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Chapter-Specific 
Frequently Asked Questions 

 
FAQ 1.1: On what information is the new assessment based, and how has that information changed since the last 
report, the IPCC Fourth Assessment Report in 2007? [to be placed in Section 1.1.1, near Figure 1-1] 
Thousands of scientists from around the world contribute voluntarily to the work of the IPCC, which was 
established by the United Nations Environment Programme (UNEP) and the World Meteorological Organization 
(WMO) in 1988 to provide the world with a clear scientific assessment of the current scientific literature about 
climate change and its potential human and environmental impacts. Those scientists critically assess the latest 
scientific, technical, and socio-economic information about climate change from many sources. Priority is given to 
peer-reviewed scientific, technical, and social-economic literature, but other sources such as reports from 
government and industry can be crucial for IPCC assessments.  

The body of scientific information about climate change from a wide range of fields has grown substantially 
since 2007, so the new assessment reflects the large amount that has been learned in the past six years. To give a 
sense of how that body of knowledge has grown, between 2005 and 2010 the total number of publications just on 
climate change impacts, the focus of Working Group II, more than doubled. There has also been a tremendous 
growth in the proportion of that literature devoted to particular countries or regions.  
 
FAQ 1.2: How is the state of scientific understanding and uncertainty communicated in this assessment? 
[to be placed in Section 1.1.2.2] 
While the body of scientific knowledge about climate change and its impacts has grown tremendously, future 
conditions cannot be predicted with absolute certainty. Future climate change impacts will depend on past and future 
socioeconomic development, which influences emissions of heat-trapping gases, the exposure and vulnerability of 
society and ecosystems, and societal capacity to respond.  
 
Ultimately, anticipating, preparing for, and responding to climate change is a process of risk management informed 
by scientific understanding and the values of stakeholders and society. The Working Group II assessment provides 
information to decisionmakers about the full range of possible consequences and associated probabilities, as well as 
the implications of potential responses. To clearly communicate well-established knowledge, uncertainties, and 
areas of disagreement, the scientists developing this assessment report use specific terms, methods, and guidance to 
characterize their degree of certainty in assessment conclusions.  
 
FAQ 1.3: How has our understanding of the interface between human, natural,and climate systems expanded 
since the 2007 IPCC Assessment? [to be placed in Section 1.1.4] 
Advances in scientific methods that integrate physical climate science with knowledge about impacts on human and 
natural systems have allowed the new assessment to offer a more comprehensive and finer-scaled view of the 
impacts of climate change, vulnerabilities to those impacts, and adaptation options, at a regional scale. That’s 
important because many of the impacts of climate change on people, societies, infrastructure, industry, and 
ecosystems are the result of interactions between humans, nature, and specifically climate and weather, at the 
regional scale. 

In addition, this new assessment from Working Group II greatly expands the use of the large body of evidence 
from the social sciences about human behavior and the human dimensions of climate change. It also reflects 
improved integration of what is known about physical climate science, which is the focus of Working Group I of the 
IPCC, and what is known about options for mitigating greenhouse gas emissions, the focus of Working Group III. 
Together this coordination and expanded knowledge inform a more advanced and finer-scaled, regionally detailed 
assessment of interactions between human and natural systems, allowing more detailed consideration of sectors of 
interest to Working Group II such as water resources, ecosystems, food, forests, coastal systems, industry, and 
human health. 
 
FAQ 2-1: What constitutes a good (climate) decision? [to be inserted after Section 2.1.1] 
No universal criterion exists for a good decision, including a good climate-related decision. Seemingly reasonable 
decisions can turn out badly, and seemingly unreasonable decisions can turn out well. However, findings from 
decision theory, risk governance, ethical reasoning and related fields offer general principles that can help improve 
the quality of decisions made.  
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Good decisions tend to emerge from processes in which people are explicit about their goals; consider a range 
of alternative options for pursuing their goals; use the best available science to understand the potential 
consequences of their actions; carefully consider the trade-offs; contemplate the decision from a wide range of views 
and vantages, including those who are not represented but may be affected; and follow agreed-upon rules and norms 
that enhance the legitimacy of the process for all those concerned. A good decision will be implementable within 
constraints such as current systems and processes, resources, knowledge and institutional frameworks. It will have a 
given lifetime over which it is expected to be effective, and a process to track its effectiveness. It will have defined 
and measurable criteria for success, in that monitoring and review is able to judge whether measures of success are 
being met, or whether those measures, or the decision itself, need to be revisited. 

A good climate decision requires information on climate, its impacts, potential risks and vulnerability to be 
integrated into an existing or proposed decision-making context. This may require a dialogue between users and 
specialists to jointly ascertain how a specific task can best be undertaken within a given context with the current 
state of scientific knowledge. This dialogue may be facilitated by individuals, often known as knowledge brokers or 
extension agents, and boundary organizations, who bridge the gap between research and practice. Climate services 
are boundary organizations that provide and facilitate knowledge about climate, climate change and climate impacts 
for planning, decision making and general societal understanding of the climate system. 
 
FAQ 2.2: Which is the best method for climate change decision-making/assessing adaptation? 
[to be inserted in Section 2.3.4] 
No single method suits all contexts, but the overall approach used and recommended by the IPCC is iterative risk 
management. The International Standards Organization defines risk as the effect of uncertainty on objectives. Within 
the climate change context, risk can be defined as the potential for consequences where something of human value 
(including humans themselves) is at stake and where the outcome is uncertain. Risk management is a general 
framework that includes alternative approaches, methodologies, methods and tools. Although the risk management 
concept is very flexible, some methodologies are quite prescriptive; for example, legislated emergency management 
guidelines and fiduciary risk. At the operational level, there is no single definition of risk that applies to all 
situations. This gives rise to much confusion about what risk is and what it can be used for. 

Simple climate risks can be assessed and managed by the standard methodology of making up the ‘adaptation 
deficit’ between current practices and projected risks. Where climate is one of several or more influences on risk, a 
wide range of methodologies can be used. Such assessments need to be context-sensitive, involve those who are 
affected by the decision (or their representatives), use both expert and practitioner knowledge, and need to map a 
clear pathway between knowledge generation, decision-making and action. 
 
FAQ 2.3: Is climate change decision-making different from other kinds of decision-making? 
[to be inserted after Section 2.4.3] 
Climate-related decisions have similarities and differences with decisions concerning other long-term, high 
consequence issues. Commonalities include the usefulness of a broad risk framework and the need to consider 
uncertain projections of various biophysical and socioeconomic conditions. However, climate change includes 
longer time-horizons and affects a broader range of human and earth systems as compared to many other sources of 
risk. Climate change impact, adaptation and vulnerability assessments offer a specific platform for exploring long 
term future scenarios in which climate change is considered along with other projected changes of relevance to long 
term planning.  

In many situations, climate change may lead to non-marginal and irreversible outcomes, which pose challenges 
to conventional tools of economic and environmental policy. In addition, the realization that future climate may 
differ significantly from previous experience is still relatively new for many fields of practice (e.g., food production, 
natural resources management, natural hazards management, insurance, public health services and urban planning). 
 
FAQ 3.1: How will climate change affect the frequency and severity of floods and droughts? 
[to be placed in Section 3.4.9] 
Climate change is projected to alter the frequency and magnitude of both floods and droughts. The impact is 
expected to vary from region to region. The few available studies suggest that flood hazards will increase over more 
than half of the globe, in particular in central and eastern Siberia, parts of south-east Asia including India, tropical 
Africa, and northern South America, but decreases are projected in parts of northern and eastern Europe, Anatolia, 
central and east Asia, central North America, and southern South America (limited evidence, high agreement).The 
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frequency of floods in small river basins is very likely to increase, but that may not be true of larger watersheds 
because intense rain is usually confined to more limited areas. Spring snowmelt floods are likely to become smaller, 
both because less winter precipitation will fall as snow and because more snow will melt during thaws over the 
course of the entire winter. Worldwide, the damage from floods will increase because more people and more assets 
will be in harm’s way. 

By the end of the 21st century meteorological droughts (less rainfall) and agricultural droughts (drier soil) are 
projected to become longer, or more frequent, or both, in some regions and some seasons, because of reduced 
rainfall or increased evaporation or both. But it is still uncertain what these rainfall and soil moisture deficits might 
mean for prolonged reductions of streamflow and lake and groundwater levels. Droughts are projected to intensify in 
southern Europe and the Mediterranean region, central Europe, central and southern North America, Central 
America, northeast Brazil and southern Africa. In dry regions, more intense droughts will stress water-supply 
systems. In wetter regions, more intense seasonal droughts can be managed by current water-supply systems and by 
adaptation; for example, demand can be reduced by using water more efficiently, or supply can be increased by 
increasing the storage capacity in reservoirs. 
 
FAQ 3.2: How will the availability of water resources be affected by climate change? 
[to be placed in Section 3.5.1] 
Climate models project decreases of renewable water resources in some regions and increases in others, albeit with 
large uncertainty in many places. Broadly, water resources are projected to decrease in many mid-latitude and dry 
subtropical regions, and to increase at high latitudes and in many humid mid-latitude regions (high agreement, 
robust evidence). Even where increases are projected, there can be short-term shortages due to more variable 
streamflow (because of greater variability of precipitation), and seasonal reductions of water supply due to reduced 
snow and ice storage. Availability of clean water can also be reduced by negative impacts of climate change on 
water quality; for instance the quality of lakes used for water supply could be impaired by the presence of algae- 
producing toxins. 
 
FAQ 3.3: How should water management be modified in the face of climate change? 
[to be placed in Section 3.6.1] 
Managers of water utilities and water resources have considerable experience in adapting their policies and practices 
to the weather. But in the face of climate change, long-term planning (over several decades) is needed for a future 
that is highly uncertain. A flexible portfolio of solutions that produces benefits regardless of the impacts of climate 
change (“low-regret” solutions) and that can be implemented adaptively, step by step, is valuable because it allows 
policies to evolve progressively, thus building on – rather than losing the value of – previous investments. Adaptive 
measures that may prove particularly effective include rainwater harvesting, conservation tillage, maintaining 
vegetation cover, planting trees in steeply-sloping fields, mini-terracing for soil and moisture conservation, 
improved pasture management, water re-use, desalination, and more efficient soil and irrigation-water management. 
Restoring and protecting freshwater habitats, and managing natural floodplains, are additional adaptive measures 
that are not usually part of conventional management practice. 
 
FAQ 3.4: Does climate change imply only bad news about water resources? 
[to be placed after Section 3.6] 
There is good news as well as bad about water resources, but the good news is very often ambiguous. Water may 
become less scarce in regions that get more precipitation, but more precipitation will probably also increase flood 
risk; it may also raise the groundwater table, which could lead to damage to buildings and other infrastructure or to 
reduced agricultural productivity due to wet soils or soil salinization. More frequent storms reduce the risk of 
eutrophication and algal blooms in lakes and estuaries by flushing away nutrients, but increased storm runoff will 
carry more of those nutrients to the sea, exacerbating eutrophication in marine ecosystems, with possible adverse 
impacts as discussed in Chapter 30. Water and wastewater treatment yields better results under warmer conditions, 
as chemical and biological reactions needed for treatment perform in general better at higher temperatures. In many 
rivers fed by glaciers, there will be a “meltwater dividend” during some part of the 21st century, due to increasing 
rates of loss of glacier ice, but the continued shrinkage of the glaciers means that after several decades the total 
amount of meltwater that they yield will begin to decrease (medium confidence). An important point is that often 
impacts do not become “good news” unless investments are made to exploit them. For instance, where additional 
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water is expected to become available, the infrastructure to capture that resource would need to be developed if it is 
not already in place. 
 
FAQ 4.1: How do land-use and land-cover changes cause changes in climate? [to be placed in Section 4.2.4.1] 
Land use change affects the local as well as the global climate. Different forms of land cover and land use can cause 
warming or cooling and changes in rainfall, depending on where they occur in the world, what the preceding land 
cover was, and how the land is now managed. Vegetation cover, species composition and land management 
practices (such as harvesting, burning, fertilizing, grazing or cultivation) influence the emission or absorption of 
greenhouse gases. The brightness of the land cover affects the fraction of solar radiation that is reflected back into 
the sky, instead of being absorbed, thus warming the air immediately above the surface. Vegetation and land use 
patterns also influence water use and evapotranspiration, which alter local climate conditions. Effective land-use 
strategies can also help to mitigate climate change. 
 
FAQ 4.2: What are the non-greenhouse gas effects of rising carbon dioxide on ecosystems? 
[to be placed in Section 4.2.4.4] 
Carbon dioxide (CO2) is an essential building block of the process of photosynthesis. Simply put, plants use sunlight 
and water to convert CO2 into energy. Higher CO2 concentrations enhance photosynthesis and growth (up to a point), 
and reduce the water used by the plant. This means that water remains longer in the soil or recharges rivers and 
aquifers. These effects are mostly beneficial; however, high CO2 also has negative effects, in addition to causing 
global warming. High CO2 levels cause the nitrogen content of forest vegetation to decline and can increase their 
chemical defences, reducing their quality as a source of food for plant-eating animals. Furthermore, rising CO2 
causes ocean waters to become acidic (see FAQ 6.3), and can stimulate more intense algal blooms in lakes and 
reservoirs. 
 
FAQ 4.3: Will the number of invasive alien species increase due to climate change? 
[to be placed in Section 4.2.4.6] 
Some invasive plants and insects have already been shown to benefit from climate change and will establish and 
spread into new regions (where they are ‘aliens’), once they are introduced. The number of newly-arrived species 
and the abundance of some already-established alien species will increase because climate change will improve 
conditions for them. At the same time, increasing movement of people and goods in the modern world, combined 
with land use changes worldwide, increases the likelihood that alien species are accidentally transported to new 
locations and become established there. There are many actions which can be taken to reduce, but not eliminate, the 
risk of alien species invasions, such as the treatment of ballast water in cargo ships and wood products, strict 
quarantine applied to crop and horticultural products, and embargos on the trade and deliberate introduction of 
known invader species. Some invasive species will suffer from climate change and are expected to decrease in range 
and population size in some regions. Generally, increased establishment success and spread will be most visible for 
those alien species that have characteristics favoured by the changing climate, such as those that are drought tolerant 
or able to take advantage of higher temperatures. 
 
FAQ 4.4: How does climate change contribute to species extinction? [to be placed in Section 4.3.2.5] 
There is a consensus that climate change over the coming century will increase the risk of extinction for many 
species. When a species becomes extinct, a unique and irreplaceable life form is lost. Even local extinctions can 
impair the healthy functioning of ecosystems. 

Under the fastest rates and largest amounts of projected climate change, many species will be unable to move 
fast enough to track suitable environments, which will greatly reduce their chances of survival. Under the lowest 
projected rates and amounts of climate change, and with the assistance of effective conservation actions, the large 
majority of species will be able to adapt to new climates, or move to places that improve their chances of survival. 
Loss of habitat and the presence of barriers to species movement increase the risk of extinctions as a result of 
climate change.  

Climate change may have already contributed to the extinction of a small number of species, such as frogs and 
toads in Central America, but the role of climate change in these recent extinctions is the subject of considerable 
debate.  
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FAQ 4.5: Why does it matter if ecosystems are altered by climate change? [to be placed in Section 4.3.4] 
Ecosystems provide essential services for all life; food, life-supporting atmospheric conditions, drinkable water, as 
well as raw materials for basic human needs like clothing and housing. Ecosystems play a critical role in limiting the 
spread of human and non-human diseases. They have a strong impact on the weather and climate itself, which in 
turn impacts agriculture, food supplies, socio-economic conditions, floods and physical infrastructure. When 
ecosystems change, their capacity to supply these services changes as well; for better or worse. Human wellbeing is 
put at risk, along with the welfare of millions of other species. People have a strong emotional, spiritual and ethical 
attachment to the ecosystems they know, and the species they contain. 

By “ecosystem change”, we mean changes in some or all of the following: the number and types of organisms 
present; the ecosystem's physical appearance (e.g., tall or short, open or dense vegetation); the functioning of the 
system and all its interactive parts, including the cycling of nutrients and productivity. Though in the long-term not 
all ecosystem changes are detrimental to all people or to all species, the faster and further ecosystems change in 
response to new climatic conditions, the more challenging it is for humans and other species to adapt to the new 
conditions. 
 
FAQ 4.6: Can ecosystems be managed to help them and people to adapt to climate change? 
[to be placed in Section 4.4.2.3] 
The ability of human societies adapt to climate change will depend, in large measure, upon the management of 
terrestrial and inland freshwater ecosystems. A fifth of global human-caused carbon emissions today are absorbed 
by terrestrial ecosystems; this important carbon sink operates largely without human intervention, but could be 
increased through a concerted effort to reduce forest loss and to restore damaged ecosystems, which also co-benefits 
the conservation of biodiversity.  

The clearing and degradation of forests and peatlands represents a source of carbon emissions to the atmosphere 
which can be reduced though management; for instance, there has been a three-quarters decline in the rate of 
deforestation in the Brazilian Amazon in the last two decades. Adaptation is also helped through more proactive 
detection and management of wildfire and pest outbreaks, reduced drainage of peatlands, the creation of species 
migration corridors and assisted migration. 
 
FAQ 4.7: What are the economic costs of changes in ecosystems due to climate change? 
[to be placed in Section 4.4.3] 
Climate change will certainly alter the services provided by most ecosystems, and for high degrees of change, the 
overall impacts are most likely to be negative. In standard economics, the value of services provided by ecosystems 
are known as externalities, which are usually outside the market price system, difficult to evaluate and often ignored.  

A good example is the pollination of plants by bees and birds and other species, a service which may be 
negatively affected by climate change. Pollination is critical for the food supply as well as for overall environmental 
health. Its value has been estimated globally at $350 billion for the year 2010 (The range of estimates is 200 – 500 $ 
billion).  
 
FAQ 5.1: How does climate change affect coastal marine ecosystems? [to be placed in Section 5.4.1] 
The major climate-related drivers on marine coastal ecosystems are sea level rise, ocean warming, and ocean 
acidification. 

Rising sea level impacts marine ecosystems by drowning some plants and animals as well as by inducing 
changes of parameters such as available light, salinity, and temperature. The impact of sea level is mostly related to 
the capacity of animals (e.g. corals) and plants (e.g. mangroves) to keep up with the vertical rise of the sea. 
Mangroves and coastal wetlands can be sensitive to these shifts and could leak some of their stored compounds, 
adding to the atmospheric supply of these greenhouse gases. 

Warmer temperatures have direct impacts on species adjusted to specific and sometimes narrow temperature 
ranges. They raise the metabolism of species exposed to the higher temperatures and can be fatal to those already 
living at the upper end of their temperature range. Warmer temperatures cause coral bleaching, which weakens those 
animals and makes them vulnerable to mortality. The geographical distribution of many species of marine plants and 
animals shifts towards the poles in response to warmer temperatures. 

When atmospheric carbon dioxide is absorbed into the ocean, it reacts to produce carbonic acid, increasing the 
acidity of seawater and diminishing the amount of a key building block (carbonate) used by marine species like 
shellfish and corals to make their shells and skeletons. The decreased amount of carbonate makes it harder for many 
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of these ‘calcifiers’ to make their shells and skeletons, weakening or dissolving them. Ocean acidification has a 
number of other impacts, many of which are still poorly understood. 
 
FAQ 5.2: How is climate change influencing coastal erosion? [to be placed in Section 5.4.2] 
Coastal erosion is influenced by many factors; sea level, currents, winds and waves (especially during storms, which 
add energy to these effects). Erosion of river deltas is also influenced by precipitation patterns inland which change 
patterns of freshwater input, run-off and sediment delivery from upstream. All of these components of coastal 
erosion are impacted by climate change. 

Based on the simplest model, a rise in mean sea level usually causes the shoreline to recede inland due to 
coastal erosion. Increasing wave heights can cause coastal sand bars to move away from the shore and out to sea. 
High storm surges (sea levels raised by storm winds and atmospheric pressure) also tend to move coastal sand 
offshore. Higher waves and surges increase the probability that coastal sand barriers and dunes will be over-washed 
or breached. More energetic and/or frequent storms exacerbate all these effects. 

Changes in wave direction caused by shifting climate may produce movement of sand and sediment to different 
places on the shore, changing subsequent patterns of erosion. 
 
FAQ 5.3: How can coastal communities plan for and adapt to the impacts of climate change, in particular sea 
level rise? [to be placed in Section 5.5] 
Planning by coastal communities that considers the impacts of climate change reduces the risk of harm from those 
impacts. In particular, proactive planning reduces the need for reactive response to the damage caused by extreme 
events. Handling things after the fact can be more expensive and less effective. 

An increasing focus of coastal use planning is on precautionary measures, i.e. measures taken even if the cause 
and effect of climate change is not established scientifically. These measures can include things like enhancing 
coastal vegetation, protecting coral reefs. For many regions, an important focus of coastal use planning is to use the 
coast as a natural system to buffer coastal communities from inundation, working with nature rather than against it, 
as in the Netherlands. 

While the details and implementation of such planning take place at local and regional levels, coastal land 
management is normally supported by legislation at the national level. For many developing countries, planning at 
the grass roots level does not exist or is not yet feasible. 

The approaches available to help coastal communities adapt to the impacts of climate change fall into three 
general categories: 

1) Protection of people, property and infrastructure is a typical first response. This includes ‘hard’ measures 
such as building seawalls and other barriers, along with various measures to protect critical infrastructure. 
‘Soft’ protection measures are increasingly favored. These include enhancing coastal vegetation and other 
coastal management programs to reduce erosion and enhance the coast as a barrier to storm surges. 

2) Accommodation is a more adaptive approach involving changes to human activities and infrastructure. 
These include retrofitting buildings to make them more resistant to the consequences of sea level rise, 
raising low-lying bridges, or increasing physical shelter capacity to handle needs caused by severe weather. 
Soft accommodation measures include adjustments to land use planning and insurance programs. 

3) Managed retreat involves moving away from the coast and may be the only viable option when nothing else 
is possible. 

Some combination of these three approaches may be appropriate, depending on the physical realities and 
societal values of a particular coastal community. The choices need to be reviewed and adjusted as circumstances 
change over time. 
 
FAQ 6.1: Why are climate impacts on oceans and their ecosystems so important? 
[to be placed in 6.1, before 6.1.1 
Oceans create half the oxygen (O2) we use to breathe and burn fossil fuels. Oceans provide on average 20% of the 
animal protein consumed by more than 1.5 billion people. Oceans are home to species and ecosystems valued in 
tourism and for recreation. The rich biodiversity of the oceans offers resources for innovative drugs or 
biomechanics. Ocean ecosystems such as coral reefs and mangroves protect the coastlines from tsunamis and 
storms. About 90% of the goods the world uses are shipped across the oceans. All these activities are affected by 
climate change.  
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Oceans play a major role in global climate dynamics. Oceans absorb 93% of the heat accumulating in the 
atmosphere, and the resulting warming of oceans affects most ecosystems. About a quarter of all the carbon dioxide 
(CO2) emitted from the burning of fossil fuels is absorbed by oceans. Plankton converts some of that CO2 into 
organic matter, part of which is exported into the deeper ocean. The remaining CO2 causes progressive acidification 
from chemical reactions between CO2 and seawater, acidification being exacerbated by nutrient supply and with the 
spreading loss of oxygen content. These changes all pose risks for marine life and may affect the oceans’ ability to 
perform the wide range of functions that are vitally important for environmental and human health.  

The effects of climate change occur in an environment that also experiences natural variability in many of these 
variables. Other human activities also influence ocean conditions, such as overfishing, pollution, and nutrient runoff 
via rivers that causes eutrophication, a process that produces large areas of water with low oxygen levels (sometimes 
called ‘Dead Zones’). The wide range of factors that affect ocean conditions and the complex ways these factors 
interact make it difficult to isolate the role any one factor plays in the context of climate change, or to identify with 
precision the combined effects of these multiple drivers.  
 
FAQ 6.2: What is different about the effects of climate change on the oceans compared to the land, and can we 
predict the consequences? [to be placed in 6.3, before 6.3.1] 
The ocean environment is unique in many ways. It offers large-scale aquatic habitats, diverse bottom topography, 
and a rich diversity of species and ecosystems in water in various climate zones that are found nowhere else.  

One of the major differences in terms of the effect of climate change on the oceans compared to land is ocean 
acidification. Anthropogenic CO2 enters the ocean and chemical reactions turn some of it to carbonic acid, which 
acidifies the water. This mirrors what is also happening inside organisms once they take up the additional CO2. 
Marine species that are dependent on calcium carbonate, like shellfish, seastars and corals, may find it difficult to 
build their shells and skeletons under ocean acidification. In general, animals living and breathing in water like fish, 
squid, and mussels, have between five and 20 times less CO2 in their blood than terrestrial animals, so CO2 enriched 
water will affect them in different and potentially more dramatic ways than species that breathe in air.  

Consider also the unique impacts of climate change on ocean dynamics. The ocean has layers of warmer and 
colder water, saltier or less saline water, and hence less or more dense water. Warming of the ocean and the addition 
of more freshwater at the surface through ice melt and higher precipitation increases the formation of more stable 
layers stratified by density, which leads to less mixing of the deeper, denser, and colder nutrient-rich layers with the 
less dense nutrient-limited layers near the surface. With less mixing, respiration by organisms in the mid-water 
layers of stratified oceans will produce oxygen-poor waters, so-called oxygen minimum zones (OMZs). Large, more 
active fish can’t live in these oxygen poor waters, while more simple specialized organisms with a lower need for 
oxygen will remain, and even thrive in the absence of predation from larger species. Therefore, the community of 
species living in hypoxic areas will shift.  

State-of-the-art ecosystem models build on empirical observations of past climate changes and enable 
development of estimates of how ocean life may react in the future. One such projection is a large shift in the 
distribution of commercially important fish species to higher latitudes and reduced harvesting potential in their 
original areas. But producing detailed projections, e.g. what species and how far they will shift, is challenging 
because of the number and complexity of interactive feedbacks that are involved. At the moment, the uncertainties 
in modeling and complexities of the ocean system even prevent any quantification of how much of the present 
changes in the oceans is being caused by anthropogenic climate change or natural climate variability, and how much 
by other human activities such as fishing, pollution, etc.  

It is known, however, that the resilience of marine ecosystems to adjust to climate change impacts is likely to be 
reduced by both the range of factors and their rate of change. The current rate of environmental change is much 
faster than most climate changes in the Earth’s history, so predictions from longer term geological records may not 
be applicable if the changes occur within a few generations of a species. A species that had more time to adapt in the 
past may simply not have time to adapt under future climate change.  
 
FAQ 6.3: Why are some marine organisms affected by ocean acidification? [to be placed in 6.3.2, before 6.3.2.1] 
Many marine species, from microscopic plankton to shellfish and coral reef builders, are referred to as calcifiers, 
species that use solid calcium carbonate (CaCO3) to construct their skeletons or shells. Seawater contains ample 
calcium but to use it and turn it into calcium carbonate, species have to bring it to specific sites in their bodies and 
raise the alkalinity (lower the acidity) at these sites to values higher than in other parts of the body or in ambient 
seawater. That takes energy. If high CO2 levels from outside penetrate the organism and alter internal acidity levels, 
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keeping the alkalinity high takes even more energy. The more energy is needed for calcification, the less is available 
for other biological processes like growth or reproduction, reducing the organisms’ weight and overall 
competitiveness and viability.  

Exposure of external shells to more acidic water can affect their stability by weakening or actually dissolving 
carbonate structures. Some of these shells are shielded from direct contact with seawater by a special coating that the 
animal makes (as is the case in mussels). The increased energy needed for making the shells to begin with impairs 
the ability of organisms to protect and repair their dissolving shells. Presently, more acidic waters brought up from 
the deeper ocean to the surface by wind and currents off the Northwest coast of the United States are having this 
effect on oysters grown in aquaculture.  

Ocean acidification not only affects species producing calcified exoskeletons. It affects many more organisms 
either directly or indirectly and has the potential to disturb food webs and fisheries. Most organisms that have been 
investigated display greater sensitivity at extreme temperatures, so as ocean temperatures change, those species that 
are forced to exist at the edges of their thermal ranges will experience stronger effects of acidification.  
 
FAQ 6.4: What changes in marine ecosystems are likely because of climate change? [to be placed after 6.3.8] 
There is general consensus among scientists that climate change significantly affects marine ecosystems and may 
have profound impacts on future ocean biodiversity. Recent changes in the distribution of species as well as species 
richness within some marine communities and the structure of those communities have been attributed to ocean 
warming. Projected changes in physical and biogeochemical drivers such as temperature, CO2 content and 
acidification, oxygen levels, the availability of nutrients, and the amount of ocean covered by ice, will affect marine 
life.  

Overall, climate change will lead to large-scale shifts in the patterns of marine productivity, biodiversity, 
community composition and ecosystem structure. Regional extinction of species that are sensitive to climate change 
will lead to a decrease in species richness. In particular, the impacts of climate change on vulnerable organisms such 
as warm water corals are expected to affect associated ecosystems, such as coral reef communities.  

Ocean primary production of the phytoplankton at the base of the marine food chain is expected to change but 
the global patterns of these changes are difficult to project. Existing projections suggest an increase in primary 
production at high latitudes such as the Arctic and the Southern Ocean (because the amount of sunlight available for 
photosynthesis of phytoplankton goes up as the amount of water covered by ice decreases). Decreases are projected 
for ocean primary production in the tropics and at mid-latitudes because of reduced nutrient supply. Alteration of the 
biology, distribution, and seasonal activity of marine organisms will disturb food web interactions such as the 
grazing of copepods (tiny crustaceans) on planktonic algae, another important foundational level of the marine food 
chain. Increasing temperature, nutrient fluctuations, and human-induced eutrophication may support the 
development of harmful algal blooms in coastal areas. Similar effects are expected in upwelling areas where wind 
and currents bring colder and nutrient rich water to the surface. Climate change may also cause shifts in the 
distribution and abundance of pathogens such as those that cause cholera.  

Most climate change scenarios foresee a shift or expansion of the ranges of many species of plankton, fish and 
invertebrates towards higher latitudes, by tens of kilometres per decade, contributing to changes in species richness 
and altered community composition. Organisms less likely to shift to higher latitudes because they are more tolerant 
of the direct effects of climate change or less mobile may also be affected because climate change will alter the 
existing food webs on which they depend.  

In polar areas, populations of species of invertebrates and fish adapted to colder waters may decline as they 
have no place to go. Some of those species may face local extinction. Some species in semi-enclosed seas such as 
the Wadden Sea and the Mediterranean Sea, also face higher risk of local extinction because land boundaries around 
those bodies of water will make it difficult for those species to move laterally to escape waters that may be too 
warm.  
 
FAQ 7.1: What factors determine food security and does low food production necessarily lead to food insecurity? 
[to be placed in Section 7.2] 
Observed data and many studies indicate that a warming climate has a negative effect to crop production, generally 
reduce yields of staple cereals such as wheat, rice and maize, which, however, differs between regions and latitudes. 
Elevated CO2 could benefit crops yields in short term by increasing photosynthesis rates, however, there is big 
uncertainty in the magnitude of the CO2 effect and that interactions with other factors. Climate change will affect 
fisheries and aquaculture through gradual warming, ocean acidification and through changes in the frequency, 
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intensity and location of extreme events. Other aspects of the food chain are also sensitive to climate but such 
impacts are much less well known. Climate-related disasters are among the main drivers of food insecurity, both in 
the aftermath of a disaster and in the long run. Drought is a major driver of food insecurity, and contributes to a 
negative impact on nutrition. Floods and tropical storms also affect food security by destroying livelihood assets. 
The relationship between climate change and food production depends to a large degree on when and which 
adaptation actions are taken. Other links in the food chain from production to consumption are sensitive to climate 
but such impacts are much less well known. 
 
FAQ 7.2: How could climate change interact with change in fish stocks, ocean acidification? 
[to be placed in Section 7.4] 
Millions of people rely on fish and aquatic invertebrates for their food security and as an important source of protein 
and some micronutrients. However, climate change will affect fish stocks and other aquatic species. For example, 
increasing temperatures will lead to increased production of important fishery resources in some areas but decreased 
production in others while increases in acidification will have negative impacts on important invertebrate species, 
including species responsible for building coral reefs which provide essential habitat for many fished species in 
these areas. The poorest fishers and others dependent on fisheries and subsistence aquaculture will be the most 
vulnerable to these changes, including those in small-island developing States, central and western African 
countries, Peru and Columbia in South America and some tropical Asian countries. 
 
FAQ 7.3: How could adaptation actions enhance food security and nutrition? [to be placed in Section 7.5] 
Over 70 per cent of agriculture is rain-fed. This suggests that agriculture, food security and nutrition are all highly 
sensitive to changes in rainfall associated with climate change. Adaptation outcomes focusing on ensuring food 
security under a changing climate could have the most direct benefits on livelihoods, which have multiple benefits 
for food security, including: enhancing food production, access to markets and resources, and reduced disaster risk. 
Effective adaptation of cropping can help ensure food production and thereby contributing to food security and 
sustainable livelihoods in developing countries, by enhancing current climate risk management. There is increasing 
evidence that farmers in some regions are already adapting to observed climate changes in particular altering 
cultivation and sowing times and crop cultivars and species. Adaptive responses to climate change in fisheries could 
include: management approaches and policies that maximize resilience of the exploited ecosystems, ensuring fishing 
and aquaculture communities have the opportunity and capacity to respond to new opportunities brought about by 
climate change, and the use of multi-sector adaptive strategies to reduce the consequence of negative impacts in any 
particular sector. However, these adaptations will not necessarily reduce all of the negative impacts of climate 
change, and the effectiveness of adaptations could diminish at the higher end of warming projections. 
 
FAQ 8.1: Do experiences with disaster risk reduction in urban areas provide useful lessons for climate-change 
adaptation? [to be inserted in Section 8.3.2.2] 
There is a long experience with urban governments implementing disaster risk reduction that is underpinned by 
locally-driven identification of key hazards, risks and vulnerabilities to disasters and that identifies what should be 
done to reduce or remove disaster risk. Its importance is that it encourages local governments to act before a disaster 
– for instance for risks from flooding, to reduce exposure and risk as well as being prepared for emergency 
responses prior to the flood (eg temporary evacuation from places at risk of flooding) and rapid response and 
building back afterwards. In some nations, national governments have set up legislative frameworks to strengthen 
and support local government capacities for this (see 8.3.2.2). This is a valuable foundation for assessing and acting 
on climate-change related hazards, risks and vulnerabilities, especially those linked to extreme weather. Urban 
governments with effective capacities for disaster risk reduction (with the needed integration of different sectors) 
have institutional and financial capacities that are important for adaption. But while disaster risk reduction is 
informed by careful analyses of existing hazards and past disasters (including return periods), climate change 
adaptation needs to take account of how hazards, risks and vulnerabilities will or might change over time. Disaster 
risk reduction also covers disasters resulting from hazards not linked to climate or to climate change such as 
earthquakes. 
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FAQ 8.2: As cities develop economically, do they become better adapted to climate change? 
[to be inserted in Section 8.3.3.1] 
Cities and nations with successful economies can mobilize more resources for climate change adaptation. But 
adaptation also needs specific policies to ensure provision for good quality risk-reducing infrastructure and services 
that reach all of the city’s population and the institutional and financial capacity to provide, and manage these and 
expand them when needed. Poverty reduction can also support adaptation by increasing individual, household and 
community resilience to stresses and shocks for low-income groups and enhancing their capacities to adapt. These 
provides a foundation for building climate change resilience but additional knowledge, resources, capacity and skills 
are generally required, especially to build resilience to changes beyond the ranges of what have been experienced in 
the past.  
 
FAQ 8.3: Does climate change cause urban problems by driving migration from rural to urban areas? 
[to be inserted in Section 8.3.3.2] 
The movement of rural dwellers to live and work in urban areas is mostly in response to the concentration of new 
investments and employment opportunities in urban areas. All high-income nations are predominantly urban and 
increasing urbanization levels are strongly associated with economic growth. Economic success brings an increasing 
proportion of GDP and of the workforce in industry and services, most of which are in urban areas. While rapid 
population growth in any urban centre provides major challenges for its local government, the need here is to 
develop the capacity of local governments to manage this with climate change adaptation in mind. Rural 
development and adaptation that protects rural dwellers and their livelihoods and resources has high importance as 
stressed in other chapters – but this will not necessarily slow migration flows to urban areas, although it will help 
limit rural disasters and those who move to urban areas in response to these. 
 
FAQ 8.4: Shouldn’t urban adaptation plans wait until there is more certainty about local climate change 
impacts? [to be inserted in Section 8.4.1.5] 
More reliable, locally specific and downscaled projections of climate change impacts and tools for risk screening 
and management are needed. But local risk and vulnerability assessments that include attention to those risks that 
climate change will or may increase provide a basis for incorporating adaptation into development now, including 
supporting policy revisions and more effective emergency plans. In addition, much infrastructure and most buildings 
have a lifespan of many decades so investments made now need to consider what changes in risks could take place 
during their lifetime. The incorporation of climate change adaptation into each urban centre’s development planning, 
infrastructure investments and land-use management is well served by an iterative process within each locality of 
learning about changing risks and uncertainties that informs an assessment of policy options and decisions.  
 
FAQ 9.1: What is distinctive about rural areas in the context of climate change impacts, vulnerability and 
adaptation? [to be placed in Section 9.1.2] 
Nearly half of the world’s population, approximately 3.3 billion people, lives in rural areas, and 90% of those people 
live in developing countries. Rural areas in developing countries are characterized by a dependence on agriculture 
and natural resources, high prevalence of poverty, isolation and marginality, neglect by policy-makers, and lower 
human development. These features are also present to a lesser degree in rural areas of developed countries, where 
there are also a closer interdependencies between rural and urban areas (such as commuting), and where there are 
also newer forms of land-use such as tourism and recreational activities (although these also generally depend on 
natural resources. 

The distinctive characteristics of rural areas make them uniquely vulnerable to the impacts of climate change 
because:  

• Greater dependence on agriculture and natural resources makes them highly sensitive to climate variability, 
extreme climate events and climate change 

• Existing vulnerabilities caused by poverty, lower levels of education, isolation and neglect by policy 
makers, can all aggravate climate change impacts in many ways. 

Conversely, rural people in many parts of the world have, over long timescales, adapted to climate variability, 
or at least learned to cope with it. They have done so through farming practices and use of wild natural resources 
(often referred to as indigenous knowledge or similar terms), as well as through diversification of livelihoods and 
through informal institutions for risk-sharing and risk management. Similar adaptations and coping strategies can, 
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given supportive policies and institutions, form the basis for adaptation to climate change, although the effectiveness 
of such approaches will depend on the severity and speed of climate change impacts. 
 
FAQ 9.2: What will be the major climate change impacts in rural areas across the world? 
[to be placed in Section 9.3.3.4] 
The impacts of climate change on patterns of settlement, livelihoods and incomes in rural areas will be complex and 
will depend on many intervening factors, so they are hard to project. These chains of impact may originate with 
extreme events such as floods and storms, some categories of which, in some areas, are projected with high 
confidence to increase under climate change. Such extreme events will directly affect rural infrastructure and may 
cause loss of life. Other chains of impact will run through agriculture and the other ecosystems (rangelands, 
fisheries, wildlife areas) on which rural people depend. Impacts on agriculture and ecosystems may themselves stem 
from extreme events like heat waves or droughts, from other forms of climate variability, or from changes in mean 
climate conditions like generally higher temperatures. All climate-related impacts will be mediated by the 
vulnerability of rural people living in poverty, isolation, or with lower literacy etc., but also by factors that give rural 
communities resilience to climate change, such as indigenous knowledge, and networks of mutual support. 

Given the strong dependence in rural areas on natural resources, the impacts of climate change on agriculture, 
forestry and fishing, and thus on rural livelihoods and incomes, are likely to be especially serious. Secondary 
(manufacturing) industries in these areas, and the livelihoods and incomes that are based on them will in turn be 
substantially affected. Infrastructure (e.g. roads, buildings, dams and irrigation systems) will be affected by extreme 
events associated with climate change. These climate impacts may contribute to migration away from rural areas, 
though rural migration already exists in many different forms for many non-climate-related reasons. Some rural 
areas will also experience secondary impacts of climate policies – the ways in which governments and others try to 
reduce net greenhouse gas emissions such as encouraging the cultivation of biofuels or discouraging deforestation. 
These secondary impacts may be either positive (increasing employment opportunities) or negative (landscape 
changes, increasing conflicts for scarce resources).  
 
FAQ 9.3: What will be the major ways in which rural people adapt to climate change? 
[to be placed in Section 9.4.4] 
Rural people will in some cases adapt to climate change using their own knowledge, resources and networks. In 
other cases governments and other outside actors will have to assist rural people, or plan and execute adaptation on a 
scale that individual rural households and communities cannot. Examples of rural adaptations will include 
modifying farming and fishing practices, introducing new species, varieties and production techniques, managing 
water in different ways, diversification of livelihoods, modifying infrastructure, and using or establishing risk 
sharing mechanisms, both formal and informal. Adaptation will also include changes in institutional and governance 
structures for rural areas. 
 
FAQ 10.1: Why are key economic sectors vulnerable to climate change? [to be placed after Section 10.1] 
Many key economic sectors are affected by long-term changes in temperature, precipitation, sea level rise, and 
extreme events, all of which are impacts of climate change. For example, energy is used to keep buildings warm in 
winter and cool in summer. Changes in temperature would thus affect energy demand. Climate change also affects 
energy supply through the cooling of thermal plants, through wind, solar and water resources for power, and through 
transport and transmission infrastructure. Water demand increases with temperature but falls with rising carbon 
dioxide concentrations as carbon dioxide fertilization improves the water use efficiency plant respiration. Water 
supply depends on precipitation patterns and temperature, and water infrastructure is vulnerable to extreme weather, 
while transport infrastructure is designed to withstand a particular range of weather conditions, and climate change 
would expose this infrastructure to weather outside historical design criteria. Recreation and tourism are weather-
dependent. As holidays are typically planned in advance, tourism depends on the expected weather and will thus be 
affected by climate change. Health care systems are also impacted, as climate change affects a number of diseases 
and thus the demand for and supply of health care. 
 
FAQ 10.2: How does climate change impact insurance and financial services? [to be placed in Section 10.7] 
Insurance buys financial security against, among other perils, weather hazards. Climate change, including changed 
weather variability, is anticipated to increase losses and loss variability in various regions through more frequent 
and/or intensive weather disasters. This will challenge insurance systems to offer coverage for premiums that are 
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still affordable, while at the same time requiring more risk-based capital. Adequate insurance coverage will be 
challenging in low and middle-income countries. Other financial service activities can be affected depending on the 
exposure of invested assets/loan portfolios to climate change. This exposure includes not only physical damage but 
also regulatory/reputational effects, liability and litigation risks. 
 
FAQ 10.3: Are other economic sectors vulnerable to climate change too? [to be placed in Section 10.8] 
Economic activities such as agriculture, forestry, fisheries and mining are exposed to the weather and thus 
vulnerable to climate change. Other economic activities, such as manufacturing and services, largely take place in 
controlled environments and are not really exposed to climate change. However, markets connect sectors so that the 
impacts of climate change spill over from one activity to all others. The impact of climate change on economic 
development and growth also affects all sectors. 
 
FAQ 11.1: How does climate change affect human health? [to remain at the end of the chapter] 
Climate change affects health in three ways; 1) Directly, such as the mortality and morbidity (including “heat 
exhaustion”) due to extreme heat events, floods, and other extreme weather events in which climate change may 
play a role; 2) Indirect impacts from environmental and ecosystem changes, such as shifts in patterns of disease-
carrying mosquitoes and ticks, or increases in waterborne diseases due to warmer conditions and increased 
precipitation and runoff; and 3) indirect impacts mediated through societal systems, such as undernutrition and 
mental illness from altered agricultural production and food insecurity, stress and undernutrition and violent conflict 
caused by population displacement, economic losses due to widespread “heat exhaustion” impacts on the workforce, 
or other environmental stressors, and damage to health care systems by extreme weather events. 
 
FAQ 11.2: Will climate change have benefits for health? [to remain at the end of the chapter] 
Yes. For example some populations in temperate areas may be at less risk from extreme cold, and may benefit from 
greater agricultural productivity, at least for moderate degrees of climate change. Some areas currently prone to 
flooding may become less so. However, the overall impact for nearly all populations and for the world as a whole is 
expected to be more negative than positive, increasingly so as climate change progresses. In addition, the latitude 
range in the world that may benefit from less cold (e.g. the far north of the Northern Hemisphere) has fewer 
inhabitants compared with the equatorial latitudes where the burden will be greatest. 
 
FAQ 11.3: Who is most affected by climate change? [to remain at the end of the chapter] 
While the direct health effects of extreme weather events receive great attention, climate change mainly harms 
human health by exacerbating existing disease burdens and negative impacts on daily life among those with the 
weakest health protection systems, and with least capacity to adapt. Thus, most assessments indicate that poor and 
disenfranchised groups will bear the most risk and, globally, the greatest burden will fall on poor countries, 
particularly on poor children, who are most affected today by such climate-related diseases as malaria, 
undernutrition, and diarrhea. However, the diverse and global effects of climate change mean that higher income 
populations may also be affected by extreme events, emerging risks, and the spread of impacts from more vulnerable 
populations. 
 
FAQ 11.4: What is the most important adaptation strategy to reduce the health impacts of climate change? 
[to remain at the end of the chapter] 
In the immediate future, accelerating public health and medical interventions to reduce the present burden of 
disease, particularly diseases in poor countries related to climatic conditions, is the single most important step that 
can be taken to reduce the health impacts of climate change. Priority interventions include improved management of 
the environmental determinants of health (such as provision of water and sanitation), infectious disease surveillance, 
and strengthening the resilience of health systems to extreme weather events. Alleviation of poverty is also a 
necessary condition for successful adaptation.  

There are limits to health adaptation, however. For example, the higher-end projections of warming indicate that 
before the end of the 21st Century, parts of the world would experience temperatures that exceed physiological 
limits during periods of the year, making it impossible to work or carry out other physical activity outside. 
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FAQ 11.5: What are health “co-benefits” of climate change mitigation measures? 
[to remain at the end of the chapter] 
Many mitigation measures that reduce emissions of climate-altering pollutants (CAPs) have important direct health 
benefits in addition to reducing the risk of climate change. This relationship is called “co-benefits.” For example, 
increasing combustion efficiency in households cooking with biomass or coal could have climate benefits by 
reducing CAPs and at the same time bring major health benefits among poor populations. Energy efficiency and 
reducing reliance on coal for electricity generation not only reduces emissions of greenhouse gases, but also reduces 
emissions of fine particles which cause many premature deaths worldwide as well as reducing other health impacts 
from the coal fuel cycle. Programs that encourage “active transport” (walking and cycling) in place of travel by 
motor vehicle reduce both CAP emissions and offer direct health benefits. A major share of greenhouse gas 
emissions from the food and agriculture sector arises from cows, goats and sheep – ruminants that create the 
greenhouse gas methane as part of their digestive process. Reducing consumption of meat and dairy products from 
these animals may reduce ischemic heart disease (assuming replacement with plant-based polyunsaturates) and some 
types of cancer. Programs to provide access to reproductive health services for all women will not only lead to 
slower population growth and its associated energy demands, but also will reduce the numbers of child and maternal 
deaths. 
 
FAQ 12.1: What are the principal threats to human security from climate change? 
[to be placed in Section 12.1.2] 
Climate change threatens human security because it undermines livelihoods, compromises culture and individual 
identity, increases migration that people would rather have avoided, and because it can undermine the ability of 
states to provide the conditions necessary for human security. Changes in climate may influence some or all of the 
factors at the same time. Situations of acute insecurity, such as famine, conflict, and sociopolitical instability, almost 
always emerge from the interaction of multiple factors. For many populations that are already socially marginalized, 
resource dependent, and have limited capital assets, human security will be progressively undermined as the climate 
changes.  
 
FAQ 12.2: Can lay knowledge of environmental risks help adaptation to climate change? 
[to be placed in Section 12.3.4] 
Lay knowledge about the environment and climate is deeply rooted in history, and encompasses important aspects of 
human life. This characteristic is particularly pertinent in cultures with an intimate relationship between people and 
the environment. For many indigenous and rural communities, for example, livelihood activities such as herding, 
hunting, fishing or farming are directly connected to and dependent on climate and weather conditions. These 
communities thus have critical knowledge about dealing with environment changes and associated societal 
conditions. In regions around the world, such knowledge is commonly used in adapting to environmental conditions 
and is directly relevant to adaptation to climate change. 
 
FAQ 12.3: How many people could be displaced as a result of climate change? [to be placed in Section 12.4.1.3] 
Displacement is the movement of people from their place of residence, and can occur when extreme weather events, 
such as flood and drought, make areas temporarily uninhabitable. Major extreme weather events have in the past led 
to significant population displacement, and changes in the incidence of extreme events will amplify the challenges 
and risks of such displacement. Many vulnerable groups do not have the resources to be able to migrate from areas 
exposed to the risks from extreme events. There are no robust global estimates of future displacement, but there is 
significant evidence that planning and increased mobility can reduce the human security costs of displacement from 
extreme weather events. Climate changes in rural areas could amplify migration to urban centres. However, 
environmental conditions and altered ecosystem services are few among the many reasons why people migrate. So 
while climate change impacts will play a role in these decisions in the future, given the complex motivations for all 
migration decisions, it is difficult to categorize any individual as a climate migrant [12.4]. 
 
FAQ 12.4: What role does migration play in adaptation to climate change, particularly in vulnerable regions? 
[to be placed in Section 12.4.2] 
Moving from one place to another is a fundamental way humans respond to challenging conditions. Migration 
patterns everywhere are primarily driven by economic factors: the dominant migration system in the world has been 
movement from rural to urban areas within countries as people seek more favorable work and living conditions.  
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FAQ 12.5: Will climate change cause war between countries? [to be placed in Section 12.5.1] 
Climate change has the potential to increase rivalry between countries over shared resources. For example, there is 
concern about rivalry over changing access to the resources in the Arctic and in transboundary river basins. Climate 
changes represent a challenge to the effectiveness of the diverse institutions that manage relations over these 
resources. However, there is high scientific agreement that this increased rivalry is unlikely to lead directly to 
warfare between states. The evidence to date shows that the nature of resources such as transboundary water and a 
range of conflict resolution institutions have been able to avert rivalries in ways that avoid violent conflict. 
 
FAQ 13.1: What are multiple stressors and how do they intersect with inequalities to influence livelihood 
trajectories? [to be placed in Section 13.1.1.2] 
Multiple stressors are simultaneous or subsequent conditions or events that provoke/require changes in livelihoods. 
Stressors include climatic (e.g. shifts in seasons), socio-economic (e.g. market volatility), and environmental (e.g. 
destruction of forest) factors, that interact and reinforce each other across space and time to affect livelihood 
opportunities and decision making (see Figure 13-1). Stressors that originate at the macro level include climate 
change, globalization, and technological change. At the regional, national, and local levels, institutional context and 
policies shape possibilities and pitfalls for lessening the effects of these stressors. Which specific stressors ultimately 
result in shocks for particular livelihoods and households is often mediated by institutions that connect the local 
level to higher levels. Moreover, inequalities in low-, medium-, and high-income countries often amplify the effects 
of these stressors. This is particularly the case for livelihoods and households that have limited asset flexibility 
and/or those that experience disadvantages and marginalization due to gender, age, class, race, (dis)ability, or being 
part of a particular indigenous or ethnic group. Weather events and climate compound these stressors, allowing 
some to benefit and enhance their well-being while others experience severe shocks and may slide into chronic 
poverty. Who is affected, how, where, and for long depends on local contexts. For example, in the Humla district in 
Nepal, gender roles and caste relations influence livelihood trajectories in the face of multiple stressors including 
shifts in the monsoon season (climatic), limited road linkages (socio-economic), and high elevation (environmental). 
Women from low castes have adapted their livelihoods by seeking more day-labor employment, whereas men from 
low castes ventured into trading on the Nepal-China border, previously an exclusively upper caste livelihood.  
 
FAQ 13.2: How important are climate change-driven impacts on poverty compared to other drivers of poverty? 
[to be placed in Section 13.1.4] 
Climate change-driven impacts are one of many important causes of poverty. They often act as a threat multiplier, 
meaning that the impacts of climate change compound other drivers of poverty. Poverty is a complex social and 
political problem, intertwined with processes of socioeconomic, cultural, institutional, and political marginalization, 
inequality, and deprivation, in low-, middle-, and even high-income countries. Climate change intersects with many 
causes and aspects of poverty to worsen not only income poverty but also undermine well-being, agency, and a 
sense of belonging. This complexity makes detecting and measuring attribution to climate change exceedingly 
difficult. Even modest changes in seasonality of rainfall, temperature, and wind patterns can push transient poor and 
marginalized people into chronic poverty as they lack access to credit, climate forecasts, insurance, government 
support, and effective response options, such as diversifying their assets. Such shifts have been observed among 
climate-sensitive livelihoods in high mountain environments, drylands, and the Arctic, and in informal settlements 
and urban slums. Extreme events, such as floods, droughts, and heat waves, especially when occurring in a series, 
can significantly erode poor people’s assets and further undermine their livelihoods in terms of labor productivity, 
housing, infrastructure, and social networks. Indirect impacts, such as increases in food prices due to climate-related 
disasters and/or policies, can also harm both rural and urban poor people who are net buyers of food. 
 
FAQ 13.3: Are there unintended negative consequences of climate change policies for people who are poor? 
[to be placed in Section 13.3.1] 
Climate change mitigation and adaptation policies may have unintended and potentially detrimental effects on poor 
people and their livelihoods (the set of capabilities, assets, and activities required to make a living). Here is just one 
example. In part as a result of climate change mitigation policies to promote biofuels and growing concern about 
food insecurity in middle and high income countries, large-scale land acquisition in Africa, Southeast Asia, and 
Latin America has displaced small landholders and contributed to food price increases. Poor urban residents are 
particularly vulnerable to food price increases as they use a large share of their income to purchase food. At the 
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same time, higher food prices may benefit some agricultural self-employed groups. Besides negative impacts on 
food security, biofuel schemes may also harm poor and marginalized people through declining biodiversity, reduced 
grazing land, competition for water, and unfavorable shifts in access to and control over resources. However, 
employment in the biofuel industry may create opportunities for some people to improve their livelihoods.  
 
FAQ 14.1: Why do the precise definitions about adaptation activities matter? 
[to be placed before Section 14.1.1] 
Humans have always adapted to changing conditions; personal, social, economic and climatic. The rapid rate of 
climate change now means that many groups, ranging from communities to parliaments, now have to factor climate 
change into their deliberations and decision making more than ever before. Having a term and working definition is 
always useful in discussing how to tackle as challenge as it helps define the scope of the challenge. Is adaptation all 
about minimising damage or are their opportunities as well; can adaptation proceed only through deliberately 
planned actions focused specifically on adaptation to climate change; how much must be known about future 
climates to make decisions about adaptation? How does the adaptation of humans systems differ from adaptation in 
natural systems? Can adaptation to climate change be distinguished from normal development and planning 
processes? Need it be? Are we adequately adapted to current climates, or do we have an ‘adaptation deficit’? The 
phrase ‘maladaptation’ immediately turns thoughts to how could plans go wrong and possibly cause greater 
suffering. A definition does not answer all these questions but it provides a framework for discussing them. 

There is also a political reason for needing a precise definition of adaptation. Developed countries have agreed 
to bear the adaptation costs of developing countries to human induced climate change and that these funds should 
represent “new and additional resources”a and the Cancun Agreement and subsequent discussions suggests that for 
adaptation these funds could amount to tens of billions USD per yearb. In most cases adaptation is best carried out 
when integrated with wider planning goals such as improved water allocation, more reliable transport systems etc. 
How much of the cost of upgrading a coastal road that is already subject to frequent damage from bad weather 
should be attributed to normal development and how much to adaptation to climate change. A precise answer may 
never be possible but the closer we agree as to what constitutes adaptation, the easier it will be to come to workable 
agreements. 

[FOOTNOTE A: Bali Action Plan, 2007; FCCC/CP/2007/6/Add.1] 
[FOOTNOTE B: Cancun Agreements 2010, FCCC/CP/2010/7/Add.1, paras 98 & 102)] 

 
FAQ 15.1: What is the present status of climate change adaptation planning and implementation across the 
globe? [to remain at the end of the chapter] 
Climate change adaptation has been receiving increasing attention due to recent media coverage and reports. Since 
the publication of the IPCC Fourth Assessment Report (AR4), a large assortment of adaptive actions has taken place 
in response to observed climate impacts. These actions mostly address sectoral interests, such as agricultural 
practices (e.g., altering sowing times, crop cultivars and species, and irrigation and fertilizer control), public health 
measures for heat-related risks (e.g., early warning systems and air pollution control), disaster risk reduction (e.g., 
early warning systems), and water resources (e.g., supply and demand management). Some of these are 
“autonomous” actions in a specific sector.  

Another area where progress has been made since AR4 is the development of broad national-level plans and 
adaptation strategies. These have now been established in developed and developing countries worldwide. Because 
adaptation policy requires decision-making amid uncertainties about future climate change and its impacts, the 
major pillars of adaptation plans are iterative assessment, flexible and adaptive planning, and enhancement of 
adaptive capacity. Adaptation plans are being developed and documented at the national, subnational, and 
community levels and by the private sector; however, these is still limited evidence of adaptation implementation. 
Implementation remains challenging because in the transition from planning to implementation the many interested 
parties must overcome resource, institutional, and capacity barriers. The difference in time scales between medium- 
and long-term adaptation plans and pressing short-term issues poses a significant problem for prioritizing adaptation.  

In parallel with national-level planning, community-based adaptation (CBA) has become an increasingly 
prevalent practice, particularly in developing counties. It is increasingly apparent that CBA potentially offers ways 
to address the vulnerability of local communities by connecting climate change adaptation to non-climate local 
needs. Cities and local governments have also begun active engagement in climate change adaptation. Local 
governments play an important role in adaptation because they directly communicate with affected communities. 
For the past several years, leading practices have begun in New York City, Mexico City, Toronto, Albay Province in 
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the Philippines, and elsewhere. These achievements were possible because of elected and local leadership; 
cooperation among national and local governments, private sectors, and communities; and the participation of 
boundary organizations, scientists and experts. 
 
FAQ 15.2: What types of approaches are being used in adaptation planning and implementation? 
[to remain at the end of the chapter] 
Adaptations employ a diverse portfolio of planning and practices that combine subsets of 

• Infrastructure and asset development 
• Technological process optimization 
• Institutional and behavioral change or reinforcement 
• Integrated natural resources management (such as for watersheds and coastal zones) 
• Financial services, including risk transfer 
• Information systems to support early warning and proactive planning 
Although approaches vary according to context and the level of government, there are two general approaches 

observed in adaptation planning and implementation to date: top-down and bottom-up. Top-down approaches are 
scenario-driven and consist of localizing climate projections, impact and vulnerability assessments, and formulation 
of strategies and options. National governments often take this approach. National adaptation strategies are 
increasingly integrated with other policies, such as disaster risk management. These tendencies lead to adaptation 
mainstreaming, although there are various institutional barriers to this process. As the consideration of the social 
dimensions of climate change adaptation have attracted more attention, there has been an increased emphasis on 
addressing the needs of the groups most vulnerable to climate change, such as children, the elderly, disabled, and 
poor. Bottom-up approaches are needs-driven and include approaches such as community-based adaptation (CBA). 
CBA is often prominent in developing countries, but communities in developed countries also use this approach. 
Where a combination of top-down and bottom-up activities have been undertaken, the links between adaptation 
planning and implementation have been strengthened. In either approach, participation by a broad spectrum of 
stakeholders and close collaboration between research and management have been emphasized as important 
mechanisms to undertake and inform adaptation planning and implementation. 

Local governments and actors may face difficulties in identifying the most suitable and efficient approaches 
because of the diversity of possible approaches, from infrastructure development to “softer” approaches such as 
integrated watershed and coastal zone management. National and subnational governments play coordinating roles 
in providing support and developing standards and implementation guidance. Therefore, multilevel institutional 
coordination between different political and administrative levels is a crucial mechanism for promoting adaptation 
planning and implementation. 
 
FAQ 16.1: What is the difference between an adaptation barrier, constraint, obstacle, and limit? 
[to be insert in Section 16.2] 
An adaptation constraint represents a factor or process that makes adaptation planning and implementation more 
difficult. This could include reductions in the range of adaptation options that can be implemented, increases in the 
costs of implementation, or reduced efficacy of selected options with respect to achieving adaptation objectives. In 
this context, a constraint is synonymous with the terms adaptation barrier or obstacle that also appear in the 
adaptation literature. However, the existence of a constraint alone doesn’t mean that adaptation is not possible or 
that one’s objectives can’t be achieved. In contrast, an adaptation limit is more restrictive in that it means there are 
no adaptation options that can be implemented over a given time horizon to achieve one or more management 
objectives, maintain values, or sustain natural systems. This implies that certain objectives, practices, or livelihoods 
as well as natural systems may not be sustainable in a changing climate, resulting in deliberate or involuntary system 
transformations.  
 
FAQ 16.2: What opportunities are available to facilitate adaptation? [to be inserted in Section 16.3.1.1] 
Although an extensive literature now exists regarding factors that can constrain adaptation, there is very high 
confidence that a broad range of opportunities exist for actors in different regions and sectors that can ease 
adaptation planning and implementation. Generally, sustainable economic development is an over-arching process 
that can facilitate adaptation, and therefore represents a key opportunity to reduce adaptation constraints and limits. 
More specifically, those actions or processes that enhance the awareness of adaptation actors and relevant 
stakeholders and/or enhance their entitlements to resources can expand the range of adaptation options that can be 
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implemented and help overcome constraints. The development and application of tools to support assessment, 
planning, and implementation can aid actors in weighing different options and their costs and benefits. Policies, 
whether formal policies of government institutions, initiatives of informal actors, or corporate policies and 
standards, can direct resources to adaptation and/or reduce vulnerability to current and future climate. Finally, the 
ability for humans to learn from experience and to develop new practices and technologies through innovation can 
significantly expand adaptive capacity in the future.  
 
FAQ 16.3: How does greenhouse gas mitigation influence the risk of exceeding adaptation limits? 
[to be insert in Section 16.6] 
There is very high confidence that higher rates and/or magnitudes of climate change contribute to higher adaptation 
costs and/or the reduced effectiveness of certain adaptation options. For example, increases in global mean 
temperature of 4°C or more would necessitate greater investment in adaptation than a temperature increase of 2°C or 
less. As future climate change is dependent upon emissions of greenhouse gases, efforts to mitigate those emissions 
can reduce the likelihood that human or natural systems will experience a limit to adaptation. However, uncertainties 
regarding how future emissions translate into climate change at global and regional levels remain significant, and 
therefore it is difficult to draw robust conclusions regarding whether a particular greenhouse gas stabilization 
pathway would or would not allow residual risk to be successfully managed through adaptation. For example, 
evidence regarding limits to adaptation does not substantiate or refute the idea that an increase in global mean 
temperature beyond 2°C represents an adaptation limit or, subsequently “dangerous anthropogenic interference” as 
defined by the UNFCCC’s Article II.  
 
FAQ 17.1: Given the significant uncertainty about the effects of adaptation measures, can economics contribute 
much to decision-making in this area? [to be inserted in Section 17.3] 
Economic methods have been developed to inform a wide range of issues that involve decision making in the face of 
uncertainty. Indeed some of these methods have already been applied to the evaluation of adaptation measures, such 
as decisions on which coastal areas to protect and how much to protect them. 

A range of methods can be applied, depending on the available information and the questions being asked. 
Where probabilities can be attached to different outcomes that may result from an adaptation measure, economic 
tools such as risk and portfolio theory allow us to choose the adaptation option that maximizes the expected net 
benefits, while allowing for the risks associated with different options. Such an approach compares not only the net 
benefits of each measure but also the risks associated with it (e.g. the possibility of a very poor outcome). 

In situations where probabilities cannot be defined, economic analysis can define scenarios that describe a 
possible set of outcomes for each adaptation measure which meet some criteria of minimum acceptable benefits 
across a range of scenarios, allowing the decision-maker to explore different levels of acceptable benefits in a 
systematic way. That, of course, hinges on the definition of “acceptability”, which is a complex matter that accounts 
for community values as well as physical outcomes. These approaches can be applied to climate change impacts 
such as sea level rise, river flooding and energy planning. 

In some cases it is difficult to place specific economic values on important outcomes (e.g. disasters involving 
large scale loss of life). An alternative to the risk or portfolio theory approach can then be used, that identifies the 
least-cost solution that keeps probable losses to an acceptable level. 

There are, however, still unanswered questions on how to apply economic methods to this kind of problem 
(particularly when the changes caused by climate change are large and when people’s valuations may be changed), 
and on how to improve the quality of information on the possible impacts and benefits.  
 
FAQ 17.2: Could economic approaches bias adaptation policy and decisions against the interests of the poor, 
vulnerable populations, or ecosystems? [to be inserted in Section 17.4] 
A narrow economic approach can fail to account adequately for such items as ecosystem services and community 
value systems, which are sometimes not considered in economic analysis or undervalued by market prices, or for 
which data is insufficient. This can bias decisions against the poor, vulnerable populations, or the maintenance of 
important ecosystems. For example, the market value of timber does not reflect the ecological and hydrological 
functions of trees nor the forest products whose values arise from economic sectors outside the timber industry, like 
medicines. Furthermore some communities value certain assets (historic buildings, religious sites) differently than 
others. Broader economic approaches, however, can attach monetary values to non-market impacts, referred to as 
externalities, placing an economic value on ecosystem services like breathable air, carbon capture and storage (in 
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forests and oceans) and usable water. The values for these factors may be less certain than those attached to market 
impacts, which can be quantified with market data, but they are still useful to provide economic assessments that are 
less biased against ecosystems. 

But economic analysis, which focuses on the monetary costs and benefits of an option, is just one important 
component of decision making relating to adaptation alternatives, and final decisions about such measures are 
almost never based on this information alone. Societal decision making also accounts for equity - who gains and 
who loses - and for the impacts of the measures on other factors that are not represented in monetary terms. In other 
words, communities make decisions in a larger context, taking into account other socioeconomic and political 
factors. What is crucial is that the overall decision-framework is broad, with both economic and non-economic 
factors being taken into consideration. 

A frequently used decision-making framework that provides for the inclusion of economic and non-economic 
indicators to measure the impacts of a policy, including impacts on vulnerable groups and ecosystems, is multi-
criteria analysis (MCA). But as with all decision making approaches, the a challenge for MCA and methods like it is 
the subjective choices that have to be made about what weights to attach to all the relevant criteria that go into the 
analysis, including how the adaptation measure being studied impacts poor or vulnerable populations, or how fair it 
is in the distribution of who pays compared to who benefits.  
 
FAQ 17.3: In what ways can economic instruments facilitate adaptation to climate change in developed and 
developing countries? [to be inserted in Section 17.5] 
Economic instruments (EIs) are designed to make more efficient use of scarce resources and to ensure that risks are 
more effectively shared between agents in society. EIs can include taxes, subsidies, risk sharing and risk transfer 
(including insurance), water pricing, intellectual property rights , or other tools that send a market signal that shapes 
behavior. In the context of adaptation, EIs are useful in a number of ways.  

First, they help establish an efficient use of the resources that will be affected by climate change: water pricing 
is an example. If water is already priced properly, there will be less overuse that has to be corrected through 
adaptation measures should supplies become more scarce.  

Second, EIs can function as flexible, low-cost tools to identify adaptation measures. Using the water supply 
example again, if climate change results in increasing water scarcity, EIs can easily identify adjustments in water 
rates needed to bring demand into balance with the new supply, which can be less costly than finding new ways to 
increase supply.  

Insurance is a common economic instrument that serves as a flexible, low cost adaptation tool. Where risks are 
well-defined, insurance markets can set prices and insurance availability to encourage choices and behaviors that 
can help reduce vulnerability, and also generate a pool of funds for post-disaster recovery. Insurance discounts for 
policy holders who undertake building modifications that reduce flood risk, for example, are one way that EIs can 
encourage adaptive behavior. 

Payments for environmental services (PES) schemes are another economic instrument that encourages adaptive 
behavior. This approach pays landholders or farmers for actions that preserve the services to public and 
environmental health provided by ecosystems on their property, including services that contribute to both climate 
change mitigation and adaptation. A PES approach is being used in Costa Rica to manage natural resources broadly, 
for example. Paying timber owners not to cut down forests that serve as carbon sinks (the idea behind the REDD 
proposal to the UNFCCC), or paying farmers not to cultivate land in order reduce erosion damage (as is being done 
in China and the US), are examples. In developed countries, where markets function reasonably well, EIs can be 
directly deployed through market mechanisms. In developing countries (and also in some developed ones), however, 
this is not always the case and markets often need government action and support. For example, private insurance 
companies sometimes don’t cover all risks, or set rates that are not affordable, and public intervention is required to 
make sure the insurance is available and affordable. Government also has an important role in ensuring that 
voluntary market instruments work effectively and fairly, through legal frameworks that define property rights 
involving scarce resources such as land and water in areas where such rights are not well established. An example of 
this is the conflict between regions over the use of rivers for water supply and hydropower, when those rivers flow 
from one jurisdiction to the next and ownership of the water is not clearly established by region-wide agreements. 
PES schemes can only function well when the public sector ensures that rights are defined and agreements honored. 
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FAQ 18.1: Why are detection and attribution of climate impacts important? [to remain at the end of the chapter] 
To respond to climate change, it is necessary to predict what its impacts on natural and human systems will be. As 
some of these predicted impacts are expected to already have occurred, detection and attribution provides a way of 
validating and refining predictions about the future. For example, one of the clearest predicted ecological impacts of 
climate is a poleward shift in the ranges of plant and animal species. The detection in historical data of a climate-
related shift in species ranges would lend credence to this prediction and the assessment of its magnitude would 
provide information about the likely magnitude of future shifts. 
 
FAQ 18.2: Why is it important to assess impacts of all climate change aspects, and not only impacts of 
anthropogenic climate change? [to remain at the end of the chapter] 
Natural and human systems are affected by both natural and anthropogenic climate change, operating locally, 
regionally and/or globally. In order to understand the sensitivity of natural and human systems to expected future 
climate change, and to anticipate the outcome of adaptation policies, it is less important whether the observed 
changes have been caused by anthropogenic climate change or by natural climate fluctuations. In the context of this 
chapter, all known impacts of climate change are assessed. 
 
FAQ 18.3: What are the main challenges in detecting climate change impacts? 
[to remain at the end of the chapter] 
The detection of climate change impacts addresses the question of whether a system has changed beyond its 
expected behavior in the absence of climate change. This requires an understanding of both the external and internal 
factors that affect the system. External factors that can affect natural systems include exploitation, land-use changes, 
and pollution. Even in the absence of changes in external factors, many natural systems exhibit substantial internal 
variability – such as booms and busts in wild populations – that can last for long periods. For example, to detect the 
impact of climate change on wild fish stocks, it is necessary to understand the effects of fishing, habitat alteration, 
and possibly pollution, as well as the internal stock dynamics. In the same way, human systems are affected by 
social and economic factors that are unrelated to climate change. For example, to detect the impact of climate 
change on human health, it is necessary to understand the effects of changes in public health measures such as 
improved sanitation. 
 
FAQ 18.4: What are the main challenges in attributing changes in a system to climate change? 
[to remain at the end of the chapter] 
Whereas the detection of climate change impacts addresses the question only of whether or not a system has 
changed as a result of climate change, attribution addresses the magnitude of the contribution of climate change to 
such changes. Even when it is possible to detect the impact of climate change on a system, more detailed 
understanding can be needed to assess the magnitude of this impact in relation to the influences of other external 
factors and natural variability.  
 
FAQ 18.5: Is it possible to attribute a single event, like a disease outbreak or the extinction of a species, to climate 
change? [to remain at the end of the chapter] 
It is possible to detect trends in the frequency or characteristics of a class of a class of weather events like heat-
waves. Similarly, trends in a certain kind of impact of that class of events can also be detected and attributed, 
although the influence of other drivers of change, such as policy decisions and increasing wealth, can make this 
challenging. However, any single impact event also results from the antecedent conditions of the impacted system. 
Thus while damage from a single extreme weather event may occur against the background of trends in many 
influencing factors, including climate change, there is always a contribution from random chance. 
 
FAQ 19.1: Does science provide an answer to the question of how much warming is unacceptable? 
[to be placed in Section 19.1.3] 
No. Careful, critical scientific research and assessment can provide information to help society consider what levels 
of warming or climate change impacts are unacceptable. However, the answer is ultimately a subjective judgment 
that depends on values and culture, as well as socioeconomic and psychological factors, all of which influence how 
people perceive risk in general and the risk of climate change in particular. The question of what level of climate 
change impacts is unacceptable is ultimately not just a matter of the facts, but how we feel about those facts.  
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This question is raised in Article 2 of the UN Framework Convention on Climate Change (UNFCCC). The 
criterion, in the words of Article 2, is “dangerous anthropogenic interference with the climate system” - a framing 
that invokes both scientific analysis and human values.  

Agreements reached by governments since 2009, meeting under the auspices of the UNFCCC, have recognized 
“the scientific view that the increase in global temperature should be below 2 degrees Celsius” (Chapter 19.1, 
UNFCCC, Copenhagen Accord). Still, as informed on the subject as the scientists referred to in this statement may 
be, theirs is just one valuable perspective. How each country or community will define acceptable or unacceptable 
levels, essentially deciding what is ‘dangerous’, is a societal judgment.  

Science can certainly help society think about what is unacceptable. For example, science can identify how 
much monetary loss might occur if tropical cyclones grow more intense or heat waves more frequent, or identify the 
land that might be lost in coastal communities for various levels of higher seas. But “acceptability” depends on how 
each community values those losses. This question is more complex when loss of life is involved and yet more so 
when damage to future generations is involved. These are highly emotional and controversial value propositions that 
science can only inform, not decide. 

The purpose of this chapter is to highlight key vulnerabilities and key risks that science has identified; however, 
it is up to people and governments to determine how the associated impacts should be valued, and whether and how 
the risks should be acted upon.  
 
FAQ 19.2: How does climate change interact with and amplify pre-existing risks? 
[to be placed in Section 19.3.2.4] 
There are two components of risk: the probability of adverse events occurring and the impact or consequences of 
those events. Climate change increases the probability of several types of harmful events that societies and 
ecosystems already face, as well as the associated risks. For example, people in many regions have long faced 
threats associated with weather-related events like extreme temperatures and heavy precipitation (which can trigger 
flooding). Climate change will increase the likelihood of these two types of extremes as well as others. Climate 
change means that impacts already affecting coastal areas, like erosion and loss of property in damaging storms, will 
become more likely due to sea level rise. In many areas, climate change increases the already high risks to people 
living in poverty or to people suffering from food insecurity or inadequate water supplies. Finally, climate and 
weather already pose risks for a wide range of economic sectors, including agriculture, fisheries, and forestry: 
climate change increases these risks for much of the world. 

Climate change can amplify risks in many ways, including through indirect interactions with other risks. These 
are often not considered in projections of climate change impacts. For example, hotter weather contributes to 
increased amounts of ground level ozone (smog) in polluted areas, exacerbating an existing threat to human health, 
particularly for the elderly and the very young and those already in poor health. Also, efforts to mitigate or adapt to 
climate change can have negative as well as positive effects. For example, government policies encouraging 
expansion of biofuel production from maize have recently contributed to higher food prices for many, increasing 
food insecurity for populations already at risk, and threatening the livelihoods of those like the urban poor who are 
struggling with the inherent risks of poverty. Increased tapping of water resources for crop irrigation in one region in 
response to water shortages related to climate change can increase risks to adjacent areas that share those water 
resources. Climate change impacts can also reverberate by damaging critical infrastructure like power generation, 
transportation, or health care systems. 
 
FAQ 19.3: How can climate change impacts on one region cause impacts on other distant areas? 
[to be placed in Section 19.4.3.2] 
People and societies are interconnected in many ways. Changes in one area can have ripple effects around the world 
through globally linked systems like the economy. Globalized food trade means that changed crop productivity as a 
result of extreme weather events or adverse climate trends in one area can shift food prices and food availability for 
a given commodity worldwide. Depletion of fish stocks in one region due to ocean temperature rise can cause 
impacts on the price of fish everywhere. Severe weather in one area that interferes with transportation or shipping of 
raw or finished goods, like refined oil, can have wider economic impacts.  

In addition to triggering impacts via globally linked systems like markets, climate change can alter the 
movement of people, other species, and physical materials across the landscape, generating secondary impacts in 
places far removed from where these particular direct impacts of climate change occur. For example, climate change 
can create stresses in one area that prompt some human populations to migrate to adjacent or distant areas. 
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Migration can affect many aspects of the regions people leave, as well as many aspects of their destination points, 
including income levels, land use and the availability of natural resources, and the health and security of the affected 
populations – these effects can be positive or negative. In addition to these indirect impacts, all regions experience 
the direct impacts of climate change.  
 
FAQ 20.1: What is a climate-resilient pathway for development? [to be placed before Box 20-1] 
A climate-resilient pathway for development is a continuing process for managing changes in the climate and other 
driving forces affecting development, combining flexibility, innovativeness, and participative problem-solving with 
effectiveness in mitigating and adapting to climate change. If effects of climate change are relatively severe, this 
process is likely to require considerations of transformational changes in threatened systems if development is to be 
sustained without major disruptions. 
 
FAQ 20.2: What do you mean by” transformational changes”? [to be placed after Box 20-1] 
Transformational change is a fundamental change in a system, its nature, and/or its location that can occur in human 
institutions, technological and biological systems and elsewhere. It most often happens in responding to significantly 
disruptive events or concerns about them. For climate-resilient pathways for development, transformations in social 
processes may be required in order to get voluntary social agreement to undertake transformational adaptations that 
avoid serious disruptions of sustainable development. 
 
FAQ 20.3: Why are climate-resilient pathways needed for sustainable development? [to be placed in Section 20.2] 
Sustainable development requires managing many threats and risks, including climate change. Because climate 
change is a growing threat to development, sustainability will be more difficult to achieve for many locations, 
systems, and populations unless development pathways are pursued that are resilient to effects of climate change. 
 
FAQ 20.4: Are there things that we can be doing now that will put us on the right track toward climate-resilient 
pathways? [to be placed in Section 20.6.2] 
Yes. Climate-resilient pathways begin now, because it is time to consider possible strategies that would increase 
climate resilience while at the same time helping to improve human livelihoods and social and economic well-being. 
Combining these strategies with a process of iterative monitoring, evaluation, learning, innovation, and contingency 
planning will reduce climate change disaster risks, promote adaptive management, and contribute significantly to 
prospects for climate-resilient pathways. 
 
FAQ 21.1: How does this report stand alongside previous assessments for informing regional adaptation? 
[to be inserted in Section 21.3] 
The five major Working Group II Assessment Reports produced since 1990 all share a common focus that addresses 
the environmental and socioeconomic implications of climate change. In a general sense, the earlier assessments are 
still valid, but the assessments have become much more complete over time, evolving from making very simple, 
general statements about sectoral impacts, through greater concern with regions regarding observed and projected 
impacts and associated vulnerabilities, through to an enhanced emphasis on sustainability and equity, with a deeper 
examination of adaptation options. Finally, in the current report there is a much improved appreciation of the context 
for regional adaptation and a more explicit treatment of the challenges of decision-making within a risk management 
framework. 

Obviously one can learn about the latest understanding of regional impacts, vulnerability and adaptation in the 
context of climate change by looking at the most recent report. This builds on the information presented in previous 
reports by reporting developments in key topics. New and emergent findings are given prominence, as these may 
present fresh challenges for decision-makers. Differences with the previous reports are also highlighted – whether 
reinforcing, contradicting or offering new perspectives on earlier findings – as these too may have a bearing on past 
and present decisions. Following its introduction in the Third Assessment Report (TAR), uncertainty language has 
been available to convey the level of confidence in key conclusions, thus offering an opportunity for calibrated 
comparison across successive reports. Regional aspects have been addressed in dedicated chapters for major world 
regions, first defined following the Second Assessment and used with minor variations in the three subsequent 
assessments. These comprise the continental regions of Africa, Europe, Asia, Australasia, North America, Central 
and South America, Polar Regions and Small Islands , with a new chapter on The Oceans added for the present 
assessment.  
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FAQ 21.2: Do local and regional impacts of climate change affect other parts of the world? 
[to be inserted in Section 21.3.1] 
Local and regional impacts of climate change, both adverse and beneficial, may indeed have significant 
ramifications in other parts of the world. Climate change is a global phenomenon, but often expresses itself in local 
and regional shocks and trends impacting vulnerable systems and communities. These impacts often materialize in 
the same place as the shock or trend, but also much farther afield, sometimes in completely different parts of the 
world. Regional interdependencies include both the global physical climate system as well as economic, social and 
political systems that are becoming increasingly globalised. 

In the physical climate system, some geophysical impacts can have large-scale repercussions well beyond the 
regions in which they occur. A well-known example of this is the melting of land-based ice, which is contributing to 
sea-level rise (and adding to the effects of thermal expansion of the oceans), with implications for low-lying areas 
far beyond the polar and mountain regions where the melting is taking place.  

Other local impacts can have wider socio-economic and geopolitical consequences. For instance, extreme 
weather events in one region may impact production of commodities that are traded internationally, contributing to 
shortages of supply and hence increased prices to consumers, influencing financial markets and disrupting food 
security worldwide, with social unrest a possible outcome of food shortages. Another example, in response to 
longer-term trends is the potential prospect of large-scale migration due to climate change. While hotly contested, 
this link is already seen in the context of natural disasters, and could become an issue of increasing importance to 
national and international policy makers. A third example is the shrinkage of Arctic sea ice, opening Arctic shipping 
routes as well as providing access to valuable mineral resources in the exclusive economic zones of countries 
bordering the Arctic, with all the associated risks and opportunities. Other examples involving both risks and 
opportunities include changes of investment flows to regions where future climate change impacts may be beneficial 
for productivity 

Finally, some impacts that are entirely local and may have little or no direct effect outside the regions in which 
they occur still threaten values of global significance, and thus trigger international concern. Examples include 
humanitarian relief in response to local disasters or conservation of locally threatened and globally valued 
biodiversity. 
 
FAQ 21.3: What regional information should I take into account for climate risk management for the 20 year 
time horizon? [to be inserted in Section 21.3.2] 
The fundamental information required for climate risk management is to understand the climate events that put the 
system being studied at risk and what is the likelihood of these arising. The starting point for assembling this 
information is a good knowledge of the climate of the recent past including any trends in aspects of these events 
(e.g. their frequency or intensity). It is also be important to consider that many aspects of the climate are changing, 
to understand how the future projected changes may influence the characteristics of these events and that these 
changes will, in general, be regionally variable. However, it should be noted that over the coming 20 years the 
magnitude of projected changes may not be sufficient to have a large influence the frequency and intensity of these 
events. Finally, it is also essential to understand which other factors influence the vulnerability of the system. These 
may be important determinants in managing the risks and also if they are changing at faster rates than the climate 
then changes in the latter become a secondary issue. 
For managing climate risks over a 20-year time horizon it is essential to identify the climate variables which the 
system at risk is vulnerable to. It could be a simple event such as extreme precipitation or a tropical cyclone or a 
more complex sequence of a late onset of the monsoon coupled with prolonged dry spells within the rainy season.  

The current vulnerability of the system can then be estimated from historical climate data on these variables 
including any information on trends in the variables. These historical data would give a good estimate of the 
vulnerability assuming the record was long enough to provide a large sample of the relevant climate variables and 
that the reasons for any trends, e.g. clearly resulting from climate change, were understood. It should be noted that in 
many regions sufficiently long historical records of the relevant climate variables are often not available. 

It is also important to recognize that many aspect of the climate of the next 20 years will be different from the 
past. Temperatures are continuing to rise with consequent increases in evaporation and atmospheric humidity and 
reductions in snow amount and snow season length in many regions. Average precipitation is changing in many 
regions with both increases and decreases and there is a general tendency for increases in extreme precipitation 
observed over land areas. There is a general consensus amongst climate projections that further increases in heavy 
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precipitation will be seen as the climate continues to warm and more regions will see significant increases or 
decreases in average precipitation. In all cases the models project a range of changes for all these variables which 
are generally different for different regions. 

Many of these changes may often be relatively small compared to their natural variations but it is the influence 
of these changes on the specific climate variables which the system is at risk from that is important. Thus 
information needs to be derived from the projected climate changes on how the characteristics of these variables, 
e.g. the likelihood of their occurrence or magnitude, will change over the coming 20 years. These projected future 
characteristics in some cases may be indistinguishable from those historically observed but in other cases some or all 
models will project significant changes. In the latter situation, the effect of the projected climate changes will then 
result in a range of changes in either the frequency or magnitude of the climate event, or both. The climate risk 
management strategy would then need to adapt to accounting for either a greater range or changed magnitude of 
risk. This implies that in these cases a careful analysis of the implications of projected changes for the specific 
temporal and spatial characteristic of the climate variables relevant to the system at risk is required. 
 
FAQ 21.4: Is the highest resolution climate projection the best to use for performing impacts assessments? 
[to be inserted in Section 21.5.3.3] 
A common perception is that higher resolution (i.e., more spatial detail) equates to more useable and robust 
information. Unfortunately data does not equal information, and more high resolution data does not necessarily 
translate to more or better information. Hence, while high resolution global climate models (GCMs) and many 
downscaling methods can provide high resolution data, and add value in, for example, regions of complex 
topography, it is not a given that there will be more value in the final climate change message. This partially 
depends upon how the higher resolution data were obtained. For example, simple approaches such as spatial 
interpolation or adding climate changes from GCMs to observed data fields do increase the spatial resolution but add 
no new information on high resolution climate change. Nonetheless, these data sets are useful for running impacts 
models. Many impacts settings are somewhat tuned to a certain resolution, such as the nested size categorizations of 
hydrologic basins down to watershed size, commonly used in hydrologic modeling. Using dynamical or statistical 
downscaling methods will add a new high resolution component, providing extra confidence that sub-GCM scale 
processes are being represented more accurately. However, , there are new errors associated with the additional 
method applied which need to be considered. More importantly, if downscaling is applied to only one or two GCMs 
then the resulting high resolution scenarios will not span the full range of projected changes that a large GCM 
ensemble would indicate are plausible futures. Spanning that full range is important in being able to properly sample 
the uncertainty of the climate as it applies in an impacts context. Thus for many applications, such as understanding 
the full envelope of possible impacts resulting from our current best estimates of regional climate change, lower 
resolution data may be more informative. At the end of the day, no one data set is best, and it is through the 
integration of multiple sources of information that robust understanding of change is developed. What is important 
in many climate change impacts contexts is appropriately sampling the full range of known uncertainties, regardless 
of spatial resolution. It is through the integration of multiple sources of information that robust understanding of 
change is developed. 
 
FAQ 22.1: How could climate change impact food security in Africa? [to be inserted in Section 22.3.4.5] 
Food security is comprised of availability (is enough food produced), access (can people get it, and afford it), 
utilization (how local conditions bear on peoples nutritional uptake from food), and stability (is the supply and 
access ensured). Strong consensus exists that climate change will have a significantly negative impact on all these 
aspects of food security in Africa.  

Food availability could be threatened through direct climate impacts on crops and livestock from increased 
flooding, drought, shifts in the timing and amount of rainfall, and high temperatures, or indirectly through increased 
soil erosion from more frequent heavy storms or through increased pest and disease pressure on crops and livestock 
caused by warmer temperatures and other changes in climatic conditions. Food access could be threatened by 
climate change impacts on productivity in important cereal-producing regions of the world which, along with other 
factors, could raise food prices and erode the ability of the poor in Africa to afford purchased food. Access is also 
threatened by extreme events that impair food transport and other food system infrastructure. Climate change could 
impact food utilization through increased disease burden that reduces the ability of the human body to absorb 
nutrients from food. Warmer and more humid conditions caused by climate change could impact food availability 
and utilization through increased risk of spoilage of fresh food and pest and pathogen damage to stored foods 
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(cereals, pulses, tubers) that reduces both food availability and quality. Stability could be affected by changes in 
availability and access that are linked to climatic and other factors.  
 
FAQ 22.2: What role does climate change play with regard to violent conflict in Africa? 
[to be inserted in Section 22.6.1.1] 
Wide consensus exists that violent conflicts are based on a variety of interconnected causes, of which the 
environment is considered to be one, but rarely the most decisive factor. Whether the changing climate increases the 
risk of civil war in Africa remains disputed and little robust research is available to resolve this question. Climate 
change impacts that intensify competition for increasingly scarce resources like freshwater and arable land, 
especially in the context of population growth, are areas of concern. The degradation of natural resources as a result 
of both overexploitation and climate change will contribute to increased conflicts over the distribution of these 
resources. In addition to these stressors, however, the outbreak of armed conflict depends on many country-specific 
sociopolitical, economic and cultural factors. 
 
FAQ 23.1: Will I still be able to live on the coast in Europe? [to remain at the end of the chapter] 
Coastal areas affected by storm surges will face increased risk both because of the increasing frequency and of 
storms and because of higher sea level. Most of this increase in risk will occur after the middle of this century. 
Models of the coast line suggest that populations in the north western region of Europe are most affected and many 
countries, including the Netherlands, Germany, France, Belgium, Denmark, Spain and Italy, will need to strengthen 
their coastal defences. Some countries have already raised their coastal defence standards. The combination of raised 
sea defences and coastal erosion may lead to narrower coastal zones in the North Sea, the Iberian coast, and Bay of 
Biscay. Adapting dwellings and commercial buildings to occasional flooding is another response to climate change. 
But while adapting buildings in coastal communities and upgrading coastal defences can significantly reduce 
adverse impacts of sea level rise and storm surges, they cannot eliminate these risks, especially as sea levels will 
continue to rise over time. In some locations, ‘managed retreat’ is likely to become a necessary response.  
 
FAQ 23.2: Will climate change introduce new infectious diseases into Europe? 
[to remain at the end of the chapter] 
Many factors play a role in the introduction of infectious diseases into new areas. Factors that determine whether a 
disease changes distribution include: importation from international travel of people, vectors or hosts (insects, 
agricultural products), changes in vector or host susceptibility, drug resistance, and environmental changes, such as 
land use change or climate change. One area of concern that has gained attention is the potential for climate change 
to facilitate the spread tropical diseases, such as malaria, into Europe. Malaria was once endemic in Europe. Even 
though its mosquito vectors are still present and international travel introduces fresh cases, malaria has not become 
established in Europe because infected people are quickly detected and treated. Maintaining good health surveillance 
and good health systems are therefore essential to prevent diseases from spreading. When an outbreak has occurred 
(i.e. the introduction of a new disease) determining the causes is often difficult. It is likely that a combination of 
factors will be important. A suitable climate is a necessary but not a sufficient factor for the introduction of new 
infectious diseases.  
 
FAQ 23.3: Will Europe need to import more food because of climate change? 
[to remain at the end of the chapter] 
Europe is one of the world’s largest and most productive suppliers of food, but also imports large amounts of some 
agricultural commodities. A reduction in crop yields, particularly wheat in southern Europe, is expected under future 
climate scenarios. A shift in cultivation areas of high value crops, such as grapes for wine, may also occur. Loss of 
food production may be compensated by increases in other European sub-regions. However, if the capacity of the 
European food production system to sustain climate shock events is exceeded, the region would require exceptional 
food importation. 
 
FAQ 24.1: What will the projected impact of future climate change be on freshwater resources in Asia? 
[to be placed in Section 24.4.1] 
Asia is a huge and diverse region, so both climate change and the impact on freshwater resources will vary greatly 
depending on location. But throughout the region, adequate water resources are particularly important because of the 
massive population and heavy dependence of the agricultural sector on precipitation, river runoff and groundwater. 
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Overall, there is low confidence in the projections of specifically how climate change will impact future precipitation 
on a subregional scale, and thus in projections of how climate change might impact the availability of water 
resources. However, water scarcity is expected to be a big challenge in many Asian regions because of increasing 
water demand from population growth and consumption per capita with higher standards of living. Shrinkage of 
glaciers in central Asia is expected to increase due to climate warming, which will influence downstream river 
runoff in these regions. Better water management strategies could help ease water scarcity. Examples include 
developing water saving technologies in irrigation, building reservoirs, increasing water productivity, changing 
cropping systems and water reuse.  
 
FAQ 24.2: How will climate change affect food production and food security in Asia?  
[to be placed in Section 24.4.4] 
Climate change impacts on temperature and precipitation will affect food production and food security in various 
ways in specific areas throughout this diverse region. Climate change will have a generally negative impact on crop 
production Asia, but with diverse possible outcomes [medium confidence]. For example most simulation models 
show that higher temperatures will lead to lower rice yields as a result of a shorter growing period. But some studies 
indicate that increased atmospheric CO2 that leads to those higher temperatures could enhance photosynthesis and 
increase rice yields. This uncertainty on the overall effects of climate change and CO2 fertilization is generally true 
for other important food crops such as wheat, sorghum, barley, and maize among others.  

Yields of some crops will increase in some areas (e.g. cereal production in north and east Kazakhstan) and 
decrease in others (e.g. wheat in the Indo-Gangetic Plain of South Asia). In Russia, climate change may lead to a 
food production shortfall, defined as an event in which the annual potential production of the most important crops 
falls 50% or more below it's normal average. Sea-level rise is projected to decrease total arable areas and thus food 
supply in many parts of Asia. A diverse mix of potential adaptation strategies, such as crop breeding, changing crop 
varieties, adjusting planting time, water management, diversification of crops and a host of indigenous practices will 
all be applicable within local contexts. 
 
FAQ 24.3: Who is most at risk from climate change in Asia? [to be placed in Section 24.4.6] 
People living in low-lying coastal zones and flood plains are probably most at risk from climate change impacts in 
Asia. Half of Asia's urban population lives in these areas. Compounding the risk for coastal communities, Asia has 
more than 90% of the global population exposed to tropical cyclones. The impact of such storms, even if their 
frequency or severity remains the same, is magnified for low lying and coastal zone communities because of rising 
sea level [medium confidence]. Vulnerability of many island populations is also increasing due to climate change 
impacts. Settlements on unstable slopes or landslide prone-areas, common in some parts of Asia, face increased 
likelihood of rainfall-induced landslides.  

Asia is predominantly agrarian, with 58% of its population living in rural areas, of which 81% are dependent on 
agriculture for their livelihoods. Rural poverty in parts of Asia could be exacerbated due to negative impacts from 
climate change on rice production, and a general increase in food prices and the cost of living [high confidence].  

Climate change will have widespread and diverse health impacts. More frequent and intense heatwaves will 
increase mortality and morbidity in vulnerable groups in urban areas [high confidence]. The transmission of 
infectious disease, such as cholera epidemics in coastal Bangladesh, and schistosomiasis in inland lakes in China, 
and diarrheal outbreaks in rural children will be affected due to warmer air and water temperatures and altered rain 
patterns and water flows [medium confidence]. Outbreaks of vaccine-preventable Japanese encephalitis in the 
Himalayan region and malaria in India and Nepal have been linked to rainfall. Changes in the geographical 
distribution of vector-borne diseases, as vector species that carry and transmit diseases migrate to more hospitable 
environments, will occur [medium confidence]. These effects will be most noted close to the edges of the current 
habitats of these species.  
 
FAQ 25-1: How can we adapt to climate change if projected future changes remain uncertain? 
[to be inserted at end of Section 25.4.2] 
Many existing climate change impact assessments in Australia and New Zealand focus on the distant future (2050 to 
2100). When contrasted with more near-term non-climate pressures, the inevitable uncertainty of distant climate 
impacts can impede effective adaptation. Emerging best practice in Australasia recognises this challenge and instead 
focuses on those decisions that can and will be made in the near future in any case, along with the ‘lifetime’ of those 
decisions, and the risk from climate change during that lifetime. Thus, for example, the choice of next year’s annual 
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crop, even though it is greatly affected by climate, only matters for a year or two and can be adjusted relatively 
quickly. Even land-use change among cropping, grazing and forestry industries has demonstrated significant 
flexibility in Australasia over the space of a decade. When the adaptation challenge is reframed as implications for 
near-term decisions, uncertainty about the distant future becomes less problematic and adaptation responses can be 
better integrated into existing decision-making processes and early warning systems. 

Some decisions, such as those about long-lived infrastructure and spatial planning and of a public good nature, 
must take a long-term view and deal with significant uncertainties and trade-offs between short- and long-term goals 
and values. Even then, widely used techniques can help reduce challenges for decision-making – including the 
‘precautionary principle’, ‘real options’, ‘adaptive management’, ‘no regrets strategies’, or ‘risk hedging’. These can 
be matched to the type of uncertainty but depend on a regulatory framework and institutions that can support such 
approaches, including the capacity of practitioners to implement them robustly. 

Adaptation is not a one-off action but will take place along an evolving pathway, in which decisions will be 
revisited repeatedly as the future unfolds and more information comes to hand (see Figure 25-3). Although this 
creates learning opportunities, successive short-term decisions need to be monitored to avoid unwittingly creating an 
adaptation path that is not sustainable as climate change continues, or which would cope only with a limited sub-set 
of possible climate futures. This is sometimes referred to as maladaptation. Changing pathways – for example, 
shifting from on-going coastal protection to gradual retreat from the most exposed areas – can be challenging and 
may require new types of interactions among governments, industry and communities. 

[INSERT FIGURE 25-3 HERE 
Adaptation as an iterative risk management process. Individual adaptation decisions comprise well known 
aspects of risk assessment and management (top left panel). Each decision occurs within and exerts its own 
sphere of influence, determined by the lead- and consequence time of the decision, and the broader regulatory 
and societal influences on the decision (top right panel). A sequence of adaptation decisions creates an 
adaptation pathway (bottom panel). There is no single ‘correct’ adaptation pathway, although some decisions, 
and sequences of decisions, are more likely to result in long-term maladaptive outcomes than others, but the 
judgment of outcomes depends strongly on societal values, expectations and goals.] 

 
FAQ 25-2: What are the key risks from climate change to Australia and New Zealand? 
[to be inserted at end of Section 25.10.3] 
Our assessment identifies eight key regional risks from climate change. Some impacts, especially on ecosystems, are 
by now difficult to avoid entirely. Coral reef systems have a limited ability to adapt naturally to further warming and 
an increasingly acidic ocean. Similarly, the habitat for some mountain or high elevation ecosystems and their 
associated species is shrinking inexorably with rising temperatures. This implies substantial impacts and some losses 
even under scenarios of limited warming. Other risks, however, can be reduced substantially by adaptation, 
combined with globally effective mitigation. These include potential flood damages from more extreme rainfall in 
most parts of Australia and New Zealand; constraints on water resources from reducing rainfall in southern 
Australia; increased health risks and infrastructure damages from heat waves in Australia; and, increased economic 
losses, risks to human life and ecosystem damage from wildfires in southern Australia and many parts of New 
Zealand. A third set of risks is particularly challenging to manage robustly because the severity of potential impacts 
varies widely across the range of climate projections, even for a given temperature increase. These concern damages 
to coastal infrastructure and low-lying ecosystems from continuing sea level rise, where damages would be 
widespread if sea level turns out to be at the upper end of current scenarios; and, threats to agricultural production in 
both far south-eastern and far south-western Australia, which would affect ecosystems and rural communities 
severely at the dry end of projected rainfall changes. Even though some of these key risks are more likely to 
materialise than others, and they differ in the extent that they can be managed by adaptation and mitigation, they all 
warrant attention from a risk management perspective, given their potential major consequences for the region. 
 
FAQ 26.1: What impact is climate having on North America? [to remain at the end of the chapter]  
Recent climate changes and extreme events demonstrate clear impacts of climate-related stresses in North America 
(high confidence). There has been increased occurrence of severe hot weather events over much of the US and 
increases in heavy precipitation over much of North America (high confidence). Such events as droughts in northern 
Mexico and south-central US, floods in Canada, and hurricanes such as Sandy, demonstrate exposure and 
vulnerability to extreme climate (high confidence). Many urban and rural settlements, agricultural production, water 
supplies, and human health have been observed to be vulnerable to these and other extreme weather events (Figure 
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26-2). Forest ecosystems have been stressed through wildfire activity, regional drought, high temperatures, and 
infestations, while aquatic ecosystems are being affected by higher temperatures and sea level rise.  

Many decision makers, particularly in the United States and Canada, have the financial, human and institutional 
capacity to invest in resilience, yet a trend of rising losses from extremes has been evident across the continent 
(Figure 26-2), largely due to socio-economic factors, including a growing population, equity issues and increased 
property value in areas of high exposure. In addition, climate change is very likely to lead to more frequent extreme 
heat events and daily precipitation extremes over most areas of North America, more frequent low snow years, and 
shifts towards earlier snowmelt runoff over much of the western US and Canada (high confidence). These changes 
combined with higher sea levels and associated storm surges, more intense droughts, and increased precipitation 
variability are projected to lead to increased stresses to water, agriculture, economic activities and urban and rural 
settlements (high confidence). 
 
FAQ 26.2: Can adaptation reduce the adverse impacts of climate in North America? 
[to remain at the end of the chapter] 
Adaptation – including land use planning, investments in infrastructure, emergency management, health programs, 
and water conservation – has significant capacity to reduce risks from current climate and climate change (Figure 
26-3). There is increasing attention to adaptation among planners at all levels of government but particularly at the 
municipal level, with many jurisdictions engaging in assessment and planning processes. Yet, there are few 
documented examples of implementation of proactive adaptation and these are largely found in sectors with longer-
term decision-making, including energy and public infrastructure (high confidence). Adaptation efforts have 
revealed the significant challenges and sources of resistance facing planners at both the planning and 
implementation stages, particularly the adequacy of informational, institutional, financial and human resources, and 
lack of political will (medium confidence).  

While there is high capacity to adapt to climate change across much of North America, there are regional and 
sectoral disparities in economic resources, governance capacity, and access to and ability to utilize information on 
climate change which limit adaptive capacity in many regions and among many populations such as the poor and 
indigenous communities. For example, there is limited capacity for many species to adapt to climate change, even 
with human intervention. At lower levels of temperature rise, adaptation has high potential to off-set projected 
declines in yields for many crops, but this effectiveness is expected to be much lower at higher temperatures. The 
risk that climate stresses will cause profound impacts on ecosystems and society – including the possibility of 
species extinction or severe adverse socio-economic shocks – highlights limits to adaptation. 
 
FAQ 27.1: What is the impact of glacier retreat on natural and human systems in the tropical Andes? 
[to be inserted at end of Section 27.3.1.2] 
The retreat of glaciers in the tropical Andes mountains, with some fluctuations, started after the Little Ice Age (16th 
to 19th centuries), but the rate of retreat (area reduction between 20-50%) has accelerated since the late 1970s. the 
changes in runoff from glacial retreat into the basins fed by such runoff vary depending on the size and phase of 
glacier retreat. In an early phase, runoff tends to increase due to accelerated melting, but after a peak, as the 
glacierized water reservoir gradually empties, runoff tends to decrease. This reduction in runoff is more evident 
during dry months when glacier melt is the major contribution to runoff (high confidence).  

A reduction in runoff could endanger high Andean wetlands (bofedales) and intensify conflicts between 
different water users among the highly vulnerable populations in high elevation Andean tropical basins. Glacier 
retreat has also been associated with disasters such as glacial lake outburst floods that are a continuous threat in the 
region. Glacier retreat could also impact activities in high mountainous ecosystems such as alpine tourism, 
mountaineering and adventure tourism (high confidence). 
 
FAQ 27.2: Can payment for ecosystem services (PES) be used as an effective way to help local communities 
adapt to climate change? [to be inserted in Section 27.3.3.2] 
Ecosystems provide a wide range of basic services, like providing breathable air, drinkable water, and moderating 
flood risk (very high confidence). Assigning values to these services and designing conservation agreements based 
on these (broadly known as PES), can be an effective way to help local communities adapt to climate change. It can 
simultaneously help protect natural areas, and improve livelihoods and human well-being (medium confidence). 
However, during design and planning, a number of factors need to be taken into consideration at the local level in 
order to avoid potentially negative results. Problems can arise if a) the plan sets poor definitions about whether the 
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program should focus just on actions to be taken or the end result of those actions, b) many perceive the initiative as 
commoditization of nature and its intangible values, c) the action is inefficient to reduce poverty, d) difficulties 
emerge in building trust between various stakeholders involved in agreements, and e) there are eventual gender or 
land tenure issues. 
 
FAQ 27.3: Are there emerging and re emerging human diseases as a consequence of climate variability and 
change in the region? [to be inserted in Section 27.3.7.2] 
Human health impacts have been exacerbated by variations and changes in climate extremes. Climate-related 
diseases have appeared in previously non-endemic regions (e.g. malaria in the Andes, dengue in CA and Southern 
SA) (high confidence). Climate variability and air pollution have also contributed to increase the incidence of 
respiratory and cardiovascular, vector- and water-borne and chronic kidney diseases, Hantaviruses and rotaviruses, 
pregnancy-related outcomes, and psychological trauma (very high confidence). Health vulnerabilities vary with 
geography, age, gender, ethnicity, and socio-economic status, and are rising in large cities. Without adaptation 
measures (e.g. extending basic public health services), climate change will exacerbate future health risks, owing to 
population growth rates and existing vulnerabilities in health, water, sanitation and waste collection systems, 
nutrition, pollution, and food production in poor regions (medium confidence). 
 
FAQ 28.1: What will be the net socio-economic impacts of change in the polar regions? 
[to remain at the end of the chapter]  
Climate change will have costs and benefits for Polar Regions. Climate change, exacerbated by other large-scale 
changes, can have potentially large effects on Arctic communities, where relatively simple economies leave a 
narrower range of adaptive choices.  

 In the Arctic, positive impacts include new possibilities for economic diversification, marine shipping, 
agricultural production, forestry, and tourism. The Northern Sea Route is predicted to have up to 125 days per year 
suitable for navigation by 2050, while the heating energy demand in the populated Arctic areas is predicted to 
decline by 15%. In addition, there could be greater accessibility to offshore mineral and energy resources although 
challenges related to environmental impacts and traditional livelihoods are possible.  

Changing sea ice condition and permafrost thawing may cause damage to bridges, pipelines, drilling platforms, 
hydropower and other infrastructure. This poses major economic costs and human risks, although these impacts are 
closely linked to the design of the structure. Furthermore, warmer winter temperatures will shorten the accessibility 
of ice roads that are critical for communications between settlements and economic development and have 
implications for increased costs.. Statistically, a long-term mean increase of 2 to 3°C in autumn and spring air 
temperature produces an approximate 10 to 15 day delay in freeze-up and advance in break-up, respectively.  

Particular concerns are associated with projected increase in the frequency and severity of ice-jam floods on 
Siberian rivers. They may have potentially catastrophic consequences for the villages and cities located in the river 
plain, as exemplified by the 2001 Lena River flood, which demolished most of the buildings in the city of Lensk.  

Changing sea ice conditions will impact indigenous livelihoods, and changes in resources, including marine 
mammals, could represent a significant economic loss for many local communities. Food security and health and 
well-being are expected to be impacted negatively.  

In the Antarctic, tourism is expected to increase, and risks exist of accidental pollution from maritime accidents, 
along with an increasing likelihood of the introduction of alien species to terrestrial environments. Fishing for 
Antarctic krill near to the Antarctic continent is expected to become more common during winter months in areas 
where there is less winter sea ice.  
 
FAQ 28.2: Why are changes in sea ice so important to the polar regions? [to remain at the end of the chapter] 
Sea ice is a dominant feature of Polar Oceans. Shifts in the distribution and extent of sea ice during the growing 
season impacts the duration, magnitude and species composition of primary and secondary production in the Polar 
Regions. With less sea ice many marine ecosystems will experience more light, which can accelerate the growth of 
phytoplankton, and shift the balance between the primary production by ice algae and water-borne phytoplankton, 
with implications for Arctic food webs. In contrast, sea ice is also an important habitat for juvenile Antarctic krill, 
providing food and protection from predators. Krill is a basic food source for many species in polar marine 
ecosystems.  

Changes in sea ice will have other impacts, beyond these “bottom-up” consequences for marine foodwebs. 
Mammals and birds utilize sea ice as haul-outs during foraging trips (seals, walrus, and polar bears in the Arctic and 
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seals and penguins in the Antarctic). Some seals (e.g. Bearded seals in the Arctic and crabeater and leopard seals in 
the Antarctic) give birth and nurse pups in pack ice. Shifts in the spatial distribution and extent of sea ice will alter 
the spatial overlap of predators and their prey. According to model projections, within 50-70 years loss of hunting 
habitats may lead to elimination of polar bears from seasonally ice-covered areas, where two thirds of their world 
population currently live. The vulnerability of marine species to changes in sea ice will depend on the exposure to 
change, which will vary by location, as well as the sensitivity of the species to changing environmental conditions 
and the adaptive capacity of each species. More open waters and longer ice-free period in the northern seas enhance 
the effect of wave action and coastal erosion with implications for coastal communities and infrastructure. 

While the overall sea ice extent in the Southern Ocean has not changed markedly in recent decades, there have 
been increases in oceanic temperatures and large regional decreases in winter sea ice extent and duration in the 
western Antarctic Peninsula region of West Antarctica and the islands of the Scotia Arc. 
 
FAQ 29.1: Why is it difficult to detect and attribute changes on small islands to climate change? 
[to be inserted in Section 29.3.1.1] 
In the last two or three decades many small islands have undergone substantial changes in human settlement patterns 
and in socio-economic and environmental conditions. Those changes may have masked any clear evidence of the 
effects of climate change. For example, on many small islands coastal erosion has been widespread and has 
adversely affected important tourist facilities, settlements, utilities and infrastructure. But specific case studies from 
islands in the Pacific, Indian and Atlantic oceans and the Caribbean have shown that human impacts play an 
important role in this erosion, as do episodic extreme events that have long been part of the natural cycle of events 
affecting small islands. So while coastal erosion is consistent with models of sea-level rise resulting from climate 
change, determining just how much of this erosion might have been caused by climate change impacts is difficult. 
Given the range of natural processes and human activities that could impact the coasts of small islands in the future, 
without more and better empirical monitoring the role of climate change-related processes on small islands may 
continue to be difficult to identify and quantify.  
 
FAQ 29.2: Why is the cost of adaptation to climate change so high in small islands? 
[to be inserted after Section 29.3.3.4] 
Adaptation to climate change that involves infrastructural works generally require large up-front overhead costs, 
which in the case of small islands cannot be easily downscaled in proportion to the size of the population or 
territory. This is a major socio-economic reality that confronts many small islands, notwithstanding the benefits that 
could accrue to island communities through adaptation. Referred to as ‘indivisibility’ in economics, the problem can 
be illustrated by the cost of shore protection works aimed at reducing the impact of sea-level rise. The unit cost of 
shoreline protection per capita in small islands is substantially higher than the unit cost for a similar structure in a 
larger territory with a larger population. This scale-reality applies throughout much of a small island economy 
including the indivisibility of public utilities, services and all forms of development. Moreover, the relative impact 
of an extreme event such as a tropical cyclone that can affect most of a small island’s territory has a disproportionate 
impact on that state’s GDP, compared to a larger country where an individual event generally affects a small 
proportion of its total territory and its GDP. The result is relatively higher adaptation and disaster risk reduction 
costs per capita in countries with small populations and areas, especially those that are also geographically isolated, 
have a poor resource base and high transport costs 
 
FAQ 29.3: Is it appropriate to transfer adaptation and mitigation strategies between and within small island 
countries and regions? [to be inserted after Section 29.7.2] 
While lessons learned from adaptation and mitigation experiences in one island or island region may offer some 
guidance, caution must be exercised to ensure that the transfer of such experiences is appropriate to local 
biophysical, social, economic, political, and cultural circumstances. If this approach is not purposefully incorporated 
into the implementation process, it is possible that maladaptation and inappropriate mitigation may result. It is 
therefore necessary to carefully assess the risk profile of each individual island so as to ensure that any investments 
in adaptation and mitigation are context specific. The varying risk profiles between individual small islands and 
small island regions have not always been adequately acknowledged in the past.  
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FAQ 30.1: Can we reverse the climate change impacts on the ocean? [to be inserted after Section 30.3.2] 
In less than 150 years, greenhouse gas emissions have resulted in such major physical and chemical changes in our 
oceans that it will take thousands of years to reverse them. There are a number of reasons for this. Given its large 
mass and high heat capacity, the ability of the Ocean to absorb heat is 1000 times larger than that of the atmosphere. 
The Ocean has absorbed at least nine tenths of the Earth’s heat gain between 1971 and 2010. To reverse that heating, 
the warmer upper layers of the Ocean have to mix with the colder deeper layers. That mixing can take up to 1000 
years. This means it will take centuries to millennia for deep ocean temperatures to warm in response to today’s 
surface conditions, and at least as long for ocean warming to reverse after atmospheric greenhouse gas 
concentrations decrease (virtually certain). But climate change-caused alteration of basic conditions in the Ocean is 
not just about temperature. The Ocean becomes more acidic as more CO2 enters it and will take tens of thousands of 
years to reverse these profound changes to the carbonate chemistry of the ocean (virtually certain). These enormous 
physical and chemical changes are producing sweeping and profound changes in marine ecosystems. Large and 
abrupt changes to these ecosystems are unlikely to be reversible in the short to medium term (high confidence). 
 
FAQ30.2: Does slower warming mean less impact on plants and animals? [to be inserted in Section 30.4] 
The greater thermal inertia of the Ocean means that temperature anomalies and extremes are lower than those seen 
on land. This does not necessarily mean that impacts of ocean warming are less for the ocean than for land. A large 
body of evidence reveals that small amounts of warming in the Ocean can have large effects on ocean ecosystems. 
For example, relatively small increases in sea temperature (as little as 1–2°C) can cause mass coral bleaching and 
mortality across hundreds of square kilometers of coral reef (high confidence). Other analyses have revealed that 
increased temperatures are spreading rapidly across the world’s oceans (measured as the movement of bands of 
equal water temperature or isotherms). This rate of warming presents challenges to organisms and ecosystems as 
they try to migrate to cooler regions as the Ocean continues to warm. Rapid environmental change also poses steep 
challenges to evolutionary processes, especially where long-lived organisms such as corals and fish are concerned 
(high confidence). 
 
FAQ30.3: How will marine primary productivity change? [to be inserted after Section 30.5.2.2] 
Drifting microscopic plants known as phytoplankton are the dominant marine primary producers, at the base of the 
marine food chain. Their photosynthetic activity is critically important to life in general. It provides oxygen, 
supports marine food webs, and influences global biogeochemical cycles. Changes in marine primary productivity in 
response to climate change remain the single biggest uncertainty in predicting the magnitude and direction of future 
changes in fisheries and marine ecosystems (low confidence). Changes have been reported to a range of different 
ocean systems (e.g., High Latitude Spring Bloom Systems, Sub-tropical Gyre Systems, Equatorial Upwelling 
Systems, and Eastern Boundary Upwelling Ecosystems), some of which are consistent with changes in ocean 
temperature, mixing, and circulation. However, direct attribution of these changes to climate change is made 
difficult by long-term patterns of variability that influence productivity of different parts of the Ocean (e.g., Pacific 
Decadal Oscillation). Given the importance of this question for ocean ecosystems and fisheries, longer time series 
studies to understand how these systems are changing as a result of climate change are a priority (high agreement). 
 
FAQ30.4: Will climate change cause ‘dead zones’ in the oceans? [to be inserted after Section 30.5.5.2] 
Dissolved oxygen is a major determinant of the distribution and abundance of marine organisms. Dead zones are 
persistent hypoxic conditions where the water doesn’t have enough dissolved oxygen to support oxygen-dependent 
marine species. These areas exist all over the world and are expanding, with impacts on coastal ecosystems and 
fisheries (high confidence). Dead zones are caused by several factors, particularly eutrophication where too many 
nutrients run off coastal cities and agricultural areas into rivers that carry these materials out to sea. This stimulates 
primary production leading to a greater supply of organic carbon, which can sink into the deeper layers of the ocean. 
As microbial activity is stimulated, there is a sharp reduction in dissolved oxygen levels and an increased risk of 
dead zones (high confidence). Climate change can influence the distribution of dead zones by increasing water 
temperature and hence microbial activity, as well as reducing mixing of the ocean (i.e., increasing layering or 
stratification) of the Ocean – which have different temperatures, densities, salinities – and reducing mixing of 
oxygen-rich surface layers into the deeper parts of the Ocean. In other areas, increased upwelling can lead to 
stimulated productivity, which can also lead to more organic carbon entering the deep ocean, where it is consumed, 
decreasing oxygen levels (medium confidence). Managing local factors such as the input of nutrients into coastal 
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regions can play an important role in reducing the rate at which dead zones are spreading across the world’s oceans 
(high agreement). 
 
FAQ30.5: How can we use non-climate factors to manage climate change impacts on the oceans? 
[to be inserted after Section 30.7.1] 
Like most natural system, 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). 
 
 


