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How much
warmer?

Climate Change Impacts

Where is it 10

Low
Emissions

F Warmer

“on average?”

• Land vs ocean!
• North vs South
• Global mean
warming of 2º to 5º C

Moderate
Emissions

Denver è
Amarillo

• North American
warming of 3º to 6º C

= 5º to 11º F

Illinois è
Mississippi

High
Emissions

Rainfall?
Agriculture?
Water supply?
Real estate?
Displaced people?

Water?
Crops?
Real Estate? Health?

Bell Curves

Probability of Occurrence

A changing climate leads to changes in the
frequency, intensity, spatial extent, duration,
and timing of extreme weather and climate
events, and can result in unprecedented
extreme weather and climate events. Changes
in extremes can be linked to changes in the mean,
variance, or shape of probability distributions, or all
of these (Figure SPM.3). Some climate extremes (e.g.,
droughts) may be the result of an accumulation of
weather or climate events that are not extreme
when considered independently. Many extreme
weather and climate events continue to be the
result of natural climate variability. Natural variability
will be an important factor in shaping future
extremes in addition to the effect of anthropogenic
changes in climate. [3.1]

Shifted Mean

a)

• “Bell curves” also known as
“Normal distributions”

more
hot
weather

less
cold
weather
less
extreme cold
weather

more
extreme hot
weather

Increased Variability
Probability of Occurrence

or sub-national levels can substantially affect
livelihood options and resources and the capacity
of societies and communities to prepare for and
respond to future disasters. [2.2, 2.7]

b)

more
cold
weather
more
extreme cold
weather

more
hot
weather
more
extreme hot
weather

• 68% of values fall within 1σ of mean
• 95% within 2σ of mean, 99% within 3σ
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Observations of
Exposure, Vulnerability,
Climate Extremes,
Impacts, and Disaster
Losses
The impacts of climate extremes and the potential
for disasters result from the climate extremes
themselves and from the exposure and vulnerability
of human and natural systems. Observed changes
in climate extremes reflect the influence of
anthropogenic climate change in addition to natural
climate variability, with changes in exposure and
vulnerability influenced by both climatic and nonclimatic factors.

Probability of Occurrence

Changed Symmetry

B.

• “Standard deviation” σ measures “width”

Scott Denning

Means & Extremes
Summary for Policymakers

• “Normal” or “Gaussian” distribution
• Average = Mean = Median = Mode

Washingtonè
Tallahassee

c)

Without climate change
With climate change

more
hot
weather

near constant
cold
weather
near constant
extreme cold
weather
extreme cold cold

more
extreme hot
weather

Mean:

hot extreme hot

• People, crops, animals,
economies, ecosystems
tend to be more sensitive to
extremes than averages
• Small changes in averages
produce large changes in
extremes
• Changes in the shape of the
distribution also produce
changes in extremes

without and with weather change

Figure SPM.3 | The effect of changes in temperature distribution on
extremes. Different changes in temperature distributions between present and
future climate and their effects on extreme values of the distributions:
(a) effects of a simple shift of the entire distribution toward a warmer climate;
(b) effects of an increase in temperature variability with no shift in the mean;
(c) effects of an altered shape of the distribution, in this example a change in
asymmetry toward the hotter part of the distribution. [Figure 1-2, 1.2.2]

Exposure and Vulnerability
Exposure and vulnerability are dynamic, varying across temporal and spatial scales, and depend on
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Summer
Temperatures

60 Years of Summer Temps

> 10x
fewer

• Shift of mean
by about 1 σ

> 10x
more

> 10x
more

> 10x
fewer
1 in 100 1 in 20 1 in 3

1 in 3 1 in 20

• Increase in
variability (σ)
as well

1 in 100

Heat Wave Statistics

Natural Migrations

APPROVED SPM – Copyedit Pending

IPCC WGII AR5 Summary for Policymakers

• Plants and
animals
move with
changing
climates
• Migration
rates are
limited
• Trees are
especially
slow …
!
Figure SPM.5.
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Insect Pests

Mountain Pine
Beetle

Extent of Infestation
• Colorado is only
the southernmost
outbreak of a
continental
problem
• Estimated CO2
emissions ~ 10%
of fossil fuel for
1 year

Scott Denning
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Drought and
Water Stress

4

Drought Drivers
For soil moisture or hydrological droughts, the main drivers are reduced precipitation and/or increased evapotranspiration (Figure 3-9).
Although the role of deficits in precipitation is generally considered more prominently in the literature, several drought indicators also
explicitly or indirectly consider effects of evapotranspiration. In the context of climate projections, analyses suggest that changes in
simulated soil moisture drought are mostly driven by changes in precipitation, with increased evapotranspiration from higher vapor pressure
deficit (often linked to increased temperature) and available radiation modulating some of the changes (e.g., Burke and Brown, 2008;
Sheffield and Wood, 2008a; Orlowsky and Seneviratne, 2011). It should nonetheless be noted that under strong drought conditions, soil
moisture becomes limiting for evapotranspiration, thus limits further soil moisture depletion. Other important aspects for soil moisture
and hydrological droughts are persistence and pre-conditioning. Because soil moisture, groundwater, and surface waters are associated
with water storage, they have a characteristic memory (e.g., Vinnikov et al., 1996; Eltahir and Yeh, 1999; Koster and Suarez, 2001;
Seneviratne et al., 2006b) and thus specific response times to drought forcing (e.g., Begueria et al., 2010; Fleig et al., 2011). The memory
is also a function of the atmospheric forcing and system’s feedbacks
Evaporative
demand increases
(Koster and Suarez, 2001; A.H. Wang et al., 2009), and
the relevant
Precipitation deficit
(meteorological drought)
storage is dependent on soil characteristics and rooting depth of
the considered ecosystems. This means that drought has a different
persistence depending on the affected system, and that it is also
Evapotranspiration
Critical soil moisture deficit
sensitive to pre-conditioning (Figure 3-9). Effects of pre-conditioning
(soil moisture drought)
also explain the possible occurrence of multi-year droughts, whereby
Pre-event soil moisture,
soil moisture anomalies can be carried over from one year to the
surface water, and/or
next (e.g., Wang, 2005). However, other features can induce
groundwater
storage
Critical streamflow and
drought persistence, such as persistent circulation anomalies,
groundwater deficit
(hydrological drought)
strengthened by land-atmosphere feedbacks (Schubert et
Summary possibly
for Policymakers
al., 2004; Rowell and Jones, 2006). The choice of variable (e.g.,
precipitation, soil moisture, or streamflow) and time scale can
Drought
doesn’t
just
happen
when
it doesn't
Figure 3-9
| Simplified sketch
of processes
and drivers relevant
for meteorological,
soil moisture (agricultural), and hydrological droughts.
strongly affect the ranking of drought events (Vidal et al., 2010).
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What is Drought?

Climate Change Impacts

Water Budgets
w/ temperature

In

•

rain
It is enough
very likely that mean sea level rise will contribute to upward trends in extreme coastal high water

levels in the future. There is high confidence that locations currently experiencing adverse impacts such as coastal

Out

Drought is the running sum
of water out minus water in

Drought
Indices
erosion
and inundation
will continue
do so in the future due to increasing
sea levels, all other
contributing
• Also
depends
ontoevaporation
losses
and
ourfactors
being equal.
The very
of mean sea of
leveldroughts,
rise to increased
coastal
highmoisture
water levels,observations
coupled
Because
of likely
the contribution
complex definition
and extreme
the lack
of soil
(Section 3.2.1), several indices have been
with
the
likely
increase
in
tropical
cyclone
maximum
wind
speed,
is
a
specific
issue
for
tropical
small
island
states.
abilitydeveloped
to tap
stored(meteorological,
water in
and
to characterize
soil wells
moisture, and
hydrological) drought
(see, e.g., Heim Jr., 2002; Dai, 2011). These indicators
[3.5.3, 3.5.5, Box 3-4]
include land surface, hydrological, or climate model simulations (providing estimates of, e.g., soil moisture or runoff) and indices based
reservoirs
There is
confidence
that changes in heat
waves, glacialvariables.
retreat, and/or
degradation
onhigh
measured
meteorological
or hydrological
We permafrost
provide here
a brief will
overview of the wide range of drought indices
affect literature
high mountain
suchofasrecent
slope instabilities,
movements
of mass,
glacial
lake outburst
for phenomena
the analysis
and projected
changes.
Noteandthat
information
on paleoclimate proxies such as tree rings,
floods. There is also high confidence that changes in heavy precipitation will affect landslides in some regions. [3.5.6]

used in the

speleothems, lake sediments, or historical evidence (e.g., harvest dates) is not detailed here.

There is low confidence in projections of changes in large-scale patterns of natural climate variability.
Confidence
is low
in projections
of changes
in monsoons
(rainfall, circulation)
thereused
is littleindex
consensus
in climate
Some
indices
are based
solely
on precipitation
data.because
A widely
is the
Standard
models regarding the sign of future change in the monsoons. Model projections of changes in El Niño–Southern

Precipitation Index (SPI) (McKee et al., 1993;
Lloyd-Hughes and Saunders, 2002), which consists of fitting and transforming a long-term precipitation record into a normal distribution
that has zero mean and unit standard deviation. SPI values of -0.5 to -1 correspond to mild droughts, -1 to -1.5 to moderate droughts,
S to severely wet
-1.5 todry-2days
to (CDD)
severe droughts, and below -2 toSoil
extreme
Similarly, values from 0 to 2 correspond to mildly wet
Change in consecutive
moisturedroughts.
anomalies (SMA)
2046
- 2065
2046 - 2065
conditions,
and values above 2 to extremely wet conditions
(Lloyd-Hughes and Saunders, 2002). SPI can be computed over several time
L critical for
scales (e.g., 3, 6, 12, or more months) and thus indirectly considers effects of accumulating precipitation deficits, which are
soil moisture and hydrological droughts. Another index commonly used in the analysis of climate model simulations is the Consecutive
SL
Dry Days (CDD) index, which considers the maximum consecutive number of days without rain (i.e., below a given threshold, typically
SL For seasonal
1 mm day-1) within a considered period (i.e., year in general; Frich et al., 2002; Alexander et al., 2006; Tebaldi et al., 2006).
SL
time frames, the CDD periods can either be considered to be bound to the respective seasons (e.g., Figure 3-10) or considered in their
entirety (across seasons) but assigned to a specific season. Though SPI and CDD are both only based on precipitation,
SL they do not
necessarily only consider the effects of meteorological drought, since periods without rain (thus less cloud cover) are bound to have
L
High
Emissions
(A2)higher2081
2081
- 2100 daytime
- 2100
higher
radiation
forcing and generally
temperatures,
thus possibly positive evapotranspiration anomalies (unless soil
moisture conditions are too dry and limit evapotranspiration).

Changes in Drought

U.S. Drought Monitor

April 14, 2015
(Released Thursday, Apr. 16, 2015)
Valid 7 a.m. EST
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Figure SPM.5 | Projected annual changes in dryness assessed from two indices. Left column: Change in annual maximum number of consecutive dry days (CDD: days with
precipitation <1 mm). Right column: Changes in soil moisture (soil moisture anomalies, SMA). Increased dryness is indicated with yellow to red colors; decreased dryness with
green to blue. Projected changes are expressed in units of standard deviation of the interannual variability in the three 20-year periods 1980–1999, 2046–2065, and 2081–2100.
The figures show changes for two time horizons, 2046–2065 and 2081–2100, as compared to late 20th-century values (1980–1999), based on GCM simulations under emissions
scenario SRES A2 relative to corresponding simulations for the late 20th century. Results are based on 17 (CDD) and 15 (SMA) GCMs contributing to the CMIP3. Colored shading
is applied for areas where at least 66% (12 out of 17 for CDD, 10 out of 15 for SMA) of the models agree on the sign of the change; stippling is added for regions where at least
90% (16 out of 17 for CDD, 14 out of 15 for SMA) of all models agree on the sign of the change. Grey shading indicates where there is insufficient model agreement (<66%).
[3.5.1, Figure 3-9]
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S

0.75

L
S

L = Long-Term, typically greater than
6 months (e.g. hydrology, ecology)

SL

Some indices reflect both precipitation and estimates of actual or potential evapotranspiration, in some cases also accounting for some
Author:
Michael
Brewer Index (PDSI)
temporal accumulation of the forcings or persistence of the drought anomalies. These include the Palmer Drought
Severity

168
Stippling
where at least 90% of models agree

S = Short-Term, typically less than
6 months (e.g. agriculture, grasslands)

The Drought Monitor focuses on broadscale conditions. Local conditions may
vary. See accompanying text summary for
forecast statements.

SL
SL
SL

SL

D0 Abnormally Dry
D1 Moderate Drought
D2 Severe Drought
D3 Extreme Drought
D4 Exceptional Drought

SL

http://droughtmonitor.unl.edu/
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in the Southwest is more severe (RCP 8.5: PDSI = −2.31, SM-30cm =
−2.08, SM-2m = −2.98) than that over the Central Plains (RCP 8.5:
PDSI = −1.89, SM-30cm = −1.20, SM-2m = −1.17). In both regions, the
consistent cross-model drying trends are driven primarily by the forced
response to increased greenhouse gas concentrations (13), rather than
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in concert to reduce soil moisture. Even though cold season precipitation
is actually expected to increase over parts of California in our Southwest
region (24, 26), the increase in evaporative demand is still sufficient to
drive a net reduction in soil moisture. Over the Central Plains, precipitation responses during the spring and summer seasons (the main

Droughts Past & Future

Climate Change Impacts

Palmer Drought
Severity Index

Dust Bowl

Medieval Megadroughts
Chapter 4

Changes in Impacts of Climate Extremes: Human Systems and Ecosystems
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seasondrivers,
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fromathe
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and
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that
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multimodelthe
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highly
dependent
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regression methodology used, and the
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2 ofa7 damageof current and future damage potential (as represented by
magnitude relationship) with estimates of current and future flood
frequency curves to estimate event damages and average annual damages
(sometimes termed expected annual damage). For example, Mokrech et
al. (2008) estimated damages caused by the current 10- and 75-year

100-Year Drought

An early study in the United States (Choi and Fisher, 2003) constructed
regression relationships between annual flood loss and socioeconomic

2070s
ECHAM4

Impacts on Water Supply

2070s
HadCM3

Future return period [years] of
droughts with an intensity of today’s
100-year events:

less frequent
<

more frequent

no change
100

70

40

10

>

Two different models, med-high emissions, return time
2070s water use
and HadCM3
climate

Scott Denning

2070s water use
without climate
change
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Climate Change Impacts

Crop Yields
Good for
Canada,
Russia,
& Tibet

Bad almost
everywhere
else

Wildfire
Fig. 2. Global impacts of climate change on crop productivity from simulations published in
1994 and 2010. (Top) The 1994 study (22) used output from the GISS GCM (in this example) with twice
the baseline atmospheric CO2 equivalent concentrations as input to crop models for wheat, maize,
soybean, and rice that were run at 112 sites in 18 countries. Crop model outputs were aggregated to a
national level using production statistics. (Bottom) The 2010 study (27) simulated changes in yields of 11
crops 1.
for the
year 2050, averaged
across three greenhouse emission scenarios and five GCMs. [Reprinted
Warmer
air increases
Projected
Increase
Area Burned
by permission from (top) Macmillan Publishers Ltd. (22);
(bottom) World
Bankin
Publishers
(27)]

Warming Promotes Wildfire

2 AUGUST 2013

evaporative demand on
forests
VOL 341 SCIENCE www.sciencemag.org

2. Longer warm season
depletes soil moisture

Forest

656%

3. More frequent
extremely hot, dry,
windy days when fires
are uncontrollable

LandscapeTransition

656%

NRC 2011

Scott Denning
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LandscapeTransition

Climate Change Impacts

Sudden
Landscape
Conversion

Gradual Conversion
to Semi-Arid Landscape?

Water Vapor Trends

Precipitation Changes

Trends in annual mean surface water vapour
pressure, 1975 to 1995, expressed as a
percentage of the 1975 to 1995 mean.
Areas without dots have no data. Blue
shaded areas have nominally significant
increasing trends and brown shaded areas
have significant decreasing trends, both at
the 5% significance level. Biases in these
data have been little studied so the level
of significance may be overstated. From
New et al. (2000).

Scott Denning
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Chapter 4

Changes in Impacts of Climate Extremes: Human Systems and Ecosystems

Flood Exposure
77,640

NORTH
AMERICA

Sea Level &
Coastal Flooding

Average Physical
Exposure to Floods Assuming
Constant Hazard
in thousand
ds oof people per year
thousands
in 2030

1,190
640

EUROPE

180
70

3,640

CARIBBEAN*

850

1,320
550

29,780

1,870
1,650

AFRICA

ASIA

CENTRAL AND
SOUTH AMERICA

60

in 1970

30

AUSTRALIA
NEW ZEALAND

Circles are proportional
to the number of persons affected

*Only catchments bigger than 1,000 km2 were included in this analysis. Therefore, only the largest islands in the Caribbean are covered.

Figure 4-2 | Average physical exposure to floods assuming constant hazard (in thousands of people per year). Data from Peduzzi et al., 2011.

Number of people in each region exposed to flood risk,
for current climate

maximum wind speed is likely to increase (see Section 3.4.4). Figure 4-1 provides the modeled change in human exposure at constant
hazard (without forecast of the influence of climate change on the hazard). It shows that the average number of people exposed to
tropical cyclones per year globally would increase by 11.6% from 2010 to 2030 from population growth only. In relative terms, Africa
has the largest percentage increase in physical exposure to tropical cyclones. In absolute terms, Asia has more than 90% of the global
population exposed to tropical cyclones.

Sea Level Rise

Chapter 4

Changes in Impacts of Climate Extremes: Human Systems and Ecosystems

In terms of exposure to flooding, about 800 million people are currently living in flood-prone areas, and about 70 million people currently
living in flood-prone areas are, on average, exposed to floods each year (UNISDR, 2011). Given the lack of complete datasets on past
flood events, and the uncertainty associated with projected trends in future flood frequencies and magnitudes (see Section 3.5.2), it is
difficult to estimate future flood hazards. However, using population increase in the flood-prone area, it is possible to look at trends in
the number of people exposed per year on average at constant hazard (UNISDR, 2011). Figure 4-2 shows that population growth will
continue to increase exposure to floods. Due to model constraints, areas north of 60°N and south of 60°S, as well as catchments smaller
than 1,000 km2 (typically small islands) are not modeled. The data provided in Figure 4-2 correspond to river flooding.

Historical Sealevel Changes

A number of factors underlie increases in impacts from floods and cyclones. However, trends in the population exposed to these hazards
are an important factor. Population projections in tropical cyclone areas and flood-prone areas imply that impacts will almost certainly
continue to increase based on this factor alone.

82.7

60.2

thus assessed. Sections 4.3.2 to 4.3.6, building on an understanding of
exposure and vulnerability, evaluate knowledge of current and future
risks of extreme events by sectors and systems.

47.8

8.9

6.2
4.8

NORTH
AMERICA

16.4

11.7
9.6

EUROPE
5.8

Population exposed
in 2050 in millions
0.50m SLR
0.15m SLR

7.4

5.6
4.6

4.3.2.
3.8
2.8

ASIA

AFRICA

SOUTH
AMERICA

2.7 2.3

1.8

OCEANIA

Current population
exposed

Water

Past and future changes in exposure and vulnerability to climate
extremes in the water sector are driven by both changes in the volume,
timing, and quality of available water and changes in the property, lives,
and systems that use the water resource or that are exposed to waterrelated hazards (Aggarwal and Singh, 2010). With a constant resource
or physical hazard, there are two opposing drivers of change in exposure

and vulnerability. On the one hand, vulnerability increases as more
demands are placed on the resource (due to increased water consumption,
for example, or increased discharge of polluting effluent) or exposure
increases as more property, assets, and lives encounter flooding. On the
other hand, vulnerability is reduced as measures are implemented to
improve the management of resources and hazards and to enhance the
ability to recover from extreme events. For example, enhancing water
supplies, improving effluent treatment, and employing flood management
measures (including the provision of insurance or disaster relief) would
all lead to reductions in vulnerability in the water sector. Such measures
have been widely implemented, and the runoff regime of many rivers
has been considerably altered (Vörösmarty, 2002). The change in exposure
and vulnerability in any place is a function of the relationship between

Height of columns represents the number of exposed persons.

Figure 4-5 | For low-elevation coastal areas, current and future (2050) population exposure to inundation in the case of the 1-in-100-year extreme storm for sea level rise of
0.15 m and for sea level rise of 0.50 m due to the partial melting of the Greenland and West Antarctic Ice Sheets. Data from Lenton et al., 2009.

241

Number of people exposed to 100-year flood (millions)

change alters the frequency and severity of extremes, for example, an
increase in heavy rainfalls may affect the capacity and maintenance of
storm water, drainage, and sewerage infrastructure (Douglas et al., 2008).
In some infrastructure, secondary risks in case of extreme weather may
cause additional hazards (e.g., extreme rainfall can damage dams). The
same is true for industrial and mining installations containing hazardous
substances (e.g., heavy rainfall is the main cause of tailings dam failure,
accounting for 25% of incidents worldwide and 35% in Europe; Rico et
al., 2008).

Scott Denning

services, and particularly on ports, key nodes of international supply
chains, are expected (e.g., Oh and Reuveny, 2010). This may have farreaching implications for international trade, as more than 80% of global
trade in goods (by volume) is carried by sea (UNCTAD, 2009). All coastal
modes of transportation are considered vulnerable, but exposure and
impacts will vary, for example, by region, mode of transportation, location/
elevation, and condition of transport infrastructure (NRC, 2008; UNCTAD,
2009). Coastal inundation due to storm surges and river floods can affect
terminals, intermodal facilities, freight villages, storage areas, and cargo
and disrupt intermodal supply chains and transport connectivity (see
Figure 4-6). These effects would be of particular concern to small island
states, whose transportation facilities are mostly located in low-elevation

CMMAP Atmospheric Science CSU

In many parts of the world, including Central Asia and parts of Europe,
aging infrastructure, high operating costs, low responsiveness to
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Climate Change Impacts
Technical Summary

Male, Maldives

TFE.2 (continued)

Past & Future Sea
Level Changes

When calibrated appropriately, recently improved dynamical ice sheet models can reproduce the observed rapid
changes in ice sheet outflow for individual glacier systems (e.g., Pine Island Glacier in Antarctica; medium confidence). However, models of ice sheet response to global warming and particularly ice sheet–ocean interactions are
incomplete and the omission of ice sheet models, especially of dynamics, from the model budget of the past means
that they have not been as critically evaluated as other contributions. {13.3, 13.4}

• Reconstructions,
modern tide
gauges, satellite
altimetry, and
models of the
future
TS

• Does not include
ice sheet
dynamics
TFE.2, Figure 2 | Compilation of paleo sealevel data (purple), tide gauge data (blue, red and green), altimeter data (light blue) and central estimates and likely ranges
for projections of global mean sea level rise from the combination of CMIP5 and process-based models for RCP2.6 (blue) and RCP8.5 (red) scenarios, all relative to
pre-industrial values. {Figures 13.3, 13.11, 13.27}

GMSL rise for 2081–2100 (relative to 1986–2005) for the Representative Concentration Pathways (RCPs) will likely
be in the 5 to 95% ranges derived from Coupled Model Intercomparison Project Phase 5 (CMIP5) climate projections in combination with process-based models of other contributions (medium confidence), that is, 0.26 to 0.55 m
(RCP2.6), 0.32 to 0.63 m (RCP4.5), 0.33 to 0.63 m (RCP6.0), 0.45 to 0.82 (RCP8.5) m (see Table TS.1 and Figure TS.15 for
RCP forcing). For RCP8.5 the range at 2100 is 0.52 to 0.98 m. Confidence in the projected likely ranges comes from
the consistency of process-based models with observations and physical understanding. It is assessed that there is
currently insufficient evidence to evaluate the probability of specific levels above the likely range. Based on current
understanding, only the collapse of marine-based sectors of the Antarctic ice sheet, if initiated, could cause GMSL
to rise substantially above the likely range during the 21st century. There is a lack of consensus on the probability
for such a collapse, and the potential additional contribution to GMSL rise cannot be precisely quantified, but there
is medium confidence that it would not exceed several tenths of a metre of sea level rise during the 21st century. It
is virtually certain that GMSL rise will continue beyond 2100. {13.5.1, 13.5.3}

Changes in
Mean Sea
Level

Many semi-empirical models projections of GMSL rise are higher than process-based model projections, but there is
no consensus in the scientific community about their reliability and there is thus low confidence in their projections.
{13.5.2, 13.5.3}
TFE.2, Figure 2 combines the paleo, tide gauge and altimeter observations of sea level rise from 1700 with the projected GMSL change to 2100. {13.5, 13.7, 13.8}
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Figure 4-6 | Freight-handling port facilities at risk from storm surge of 5.5 and 7 m on the US Gulf Coast. Adapted from CCSP, 2008.

waves (McGregor et al., 2007). The passage of the Lothar and Martin
storms across France in 1999 caused the greatest devastation to an
electricity supply network ever seen in a developed country, as 120
high-voltage transmission pylons were toppled, and 36 high-tension
transmission lines (one-quarter of the total lines in France) were lost
(Abraham et al., 2000). Severe droughts may also affect the supply of
cooling water to power plants, disrupting the ongoing supply of power
(see Box 4-4; Rübbelke and Vögele, 2011).
Buildings and urban facilities may be vulnerable to increasing frequency
of heavy precipitation events (see Section 3.3.2). Those close to the

2006). Extreme events may play an important role in tourist decisions
(e.g., Hein et al., 2009; Yu et al., 2009).
There are three broad categories of impacts of climate extremes that
can affect tourism destinations, competitiveness, and sustainability (Scott
et al., 2008): (1) direct impacts on tourist infrastructure (hotels, access
roads, etc.), on operating costs (heating/cooling, snowmaking, irrigation,
food and water supply, evacuation, and insurance costs), on emergency
preparedness requirements, and on business disruption (e.g., sun-and-sea
or winter sports holidays); (2) indirect environmental change impacts
of extreme events on biodiversity and landscape change (e.g., coastal

11

in the Americas for Various Kinds of Decisionmakers
The Program of Indicators of Disaster Risk and Risk Management for the Americas of the Inter-American Development Bank (IDEA, 2005;
Cardona, 2008, 2010) provides a holistic approach to relative vulnerability assessment using social, economic, and environmental indicators
and a metric for sovereign fiscal vulnerability assessment taking into account that extreme impacts can generate financial deficit due to
a sudden elevated need for resources to restore affected inventories or capital stock.
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Climate Change Impacts

The Prevalent Vulnerability Index (PVI) depicts predominant vulnerability conditions of the countries over time to identify progresses and
regressions. It provides a measure of direct effects (as result of exposure and susceptibility) as well as indirect and intangible effects of
hazard events (as result of socioeconomic fragilities and lack of resilience). The indicators used are made up of a set of demographic,
socioeconomic, and environmental national indicators that reflect situations, causes, susceptibilities, weaknesses, or relative absences of
development affecting the country under study. The indicators are selected based on existing indices, figures, or rates available from
reliable worldwide databases or data provided by each country. These vulnerability conditions underscore the relationship between risk
and development. Figure 2-1 shows the aggregated PVI (Exposure, Social Fragility, Lack of Resilience) for 2007.

Understanding
Impacts
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Figure 2-1 | Aggregate Prevalent Vulnerability Index (PVI) for 19 countries of the Americas for 2007. Source: Cardona, 2010.

Figure 1-1 | The key concepts and scope of this report. The figure indicates schematically key concepts involved in disaster risk management and climate change adaptation, and
the interaction of these with sustainable development.

Vulnerability and therefore risk are also the result of unsustainable economic growth and deficiencies that may be corrected by means of
adequate development processes, reducing susceptibility of exposed assets, socioeconomic fragilities, and improving capacities and
resilience of society (IDB, 2007). The information provided by an index such as the PVI can prove useful to ministries of housing and
urban development, environment, agriculture, health and social welfare, economy, and planning. The main advantage of PVI lies in its
ability to disaggregate results and identify factors that may take priority in risk management actions as corrective and prospective measures
or interventions of vulnerability from a development point of view. The PVI can be used at different territorial levels, however often the
indicators used by the PVI are only available at the national level; this is a limitation for its application at other sub-national scales.

Disasters are defined in this report as severe alterations in the normal
functioning of a community or a society due to hazardous physical events
interacting with vulnerable social conditions, leading to widespread
Chapter 2
adverse human, material, economic, or environmental effects that
require immediate emergency response to satisfy critical human needs
and that may require external support for recovery.

Non-extreme physical events also can and do lead to disasters where
physical or societal conditions foster such a result. In fact, a significant
number of disasters registered annually in most disaster databases
Determinants of Risk: Exposure and Vulnerability
are associated with physical events that are not extreme as defined
probabilistically, yet have important social and economic impacts on
local communities and governments, both individually and in aggregate
(UNISDR, 2009e, 2011) (high confidence).
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On the other hand, future disasters have been identified as contingency liabilities and could be included in the balance of each nation.
As pension liabilities or guaranties that the government has to assume for the credit of territorial entities or due to grants, disaster
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Figure 2-2 | Disaster deficit index (DDI) and probable maximum loss (PML) in 500 years for 19 countries of the Americas for 2008. Source: Cardona, 2010.

reposition costs are liabilities that become materialized when the hazard events occur. The Disaster Deficit Index (DDI) provides an
estimation of the extreme impact (due to hurricane, floods, tsunami, earthquake, etc.) during a given exposure time and the financial
ability to cope with such a situation. The DDI captures the relationship between the loss that the country could experience when an
extreme impact occurs (demand for contingent resources) and the public sector’s economic resilience – that is, the availability of funds
to address the situation (restoring affected inventories). This macroeconomic risk metric underscores the relationship between extreme
impacts and the capacity to cope of the government. Figure 2-2 shows the DDI for 2008.
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A DDI greater than 1.0 reflects the country’s inability to cope with extreme disasters, even when it would go into as much debt as
possible: the greater the DDI, the greater the gap between the potential losses and the country’s ability to face them. This disaster risk
figure is interesting and useful for a Ministry of Finance and Economics. It is related to the potential financial sustainability problem of
the country regarding the potential disasters. On the other hand, the DDI gives a compressed picture of the fiscal vulnerability of the
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