
Resources for the Future  |  American Climate Prospectus: Economic Risks in the United States ‹#›

10 East 40th Street, Suite 3601, New York, NY 10016 
Tel: +1.212.532.1158 | Fax: +1.212.532.1162 | Web: www.rhgroup.net

Key risks of climate change:  
Reasons for concern

Robert Kopp (robert.kopp@rutgers.edu) 
Rutgers Energy Institute 
May 4, 2016

mailto:robert.kopp@rutgers.edu


2
1046

Chapter 19                                                                                                                                                         Emergent Risks and Key Vulnerabilities

19

19.1. Purpose, Scope, and Structure
of this Chapter

The objective of this chapter is to assess new literature published
since the Fourth Assessment Report (AR4) on emergent risks and key
vulnerabilities to climate change from the perspective of the distribution
of risk over geographic location, economic sector, time period, and
socioeconomic characteristics of individuals and societies. Frameworks
used in previous IPCC reports to assess risk in the context of Article 2
of the United Nations Framework Convention on Climate Change
(UNFCCC) are updated and extended in light of new literature, and
additional frameworks arising in recent literature are examined. A
focal point of this chapter is the interaction of the changing physical
characteristics of the climate system with evolving characteristics of
socioeconomic and biological systems (exposure and vulnerability) to
produce risk (see Figure 19-1). Given the centrality of Article 2 to this
chapter, the greater emphasis is on harmful outcomes of climate change
rather than potential benefits.

19.1.1. Historical Development of this Chapter

The Third and Fourth Assessment Reports (TAR and AR4, respectively)
each devoted chapters to evaluating the state of knowledge relevant

to Article 2 of the UNFCCC (Smith et al., 2001; Schneider et al., 2007;
see Box 19-1). The TAR sorted and aggregated impacts discussed in
the literature according to a framework called Reasons for Concern
(RFCs), and assessed the level of risk associated with individual impacts
of climate change as well as each category or “reason” as a whole,
generally as a function of global mean warming. This assessment took
account of the distribution of vulnerability across particular regions,
countries, and sectors.

AR4 furthered the discussion relevant to Article 2 by assessing new
literature and developing criteria potentially useful for policy makers in
the determination of key impacts and vulnerabilities, that is, those
meriting particular attention in respect to Article 2. See Box 19-2 for
definitions of Reasons for Concern, Key Vulnerabilities (KVs), and related
terms. Some definitions go beyond those in the Glossary to provide
details especially pertinent to this chapter.

AR4 emphasized the differences in vulnerability between developed
and developing countries but also assessed new literature describing
vulnerability pertaining to various aggregations of people (such as by
ethnic, cultural, age, gender, or income status) and response strategies
for avoiding key impacts. The RFCs were updated and the Synthesis
Report (IPCC, 2007a) noted that they “remain a viable framework to
consider key vulnerabilities” (IPCC, 2007a, Section 5.2). However, their
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Figure 19-1 | Schematic of the interaction among the physical climate system, exposure, and vulnerability producing risk. The figure visualizes the different terms and concepts 
discussed in this chapter. Risk of climate-related impacts results from the interaction of climate-related hazards (including hazardous events and trends) with the vulnerability and 
exposure of human and natural systems. The definition and use of “key” and “emergent” are indicated in Box 19-2 and the Glossary. Vulnerability and exposure are, as the figure 
shows, largely the result of socioeconomic pathways and societal conditions (although changing hazard patterns also play a role; see Section 19.6.1.1). Changes in both the 
climate system (left side) and socioeconomic processes (right side) are central drivers of the different core components (vulnerability, exposure, and hazards) that constitute risk 
(modified version of SREX Figure SPM.1 (IPCC, 2012a)).

R

AR5 WG2 ch. 19



3

Identifying key risks

Key risks are potentially severe adverse consequences for humans and social-
ecological systems resulting from the interaction of climate-related hazards with 
vulnerabilities of societies and systems exposed. Risks are considered “key” due to 
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Figure 2: Additional embers from the AR5 Synthesis Report (80), using (a) rate of climate change, (b) 
atmospheric CO2 and (c) sea level rise as the metric of climate-related hazard, rather than global mean 
temperature (for further explanations see text). 
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As we’ve learned more, risks generally perceived as higher
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sea level rise, for example, show that if development pathways allow
for substantial investment of resources in adaptation through coastal
protection, as opposed to accommodation or abandonment strategies,
reducing impacts by investing in coastal protection can be an economically
rational response for large areas of coastline globally (Nicholls et al.,
2008a,b; Anthoff et al., 2010; Nicholls and Cazenave, 2010; Hallegatte
et al., 2013) and in Europe (Bosello et al., 2012b). For the specific case
of sea level rise impacts in Europe, adaptation in the form of increasing
dike heights and nourishing beaches, at a cost reaching about €3 billion
per year by 2100, was found to reduce the number of people affected by
coastal flooding in 2100 from hundreds of thousands to a few thousand
per year depending on the socioeconomic and sea level rise scenario
(A2 vs. B1), and total economic damages from about €17 billion to
about €2 billion per year (Hinkel et al., 2010). In contrast, in some areas
with higher current and anticipated future vulnerability such as low-
lying island states and parts of Africa and Asia, impacts are expected
to be greater and adaptation more difficult (Nicholls et al., 2011).

Similarly, the risk to food security in many regions could be reduced if
development pathways increase the capacity for policy and institutional

reform, although most impact studies have focused on agricultural
production and accounted for adaptation to a limited and varying degree
(Lobell et al., 2008; Nelson et al., 2009; Ziervogel and Ericksen, 2010).
A study of response options in sub-Saharan Africa identified some scope
for adapting to climate change associated with a global warming of
2°C above preindustrial levels (Thornton et al., 2011), given substantial
investment in institutions, infrastructure, and technology, but was
pessimistic about the prospects of adapting to a world with 4°C of
warming (Thornton et al., 2011; see also Section 19.7.1). Improved water
use efficiency and extension services have been identified as the highest
priority agricultural adaptation options available in Europe (Iglesias et
al., 2012), and a potentially large role for expanded desalination has
been identified for the Middle East (Chenoweth et al., 2011).

19.6.3. Updating Reasons for Concern

The RFCs are the relationship between global mean temperature increase
and five categories of impacts that were introduced in the IPCC TAR
(Smith et al., 2001) in order to facilitate interpretation of Article 2
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Figure 19-4 | The dependence of risk associated with the Reasons for Concern (RFCs) on the level of climate change, updated from the Third Assessment Report and Smith et al. 
(2009). The color shading indicates the additional risk due to climate change when a temperature level is reached and then sustained or exceeded. The shading of each ember 
provides a qualitative indication of the increase in risk with temperature for each individual “reason.” Undetectable risk (white) indicates no associated impacts are detectable 
and attributable to climate change. Moderate risk (yellow) indicates that associated impacts are both detectable and attributable to climate change with at least medium 
confidence, also accounting for the other specific criteria for key risks. High risk (red) indicates severe and widespread impacts, also accounting for the other specific criteria for 
key risks. Purple, introduced in this assessment, shows that very high risk is indicated by all specific criteria for key risks. Comparison of the increase of risk across RFCs indicates 
the relative sensitivity of RFCs to increases in GMT. In general, assessment of RFCs takes autonomous adaptation into account, as was done previously (Smith et al., 2001, 2009; 
Schneider et al., 2007). In addition, this assessment took into account limits to adaptation in the case of RFC1, RFC3, and RFC5, independent of the development pathway. The 
rate and timing of climate change and physical impacts, not illustrated explicitly in this diagram, were taken into account in assessing RFC1 and RFC5. Comments superimposed 
on RFCs provide additional details that were factored into the assessment. The levels of risk illustrated reflect the judgments of Chapter 19 authors. 
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Risks depend on vulnerability, not just on physical change
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(Section 1.2.2; Box 19-2). In AR4, new literature related to the five RFCs
was assessed, leading in most cases to confirmation or strengthening of
the judgments about their relevance to defining dangerous anthropogenic
interference based on evidence that some impacts were already
apparent, higher likelihoods of some climate-related hazards, and
improved identification of currently vulnerable populations (Schneider
et al., 2007; Smith et al., 2009).

RFCs are related to the framework of key risks, climate-related hazards,
and vulnerabilities used in this chapter because each RFC is understood
to represent a broad category of key risks to society or ecosystems
associated with a specific type of hazard (extreme weather events,
large-scale singular events), system at risk (unique and threatened
systems), or characteristic of risk to social-ecological systems (global
aggregate impacts on those systems, distribution of impacts to those
systems). For example, the RFC for extreme weather events implies a
concern for risks to society and ecosystems posed by extreme events,

rather than a concern for extreme events per se. Accordingly, in this
chapter we have reworded the definition of RFCs to emphasize risk.

In this section we assess new literature related to each of the RFCs,
concluding that, compared to judgments presented in AR4 and in Smith
et al. (2009), levels of risk associated with extreme weather events and
distribution of impacts can be assessed with higher confidence and are
higher for large temperature rise than previously assessed; risks associated
with global aggregate impacts are similar to AR4 and Smith et al (2009)
and confidence in the assessment unchanged; and risks to unique and
threatened systems and those associated with large-scale singular
events are higher above 2°C (compared to a 1986–2005 baseline) than
assessed previously. These judgments are illustrated in Figure 19-4, an
updated version of the “burning embers” diagram that describes how
the additional risk due to climate change for each RFC changes with
increasing GMT. We retain the color scheme employed in previous
versions of this figure (Smith et al., 2001, 2009) with some refinement.
White, yellow, and red indicate undetectable, moderate, and high
additional risk, respectively. Risk is low in the transition between white
and yellow, and substantial in the transition between yellow and red. We
add a new color (purple) indicating very high risk as elaborated below.

The following subsections assess risks for each RFC and locate transitions
between colors using the criteria for key risks as a guide (Section 19.2.2.2).
The transition from white to yellow is partly defined by the GMT at
which there is at least medium confidence that impacts associated with
a given risk are both detectable and attributable to climate change,
while also accounting for the magnitude of the risk. We draw on Section
18.6.4 to inform the placement of this transition relative to recent GMT.
The transition from yellow to red is defined by increasing magnitude
(including pervasiveness) or likelihood of impacts, with high risk (red
color) defined as risk of severe and widespread impacts that is judged
to be high on one or more criteria for assessing key risks (Section
19.2.2.2). Purple, introduced in this assessment, shows that very high
risk is indicated by all specific criteria for key risks, including limited
ability to adapt. As was true in the TAR and Smith et al. (2009), transitions
are fuzzy owing to uncertainties in a variety of factors determining the
relation between GMT and risk, including the rate of climate change, the
time at which the temperature is reached, and the extent and agreement
of the evidence base in the literature.

We also clarify the concept of RFCs: because risks depend not only on
physical impacts of climate change but also on exposure and vulnerability
of societies and ecosystems to those impacts, RFCs as a reflection of
those risks depend on both factors as well (see also Section 19.1). 

19.6.3.1. Variations in RFCs across Socioeconomic Pathways 

The determination of key risks as reflected in the RFCs has not previously
been distinguished across alternative development pathways. In the
TAR and AR4, RFCs took only autonomous adaptation into account
(Smith et al., 2001; Schneider et al., 2007; WGII AR4 Chapter 19).
However, the RFCs represent risks that are determined by both climate-
related hazards and the vulnerability and exposure of social and
ecological systems to climate change stressors. Figure 19-5 illustrates
this dependence on vulnerability and exposure in a modified version of
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Figure 19-5 | Illustration of the dependence of risk associated with a Reason for 
Concern (RFC) on the level of climate change and exposure and vulnerability (E&V) of 
society. This figure is schematic; the degree of risk associated with particular levels of 
climate change or E&V has neither been based on a literature assessment nor 
associated with a particular RFC (the “burning ember” in the figure refers generically 
to any of the embers in Figure 19-4). The E&V axis is relative rather than absolute. 
“Medium” E&V indicates a future development path in which E&V changes over time 
are driven by moderate trends in socioeconomic conditions. “Low” and “High” E&V 
indicate futures that are substantially more optimistic or pessimistic, respectively, 
regarding exposure and vulnerability. Judgments made in other burning ember 
diagrams of the RFCs (Smith et al., 2001, 2009) including Figure 19-4, which do not 
explicitly take changes in E&V into account, are consistent with Medium future E&V. 
Arrows and dots illustrate the use of Special Report on Emission Scenarios 
(SRES)-based literature to locate particular impact or risk assessments on the figure 
according to the evolution of climate and socioeconomic conditions over time. This 
figure does not explicitly address issues related to the rates of climate change or when 
impacts might be realized.
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Risk depends upon our mitigation choices
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TABLES 

Table 1: Eight overarching key risks representative of the range of key risks identified by WG II authors 

as of highest concern to their chapters (6, 19.6.2.1, based on Table 19-4). These risks inform judgments 

regarding the indicated RFCs.   

  Reason for Concern 
Overarching 
Key Risk 

Description 1 2 3 4 5 

i Risk of death, injury, ill-health, or disrupted livelihoods in low-
lying coastal zones and small island developing states and other 
small islands, due to storm surges, coastal flooding, and sea level 
rise. 

9 9 9 9 9 

ii Risk of severe ill-health and disrupted livelihoods for large urban 
populations due to inland flooding in some regions. 

 9 9   

iii Systemic risks due to extreme weather events leading to 
breakdown of infrastructure networks and critical services such 
as electricity, water supply, and health and emergency services. 

 9 9 9  

iv Risk of mortality and morbidity during periods of extreme heat, 
particularly for vulnerable urban populations and those working 
outdoors in urban or rural areas. 

 9 9   

v Risk of food insecurity and the breakdown of food systems 
linked to warming, drought, flooding, and precipitation 
variability and extremes, particularly for poorer populations in 
urban and rural settings. 

 9 9 9  

vi Risk of loss of rural livelihoods and income due to insufficient 
access to drinking and irrigation water and reduced agricultural 
productivity, particularly for farmers and pastoralists with 
minimal capital in semi-arid regions. 

 9 9   

vii Risk of loss of marine and coastal ecosystems, biodiversity, and 
the ecosystem goods, functions, and services they provide for 
coastal livelihoods, especially for fishing communities in the 
tropics and the Arctic. 

9 9  9  

viii Risk of loss of terrestrial and inland water ecosystems, 
biodiversity, and the ecosystem goods, functions, and services 
they provide for livelihoods. 

9  9 9  

  O’Neill et al. (in rev.)
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Defining transitions in reasons for concern

Undetectable to Moderate: at least medium confidence that impacts are both 
detectable and attributable to climate change, while also accounting for the 
magnitude of the risk and the other criteria noted above 

Moderate to High risk: impacts become severe and widespread 

High to Very High: risk is high according to all criteria and in particular the 
ability to adapt is limited 

O’Neill et al. (in rev.)
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Risks depend on vulnerability, not just on physical change
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Figure 3, panel a: Illustrative version of vulnerability-dependent RFC diagram, using results for one 
type of climate change impact (additional population at risk of hunger due to climate change) based on 
three studies (96, 97, 98). The x-axis categorizes scenarios of societal development by trends in exposure 
and vulnerability based on (34). Each colored circle indicates the number of people at risk of hunger 
according to one scenario, relative to the number at risk as calculated with the same model for a 
medium vulnerability scenario with about 2.6 C warming relative to preindustrial (results for this 
outcome are therefore indicated by a “1” in the figure). Relative change is expressed as a multiplicative 
factor. Green circles indicate lower risk than this central outcome (values <1), and occur for lower levels 
of climate change and/or lower levels of societal vulnerability. Red circles indicate greater risk (values 
>1), and occur for more climate change and/or higher societal vulnerability. The figure incorporates 24 
scenarios with a range of economic, crop and climate models and assumptions about CO2 fertilization 
and adaptation (Table S1). The medium vulnerability, 2.6 C outcomes span a range of 2-151 million 
additional people at risk of hunger. The Exposure and Vulnerability (E&V) axis indicates relative trends 
over time rather than absolute levels. For example, “Medium” E&V indicates a future development path 
in which E&V changes over time (and therefore also with changes in GMT along the y-axis) at a 
moderate rate, driven by moderate trends in socioeconomic conditions. “Low” and “High” E&V indicate 
futures that are substantially more optimistic or pessimistic, respectively, regarding trends in exposure 
and vulnerability. Gray shading approximately represents the space of possible outcomes, which 
excludes, for example, no warming over time.  

 (a)  

  


