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Executive Summary
This report presents data and insights on European weather and climate hazards that have
the potential to impact on cities and urban areas. Developing an understanding of current and
potential future weather and climate hazards is an important element of adapting and building
resilience to the changing climate. The European Environment Agency defines a hazard as:
'…potentially damaging physical event, phenomenon or human activity characterised
by its location, intensity, frequency and probability.' (EEA 2012: 47)
The report concentrates on observations and future projections relating to four key hazards
types, sea level rise, flooding, high temperatures and water scarcity and drought, and the
temperature and precipitation variables that underpin them. The focus is at the scale of
Europe and its sub-regions, with finer scale spatial data presented where this is available.
The report does not address impacts of hazards; the focus is on the hazards themeselves.
The report aims to enhance understanding of related issues and identify hazard data sources
to support building the resilience of cities to climate change. Brief summaries of the key
issues relating to the four hazards covered in this report are detailed below.
Sea level rise
 Observations confirm that sea levels have risen by around 20cm since 1900.
 The rate of sea level rise has accelerated over recent decades.
 Projections point towards further sea level rise, at a rate above that experienced over
the last century.
 Optimistic projections indicate around 50cm of additional sea level rise by 2100, with
levels continuing to increase for several centuries thereafter.
 Higher emissions scenarios, and associated ice sheet melting, could lead to sea
levels increasing by over 1 metre by the end of this century.
 Sea level rise increases the risk of coastal flooding, particularly when associated with
storm surges and high tides.
Flooding
 There are several main types of flooding that affect Europe, including flooding from
rivers and streams (fluvial flooding), surface water flooding (pluvial flooding),
groundwater flooding and snowmelt flooding. This report focuses principally on fluvial
and pluvial floods, which are underpinned by sustained and/or intense rainfall events.
 Pluvial flooding is becoming increasingly prominent in European urban areas,
although comprehensive modelling and mapping work is as yet limited.
 Climate projections suggest significant change in the pattern of rainfall across
Europe, with implications for flooding. Most future scenarios anticipate an increase in
rainfall in the north and west, particularly during the winter months. Across the
continent, even in southern Europe where rainfall volumes are declining, extreme
downpours are projected to become more common.
 Forecasting changes to future flood hazards is complex, particularly at finer spatial
scales.
 Despite this, there is some agreement between climate models that certain locations,
particularly north western Europe during the winter months, will see an increase in
fluvial flood hazard frequency. In other regions, for example around the Baltic sea,
central Spain and parts of northern Europe where snowmelt flooding is projected to
decline, reductions in fluvial flood hazard frequency are anticipated.
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Heatwaves
 The frequency and intensity of warm spells and heatwaves has increased over recent
decades in Europe.
 The occurrence of warm spells and extreme heatwaves is projected to increase
across all European sub-regions.
 Southern Europe and the Mediterranean are most likely to experience a significant
increase in the frequency and intensity of heatwaves.
Drought and water scarcity
 Droughts and water stress events already affect many areas of Europe.
 There is a high level of agreement across climate scenarios and models that drought
severity will increase over many areas, particularly southern Europe.
 Due to projected rainfall increase, droughts resulting from changes in precipitation
patterns are anticipated to become less frequent in parts of northern Europe.
 Although there is a clear north-south split concerning water scarcity and drought
projections, climate change is nevertheless projected to increase water stress in
many of Europe’s river basins.
 Drought and water stress have a strong socio-economic component, which can
exacerbate or moderate their frequency and severity.
In addition to presenting data and insights on weather and climate hazards, this report also
highlights several overarching themes relating to hazard events and data.







Hazard events result from the interaction between weather and climate and the
geographical features and socio-economic characteristics of the receiving location.
Projections on the future frequency and intensity of weather and climate hazards
depend on the greenhouse gas emissions scenario selected. However, because it is
not possible to determine emissions trajectories, it is also not clear as to the precise
nature of future weather and climate hazards.
Different climate models produce different climate variable and hazard projections,
even when using the same underlying emissions scenario.
The threat of more extreme events is a consistent theme within future climate
studies. This is an important issue for Europe given the negative impact that extreme
events have on urban areas.
Uncertainties relating to future hazard projections need to be acknowledged.
Nevertheless, there is sufficient data available to make an informed judgement of
potential future weather and climate hazards facing European cities and urban areas
in order to support adaptation planning and resilience building strategies.
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1. Introduction
Climate change is altering the frequency and intensity of weather and climate hazards.
Hazards, for example floods and heatwaves, interact with cities and urban systems to
generate negative impacts. These include harm to human health, economic losses,
infrastructure failure and damage to natural habitats.
The focus of this report is specifically on hazards linked to extreme weather and climate
change in Europe, not the impacts and consequences that they generate. The spatial focus is
European sub-regions, such as the Mediterranean or north western Europe. The report does
not present fine scaled climate change projections data, but highlights where relevant data
may be available. The report covers recent trends and future projections concerning four key
hazards; flooding, sea level rise, high temperatures, and water scarcity and drought
(considered as a single hazard given their close connections). Other weather and climate
related hazards exist in Europe, for example landslides, forest fires and wind storms.
However, they are not covered in this report because their distribution is more localised (e.g.
landslides and subsidence in locations where peat and clay soils are dominant) or there is a
high level of uncertainty concerning the outputs of related climate models (e.g. projections
concerning the direction of storm tracks and wind speed).
The aim of this report is to summarize existing knowledge on the current and potential future
frequency and intensity of these four hazards. Developing insights on hazard incidents,
trends and projections is an important step in helping cities adapt and build resilience to the
changing climate. However, the nature of impacts and risks depends on the relationship
between hazards, the level of exposure and vulnerability of cities to the hazards (IPCC 2014).
Exposure and vulnerability are often locally specific and context dependant, and can vary
from one location, or even one person, to another. Vulnerability to climate change hazards is
addressed in a separate RESIN report (Connelly et al 2015).
This report begins by defining what is meant by hazards, specifically in the context of weather
and climate events (section 3). Following this, the discussion turns to highlighting the range
of interacting factors that generate hazard events, which encompass climatic, socio-economic
and biophysical factors (section 4). Particular attention is then paid to current data and
insights on temperature and precipitation observations and projections (section 5). Section 6
looks specifically at four key hazard types: flooding, sea level rise, heatwaves, water scarcity
and drought. The report concludes with a discussion of emerging themes linked to weather
and climate hazards, with specific reference to the RESIN project’s issues and objectives
(section 7). Key technical terms are included in a supporting glossary included at the end of
the report.
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2. Defining hazards
This report focuses on current and potential future weather and climate hazards with the
capacity to affect cities, urban areas and the critical infrastructure that they rely upon. Two
definitions of hazards are provided below:




‘The potential occurrence of a natural or human-induced physical event that may
cause loss of life, injury, or other health impacts, as well as damage and loss to
property, infrastructure, livelihoods, service provision, and environmental
resources.’(IPCC 2012: 560)
'…potentially damaging physical event, phenomenon or human activity characterised
by its location, intensity, frequency and probability.' (EEA 2012: 47)

The use of the term ‘hazard’ within related concepts can further help to clarify its meaning.
Definitions of risk and resilience, which include the term ‘hazard’, are given below:



‘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.’ (IPCC 2014: 3)
The UNISDR define resilience as: ‘the ability of a system, community or society
exposed to hazards to resist, absorb, accommodate to and recover from the effects
of a hazard in a timely and efficient manner, including through the preservation and
restoration of its essential basic structures and functions.’ (UNISDR 2009: 92)

Although clear definitions of hazards are available, confusion remains over the use of the
term in the climate change adaptation and resilience literature. Events termed as ‘hazards’
within high level international climate change reports, for example floods and heatwaves, are
also referred to as ‘impacts’, ‘extreme events’, ‘climate extremes’, ‘meteorological hazards’
and ‘natural disasters’, sometimes interchangeably within the same literature source.
Despite these differences, and the sometimes confusing application of the term, there are
several essential characteristics of weather and climate hazards:
 Hazards are spatial in their nature; that is they have the potential to impact on certain
areas but not others. Generally, therefore, hazards can be mapped.
 Hazards exhibit a time dimension. This is expressed via calculations of historic and
potential future return periods, or their probability of occurrence.
 Hazards generate risks, which urban areas must build resilience against.
 Hazards require planned responses to reduce related risks to receptors exposed to
the event, which may include people, infrastructure or habitats for example.
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3. Understanding weather and climate
hazards
Weather and climate hazards are one of a wide range of hazards or ‘shocks’ with the
potential to cause harm to cities and urban areas including natural hazards (e.g.
earthquakes), industrial accidents or civil unrest.
Multiple climate and non-climate factors drive weather and climate hazard events (IPCC
2014). Climate change driven shifts in hazard frequency and intensity, linked to changing
temperature and precipitation patterns, interact with socio-economic process operating within
and beyond cities. Non-climate factors such as these can magnify or moderate exposure to
hazard events. For example, rising temperature and falling precipitation will increase water
demand within the agricultural and domestic sectors. This will in turn influence hazards
including raising river flow drought frequency and intensity due to increases in abstraction.
Hazard frequency and intensity is influenced by land use characteristics and processes in
locations that are distant from sites exposed to hazards. For example, fluvial flooding within a
city centre may be due to runoff from upstream areas or higher ground, perhaps
characterized by extensive surface sealing, which then operate as an intra-urban water
catchment (Douglas et al 2010). Historic and current urban development patterns are
influenced by issues including national legislation, which may contain planning regulations
that guide development form and location, and economic and demographic factors motivating
development. This highlights the socio-economic dimension to potential hazards.
Figure 1 emphasizes that hazards are generated by multiple drivers and, in turn, lead to a
diversity of impacts. The nature of these drivers, and resulting impacts, depend on issues
including the biophysical and socio-economic character of the urban area, in addition to
processes operating at larger spatial scales. If there is sufficient pressure from citizens and/or
the private sector, the impacts of hazard events may then stimulate responses to build
resilience and lessen future hazard risk. Figure 1 also clarifies that the focus of this report is
on hazards and the ongoing changes to climate variable trends and patterns that influence
hazard frequency and intensity. The report does not cover hazard impacts on urban areas.
Weather and climate variables and hazards interact. Key relationships between hazards
included in this report are visualized in Figure 2. This demonstrates that, for example, rising
temperatures and reduction in precipitation both contribute to droughts. There are other
relationships between climate variables, biophysical processes and hazard events, which are
not represented within Figure 2. For example, rising temperatures and lower precipitation can
reduce in soil moisture content. This can, in turn, increase the risk of other hazards such as
fluvial floods as drier soils have lower infiltration rates hence increasing surface water runoff.
Similarly, atmospheric moisture content increases with air temperature, and therefore the
volume of rainfall increases during downpours with implications for the severity of flood
events. Hazard events themselves can also interact. For example, a tidal surge elevated by
high onshore winds can block the movement elevated downstream river flows swelled by
high rainfall, which increases the risk of overtopping river banks. The Thames Barrier, which
protects London from flooding, is often closed to guard against this specific risk. In addition,
socio-economic drivers can increase exposure to hazard events should they occur, for
example via the influence that expanding hard surfacing has on raising the volume and pace
of rainwater runoff in urban areas. Similarly, cities and urban areas create ‘heat islands’
where temperatures are elevated relative to surrounding suburban and rural locations
(Gartland 2008), which can act to increase the intensity of heat waves in certain locations.
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Different hazard types have contrasting underlying characteristics, including the spatial and
temporal scales that they cover. Hazards have varying spatial footprints, or areas that they
expose; pluvial floods generally inundate areas locally, whereas heatwaves can affect whole
countries and even European sub-regions. In addition, the duration that an area is exposed
varies according to hazard type; fluvial floods are generally short-lived events, albeit with long
term consequences, whereas droughts can extend over a period of months or even years.
Figure 1: The drivers underlying and impacts associated with urban weather and climate
hazards (The green boxes represent the focus of this report).
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4. Global and European climate variable
observations and projections
The latest report from the Intergovernmental Panel on Climate Change (IPCC) sets out the
scope of observed and possible future changes to the global climate over the course of this
century and beyond (IPCC 2013). Human influence has been the principal driver of observed
th
changes to the global climate, particularly since the mid-20 century (IPCC 2013). Globally,
average surface temperatures (over land and sea) increased by 0.85°C between 1880 and
2012. This has been accompanied by changes including an increase in extreme weather
events (IPCC 2012), melting of ice sheets and changes in precipitation patterns for example.
In addition, global average sea levels have been rising, at a faster pace over recent decades,
increasing by 19cm over the period 1901-2010 (IPCC 2013).
Many of the observed trends in climate variables are projected to intensify over the course of
this century. Depending on the scenario selected, by the end of this century, mean global
average temperatures could increase by 1°C to 4°C relative to the period 1986-2005 (IPCC
2013). Projected changes in temperature are not evenly distributed across the globe and are
expected to be greatest over high northern latitudes. Average precipitation levels are also
projected to change over the course of this century, with the degree and direction of change
again depending on location.
Climate projections have been developed for Europe through modelling work by the IPCC
(IPCC 2013a) and within large research projects such as ENSEMBLES (http://ensembleseu.metoffice.com/), EURO-CORDEX (http://www.euro-cordex.net/) and ClimateCost
(http://www.climatecost.cc/). They provide a more spatially refined picture of possible change
to climate variables. A range of future temperature and precipitation projections are available,
which differ according to factors including greenhouse gas emissions scenario selected,
climate model used and time period chosen. Projections also diverge according to which subregion of Europe is considered. Annex 1 includes details of possible future change to climate
variables included within four different high-level reports on this subject. Outputs from a range
of greenhouse gas emissions (GHG) and climate forcing scenarios are included in Annex 1 in
order to illustrate the scope of different possible climate futures. Several broad themes
emerge from an analysis of these reports and associated data.








A general warming trend is projected, across all seasons and sub-regions.
Temperature increase is projected to be highest during the winter months in northern
Europe, and during the summer months in southern Europe.
The spatial patterns of projected precipitation change are more distinct for
precipitation than temperature (Christensen et al 2010).
There is more variation between climate model outputs for precipitation than
temperature (Christensen et al 2010).
There are variations within European sub-regions regarding temperature and
precipitation projections. Figure 3 illustrates the gradation in temperature projections
for northern Europe, which are lost within an average value for this sub-region.
There are major variations in climate variable projections according to the emissions
scenario considered. In some cases, the projected direction of change in a climate
variable (increase or decrease) differs between scenarios (see Annex 1).
The data included in Annex 1 includes mean and median values for projected
changes to climate variables. However, major differences in projections are seen at
the probability extremes and the top and bottom end of ensemble outputs. For
example, EURO-CORDEX annual total precipitation projections under the RCP 8.5
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scenario for continental Europe shows a minimum value of 0% change to a maximum
value of 29% increase.
Figure 3: Projected increase in winter temperature over northern and central Europe for the
period 2046-2065 with respect to 1986-2005 for the RCP4.5 scenario (IPCC 2013a).

Spatially refined climate change projections are available for Europe via the EURO-CORDEX
project, which provides data for temperature and precipitation variables at 50km and 12.5km
resolution (Jacob et al 2013). This data supplements those available from other European
modelling studies that provide more granular outputs, yet at the same time serves to further
highlight the contrasting climate futures that face different parts of the continent. Specialist
skills are needed to process and interpret this data, and 50km and 12.5km resolution data is
not available ‘off the shelf’ for decision makers to use.
Countries including Denmark, Germany, the Netherlands and the UK have undertaken
national level studies that present climate variable projections data at national, regional and
local spatial scales (www.climateadaptation.eu 2015). Some national level datasets provide
scope to explore projections at lower spatial scales. In the UK, for example, the UK Climate
Impacts Programme has developed probabilistic projections enabling decision makers to
access future climate data on a 25km² grid (http://ukclimateprojections.metoffice.gov.uk/).
Looking globally, a number of cities have now made progress in developing local climate
change projections (Carter 2011, Castan Broto and Bulkeley 2012, Walsh et al 2011). The
ongoing RAMSES project is developing projections for several climate hazards for 571 cities
covered by Europe’s Urban Audit database (Tapia et al 2015).
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5. Overview of key weather and climate
hazards
This section focuses on four main hazards, flooding, sea level rise, high temperatures and
water scarcity and drought, with the potential to affect European cities and urban areas.
Information on observed and projected changes to the frequency and intensity of these four
hazards is presented, including details of damaging extreme hazard events. Similarly, the
recent EEA report on urban adaptation to climate change (EEA 2012) focused on heat,
flooding, water scarcity and drought, because of their relevance to urban areas. There are, of
course, other climate change hazards that are relevant to cities but less data is generally
available. They include storms and high winds, wild fires, hazards linked to changes in
ground stability (e.g. subsidence and landslides) and episodes of poor water quality and air
quality. Although hazards are considered separately within this section, they will sometimes
occur simultaneously, for example where a drought combines with a period of high
temperatures, which in turn can lead to conditions where urban air and water quality may
decline. Hazards generate negative impacts, particularly if vulnerability to hazard events is
high. However, as noted in section 3 above, this report focuses on issues linked to observed
trends and future projections relating to four key hazards types.

5.1. Sea level rise
Sea level rise is being driven by global warming induced by climate change. Since 1970 the
upper 700m of the oceans has warmed by 0.3°C, at a rate faster than predicted by the IPCC
within their Fifth Assessment Report (AR5) (Cheng et al 2015). This has implications for sea
levels, which have risen by around 20cm since the turn of the last century, due to both
thermal expansion of the oceans and the melting of glaciers and ice caps, processes that
account for the majority of recent sea level rise (Church et al 2013). Sea level rise magnifies
the severity of other related hazards, such as storm surges and coastal floods.
Table 1 provides global mean sea level rise data from several recent studies. The IPCC
states that it is ‘very likely’ (in the IPCC AR5 report, ‘very likely’ is assessed as having a 90100% probability of occurrence) that the rate of sea level rise will exceed that observed over
recent decades under all future scenarios. Some studies indicate that higher levels of sea
level, of over 1 metre by the end of this century, could occur as a result of faster rates of polar
ice cap melting than are anticipated by the IPCC’s projections (Hansen et al 2013, Pollard et
al 2015).
Projecting the magnitude of future sea level rise is challenging, although the trajectory is
clearly upwards. Estimates remain uncertain due to deficiencies in current modelling
approaches (Schaeffer et al 2012), which include a lack of knowledge of, and capacity to
model, factors including the pace of glacier and ice sheet melting and disintegration (Brown
et al 2011). However, a study that collated the views of experts in this field arrived at a
st
median value of 29cm for the contribution of ice sheet melting to 21 century sea level rise
(Bamber and Aspinall 2013). Climate change induced sea level rise is a long terms process,
which will continue for centuries even if emissions are stabilised (Church et al 2013,
Schaeffer et al 2012). Schaeffer et al (2012) find that an greenhouse gas emissions scenario
that offers a 50% probability of generating 2°C temperature rise above pre-industrial levels
leads to ‘plausible estimates’ of around 2.7 metres of sea level rise by 2300 compared to
2000 levels, with levels still rising at double the current rate even at this point in the future.
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Table 1: Global mean sea level rise projections under differ models and future scenarios
Source

Scenario

Global mean sea level rise
projection (metres)

IPCC AR5 (Church et
al 2013)

RCP 2.6

0.44

RCP 4.5

0.53

RCP 6

0.55

RCP 8.5

0.74

A1B(I)

0.37

E1

0.26

Highest

2

Intermediate-high

1.2

Intermediate-low

0.5

Low

0.2

ClimateCost project
(Brown et al 2011)
NOAA (Parris et al
2012)

Notes:
 The IPCC’s sea level rise projections are for the period 2100 in comparison to the 20
year mean for the period 1986-2005. The projections are the median values of a
range of model projections.
 For the ClimateCost project, mid-point projections figures (at the 50% uncertainty
level) are given for the 2080s (2071-2100) compared to a 1980-1999 baseline.
Scenario A1B(I) is a medium-high emissions scenario and is associated with a 3.5°C
temperature rise by the 2080s. Scenario E1 is a mitigation scenario with the
stabilisation of emissions and a 1.5°C degree temperature rise by the 2080s.
 National Oceanic and Atmospheric Administration (NOAA) scenarios for sea level rise
by 2100, compared to observed mean sea level data from 1992, are developed based
on a range of varying data inputs. The high scenario combines IPCC Assessment
Report 4 (AR4) sea level rise projections and current maximum estimates of glacier
and ice sheet melting. The intermediate-high scenario is based on the upper end of
various semi-empirical global sea level rise projections which correlate projected
temperature rise with sea level rise projections. The intermediate-low scenario is
based on the upper end of the IPCC AR4 B1 scenario projections. The low scenario is
a linear extrapolation of observed rates of sea level rise since 1900.

Although global mean data represents a good estimate of prospects for sea level rise in
many coastal areas, future sea levels will vary depending on location (Church et al 2013).
Influential factors include ocean circulation, surface wind patterns, proximity to glaciers and
icecaps and the degree of thermal expansion. In addition, geological processes including
isostatic adjustment following the melting of ice sheets at the end of the ice age and
earthquakes influence land surface levels, influencing relative sea level rise (Church et al
2013). Despite the influence of these factors, the European Environment Agency (EEA 2014)
note that sea level rise in Europe will be ‘reasonably similar’ to the global averages.
Exceptions include the northern Baltic sea and the northern Atlantic coast, where a rebound
effect following the end of the last ice age is raising the land level and hence reducing the
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effect of climate change induced sea level rise (EEA 2014). This is reflected in Figure 4,
which maps projected change in relative sea level, accounting for isostatic adjustment,
across Europe. Natural subsidence is also taking place in some of Europe’s coastal lowlands,
including the Netherlands and Italy’s northern Adriatic plain (Brown et al 2011). Factors such
as these leads to a ‘pattern’ of sea level rise with regions experiencing sea level rise above
and below the global mean (Brown et al 2011). Flood hazard maps, produced to meet the
requirements of the European Floods Directive (discussed in section 6.2 below), provide
insights into areas susceptible to coastal flooding.
Figure 4: Projected change in relative sea level across Europe (Source: EEA 2014). The map
shows relative sea level rise for 2081-2100 compared to 1986-2005 for the IPCC’s mediumlow RCP4.5 emissions scenario.

Useful sources of data on observed and projected sea level rise include:



Maps and data on global and European sea level rise observations and projections
are
available
from
the
European
Environment
Agency:
http://www.eea.europa.eu/data-and-maps/indicators/sea-level-rise-2/assessment
The Permanent Service for Mean Sea Level (PSMSL) is the global data bank for long
term sea level change information from tide gauges and bottom pressure recorders:
http://www.psmsl.org/
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5.2. Flooding
Flooding is perhaps Europe’s most a high profile climate change hazard due to the visible
and damaging impacts that it creates. There are several main types of flooding that affect
Europe, including flooding from rivers and streams (or fluvial flooding), surface water flooding
(or pluvial flooding), groundwater flooding and snowmelt flooding. This report focuses
principally on fluvial and pluvial floods, which are underpinned by sustained and/or intense
rainfall events.
Surface water flooding, caused by excessive rainwater runoff above the capacity of drainage
systems, is becoming an increasing threat to European cities and urban areas. Indeed,
surface water flooding (and groundwater flooding) accounted for the highest number of
recent flood events occurring since 2000 in Europe’s Member States and nine have produced
maps for current exposure to this hazard, as reported under the Floods Directive (European
Commission 2015). Table 2 demonstrates how, over the course of just 10 years, perceptions
of flooding in England and Wales completely changed, with surface water flooding emerging
as the most significant source.
Table 2: Changing sources of flooding to properties in England and Wales (Source, White
2014)

Estimated properties at risk by flooding source
Year

Total
Groundwater

Reservoir
Failure

Rivers and Sea

Surface Water

2001

1,724,225

0

0

0

1,724,225

2004

1,740,000

80,000

1,700,000

0

3,420,000

2009

2,400,000

3,800,000

1,700,000

0

6,800,000

2011

2,400,000

3,800,000

1,700,000

1,100,000

7,900,000

Data on the nature and extent of flood hazards, from a European perspective, is expanding.
The European Floods Directive (2007) required Member States, by 2013, to draw up maps
showing areas exposed to sources of flooding including from rivers, surface water,
groundwater and coastal flooding. Flood hazard maps combine flood probability, under three
different scenarios, with the exposure characteristics of the receiving area (Pieterse et al
2013). Most Member States (22 out of 28) have now produced flood hazard maps (European
Commission 2014, European Commission 2015). Figure 5 shows a fluvial flood hazard map
for Manchester produced by the Environment Agency. The Environment Agency produces
flood maps that meet the requirement of the Floods Directive for England and Wales. This
map also overlays details of the rail network (including track and stations) raising awareness
of where flood hazards may potentially interact with this form of critical infrastructure.
Mapping the effect of climate change on flood hazards was not required under the first cycle
of the Floods Directive, although this will be necessary when current flood risk assessments
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are revised in the future (European Commission 2015). Despite this, 11 Member States took
climate change into account during the preparation of their flood maps (European
Commission 2015). Although climate change is a key driving force, other factors including
land use change and urbanisation will also influence flood hazards over the coming decades.

Figure 5: Fluvial flood hazard map for Manchester, also showing the location of rail lines and
railway stations (Source: The EcoCities Tool developed by The University of Manchester with
the The TellUs Toolkit (http://www.tellus-toolkit.com/). Underlying data is © Crown Copyright
& Database Right [UK] 2008).

Annex 1 provides details of projected changes to precipitation patterns across Europe,
changes that will influence the frequency and severity of fluvial and pluvial floods. Seasonal
variations are a key feature of this data, as are the contrasting projections for different
European sub-regions. It is important to note that changing precipitation patterns within
different countries is not always the dominant factor influencing the severity of fluvial flood
hazards locally. In the Netherlands, for example, this is dependent on precipitation patterns in
the Alps and central France.
Often working with climate projections produced by the IPCC and within programmes such as
ClimateCost and ENSEMBLES, research projects have produced additional spatial data on
future flooding prospects. In most European sub-regions, patterns of future change in fluvial
flood hazard risk differ according to the model used and emissions scenario chosen (Rojas et
al 2012). This variability between the outputs of different climate models is more pronounced
for precipitation projections than for average changes in temperature (Feyen and Watkiss
2011). Feyen et al (2012: 55) find that this diversity of future fluvial flood hazard forecasts
becomes even more pronounced at finer spatial scales emphasising the challenges
associated with projecting changes to flood hazards locally;
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‘At the scale of individual river basins, using a different combination of climate models
or assuming a different emission scenario sometimes results in a very different or even
opposite climate change signal in flood hazard.’ (Feyen et al 2012: 55).
Despite this uncertainty, there is agreement on certain locations where changes are
projected to future fluvial flood hazards, and also patterns of heavy rainfall events. Projected
changes in the frequency and severity of heavy rainfall events have the potential to influence
the severity of pluvial and fluvial floods.









Spring snowmelt is a key driver of fluvial flooding in some areas of northern Europe.
Due to a projected reduction in snow accumulation and subsequent snowmelt
volumes, projections suggest a decrease in future flood hazard for eastern Germany,
Poland, southern Sweden and the Baltic countries (Feyen et al 2012, Rojas et al
2012). However, in the 2020s, the risk of fluvial flooding during the winter months
increases in northern Europe, as snowmelt shifts to winter from spring as
temperatures warm (Alcamo et al 2007).
Increases in fluvial floods magnitude and return period, accounting for climate
change, are projected for north western and central Europe, including specific areas
such as the British Isles, northern Italy and the upper Danube. This is principally as a
result of increases in extreme rainfall (Dankers and Feyen 2008 and 2009, Feyen
and Watkiss 2011, Rojas et al 2012).
In northern, north western and north eastern Europe, an increase in the annual mean
number of days with heavy rainfall is projected (ESPON 2011). Frei et al (2006) add
that over large parts of northern Europe above the 45° parallel, extreme precipitation
events are projected to become more frequent, particularly during the winter months.
A decline in the annual mean number of heavy rainfall days (or extreme precipitation
events) is anticipated in southern and southern central Europe (ESPON 2011, Frei et
al 2006).
Although the summer months are projected to become drier across much of Europe,
an increase in extreme downpours is nevertheless very likely over many areas
(Semmler and Jacob 2004), with notable exceptions including locations on the
Iberian Peninsula and the Balkans (Christensen and Christensen 2003).

Useful sources of data on flood hazards in Europe include:




The European Floods Awareness System (EFAS) provides free flood forecasts to
partnering national and/or regional authorities responsible for flood forecasting:
www.efas.eu
Examples of flood hazard maps (current at December 2014), including links to online
flood hazard mapping tools, are available from the European Commission:
http://ec.europa.eu/environment/water/flood_risk/pdf/MS%20examples.pdf
The RAMSES project is developing projections for future fluvial and pluvial flood
hazards for 571 European cities covered by the Urban Audit: http://www.ramsescities.eu/

5.3. High temperatures
Temperatures across Europe are rising. 2014 was the warmest year on record for the
European region, with temperatures 1.46°C above the 1961-1990 average (Blunden and
Arndt 2015). Looking across a longer time period, the decade 2005-2014 was around 1.5 °C
warmer than pre-industrial times (EEA 2015). Over recent decades, warming has been
particularly strong over the Iberian Peninsula, central and north eastern Europe and
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mountainous areas (EEA 2015). There has been a significant increase in the number of
th
‘warm days’ (defined as being above the 90 percentile of the daily maximum temperature)
across all areas of Europe (EEA 2015). In addition, there have been several extreme
heatwaves in Europe since the 1970’s; in 1976, 2003, 2006, 2007 and 2010 (EEA 2015).
Russo et al (2014) found that, globally, the area affected by heatwaves has increased over
recent decades.
Herring et al (2013) identified that climate change has ‘greatly increased’ the risk of extreme
heatwaves occurring, although attributing climate change as a key underlying cause of other
types of extreme weather event, such as droughts, heavy downpours and storms, was more
difficult. The study builds on previous work undertaken on the link between climate change
and heatwaves (Otto et al 2012, Stott et al 2004). For example, Stott et al (2004) found that
greenhouse gas emissions from human activity has at least doubled the chance of a
heatwave of the magnitude of the 2003 event in Europe occurring.
Annex 1 includes projections for temperature changes over different European sub-regions.
A general warming trend is evident across all seasons and sub-regions. Russo et al (2014)
note that with increases in temperature, the probability of extreme heatwaves occurring rises.
Future projections for variables connected to high temperatures, including the number of
summer days, tropical nights and the duration of warm spells, show an increase across
climate scenarios for all of Europe’s sub-regions (ESPON 2011, Jacob et al 2013). However,
there are clear differences between sub-regions in terms of the magnitude of projected
change. For example, the projected rise in number of summer days (where the temperature
exceeds 25°C) and tropical nights (where the temperature is above 20°C) is most apparent in
southern Europe and the Mediterranean.
There is no universal standard definition of a heatwave, although they are generally regarded
as periods of extremely high temperature that exceeds a certain threshold for a set number of
days. The temperature threshold will depend on issues including the sector being considered
and the geographical location (Schoetter et al 2014). Hence, projections for changes in the
number of heatwaves depend on how they are defined in terms of duration and temperature
threshold. Modelling work within the EURO-CORDEX project (Jacobs et al 2013) suggests
that an increase in the mean number of summer heatwaves (between May and September)
can be expected, although the number of events differs according to the emissions scenario
and time slice considered. Under more moderate emissions scenarios, an increase in
heatwave frequency is anticipated for the south and east of Europe for the middle of this
century. However, towards the end of the century under high emissions scenarios, more
summer heatwaves are anticipated across many parts of Europe (Jacob et al 2013).
Changes in the persistence and duration of regional atmospheric circulation patterns could
increase summer and autumn hot extremes over Eurasia if greenhouse gas emissions
continue to accumulate in the atmosphere (Horton et al 2015). The chance of an event
similar to the 2003 European heatwave occurring over the next 4 decades has increased by
a factor of 100 as a result of climate change (Stott et al 2004). Russo et al (2014) find that the
chance of very extreme heatwaves occurring in the future, the kind of event that impacted
Russia in 2010 which stands out as the most severe heatwave of recent times, increases
markedly. Under the IPCC’s most severe emissions scenario (RCP8.5), such events may
become the norm by the 2070s in southern Europe. Under this scenario, many areas of
Europe are projected to experience over 15 extreme heat wave events during the period
2068-2100. However, under less severe emissions scenarios, such events are projected to
remain rare (Russo et al 2014).
Some research outputs on future heatwave frequency and intensity provide additional spatial
insights on particular European sub-regions affected, and in certain cases at the city scale.
Modelling by Schoetter et al (2015) points towards strong growth in the number of heatwaves
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for western Europe, and indicates that these events will increase in duration and intensity.
Amengual et al (2014) anticipate a steady increase in the frequency of heatwaves,
accompanied by a northwards movement of these hazards, with the largest increases in
heatwave frequency and severity anticipated for southern Europe and the Mediterranean.
Projections depend on the location and scenario considered, although all cities see an
increase in summer heat wave duration and intensity under even the lowest scenario (Tapia
et al 2015).

Useful sources of data on heat waves and high temperatures in Europe include:




The European Environment Agency has developed an interactive map of heat stress
across Europe showing projections for the number of hot days and warm nights,
1
which identifies major European cities .
The RAMSES project has developed heatwave projections for 571 European cities
covered by the Urban Audit: http://www.ramses-cities.eu/
The euroHEAT website provides medium range (3-10 day) forecasts for heatwaves
over Europe’s regions: http://www.euroheat-project.org/dwd/

5.4. Drought and water scarcity
Droughts occur over large areas, affecting the majority of climate zones, as a result of a
temporary change in normal precipitation patterns (Forzieri et al 2013). The EEA has defined
drought as a natural phenomenon reflecting, ‘a sustained and extensive occurrence of below
average water availability’ (EEA 2009: 11). Droughts are defined differently according to
whether they are meteorological, hydrological, agricultural, environmental or socio-economic.
According to the European Environment Agency (http://www.eea.europa.eu/data-andmaps/indicators/river-flow-drought) meteorological drought concerns ‘precipitation well below
average’, hydrological drought relates to ‘low river flows, lake and groundwater levels,
agricultural drought is measured according to ‘soil moisture deficit’, environmental drought is
determined according to ‘impact on ecosystems’ and socio-economic drought occurs when
there is ‘impact on economic goods and services’. Water scarcity is related to drought, and
can often exacerbate its effects. The EEA notes that water scarcity arises in many of
Europe’s regions due to an imbalance betwrrn water scarcity and availability (EEA 2009).
Both climatic factors (e.g. high temperatures) and human activities (e.g. water abstraction,
inefficient management of water resources) can increase the severity of droughts. However,
because they operate over long timeframes and can emerge slowly, public awareness of
droughts is generally lower than for other hazard events such as floods and storms.
The EEA calculates water stress, which is where demand exceeds supply for a certain
period, using a water withdrawal to availability ratio. Their analysis indicates that, currently,
water stress is ‘severe’ in many areas of Europe, including parts of Spain, Italy, the UK, the
Netherlands and Germany (EEA 2012). The diversity of locations currently suffering from
water stress, some of which are not yet experiencing reduced precipitation levels due to
climate change, highlights that both socio-economic and climatic factors contribute to this
hazard.

1

http://eea.maps.arcgis.com/home/webmap/viewer.html?webmap=d4124af689f14cbd82b88b815ae81d
76&amp;extent=-10.5451,34.4066,34.8944,58.4418
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There have been a number of major droughts in Europe over recent years (Figure 6), and the
European Drought Observatory now monitors this hazard and maps current drought patterns
across Europe. The IPCC (2012) state that there is ‘medium confidence’ that summer
drought frequency has increased over southern Europe since the 1950s. However, Forzieri et
al (2013) caution that, due to natural variability and human influence on water catchments
and hydrological processes, it is difficult to attribute recent changes in drought patterns to
climate change.

Figure 6: Water scarcity and drought events in Europe during the last decade (Source:
European Environment Agency 2012a).

The EURO-CORDEX projections (Jacob et al 2013) provide insights into potential changes in
st
the mean length of dry spells over the 21 century. Over the period 2021-2050, a consistent
picture across different emissions scenarios can be observed, with longer dry spells projected
for the Mediterranean and south eastern Europe. By the end of the century (covering the
period 2071-2100) the length of dry spells in these regions increases further, in addition to a
projected northwards shift of this hazard into areas including France and central Europe.
EURO-CORDEX establishes that where there is a large increase in the length of dry spells
the number of dry spell events falls, and also that under certain scenarios Scandinavia is
projected to see a decrease in the length of dry spells (Jacob et al 2013). Although the
number of dry days is a drought indicator, these events are a function of more than just low
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precipitation extremes with factors including soil moisture and the response of vegetation to
changes in atmospheric CO2 also important considerations (EEA 2012).
Using climate projections outputs from the CORDEX programme, and using the IPCC’s
current regional climate models (RCM), modelling by Stagge et al (2015) indicates a
significant increase in meteorological drought frequency and severity for the Mediterranean,
and an increase in frequency and severity for Europe’s Atlantic region (which includes
France, the UK and the Rhine river valley) and south eastern Europe. This is due to
precipitation reductions in the Mediterranean and increased precipitation variability in the
Atlantic region. As precipitation is projected to increase in northern Europe drought events
are projected to decline in most areas, although an increase in evapotranspiration due to
warming could influence this. Stagge et al (2015) noted that their results are robust due to the
degree of consensus seen across different models.
Over the coming decades, minimum river flows are anticipated to increase in Scandinavia
and north eastern Europe, reducing the threat of river flow drought (or hydrological drought)
during the summer months (European Environment Agency 2012a). Similarly, Forzieri et al
(2013) find that in northern Europe, droughts resulting from changes in precipitation patterns
are projected to become less frequent. However, minimum river flows could fall by up to 40%
in the Mediterranean region and the Balkans (Forzieri et al 2013). To a lesser extent than in
southern Europe, western and central Europe are also projected to experience an increase in
droughts due to low flow river conditions, especially during the summer months (European
Environment Agency 2012a). Projected drought and water scarcity will increase competition
over water resources between sectors, particularly where water availability is already
struggling to keep up with demand (Forzieri et al 2013). Such is the projected increase in this
hazard in certain regions, the EEA note that; ‘…technological changes will not be sufficient to
save southern Europe from water stress.’ (EEA 2012: 215) This indicates that, in some
locations, the severity of projected hazards could overwhelm the capacity of societies to
adapt to related impacts.
Drought and water scarcity projections at finer spatial scales are less common. However,
within the RAMSES project, future drought severity for the 571 European cities included in
the Urban Audit has been calculated for three scenarios (Tapia et al 2015). This study
identified worsening drought conditions for cities in southern Europe under all scenarios, and
a northward spread of worsening conditions under the medium and high scenarios.
Useful drought and water scarcity data sources for Europe include:



The European Drought Observatory provides a map-based drought warning system:
http://edo.jrc.ec.europa.eu/edov2/php/index.php?id=1000
As noted above, the RAMSES project has developed future drought severity
projections for Europe: http://www.ramses-cities.eu/
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6. Overarching themes and RESIN project
connections
There are four overarching themes linked to weather and climate hazard observations and
projections in Europe that emerge from this report. These are:





Influence of non-climate drivers on hazard frequency and intensity.
Variable climate futures.
The importance of extreme events.
Communicating and working with uncertainty.

In addition to having broader relevance to building the climate resilience of European cities
and their infrastructure systems, these four themes raise specific issues for the RESIN
project.

6.1. Influence of non-climate drivers on hazard frequency and
intensity
Climate change, and associated shifts in temperature and precipitation patterns, is a crucial
factor underlying potential changes in the frequency and intensity of hazard events. It is
important to acknowledge that non-climate drivers, related to socio-economic issues, will also
have a significant influence. This is recognized by the EEA;
‘Future socio ‑ economic developments, such as changes in land use and
demography, will play a central role in determining Europe's vulnerability to floods,
droughts and water scarcity, with climate change being an additional factor.’ (EEA
2012: 213)
Taking drought as an example, Forzieri et al (2013) emphasize the importance of non-climate
factors noting that in areas where the effect of climate change on precipitation patterns is
limited, intensive water use may nevertheless generate severe drought conditions. Here, the
use of socio-economic scenarios with different levels of water use, such as those produced in
the SCENES project (Flörke et al 2011), can help to understand human influence on future
droughts. A scenario based approach to understanding water scarcity is promoted by the
European Environment Agency (EEA 2012), and has been taken forward within the
European Commission’s ClimWatAdapt project. Although socio-economic factors have an
important influence on certain hazard events, Feyen et al (2012) highlight that climate change
is likely to play a stronger role in the future as changes to temperature and precipitation
patterns intensify.
RESIN project connections:



Given the connection of non-climate drivers to certain hazard events, and to other
processes connected to climate change adaptation and resilience, they should be
included in the WP1 RESIN conceptual framework.
Non-climate drivers influence the frequency and intensity of some hazard events, and
enhance the level of exposure of urban areas (and their citizens and infrastructures)
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to hazards such as pluvial flooding and heat stress. It is important to recognize this
when developing responses to adapt and build resilience to climate change. WP3
should therefore encompass responses to address non-climate drivers.
Non-climate drivers can be both generic (e.g. demographic change) and locally
specific (e.g. a specific urban development programme). Ideally, including a process
to recognize non-climate drivers should be an element of adaptation and resilience
planning. The WP6 Decision Support System could consider incorporating this,
potentially via a scenario-based approach.

6.2. Variable climate futures
Projections on the frequency and severity of weather and climate hazards vary significantly
according to the greenhouse gas emissions scenario selected, generally ranging from
moderate to major shifts in climate variables and related hazards. Although the likelihood of
different scenarios occurring is not defined by organisations such as the IPCC, observed
emissions trends are tracking towards the upper end of the scenario range (Anderson and
Bows 2011). As a result, some researchers believe that opportunities to avoid ‘dangerous’
climate change are becoming increasingly limited (Anderson 2015). Although there has been
a slight slowdown in annual global emissions growth rates since 2012, absolute annual
emissions levels continue to increase (Olivier et al 2014). This raises the prospect of major
change to climate variables unless radical change occurs within global energy systems.
The degree of future climate change is a key factor in determining the frequency and severity
of hazard events. The IPCC’s ‘reasons for concern’ diagram highlights a high risk of extreme
weather at temperatures 1.5-2°C above pre-industrial levels, although risk also depends on
the degree of exposure and vulnerability of receptors to hazards (IPCC 2014). This
emphasizes the importance of rapid climate change mitigation for lessening future hazard
events, and also the need to develop adaptation responses to reduce exposure and
vulnerability.
Climate models also diverge, producing different climate variable and hazard outputs even
when using the same emissions scenario (Ciscar et al 2014). Individual climate model
projections can diverge markedly from an ensemble mean of outputs generated by a number
of different climate models. For example, there are disagreements over the direction of
change in flood hazard patterns between models (Feyen et al 2012). That is, for the same
river basin, some models project an increase in flood hazard whereas others point towards a
fall. This is because models draw on different global circulation models and contain different
assumptions on issues such as earth system processes. However, spatially, the degree of
difference between model outputs varies. For example, the level of uncertainty attached to
flooding projections for the Mediterranean is high due to the low level of agreement between
different models, although there is more agreement for central Europe (Lung et al 2013).
Similarly, models generally agree that droughts are set to become more frequent and over
the Mediterranean, and less so over northern Europe (Stagge et al 2015).
RESIN project connections:


In some cases, due to factors including uncertainty in climate projections and a lack
of spatially refined climate model outputs, it may not be possible to give a clear and
unambiguous picture of future climate hazards for a particular city or urban area. This
should be recognized by the RESIN project, and strategies and approaches
developed to communicate this issue and act despite uncertainty. These could

23





include embracing the precautionary principle (WP6) and promoting adaptation
option that are flexible and generate multiple benefits (WP3).
The city typology being developed within WP1 will incorporate hazard as a theme to
differentiate between cities. A strategy will need to be developed within this task to
address the uncertainty issue, in terms of the emissions scenario and spatial
resolution selected to develop the hazard element of the typology around.
It is not always necessary to have a detailed view of hazard in order to create
adaptation and resilience strategies and actions. Responses can be developed to
reduce exposure and vulnerability to hazards, issues on which there is often more
data available. WPs 2, 3 and 6 could usefully incorporate this thinking.

6.3. The importance of extreme events
Although there are uncertainties in climate projections, looking across the broad scope of
potential climate futures that Europe could face over the coming decades, the threat of more
extreme events remains a consistent theme. The observed impacts of climate change,
including sea level rise, higher ocean surface temperatures, increase in air temperatures and
increase in atmospheric moisture content, have increased the frequency and severity of
certain extreme weather events. Issues linked to better understanding and adapting extreme
events have received detailed consideration by the IPCC within a report dedicated to this
topic (IPCC 2012). This report notes that:
‘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’ (IPCC 2012: 5).
Researchers are increasingly connecting climate change processes with observations and
projections relating to the growing frequency and intensity of extreme events across a range
of hazard types. For example, Francis and Skific (2015) suggest that the warming of the
arctic and associated ice loss is weakening the jet stream, enabling it to meander more. This
so called ‘Arctic amplification’ has only been observed over the last 10-20 years, and is
contributing to more persistent weather patterns and longer periods of extreme weather over
Western Europe. Some studies argue that processes such as this influence current (and
recent) extreme events. For example, modelling has demonstrated that the UK floods of 2000
(an event that resulted in £3.5 billion in insurance claims) was two to three times more likely
to have occurred due to climate change (Pall et al 2011). Similarly, Stott et al (2004) found
that the likelihood of the 2003 European heatwave was increased by climate change.
However, regarding flooding, Feyen et al (2012) caution that it is generally not possible to
identify a definitive climate change signal in past events, due to the complexity of
interlinkages between socio-economic and climate drivers of flood events. So, rather than
looking to attribute high profile events to climate change, including Superstorm Sandy and
Typhoon Haiyan to climate change, Trenberth et al (2015) looked at how known
thermodynamically induced changes to the earth’s system (e.g. sea level, sea surface
temperature and atmospheric moisture content) might have contributed to these events. They
conclude that the weather situation relating to a particular event and natural variability are
key to the characteristics and behaviour of extreme events, although changes to atmospheric
and oceanic thermodynamics increase their impacts. The question is therefore not whether
climate change has an impact, because it clearly does via ongoing thermodynamic changes,
but how it impacted the event in question.
Although the science of attribution is not yet fully robust, it is nevertheless clear that
extreme weather events are a present day concern and are projected to intensify over
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future decades across a broad spectrum of hazard types. Given that extreme events are
particularly damaging for cities and their infrastructures, it is important that sufficient
attention is paid to them during the development of climate change adaptation strategies
and actions. Indeed, as noted by Trenberth et al (2015: 725): ‘…the main way in which
climate change is likely to affect societies around the world is through changes in
extremes.’
RESIN project connections:








We might not know the detail of future hazards, but the climate is already changing
and is influencing the frequency and intensity of damaging extreme events. Given
that extreme events are particularly damaging to urban areas and infrastructures, the
RESIN project could place a specific focus on this aspect of the changing climate.
The WP3 adaptation options database could incorporate measures that are designed
around protecting against extremes, particularly concerning critical infrastructure
assets. Here, it would also be useful to consider thresholds and tipping points in the
context of adapting to extreme events.
For the four case study cities being developed within WP4, it could be useful to
develop a limited number of extreme event scenarios based on hazard projections for
the cities in question. Within the case studies, the vulnerability and resilience of
critical infrastructure could be considered from the perspective of extreme events.
If this approach was taken within WP4, a review of EU projects that considered
extreme events impacts and adaptation would be beneficial.

6.4. Communicating and working with uncertainty
The global climate is shifting out of a period of relative equilibrium and is projected to
continue to do so. Some variables, including sea level rise and average temperatures, are
following an upward trajectory. However, issues including the pace of change, changes to
climate variables including precipitation and wind and extreme weather event patterns are
less clear. For example, Brown et al (2011) highlight significant levels of uncertainty
concerning future sea level rise due to difficulties in predicting ice melt responses, and that
this uncertainty needs to be factored into the process of developing adaptation responses to
related hazards.
Wilby and Dessai (2010) identify a ‘cascade of uncertainty’, where the ‘envelope of
uncertainty’ widens moving from emissions scenarios through to impact studies, and from
global through to regional climate model outputs. They also identify the data and modelling
challenges associated with downscaling projections to provide higher resolution outputs to
inform more localized adaptation planning, stating that: ‘…our ability to downscale to finer
time and space scales does not imply that our confidence is any greater in the resulting
scenarios.’ (Wilby and Dessai 2010: 180). Given this situation, it is concerning that in many
impact studies, uncertainties related to developing future climate projections are
underemphasized or not assessed qualitatively (Lung et al 2013).
Dessai et al (2009: 112) state that, ‘The lack of climate predictability should not be interpreted
as a limit to preparing strategies for adaptation.’ Probabilistic projections can help, such as
those produced by the UK Met Office (http://ukclimateprojections.metoffice.gov.uk/), which
indicate the likelihood of particular climate outcomes being realized based on current
knowledge and understanding. However, probabilistic projections do not lessen uncertainty
concerning the underlying emissions scenario itself and the socio-economic assumptions that
underpin it.

25

There are various strategies that can be employed to progress climate change adaptation in
a context where future climate projections data is imperfect. Initially, active deliberation on
issues characterized by uncertainty, involving policy makers and the producers of data, can
help to increase understanding and awareness of the phenomenon (van der Sluijs et al
2008). Hallegatte (2009) suggests a series of ‘uncertainty management methods’ including
identifying and implementing flexible and reversible options and building safety margins into
decisions and actions (for example adding height to flood defences or increasing the capacity
of storm drains). There are also technical approaches for working with uncertainty, including
sensitivity analysis (Saltelli et al 2008). In addition, more reflective methods focusing on the
quality of data recognize that for policy makers scientific data is only one of several lines of
evidence brought into an argument (van der Sluijs et al 2008). The ‘Uncertainty Handbook’
provides an accessible resource for working with uncertainty in climate change planning and
decision making (Corner et al 2015).
RESIN project connections:








The use of ensemble-based probabilistic outputs can reduce uncertainties associated
with focusing on single model outputs when considering climate variable and hazard
projections. This approach could be taken at various points in the RESIN project,
including the development of the WP1 city typology and the WP2 IVAVIA tool.
Although assigning probabilities to future projections is potentially valuable, the IPCC
nevertheless note, regarding shorter term projections, that careful interpretation of
related data is needed when taking adaptation decisions (Kirtman et al 2013), and
that concerning longer term climate change comprehensive probabilistic projections
are not available for the majority of climate variables (Collins et al 2013).
Within the WP3 adaptation options database, it would be useful to include options
that are effective under conditions of uncertainty. Here, characteristics including
flexibility, reversibility and the generation of multiple benefits are important
considerations.
The Decision Support System being developed within WP6 is an important element
of the RESIN project to build in the consideration of uncertainty. It is here that
scenario planning approaches could be developed in order to encourage the
assessment of multiple climate and socio-economic futures.
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7. Glossary
The definitions provided below are taken from the IPCC AR5 glossary unless otherwise
stated.
Climate: Climate in a narrow sense is usually defined as the average weather, or more
rigorously, as the statistical description in terms of the mean and variability of relevant
quantities over a period of time ranging from months to thousands or millions of years. The
classical period for averaging these variables is 30 years, as defined by the World
Meteorological Organization.
Climate change: Climate change refers to a change in the state of the climate that can be
identified (e.g., by using statistical tests) by changes in the mean and/or the variability of its
properties, and that persists for an extended period, typically decades or longer.
Climate projection: A climate projection is the simulated response of the climate system to a
scenario of future emission or concentration of greenhouse gases and aerosols, generally
derived using climate models.
Ensemble: A collection of model simulations characterizing a climate prediction or projection.
Extreme weather event: An extreme weather event is an event that is rare at a particular
place and time of year.
Exposure: The presence of people, livelihoods, species or ecosystems, environmental
functions, services and resources, infrastructure, or economic, social or cultural assets in
places and settings that could be adversely affected.
Hazard: The potential occurrence of a natural or human-induced physical event or trend or
physical impact that may cause loss of life, injury, or other health impacts, as well as damage
and loss to property, infrastructure, livelihoods, service provision, ecosystems and
environmental resources.
Impacts: Effects on natural and human systems.
Probabilistic projections: These are projections of future absolute climate (as opposed to
giving values that are relative to a baseline period) that assign a probability level to different
climate outcomes. http://ukclimateprojections.metoffice.gov.uk/23210
Risk: The potential for consequences where something of value is at stake and where the
outcome is uncertain, recognizing the diversity of values. Risk is often represented as
probability of occurrence of hazardous events or trends multiplied by the impacts if these
events or trends
occur. Risk results from the interaction of vulnerability, exposure, and hazard.
Scenario: A plausible description of how the future may develop based on a coherent and
internally consistent set of assumptions about key driving forces (e.g., rate of technological
change, prices) and relationships.
Uncertainty: A state of incomplete knowledge that can result from a lack of information or
from disagreement about what is known or even knowable.
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8. Key resources
Section 5 includes recommended data sources for the four hazards covered within this
report. In addition to these sources, and the references included throughout the report, the
following stand out as particularly valuable resources.
Title
Author(s)/publication date
Reference/weblink
Brief
summary
contents

of

Connection to the RESIN
project
Connection to urban and
critical
infrastructure
climate resilience.
Title
Author(s)/publication date
Reference/weblink
Brief
summary
contents

of

Connection to the RESIN
project
Connection to urban and
critical
infrastructure
climate resilience.
Title
Author(s)/publication date
Reference/weblink
Brief
summary
contents

of

Connection to the RESIN
project

Connection to urban and
critical
infrastructure
climate resilience.

Climate Change Impacts and Vulnerability in Europe
European Environment Agency / 2012
http://www.eea.europa.eu/publications/climate-impacts-andvulnerability-2012
 Past and projected climate change and related impacts.
 Vulnerability of society, human health and ecosystems.
 Identification of regions most at risk from climate change.
The report discusses hazards, vulnerabilities and risks that are
key to the RESIN agenda. It also covers key sources of
uncertainty for indicators linked to the changing climate, which is
of value to RESIN.
The weather and climate hazards covered within this report set
pose a significant potential risk to European cities and their critical
infrastructure.
European Environment Agency webpage – Indicators
European Environment Agency
http://www.eea.europa.eu/data-andmaps/indicators#c5=&c0=10&b_start=0
A search function enables indicators connected to climate change
to be isolated. This includes indicators on key climate variables
and hazards.
The indicators and supporting data available on this webpage
provide a useful framework for understanding key weather and
climate hazards with the potential to influence Europe.
The weather and climate hazards covered within this indicator set
pose a significant potential risk to European cities and their critical
infrastructure.
Climate Change 2013: The Physical Science Basis - Summary for
Policy Makers
Intergovernmental Panel on Climate Change (IPCC) / 2013
https://www.ipcc.ch/pdf/assessmentreport/ar5/wg1/WG1AR5_SummaryVolume_FINAL.pdf
The report provides an assessment of technical and scientific
th
literature (available up to 15 March 2013) on observed and
projected climate change at the global scale.
th
The findings included within the IPCC’s 5 Assessment Report
provide an overarching context for the RESIN project (and other
projects addressing climate change related themes). It is also
important to acknowledge that climate change in other parts of the
world will have significant impacts on Europe.
Given the high level global focus of this report, the data it contains
is not directly linked to particular urban areas and infrastructures.
It nevertheless provides a broad picture of the potential climate
futures that cities in Europe could face.
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9. Annex 1: Projected changes to
temperature and precipitation variables
Source
IPCC (IPCC
2013a)

EU sub-regions
Northern Europe

Central Europe

South Europe /
Mediterranean

ClimateCost
(Christensen
et al 2010)

Northern

Southern

Eastern

Western

ESPON
(2011)

Northern central
Northern
western
Northern

Southern central

Mediterranean
EUROCORDEX
(Jacob et al
2013)

Alpine
Atlantic
Continental
Northern
Southern

Key messages: temperature (T)
Key messages: precipitation (P)
- Increase in winter T, particularly over - Increase in winter P, particularly over north
north and east.
and east.
- Increase in summer T, particularly - Increase in summer P in north and east,
over north and east.
reduction in south and west.
- Increase in winter T, particularly over - Increase in winter P, particularly over north
north and east.
and east.
- Increase in summer T, particularly - Increase in summer P in north and east,
over south and east.
reduction in south and west.
- Increase in T across the year, - Increase in winter P over north and east,
particularly during the summer.
decline over south and west.
- Decrease in summer P, particularly in south
and west.
- Increase in summer T (A1B: 2.74°C, - Slight increase in summer P (A1B: 0.58mm,
E1: 1.86°C)
E1: 5.56mm)
- Increase in winter T (A1B: 4.46°C, - Increase in winter P (A1B: 43.27mm, E1:
E1: 2.98°C)
15.10mm)
- Increase in summer T (A1B: 4.31°C, - Decrease in summer P (A1B: -26.40mm, E1E1: 2.44°C)
7.64mm)
- Increase in winter T (A1B: 2.84°C, - Change in Winter P depends on emissions
E1: 1.65°C)
scenario (A1B: -28.97mm, E1: 1.32mm)
- Increase in summer T (A1B: 3.95°C, - Decrease in summer P (A1B: -28.46mm, E1:
E1: 2.45°C)
-7.25mm)
- Increase in winter T (A1B: 3.95°C, - Increase in winter P (A1B: 7.70mm, E1:
E1: 2.21°C)
6.00mm)
- Increase in summer T (A1B: 3.67°C, - Decrease in summer P (A1B: -40.90mm, E1:
E1: 2.20°C)
-11.85 mm)
- Increase in winter T (A1B: 3.16°C, - Increase in winter P (A1B: 21.22mm, E1:
E1: 1.68°C)
6.49mm)
Increase in annual mean T
- Decrease in annual mean summer P
- Decrease in annual mean winter P
Increase in annual mean T
- Increase in annual mean summer P
- Decrease in annual mean winter P
Strong increase in annual mean T
- Insufficient stimulus to characterise change
in annual mean summer P
- Strong increase in annual mean winter P
Strong increase in annual mean T
- Strong decrease in annual mean summer P
- Insufficient stimulus to characterise change
in annual mean winter P
Strong increase in annual mean T
- Strong decrease in annual mean summer P
- Decrease in annual mean winter P
Increase in mean annual T - RCP 4.5: Increase in annual P - RCP 4.5: 5%, RCP 8.5:
2.4°C, RCP 8.5: 4.6°C.
14%.
Increase in mean annual T - RCP 4.5: Increase in annual P - RCP 4.5: 1%, RCP 8.5:
1.7°C, RCP 8.5: 3.2°C.
4%.
Increase in mean annual T - RCP 4.5: Increase in annual P - RCP 4.5: 9%, RCP 8.5:
2.1°C, RCP 8.5: 4.1°C.
10%.
Increase in mean annual T - RCP 4.5: Increase in annual P - RCP 4.5: 10%, RCP
2.9°C, RCP 8.5: 5.2°C.
8.5: 22%.
Increase in mean annual T - RCP 4.5: Decrease in annual P - RCP 4.5: -6%, RCP
2.0°C, RCP 8.5: 4.2°C.
8.5: -10%.

29

Notes for the ANNEX 1 table







Average values for climate variable projections for the sub-regions are not provided by the IPCC. The
summaries included in this table are based on interpreting maps provided in the IPCC (2013a) report.
The ClimateCost projections are mean values for a group of parallel model simulations (an ensemble) for
2071-2100 compared to 1961-1990. A1B is a medium-high GHG scenario with no mitigation. E1 is a
mitigation scenario meeting the EU’s 2°C target. For precipitation, change in mm for the season (summer
JJA, winter DJF) is given. The RCP8.5 scenario, reflecting very high future GHG emissions, is not included
but is covered by the EURO-CORDEX data.
The ESPON report summarises the projected change in climate variables according to 5 categories; strong
decrease, decrease, insignificant stimulus for the characterisation of the cluster, increase, strong increase.
The EURO-CORDEX projections show median values for the difference between 1971-2000 and the 20712100 projection, spatially averaged for the different European sub-regions. The RCP 4.5 scenario sees GHG
emissions peak around 2040 and decline thereafter. RCP 8.5 has no reduction in GHG emissions through
this century.
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