T HE I NTERGOVERNMENTAL P ANEL ON
C LIMATE C HANGE – F IFTH A SSESSMENT
R EPORT : WGII I MPACTS , A DAPTATION
AND V ULNERABILITY

I M P A CT S
“Observed impacts of climate change are widespread and consequential”

A D A P T A T I ON
“Managing the risks of climate change involves decisions with implications for future societies,
economies, environment and climate.”
“Societal debates over risks from forced and reactive transformations as opposed to deliberate
transitions to sustainability may place new and increased demands on governance structures at
multiple levels to reconcile conflicting goals and visions for the future.”

V U LNE R A B I LI T Y
“People who are socially, economically, culturally, politically, institutionally, or otherwise
marginalized in society are often highly vulnerable to climate change and climate change responses”.

The newest report by Working Group II (WGII) of the Intergovernmental Panel on Climate Change (IPCC)
focuses on climate change impacts, vulnerability and adaptation measures in our changing world. Based on the
climate science presented in the preceding report by Working Group I, Climate Change 2013: The Physical
Science Basis (November, 2013), this report evaluates shifting risks and potential benefits related to climate
changes and explores the ways that these elements can be affected by mitigation and adaptation actions. In the
first part of this synthesis, the Ontario Centre for Climate Impacts and Adaptation Resources (OCCIAR) will
provide a brief synopsis of the findings highlighted by WGII in the Summary for Policymakers and the Technical
Summary, focusing on the implications for Canadians and Ontarians more specifically.

I MPACTS
The WGII report explores both the direct and indirect impacts of climate change for different regions, sectors,
systems and groups. The report presents new information about the extent of observed climate impacts and
the implications of climate projections for future climate risks.

O B SE R V E D

I M P A CT S

Observed impacts of climate change are widespread and consequential. Recent changes in climate have
caused impacts on natural and human systems on all continents and across the oceans. Evidence of climate
change impacts is strongest and most comprehensive for natural systems, although some impacts in human
systems have also been attributed to climate change. Observed climate impacts have already had significant
impacts on several key sectors including:


Freshwater resources: changing precipitation or melting snow and ice are altering hydrological systems
affecting water resource quantity and quality (medium confidence);



Terrestrial and freshwater ecosystems: Many terrestrial and animal species have shifted their ranges and
seasonal activities and altered their abundance in response to past climate change and these trends continue
in many regions (high confidence);



Coastal systems and low-lying areas: Coastal systems are particularly sensitive to changes in sea level and
ocean temperature and to ocean acidification (very high confidence);



Marine systems: Warming will continue to cause shifts in the abundance, geographic distribution, migration
patters and timing of seasonal activities of species (very high confidence). This will further result in changing
interactions between species including competition and predator-prey dynamics (high confidence);



Food Production systems and food security: Negative impacts of climate change on crop and terrestrial
food production have been more common than positive impacts, which are evident in some high-latitude
regions (high confidence);



Urban areas: Cities are composed of complex inter-dependent systems that can be impacted by climate
change, affecting the delivery of services, economic development, business continuity and human health
(medium confidence);



Rural areas: Rural people are subject to multiple non-climatic stressors, including under-investment in
agriculture, problems with land and natural resource policy, and processes of environmental degradation
(very high confidence). In developed countries, there are also important shifts towards multiple uses of rural
areas, especially leisure uses, and new rural policies based on the collaboration of multiple stakeholders, the
targeting of multiple sectors, and a change from subsidy-based to investment-based policy;



Key economic sectors and services: Economic losses due to extreme weather events have increased
globally, mostly due to increase in wealth and exposure, with a possible influence of climate change (low
confidence in attribution to climate change);



Human health: The health of human populations is sensitive to shifts in weather patterns and other aspects
of climate change (very high confidence). These effects occur directly (due to changes in temperature and
precipitation and in the occurrence of heat waves, floods, droughts, and fires) or indirectly (by climatechange-related ecological disruptions, such as crop failures or shifting patterns of disease vectors, or by social
responses to climate change, such as displacement of populations following prolonged drought);



Human security: Challenges for vulnerability reduction and adaptation actions are particularly high in
regions that have shown severe difficulties in governance (high confidence). Violent conflict strongly
influences vulnerability to climate change impacts for people living in affected places (medium evidence, high
agreement); and



Livelihoods and poverty: Climate-related hazards constitute an additional burden to people living in
poverty, acting as a threat multiplier often with negative outcomes for livelihoods (high confidence).
Fig 1: Observed impacts attributed to climate change

FUTURE

R I S K S A N D P OT E N T I A L B E N E FI T S

With 4°C warming, climate change is projected to become the dominant driver of impacts on ecosystems,
superseding drivers such as land-use change. A number of studies project large increases in water stress,
groundwater supplies, and drought in a number of regions with >4°C warming, and decreases in others, generally
placing already arid regions at greater water stress.







Freshwater resources: number of people exposed annually to a 20th century 100-year river flood is
projected to be three time greater under RCP 8.5 than under RCP 2.6 AND Each degree of warming is
projected to decrease renewable water resources by at least 20% for an additional 7% of the global
population;
Terrestrial and freshwater ecosystems: magnitudes and rates of climate change associated with RCP4.5,
6.0, and 8.5 pose high risk of abrupt and irreversible regional-scale change in the composition, structure, and
function of terrestrial and freshwater ecosystems, for example in the boreal-tundra Arctic system and the
Amazon forest, leading to substantial additional climate change AND extinction risk is increased under all
RCP scenarios, with risk increasing with both magnitude and rate of climate change;
Coastal systems and low-lying areas: By 2100, due to climate change and development patterns and
without adaptation, hundreds of millions of people will be affected by coastal flooding and displaced due to
land loss (high confidence). The majority affected will be in East, Southeast, and South Asia;
Marine systems: By mid 21st century, spatial shifts of marine species will cause species richness to increase
at mid and high latitudes (high confidence) and to decrease at tropical latitudes (medium confidence),
resulting in global redistribution of catch potential for fishes and invertebrates, with implications for food
security (medium confidence);













o
Food production systems and food security: Without adaptation, local temperature increases of 1 C or
more above preindustrial levels are projected to negatively impact yields for the major crops (wheat, rice,
and maize) in tropical and temperate regions, although individual locations may benefit (medium
confidence);
Urban areas: Rising sea levels and storm surges, heat stress, extreme precipitation, inland and coastal
flooding, drought and water scarcity, and air pollution pose widespread negative risks for people, health,
livelihoods, assets, local and national economies, and ecosystems (very high confidence). These risks are
amplified for those who lack essential infrastructure and services or who live in exposed areas;
Rural areas: Major future rural impacts will be felt in the near-term and beyond through impacts on water
supply, food security, and agricultural incomes, including shifts in production of food and non-food crops in
many areas of the world (high confidence);
Key economic sectors and services: For most economic sectors, the impacts of drivers such as changes in
population, structure, income and regulation will be large relative to the impacts of climate change (high
agreement). Despite this, climate change has significant potential to disrupt key sectors and services through
damage to infrastructure, disruption of supply chain and increasing health impacts on labour force among
other factors;
Human health: Until mid-century, climate change will impact human health mainly by exacerbating health
problems that already exist (very high confidence), and climate change throughout the 21st century will lead
to increases in ill-health in many regions, as compared to a baseline without climate change (high
confidence). Examples include greater likelihood of injury, disease and death due to more intense heat waves,
fires, floods, and other extreme events;
Human security: Human security will be progressively threatened as climate change interacts with other
factors to undermine livelihoods, compromise culture and identify, increase migration and challenge the
ability of the state to provide the conditions necessary for human security; and
Livelihoods and poverty: Throughout the 21st century, climate change impacts will slow down economic
growth and poverty reduction, further erode food security, and trigger new poverty traps, the latter
particularly in urban areas and emerging hotspots of hunger (medium confidence).
Fig 2: Key climate change impacts, risks and vulnerabilities

C A NA D A
In Canada, climate change has had observable impacts on many sectors (including healthcare, agriculture,
resource management, fishing, forestry, mining and others.) and across nearly all regions. For example,
Canada’s polar regions have experienced large and accelerated increases in temperature as well as changing
precipitation patterns, which have exacerbated impacts related to permafrost thaw, flooding, erosion and ice
jams. These impacts have had implications for the health and livelihoods of northern residents, as well as for the
continuity of resource-based industries. Projected changes in temperature and precipitation over the 21st
century will exacerbate existing risks for Canadians and create new risks in vulnerable regions.
Global warming of approximately 2°C (above the pre-industrial baseline) 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 [26.2.2.2].
Together with climate hazards such as higher sea levels and associated storm surges, more intense droughts,
and increased precipitation variability, these changes are projected to lead to increased stresses to water,
agriculture, economic activities and urban and rural settlements (high confidence). Global warming of
approximately 4°C is very likely to cause larger changes in extreme heat events, daily-scale precipitation
extremes and snow accumulation and runoff, as well as emergence of a locally novel temperature regime
throughout North America. This higher level of global temperature change is likely to cause decreases in annual
precipitation over much of the southern half of the continent and increases in annual precipitation over much of
the northern half of the continent.
Fig 3: Climate Impacts, Drivers and Adaptation issues for Canada

A D A P T A T I ON
Managing the risks of climate change involves decisions with implications for future societies, economies,
environment, and climate. Effective adaptation is a very complex undertaking, partially because adaptation is

highly regionally and context specific, with no single approach for reducing risks appropriate across all settings (medium
confidence). Effective risk reduction and adaptation strategies consider the dynamics of vulnerability and exposure and
their linkages with development and climate change (high confidence).
From individuals to governments, actors across scales and regions have complementary roles in enabling
adaptation planning and implementation (high confidence), for example through increasing awareness of climate
change risks, learning from experience with climate variability, and achieving synergies with disaster risk
reduction. Local government and the private sector are increasingly recognized as critical to progress in
adaptation, given their roles in scaling up adaptation of communities and households and in managing risk
information and financing (medium evidence, high agreement). National governments can coordinate adaptation
by local and subnational governments, creating legal frameworks, protecting vulnerable groups, and providing
information, policy frameworks, and financial support (robust evidence, high agreement). Public action can
influence the degree to which private parties undertake adaptation actions.
There are several key considerations for effective adaptation. Examples include:









A first step towards adaptation to future climate change is reducing vulnerability and exposure to present
climate through low-regrets measures and actions emphasizing co-benefits for both climate change
mitigation and adaptation (e.g. maintenance of mangrove, sea grass or salt marsh ecosystems which offer
important carbon storage and sequestration opportunities in addition to ecosystem services such as
protection against coastal erosion and storm damage).
Integration of adaptation into planning and decision-making can promote synergies with development
and reduce the possibility of maladaptive actions
Existing and emerging economic instruments can foster adaptation by providing incentives for
anticipating and reducing impacts
Indigenous, local, and traditional forms of knowledge are a major resource for adapting to climate change
Multiple simultaneous constraints can interact to impede adaptation planning and implementation (i.e.
uncertainty about projected impacts
Poor planning, overemphasizing short-term outcomes, or discounting or failing to consider all
consequences can result in maladaptation
Global adaptation cost estimates are substantially greater than current adaptation funding and
investment, particularly in developing countries, suggesting a funding gap and a growing adaptation
deficit.
Fig 4: Overview of entry point, approaches and core considerations for addressing climate change

Adaptation is occurring at the national, regional and sub-regional levels in varied forms. The report identifies
examples of adaptation action in several categories including:














Human Development
Poverty alleviation
Livelihood security
Disaster risk management
Ecosystem management
Spatial or land-use planning
Structural/physical
o Engineered and built environment options
o Technological options
o Ecosystem=-based options
o services
Institutional
o Economic options
o Laws and regulations
o Government policies and programs
Social
o Educational options
o Informational options
o Behavioural options
Spheres of change
o Practical
o Political
o Personal
Fig 5. Adaptation examples by category and overlapping entry point

In Canada and much of North America, most sectors of the economy have been affected by and have responded to
extreme weather including hurricanes, flooding and intense rainfall (high confidence). Despite a growing
experience with reactive adaptation, there are few examples of proactive adaptation anticipating future climate
change impacts, and these are largely found in sectors with longer-term decision-making, including energy and
public infrastructure. Knowledge about lessons learned and best adaptive practice by industry sector though
currently available, is not yet comprehensive or widely available.
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. These 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).
Available examples of adaptation to climate change impacts in Canada include:






Dock owners in the Trent-Severn waterway in the Great Lakes have moved their docks into deeper water
to better manage impacts on shorelines
In Cambridge Ontario, extra capacity culverts are being installed in anticipation of larger runoff
Quebec province is requiring dam safety inspections every 10 years to account for new knowledge on
climate change impacts
Implementation of government programs to reduce the incidence of Canadian forest pest infestations
Implementation of breeding programs to increase forest resistance to diseases and insect pests.

V U LNE R A B I LI T Y
Differences in vulnerability and exposure arise from non-climatic stressors and multidimensional
inequalities, which shape differential risks from climate change (very high confidence). Vulnerability and
exposure vary over time and across geographic contexts. Vulnerable systems, sectors and groups exist in every
nation with the level of vulnerability reliant on exposure and adaptive capacity. Impacts from recent extreme
climatic events, such as heat waves, droughts, floods, and wildfires, these experiences are consistent with a
significant adaptation deficit in developing and developed countries for some sectors and regions.
Changes in poverty or socioeconomic status, ethnic composition, age structure, and governance have had a
significant influence on the outcome of past crises associated with climate-related hazards.
Examples include:




Privileged members of society can benefit from climate change impacts and response strategies, due to
their flexibility in mobilizing and accessing resources and positions of power, often to the detriment of
others.
Differential impacts on men and women arise from distinct roles in society, the way these roles are
enhanced or constrained by other dimensions of inequality, risk perceptions, and the nature of response
to hazards.
Children and the elderly are often at higher risk due to narrow mobility, susceptibility to infectious
diseases, reduced caloric intake, and social isolation. While adults and older children are more severely
affected by some climate-sensitive vector-borne diseases such as dengue, young children are more likely
to die from or be severely compromised by diarrheal diseases and floods. The elderly face disproportional
physical harm and death from heat stress, droughts, and wildfires.

Uncertainties about future vulnerability, exposure and responses of human and natural systems can be larger
than uncertainties in regional climate projections and they are beginning to be incorporated in assessments of
future risks. Understanding future vulnerability, as well as exposure, of interlinked human and natural systems is
challenging due to the number of relevant socioeconomic factors, which have been completely considered to date.
These factors include wealth and its distribution across society, patterns of aging, access to technology and

information, labour force participation, the quality of adaptive responses, societal values and mechanisms and
institutions to resolve conflicts.
There are opportunities for adaptation and resilience activities to simultaneously address climate change impacts
and reduce vulnerability and exposure to climate. Reducing basic service deficits and building resilient
infrastructure (i.e. for water supply, sanitation, storm and waste water drains, electricity, transportation and
telecommunication, health care, education and emergency response) could significantly reduce hazard exposure
and vulnerability to climate change, especially for those who are most at risk or vulnerable.
Fig. 6 Relationship between vulnerability and adaptation
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Fig 7. North American exposure and vulnerability to extreme events

