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Abstract

The impacts of climate change, such as sea lese| higher temperatures and greater weather exdremmesate
both an operational and business risk for Europe@ation. Due to their fixed infrastructure andnedability to
disruptive weather, airports are particularly agkri New analysis from EUROCONTROL, the European
Organisation for the Safety of Air Navigation, lulslon the organisation’s earlier work in this at@durther
clarify what the expected impacts might be, wheaythmight be experienced and how they might be atitid.
The paper also presents the results of a consuitatith European aviation stakeholders to determihether
the industry now considers adaptation actions amessary, and what actions they are taking. Thé& wais
part of the Challenges of Growth 2013 (CG13) study.
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Résumeé

Les impacts du changement climatique inclus I'dlémadu niveau de la mer, des températures plugéteet
une augmentation de phénoménes météorologiquedneedr Cela crée a la fois un risque opérationnahet
risque économique pour l'aviation européenne. Esomade leur infrastructure fixe et leur vulnérabilaux
intempéries, les aéroports sont particulierementisque. Une nouvelle analyse de EUROCONTROL,
l'organisation européenne pour la sécurité de légation aérienne, explique quels sont les impatisndus,
quand ils pourraient arriver et comment ils powmaiétre reduit. Le document présente égalememésedtats
d'une consultation avec les parties prenantesdiation européennes afin de déterminer si l'intusbnsidére
maintenant les mesures d'adaptation sont nécessairdes actions qu'ils prennent. Le travail fadrtie de
I'étude Challenges of Growth 2013.

Mots-clé: le changement climatique; la résilience; I'adaptaties conditions météorologiques extrémes;
I'élévation du niveau de la mer.
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1. Introduction

The potential impacts of climate change for thedpean region are now well-established (EEA, 2012).
Although the specific risks vary according to climaone, in general we can expect higher tempastur
greater weather extremes and inundation due tdesebarise and flooding (Figure 1). This createshban
operational and business risk for European aviatdue to their fixed infrastructure and vulneralilio
disruptive weather, airports are particularly akri
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Figure 1 — climate impacts

EUROCONTROL, the European Organisation for the yabé Air Navigation, analysed climate change risk
for European aviation as part of its Challenge&afwth 2013 (CG13) studyThe work had two objectives: to
update and augmetite organisation’s earlier work in this area bytler clarifying what the expected impacts
might be, when they might be experienced and hay thight be mitigated; and, to carry out a consiglta
with European aviation stakeholders to determinetidr the industry now considers that climate aatagt
will be necessary, and what actions they are taking

This paper considers the results of the analysisiwiiave particular relevance to airports. SecBamill review
the various climate change impacts which could cafarports and the risks which they entail. Sett®
considers the results of the stakeholder consoitatiefore Section 4 examines some of the measuneh w
airports can take to adapt to climate change ingp&thally the paper concludes that the key to kbgieg cost-
effective mitigation of climate change risks is ambination of early action, on-going infrastructusad
operational improvements and no-regrets measurehwhmultaneously address other issues such asitap

2 Challenges of Growth is a series of studies interidgmovide decision-makers with the best-achievabteof information
to support long-term planning decisions for aviatio Europe, with a particular focus on the capadfythe air transport
network. Studies were completed in 2001, 2004, 26682813. They are available from
http://www.eurocontrol.int/articles/challenges-growth.
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2. Expected impacts for airports

Although impacts will vary according to geographi@acation and scale of operation, there is nowalro
agreement as to the risks that climate changeewiliil for European aviation (Figure 2). Althougbme of the
risks, such as increased convective weather, ¥fdctaircraft which are en-route, the majorityiofpacts will
be centred on airports (Figure 3). In the shoremt increased frequency and intensity of storntesys and
snow events is expected to disrupt operationsjrigad temporary loss of capacity and increasedydelin the
longer-term higher summer temperatures may impagtachd patterns, whilst mean-sea level rise matéine
coastal airports. The following sections will dissuhe key impacts in turn.

Increasing damage risk from winter storms
Increase in summer tourism

Decrease in energy demand for heating
Risks to infrastructure due to reductions

in ground frost

Decrease in winter tourism
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Figure 2 — climate impacts for aviation by region
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Flooding and sea-level rise:
Inundation of runways and taxiways
Loss of ground transport access
Inundation of electrical infrastructure

Changes in wind direction:
Increased crosswinds
Capacity implications

- Potential procedure changes

3 Potential changes to noise distribution

Increased precipitation:
Impacts on capacity/delay
Inundation of runways and taxiways
Inundation of electrical infrastructure

Higher summer temperatures:
Changes in summer demand patterns
Heat damage to infrastructure

Ir ling require

Increased convective weather:
Increased delay/ loss of capacity
Lack of capacity at diversionary airports

Source: EUROCONTROL, Challenges of Growth, 2013

Figure 3 — climate impacts for airports

2.1.Changes in precipitation

Southern Europe will experience a decrease in jpitatibn. However, in most of Europe heavy preeifin
events are likely to become more frequent, paditylin Scandinavia in the winter and Northern &abtern
Central Europe in the summer (EEA, 2012).

Heavy precipitation events can require increasqzhrsgion distances between aircraft; this impaatsod
throughout. Current aerodrome surface drainageciigpanay be insufficient to deal with more frequemtd
intense precipitation events, leading to increass#t of runway and taxiway flooding. Underground
infrastructure such as electrical equipment may bésat risk of inundation.

Snowfall is generally expected to decrease, althdhgre may be an increase in heavy snowfall daysr(10
cms) or snowfall in new areas (EEA, 2012). This liegpthat a much greater geographical area needie to
prepared for heavy winter weather.

2.2.Increased convective weather

Forecasts as to the frequency, location and irttemdi storms are uncertain, although a number ofliss
predict that, in the longer term, the overall numbifestorms will decrease whilst the most powesfidrms will

be more intense (particularly in Northern and West€urope) (EEA, 2012). Earlier work carried out fo
EUROCONTROL in 2010 forecasts an increase in caineaveather systems with the potential to disrupt
aircraft operations of around 3-4 days in the summenths by 2020; this equates to a doubling ofptlesent
impact (McCarthy and Budd, 2010).

Summer convective weather can have an exponetftéadt @n weather delay due to the high season#ficra
levels. Moreover, European continental areas m@emence larger, meso-scale convective systems tivith



Rachel Burbidge / Airports in Urban Networks 20R4ris

potential to affect multiple hub airports in a r@gi This may reduce the choice of diversionaryaigpwhilst
those that are available may not have sufficieqtacy for the traffic which they need to accommeda
Consequently, dynamic capacity-based flight plagmvay be required.

2.3.Changes in wind patterns

Although there are many uncertainties regardingeptmns, wind directions are expected to change¢has
position of the jet stream and storm tracks movieywards and upwards. Consequently, runways corstiuc
along the locally prevailing wind direction may exjgnce more cross-winds as the prevailing directtsanges
(Thomas et al, 2008). Crosswinds might be outsaderance for some aircraft types or, if prevailiwind
direction changes, an airport may have crosswindsnb crosswind runway. This may entail the neadafo
change in procedures and airspace redesign whi¢htrn, may incur an additional environmental idsle to the
redistribution of noise impact around airports.

2.4.Sea-level rise and storm surges

Analysis carried out by the UK Met Office for EUROGITROL in 2010, forecasts that more than 30 Eurnpea
airports will be at risk from mean-sea level risel dlooding by the end of the century (de Gusm®4,02 figure

4). At some locations, ground transport links al®o gpotentially at risk. However, such impacts wik
experienced gradually, allowing for longer termrplang which can be based on cost benefit analyses.

The impacts of an increase in storm surges mayxperienced in the shorter term and could resultin
temporary reduction in capacity and increase iayldHowever, there are likely to be significant gexphical
differences in impact with some areas experienaingncrease in the number and height of storm suagel
others a reduction in the frequency and magnit&ds?( 2012).

......
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Source: EUROCONTROL, Challenges of Growth, 2013

Figure 4 — Sea—level rise in Europe, mapping ofipidl sea level rise hazard in a high-end warmingd based on a
worst-case scenario of +4°C warming by 2099 (MORSEC}

2.5.Increased summer temperatures

In the longer-term increased summer heat and htymidithe Mediterranean Basin may impact the amount
location and temporal distribution of traffic dendarmhe Mediterranean region currently attracts adoi00
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million visitors from Northern Europe each year (&lomg and Moreno, 2009). Of course, not all of &os
tourists will choose to fly there. However, earhleork carried out for EUROCONTROL in 2010 estimatkdt
73% of tourist arrivals to Greece arrive by airrfiitriou and Drew, 2010). Therefore, if a proportiofitourists
who fly to the Mediterranean during the summer rherdecide to travel to alternative destinationsrehmay
be significant changes in infrastructure and gstgffrequirements at both traditional and potentiaivn
destinations. However, whether and to what extaistis an issue is not yet well-understood. Morsitpeely, if
tourists decide to visit traditional holiday destiions in the spring or autumn months instead efdistomary
summer season, this could ease congestion durnigatiitional peak season.

Increased temperatures may also impact infrastreictixtreme summer temperatures may exceed design
standards leading to heat damage to tarmac surfacesac runways or aprons may experience diffiesiitiue

to surface melting during peak heat periods. Theitebe a need for increased summer cooling of airp
buildings with the attendant energy costs. Somédimgjs which were designed for cooler climates maybe

able to maintain comfortable temperatures duringy Vet periods leading to overheating of equipmamd
health issues for staff (Thomasal,2008).

3. European Aviation stakeholder consultation

To establish whether the industry now considengdessary to build resilience to these risks, geguwas sent
to approximately 100 European aviation operatisiakeholders. 35 valid responses were receivedylynai
from Air Navigation Service Providers and Airporp€ators.

The survey identified that just over half of respgents consider that climate change will be a raktheir
organisation between now and 2090 33, Figure 5a). The main climate change impactslktakeholders
expect to be affected by are more incidences akmd weather such as storms, an increase in pmpi
(both rain and snow) and higher temperatures. A&mi@l change to predominant wind directions wae a
recurring concern. Although just under half ofpasdents replied that their organisation does erothpave an
official position, mainly as they have not yet as®&=l the risks or the issue is not yet on theig-tenm agenda,
over 80% consider that resilience measures to ddagiimate change will be necessary now or infttiere (N
= 29, Figure 5b). This indicates that that even thmgmnisations which do not yet have an officiasifion
consider that this is an issue which warrants &ttenThis is a shift in opinion from four yearsocaghen very
few organisations had begun to address the isswah&se that did not think it will be necessaryake action
the main reasons were because they do not expestprience significant impacts or because thes riskve
not yet been assessed.

(@) o of organisations that expect the impacts
of cimate change to affect their business
between now and 2050

M Yes

HEno

no official position
(0)  sof organisations that consider adaptation
actions to reduce the potential impacts of climate
change may be necessary now or in the future

(c) %% of organisations that have begun planning
for adaptation to climate change impacts

0% 50% 100%

Source: EUROCONTROL, Challenges of Growth, 2013

Figure 5 — Percentage of respondents who (a) expée impacted by climate change by 2050; (b) idemsadaptation to
climate change will be necessary (c) have beguptatian planning
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Yet, despite this growing awareness of potentigldats, less than half of organisations that respdrthve
begun planning for adaptatioN & 25, Figure 5¢c). Some organisations feel it is tadyewhilst others feel they
do not have enough information or resources. Ofd¢hiat have begun planning, only four respondeats
produced adaptation plans. Notably, they were #&hee airports or combined airport operator/ANSP
organisations. When respondents were asked th&iroopas to the current adaptation status of theofean
aviation industry 50% thought that some adaptatm@asures were in place but more needs to be dove 25
thought that adaptation had been considered bhingptoncrete had been done yet and another 25&gltiho
that adaptation has not yet been consideXed 16, Figure 5).

M some adaptation
measures in place but
more needs to he done

B considered adaptation
but no actions initiated
yet

M has not considered
adaptation

Figure 6 -Stakeholder perception of level of preparednesshieipotential impacts of climate change for thedpean
Aviation Sector

Overall, the results indicated that a growing numdfeorganisations expect to need to take acticadept to the
potential impacts of climate change, but that thistill an emerging issue, with a perceived latknformation
and guidance. However, the results may demonstrategree of self-selection; organisations thatateady
experiencing an increase in incidences of disreptiseather, or who are already implementing meastares
adapt to climate change, may have been more likehgspond to the survey. In order to gain a moeeipe
picture of the extent to which the European aviatiodustry is developing climate resilience, it Wbie
necessary to carry out a more strategic state ditg stnalysis of vulnerabilities, adaptation measureing
implemented and action gaps.

The survey was followed by a one day workshop aREICONTROL Headquarters in Brussels. Participants
represented 20 organisations including airport ajoes, air navigation service providers, the Sirgleopean
Sky ATM Research programme (SESAR), industry asdiocis, the academic community and European policy
makers. Participants concluded that there is a igigpweed for climate change risk assessment amohipig for
adaptation measures. However, concerns were egpredsout acquiring financial resources for somethin
which may not be within immediate planning horizos address this issue it was proposed that n@i®g
solutions, measures which are already being imphedeto address other issues such as capacity iahw
also contribute to building climate resilience, dad-cost actions such as training should be idiexti The
next section will consider how these proposals lzartranslated into concrete action to build airpbirnate
resilience.

4. Building airport resilience

Airports are the frontline of climate change ad#pta The measures which they implement will notyomork
to make their own operations resilient in the faéeclimate change impacts but will contribute toilthing
overall network resilience; given the interconndogss of the aviation network the introduction esilience
measures at both local and system-level will baiired. It is pointless for one part of the globategrated
transport system to become fully protected agdinistrisk, if another vital part does not.
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Therefore, as a first step to building this resitie, comprehensive climate change risk assessmeetsto be
carried out at both local and network level. Atarport level, assessments should take accounegibmal
climate forecasts, to the extent which they arelavie, and specific local characteristics suclyasgraphical
location and scale of operation. Following this #ypropriate resilience measures can be identdied an
adaptation programme can be developed. Indeed, sorperts have already taken action; following the
introduction of national legislation, the larges @irports were mandated to produce climate adiaptgans,
whilst Avinor, the Norwegian air navigation servipeovider and airport operator, and the French dinate
General for Civil Aviation are both carrying ouskiassessments for their airports.

Of course, the particular measures to be implendentt vary according to local specificities. Coalshirports
may need to consider a cost-benefit analysis tesaswhether to allow a certain degree of inundatmtuild

or reinforce sea-defences, or to consider relogatarports which may be exposed to new or heasiew
conditions might want to consider innovative saus to address unpredictable snow-clearing reqainésn
one European airport, rather than investing in spéoghs, has bought snow plough shields whichtlaea
attached to tractors belonging to local farmersaAtetwork level, EUROCONTROL's Network Manager is
implementing network-wide solutions which also ¢idmite to local operational resilience. For examplealert
tool is being developed to warn airports when giue weather may impact capacity and strategies laking
put in place to proactively manage demand whervarseveather event is considered highly probable.

However, whatever the specific impacts which mayeh®a be dealt with, the most cost-effective solusi will

be achieved by implementing resilience measurespas of on-going operational and infrastructure
improvements. At airports which may be faced wiphier temperatures this may involve improving ieaite

to potential heat damage to runways and taxiwaysilstvat locations which may experience heavier
precipitation events it may be advisable to impralvainage capacity or to protect electrical infrasture
locations. Other cost-effective responses incluoieadled no-regrets solutions, measures which &eady
being implemented to address other issues suchagacity but which also contribute to building clima
resilience. For example, SESAR operational improxetis which aim to improve airport capacity alsovimte
climate resilience benefits as they decrease therativvulnerability of the network to perturbationTo
complement physical infrastructure and operatiorallience measures, some of the cheapest andtiatiten
most effective ways identified to build resilienaee staff training, sharing of best practices, epees and
solutions, and the implementation of processes hifécilitate collaborative responses to climate ngea
challenges.

Finally, it must also be kept in mind that airpodits not exist in isolation but are an intrinsic tpafr both the
urban network and regional economy. This entailsead for holistic planning within regional adapiati
frameworks which recognise both the specificitidsamports’ operational requirements and their tega
importance for the regional economy and mobilityyn€equently, there is a need for greater collalverat
planning between regional stakeholders such asrgment authorities, other transport modes and tlsinbss
sector so as to both include airports in widerargl adaptation planning and to develop an effedtitermodal
policy which protects mobility during disruptiveruditions (Jeandedtal, 2012; Dollet al,2011).

5. Conclusions

The impacts of climate change for European airpwitisvary according to geographical location arwdle of

operation. However, at a high-level they includpamty reduction and delay due to increased prietipn or

convective weather, inundation due to sea-level oisflooding, changes in demand patterns or itrnegire

damage due to higher temperatures and operationcdts due to changes in prevailing wind directibine

EUROCONTROLChallenges of Growtlzonsultation suggests that although such risksaagemwing concern
for stakeholders, as yet relatively few organisaibave begun to take action.

However, climate change is fundamentally an issudas& management and early action is the key tst-co
effective mitigation of those risks. This can bdiawed by implementing measures gradually as placne
going infrastructure and operational improvemeiatsntifying no-regrets measures which address atiseies,



. @ Rachel Burbidge / Airports in Urban Networks 20R4ris

such as capacity, and through softer measuresasuttaining. Nevertheless, airport climate resdeshould
not be considered in isolation; adaptation measatésdividual airports plays an intrinsic partdeveloping
network-wide resilience, whilst an airport’s essantontribution to a city region’s economy and ikigs
dictates that it is considered as an integral glartider adaptation planning.
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