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Chart — Annual area of drought impact on vegetation productivity for 2000-2022, EU-27 (km?)
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Note: The figure shows the annual area of land affected by drought in the 27 EU Member States (EU-27) from 2000 to 2022, by ecosystem type. That is, it shows the area in km2 in which vegetation productivity was below the long-term

average because of droughts in 2 300m=500m grid cell each year.

EEA (2023) https://www.eea.europa.eu/en/analysis/indicators/drought-impact-on-ecosystems-in-europe



By the 2050s

people could see
freshwater supplies
drop by 10% or more.

Water scarcity and
declining water
quality will impact the
health and well-baing
of urban
communities.

The urban poor are
especially vulnerable,
They already pay up to
50X more per litre for
less reliable water
supplies.

more
expensive

Cities can adapt by:

Reducing demand.

Cleaning &
water

The Future We Don’t Want:
Cities & water scarcity

Cver 500 cities could be
affected.

Many cities will face even more
severe declines. Cape Town, South
Africa, for instance could see a fall
of between 30 and 49%.

As freshwater
supplies shrink,
global water
demand is expected
to increase by
around 55%.

95%
TTT

Climate impacts like
drought and flooding
affect water quality.

2.2

This can result in health million
risks such as diarrhoea

which kills 2.2 million deaths
people every year. per year

Recycling wastewater. t l

Impraving infrastructure to
reduce leaks.

The Future We Don’t Want:
Cities & sea level rise

By the 2050s

90,000 buildings were
damaged when Hurricane
Sandy hit Mew York. The
storm cost the city over
$19 billion.

% of the world's
pulation live

5 than 10 .
ters above sea
val. "

$19

billion
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Coa
over 6 meters above average sea levels,

rms can raise water levels by

Globally, economic costs to cities
from rising seas and flooding could

6 meter amount te 1 trillion every year by

................. rasssa mid-century.

lh_ $1 trillion &;

https://www.c40.org/what-we-
do/scaling-up-climate-
action/adaptation-water/the-
future-we-dont-want/
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Box 2.3 Examples of economic impacts of catastrophic events

The 2002 flooding in Dresden (Germany) caused about EUR 80 million worth of damage
to community services alone. The damage to flood protection infrastructure cost an b
estimated EUR 300 million. Damage to agriculture and forestry is estimated at about
EUR 45.6 million. Flooded public and private buildings suffered several more millions of
euros' damage.

— =

Population: 5 530 754 (Dresden)
596 958 (Genoa)
302 835 (Malmo)

The 2014 flash flood Biogeographic region:
in Genoa (Italy) caused Central and eastern Europe/

damage to buildings Mediterranean
and their contents of

approximately EUR 100 million, according to estimates by the
CIMA Foundation, and exposed 12 710 residents to risk.

In August 2014, a cloudburst in Malmé (Sweden) caused
damage in excess of SEK 250 million (EUR 26 million) in
immediate insurance claims and over SEK 100 million

(EUR 10 million) in clean-up costs for the city. In insurance
claims alone, that single flood accounted for approximately
one third of the annual costs from flooding in the city. We still
do not know the total costs. One year after the event, insurers
had yet to process hundreds of claims.

Photo:  © Landeshauptstadt Dresden, Umweltamt

Sources: http://statistik-dresden.de/archives/7823; http://statistik-dresden.de/archives/7794; Forcade, 2016; Mottaghi, 2015;
http://www.sydsvenskan.se/malmo/ett-ar-efter-oversvamningarna-i-malmo.

EEA: Urban adaptation in Europe, 2020

Slovenian floods, August 2023
(https://www.24ur.com/novice/slovenija/pregled-najhujsih-
poplav-v-sloveniji-najbolj-smrtonosne-so-bile-na-celjskem-
leta-1954.html)



Historical precipitation trends and
climate projections for Central
Europe
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Annual European precipitation anomalies (1950-2022)
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Figure 1. (Top) Annual European precipitation anomalies (%) over land from 1950 to 2022. The anomalies are expressed as a
percentage of the annual average for the 1991-2020 reference period. Data source: E-OBS™ (light blue and orange, starting in
1950), GPCP (blue and red, starting in 1979), and ERA5 (dark blue and dark red, starting in 1950). (Bottom) Monthly European
precipitation anomalies (%) over land in 2022. The anomalies are expressed as a percentage of the monthly average for the 1991—
2020 reference period. Data source: E-OBSL (light blue), GPCP (blue), and ERA5 (dark blue). Credit: C3S/KNMI/DWD/ECMWEF.


https://climate.copernicus.eu/esotc/2022/precipitation
https://climate.copernicus.eu/esotc/2022/precipitation

Projected change in annual (left) and
summer (right) precipitation, 2071-2100
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Map 2.9 Changes In the 10-year high river flow for European citles with large river basins (ratlo between
2051-2100 and 1951-2000 flows)
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Changes in the 10-year high river flow for European cities with lar ge river basins (ratio between 2051-2100 and 1951-2000 flows)

Ratio between projected future and historical flows a 503 1000 1500 km
® <075 @& 0751 1-1.25 1.2515 1.5-1.75 175-2 @ 2235 @ =220

[] 0Outside coverage

Motes: Thie 10-year high flow (Q10) corresponds with the one in 10-year return pericds of annual maximum daily discharge. The changes
are caloulated as the projected 2051-2100 010 divided by the 1951-2000 Q10. They are shown for low-im pact [(10th percentile) and
high-impact {20th percentile} scenarios. Based on 50 climate model projections from the CMIPS (Taylor ez al., 2012), for the RCP 8.5
emissions scenario. The digital elevation model Hydro1K was used to delineate river basins for each cigy. Q10 was estimated using a
regression model based on gauge discharge data from the Global Rumcff Data Centre (GRDC), and the BEurcpean daily gridded data set,
E-OBS (Haylock et al., 2008) The cities included in the analysis (365) are those that have an upstream river basin larger than 500 km?. The
50th percentile {median} scenario is available in the Urbam Adaptation Map Viewer; see also Guerreiro et al. {Z2018).

Source: Adapted from Guerreiro ecal (2018} EEA: Urban adaptation in Europe, 2020
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ast trend (at selected tide gauge
stations) and projected change (for the
SSP5-8.5 scenario) in relative sea level
across Europe
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Water Safe Cities

Energy systems and flooding

By 2050..
More than 300 power

generation facilities are
at risk of being flooded

across 97 C40 cities

More than half ' / 4 150
of these plants 61 \ /O
- , (o) :
are in C40’s North % 3 15% are in
American cities. : L
Europe

8.4m Ao,

These power plants produce
enough energy to power 4% are in
8.4 million US homes per year Latin America

Potential solutions to protect energy infrastructure

== |ood-proof energy infrastructure to protect against sea-level rise,
coastal storms and inland flooding.

== |mproved critical system efficiency to build resilience.

& Climate Water Safe Cities Technical report,

c40 POUL DUE JENSEN #§ GRUNDFOS ®@ Ldontati ‘ | ‘l I|VM Institute for C40 cities (2022
CITIES FOUN DAT' ON ".’ Services Environmental Studies ( )




Duration of meteorological droughts

Central Europe

e "“an exceptional period of water shortage for existing
R ecosystems and the human population (due to low
=== RCP8.5 (high emissions) ] . .
RCP4.5 (medium emissions) rainfall, high temperature and/or wind)” (IPCC)

RCP2.6 (low emissions)

months 4 === Historical (modelled)

1. Meteorological drought — a shortage of rainfall.

—— Historical (reanalysis) . . .

— -Reference (1986-2005) 2. Agricultural drought — a shortage of soil moisture
that would otherwise be available for crop and
vegetation growth.

| | | | | | 1

I S U A B T 3- Hyc!rologlcal drqught — alack of (sub-) surface water,

including streams/rivers and roundwater.

0 -

EEA, 2022 https://www.eea.europa.eu/data-and-maps/figures/duration-
of-meteorological-droughts C40 cities, 2022



SUMMARY OF GLOBAL NUMBERS

. Time Population City Estimate
Vulnerability Period Estimate

The total number of people living in cities where freshwater availability from
stream-flow is projected to decline by at least 10 percent by the 2050s, compared to the present day.

The future we don‘t want, 2018

Attribute or subsystem investigated

System

Agriculture Crop yield (irrigated and rain fed separately) Crop yield (irrigated and rain fed jointly)

Water supply Unmet household-consumption water demand Water abstraction for public water supply

Energy Unmet energy demand by consumers Hydro and nuclear power production

River transportation Disruption of industrial and coal-based energy production Inland transportation of goods

Terrestrial ecosystems Decreased forest health Anomaly in net primary production

Disruption of environmental water flow necessary

to maintain the ecosystemn functions e T

Freshwater ecosystems

Drought atlas, JRC, 2023



Map 2.10

Change factor of maximum drought in 571 European cities between 1951-2000 and 2051-2100
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Change factor of maximum drought in 571 European cities between 1951-2000 and 2051-2100
Change factor
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MNote:

The 12-month scale Drought Severity Index (DSI-12) was used. It is based on cumulative monthly precipitation anomalies, whereby

the absolute deficit (in mm) is divided by the mean annual rainfall and multiplied by 100. D5I-12 is a rainfall index and therefore does
not account for an increase in drought due to increasing temperatures (and consequently potential evaporation). The map shows the
ratio of the maximum DSI-12 in the future to the maximum DSI-12 in the historical pericd. Based on 50 climate model projections
from the CMIPS (Taylor et al., 2012), in the RCP 8.5 climate scenario. The low-impact scenario (left) refers to the 10th percentile and the
high-impact scenario (right) refers to the 90th percentile of projections. Median (50th percentile) scenario can be found in the Urban

Adaptation Map Viewer.

Source; Adapted from Guerreiro et al. (2018).

EEA: Urban adaptation in Europe, 2020



Map 2.11

Pressure on water resources in Europe
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Note: WEI+ is the total use of water as a percentage of renewable freshwater resources. Water consumption for 335 Urban Audit cities (total
annual use of water in m? per capita) is provided for various years (2004-2012), depending on data availability for a given city. See the
Urban Adaptation Map Viewer for details. Source: Author's compilation based on EEA (2020e) and Eurostat water consumption statistics.
Source:  Author's compilation based on EEA (2020e) and Eurostat water consumption statistics.

EEA: Urban adaptation in Europe, 2020



Precipitation-related climate
risks and adaptation in
central EU



Figure 2.3 Assets and services expected to be most affected by climate- and weather-related hazards in
European cities
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Note: As reported by 163 cities from 26 EEA member and collaborating countries and the United Kingdom. Assets and services could be
selected multiple times for various climate hazards.

Source:  Author's compilation based on analysis of the COP (2019) database.

EEA: Urban adaptation in Europe, 2020



Figure 6.1 Factors influencing cities’ ability to

adapt to climate change Floods
a0
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MNote: As reported to COP by 106 cities from 24 EEA member and
collaborating countries and the United Kingdom.
https://www.cdp.net/en/research/global-reports/cities-at-risk
EEA: Urban adaptation in Europe, 2020
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Figure 6. Feasibility Assessment of Urban-Relevant Adaptation Options
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Depends on existing power infrastructure,
all generation sources and with intensive
water requirements.

Depends on nature of planning systems
and enforcement mechanisms.

Balancing sustainable water supply and
rising demand especiallyin low-income
countries.

Depends on reconciliation of urban
development with green infrastructure.

Adoption reguires legal, educational, and
enforcement mechanisms to regulate
buildings.

Requires institutional, technical, and
financial capacity in frontline agencies
and government.

Depends on intensive industry, existing
infrastructure and using or requiring high
demand of water.

Summary for urban Policy

- ABSENCE OF BARRIERS

NO EFFECT

POTENTIAL BARRIERS

Makers, 2018 from IPCC

INSUFFICIENT LITERATURE special report on 1.5



Effectiveness outcomes (positive, negative,
neutral, mixed, insufficient evidence)

2
o = u
= = =]
ﬂ et
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Flood risk Mixed
management
inWestern
and Central

e

Riverine,
inland floods

Climate-smart Mixed
agriculture in
West Africa

Drought,
rainfall
variability

For at-risk
ecosystems
For goals
of equity,
gender

justice

Over time
Mitigation

Mixed Mixed

Insufficient Paositive
evidence,
with
paotential
for positive

Context specificity

Effectivensss depends
an geographical
location, type of fiood
hazard, people exposed,
prior investments in
adaptation and current
levels of vulnerability.

The effectiveness of
early warning systems
depends on timing,
severity and usability of
warnings.

The effectivenass of
climate-smart agriculture
largely depends on

the agroecological
conditions, farm size, and
intervention type.

Adaptation adequacy
and limits

Damages can be
significantly reduced
even at higher warming
(2—4°C) if high levels

of adaptation are
implemented. However,
even when multiple
aptions are implemented,
risk of flooding will
remain.

Climate-smart agriculture
builds capacities to deal
with hazards at current
warming. However, there
is insufficient evidence
about how it performs

at higher warming levels
and how compound
hazards might potentially
lead to limits being
reached early.

UNEP too little, too slow: Adaptation Gap Report 2022



Effectiveness and feasibility of adaptation options
for water-related climate impacts and risk in Europe

Impact type

Flooding - Coast/River

Flooding - Coast

Flooding - River

Flooding - Pluvial

Adaptation option

Flood defenses (Protect)

Flood preparedness and early wamning plans (Protect/Accommodate)
Planned relocation (Retreat)

No-build zone, restrict new developments (Avoidance)

Flood insurance (Supporting)

Ecosystem based (e.g. wetlands, oyster reefs) (Protect)

Sediment based (e.g. nourishment) (Protect)

Wet and dry proofing (Accommodate)

Ecosystem based (e.g. floodplain restoration, widening riverbed) (Protect)
Retention and diversion (Accommodate)

Wet and dry proofing (Accommodate)

Retention: green roofs (Accommeodate)

Retention: parks (Accommodate)

Update drainage systems and pumps (Accommodate)
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Tabhle 3.3

Dealing with climate change challenges: examples of incremental and transformational

approaches
Approach Incremental measures: optimising Transformational measures: dealing with the challenge
conventional measures in a different way
Challenge
Flooding Build more dikes and floodgates Create space for water; retention areas

Reinforce existing dikes
Pump water out

Floodgates at buildings

Reduce soil sealing to allow natural drainage

Place infrastructure on higher grounds

Retreat from low-lying, potentially flood-prone areas
Floating buildings and infrastructure

Develop infrastructure that can be temporarily flooded
without any damage (non-sensitive use of ground floors
and basements)

Water scarcity
and droughts

Serve the demand by getting water from
distant regions

Water rationing

Reduce leakages

Reduce the demand by water-saving appliances in
households and buildings

Reuse water
Establish water-saving behaviours

Change production using less water

Various

Improve existing governance and
behaviour

Changed governance; consumption, behaviour etc.

https://climate-adapt.eea.europa.eu/en/knowledge/tools/urban-adaptation



COPING

Benefit

Purely coping approaches bring short-term n n n nn n
benefits that decrease to zero with each new ﬂ ﬂ »
disaster. They therefore imply high costs over

’ Time
time.

INCREMENTAL

Benefit

Incremental approaches work effectively up to
certain risk levels. Benefits level off over time "

and higher risk levels will require additional Tirme
coping.

TRANSFORMATIVE

Benefit

Transformative approaches need some time
and efforts at the beginning but then benefits »
increase and are stable. Very little coping is Time
needed to buffer extremely high risk levels.

. Normal water level Vir: EEA, 2016
Water level — 1/50 years flood event

Water level — 1/100 years flood event



Coastal protection strategies in small Danish cities

To date, the wall has protected Lemvig against coastal flooding on at least two occasions, saving the city from damage
costing about DKK 30 million (EUR 4 million). The cost of implementation was DKK 18 million (EUR 2.4 million). The wall is
designed as an assembly kit that can be implemented in other coastal cities.

'Le Mur' protecting Lemvig harbour © Mads Krabbe Detail of the wall © Lemvig municipality

Sources:  Global Opportunity Explorer (2018a, 2018b); https://kanalbyen.dk; https://www.danskeark.dk/content/le-mur; and direct

communication from Lemvig municipality.

EEA: Urban adaptation in Europe, 2020



(b) Millions of people at risk of a 10-year flood event () Millions of people at risk of a 100-year flood event
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(b) projected population at risk to experience a 1-in-10-year coastal flood event under RCP2.6-55P1 and RCP8.5-55P5 assuming present protection and population levels, as well
as population change according to, respectively, SSP1 and 55P5, based on Merkens (2016);

(c) projected population at risk to experience 2 1-in-100-year coastal flood event under RCP2.6-35P1 and RCPB.5-55P5, assuming the present protection and population levels, as
well as population change according to, respectively, SSP1 and SSPS, based on Merkens (2016) (based on Haasnoot et al,, 202 1b).
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Adaptation measures — droughts (RESIN, 2018)

* rainwater management
* waste water reuse

 fresh water production through desalination and

* water demand management

Table 3.2 Unit costs of drought measures implemented in Barcelona
Measure type Measure Unit costs (EUR/m?)
Demand measures: communication No welfare loss consideration 0.03
and awareness—raiging campaigns Welfare loss consideration 1.36
about water saving
Supply measures Water shipping 32.53
Headwater cisterns 23
Structural measures Well recovery and enhancement of groundwater extraction 0.18
Enlargement of existing desalination plant 0.61-1.30
Note: Unit cost reflects how costly it is for each of the measures to provide one additional cubic metre. Welfare losses are costs to society,

including costs to producers and consumers, and taxation.

Source: Adapted from Martin-Ortega et al. (2012).

EEA: Urban adaptation in Europe, 2020



Box 3.14 Polish cities subsidise small-scale rainwater retention

In acknowledgement of the increasing frequency and intensity of both droughts and heavy precipitation events, several
Polish cities recognise the importance of small-scale rainwater retention. Subsidies are offered to homeowners for
rainwater collection systems. The aims of these programmes are to reduce the amount of municipal water used for
gardening, cleaning or flushing toilets, and to limit the pressure on the sewerage systems from heavy precipitation events,
and thus lower the risk of urban flooding.

In Krakéw, private water retention has been subsidised since 2014. Between 2014 and 2018, the city supported

384 installations for rainwater collection and reuse, investing over PLN 1.8 million. Individuals, housing cooperations and
businesses can apply for subsidies covering 50 % of the rainwater collection system costs, with a ceiling of PLN 5 000
{(around EUR 1 100). In 2019, the city committed PLN 500 000 to the programme. Between January and the end of July 2019,
97 applications were made.

In Wroctaw, within the Ztap deszcz ('Catch the rain’) programme, since August 2019 residents have been able to apply for
reimbursements of 80 % of the costs of rainwater collection through either free-standing or underground containers, with

a limit of PLN 5 000 (around EU 1 100). The programme is organised by the Wroctaw city council in collaboration with the
municipal water and sewerage company and the water knowledge centre Hydropolis. To raise awareness of the programme,
the municipal water and sewerage company organised a competition, in which 100 rainwater barrels of 210 litres could be
won by those sending photographs illustrating their 'eco-creativity'.

Sources: Ciszak (2019); City of Krakow (2019).

EEA: Urban adaptation in Europe, 2020
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Box 13.3 | Climate Resilient Development Pathways in European Cities

Climate resilient development (CRD) in European cities offers synergies and co-benefits from integrating adaptation and mitigation with
environmental, social and economic sustainability (Geneletti and Zardo, 2016; Grafakos et al., 2020). Climate networks (e.g., Covenant
of Mayors), funding (e.g., Climate-KIC), research programmes (e.g., Horizon Europe), European and national legislation, international
treaties and the identification of co-benefits contribute to the prioritisation of climate action in European cities (Heidrich et al., 2016;
Reckien et al., 2018; CDP, 2020). Still, mitigation and adaptation remain largely siloed and sectoral (Heidrich et al., 2016; Reckien et al,,
2018; Grafakos et al., 2020). An assessment of the integration of mitigation and adaptation in urban climate-change action plans in
Europe found only 147 cases in a representative sample of 885 cities (Reckien et al., 2018).

In European cities, CRD is most evident in the areas of green infrastructure, energy-efficient buildings and construction, and active and
low-carbon transport (Pasimeni et al., 2019; Grafakos et al,, 2020). Nature-based Solutions, such as urban greening, often integrate
adaptation and mitigation in sustainable urban developments and are associated with increasing natural and social capital in urban
communities, improving health and well-being, and raising property prices (Geneletti and Zardo, 2016; Pasimeni et al., 2019; Grafakos
et al,, 2020). Barriers to CRD in European cities include limitations in: funding, local capacity, guidance documents and quantified
information on costs, co-benefits and trade-offs (Grafakos et al., 2020). Pilot projects are used to initiate CRD transitions (Nagorny-Koring
and Nochta, 2018). Malmé (Sweden) and Milan (ltaly) are two examples to illustrate the strategies and challenges of two European cities
attempting to implement CRDP.

Malmé (population 300,000): Since the 1990s, Malmd has been transitioning towards an environmentally, economically and socially
sustainable city, investing in eco-districts (redeveloped areas that integrate and showcase the city’s sustainability strategies) and adopting
ambitious adaptation and mitigation targets. The city has focused on energy-efficient buildings and construction, collective and low-carbon
transportation, and green spaces and infrastructure (Anderson, 2014; Malmo Stad, 2018). Malmé has developed creative implementation
mechanisms, including a ‘climate contract’ between the city, the energy distributor and the water and waste utility to co-develop the
climate-smart district, Hyllie (Isaksson and Heikkinen, 2018; Kanters and Wall, 2018; Parks, 2019). Flagship eco-districts play a central role
in the city's transition, in the wider adoption of CRD and in securing implementation partners (Isaksson and Heikkinen, 2018; Stripple and
Bulkeley, 2019). The city has also leveraged its status as a CRD leader to attract investment. The private sector views CRD as profitable, due
to the high demand and competitive value of these developments (Holgersen and Malm, 2015). Malmé adopted the SDGs as local goals
and the city's Comprehensive Plan is evaluated based on them, for example, considering gender in the use, access and safety of public
spaces, and emphasising development that facilitates climate-resilient lifestyles (Malmo Stad, 2018). Malmé also engages stakeholders via
dialogue with residents, collaboration with universities and partnerships with industry and service providers (Kanters and Wall, 2018; Parks,
2019). Despite measurable and monitored targets, and supportive institutional arrangements, sustainability outcomes for the flagship
districts have been tempered by developers’ market-oriented demands (Holgersen and Malm, 2015; Isaksson and Heikkinen, 2018) and
there is limited low-income housing in climate-resilient districts (Anderson, 2014; Holgersen and Malm, 2015).

Milan (population 1.4 million): Milan is taking a CRD approach to new developments (Comune di Milano, 2019). From 2020, new
buildings must be carbon neutral and reconstructions must reduce the existing land footprint by at least 10%. The Climate and Air
Plan (CAP) and the city's Master Plan (Comune di Milano, 2019) focus on low-carbon, inclusive and equitable development. The CAP
is directed at municipal and private assets, and individual- to city-scale actions. In 2020, Milan released a revised Adaptation Plan and
the Open Streets Project to ensure synergies between the COVID-19 response and longer-term CRD. Examples include strengthening
neighbourhood-scale disaster response and reallocating street space for walking and cycling (Comune di Milano, 2020). Milan emphasises
institutionalisation of CRD via a dedicated resilience department, and through active participation in climate networks and projects that
support learning and exchange. Climate network commitments are cited in the city’s Master Plan and CAP guidelines as driving more
ambitious deadlines and emissions targets (Comune di Milano, 2019). Implementation of Milan’s plans remains a challenge, despite
dedicated resources and commitment.

IPCC AR6 WG2 CH. 13.1.4 (2022)
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