, 721, 727-730
carbon dioxide effects on, 1043, 1064-1065
child health services, 714
childhood mortality, 688
climate-altering pollutants (CAPs), 713, 714,

715, 716, 728, 728
climate change and, 713, 716-717, 716, 735,

741
climate change benefits for, 742
climate change variability and, 717-720

co-benefits, 714
in coastal areas, 385-386
co-benefits, 714, 737-741, 737, 738, 753
costs, 687-689, 737
dengue fever, 723-725
detection and attribution, 1000
direct impacts of climate and weather,

720-722, 741
disaster preparedness, 714
disease distributions, 713
diseases, 713, 722-730
diseases, vulnerability to, 717-720
drought and, 721
early warning systems, 734, 1466, 1538
economic development and, 713, 720
elderly people, 717-718, 719, 720
emergent risks, 1042, 1056-1057, 1064-1065
extreme events and, 663, 721
fires and smoke, 721, 729
floods and, 721-722
food-borne infections, 726-727
food production and, 713
food quality and, 501-502
food security, 736
health adaptation policies, 733-734
health care costs, 687-689, 737
health care services, 663, 687-689, 693, 733
heat- and cold-related impacts, 713, 720-721,

731, 983
heat-related deaths, 110, 713, 720-721, 736,

983
heat tolerance, limits to, 736
heat waves and, 110, 720-721
impacts, direct, 50, 720-722, 741
impacts, ecosystem-mediated, 722-730
impacts, human system-mediated, 730-733
impacts, mechanisms of, 713
infectious diseases, 663, 722-726
injuries and drowning, 713, 717, 721, 731
key risks, 116
knowledge gaps, 714
malaria, 722-723
malnutrition, 688, 730-731, 1530, 1537
meat consumption, 714, 742
mental health, 722, 732, 1404
nutrition, 730-731, 730
observed impacts, 1000
occupational health, 731-732
ocean systems and, 415, 431-432, 454-455
ozone and, 716
physical infrastructure and, 718, 736-737
population growth and, 718
populations most affected, 742
present state of global health, 715-716, 720
projected changes, 71, 713
projections under RCP scenarios, 713
protecting, 733-734, 735
public financing of, 688
public health, 714, 718, 733, 738
reproductive health services, 740-741, 742
research gaps, 714
rodent-borne diseases, 725, 1000
in rural areas, 623
socioeconomic status and, 718
storms and, 721-722
temperature and precipitation and, 713, 1000
thermal thresholds, 713
thermoregulation, 713, 720-721
tick-borne diseases, 722, 723, 725, 1000
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ultraviolet radiation and, 722
uncertainties and knowledge gaps, 714,

741
in urban areas, 556, 560
vaccinations, 21, 714, 733
vector-borne diseases, 722-726
violence and conflict, 732-733
vulnerability mapping, 733-734
vulnerability projections, 718-720, 719
vulnerability reduction, 714
vulnerability/risk, 60, 72, 717-720, 1042, 1058,

1069
water-borne infections, 726-727
weather and, 713, 715
weather shifts and, 713
work capacity, temperature and, 19, 71, 713,

731, 732
See also Diseases; specific diseases

Human migration. See Migration, human
Human-modified land systems, 317-319
Human population

in Asia, 1332, 1347
in coastal areas, 364, 372-373, 381, 386
growth, health and, 718, 740
in North America, 1450-1452, 1451
in rural areas, 616, 618, 618, 622
slowing growth through fertility, 740-741
in urban areas, 50, 538, 541-547, 544, 553,

554, 622
water availability and, 250

Human rights, 759
Human security*, 20, 50, 71-73, 73, 755-792

adaptation, 762, 766, 778-779
adaptation opportunities, constraints, and

limits, 922
agriculture, 761, 762, 763, 766, 768-769
armed conflict, 758, 771-775, 772, 773
basic needs, 761
climate change and, 759, 760, 1001-1002
culture and, 71-72, 758, 762-766, 764
definition and scope, 759-761
economic dimensions, 761-762, 761
food prices and insecurity, 763
geopolitical issues, 775-777
human capital, 761, 762, 774
human rights, 759
indigenous, local, and traditional knowledge,

758, 765-766, 766
key risks, 39, 778
livelihood security, 758, 761-762, 761
migration, 758, 766-771, 769-770, 777
mobility, 758, 766-770, 769-770
multiple factors in, 758
national security policies, 758
observed changes, 50, 1001-1002
projected changes, 71-72
property, 761, 762, 773-774, 779
scales of, 73
state integrity, 72-73, 775-777
states, challenges to, 758, 760
synthesis, 777-779, 777, 778
threats to, 758, 762
vulnerabilities, 758, 761, 778
vulnerable populations, 758, 761
water scarcity, 761-762, 761

Human settlements
in coastal areas, 364, 381-383, 382, 993
informal settlements*, 538, 583, 805-806
See also Rural areas; Urban areas

Human systems*
in coastal areas, 381-386
detection and attribution, 42, 982, 996-1003,

1009-1010, 1015
factors affecting, 982
observed impacts, 4-8, 7, 40, 42-43, 44-46,

49-51, 982, 996-1003, 1009-1010,
1015, 1017

Human thermoregulation, 713, 720-721
Humboldt Current, 1692-1693
Hunger, 796, 805
Hurricanes

in Central and South America, 1508, 1535, 1542
economic damages of, 383
Hurricane Katrina, 211, 381, 383, 810, 1002
Hurricane Mitch, 1535
Hurricane Rita, 381
Hurricane Stan, 621
Hurricane (Superstorm) Sandy, 383, 810, 1470,

1473
Hurricane Wilma, 1470
in North America, 1445, 1460, 1470
See also Tropical cyclones

Hydrological cycle*, 234, 249, 253
Hydrological impact assessment, 241
Hydrological systems

detection and attribution of impacts, 234-236,
235

extreme events, 236, 239-240
observed changes, 4, 7, 232, 234-240, 982
projected changes, 241-248, 253
projected extremes, 247-248, 248

Hydropower, 666, 667
in Asia, 1355
in Central and South America, 1519-1520,

1540-1541, 1544
in Europe, 1282
extreme events and, 666
freshwater resources and, 233, 252, 257-258
in North America, 1458, 1467

Hyogo Framework for Action, 217
Hypoxia, 150, 418-420, 443-445, 444

in coastal areas, 373
dead zones, 17, 373, 415, 420, 1676, 1693,

1709-1710
hypoxic effects, 464
hypoxic zones, 420, 464
in ocean systems, 415-416, 418-420, 443-445,

444, 464, 993, 1675-1676
tolerance, 415, 464

Hypoxic events*. See Eutrophication

I
Ice caps*, 987, 987
Ice sheets*, 63, 190
Impact assessment*, 213-214, 213, 1176-1184

baseline and scenario information, 1179-1184
climate model projections and, 171
delta method, 241
downscaling, 211-212, 1137-1138, 1159-1162
impact analyses, 1178-1179
methods, 241, 631
probability distributions, 241
scale in, 1149
top-down and bottom-up approaches, 1144,

1144
Impacts*, 4-8, 7, 37-58

aggregate (See Aggregate impacts)
attributed to climate change, 30-32

avoided impacts, 1045, 1081-1083, 1081
cascading, 983, 1012, 1013, 1015-1016
of climate-related extremes, 40-42
definition of, 39, 1048
detection and attribution of, 7, 979-1037
direct and indirect, 720-722, 741
distribution of, 12, 61, 241, 254, 955-956,

1015, 1044, 1077
on ecosystem services, 319-321, 319
global pattern of regional impacts, 1010-1013,

1011
global patterns of, 43
interactions of, 1046
local, 1151
non-climate factors and, 40
observed (See Observed impacts)
regional, 7, 1001-1030, 1003-1010,

1147-1152, 1150, 1151
regional vs. other scales, 1150, 1151-1152,

1151
residual, 1080-1083
transboundary, 1042-1043, 1059-1062, 1062
valuation of, 617, 630-633, 632
See also Observed impacts; Projections;

specific systems and regions
Incentives, 949, 963-966
Income inequality, global, 802
Incremental responses*, 733, 1106, 1121, 1445
INDEPTH Network, 715
India

agriculture, 1343-1344, 1351
air quality, 1353
caste system, 799, 807, 808
coastal population, 373
electricity production, 1353
exposure to storm damages, 1638
flood risk, 1346, 1347
forests, 1340
Ganges river runoff, 1337-1338
gender inequalities, 807
human health, 1347, 1348-1349, 1353
malaria, 1347
monsoons, 1333, 1334
trade, 1353
water resources, 1337-1338, 1344
See also Asia

Indian Ocean
chlorophyll concentrations, 1660
climate projections, 1628-1629
sea surface temperature (SST), 1658, 1665
subtropical gyre, 1695

Indigenous knowledge, 182, 517, 520, 758,
765-766, 1001

adaptation and, 87, 765-766, 766
in Central and South America, 1531
in climate forecasting, 643
threats to, 766

Indigenous peoples*, 758, 765
adaptation, 758, 765, 766
adaptation planning, 876
adaptive capacity, 765, 766
in Arctic region, 51, 983, 1016, 1581-1582,

1593-1595
in Australasia, 1375, 1405-1406, 1408
decision making, lack of inclusion in, 758, 765
detection and attribution, 983, 1001, 1002,

1003, 1014
health and well-being, 1581-1583, 1594, 1595
knowledge systems of, 213, 765-766
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livelihoods, 51, 765, 805, 983, 1003, 1010
mitigation actions and, 797
in North America, 1444, 1460, 1461, 1462,

1470, 1471-1472, 1478
observed impacts, 983, 1001, 1002, 1003,

1014
in polar regions, 983, 1016, 1571, 1581-1583,

1593-1595
poverty and, 797, 805-806
vulnerability/risk, 876

Indonesian Throughflow, 1671
Industrialized countries*, 181
Industry

coastal industries, 383-384
water supply for, 673
See also specific regions and countries

Inequality, 6, 47-48
disadvantaged people, 796, 798, 799, 801-802,

806, 808
disproportionate climate impacts and, 797
equity and equity weighting, 926
exacerbation by climate impacts, 796
gender, 807-808
global income inequality, 802
high-income countries and, 802
livelihoods and, 799, 802
multidimensional, 6, 40, 47-48, 809-810, 809
multiple stressors and, 799
poverty and, 796, 802-803, 816, 1002
structural, 796, 802, 819
unequal distribution of mitigation benefits,

1111
See also Equity; Marginalization

Infectious diseases, 663, 722-727
climate-related factors and, 723
floods and windstorms and, 722
thermal tolerance of vectors, 736
See also Diseases; Human health; Vector-borne

diseases; Water-borne diseases;
specific diseases

Informal settlements, 538, 583, 805-806
Information and communication technologies,

884
Information needs and options*, 844, 845, 848
Infrastructure

adaptation, 847
in coastal areas, 364, 383-384, 993
costs of climate change, 383
costs of repairing, 628
critical, 72-73, 775
deterioration/damage of, 628
green, 90, 560, 572-575, 847, 884
human health and, 718, 736-737
in rural areas, 616, 628
state capacity and, 775
transportation, 628, 662, 674
in urban areas, 538, 539, 557, 560, 572-575
vulnerability/risk, 628
vulnerability to failure of, 737
water supply, 662, 672, 693
See also specific regions, sectors, and systems

Innovation, 27, 909, 922, 966
climate resilience and, 1120-1121

Insect pests, 289-290, 320-321
forest infestations, 289-290, 1016, 1443, 1447,

1458, 1459
mountain pine and spruce beetles, 289-290
spread of, 303

Insolation, 1671

Institutional capacity, 1473
Institutional change, 1114
Institutional learning, 635
Institutional needs*, 843-844
Institutional options*, 836, 845, 848-849
Institutional vulnerability, 1068
Institutions, 27

adaptation constraints, 916-917, 922
adaptation options, 836, 845, 848-849
adaptation planning and implementation,

388-390, 389, 886-888
adaptation support, 1119-1120
barriers, 871, 886-888, 1351-1352
decision making and, 206-207, 1139
problems with, 1120
regional decision making and policies, 1139,

1140
See also Governance/government

Insurance*, 680-687, 693, 949
adaptation and, 680, 872, 884, 885-886, 949,

964
adverse selection, 684
building standards for high-risk sites, 685
covering weather hazards, 680
crop insurance, 54, 685, 1147
diversification of large losses, 684, 685
flood insurance, 885
governance, public-private partnerships, and

insurance market regulation, 686, 686
government, 663
impacts on insurance systems, 663, 680
index-based, 964, 1147, 1231
insurance systems, 663
microinsurance, 684, 816, 949
moral hazard, 964
observed and projected losses from weather

hazards, 680-683, 681, 682
poor people and, 797, 816
prices, 682, 685
public-private risk prevention, 663
public sector as insurer of last resort, 949
reinsurance*, 663, 684, 949
risk-adjusted premiums, 685, 886
risk financing, 686
risk-linked securitization, 663
risk management, 1403
risk transfer, 886
sovereign insurance, 685-686, 685
supply-side challenges and sensitivities,

683-684, 683
urban areas, 582-584
very large loss events, 684
weather disasters and, 663
weather risks, products responding to,

684-686, 685
Integrated Assessment Models (IAMs), 925, 1148
Integrated Coastal Zone Management (ICZM)*,

365, 366
Integrated Water Resource Management (IWRM),

254
Intellectual property rights, 966
International trade, 617, 629, 1171

sensitivity to climate, 1173-1175
Invasive species and invasive alien species

(IAS)*, 15, 67, 275, 288-290, 289
in Australasia, 1397
observed changes, 275, 288-289, 990
projected changes, 275, 289-290, 289
in small islands, 1616, 1633

IPCC Assessment Reports, 4, 38, 169-126, 175
First Assessment Report (FAR), 174, 175
Second Assessment Report (SAR), 174-176, 175
Third Assessment Report (TAR), 175, 176
Fourth Assessment Report (AR4), 175, 176,

182-184
Fifth Assessment Report (AR5), 4, 38, 175,

176-182, 176-177
AR5 Guidance Note, 176, 176-177
certainty and uncertainty treatment in, 6, 7,

41, 176, 176-177
context for, 4, 38-39
evolution of WG II Assessments, 174-176, 175
information this report is based on, 174
literature, amount and authorship of, 38, 171,

172-174, 173, 174
major conclusions of AR4, 182-184
major conclusions of more recent reports,

184-192
science basis for, 172-174, 173
Special Report on Managing the Risks of

Extreme Events and Disasters to
Advance Climate Change Adaptation
(SREX), 187-188, 247, 620, 643, 680,
720, 1047-1049, 1163-1164

Special Report on Renewable Energy Sources
and Climate Change Mitigation
(SRREN), 165, 186, 187

Working Group I Fifth Assessment Report,
188-191

Working Group III Fifth Assessment Report,
191-192

See also specific reports
IPCC Working Groups. See Working Group I;

Working Group II; Working Group III
Iron, in ocean fertilization, 455
Irreversible changes. See Tipping points
Irrigation, 673-674

projections, 241
water demand for, 159, 251
water-saving, 1116
water use efficiency, 157-158
water use for, 233, 257

Islands. See Small islands

J
Japan

2011 Tohoku Earthquake Tsunami, 390
aging population in, 1332
coastal systems, 390, 1342
exposure to storm damages, 1638
food production, 1343-1344, 1345
rice production, 1343, 1344-1345
trade, 1353
transboundary pollution, 1353
See also Asia

Japanese encephalitis, 725, 1348-1349
Justice, 180

K
Kelp, 364, 377-378, 992
Key risks*, 11-20, 21-25, 59-60, 114-121, 1069-1073

adaptation and, 1072-1073, 1080-1083
alternative development pathways and, 1044,

1052, 1072-1073
assessing, 1069-1071
assessment of response strategies, 1080-1085
criteria for identifying, 1051-1052
cross-chapter box, 113, 114-121
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dangerous anthropogenic interference, 11,
1043-1044, 1047, 1073

definition of, 11-12, 1048-1049
economic sectors, 59-60, 59-62, 64-65
examples of, 1058, 1069-1071, 1070-1071
food production and security, 114, 1058,

1069-1070
freshwater resources, 232-233, 256
global perspective on, 13
human health, 116
human security, 778
livelihoods and poverty, 116-117, 811, 1058,

1070-1071
mitigation and, 1080-1083, 1081
ocean acidification, 60, 74-75, 1042, 1064,

1064, 1065, 1071, 1707-1708
ocean systems, 114, 461-465, 462-463
for poor people, 811
Reasons for Concern, 1049, 1073-1080
regional, 20, 21-25, 59-62, 76-80, 117-121
rural areas, 115-116, 633-637
terrestrial and inland water systems, 114
urban areas, 114-115, 561-562, 591-596
See also Emergent risks

Key vulnerabilities*, 59-60, 113, 117, 1039-1099
assessing, 1052-1053
criteria for identifying, 1051
cross-chapter box, 113, 114-121
definition of, 1048-1049
differential vulnerability and exposure,

1066-1067
environmental vulnerability, 1068
factors in, 1065-1069
framework for, 1050-1053
historical development, 1046-1047
institutional vulnerability, 1068
new developments, 1049-1050
previous assessment findings, 1046-1049
Reasons for Concern, 1049, 1073-1080
rural areas, 633-637
socioeconomic vulnerability, 1067-1068
SREX findings, 1047-1049
trends in, 1067
See also Key risks

Knowledge, 576, 576, 765-766
access to, 629, 635
adaptation and, 766
adaptation constraints, 911-913
indigenous, 182, 517, 520, 643, 765-766, 766,

1001
local, adaptation and, 875
traditional and local, 8, 629, 758, 765-766, 766
traditional ecological (TEK), 1001

Knowledge gap, 565
Knowledge transfer, 198, 635
Krill, 1577, 1589, 1596
Kyoto Protocol, 257

L
Lakes

eutrophication, 313
glacial lakes, 242, 988, 1000, 1002
lake ice, 987, 987
observed impacts, 7, 30-32, 313, 1004
See also Freshwater resources

Land acquisitions, large scale (LSLA), 814-815,
1175

Land degradation, migration and mobility
outcomes, 769-770

Land-grabbing, 73, 180, 630, 814-815, 1175
Land use*, 27

for biofuel production, 630, 806-807, 814-815
food production, 504-505, 504, 507
human-modified systems, 317-319
influence on climate change, 282
land tenure systems, traditional, 635
in rural areas , 616, 635, 637
scenarios, 285

Land use and cover change (LUCC), 274, 282,
283-285, 284-285

Land use change*, 66, 274, 284-285, 1502
biofuel production and, 630, 797, 806-807,

814-815, 1055-1056, 1056
carbon release by, 276
in Central and South America, 1502, 1503,

1509-1510, 1513-1516, 1522-1523,
1534-1535, 1542, 1543

in coastal areas, 372-373
as driver of ecosystem change, 274, 1513
effects on ecosystems, 277
effects on terrestrial and freshwater ecosystems,

274, 277, 283-285, 284-285
emergent risks, 1042, 1054, 1055, 1056
freshwater resources and, 240-241
privatization, 637
summary of effects, 284-285

Landslides, 805, 987-988
Large-scale interventions, 1114

See also Geoengineering
Large-scale land acquisitions, 814-815, 1175
Large-scale processes and feedbacks, 415
Large-scale singular events, 12, 61, 1015-1016,

1044, 1078-1080
avoiding, 1084
temperature and, 63

Least Developed Countries (LDCs), 852, 874
Leishmaniasis, 385, 1223, 1536
Leptospirosis, 1532, 1536
Likelihood*, 6, 41, 177

See also Confidence; Uncertainty
Livelihoods*, 20, 30-32, 39, 50-51, 73, 793-832

adaptation actions, 762
agricultural, 621-623
agricultural productivity and, 810-812
assessment of climate change impacts, 803-813
assessment of climate change responses and

mitigation, 813-816
assets, 803-805, 812
biofuel production and, 814-815
climate-resilient development pathways, 818
climate stressors and, 796
critical thresholds, 798, 804
definitions and scope, 798-799
detection and attribution, 44-46
dynamics, 805
farming, 803
financial assets, losses of, 805
future impacts and risks, 810-813, 811
gender and, 807
impacts of adaptation responses, 815-816
impacts of climate, weather, and climate-

related hazards, 796
indigenous peoples, 51, 765, 805, 983, 1003,

1010, 1595
inequalities and, 799, 802
insurance and, 797
interactions with poverty, inequality, and

climate change, 802-803, 804

key risks, 116-117, 1058, 1070-1071
land issues, 803
mitigation policies and, 797
mobility and, 758
multiple stressors and, 50-51, 798-799, 799
observed impacts, 6-8, 7, 30-32, 44-46,

803-810, 983, 1002-1003, 1002
poverty and, 796, 1002
projected impacts, 73
REDD and, 797
research gaps, 818-819
resilience, 797, 818
rural areas, 60, 616, 617, 623-628, 644, 796
seasonal sensitivity, 806
security, 27, 758, 761-762, 761
shifts in, 796, 805, 812
synthesis, 818-819
trajectories, 796, 798, 799, 803, 805, 806, 812
weather events and, 803-805

Livestock, 494, 502
adaptation, 489, 517, 519-520
adaptation options, economic evaluation of,

962
in Central and South America, 512, 1515,

1528, 1530
heat stress, 110, 517, 627
observed impacts, 502
projected impacts, 508-512, 625-627, 633
temperature and, 502, 517
water stress, 502

Low regrets policies and actions*, 66, 188, 233,
254, 637, 644-645

Lyme disease, 723, 725, 736

M
Macroalgae, 429, 440, 450
Macroeconomic analysis, 963
Macroeconomic impacts, 669-672, 670-671
Madagascar, 1688
Mainstreaming, 87, 948, 1351-1352, 1640

barriers to, 1351-1352
Maize, 491, 492, 493, 1016

observed changes, 7, 621, 982
projected crop yields, 5, 17, 69, 505, 509-510
sensitivity to climate change, 505
temperature and, 498

Maladaptation*, 87, 837, 857-859
adaptation planning and, 837
avoiding, 254, 518
causes of, 858-859
definition of, 837
examples and experiences, 858, 859, 1476
screening for, 858-859

Malaria, 385, 722-723, 731
in Africa, 722-723, 723, 1222-1223
in Asia, 1349
climatic drivers and, 723, 723
future risks, 688
geographic distribution, 722-723, 723
health care costs, 689
near-term future, 725
observed changes, 1000
in small islands, 1624
thermal tolerance of vectors, 736
transmission and vectors, 722-723, 1625

Malnutrition, 688, 689, 1530, 1537
Managed systems, 277, 324-325, 325

detection and attribution, 996-1003,
1009-1010, 1015, 1017
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managing for resilience, 325
marine ecosystems, 453-456
observed impacts, 7, 996-1003, 1009-1010,

1015, 1017
Mangrove forests, 992, 1145, 1330, 1503,

1525-1526, 1527, 1621
adaptation experience, 52
carbon sequestration by, 90, 1155

Manufacturing, 677, 1283, 1468, 1532-1533
Marginalization, 6, 47-48, 154, 180, 796-797, 799,

799, 802, 802, 809
Marine biogeography, 123-127
Marine ecosystems, 414-415, 423-424, 441-443,

1658-1660, 1677-1701, 1706, 1711
adaptation, 451-456
adaptation limits, 416
biodiversity, 64, 416, 453
changes due to climate change, 451
climate change impacts, 424-451
climate change sensitivity, 423-424
coastal, 453
cumulative impacts of multiple drivers, 448
detection and attribution, 44-46, 459-460,

460, 993-996, 993, 994, 1007-1008
ecosystem-level processes, 441-443
ecosystem services, 414, 452-453, 461
ecosystem structure, 7, 433, 461-464
extinctions, 451
human activities, 451-456
importance of, 417
large-scale processes and feedbacks, 415
multiple drivers, responses to, 445-448, 446
observed changes, 7, 30-32, 44-46, 48, 414-416,

993-996, 993, 994, 1007-1008
ocean acidification impacts, 17, 415
Oxygen Minimum Zones, 48, 415-416,

418-420, 426, 443-444, 451
in polar regions, 451, 1594
projected changes, 17, 69, 414-416, 457-459,

458
temperature effects, 110, 427-432, 427
upwelling, 149-152
vulnerability/risk, 60-62, 415, 453, 1043
See also Coastal systems; Fisheries; Ocean

systems
Marine exclusive environmental zones, 1174
Marine fisheries. See Fisheries
Marine mammals, 414, 449-450, 457, 1575-1576,

1588-1589
Marine protected areas, 99, 1526
Markets, 663, 688

adaptation and, 663
computable general equilibrium (CGE) model,

689
impacts on, 689-690, 690
insurance market regulation, 686, 686
market-based instruments, 180-181, 965-966
market failures and missing markets, 955
non-market factors, 948, 951, 956, 958, 960,

961, 962, 963
transmission of impacts across locations, 688,

690
Meat consumption, 714, 742
Mediterranean region. See Europe
Mediterranean Sea, 1684-1685
Mediterranean-type ecosystems, 312
Mekong River/delta, 803

dams, 1355
ìliving with floodsî program, 640

transboundary adaptation planning and
management, 1355

Mental health, 722, 732, 1405
extreme events and, 805, 1537

Methane, 63, 739
Metrics, 631, 632-633, 853-857

for adaptation, 837, 853-857
criteria and indicators, 855
established, 855-856
monetary and non-monetary, 631
monitoring and evaluation, 856
multi-metric decision making, 957, 957
multi-metric evaluations, 957, 957, 1118-1119
resource allocation, 855-856
validation of, 856-857
vulnerability, 854-855

Mexico, 1463
adaptation, 1448-1449, 1474
agriculture, 1463
extreme events and vulnerabilities, 1450
GDP, 1451
human population, 1448-1449
Mexico City, climate responses, 1474
Mexico-USA border region, 1448-1449, 1470
migration, 1449-1450
NAFTA, 1448, 1450
observed and projected changes, 82
poverty, 1452
precipitation, 82
socioeconomic indicators, 1451
temperature, 82
See also North America

Microbes, 415, 424, 428-429, 436
hypoxia and, 443
ocean acidification and, 439-440, 442
productivity, 447

Micro-finance, 584
Microinsurance, 684, 816
Middle East and North Africa (MENA), 803
Migration

assisted, 325-326, 325, 328
migration corridors, 325-326, 325
of natural systems, 1176
of species, 15, 69, 324
See also Range shifts

Migration, human, 65, 72, 758, 766-771, 769-770,
1175-1176

ability to move, 768
as adaptation strategy, 770-771, 770
climate change and, 766-767, 768
to coastal areas, 373, 805
definition of, 767
environmental degradation and, 616, 628
environmental migrants, 771
extreme events and, 65, 623
forced migration, 746, 1175-1176
health risks of, 736
human security and, 39, 758, 766-771,

769-770, 777
international policy and, 771, 771
multiple drivers of, 617, 621, 628
numbers of people displaced, 768
pathways to, 767-768, 768
planned retreat, 39, 387, 389, 1375-1376
regional context, 1175-1176
risks, 1060
rural areas, 616, 617, 628, 635
rural-to-urban, 568
sea level rise and, 770, 770

small islands and, 1625, 1639-1640
trends and long-term climate change, 768-770
urban adaptation and, 563
vulnerability/risk, 1042, 1060

Migration of natural ecosystems, 1176
Millennium Development Goals (MDGs), 800-801,

818, 1211
Millennium Ecosystem Assessment, 283, 300, 312,

319, 956-957
Mining, 163, 633, 676, 1399, 1467-1468
Mitigation*, 26, 1101-1131

adaptation and, 180-181, 216-218, 217,
1080-1083, 1104, 1109-1110

adaptation limits and, 903
avoided impacts, 1045, 1081-1083, 1081
biodiversity and, 1061-1062
Clean Development Mechanism (CDM),

813-814, 848-849, 1111
climate-resilient pathways and, 1104
co-benefits, 714, 737-741
consequences and costs of inaction, 326-327,

326
decision processes, 216-218, 217
development processes and, 1109
early, rapid, 1081
geoengineering (See Geoengineering)
impacts on freshwater resources, 257-258
integration with adaptation, 1104, 1117-1118
limits to, 1083-1084
poverty and livelihoods and, 797, 813-815
REDD payments, 617, 630, 641, 797, 814, 965
resilience and, 1113-1115
responses not compatible with sustainable

development, 1110-1111
risk management through, 1080-1085, 1081,

1104-1105
risks associated with, 1042-1043, 1059, 1060,

1061-1062
risks of delay in, 1105
scenarios, 1080-1083, 1081, 1083
scenarios, stringent, 1045, 1055, 1081
terrestrial and inland water systems, 321
trade-offs, 216, 217, 925, 1104
unequal distribution of benefits, 1111
unintended consequences of, 277, 327-328,

1042-1043, 1059, 1060, 1061-1062
voluntary carbon offset (VCO), 814
win-win/triple-win approaches, 24, 27, 1111,

1117, 1118
Working Group III Fifth Assessment Report,

191-192
See also Adaptation; Adaptation and mitigation

inter-relationships
Mobility, 758, 766-770, 769-770

ability to move, 768
See also Migration, human

Models. See Climate models
Modes of climate variability*, 1162, 1180
Molluscs, 16, 68, 415, 438, 452, 465

extinctions, 300
Monsoons*

in Africa, 1161-1162
in Asia, 1333, 1334
in Central and South America, 1506, 1509,

1511
North American Monsoon System, 1506
projected changes, 1162, 1334

Montane ecosystems. See Mountain regions
Moral hazard, 964
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Mortality
child mortality, 688
cold-related (winter), 721, 983
drought-related, 721
extreme weather events and, 42, 720-722, 805
gender and, 808
heat-related, 42, 60, 110, 720-721, 736, 983,

1058, 1069, 1374
Mosquito-borne diseases, 722-726

See also Dengue fever; Malaria
Mosquitoes, 718, 722, 725, 726, 736

Aedes spp., 718, 725, 736
Anopheles spp., 722, 723, 1625

Mountain regions
high mountain states, 797
impacts and critical thresholds, 804
montane ecosystems, 1375, 1381, 1401, 1411,

1413
mountain farmers, 637
observed impacts, 982, 987, 987, 989, 1000,

1003
poverty in, 797
regional impacts, 1003
slope instability, 987, 987, 989
vulnerability/risk, 298-299
See also High-altitude ecosystems

Multi-metric decision making, 957, 957
Multi-metric evaluations, 957, 957, 1118-1119
Multinational corporations, 566
Multiple stressors, 6-8, 50-51, 276, 283-290

climate change adaptation and, 871
regional context, 1138, 1181-1182
scenarios and, 172
vulnerability and, 179-180

Musk oxen, 1581
Mussels, 415
Myanmar, cyclone impacts, 148

N
National Adaptation Programmes of Action

(NAPAs), 180, 816, 836, 852, 873, 880,
1111

National security policies, 758
Natural resources

conflict over, 617
economic dependence on, 617, 623

Natural systems
in coastal areas, 375-381
detection and attribution in, 986-996, 1015
migration, 1176
observed impacts, 40-50, 44-46, 986-996,

1014, 1015
trends in impacts, 1014, 1014
See also Observed impacts; specific systems

and regions
Nature conservation, 674
Nature tourism, 663, 679
Navigation

inland navigation, 675-676
in polar regions, 1173, 1174, 1584, 1591-1593,

1591, 1592, 1705
Nepal, 799, 807
Net primary production (NPP), 133-136, 134

aggregate impacts, 1016
boreal-tundra systems, 316
carbon dioxide effects on, 292-293
cross-chapter box, 133-136
global, 133, 135, 460, 1714
model projections, 134, 135

ocean systems, 17, 35, 133-136, 415, 421, 424,
424, 425, 434, 443, 444-445, 456,
457, 458, 461, 462, 1659, 1697,
1699, 1707, 1714

ozone and, 286
phytoplankton, 421, 1714
spatial trends in, 133-135
terrestrial systems, 276, 286, 292-293
See also Primary production

Netherlands
adaptation, 391
coastal adaptation, 365, 391, 395
government policies, 1157
green infrastructure, 884

New York City, 555, 595-596
climate responses, 1474
extreme precipitation days, 1472
green infrastructure, 884

New Zealand. See Australasia
Nitrogen

deposition, 285-286, 989
low availability of, 276
negative effects on productivity, 286
removal of fixed (denitrification), 416

Nitrogen fixation, 447, 1065
Nitrogen oxides (NOx), 739
Nitrous oxide, 453
Non-climate stressors, 616, 1053, 1054, 1066-1067,

1070, 1513-1516
Non-climatic drivers of change*, 240-241
Non-climatic factors, 40, 1050

use of (in oceans), 80, 1710
Non-governmental organizations, 180, 617, 836
Nonlinear effects, 735-736
North America, 76-78, 1439-1498

adaptation, 23, 54, 91, 1445, 1472-1476,
1477, 1478

adaptation challenges, 1443
adaptation, evidence of, 1472-1473
adaptation examples, 8, 1460-1462, 1474
adaptation, federal and subnational,

1475-1476
adaptation in ecosystems, 1460-1462
adaptation opportunities, constraints, and

limits, 922, 1443-1444, 1449,
1473-1475, 1476

adaptation planning, 1445, 1473, 1476, 1478
adaptation, transboundary context, 1448-1449
adaptive capacity, 1448-1456, 1478
agriculture, 1443, 1444, 1446-1447, 1462-1464
air quality, 1464, 1465
biodiversity, 1446, 1458-1462, 1460, 1475
climate stressors, 1478
climate trends, 1447, 1452-1456
coastal areas/ecosystems, 1443, 1444,

1459-1460, 1470, 1477
conclusions of AR4, 1446-1448
construction and housing, 1468-1469
crop yields, 510, 1444, 1462-1463
cyclones, 1447, 1452-1454, 1459, 1460, 1477
demographic and socioeconomic trends,

1448-1452
detection and attribution, 45, 1003-1010,

1443, 1444, 1447
droughts, 63, 247, 999, 1444, 1455, 1456,

1461, 1470, 1477
early warning and response systems, 1466
economic sectors and services, 1466-1469
economy, 1444, 1445, 1451, 1471-1472

ecosystems, 1443, 1446, 1458-1462, 1470,
1476, 1477, 1478

elderly population, 1451, 1452
energy, 1466-1467
extreme weather events, 42, 1443-1445, 1447,

1450, 1470, 1472, 1478
federal level adaptation, 1475
fires/wildfires, 1460-1461, 1477
fisheries, 1470
floods, 673, 721-722, 1444, 1445, 1456, 1457,

1476
food security, 1462-1464
forest infestation, 1443, 1447, 1458, 1459
forestry, 1460, 1471, 1472, 1477
heat waves, 721, 1444, 1470, 1477
high-resolution climate change projections, 1162
human health, 1444, 1447, 1464-1466, 1477
human population, 1450-1452, 1451
human settlements, 1469-1475
hurricanes, 1445, 1460, 1470
indigenous peoples, 1444, 1460, 1461, 1462,

1470, 1471-1472, 1478
infrastructure, 1443, 1444, 1445, 1472, 1478
institutional capacity, 1473-1475
insurance, 1469
key risks, 23, 78, 118-119, 1476-1477, 1477
livelihoods, 1444, 1472, 1476
livestock, 512
locally novel temperature regime, 1443
maladaptation, 1463, 1476
manufacturing, 1468
Mexico-USA border region, 1448-1449
migration, 1449-1450
mining, 1467-1468
multi-sectorial risks, 1476-1477, 1477
NAFTA, 1448, 1450
New York City, 555, 595-596
observed climate change, 81, 1443, 1452-1454,

1453
observed impacts, 31, 42, 45, 1003-1010,

1443-1445, 1447, 1459-1460, 1478
pollen, 1465-1466
poverty, 1451
precipitation, 81, 1443-1445, 1452, 1453,

1462, 1477
precipitation extremes, 1455, 1456, 1470,

1472, 1477
projected climate change, 81, 1443-1444,

1453, 1454-1456, 1455
projected impacts, 76-78
risk management, 1445
risks, 1443-1444, 1448-1456, 1472, 1476-1477,

1477
rural settlements, 1443, 1469-1475
sea level rise, 1443, 1444, 1454, 1477
slow-onset perils, 1445
snow/snowpack, 1443, 1452, 1454-1456,

1455, 1462-1463
snowmelt, 1443, 1456, 1462-1463
socioeconomic indicators, 1451
spring advancement (phenology), 291-292
storms and related impacts, 1443, 1444,

1452-1454, 1460, 1463, 1464, 1470
streamflow, 1443, 1456
subnational adaptation, 1475-1476
temperature, 81, 999, 1443, 1444, 1452, 1453,

1472, 1477
temperature extremes, 1444, 1452, 1455,

1456, 1463, 1464, 1477
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tourism, 636, 1471-1472
transportation, 1467
tree mortality and forest infestation, 1443,

1447, 1459
uncertainties, knowledge gaps, and research

needs, 1477-1478
urban settlements, 1443, 1469-1475, 1476
vector-borne diseases, 1465
vulnerabilities, 1443, 1444, 1448-1456,

1470-1472
vulnerability hotspots, 1463
water-borne diseases, 1465
water management, 1456-1458
water quality, 1444, 1457, 1466, 1477
water resources, 1443-1444, 1446, 1456-1458
water supply, 1443-1444, 1456-1457
wildfires, 1460-1461
See also Canada; Mexico; United States

North American Free Trade Agreement (NAFTA),
1448, 1450

North Atlantic, 621, 1678-1679
North Atlantic Oscillation (NAO)*, 1162, 1180

marine ecosystems and, 420, 434
projected changes, 1162

North Pacific, HLSBS in, 1679-1680
Northern Hemisphere

spring advancement, 291-292
temperature, 434

Norwegian Sea, 1678-1679
Nuclear power, 662, 666, 667
Nutrients, 257, 286

in coastal systems, 364, 373, 380
interactive effects, 286
in ocean systems, 415-416, 420

Nutrition, 488, 730-731, 730
calorie intake/availability, 730-731
climate change impacts on, 730-731
effects on children (stunting and underweight),

731
healthy diets, 714
limits in, 736
malnutrition, 688, 689, 1530, 1537
meat consumption, 714, 742
near-term future, 730-731
nutrients, 488, 490, 501-502, 507
See also Undernutrition

O
Observed impacts, 4-8, 7, 30-32, 37-58, 40-42, 44-46

aggregate impacts, 1015, 1016
all continents and zones affected by, 4, 40,

982, 1017
assessing all climate change aspects, 1017
biodiversity, 990
biological systems, 1015
cascading impacts, 983, 1012, 1013, 1015-1016
climate and non-climate drivers, 240-241
coastal systems and low-lying areas, 7,

991-993, 1007-1008
conclusions of AR4, 182-184, 984
confidence in, 184-185, 186
cryosphere, 982, 986-989, 987
detection and attribution (See Detection and

attribution)
deviation from historical conditions, 982
emerging patterns, 1010-1017
extreme weather events, 998-1000, 999, 1014,

1014
floods, 7, 59, 232, 248

food production systems, 7, 996-997, 1017
freshwater resources, 7, 234-240, 986-989, 987
gaps in knowledge and research needs, 983,

1017
global pattern of regional impacts, 1010-1013,

1011
human and managed systems, 7, 996-1003,

1009-1010, 1017
human health, 50, 720-722, 741, 1000
hydrological systems, 7, 986-989, 987, 1013,

1015, 1016
indigenous people, 983, 1001, 1002, 1003, 1014
livelihoods, 7, 983, 1002-1003, 1002
major systems, 7, 990-991
natural systems, 7, 986-996, 1014, 1015
ocean acidification, 982
Ocean region, 1658-1660, 1664-1677, 1706
ocean systems, 7, 993-996, 993, 994,

1007-1008
physical systems, 7, 982, 984, 994, 1011, 1012
productivity and biomass, 7, 989-990
regional impacts, 7, 1001-1030, 1003-1010,

1147-1148
regional water balance, 988
sensitivity to climate and adaptation, 997
species distribution, 990
synthesis, 1010-1017
terrestrial ecosystems, 7, 982, 983, 989-991,

1005-1006, 1017
water resources, 982, 986-989, 987
See also specific regions and countries

Occupational health, 731-732
Ocean acidification*, 74-75, 129-131, 374, 426,

464-465, 1658-1659, 1673-1675, 1673,
1707-1708, 1710, 1714

acclimation and gene regulation, 439
analogues of, 129
in Australasia, 1374, 1379, 1393, 1413
biotic responses to, 415
calcifiers and, 129, 364, 368, 464-465, 1042
cause of, 74
chemistry of, 129
coastal impacts, 364, 368, 370, 372
conclusions of AR4, 190
coral bleaching and, 80, 98, 364, 1689
cross-chapter box, 129-131
detection and attribution, 1662
economic impacts and costs, 129
fisheries, impact on, 507, 676
impacts of, 129-131, 415, 436, 437, 439, 993,

1064, 1064
interactive effects, 416
Ocean Acidification Effects (OAEs), 464-465
overview, 74-75, 130
pathways of impacts, 74-75, 1064, 1064
policy options for action, 130
projections, 69, 129-131, 368, 379, 415, 416,

450, 1673
responses to, 131, 437-439, 438-439
risks from, 60, 74-75, 1042, 1064, 1064, 1065,

1071, 1707-1708
tolerances to, 437
variability in, 418
See also Coral bleaching; Coral reefs

Ocean fertilization, 454, 455
Ocean (region), 80-84, 1655-1731

adaptation, 8, 1660, 1698-1706
adaptation options, 25, 1703, 1703, 1707-1708,

1711-1712

aquaculture, 1701-1704
Basin Scale, 1667
biodiversity, 1707
biological systems, 1699, 1711-1712
Blue Carbon, 1660, 1699-1701
carbon absorption and storage, 1658,

1697-1698, 1705-1706
carbon dioxide flux, 420, 993, 1660
carbonate chemistry, 1658, 1673-1675,

1682-1683
chemical changes, 1673-1677
chemical systems, 1699
chlorophyll concentrations, 1660
circulation and currents, 1658, 1671
climate variability, 1658-1659, 1713
Coastal Boundary Systems (CBS), 1663, 1666,

1686-1690
conclusions from previous assessments,

1662-1664
Coral Reef Provinces, 1667, 1669
coral reefs, 80, 1659, 1682, 1689, 1707
dead zones, 1676, 1693, 1709-1710
Deep Sea, 1660, 1663, 1697-1698, 1705-1706
detection and attribution, 1662, 1698, 1699
Eastern Boundary Upwelling Ecosystems

(EBUE), 149, 1659, 1663, 1666
economic sectors, 1701-1705
emerging issues, data gaps, and research

needs, 1713-1715
energy industry, 80, 1660, 1705
Equatorial Upwelling Systems (EUS), 149,

1659, 1663, 1666, 1681-1683
extreme events, 1659
fisheries, 1659-1660, 1663, 1699, 1701-1704,

1707-1708, 1708
food webs, 1714-1715
frameworks for decision making, 1661,

1711-1713, 1711-1712
Global Partnership for Oceans, 1713
global patterns of marine organism responses,

1677
heat content and temperature, 1664-1668,

1665-1667
High-Latitude Spring Bloom Systems (HLSBS),

1659, 1666, 1677-1681, 1703-1704
human health, 1705
impacts, potential to reverse, 1675
industries, 1660
international frameworks and agreements, 8,

54, 1661
key risks, 25, 80, 121, 1707-1709, 1708-1711,

1711-1712
livelihoods, 1659-1660, 1709
marine ecosystems, 7, 1658-1660, 1677-1701,

1706, 1711, 1714-1715
marine organisms, distribution and abundance,

48, 1658, 1677-1698, 1707, 1708,
1711-1712, 1714

marine spatial planning, 8, 1660, 1708
maritime security, 54, 1706
mitigation, 1705-1706
multiple stressors, 1658-1659
natural ecosystems, 1699-1701
net primary productivity, 133-136
non-climate factors, use of, 80, 1710
observed changes, 1658-1660, 1664-1677,

1706
ocean acidification, 1658-1659, 1673-1675,

1673, 1707-1708, 1710, 1714
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ocean circulation, 1658, 1671
offshore energy and mineral extraction, 1660,

1705
oxygen concentration, 1675-1677, 1676,

1697-1698, 1707, 1709-1710, 1714
pH, 68, 993, 1658, 1673-1675, 1673
physical changes, 1664-1672
physical systems, 1699
precipitation, 1707-1708, 1712
productivity/NPP, 17, 35, 133-136, 1659, 1660,

1672, 1677-1698, 1682, 1714
projected changes, 1658-1660, 1664-1677
projected impacts (examples of), 1700
regional changes and projections, 1664-1677
regional impacts, risks, and vulnerabilities,

1658, 1677-1698
renewable energy, offshore, 1660, 1706
resilience, 1715
role in Earth’s climate, 1658
sea level, 1660, 1668-1670, 1707-1708
sea surface temperature (SST), 1658, 1664,

1665-1668
sectoral impacts, adaptation, and mitigation,

1698-1706
Semi-Enclosed Seas (SES), 1659, 1663, 1666,

1683-1686
shipping, 80, 1660, 1705, 1709
solar insolation, 1671
storm systems, 1660, 1671, 1710, 1712,

1713-1714
sub-regions, 1658, 1662, 1663, 1677-1698
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424-451, 426
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large-scale processes and feedbacks, 415
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pelagic biomes and ecosystems, 150, 424,

434-435, 993, 1016
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dissolved oxygen, 1675-1677, 1676
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ground-level, 729
human health and, 716, 728-729, 728
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sea surface temperature (SST), 1658, 1665
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abrupt climate change, 421-423
ocean systems, 421-423, 422
Paleoeocene-Eocene Thermal Maximum, 422,

423
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coping/adaptation strategies, 636-637
poverty and, 806-807
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projected changes, 243, 314-315, 315
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vulnerability, 305
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1016, 1443, 1447, 1458, 1459
pH, oceanic, 68, 993, 1658, 1673-1675, 1673

See also Ocean acidification
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observed changes, 291-292, 322, 982, 989,

1000
in ocean systems, 123-124, 430, 431, 432
projected changes, 274, 322
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CO2 effects on, 307, 415, 494
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detection and attribution, 42
observed impacts, 7, 42-43

Phytoplankton, 417, 431, 438-439, 453, 1596
adaptation in, 75, 130
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carbon sequestration and, 425, 1699
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fisheries and, 456-457
food webs and, 424, 448, 451
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Planetary boundaries, 902
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ocean acidification and, 69, 74
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carbon dioxide effects on, 157, 159, 293, 303,
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range shifts, 274, 279
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Polar regions, 80, 1567-1612
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climate change impacts, 1570
detection and attribution, 46, 1003-1010
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ecosystem shift, 1576
ecosystems, 1570
fish/fisheries, 1584, 1590-1591
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multiple stressors, 1572-1586
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ocean acidification, 17, 69, 1571, 1587
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projected changes, 314
projected impacts, 1571, 1586-1593
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Price volatility, 491, 495, 513, 628
Primary production, 286, 292-293

carbon dioxide effects on, 276, 287, 292-293
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observed changes, 286, 982, 989-990
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254
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(NPP); Primary production

Projections*, 11-25, 21-25, 59-60, 59-84, 63-65,
76-84
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global, 1136-1137
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impact models, 1148
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1171, 1669-1670
sea level rise, global, 1137
temperature and precipitation, global, 10,

1137
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1153, 1154
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Public services, 575
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Radiative forcing*, 178, 179, 188-189
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Rainfall. See Precipitation
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624, 634
Range shifts, 4, 44, 69, 274, 294-296, 1176
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climate velocity and, 15, 125, 126
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observed changes, 294-296
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conclusions of AR4, 182-184
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updating, 1044, 1073-1080
warming beyond 2°C, 924
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Red Sea, 1683-1684
REDD (Reducing Emissions from Deforestation

and Degradation), 617, 630, 641, 797,
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Reforestation*, 277, 317, 321, 1062
Regime shifts, 454, 1015-1016, 1079
Regional context, 137-141, 1133-1197
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map, 1142

abrupt and irreversible changes, 276
adaptation, 73-84, 1152-1157
adaptation assessment, 1176-1184
adaptation examples, 8-9, 90-91, 1145-1148,
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air quality projections, 1171, 1172
baseline information, 138, 1179-1181



1813

                                                                                                                                                                                                                                Index

climate change impacts perspective, 1144
climate information for political and economic

regions, 1157
climate models, 1136, 1137-1138
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global scenarios, new framework for, 1143
globally averaged observed and projected

changes, 1136-1137
hotspots, 1137, 1177-1178
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key risks, 20, 21-25, 59-62, 76-80
knowledge gaps and research needs, 1183,

1184
main topics, 1142-1143
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multiple stressors, 1138, 1181-1182
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previous assessments, 1136
previous assessments, and current report,
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projected changes, 81-84, 137-141, 138-140,

1136-1137, 1152-1154, 1158-1171,
1159-1160, 1163-1170

projected impacts, 1138, 1148-1152
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resolution of models, scenarios, and projections,
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scenario information, 1137-1138
sea level, 369, 1171

seasonal and annual changes, 1152, 1154
similarities and differences in regions, 1155
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synthesis of key issues, 1144-1151
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vulnerability perspective, 1144
vulnerability reduction, examples, 1145-1148
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