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SUMMARY

This report is part of the fifth Challenges of
Growth study, which aims to deliver the
best-achievable information to support longterm planning decisions for aviation in
Europe. It is the second annex to the summary
report “European Aviation in 2040” (Ref. 1)
and considers the challenge of adapting to
climate change.
The climate is changing and this will impact
European aviation. Over the medium and long
term there will be changes to temperatures, to
rain, snow, wind and storm patterns, and in the
sea-level. These will impact aviation operations,
infrastructure and underlying demand.
A re-run of the 2013 climate adaptation stakeholder
survey suggests that awareness of such potential
impacts of climate change, and the need to adapt
and build resilience, is increasing. More than 90
responses to the survey were received from air
navigation service providers, airport operators,
airlines, civil aviation authorities and manufacturers
from across Europe covering all of the main
European climate zones. A majority of respondents
expect climate change to affect their business by
2050. Around a quarter of overall respondents
are already experiencing some impacts of climate
change.

Impacts and adaptation measures required will vary
according to climate zone, geographical location
and type of operation, and individual organisations
will take their own adaptation planning decisions.
However, a risk assessment can be a solid basis for
assessing what actions are required.
Stakeholders consider that both the European
aviation sector as a whole, and European ATM in
particular, are taking measures to adapt to climate
change, but that more still needs to be done. The
extent to which adaptation measures are required
is each organisation’s decision but, due to the
interconnectedness of the European and global
aviation systems, an integrated and collaborative
approach to building resilience is required; we
need to assess whether sufficient measures are
being implemented quickly enough, or whether
we need to accelerate action

Stakeholders expect higher temperatures,
increased precipitation, extreme weather and
changing wind conditions to be the main
challenges they will need to address. They expect
these to generate operational impacts and
changes to the costs of operating their business.
A small number view climate change as a positive
opportunity.
Eighty-six percent of respondents expect adaptation to the impacts of climate change to be
necessary and a growing number of organisations are starting to carry out risk assessments and
develop adaptation strategies: 53% have currently
begun adaptation and resilience planning.

// / / /// / / /////////// / / / / / / / / / / / / / / / / / / ////////////
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INTRODUCTION
REPORT STRUCTURE
The Challenges of Growth studies aim to deliver
the best-achievable information to support
long-term planning for aviation in Europe.
EUROCONTROL has completed four Challenges
studies, in 2001, 2004, 2008 and 2013 (Ref. 2, 3,
4, 5). The fifth study, Challenges of Growth 2018
(CG18) tackles the following question:

This report builds on the Challenges of Growth 2013
Climate Change Risk and Resilience report (Ref. 11)
to further consider the challenge of adapting our
sector to a changing climate. It also gives an updated assessment of the readiness of the aviation
industry to adapt to the effects of climate change.
The report is structured as follows:

What are the challenges of growth for commercial
aviation in Europe between now and 2040?

n

A series of annex reports supports the summary
report “European Aviation in 2040” (CG18, Ref. 1):
n
n

n

n

n

Annex 1, reports in detail the forecast of flights
to 2040 and the effects of capacity constraints
at airports (Ref. 6)
Annex 2, this report, gives an up-dated
assessment of the readiness of the aviation
industry to adapt to the effects of climate
change.
Annex 3 looks at ways to mitigate the lack of
capacity, starting with building more airport
capacity, but also how to use differently what
capacity there is (Ref. 7).
Annex 4 reports on the impact of this lack
of capacity in terms of congestion and delays
(Ref. 8).

/ / / / // / / / ////////// / / / / / / / / / / / / / / / /

n

n

n

In the first section we look at how awareness of
the potential impacts of climate change and the
need to adapt and build resilience is growing.
The next section looks at the latest IPCC climate
change projections.
We then introduce the Challenges of Growth
2018 Climate Adaptation stakeholder survey
and give some initial results.
The next sections consider the potential
physical impacts of climate change and take a
high-level look at some potential adaptation
measures, as well as how impacts may vary for
different types of organisations.
In the final section we present the results of the
2018 Climate Adaptation Stakeholder Survey.
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THE ADAPTATION CHALLENGE
Awareness of the potential impacts of climate
change, and the need to adapt and build
resilience, is increasing. More organisations
are starting to carry out risk assessments and
develop adaptation strategies.
The move to adapt and build resilience to the
potential impacts of climate change is gaining
momentum. The science has been certain as to the
main impacts to expect for some time. The political
will is now increasing and more challenging
targets are being set. At the same time, recent
high-profile extreme weather events have given
us a taste of what we will increasingly have to deal
with. The incentives to act are many, but centre on
reducing vulnerabilities, damage and costs, and
are increasingly driven by policy and legislation.
For the aviation sector, two key objectives of
adaptation are business continuity and protection
of critical infrastructure. The sector is used to
operating in challenging weather conditions,
but climate change will make disruptive weather
events more frequent, more intense, and
potentially occurring in unexpected locations or
with unexpected timing. At the same time, the
underlying climate will change, potentially leading
to more challenging daily weather conditions, and
there may be longer periods of extreme conditions
such as heatwaves. Daily operations, infrastructure
and underlying demand will all be affected.

The Operational Incentive:
When disruption leads to the cancellation,
delay or re-routing of a flight there is a financial
penalty, an impact on subsequent operations,
and reputational risk. Moreover, the industry
has a strong motivation to ensure its excellent
safety record in more challenging conditions.
Therefore, measures are needed to maintain
smooth operations in the face of disruption
and to ensure that aircraft, infrastructure and
personnel are prepared to operate in changing
climatic conditions.

The Business Incentive:
Disruption and damage cost money. Therefore,
organisations need to take measures to
protect their infrastructure, their operations,
and their staff and customers against more
challenging conditions. Climate change may
also affect demand patterns, with traffic
flows changing geographically or seasonally,
which would impact business planning and
revenue streams. A robust risk assessment is
recommended to avoid the costs of over- or
under-adaptation.

The Regulatory Incentive:
Adaptation is now enshrined in the United
Nations Framework Convention on Climate
Change (UNFCCC) landmark 2015 Paris
Agreement. Article 7 of the agreement
establishes “the global goal on adaptation of
enhancing adaptive capacity, strengthening
resilience and reducing vulnerability to
climate change” (Ref. 10, p.9). In addition, the
United Nations International Civil Aviation
Organisation (ICAO) now has a task to look at
the potential impacts of climate change for the
global aviation sector.

/ / / / // / / / ////////// / / / / / / / / / / / / / / / /
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CLIMATE CHANGE PROJECTIONS
The Challenges of Growth 2008 Environment Report
(Ref. 9) identified the environmental factors which
could constrain the European aviation network for
the following 20 years. The study highlighted for
the first time that climate change could impact
the European aviation sector, potentially affecting
infrastructure, operations and demand to travel.
The Challenges of Growth 2013 Climate Change Risk
and Resilience report (Ref. 11) went on to explore
in more detail what the potential risks might be
and to identify possible adaptation measures. It
also presented the results of a survey of European
aviation stakeholders, which gathered their views
as to whether they considered the potential
impacts of climate change to be of concern and
whether or not action to adapt to those impacts
was needed. It demonstrated that, although many
European aviation stakeholders were starting to
consider climate change impacts as a risk, few
had started to take action to adapt, with several
respondents indicating that they were not aware
of the issue or did not have enough information or
guidance to take action.
Since 2013, climate change and the need for
adaptation have gained much more prominence
through the publication of new scientific information, the development of national and global
adaptation policies, and a number of highprofile disruptive weather events which give us
an indication what we might have to face as the
climate changes. Given the increasing recognition
that, despite increased mitigation measures,
some degree of adaptation will be required, for
Challenges of Growth 2018 we follow up on the 2013
report by identifying to what extent our industry
now views the impacts of climate change as a
risk and which actions it is taking as a result. The
report also provides an update on new scientific
developments in this field since 2013.

1/
The Climate Action Tracker is an
independent scientific analysis
produced by three research
organisations, Climate Analytics,
NewClimate Institute and
Ecofys, which track the progress
towards the goal of keeping
warming well below 2°C.

Projections of climate change impacts are not
static and the climate can change in a different way
or at a different pace to that forecast previously.
New and improved data sources also provide
opportunities to refine the calibration of models.
Therefore, it is important to re-run forecasts on
a regular basis, and to update plans for climate
change adaptation accordingly. Since Challenges
of Growth 2013, the two main scientific documents
that were referenced, the IPCC Assessment Reports
and the European Environment Agency (EEA)
Climate Change Impacts and Vulnerabilities report,
have both been updated (Ref. 12; Ref. 13). Over this
period the science has remained reasonably stable
but, notably, the IPCC has changed its forecasting
method and introduced a new set of scenarios
called the Representative Concentration Pathways
(RCP). The RCPs are “Scenarios that include time
series of emissions and concentrations of the full
suite of greenhouse gases (GHGs) and aerosols and
chemically active gases, as well as land use/land
cover” (Ref. 12, p.126). Table 1 (on page 19) gives
an overview of the scenarios. This report updates
the 2013 report with the IPCC's updated forecasts.
For scenario RCP6.0 between 2046 and 2065 the
projected temperature increase is slightly lower
than the projected increase for the scenario RCP4.5
due to different emissions trajectories. Under
scenario RCP4.5 emissions peak around 2040
then decline, whereas under RCP6.0 they do not
peak until 2060 (Ref. 14; Ref. 15; Ref. 16). There is
currently no consensus as to which IPCC scenario
we are heading towards. The scenarios are based
on different assumptions as to population and
economic growth, and energy consumption.
At present, all of the scenarios are still feasible.
However, according to the Climate Action
Tracker1 (Ref. 17), with current policies, warming is
projected to reach 3.4°C (+2.5 to +4.7 °C) by 2100,
corresponding to the IPCC high emissions scenario
RCP8.5. According to current Paris Agreement
Nationally Determined Contributions (NDCs),
i.e. the mitigation actions which States have
committed to make, warming will reach +3.2°C
(+2.6 to +4.0 °C), also corresponding to a high
emissions scenario (Ref. 17).

/ / / / / / / / / / / / / / / / /////////////////////////////////////// / / / / / / / / / / / /
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Scenario

Level

Global mean surface
temperature change (°C)
2046-2065

Global mean surface
temperature change (°C)
2081-2011

RCP2.6

Low greenhouse gas emissions

1.0 (0.4 to 1.6)

1.0 (0.3 to 1.7)

RCP4.5

Stabilisation without overshootintermediate emissions

1.4 (0.9 to 2.0)

1.8 (1.1 to 2.6)

RCP6.0

Stabilisation without overshootintermediate emissions

1.3 (0.8 to 1.8)

2.2 (1.4 to 3.1)

RCP8.5

High greenhouse gas emissions

2.0 (1.4 to 2.6)

3.7 (2.6 to 4.8)

Table 1 / IPCC RCP Scenarios and their projected temperature outcomes (Source: IPCC, 2013).

Colder than the Pole?
Climate change can be unpredictable! Although we think we know what to expect in general, there may
still be surprises ahead, such as the unseasonably cold Spring of 2018! Heavy winter storms hit much of
Europe bringing late snow and freezing temperatures with, at some points, parts of Europe colder than
the North Pole and snow cover extending much further South than is usual. This initially seems to be the
opposite of what we have been told to expect from climate change. But some scientists hypothesise that
this unusual cold weather may have been influenced by an unseasonably warm Arctic, and a break in
the polar vortex expelling cold fronts in Europe’s direction (Ref. 18; Ref. 19). Of course, one event does not
prove a theory, and more research is required. But it is likely that as well as the more generally-expected
higher average and extreme temperatures, more disruptive and less predictable weather of all sorts
could be ahead.

// / / / // / / //////////// / / / / / / / / / / / / / / / / / /////////////////////////////
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CHALLENGES OF GROWTH 2018
CLIMATE ADAPTION SURVEY
Update of the 2013 survey to find out what stakeholders now think of this issue and whether they
are taking action. 93 responses received from air navigation service providers, airport operators,
airlines, civil aviation authorities and manufacturers across the main European climate zones.

The 2013 Challenges of Growth study reported
the results of a consultation of European aviation
stakeholders which gathered views as to whether
they considered the potential impacts of climate
change to be of concern and whether or not action
to adapt to those impacts was needed. A key part
of that consultation was a stakeholder survey. The
results can be found in the Climate Change Risk
and Resilience report (Ref. 11).

Responses came from across Europe and, critically
for this report, covered all of the main climate zones
and were from a range of aviation stakeholders
including air navigation service providers, airport
operators, airlines, civil aviation authorities and
manufacturers. Compared to 2013, responses
were received from a wider range of stakeholders,
which may contribute to some of the differences
with 2013.

For Challenges of Growth 2018, a follow-up survey
was launched to determine to what extent the
European aviation sector now considers the
potential impacts of climate change to be of
concern and whether or not organisations within
the sector have been taking action to adapt to
those impacts. The intention was also to compare
results with the corresponding survey carried out
in 2012-13 to determine whether and to what
extent our industry has changed its view of these
risks.

When looking in detail at the statistics of the
responses, we should be aware that there may
be some degree of self-selection bias with
organisations that have an interest in or are
already engaged with this issue being more
likely to respond. We deliberately used the same
questions as in 2013, with some minor edits for
clarity, but, due to the relatively low numbers of
responses in 2013, we have no expectation that
differences in the replies between 2013 and 2018
will be statistically significant. Where we talk about
changes or consistency between 2013 and 2018
below, these comments should be taken as broadly
reflecting the response, backed up by verbal
feedback, and communication with stakeholders
across the industry over the last five years.

The survey was launched on January 22nd and
ran until 28th February 2018. It was sent to
approximately 200 organisations and 93 valid
results were received. This is more than double the
35 responses received for the 2013 survey, which
we believe is for a combination of two reasons:
greater general awareness of this issue within the
sector, and the wider publicity given to the survey
via social media.

// / / / / / / / / / / / / / / / / / / ////////////////////////////////////// / / / / / / / / / / / /
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THE IMPACTS OF CLIMATE CHANGE
FOR EUROPEAN AVIATION
With a broader-based survey, a majority of respondents expect climate change to affect their
business by 2050. Around a quarter of overall respondents are already experiencing some impacts
of climate change

The number of European aviation organisations
that expect climate change to impact their
business is growing. 53 respondents (57%) to
the Challenges of Growth 2018 survey expect the
impacts of climate change to affect their business
between now and 2050 (N = 93, Figure 1). This is
a small increase in percentage terms compared to
the 52% of organisations in 2013 that expected
climate change to impact them. However, in actual
terms it may represent a bigger increase as there
were only 33 valid responses to this question in
2013 compared to 93 in 2018. Nine of the 2018
respondents (10%) do not expect climate change
to affect their organisation, whilst 31 (33%) do not
have an official position. This compares to 3% (no
effect expected) and 45% (no position) in 2013.
Therefore, although the number of respondents
that expect to be impacted has increased, so has
the number of respondents that do not expect
to be affected, with the biggest change in the
number of organisations that do not have an
official position. This could imply that awareness
of this risk is growing and a greater number
of organisations are engaging with the issue,
although this cannot be said with certainty. The
increase in organisations that do not expect to
be affected may be for a number of potential
reasons. It may be due to a change in the types of
organisations that responded (although it should
be noted that not all respondents identified the
category of their organisation), it could be because
of the organisation’s geographical location, or it
may be that respondents have now carried out a
risk assessment and concluded that they do not
expect to experience significant impacts.

EXPECT
CLIMATE
CHANGE
IMPACTS

57%

EXPERIENCING
THE IMPACTS

48%

NO OFFICIAL
POSITION

33%

EXPECT TO
EXPERIENCE
BY 2030

26%

NEED TO ADAPT

// / / / // / / //////////// / / / / / / / / / / / / / / / / / ///
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Figure 1 / 57% of respondents expect to be impacted
by climate change between now and 2050.
% of organisations that expect
the impacts of climate change
to affect their business between
now and 2050

57%

10%

Yes

0%

10%

20%

30%

Organisations that said that they do not expect to
be affected stated that this was because they were
already well-prepared, because they did not expect
to experience climate change until after 2050,
or predominantly (5 out of 8 respondents that
answered the question) that they do not expect
to experience significant impacts. Respondents
that gave this answer were from a range of
organisations and locations with no particular
stakeholder group assessing that it would not be
affected, and no clear geographical patterns.
Respondents whose organisations do not have an
official position were asked a follow-up question
as to whether they were taking any measures to
establish whether climate change might affect
them. Of the 31 respondents that answered the
question, 18 are taking measures, for example
to identify potential risks and develop plans,
eight answered that they do not know whether
measures are being taken, and seven that no
measures are being taken, although in several
cases this was because the task was considered to
be the responsibility of another entity.

33%

No

40%

50%

60%

No official position
70%

80%

90%

100%

Almost a quarter of all respondents, i.e. almost
half of the 42 respondents that answered the
particular survey question on timescales (48%),
are already experiencing the impacts of climate
change, 11 respondents (26%) expect to experience
it by 2030 and 7 respondents (17%) by 2050
(N=42, Figure 2). This compares to 37% in 2013
that stated that they were already experiencing
impacts, 13% expecting impacts by 2030 and
13% by 2050. In 2013, 37% of organisations stated
that they expected to experience the impacts of
climate change by 2020 compared with just 9% in
2018. This suggests that some of the organisations
that were expecting to experience impacts may
indeed have begun to do so, but also, given that
2020 is just two years away respondents that are
not yet affected may have selected 2030 as their
answer. As with 2013, cross-analysis by type of
organisation demonstrated no clear patterns as to
whether any particular part of the sector could be
considered more vulnerable. Also, as with 2013, it
is likely that there may have been some degree of
self-selection with organisations that are already
experiencing impacts more likely to respond to
this question.

TIMESCALES

9%
Earlier in the report we discussed recent unusual
weather patterns and their physical causes
(see text box “Colder than the Pole?”), but
cautioned that individual extreme or unusual
weather events cannot yet be linked directly or
with certainty to a changing climate. Climate
scientists will only be confident of more permanent
shifts, rather than temporary deviations, after an
accumulation of data and longer-term analysis.
Nevertheless, exceptional weather locally and a
media narrative of extreme weather worldwide
is convincing many more people to take climate
change seriously and engage in mitigation and
adaptation action. And talking to our operational
stakeholders, many already report seeing changes
in regular weather patterns, such as more severe
disruptive weather, that impact their operations.

26%
48%

17%

Already experiencing

by about 2030

by about 2020

by about 2050

Figure 2 / 48% of respondents to this question are
already experiencing some impacts of climate change.

/ / / / / / / / / / / / / / / / /////////////////////////////////////// / / / / / / / / / / / /
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THE PHYSICAL IMPACTS
OF CLIMATE CHANGE
Stakeholders expect higher temperatures, increased precipitation, extreme weather and changing
wind conditions to be the main impacts to address. They expect this to affect operations and
increase operating costs. A few respondents view climate change as a positive opportunity.

The key potential risks of climate change for the
European aviation sector were identified in the
Challenges of Growth 2013 “Climate Change Risk
and Resilience” report, namely:
n
n
n
n
n

with the 2013 report (Ref. 11) where these
impacts were also highlighted and changes in
wind conditions were consistently identified as
a potential issue in the “other” category. It is also
consistent with the main climate change impacts
identified in the literature. Sea-level rise is likely
to have been considered a key impact by fewer
respondents as it is a more localised issue, although
one of the “other” answers identified rising ground
water levels as a potential risk. Potential changes in
traffic demand were also highlighted by a number
of respondents as another possible effect, as was
an increase in en-route turbulence. These may be
impacts which stakeholders are already seeing
or expect to experience in the future, and their
concurrence with the science suggests that we
now have a good overview of the challenges that
our sector may have to deal with. As we mentioned
above, a substantial number of respondents stated
that they are already having to deal with the
impacts of climate change. For them, these impacts
will be actual, rather than potential.

Temperature increase
Changes to precipitation (rain and snow)
Changes to storm patterns2
Changes in wind patterns
Sea-level rise and storm surges

These key risks remain the same and are categorised
in a broadly similar way across the literature.
However, knowledge has been updated in a number
of areas. The subsequent sections will explore these
updates.
The main physical climate change impacts which
respondents expect to affect their organisations
are an increase in extreme weather, higher
temperatures, changes in wind conditions and
increased precipitation (Figure 3). This is consistent
0

5

10

15

20

25

30

higher temperatures
decreased precipitation
increased precipitation
increased extreme weather
increased sea levels
increased drought
increased flooding
impact on water supplies
impact on energy supplies
changes in wildlife patterns and biodiversity
changes in icing conditions
changes in wind conditions
other
Figure 3 / The main climate change impacts which European aviation stakeholders expect to be
affected by are increased extreme weather, higher temperatures and changes in
wind conditions (some respondents gave more than one answer).

// / / / // / / //////////// / / / / / / / / / / / / / / / / / /////////////////////////////

2/
In the 2013 report this
category was referred to
as “Increased convective
weather”. For 2018, we
have re-categorised it
as “Changes to Storm
Patterns” to better
capture the different
types of and changes to
storms which may affect
aviation.
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The main effects which stakeholders expect
from the physical impacts of climate change are
operational impacts and changes to the costs of
operating their business. Loss of or damage to
infrastructure and safety were also highlighted as
key risks (Figure 4). These are broadly the same issues
which stakeholders identified in 2013. However, in
2013 no respondents identified climate change as a

positive opportunity for their organisation, whereas
in 2018 six out of 41 respondents that answered
this question considered climate change may
be an opportunity. Although the reasons for this
were not specified, possible reasons could include
a decrease in severe winter weather and de-icing
demand or an increase in business opportunities
such as tourism demand.

30
25
20
15
10
5
0
cost of
operating
business

increase or
decrease
demand for
business

loss of /
damage to
infrastructure

safety

operational

positive
opportunities

Other

Figure 4 /
The main effects which respondents expect climate change to cause for their organisation are
operational and financial (some respondents gave more than one answer).

THE CHALLENGES OF
CHANGING TEMPERATURES
Warming will not be even. Some parts of Europe could experience 4-5°C of temperature increase
under a high emissions scenario. In these circumstances aircraft performance would be impacted,
there may be heat damage to infrastructure and possible geographical and seasonal changes to
demand.

THE CLIMATE IMPACT
n

n

n

n

3/
2071-2100 compared
with 1971-2000.

European land areas continue to warm faster
than the projected global average increase
Projections vary according to IPCC scenario:
RCP4.5 = 1 to 4.5°C3 increase and RCP8.5 =
2.5 to 5.5°C
Warming will not be seasonally or
geographically even. Strongest warming will
be in north-eastern Europe and Scandinavia
in winter and southern Europe in summer
Changes to permafrost

THE AVIATION IMPACT
n

Aircraft performance changes

n

Runway length issues

n

Yield and range issues

n

Demand redistribution (geographical)

n

Demand redistribution (seasonal)

n

Increased cooling and heating requirements

n

n

Heat damage to airport surfaces (runways
and taxiways)
Structural issues due to changes to
permafrost

Table 2 / The potential impacts of changing temperature (Refs. 11, 13, 20, 21, 22, 23)

/ / / / / / / / / / / / / / / / /////////////////////////////////////// / / / / / / / / / / / /
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Figure 5 /
Projected changes in annual, summer and winter near-surface air temperature (°C) for 2071-2100
compared with a 1971-2000 baseline (Source: EURO-CORDEX (Jacob et al, 2014) in EEA 2017)

Figure 5 shows geographical differences in projected
warming, with southern Europe warming more
strongly in summer and north-eastern Europe and
Scandinavia in winter. Even under the IPCC medium
emissions scenario (RCP4.5) most of Europe can
expect a minimum of 2°C warming by the end of
the century.

ACTIONS TO ADAPT
Aircraft operators need to be prepared for changes
in aircraft performance due to both higher average
and extreme temperatures. Consideration may
need to be given to rescheduling heavier aircraft
departures to cooler times of the day (as already
happens in some locations) or even reducing
payload. Airport cooling requirements may
increase to limit the effects of high temperatures on
passengers and staff. Development or renovation
of infrastructure should consider measures such

as materials and design to facilitate natural
cooling. Heating requirements may also increase
if more extreme winter weather can be expected.
Local climate forecasts can be used to assess
whether airport surface material specifications
will be sufficient for future average and extreme
temperatures. Both forecast temperature changes
and potential geographical changes in traffic
demand should be considered when planning
infrastructure projects. Seasonal changes in
demand which shift tourism demand to the
shoulder months may reduce controller workload
and pressure on airport capacity during the peak
summer months.

// / / / // / / //////////// / / / / / / / / / / / / / / / / / /////////////////////////////
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"... higher cooling demand [due to] higher
average and extreme temperatures”
CAA/Regulator
STAKEHOLDERS’ VIEWS

“... long term droughts”
CAA/Regulator

Stakeholders identified changing temperatures
as one of the main climate impacts they expect
to have to deal with. Specific impacts which
respondents identified include higher cooling
demand due to higher average and extreme
temperature, long-term droughts, and wild fires.

“... Extremely high temperatures”
CAA/Regulator
“... Change in permafrost in Greenland”
CAA/Regulator

High heat, low lift
Exceptional temperatures in the Southern United States in summer 2017 caused the cancellation of
flights for some smaller aircraft that were not certified to operate at the temperatures reached. In fact this
situation is not unique, with several airports around the globe already scheduling heavier departures for
cooler parts of the day to accommodate higher temperatures, higher altitudes or shorter runways. This is
because as air temperature increases, air density declines and lift is reduced for any given speed so more
thrust and runway length are required to get airborne.
However, as climate change increases both average and extreme temperatures, such situations may
become more common. A recent study identifies a number of airports worldwide where weight restrictions
to aircraft may be required due to an increase in high-heat days. In particular, airlines using airports with
short runways or at high altitudes may need to adjust schedules or lower payloads to deal with this, with
a resulting impact on their operations and revenues as well as those of the airports (Ref. 24).

THE CHALLENGES OF
CHANGING PRECIPITATION
(RAIN AND SNOW)
Heavy precipitation will increase in most of Europe. Snow will generally decrease, although with a
potential increase in heavy snowfall events. Heavy precipitation and snow can disrupt operations
and reduce airport throughput.

THE CLIMATE IMPACT
n

n

n

Changes to precipitation will vary seasonally
and geographically: an increase in annual
precipitation in the North and a decrease in
the South of Europe
An increase in heavier precipitation events,
particularly in North Eastern Europe, and
an increase in longer dry periods can be
expected
In general, snow cover will continue to
decrease and snow seasons become shorter,
although there may also be an increase in
heavy snowfall events due to the ongoing
decrease in Arctic sea ice

THE AVIATION IMPACT
n

n

n
n

Disruption to operations e.g. delays or
cancellations
Airfield flooding and drainage system
overload
Reduced airport throughput
Change in snow clearance and de-icing
requirements

n

Inundation of underground infrastructure

n

Impact on ground transport access

n

Freezing rain impacting operations

Table 3 / The potential impacts of changing precipitation (rain and snow) (Refs. 11, 13, 22, 23, 25, 26)
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Figure 6 / Projected changes in annual (left) and summer (right) precipitation (%) in the period
2071–2100 compared with a baseline period of 1971–2000 period for the IPCC scenario RCP8.5.
(Source: EURO-CORDEX (Jacob et al, 2014) in EEA 2017)

Figure 6 shows a significant increase in annual
precipitation in much of northern and central
Europe and a decrease in southern Europe by the
later part of the century according to the IPCC high
emissions scenario (RCP8.5). In summer, more of
central Europe and some parts of northern Europe

will also experience a decrease, although much of
northern Europe will see an increase. For the IPCC
medium emissions scenario (RCP4.5, not pictured),
the geographical and seasonal pattern of change is
very similar to the high emissions scenario although
the extent of the change will be smaller (Ref. 13).

Figure 7 / Projected changes in heavy precipitation in winter (left) and summer (right) in 2071-2100
for the IPCC high-emissions scenario (RCP 8.5) compared to a baseline of 1971-2000.
(Source: EURO-CORDEX (Jacob et al, 2014) in EEA 2017)
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Heavy precipitation can affect airport operations.
Figure 7 shows that most, although not all, areas
will see an increase in heavy winter precipitation,
which can disrupt operations by the latter half of
the century. In the summer, northern and eastern
Europe will see an increase in precipitation,
whilst the South will see a decrease, although
this is for the highest emissions IPCC scenario
(RCP8.5). For the intermediate emissions scenario
(RCP4.5) similar seasonal patterns are expected
although the magnitude of change will be smaller.
Geographically, with the exception of some areas of
southern Europe, no decrease in heavy precipitation
is forecast under this scenario (Ref. 13).

STAKEHOLDERS’ VIEWS
An increase in precipitation and risk of flooding
were two of the main risks identified by survey
respondents, although fewer expect to be affected
by a decrease in precipitation. Specific impacts
identified included flooding, including flash floods,
and long term drought. More positively a potential
reduction in the need for de-icing requirements
was identified. Stakeholder organisations also
identified the need to engage with their staff and
to provide them with training.

“... Reduction of … de-icing fluid consumption”
Service provider
ACTIONS TO ADAPT
Local climate forecasts can be used to assess
whether drainage capacity is adequate over
the full expected lifetime of the installation.
The introduction of operational measures, such
as Airport-CDM4, can increase robustness and
flexibility. Improved use of meteorology (MET)
forecasting can facilitate making operational
decisions, as can information sharing with SWIM5.
Training is also key to ensure that staff know how
to interpret MET data, as well as how to react
during disruptions to operations. Snowfall has the
biggest impact in areas where it is not expected,
suggesting that even aerodromes in areas that
do not regularly experience snowfall should have
a plan in place for snow and ice removal, and a
contingency plan for access to equipment. On
a positive note, in some areas there may be a
decrease in de-icing requirements and snowfall
events.
4/
Airport Collaborative
Decision Making
(Airport-CDM) is a
system where airport
partners work together
and share data and
information to make
decisions which optimise
airport operations.

“... Floods and flash floods”
CAA/Regulator
“... Long term droughts”
CAA/Regulator
“... Staff engagement”
Airport operator 100,000 – 249,999 movements
per annum

To prepare for a decrease in rainfall and a potential
increase in drought, organisations can consider
measures to reduce water consumption. This
is a win-win measure in that it can also lead to
reductions in costs.

5/
System Wide Information
Sharing (SWIM) is
a process for
information sharing.
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THE CHALLENGES OF
CHANGING STORM PATTERNS
Uncertainties remain as to how climate change will impact storminess, but larger and more
damaging storms are likely to increase in number. Storms can disrupt operations and impact
capacity. Translating MET data to inform operational decisions is key.

THE CLIMATE IMPACT
n

n

n

n

n

Uncertainties as to changes in frequencies,
intensity and location of storms: studies
showing considerable variability
Studies typically agree on an increase in
the number of the strongest and most
damaging storms across all regions
Potential increase in severe autumn and
winter storms for the North Atlantic and
northern, north-western and central Europe
Possible increase in cyclones in central
Europe due to an eastward extension of the
North Atlantic storm track

THE AVIATION IMPACT
n

n

n
n

Disruption to operations: delays, re-routings,
route extensions and increased fuel burn
Potential en-route capacity loss and
congestion
Less predictability for 4-D trajectories
Larger and more intense convective systems
could affect multiple hub airports

n

Damage to infrastructure

n

Increase in lightning strikes

In the Mediterranean, tropical-like cyclones
may increase in intensity but decrease in
frequency

Table 4 / The potential impacts of increased convective weather (Refs. 11, 13, 22, 27, 28)

There are many uncertainties as to how storm
patterns will change: study results show
considerable variability and there are likely to be
regional and seasonal differences. However, studies
generally concur that stronger, and thus more
damaging, storms will be more frequent across
Europe.

ACTIONS TO ADAPT
Good meteorology (MET) information is key to
dealing with disruptive weather such as storms.
MET capabilities are improving, but it is important
that operational staff have the training to translate
MET information into operational decisions such
as pre-emptively cancelling flights, reducing
capacity or diverting aircraft. If convective systems
become larger and more intense, potentially
affecting multiple airports, then extra fuel may be
required to reach alternative diversionary airports.

On-board technology for detection of weather
systems and information sharing, e.g. through
SWIM, could also increase resilience.
Although lightning strikes may increase as a result
of atmospheric warming, aircraft are designed to
be protected from serious impact. However, more
frequent lightning strikes could cause an increase
in damage to aircraft and thus in maintenance
costs (Ref. 29; Ref. 30).
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STAKEHOLDERS’ VIEWS
Although the survey did not ask about storms
explicitly, the impact which respondents expect
to be most affected by is an increase in extreme
weather, which of course incudes intense and
damaging storms. Stakeholders highlighted that
extreme weather events were likely to become
more frequent and more intense, leading to
impacts for both passengers and operations, and
damage to infrastructure.

“... Damage to infrastructure affected by
increased intensity of storms"
CAA/Regulator
“... More occurrences of extreme weather …
leading to air transport delays and passenger
inconvenience”
CAA/Regulator
“... Extreme meteorological events”
CAA/Regulator

THE CHALLENGES OF
SEA-LEVEL RISE AND STORM SURGES
Sea-level rise will occur in the longer term. There may be economic costs to protect airports, or
potential loss of airport capacity. Storm surges will happen in the nearer term and may impact
operations and infrastructure. Ground access may also be vulnerable.

THE CLIMATE IMPACT
n

n

n

Sea-level rise in Europe projected to be
around the global average: 0.26–0.54m over
21st century for RCP2.6 and 0.45–0.81m
for RCP8.5 (there will be local differences
and some recent studies do suggest higher
values)
Exception for Europe is the northern Baltic
Sea and the northern Atlantic: post-glacial
rebound is causing land to rise and so sealevel rise is lower than in other regions

THE AVIATION IMPACT
n

n

n

n

n

Permanent or temporary loss of airport
capacity and airport infrastructure
Permanent or temporary loss of ground
access to airports
Economic costs of sea-level and storm surge
protection
Delay and perturbation from runway
inundation
Network disruption

Uncertainty regarding storm surges remains
high and there will be regional differences

Table 5 / The potential impacts of rising sea-levels (Refs. 13, 21, 22, 23, 31)
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Figure 8 / Projected change in relative sea-level for
2081-2100 compared to 1986-2005 for the
IPCC medium-to–low emissions scenario RCP4.5.
(Source: EURO-CORDEX (Jacob et al, 2014) in EEA
2017)

Figure 8 shows that although the overall trend is for
a rise in sea-level, there will be regional differences
with some locations expecting an increase of more
than 0.4 metres by the end of the century under the
IPCC medium-to-low emissions scenario. Although
the impacts of sea-level rise are not expected
until later in the century, more frequent or more
intense storm surges may have an earlier impact
causing flooding and temporarily raising sea-levels
(Ref. 13). Analysis by the European Union Joint
Research Centre identifies 96 European airports
at risk of inundation from one metre of sea-level
rise, although it is noted that by taking adaptation
measures such as building dikes this should not
affect their operations. With a more extreme sealevel rise of between 1 and 3 metres, 23 additional
airports may be at risk, although this is at the high
end of sea-level rise projections (Ref. 23).

raising or reinforcing sea-defences and existing
infrastructure or relocating sensitive or valuable
infrastructure. Development of secondary airports,
or airport relocation, may also need to be considered
in more serious cases. Maintaining ground access
links should also be addressed and coordination
with transport providers will be required.
When developing new infrastructure sea-level rise
forecasts should be considered.
An increase in intensity or frequency of storm
surges may occur in the nearer term, but adaptation
measures will be similar, with the need to consider
defence or reinforcement options. Measures
to improve flexibility and robustness during
operational disruption could also be considered.

STAKEHOLDERS’ VIEWS
ACTIONS TO ADAPT
For sea-level rise, the longer timescales allow more
time for planning based on safety and economic
factors. Measures that are implemented will be
based on an individual organisation's specific
situation, although coordination and collaboration
with local government and other local stakeholders
may be beneficial. Measures to consider include
allowing a certain degree of encroachment of water,
as long as safety is not compromised, constructing,

Whether an organisation is affected by sealevel rise will be dependent on its geographical
location, and consequently it will not be a risk
for all stakeholders. This is reflected in the survey
results by the smaller number of respondents
that selected it as one of the main impacts they
expect to be affected by. Nevertheless, 13 of the 44
respondents that answered this question cited it as
one of the main climate change impacts to address
for their organisation.

// / / / // / / //////////// / / / / / / / / / / / / / / / / / /////////////////////////////

24 / EUROPEAN AVIATION IN 2040 - CHALLENGES OF GROWTH - ADAPTING AVIATION TO A CHANGING CLIMATE

THE CHALLENGES OF
CHANGING WIND PATTERNS
Changes to the jet stream will alter flight times and increase clear air turbulence. Shifts in
prevailing wind direction may lead to an increase in crosswinds which can cause changes in
procedure or disruption to operations. More research is required.

THE CLIMATE IMPACT
n

n

n

n

Changes to the jet stream (strength, latitude,
altitude and curvature)
Potential increase in extreme wind speeds
for northern parts of central and western
Europe, and potential decrease in extreme
wind speeds in southern Europe
Changes in prevailing wind direction due to
movement of the jet stream and storm tracks
Strengthening of vertical wind shear

THE AVIATION IMPACT
n
n

n

n

n

n

An increase in clear air turbulence.
Changes to trans-Atlantic flight times and
routings
Increase in crosswinds due to shifts in
prevailing wind direction
Changes in procedure due to crosswinds
may have an environmental impact.
Reduction in capacity at airports with no
crosswind runway
Disruption to operations if winds are too
strong to take-off or land for some aircraft
types

Table 6 / The potential impacts of changing wind patterns (Refs. 11, 32, 33, 35)

Changing global wind patterns can alter flight
times and increase clear air turbulence (see box
“Changing flight times and more turbulence”).
However, one area which remains under-explored
in the literature is potential changes to local wind
patterns, and a possible increase in cross-winds as
a result.

STAKEHOLDERS’ VIEWS
Changes in wind conditions are one of the physical
impacts of climate change which stakeholders
expect to be most affected by. They also noted
that there may be a possible increase in en-route
turbulence.

ACTIONS TO ADAPT
This is an area where more research is required,
particularly to understand the implications of shifts
in prevailing wind direction. This is an organisationspecific impact which will be dependent on both
runway configuration and projected wind patterns,
and so a local risk assessment would be beneficial.
For clear air turbulence (CAT), technologies for
detection are required and changes to airframe
design may need to be considered. Improved
operational CAT forecasts will increase the pilot’s
ability to avoid areas of CAT to the extent possible
(Ref. 33; Ref. 34; Ref. 35).

“... Changing wind patterns en-route and
turbulence en-route”
Pilot
“... Turbulence and surface winds”
Manufacturer
“... Cross winds”
Service provider
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Changing flight times and more turbulence
A jet stream is a current of air characterised by both high speeds (up to 320km/h) and strong transverse
gradients of speed. Europe is mainly affected by the North Atlantic jet stream, which is formed as a result
of a temperature gradient between the cold polar air masses and the warmer tropical air masses (Ref. 36).
The direction, position and strength of the winds are not always constant and some evidence suggests
that, due to climate change, the jet stream is becoming more variable in position, direction and strength
(Ref. 37; Ref. 38).
Changes to the jet stream can have an impact on aviation operations in two main ways; increasing clear
air turbulence and impacting flight times. Climate change is expected to strengthen the North-Atlantic jet
stream, causing an increase in both the frequency and strength of clear-air turbulence with a potential
increase in moderate turbulence by “94% (37%–118%), moderate-to-severe by 127% (30%–170%), and
severe by 149% (36%–188%)” along transatlantic flight corridors (Ref. 33, p.576).
Changes to the strength of the jet stream also have the potential to increase westbound transatlantic
journey times and decrease eastbound ones. However, the increase and decrease do not counterbalance
each other, leading to a mean lengthening of the round-trip journey time, and a corresponding increase in
flight time, fuel burn / emissions and costs (Ref. 39; Ref. 40). We have recently seen record Eastbound flight
times due to temporarily increased strength of the jet stream (Ref. 41).
We are also starting to get anecdotal evidence that variability of the jet stream, coupled with continuing
traffic growth, particularly in intercontinental long-haul flights, is leading to challenges in planning flights
and for airports to handle arrivals. Particularly at major European hub airports the earlier than planned
arrival of intercontinental traffic can lead to problems with slot management and aircraft needing to
hold. This is an issue to monitor for the next Challenges of Growth report in order to assess whether it is
going to be a short-term trend or a more permanent challenge.

DIFFERENT IMPACTS,
JOINT CHALLENGE
The same impact can affect multiple stakeholders in different ways. However, an integrated and
collaborative approach to building resilience is required
The potential climate change impacts for an
organisation will vary according to climate zone,
location, and type of organisation. For example,
with changes in storm patterns, damage to
infrastructure from storms may be a key concern
for airports, whilst an increase in en-route
convective weather may be a bigger concern for
aircraft operators. But some impacts can affect
multiple stakeholders, for example, changes to
the jet stream's strength and location can impact
aircraft operators’ routings, flight times and fuel
consumption; ANSPs’ management of en-route
capacity; and also airport operators’ gate and

stand management if arrival times differ greatly
from planned slots. Moreover, disruption in one
part of the network can have a knock-on effect
for other stakeholders if, for example, runway
capacity is temporarily lost at a key hub airport.
Therefore, whilst each organisation will take its
own adaptation planning decisions to respond
to its individual needs, the combined effect of
those actions works to build the resilience of the
network as a whole: the interconnectedness of the
European and global aviation system necessitates
an integrated and collaborative approach to
building resilience.
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Figure 9 /
Different actors, different impacts
Note that these are selected examples only and the significance
of these risks will vary according to climate zone, geographical
location and type of operations.

Precipitation change
n

Disruptions to operations (e.g. airfield flooding, ground subsidence)

n

Reduction in airport throughput

n

Inundation of transport access (passengers and staff )

n

Loss of local utilities provision (e.g. power)

Sea-level rise
n

Loss of airport capacity

n

Impacts on en-route capacity due to lack of ground capacity

n

Loss of ground transport access

Temperature change
Changes in aircraft performance

Wind changes
n

Convective weather: disruptions to operations

n

Convective weather: route extensions

n
n

Precipitation change

Jet stream: potential increase in en-route turbulence
Crosswinds: reduction in capacity

Extreme events
n

Disruptions to operations

n

Disruption to ground transport access

n

Disruption to supply of utilities

Precipitation change
n

Disruptions to operations (e.g. airfield flooding, ground subsidence)

n

Reduction in airport throughput

n

Inundation of transport access (passengers and staff )

n

Loss of local utilities provision (e.g. power)

n

Inadequate drainage system capacity

n

Inundation of underground infrastructure (e.g. electrical)

Sea-level rise
n
n

Loss of airport capacity

n

Disruptions to operations (e.g. airfield flooding, ground subsidence)

n

Reduction in airport throughput

n

Inundation of transport access (passengers and staff )

n

Loss of local utilities provision (e.g. power)

Sea-level rise

AIR NAVIGATION SERVICE PROVIDERS

AIRCRAFT OPERATORS

n

Loss of airport infrastructure

n

Loss of airport capacity

n

Impacts on en-route capacity due to lack of ground capacity

n

Loss of ground transport access

Temperature change
n

Changes in aircraft performance

n

Changes in noise impacts due to changes in aircraft performance

Wind changes
n

Convective weather: disruptions to operations

n

Convective weather: route extensions

Extreme events
n

Disruptions to operations

n

Disruption to ground transport access

n

Disruption to supply of utilities

n

Changes in noise impact due to changes in aircraft performance

n

Heat damage to airport surface (e.g. runway, taxiway)

n

Increased heating and cooling requirements

Precipitation change

Wind changes
n

Convective weather: disruption to operations

n

Local wind patterns: potential disruption to operations and changes to
distribution of noise impact

		
n

n

Disruptions to operations

n

Disruption to ground transport access

n

Disruption to supply of utilities

Inundation of ground transport access (passengers and staff )

n

Loss of local utilities provision (e.g. power)

n

Loss of ground transport access

Temperature change

Crosswinds: reduction in capacity

Extreme events

n

Sea-level rise

EXTERNAL

AIRPORT OPERATORS

Temperature change

n

Increased pressure on local utilities (e.g. water and power, for cooling)

Extreme events
n

Disruption to ground transport access

n

Disruption to supply of utilitie

Extreme events: Sudden intense and short-lived precipitation and wind events e.g. storm surges, hurricanes, hail storms, lightning as opposed to
seasonal or annual changes. of operations.
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ADAPTING EUROPEAN AVIATION
TO A CHANGING CLIMATE
Eighty-six percent of respondents expect
adaptation to the impacts of climate change to
be necessary, and 52% have begun adaptation
and resilience planning. Many respondents
stated that they have no information on how
to plan for adaptation whilst a smaller number
consider it too early.
Eighty-six percent of respondents expect
adaptation to the impacts of climate change to be
necessary now or in the future, the same proportion
as in 2013, suggesting that perceptions of climate
change risk have, on the whole, not greatly
changed, although there may be wider awareness
of the issue (N = 91, Figure 10a). However, only
52% of organisations have responded to this by
initiating planning for the impacts of climate
change (N = 80, Figure 10b). This compares to 48%
in 2013. This suggests that even though there is
a growing awareness of this issue, there are still
reasons for not taking action.

a) % of organisations that
consider adaptation to reduce
the potential impacts of climate
change may be necessary now or
in the future

86%

14%

Yes

No

52%

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

48%

Yes

0%

10%

20%

30%

No

40%

50%

60%

70%

80%

90%

100%

Figure 10 /
(a) 86% of respondents consider adaptation action
may be necessary (b) 52% of organisations have begun planning
for adaptation to climate change.
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Reasons organisations gave for not initiating
planning varied from considering it too early,
not having information on how to plan and not
having financial resources (Figure 11). Of the
31 respondents that answered this question 15
indicated that they had no information on how to
plan and five responded that they were not aware
of the need, suggesting that there may be a need
for further information and guidance in this area.
Eleven respondents answered that it was too
early to begin planning, suggesting that for some
organisations this is seen as a longer term risk,
whilst seven organisations cited lack of resources as
their reason for not initiating action.
16
14
12
10
8
6
4
2
0

Too early

No info on
how to plan

Not aware of
the need

No financial
resources

Other

Figure 11 /
Organisations’ reasons for not initiating planning for adaptation include lack of information
or considering it too early.
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ASSESSING CLIMATE RISK AND
PLANNING FOR ADAPTATION
A climate change risk assessment will identify risks and vulnerabilities which an organisation may
need to adapt to. A first high-level look can identify the need for a more detailed assessment.

A climate change risk assessment is a way for
an organisation to assess what its risks and
vulnerabilities from climate change might be before
going on to develop a climate adaptation strategy
or plan. To decide whether or not there may be a
need to do a risk assessment an organisation can
ask a few key questions about how the climate
may change locally, or, in the case of airlines, in the
locations where they are based and the destinations
that they fly to, and the potential impacts this

WHAT WILL BE THE FINANCIAL
AND CARBON IMPACTS OF
INCREASED DIVERSIONS TO
AVOID STORM EVENTS ?

DO YOU KNOW HOW THE
CLIMATE WILL CHANGE IN
YOUR AREA?

could have (Figure 12). For example, if an increase
in precipitation is forecast, then current drainage
systems may not be sufficient, or if temperatures
are expected to increase then existing cooling
systems may not be adequate. If this high-level
first-look flags up potential vulnerabilities, then a
more thorough risk assessment may be required,
noting of course that carrying out a risk assessment
does not lock an organisation into taking further
action.

CAN CHANGES TO THE JET STREAM
BE HARNESSED TO IMPROVE FLIGHT
TIMES AND PERFORMANCE ?

HOW WILL TEMPERATURE CHANGES
IMPACT AIRCRAFT PERFORMANCE AND
DEMAND FOR CABIN AIR CONDITIONING
(ON THE GROUND)?

DO YOU KNOW HOW
MUCH IT WILL COST TO
IMPLEMENT THE CLIMATE
ADAPTION MEASURES YOU
NEED?

WILL YOUR SYSTEMS
BE ABLE TO MANAGE CAPACITY
DURING MORE FREQUENT AND
EXTREME DISRUPTIVE WEATHER?

ARE YOUR RUNWAYS
OR TAXIWAYS AT RISK
OF FLOODING?

24
06

IS THE WIND LOAD FACTOR OF
YOUR CONTROL TOWER HIGH
ENOUGH TO HANDLE ANY
PROJECTED STRONGER
STORMY WEATHER?

CAN YOUR AIR NAVIGATION
EQUIPMENT WITHSTAND
SEVERE STORMS OR FLOODING?

CAN YOUR DRAINAGE
SYSTEM HANDLE ANY
PROJECTED INCREASE IN
RAINFALL?

WHO IS RESPONSIBLE FOR
CLIMATE CHANGE ADAPTATION
WITHIN YOUR ORGANIZATION?
CAN YOUR ELECTRICITY SUPPLY
AND CRITICAL SYSTEMS (E.G. IT) BE
MAINTAINED IN MORE FREQUENT AND
EXTREME DISRUPTIVE WEATHER?

CAN GROUND ACCESS TO THE AIRPORT
BE GUARANTEED IN CASE OF INCREASED
PRECIPITATION (E.G. RAIN OR SNOW)?

1

Figure 12 /
Getting started with risk assessment: a few key questions (Source, EUROCONTROL et al. 2014)
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There are a number of key stages to planning
and carrying out a climate change risk assessment,
and detailed guidance can be consulted (c.f. Ref. 26;
Ref. 42; Ref. 43; Ref. 44). The first steps are
identifying how the local climate will change and
building the team to carry out the risk assessment.
Although climate adaptation is often viewed as
the counterpart of climate mitigation, it is not
solely an environmental issue as it also creates
challenges for operations, infrastructure, safety,
business and mobility. Therefore it is important to
identify all of the areas in an organisation which
need to be involved, as well as coordinating
with partner organisations. Senior management
buy-in will also be essential. As the impacts and
adaptation measures required will be specific
to the organisation’s climate zone, geographical
location and type of operation it is important to
work with forecasters to understand how the local
climate might change.
A climate change risk assessment can be
carried out using an organisation’s existing risk
assessment methodology, or an organisation may
choose to develop its own climate risk assessment
methodology, or use one developed by another
organisation. It is also important to identify
whether there is any local, national or regional
legislation that needs to be complied with.
Decisions on which adaptation actions to take will
be highly dependent on local circumstances and
business models. Pre-emptive action is widely
judged to be beneficial and cost-effective, reducing
both costs and damages in the longer term, but it
should be based on the best available information
to avoid excessive or inappropriate adaptation.
“Low-regrets”, “no-regrets” or “win-win” measures
are widely considered to be cost-effective. These
are measures that are intended to address another
issue such as capacity, and which also help to
build resilience. Soft measures such as training
are also important to make sure staff are ready
to address potential challenges. Communication
and collaboration locally, regionally and globally,
and across sectors, will be required to develop the
overall resilience of the network.

CURRENT ADAPTATION STATUS
OF THE EUROPEAN NETWORK
A growing number of stakeholders consider
that both the European aviation sector and
European ATM are taking measures to adapt
to climate change, but that more needs to be
done.
Stakeholders consider that both the European
aviation sector and European ATM are becoming
better prepared to deal with the potential challenges
of climate change. Over half of respondents to this
question (55%) think that the sector has some
adaptation measures in place but that more needs
to be done (N = 63, Figure 13a). This compares to
50% in 2013. Just 6% of respondents think that the
sector has not considered adaptation, compared
to a much larger 25% in 2013. More specifically for
European ATM, 60% of respondents consider that
some adaptation measures are in place (N = 50,
Figure 13b). Compared to 31% in 2013, this would
suggest that progress is indeed being made. 8%
consider that European ATM has not considered
adaptation, a big decrease from 25% in 2013.
It is clear that awareness is growing and more
organisations are taking action. However,
consideration needs to be given to whether
sufficient measures are being taken quickly
enough, or whether we need to accelerate action.
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a / The European Aviation Sector

29%
55%

Is well prepared for the potential impact of climate change
Has some adaptation measures in place, more needs to be done
Has considered climate change adaptation but no actions have been initiated yet

6%

Has not considered climate change adaptation
Does not need to consider climate change adaptation

8%
2%

b / European ATM

28%
60%

Is well prepared for the potential impact of climate change
Has some adaptation measures in place, more needs to be done
Has considered climate change adaptation but no actions have been initiated yet
Has not considered climate change adaptation

8%

Does not need to consider climate change adaptation

2% 2%
Figure 13 / Stakeholder perceptions of level of preparedness for the potential impacts of climate change for
(a) the European Aviation Sector as a whole (b) European ATM.
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STAKEHOLDERS’ VIEWS
There was a general consensus from survey
respondents that awareness of this issue is rising
and that there is more information available
now. Many stakeholders noted that there is work
going on to identify and assess impacts, but more
research is required; in particular more research
on in-flight icing conditions, turbulence, surface
winds, humidity conditions and the frequency and
intensity of lightning strikes was proposed.
Stakeholders stated that more needs to be done
to translate the information that is available
into action. It was highlighted that translating
the science into impacts and costs is required
as making it tangible will promote action and
facilitate senior management buy-in. They
also observed that there are different levels of
preparedness within the sector and that some
organisations are moving faster than others. Some
stakeholders noted that the sector as a whole
does not seem to be working very actively on this
issue and that more could be done at sector-level;
for example: risk assessment, action plan or road
map development, developing suggested action
lists for different types of organisations, and more
general support and communication. The need to
make sure we are all planning for the same future
scenario was also identified.

“... Awareness about the potential impacts of
climate change on aviation is growing.”
Manufacturer
“... New infrastructure appears to be being
built with climate change in mind but there
remains much legacy infrastructure that may
be susceptible to greater extremes.”
CAA/Regulator
“... Gathering and assessing information, and
research on impacts is necessary.”
Pilot
“... Improve awareness, share experience,
training.”
ANSP 200,000 – 499,999 flights per annum
“... Build climate resilience into business plans.”
CAA/Regulator
“... Be more proactive in the implementation
of measures rather than being caught
unprepared.”
Airport Operator - 100,000 – 249,999

Several respondents identified a good risk
assessment as the basis for effective adaptation
action. Building climate resilience into business
plans and taking a longer-term perspective
was also proposed. The need for increased
communication, collaboration and coordination
among stakeholders and at sector-level was
continually highlighted, as was the need for more
support such as training, workshops and guidance.
Overall, most respondents agreed that some action
is being taken, but that not only does more need to
be done, it also needs to be done more quickly so
that as a sector we do not get caught unprepared.
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STAKEHOLDER ACTIONS TO ADAPT
A growing number of organisations have climate adaptation plans in place. Planned adaptation
measures include preparing for changes to temperatures and precipitation, contingency,
business and infrastructure planning.

Decisions on which adaptation actions to take
will be highly dependent on local circumstances,
expected changes to the climate, and business
models. Measures may be operational, financial or
be intended to make infrastructure more resilient.
Seventeen of the organisations that responded
to the survey already have a climate change
adaptation plan in place. However, this question
was not mandatory and only a third of respondents
answered it, therefore this may not be a complete
representation of the number of organisations in
Europe with plans in place. In general, there does
seem to be a move towards more organisations
developing plans, particularly airport operators
and regulators.

Figure 14 gives an overview of measures already
being implemented, or considered, by those
organisations that have an adaptation plan in place.
Most respondents are taking measures to prepare
for the impacts of changes to temperatures or
precipitation, which is consistent with these impacts
being viewed as the biggest risks. Contingency
planning for operational resilience and to deal
with unexpected disruption, as well as business
and infrastructure measures, are also viewed as
important. Other measures that were highlighted
were staff engagement, building climate change
forecasts into capital investment projects and
updating environmental management systems
and risk assessment processes to incorporate
impacts from climate change.

0
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12

Alterations to infrastructure: temperature and/or precipitation

Alterations to infrastructure: sea level rise / storm surges

Contingency planning

Financial planning

Business and infrastructure planning

Other

Figure 14 / Measures which organisations are taking or expect to take develop climate resilience.
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CONCLUSIONS
Scientists are certain that the climate is changing.
Over the medium and longer term, there will be
changes to temperatures, to rain, snow, wind and
storm patterns and in the sea-level. This will affect
aviation infrastructure, daily operations and, more
uncertainly, patterns of demand. An updated and
re-run stakeholder climate change adaptation
survey received a much larger response than in
2013 – over 90 respondents – and shows that the
European aviation industry increasingly recognises
that these challenges are coming. Over a quarter of
respondents are already experiencing the impacts
of climate change and, talking to our operational
stakeholders, many already report seeing changes
in regular weather patterns, such as more frequent
and intense disruptive weather events, that impact
their operations. Organisations expect an increase
in extreme weather, higher temperatures, changes
in wind conditions and increased precipitation to
be the biggest challenges they will have to face.
Despite this growing awareness, there has
been little change over the last five years in the
proportion of organisations actually planning for
adaptation to climate change impacts. Only a small
majority (52%) reported that their organisations
had begun to plan for adaptation compared to 48%
in 2013; but as the response size was much smaller
last time the actual number of organisations taking
action is greater. Reasons for not taking action
include lack of information and lack of resources,
and considering it too early.
One of the themes of Challenges of Growth is
sounding an early warning, leading to actions
that are taken in good time. Given the long-term
horizons of investments in aviation infrastructure,
some of these climate change effects are within
planning horizons, e.g. before 2040. We therefore
need to do more here to understand the gap
between recognising the need and real planning
for action: are we acting sufficiently and in sufficient
time? If not, what can be done to encourage
investments that take climate change into account?
Individual organisations will of course take their
own adaptation planning decisions based on their
own specific circumstances and business decisions.
However, due to the interconnectedness of the
European and global aviation system an integrated
and collaborative approach to building resilience is
required. This a risk that needs further investigation.

// / / /// / / /////////// / / / / / / / / / / / / / / / / / //////////////////////

36 / EUROPEAN AVIATION IN 2040 - CHALLENGES OF GROWTH - ADAPTING AVIATION TO A CHANGING CLIMATE

REFERENCES
1.

EUROCONTROL, (2018). European Aviation in 2040,

14.

Challenges of Growth, EUROCONTROL, June 2018.

IPCC, (2013). Summary for Policymakers. In:
Climate Change 2013: The Physical Science Basis.
Contribution of Working Group I to the Fifth

2.

ECAC-EUROCONTROL, (2001). Study on Constraints

Assessment Report of the Intergovernmental

to Growth, Volume 1, EUROCONTROL, Brussels.

Panel on Climate Change [Stocker, T.F., D. Qin, G.-K.
Plattner, M. Tignor, S.K. Allen, J. Boschung, A. Nauels,

3.

ECAC-EUROCONTROL, (2004). Challenges to

Y. Xia, V. Bex and P.M. Midgley (eds.)]. Cambridge

Growth 2004, Report, EUROCONTROL, Brussels.

University Press, Cambridge, United Kingdom and
New York, NY, USA.

4.

EUROCONTROL, (2008). Challenges of Growth
2008, Summary Report, EUROCONTROL, Brussels.

15.

Thomson, A.M., Calvin, K.V., Smith, S.J., Kyle,
G.P., Volke, A., Patel, P., Delgado-Arias, S.,

5.

EUROCONTROL, (2013). Challenges of Growth

Bond-Lamberty, B., Wise, M.A., Clarke, L.E. and

2013, Summary Report, EUROCONTROL, Brussels.

Edmonds, J.A., (2011). RCP4. 5: a pathway for
stabilization of radiative forcing by 2100. Climatic

6.

EUROCONTROL, (2018). European Aviation in 2040,

change, 109(1-2), p.77.

Challenges of Growth, Annex 1: Flight forecast to
2040, EUROCONTROL, October 2018.

16.

Masui, T., Matsumoto, K., Hijioka, Y., Kinoshita,
T., Nozawa, T., Ishiwatari, S., Kato, E., Shukla,

7.

8.

EUROCONTROL, (2018). European Aviation in

P.R., Yamagata, Y. and Kainuma, M., (2011).

2040, Challenges of Growth, Annex 3: Mitigation

An emission pathway for stabilization at 6 Wm−2

measures, EUROCONTROL, October 2018.

radiative forcing. Climatic change, 109(1-2), p.59.

EUROCONTROL, (2018). European Aviation in

17.

Climate Action Tracker, (2017). Improvement in

2040, Challenges of Growth, Annex 4: Network

warming outlook as India and China move ahead,

Congestion, EUROCONTROL, October 2018.

but Paris Agreement gap still looms large. http://
climateactiontracker.org/publications/briefing/288/

9.

10.

EUROCONTROL, (2008). Challenges of Growth

Improvement-in-warming-outlook-as-India-and-

2008, Environment Technical Report (Thomas et al.,

China-move-ahead-but-Paris-Agreement-gap-still-

2008)

looms-large.html

UNFCCC, (2015). Paris Agreement. Paris: United

18.

World Meteorological Organisation
(2018, 2 March). Arctic warmth contrasts with

Nations, pp.1-27.

Europe-wide chill. Retrieved from:
11.

EUROCONTROL, (2013). Challenges of Growth

https://public.wmo.int/en/media/news/arctic-

2013, Climate Change Risk and Resilience Report,

warmth-contrasts-europe-wide-chill

EUROCONTROL, Brussels.
19.
12.

World Economic Forum (WEF), (2018, 28

IPCC, (2014). Climate Change 2014: Synthesis

February). The scientific reason Europe is incredibly

Report. Contribution of Working Groups I, II

cold and snowy this week. Retrieved from:

and III to the Fifth Assessment Report of the

https://www.weforum.org/agenda/2018/02/this-is-

Intergovernmental Panel on Climate Change [Core

the-scientific-reason-europe-is-incredibly-cold-and-

Writing Team, R.K. Pachauri and L.A. Meyer (eds.)].

snowy-this-week

IPCC, Geneva, Switzerland, 151 pp.
13.

European Environmental Agency (EEA), (2017).
Climate change, impacts and vulnerability in Europe
2016. An indicator-based report.

/ / / / / / / / / / / / / / / / /////////////////////////////////////// / / / / / / / / / / / /

37

20.

Jacob, D., Petersen, J., Eggert, B., Alias, A.,

28.

Zappa, G., Shaffrey, L.C., Hodges, K.I., Sansom,

Christensen, O.B., Bouwer, L.M., Braun, A.,

P.G. and Stephenson, D.B., (2013).

Colette, A., Déqué, M., Georgievski, G. and

A multimodel assessment of future projections of

Georgopoulou, E., (2014). EURO-CORDEX: new

North Atlantic and European extratropical cyclones

high-resolution climate change projections for

in the CMIP5 climate models. Journal of Climate,

European impact research. Regional environmental

26(16), pp.5846-5862.

change, 14(2), pp.563-578.
29.
21.

Romps, D.M., Seeley, J.T., Vollaro, D. and Molinari,

IPCC, (2013). Summary for Policymakers. In:

J., (2014). Projected increase in lightning strikes in

Climate Change 2013: The Physical Science Basis.

the United States due to global warming. Science,

Contribution of Working Group I to the Fifth

346(6211), pp.851-854.

Assessment Report of the Intergovernmental
Panel on Climate Change [Stocker, T.F., D. Qin, G.-K.

30.

Rupke (2001, August 20). What happens when

Plattner, M. Tignor, S.K. Allen, J. Boschung, A. Nauels,

lightning strikes an airplane? Retrieved from:

Y. Xia, V. Bex and P.M. Midgley (eds.)]. Cambridge

https://www.scientificamerican.com/article/what-

University Press, Cambridge, United Kingdom and

happens-when-lightni/

New York, NY, USA.
31.
22.

23.

Church, J.A., Clark, P.U., Cazenave, A., Gregory,

EUROCONTROL, ACI-EUROPE, AENA, Avinor,

J.M., Jevrejeva, S., Levermann, A., Merrifield,

DGAC, Heathrow, NATS, Manchester Metropolitan

M.A., Milne, G.A., Nerem, R.S., Nunn, P.D. and

University, (2014). Adapting Aviation to a Changing

Payne, A.J., (2013). Sea level change. PM Cambridge

Climate Factsheet, EUROCONTROL, Brussels.

University Press.

Christodoulou A., Demirel H., (2017). Impacts

32.

European Environment Agency (EEA), (2012).

of climate change on transport - A focus on

Climate Change Impacts and Vulnerability in Europe

airports, seaports and inland waterways, EUR

2012, European Environment Agency, Copenhagen.

28896 EN, Publications Office of the European
Union, Luxembourg. ISBN 978-92-79-76902-3,

33.

doi:10.2760/447178, JRC108865.

Williams, P. D., (2017). Increased Light, Moderate,
and Severe Clear-Air Turbulence in Response to
Climate Change, Advances in atmospheric sciences,

24.

Coffel, E.D., Thompson, T.R. and Horton, R.M.,

vol. 34 (May 2017), pp 576–586.

(2017). The impacts of rising temperatures on
aircraft takeoff performance. Climatic change, 144(2),

34.

Storer, L. N., Williams, P. D. and Joshi, M. M.,
(2017). Global Response of Clear Air Turbulence to

pp.381-388.

Climate Change, Geophysical Research Letters, 44.
25.

Liu, J., Curry, J.A., Wang, H., Song, M. and Horton,
R.M., (2012). Impact of declining Arctic sea ice

26.

35.

Pümpel, H., (2016). Maintaining Aviation Safety:

on winter snowfall. Proceedings of the National

Regulatory Responses to Intensifying Weather

Academy of Sciences, 109(11), pp.4074-4079.

Events. Carbon & Climate Law Review, pp.113-117.

Mosvold Larsen, O., (2015). Climate change is

36.

Met Office, (2017). What is the jet stream?

here to stay: Reviewing the impact of climate

https://www.metoffice.gov.uk/learning/wind/what-

change on airport infrastructure. Journal of Airport

is-the-jet-stream

Management, 9(3), pp.264-269.
37.
27.

Trouet, F., Babst, M. Meko, (2018). Recent

Baatsen, M., Haarsma, R.J., Van Delden, A.J.

enhanced high-summer North Atlantic Jet variability

and De Vries, H., (2015). Severe autumn storms in

emerges from three-century context. Nature

future western Europe with a warmer Atlantic ocean.

Communications.

Climate dynamics, 45(3-4), pp.949-964.

// / / / // / / //////////// / / / / / / / / / / / / / / / / / /////////////////////////////

38 / EUROPEAN AVIATION IN 2040 - CHALLENGES OF GROWTH - ADAPTING AVIATION TO A CHANGING CLIMATE

38.

Francis, J.A. and Vavrus, S.J., (2015). Evidence
for a wavier jet stream in response to rapid Arctic
warming. Environmental Research Letters, 10(1),
p.014005.

39.

Williams, P., (2016). Transatlantic flight times and
climate change. Environmental Research Letters, 11.
(3) pp. 031002.

40.

Irvine, E., Shine, K. Stringer, M., 2016. What are
the implications of climate change for trans-Atlantic
aircraft routing and flight time? Transportation
Research Part D: Transport and Environment Volume
47, August 2016, Pages 44–53.

41.

The Telegraph. (2018, 18 January). “BA loses
transatlantic time record to Norwegian thanks to
ferocious jet stream”. Retrieved from:
https://www.telegraph.co.uk/travel/news/
norwegian-breaks-transatlantic-speed-record/

42.

Heathrow Airport (LHR), (2011). Climate Change
Adaptation Reporting Power Report, Heathrow
Airport Limited, London.

43.

DGAC/STAC, (2013). Vulnérablité des aéroports au
face de changement climatic, Service Technique
de l'aviaiton Civile, Directorate Général de l’Aviation
Civile, Paris.

44.

Airport Cooperative Research Programme
Synthesis (ACRP), (2014). ACRP 147: Climate
Change Adaptation Planning: Risk Assessment
for Airports, Transportation Research Board of the
National Academies, Washington.

/ / / / / / / / / / / / / / / / /////////////////////////////////////// / / / / / / / / / / / /

// / / / // / / //////////// / / / / / / / / / / / / / / / / / /////////////////////////////

© European Organisation for the Safety of Air Navigation (EUROCONTROL) 2018
This document is published by EUROCONTROL in the interests of exchange of information.
It may be copied in whole or in part, providing that the copyright notice and disclaimer are included.
The information contained in this document may not be modified without prior written permission
from EUROCONTROL.
EUROCONTROL makes no warranty, either implied or express, for the information contained in this
document, neither does it assume any legal liability or responsibility for the accuracy, completeness
or usefulness of this information.
For further information please contact STATFOR, the EUROCONTROL Statistics and Forecast Service
statfor.info@eurocontrol.int
https://www.eurocontrol.int/statfor
The EUROCONTROL Statistics and Forecast Service is ISO 9001:2015 certified

Notices
1. This chart is disseminated under the sponsorship of EUROCONTROL in the interest of
information exchange.
2. National boundaries depicted on the chart are only indicative and have no political significance.
Disclaimer
Although great care is taken in both the collection of aeronautical data and the production of the
chart, complete accuracy cannot be guaranteed. Errors brought to EUROCONTROL's attention shall
be corrected. EUROCONTROL will therefore not assume any liability for the contents of the chart
(i.e. for errors or omissions) and/or any use thereof.

