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Executive summary 

This document forms one of the five technical reports produced as part of EUROCONTROL’s Climate Change 
Risks for European Aviation study 2021. As part of the study, the European-level threat of a rising sea level and 
its impact on airport capacity in the European Civil Aviation Conference (ECAC) region was investigated. This 
report presents a technical summary of the methodology, results and conclusions drawn from the work. 

Over the last century, global warming has led to widespread shrinking of the cryosphere – the part of the Earth 
system that includes snow, sea ice, lake and river ice, icebergs, glaciers and ice caps, ice sheets and ice shelves, 
permafrost and seasonally frozen ground. This will continue to drive Sea Level Rise (SLR) around the world. 
Global Mean Sea Level (GMSL) rise is forecast to rise by between 0.43m and 0.84m by 2100 (Representative 
Concentration Pathways (RCP) 2.6 and RCP8.5). An increase in storm surge level is forecast for most climate 
scenarios and return periods along the northern European coastline, compared to small changes or a decline 
along most European coastal areas south of 50 °N. Processes including storm surges, waves and tides (or a 
combination of these) can lead to extreme sea level (ESL) events. 

In Europe, the rise in sea level relative to land along most coasts is projected to be similar to the global 
average; this is with the exception of the northern Baltic Sea and the northern Atlantic coast, which have been 
experiencing considerable land rise since the last ice age as a consequence of Glacial Isostatic Adjustment 
(GIA).  

To quantify the number of ECAC airports at risk from marine flooding, GIS (Geographical Information Systems) 
simulations were used to compare sea level projections against the airport elevations of coastal airports under 
the RCP4.5 (lower intermediate) and RCP8.5 (worst case) scenarios for greenhouse gas concentration 
trajectories developed by the Intergovernmental Panel on Climate Change (IPCC). The projected flooding risks 
combine the effects of storm surges (100-year return period), expected SLR, and GIA. Flooding risk refers to 
the level of flooding of the runway track and has been categorised into no flooding, partial (<50%), severe 
(>50% to <100%) and full flooding. Results were validated, including by use of elevation data from the 
European AIS Database (EAD). The assessed flooding conditions do not take into consideration coastal 
protections such as dykes and polders as these were too small to be recognised within the resolution of the 
digital elevation model (DEM) used. The results of this study should thus be interpreted as a measure of the 
risk without natural or artificial defences. 

More than 270 airports (aerodromes and aerodromes with heliports) were assessed under the analysis. In total, 
two thirds (178 of 273) of coastal and low-lying airports were forecast to be at risk of marine flooding up to 
2090 under the three simulated scenarios of 2040 RCP4.5/RCP8.5, 2090 RCP4.5 and 2090 RCP8.5. The number 
of ECAC airports at risk of severe or full flooding is projected to increase by 23% and 20% respectively by 2090 
(RCP8.5). The increase is also significant under the lower intermediate IPCC scenario (RCP4.5), where 15% more 
airports will be at risk from severe or full flooding by 2090 compared to year 2000. Rising risk is thus apparent 
even under more optimistic greenhouse gas emission pathways. 

Using the results of the analysis, a quantitative operational and cost impact assessment was conducted for 
large and medium sized airports. To assess the impact of the identified risk levels, airports were categorised 
into small, medium and large based on their number of Air Traffic Movements (hereinafter referred to as 
movements) per year. Table 1 provides a summary of the SLR modelling results in terms of number of airports 
within a category forecast to be at risk of partial, severe or full flooding under the three simulated scenarios. 
Whilst large and medium airports do not change flooding risk categories over the century, their actual 
percentage flooding does however increase. 
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Table 1: Summary of results of SLR modelling 

 Partial flooding Severe flooding Full flooding 

Large airports (>100k movements per year) 

2040 (RCP4.5/RCP8.5) 5 0 1 

2090 (RCP4.5) 5 0 1 

2090 (RCP8.5) 5 0 1 

Medium airports (>30k and < 100k movements per year) 

2040 (RCP4.5/RCP8.5) 7 6 1 

2090 (RCP4.5) 7 6 1 

2090 (RCP8.5) 7 6 1 

Small airports (<30k movements per year) 

2040 (RCP4.5/RCP8.5) 59 38 48 

2090 (RCP4.5) 55 44 53 

2090 (RCP8.5) 52 48 55 

The results of the operational impact assessment show that in the case of a one-day closure of an airport due 
to full or partial/severe flooding, an average of approximately 0.5% (medium airports) and 2-3% (large 
airports) of all movements per day in the ECAC region could be impacted. This estimate is based on analysis of 
the operations of those airports identified as at risk within the SLR analysis.  

The results of the cost impact assessment show that the cost of diverted and cancelled flights in the case of a 
one-day closure at an airport due to full flooding could be around €3 million (medium airports) or €18 million 
(large airports). 

The average estimated cost of diverted, cancelled and delayed flights due to partial or short-term airport 
closure caused by partial/severe flooding are slightly lower - around €2 million (medium airports) or €15 
million (large airports). 

Small airports were further sub-divided into airports with connectivity importance, military airports, airports 
near tourist destination and airports important for the General Aviation (GA) community, so that the 
operational impact on each subgroup could be explored. The report also discusses the impact an unplanned 
loss of airport capacity due to SLR could pose for the efficiency and delay performance of the entire European 
air traffic management system.  

  



Climate Change Risks for European Aviation 2021  

Impact of sea level rise on European airport operations    
Technical report 

 

  Page 8 of 70 

 

Table of acronyms 

Acronym Definition 
AAS Airspace Architecture Study 
ACC Area Control Centre 
ACI Airports Council International 
ADEXP ATS Data EXchange Presentation 
ADS-B Automatic Dependant Surveillance-Broadcast  
AIM Aeronautical Information Management 
AIP Aeronautical Information Publication 
AIS Aeronautical Information Service 
AMOC Atlantic Meridional Overturning Circulation 
AMHS Aeronautical Message Handling System 
ANSP Air Navigation Service Provider 
AoI Area of Interest 
AR5 The IPCC fifth Assessment Report 
ASTER Advanced Spaceborne Thermal Emission and Reflection Radiometer 
A-SMGCS Advanced Surface Movement Guidance and Control System 
ATCO Air Traffic Control Officer 
ATFM Air Traffic Flow Management 
ATM Air Traffic Management 
ATS Air Traffic Service 
ATSP Air Traffic Service Provider 
ATSU Air Traffic Service Unit 
BP Before Present 
CAA Civil Aviation Authority 
CBA Cost Benefit Analysis 
DEM Digital Elevation Model 
EAD European AIS Database 
EASA European Union Aviation Safety Agency 
ECAC European Civil Aviation Conference 
ESL Extreme Sea Level 
FAA Federal Aviation Administration 
FDPS Flight Data Processing Systems 
FIR Flight Information Region 
FRA Free Route Airspace 
FUA Flexible Use of Airspace 
GA General Aviation 
GDEM Global DEM 
GIA Global Isostatic Adjustment 
GIS Geographic Information System 
GMSL Global Mean Sea Level 
ICAO International Civil Aviation Organization 
IFR Instrument Flight Rules 



Climate Change Risks for European Aviation 2021  

Impact of sea level rise on European airport operations    
Technical report 

 

  Page 9 of 70 

 

 

IPCC Intergovernmental Panel on Climate Change 
JRC Joint Research Centre 
LIDAR Light Detection And Ranging 
MSL Mean Sea Level 
NM Network Manager 
NOP Network Operations Plan 
NUTS Nomenclature of territorial units for statistics 
PAX Passengers 
PCP Pilot Common Project 
PSMSL Permanent Service for Mean Sea Level 
ppm parts-per-million 
RCP Representative Concentration Pathway 
RDP Radar Data Processing 
SDM SESAR Deployment Manager 
SDO Static Data Operations 
SES Single European Sky 
SESAR Single European Sky ATM Research 
SIDS Small Island Developing States 
SIM Simulator 
SJU SESAR Joint Undertaking 
SLR Sea Level Rise 
SR Special Report 
SRCCL Special Report on Climate Change and Land 
SROCC Special Report on the Ocean and Cryosphere in a Changing Climate 
SRTM Shuttle Radar Topography Mission 
SSL Storm Surge Level 
STAM Short-Term ATFCM Measures 
SWIM System Wide Information Management 
TMA Terminal Manoeuvring Area  
TWR Tower 
VFR Visual Flight Rules 
VCS Voice Communication Systems 
VLM Vertical Land Motion 



Climate Change Risks for European Aviation 2021  

Impact of sea level rise on European airport operations    
Technical report 

 

  Page 10 of 70 

 

1. Introduction 

1.1 Context 

This document forms one of the five technical reports produced as part of EUROCONTROL’s Climate Change 
Risks for European Aviation study 2021. The overriding aim of the study is to quantify the risks that climate 
change could pose for European aviation. This ultimately aims to raise awareness amongst European aviation 
stakeholders and decision makers of the level of impact these emerging climate change risks could pose, and 
the need for early action to prepare for and adapt to them. 

As part of the study, the European-level threat of rising sea level on airport capacity in the ECAC region was 
investigated. This was based on analysis which used Geographic Information System (GIS) modelling and the 
latest sea level rise projections to ascertain the possible progression of flooding risk across ECAC coastal 
airports during the 21st century. This report presents a technical summary of the methodology, results and 
conclusions drawn from the work.  

1.2 Drivers 

Overwhelming scientific evidence supports that the Earth’s climate is changing due to rising levels of 
greenhouse gases in the atmosphere. Modern day climate change is largely linked to emissions caused by 
human activity, such as the burning of fossil fuels and deforestation. It is characterised by global warming, as 
well as increasingly unpredictable or severe weather events. These effects pose serious threats to sustainable 
development, with significant repercussions expected on the environment, the global economy, infrastructure, 
public health and international policy.  

A key outcome of a warming planet is Sea Level Rise (SLR), caused by thermal expansion of the oceans and the 
melting of ice stored on land. SLR generates an increasing risk of flooding along coastlines. Changes in 
weather patterns such as increased frequency or intensity of storm surges1 will also enhance the effects of SLR 
along low-lying coastal areas.  

In the last ten years, more than 20 major international airports globally suffered from flooding due to severe 
weather events which resulted in airport closures and the subsequent cancellation, diversion or delays of 
flights. The resultant financial impacts on airports and airlines ranged from €1 million to €27 million per one-
day of full or partial airport closure. This demonstrates the severity that flooding risk can present to airports. In 
some cases, operational responses may cause the impacts to propagate across the local or international 
network where flights need to be diverted.  

In Europe, there are more than 270 coastal and low-lying airports2. Some of these airports are already at risk 
from marine flooding and have taken action to protect against this. However, in a world where SLR and 
increasing storm frequency are widely expected to continue throughout the century, it is likely that the level of 
European flooding risk will also increase. This will not only exacerbate the issue for those airports already 
affected but put additional airports at risk.  

                                                      
1 Storm surge is the abnormal rise in seawater level during a storm, measured as the height of the water above the normal 
predicted astronomical tide. The surge is caused primarily by a storm's winds pushing water onshore. 
2 Defined for the purposes of the study as an aerodrome with an elevation of less than 10m above MSL (elevation 
corresponds to the highest point on any of the airport runways). Of the 273 airports assessed, this includes 54 airports that 
are further than 10km from the coastline but at risk due to their position on tidal rivers or estuaries. 
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It is crucial for the protection and resilience of European airport capacity that airports are aware of the risk 
they face from SLR and climate change, and that they understand the steps they can take to better 
characterise and adapt to the risk at the local level. 

1.3 Objectives 

The key objective of the analysis in this report is to evaluate the potential impact of SLR on European airport 
capacity on the 2040 and 2090 time horizons. It aims to assess the number of airports in Europe which are 
likely to be exposed to coastal flooding (in terms of full or partial flooding risk), and to estimate the economic 
and operational impacts that such events could create for European airports based on their size. Ultimately, 
the assessment should provide an update and additional information to the SLR case study analysis within 
EUROCONTROL’s Challenges of Growth report 2008, indicating the implications of SLR for the European 
Aviation Network.  

1.4 Report Structure 

The remainder of the report comprises the following sections: 

 Section 2: Background – providing an overview of the context to the work, including the science behind 
sea level rise, observed and projected sea level change and the threat this poses for airport capacity. 

 Section 3: Methodology – detailing the approach, including the data and models used and the 
limitations. 

 Section 4: Results of SLR modelling – summarising the scale and trends in flooding risk experienced by 
European coastal airports, the impact of results validation and comparison with other studies. 

 Section 5: Cost and Operational Impact Assessment – evaluating the scale of the operational and cost 
impacts that could result from coastal airport flooding. 

 Section 6: Discussion on other impacts – exploring the potential impact of airport flooding due to SLR 
on small airports, the European network, ground transport links and airlines. 

 Section 7: Conclusions – summarising the results of the analysis. 

 Appendices – providing additional detail to supplement the methodology and results presented in the 
main body of the document. This includes: 

o Appendix A – Additional information on SLR in Europe. 

o Appendix B – Data sources. 

o Appendix C – GMSL analysis. 

o Appendix D – Storm surge analysis. 

o Appendix E – Results of SLR modelling pre-validation. 

o Appendix F – Results validation undertaken using additional elevation data. 
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2. Background 

2.1 Context 

This section aims to provide an overview of the background on climate scenarios, Sea Level Rise (SLR) and the 
threat to airport capacity in Europe. Further information can be found in Appendix A on SLR, storm surges and 
Glacial Isostatic Adjustment (GIA), which is the process of ongoing movement of land previously burdened by 
ice-age glaciers. These elements are all considered within the analysis described in detail within the 
methodology (Section 3). SLR scenarios considered within the present study are discussed later under Section 
3.3.  

2.2 IPCC Climate scenarios 

The world’s climate system is constantly changing and beyond the well-studied physical drivers, the climate is 
now being perturbed by new inputs driven by human activity, namely economic development, technological 
changes, energy supply and demand, and land use change. In order to predict what the world’s climate will be 
like in the future, a plausible representation of future climate was constructed by the IPCC in the form of 
climate scenarios for explicit use in investigating the potential impacts of anthropogenic (human-caused) 
climate change. Climate scenarios often make use of climate projections (descriptions of the modelled 
response of the climate system to scenarios of greenhouse gas and aerosol concentrations), by manipulating 
model outputs and combining them with observed climate data.3 

The Intergovernmental Panel on Climate Change (IPCC) has devised the Representative Concentration 
Pathways (RCP) system to describe the different future climate scenarios depending on the volume of 
greenhouse gases (GHGs) emitted in the years to come. The IPCC fifth Assessment Report (AR5, issued in 
2014) considers four main RCPs, RCP2.6, RCP4.5, RCP6 and RCP8.5 - tagged after the values for "radiative 
forcing4".  

RCP2.6 is a scenario of long-term, global emissions of greenhouse gases, short-lived species, and land-use-
land-cover which stabilizes radiative forcing at 2.6 Watts per meter squared (Wm-2, approximately 650 ppm5 
CO2-equivalent) in the year 2100 without ever exceeding that value. According to the IPCC, RCP2.6 requires 
that carbon dioxide (CO2) emissions start declining by 2020 and go to zero by 2100. Despite being considered 
a very stringent scenario, it corresponds to the European Green Deal objective which is to limit global warming 
to under 1.5°C.6 

The RCP4.5 (lower intermediate) scenario refers to the concentration of carbon dioxide that delivers global 
warming at an average of 4.5 watts per square meter across the planet. This RCP is described by the IPCC as 
an intermediate scenario as it is estimated that emissions will rise until 2040 and then decline. In RCP6, 
emissions peak around 2080, then decline. Finally, the worst-case scenario is the RCP8.5 which predicts that 
emissions will continue to rise throughout the 21st century, with a potential global mean surface temperature 
increase of 2.6˚C to 4.8 ˚C by 2100, relative to pre-industrial revolution temperatures. 

                                                      
3 Mearns, L.; Hulme, M.; Carter, T.; Leemans, R.; Lal, M.; Whetton, P.; Hay, L.; Jones, R.; Kittel, T.; Smith, J.; et al. Climate 
scenario development. In Climate Change 2001: The Science of Climate Change; Cambridge University Press: Cambridge, 
UK, 2001 
4 Radiative forcing is the difference between the sunlight absorbed, and the sunlight reflected into space. 
5 This is an abbreviation for "parts per million". This measurement is the mass of a chemical or contaminate per unit 
volume of water. 
6 https://ec.europa.eu/info/sites/info/files/european-green-deal-communication_en.pdf 
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The planet’s global mean surface temperature is projected to increase over the 21st century under all four 
main RCP scenarios which will, among other climate change consequences, result in an increase in frequency 
and intensity of extreme precipitation events and global mean sea level rise. 

2.3 Sea level rise (SLR) in Europe 

2.3.1 Sources 

This sub-section and the information in Appendix A is based on the findings of the Special Report on the 
Ocean and Cryosphere in a Changing Climate (SROCC). The Special Report was prepared following an IPCC 
Panel decision in 2016 to prepare three Special Reports during the Sixth Assessment Cycle. By assessing new 
scientific literature, the SROCC responded to government and observer organisation requests. The SROCC 
followed the other two Special Reports on Global Warming of 1.5ºC (SR1.5)7 and on Climate Change and Land 
(SRCCL8). Confidence in key findings is reported using IPCC calibrated language (very low, low, medium, high 
and very high).  

The information provided on a global scale is supplemented at European scale by the findings from the 
European Environment Agency report on “Global and European sea-level rise” (2019). That work builds on the 
SROCC results and refines them at regional level. 

2.3.2 Physical drivers of SLR 

Global warming has led to widespread shrinking of the cryosphere9 over the last century. It has caused loss of 
ice sheets and glaciers and resulted in reductions in Arctic sea ice extent and thickness. In addition, there have 
been reductions in snow cover and increased permafrost thaw. According to IPCC (2019), it is almost certain 
that the global ocean has warmed continuously since 1970 and has taken up more than 90% of the excess 
heat in the climate system. Since 1993, the rate of ocean warming has more than doubled. These physical 
processes will continue to drive Sea Level Rise (SLR) around the world. Global Mean Sea Level (GMSL) could 
rise by between 0.43m (RCP2.6) and 0.84m (RCP8.5) by 2100. 

2.3.3 Extreme sea level (ESL) events 

Processes including storm surges, waves and tides (or a combination of these) can lead to extreme sea level 
(ESL) events. As shown in Appendix A, several recent studies suggest that changes in both wave heights and 
storm surges driven by climate change may contribute to sea level changes during the 21st century in some 
regions. An increase in storm surge level is forecast for most climate scenarios and return periods10 along the 
northern European coastline, which could exceed 30% of the relative SLR under the RCP8.5 scenario. Storm 
surge levels along most European coastal areas south of 50 °N showed small changes and, in some regions, 
may decline to partly offset the effect of mean SLR on projected extreme water levels. The co-occurrence of 
high sea level and heavy precipitation resulting in large quantities of runoff may cause compound flooding in 
low-lying coastal areas.  

                                                      
7 https://www.ipcc.ch/sr15/download/ 
8 https://www.ipcc.ch/srccl/ 
9 The cryosphere is the part of the Earth system that includes snow, sea ice, lake and river ice, icebergs, glaciers and ice 
caps, ice sheets and ice shelves, permafrost and seasonally frozen ground. 
10 A return period is an average time or an estimated average time between events such as earthquakes, floods, landslides, 
or river discharge flows. It is a statistical measurement typically based on historic data over an extended period. 
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2.3.4 SLR in Europe 

Although a global issue, SLR varies between regional seas and basins. This is the result of differences in the 
dominance of physical drivers at different locations. In Europe, the rise in sea level relative to land along most 
coasts is projected to be similar to the global average; this is with the exception of the northern Baltic Sea and 
the northern Atlantic coast, which have been experiencing considerable land rise since the last ice age as a 
consequence of GIA. A probabilistic assessment of regional SLR in northern and central Europe estimated 
relative sea level changes during the 21st century for the high RCP8.5 emissions scenario. The results range 
from -14cm (in Luleå, northern Sweden) to 84cm in Den Helder (Netherlands). Furthermore, extreme sea levels 
show pronounced short- and long-term variability. A recent review of ESL trends along European coasts 
concluded that long-term trends are mostly associated with the corresponding mean sea level changes. 

2.4 Threat of sea level rise for airport capacity 

According to Annex 2 (“Adapting Aviation to a Changing Climate”) of the report “European Aviation in 2040”, 
which is part of the fifth “Challenges of Growth study” (EUROCONTROL 2018), the main expected impacts of 
SLR and storm surges on airport activity are: 

 Permanent or temporary loss of airport capacity and airport infrastructure 

 Permanent or temporary loss of ground access to airports 

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

 Economic costs of sea-level and storm surge protection 

 Delay and perturbation from runway inundation 

 Network disruption. 

A recent Science for Policy report by the Joint Research Centre (JRC) of the European Commission11 provides a 
detailed analysis of impacts of climate changes on transport. According to this study, SLR and storm surges 
are likely to put low-level aviation infrastructure at risk of regular and permanent inundation and cause loss of 
ground access to airports. Shoreline retreat will be observed everywhere. However, the magnitude depends on 
local topography and human-induced subsidence.  

The ICAO Climate Adaptation Synthesis Report 2018 highlights that global average sea level is rising and will 
progressively increase over time. Impacts will vary by location with some areas more at risk than others 
depending on a number of factors, including geography. SLR can: increase flooding (both in terms of 
frequency and area flooded); contribute to greater coastal land erosion; increase the height of sea level 
extremes (such as storm surges); and in some areas, cause permanent sea water inundation. The identified 
potential effects are: 

 Inundation of low-lying coastal aviation infrastructure such as aviation navigation and communication 
equipment, airport assets, the airfield, and ground transportation 

 Inundation of ground transport may prevent airport access for sector employees, passengers and 
freight 

 Amplification of water issues at coastal airports including storm surge, reduced effectiveness of 
drainage systems, and more frequent and damaging flooding 

                                                      
11 Christodoulou A., Demirel H., Impacts of climate change on transport - A focus on airports, seaports and inland 
waterways, EUR 28896 EN, Publications Office of the European Union, Luxembourg, 2018, ISBN 978-92-79-97039-9, 
doi:10.2760/378464, JRC108865. 
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 Extreme sea levels can be temporarily compounded by storm surges. 

Small Island Developing States (SIDS) are particularly vulnerable to the impacts of SLR. Impacts of SLR on 
aviation infrastructure and operations in SIDS may have greater security and economic implications than for 
non-island countries due to a heavier reliance on aviation for connectivity and tourism development. 
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3. Methodology 

3.1 Section summary  

To quantify the number of ECAC airports at risk from marine flooding, GIS simulations were used to compare 
sea level projections against the airport elevations of coastal airports under the IPCC RCP4.5 (lower 
intermediate) and RCP8.5 (worst case) scenarios for greenhouse gas concentration trajectories. The projected 
flooding risks combine the effects of storm surges, expected SLR, and Glacial Isostatic Adjustment (GIA)12. 
Flooding risk categories include no flooding, partial (<50%), severe (>50% and <100%) and full flooding. 

Results were validated using elevation data sourced from EUROCONTROL’s European AIS Database (EAD), as 
well as visual (GIS) validation for those airports identified as at risk and greater than 10km from the coast. The 
results of the analysis and validation are described in Section 4 of this report. 

Using the results of the analysis, a quantitative operational and cost impact assessment was conducted for 
large and medium sized airports, where size categories were defined by annual Instrument Flight Rules (IFR) 
flight volume. The assessment demonstrates potential loss of capacity for airports due to runway inundation in 
the event of a flood. It considers the number of flights and passengers impacted within the first 24 hours after 
flooding, and estimates the cost implications of possible cancelled, delayed and/or diverted flights. The impact 
assessment has been conducted for the years 2040 and 2090 for RCP4.5 and 2090 for RCP8.5 for two flooding 
scenarios – severe/partial and full flooding. 

Whilst a full quantitative impact assessment for small airports was not possible within the scope of this study, 
those small airports identified as at risk are discussed at the end of this section. This includes qualitative 
assessment of the potential impacts these airports may experience based on their locations and high-level 
characteristics. The outcome of the impact analysis is described in Sections 5 and 6 of this report. 

3.2 High-level approach 

SLR will accelerate over the next few decades. However, base SLR13 should not be the main cause of marine 
inundation of coastal airports until at least the end of the century. In Europe, storm surge levels (SSL) range 
from 0.5m in the Mediterranean Sea to more than 3.5m in the North Sea for a 100-year event. Therefore, for 
the timescales considered in the present study (2040 and 2090), storm surges still represent the main driver of 
marine inundation on most of the European coasts. Consequently, this study focuses on the level of 
flooding risk posed by 100-year storm surges to coastal ECAC airports, factoring in base SLR and GIA.  

The airports to be assessed cover a range of sizes, from large international hubs to small regional airports. 
Whilst large international airports play an important role in economic growth and are essential hubs for 
connectivity and trade, regional airports represent important points of access to remote locations and areas 
with limited ground access; these airports have significant economic impact on the surrounding region. The 
aim of the impact assessment was to analyse and estimate the operational and cost implications associated 
with the predicted flooding risk. 

The following steps were undertaken as part of this study: 

                                                      
12 GIA describes the adjustment process of the earth to an equilibrium state following changes in ice sheet coverage. 
European trends in GIA are outlined in Appendix A. 
13 Here base SLR refers to the SLR without the influence of storm surges. 
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 Literature review: analysis of the available literature on SLR to develop a complete understanding of 
the likely SLR in both the middle and end of the century, as well as analysis of GIA and storm surges.  

 Data gathering at local scale: the airport sample was agreed with EUROCONTROL and the relevant 
airport data, including coordinates and elevation, was collected. Additionally, storm surge, GIA and an 
appropriate digital elevation model (DEM) was selected.  

 Sea level rise scenarios: base (RCP4.5) and high scenarios (RCP8.5) were chosen for the time horizons 
2040 and 2090. 

 GIS modelling: simulation of marine inundation for the identified airports in years 2000 (baseline), 
2040 and 2090, using GIS that combined the DEM and sea levels (the net level based on SLR, storm 
surge and GIA projection). The results were analysed to identify airports with projected risk of full or 
partial flooding in years 2040 and 2090.  

 Validation: the results were validated using alternative airport elevation data and via GIS inspection. A 
description of the approach to the elevation validation exercises is included in Appendix F. 

 Information gathering on affected airports: available information on airports identified as at risk of 
flooding was gathered. This included information on the size of the airport, type of airport operations, 
yearly traffic data or any other airport characteristics.  

 Information gathering on potential impacts: Related studies, existing airport impact assessments, 
airport emergency plans and case studies were reviewed to search for information on which to base 
assumptions for the impact assessment.   

 Impact assessment: high-level quantitative and qualitative analysis and estimation of the operational 
and cost implications resulting from flood risk on representative groups of airports. The scenarios, 
impact areas and metrics used for the quantitative impact assessment are as follows: 

Table 2: Impact assessment metrics 

Scenario Impact area Operational impact Cost impact 

Flooding (full or partial) of 
representative groups of 
airports for years 2040 and 
2090 

Loss of airport capacity 
due to runway inundation 

- No. of cancelled flights 
- No. of delayed flights 
- No. of diverted flights 
- No. of affected 
passengers 

- Cost of cancelled flights 
- Cost of delayed flights 
- Cost of diverted flights 
- Infrastructure 
damage/repair costs 
- Costs of sea level rise and 
storm surge protection 
 

Delay and perturbation 
from runway inundation 

3.3 SLR analysis  

3.3.1 Data used 

This sub-section provides an overview of the methodology used to perform the GIS analysis of projected 
coastal airport flooding. The study area encompasses the European Civil Aviation Conference (ECAC) member 
states. A detailed description of the data sources is outlined in Appendix B, which can be summarised as 
follows: 
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 Airport data comes from the European AIS Database (EAD) Static Data Operations (SDO) database of 
worldwide airports, provided by EUROCONTROL 

 Sea Level Rise (SLR) projections were gathered from the Special Report on the Ocean and Cryosphere 
in a Changing Climate (SROCC), issued by the IPCC in September 2019. For the year 2040, the SL 
projections in RCPs 4.5 and 8.5 only differ by a few centimetres, therefore it was not considered 
necessary to distinguish between both scenarios 

 Storm surges14 and GIA15 projections were gathered from academic literature 

 Two global DEMs are used: SRTM and ASTER. The resolution, accuracy and geographical coverage of 
available DEMs is analysed in Section 3.5.1. 

3.3.2 Models used 

The study uses the results of the following models as input to the GIS simulations: 

 SLR modelling by IPCC experts in the IPCC Fifth Assessment Report (2019) 

 Modelling of extreme sea level by M. I. Vousdoukas et al. (2016) 

 RSL (Relative Sea Level) modelling taking glacial isostatic adjustment into account, by W.R. Peltier (2004) 

 GDEMs (SRTM and ASTER). 

3.3.3 SLR and storm surge Projections 

The following conservative assumptions are used in the study based on the SROCC projections and analysis 
summarised in Appendix C: 

 2040: +20cm SLR whether RCP4.5 or RCP8.5 

 2090: +50cm SLR for RCP4.5 and +75cm SLR for RCP8.5. 

Appendix D provides an overview of the storm surge projections developed by M.I. Vousdoukas et al. (2016) 
and used in this study.  

3.3.4 Flooding assessment 

Assessment of the flooding conditions of the coastal and low-lying airports (i.e. aerodromes with an elevation 
of less than 10m MSL) was only performed for airports. This is because: they are the largest infrastructure 
(visible on Arc GIS tool); they are the easiest feature for which accurate elevation data can be obtained; 
flooding of the runway will have a significant impact on operation of airport; and flooding of the runway is 
also likely to result in flooding of other airport infrastructure.  

The flooding condition was assessed visually via the WebGIS simulations, showing potential overlay of bodies 
of water on airfields, depending on the water level assumptions. The following flooding situations were 
considered: 

                                                      
14 M. I. Vousdoukas, E. Voukouvalas, A. Annunziato, A. Giardino, L. Feyen (2016). Projections of extreme storm surge levels 
along Europe. Clim Dyn (2016) 47:3171–3190, DOI 10.1007/s00382-016-3019-5. CrossMark. February 2016. 
15 W.R. Peltier (2004). Global Glacial Isostasy and the Surface of the Ice-Age Earth: The ICE-5G (VM2) Model and GRACE. 
Annu. Rev. Earth Planet. Sci. 2004. 32:111–49 doi: 10.1146/annurev.earth.32.082503.144359 Copyright © 2004 
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 Full flooding (100% of the runway) 

 Severe flooding (> 50% and < 100% of the runways) 

 Partial flooding (< 50%) 

 No flooding. 

The assessed flooding conditions do not take into consideration coastal protections such as dykes and polders 
as these are man-made or are too small to be modelled within the resolution of the DEM. This limitation is 
described in more detail in Section 3.5.1. 

Only SLR associated with storm surges (and GIA for Nordic countries) is simulated. Noting most aerodromes 
are at least 1m above the maximum tide level (annual return period), SLR on its own is not likely to generate 
airport flooding by the end of the century. 

3.4 Impact assessment  

3.4.1 Overview 

In alignment with the SLR modelling methodology, the sea level rise scenarios for year 2040 RCP4.5, 2090 
RCP4.5 and 2090 RCP8.5 were used for the impact assessment.  

The SLR modelling results considered flooding in terms of full, severe (>50% runway), partial (<50% runway) 
and no flooding. Considering the impact areas and metrics used for the estimation of the operational and cost 
implications resulting from airport flooding, the quantitative operational and cost impact assessment 
considers two scenarios of airport flooding conditions – full flooding and severe/partial flooding. As the 
operational and cost impacts are estimated at the macro level, minimal differences in operational and cost 
implications resulting from partial and severe flooding are expected. The results of projected partial and 
severe flooding risk at airports are therefore grouped into one scenario.  

3.4.2 Representative groups of airports  

The airports impacted by SLR range from large international hubs to military or small regional airports. For the 
purpose of the impact assessment, airports identified as impacted by flooding were grouped into 
representative groups based on the number of movements per year and type of operations.  

The literature review identified several potential airport classifications. For example, airports could be 
categorised into three categories, depending on the relationship between operational demand and airport 
capacity, i.e. Level 1 airports, Level 2 airports (or airports with schedules facilitated) and Level 3 airports (or 
coordinated airports)16. However, considering the high number of small airports under assessment and lack of 
publicly available traffic information, none of the existing classifications of airports were considered suitable 
for the impact assessment. The following representative groups of airports were proposed based on expert 
judgement: 

 Large Airports - more than 100,000 movements per year 

 Medium Airports - more than 30,000 and less than 100,000 movements per year 

                                                      
16 IATA: Worldwide Slot Guidelines, 10th edition, 2019 
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 Small Airports - less than 30,000 movements per year.  

Considering the high number of airports falling under the small airports category, this group was further 
divided into multiple categories based on type of operations or location of airports. The following categories 
of airports were considered: 

 Airports with connectivity importance 

 Military airports 

 Airports near tourist destination 

 Airports important for the GA community. 

3.4.3 Assumptions 

For the purposes of the operational and cost impact assessment, the following high-level assumptions have 
been made: 

 An airport’s number of movements per day was determined as a proportion of airport movements per 
year and number of days per year. Airport movements have been extracted from public information 
released by the airports, and where none was available, an assumption was made that the airport 
handles less than 30,000 movements per year. Peak days in a week or a seasonal difference in number 
of movements per day were not taken into consideration.  

 An airport’s number of PAX per day was determined as the product of the number of movements per 
day and the average number of PAX per movement. The average number of PAX per movement (take-
off and landing) in Europe was taken from Standard Inputs for EUROCONTROL Cost-Benefit Analyses, 
Edition 9, December 2020. 

 In case of full flooding, it is assumed the airport will undergo full closure and only flight cancellations 
and/or diversions could take place. This is because 100% of the surface of the airport runway would 
be flooded and thus, no aircraft could depart from/arrive to that specific airport. With limited data 
available, it is assumed the majority of flights (90%) will be cancelled due to the expectation of an 
extended closure. The analysis assumes 10% flights will be diverted, similar to the partial flooding 
scenario. 

 If an airport is only partially/severely flooded, it means that only a certain percentage of the runway 
surface is flooded. Aircraft could use a different runway (if possible) leading to flight delays, 
cancellations and/or diversions. It is assumed the airport would undergo short-term or partial closure 
and thus 40% of flights will be cancelled, 10% of flights will be diverted and 50% will be delayed. This 
assumption was based upon the traffic disruption experienced at Gatwick airport in 2013, driven by 
adverse weather leading to flooding of the electrical installations.17 

 The cost of a cancelled flight was determined as the system-wide average cancellation cost (adjusted 
from 2014 prices): €17,650. This value was taken from Standard Inputs for EUROCONTROL Cost-
Benefit Analyses, Edition 9, December 2020.. 

                                                      
17 Report by D. Mc Millan to the Board of Gatwick Airport Limited, 26 February 2014. Disruption at Gatwick Airport, 
Christmas Eve 2013 
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 Large airports, i.e. airports with more than 100k movements per year, handle intra-ECAC and 
international flights only. Medium airports, i.e. airports with more than 30,000 and less than 100,000 
movements per year, handle domestic and intra-ECAC flights only.  

 A tactical cost of delay was determined using the values from Standard Inputs for EUROCONTROL 
Cost-Benefit Analyses, Edition 9, December 2020.. In absence of quantitative evidence for the 
distribution of the flight phase of delayed aircraft, and given that the cost estimates are close in 
nature, the average cost of the delayed flights on ground (at-gate and taxi in/out) and airborne (en 
route and arrival management) was taken.  

 It was assumed that one flight will be delayed by 60 minutes on average. Examples of delay per flight 
in such events vary significantly per flight and between airports. Nonetheless, an hour of delay 
appears to be near to the median of delay observed for the Gatwick partial closure of 2013.  

 The network cost of ATFM (Air Traffic Flow Management) delay was calculated using the values from 
Standard Inputs for EUROCONTROL Cost-Benefit Analyses, Edition 9, December 2020.. 

3.5 Study limitations 

The methodology faces four primary limitations:  

1. Resolution, accuracy and geographical coverage of available DEMs 

2. Uncertainties inherent to climate changes 

3. Availability of airport information 

4. Multiple interdependent factors influencing airport capacity. 

3.5.1 Resolution, accuracy and geographical coverage of available DEMs 

From the review of available DEMs, finding one model that fulfilled the vertical resolution (1m), European-wide 
consistent coverage, accuracy and budgetary requirements proved impossible. It was therefore necessary to 
‘trade off’ the pros and cons of available DEMs to decide on the optimal solution.  

Following consideration of all the requirements, it was decided that the best option for the present study 
within the project constraints was to use two DEMs: SRTM for airports south of 60 degrees North, and ASTER 
for airports above 60 degrees North. Whilst using two DEMs is not ideal, on balance it was deemed better to 
have a higher level of accuracy for as much of Europe as possible. Further details on the DEMs are included in 
Appendix B. 

SRTM is widely used to evaluate threats from global sea level rise, storm surge, and coastal floods. For 
instance, the EUROCONTROL 2008 Challenges of Growth (CoG) study and the Joint Research Centre (JRC) 
2019 study use SRTM. In terms of trends of inaccuracy, studies such as Kulp & Straus (2016)18 suggest SRTM 
has tended to consistently underestimate risk. This is because SRTM overestimates elevation since it does not 
take into consideration the presence of buildings and vegetation. Whilst this is the case in urban areas, as 
shown in the results of SLR modelling in Section 4, SRTM in fact overestimates risk (i.e. underestimates 
elevation) in open field areas.  

                                                      
18 Kulp, S. & Strauss, B. H. (2016). Global DEM Errors Underpredict Coastal Vulnerability to Sea Level Rise and Flooding. Frontiers 
in Earth Science: Vol 1, 36.  
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In order to mitigate the resolution and accuracy limitations of the DEM, validation of results was undertaken 
using additional elevation data extracted from the European AIS Database (EAD). This data gave the elevation 
of the highest point of the runway, assumed to be ascertained from local survey. Whilst this does not give a 
broader picture of the elevation along the runway or in the surrounding vicinity, it does provide a reference 
point to validate the ultimate results of the assessment. The validation is described in Appendix F. 

The inability to acquire a higher horizontal resolution DEM for this study means it was not possible to identify 
natural (dunes, rocky outcrops) or artificial coastal protection around airports. These structures are likely to be 
significantly narrower than the DEM resolution and therefore the indication of their height will be hidden 
within the elevation measurement for the area. The results of this study should thus be interpreted as a 
measure of the risk without natural or artificial defences.  

Noting the aim of this study is to evaluate overall European risk, the results of this study should not be 
used to predict which airports will be flooded on which timescales; local assessment is required to 
evaluate risk at the airport level. 

3.5.2 Uncertainties inherent to climate change analysis 

For decision-makers, climate change represents a dramatic increase in uncertainty. In the past, the climate 
parameters pertinent to most activities could be observed and measured. Statistical analyses and optimisation 
algorithms were therefore able to produce “best” designs as a function of known climate conditions; for 
example, dyke heights as a function of the return time of certain storm surges or building characteristics as a 
function of typical temperature levels. In the future, however, substantial climate uncertainty makes such 
methods more difficult to apply.  

Improved knowledge does not necessarily mean narrower projection ranges. Even if models were perfectly 
accurate, uncertainty would not disappear. For example, future levels of greenhouse gas emissions largely 
determine future climate change. The exact levels of greenhouse gas emissions cannot be forecast. Decision 
makers must therefore work with the best estimates from the IPCC based on a range of scenarios, essentially 
requiring them to use judgement on the likely range of output values and the associated probabilities.   

There are many uncertainties in the long term, not only related to climate trajectories, but also related to 
aviation sector development and societal changes, such that the medium term (e. g. 2040) is more meaningful 
for sector planning and decision-making. This timeframe is also within the current planning horizon. 

3.5.3 Availability of airport information 

More than 170 European coastal and low-lying airports were identified as impacted by SLR and storm surges 
in 2040 or 2090. The airports’ size and type of operations range from large international hubs to military or 
small regional airports. As such, airport data such as number of movements or passengers (PAX) is not publicly 
available for all airports included in the assessment. Due to this reason, airport traffic information was 
obtained from multiple data sources, such as EUROCONTROL databases, airport websites or the airport 
operator’s yearly reports, and an assumption was made that airports without traffic information handle 10,000 
movements per year. This value was chosen based on an average number of movements of airports that fell 
into the small airport category.  

3.5.4 Multiple interdependent factors influencing airport capacity 

There are a number of dependent variables that determine operational and cost implications resulting from 
partial or complete loss of airport capacity. These include type of airport operations, location of diversion 
airports, coastal and artificial protection against flooding, extent of damage or loss of ground access to an 
airport. These variables are unique for each airport and thus cannot practically be considered in the 
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quantitative operational and cost impact assessment of all coastal and low-lying ECAC airports at risk of 
inundation from SLR and storm surge included in this study. 
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4. Results of SLR modelling 

4.1 Section summary  

This section presents the level of flooding risk expected to threaten ECAC coastal airports based on the 
combined effect of storm surges (for a 100-year event), expected SLR, and Glacial Isostatic Adjustment (GIA) 
for the years 2000, 2040 and 2090, considering two scenarios for 2090 (RCP4.5 and 8.5).  

A European-level summary of the SLR modelling results is outlined in Table 3 of this section. They show that 
on all time horizons, there is expected to be a progression of risk, as airports move from the no/partial 
flooding categories into the severe/full flooding categories.   

In 2090, for RCP4.5, the number of coastal airports that are not at risk of flooding or at risk of only partial 
flooding is expected to decrease compared to the year 2000 (by 7% and 10% respectively) as some airports at 
partial risk of flooding move into the higher risk categories. At the same time, the number of airports at risk of 
severe flooding (>50% and <100% of the runways) or of full flooding increases by 14% and 16% respectively. 

In 2090, for RCP8.5, the effect is stronger, as the number of coastal airports that are not at risk of flooding or 
at risk of only partial flooding is expected to decrease by 9% and 15% respectively compared to year 2000, 
while the number of airports at risk of severe or full flooding increases by 23% and 20% respectively. Overall, 
6% more airports are expected to be at risk as compared to the year 2000.  

4.2 Context on interpretation of results 

It is important to note that whilst GIS mapping and the Digital Elevation Model (DEM) are able to show areas 
below certain sea levels, as well as to identify high elevation spots of some spatial extent between an airport 
and a water body that might prevent flooding, it is not possible within the scope of this analysis to account for 
local flood barriers and other defences (e.g. levees, polders) due to their small horizontal dimensions. The 
results, therefore, do not distinguish between locally-protected and non-protected airports and instead intend 
to present a picture of the overall level and progression of European sea level rise risk requiring active 
management. 

In Southern Europe, due to low storm surge levels in the Mediterranean Sea, marine inundation risks will 
remain moderate at the end of the century. Throughout the ECAC region, small airfields servicing remote areas 
or aeroclubs represent most of the coastal aerodromes. In general, they are not protected against marine 
inundation. 

4.3 Study area 

More than 270 airports (aerodromes and aerodromes with heliports) were assessed under the analysis. Figure 
1 shows all coastal and low-lying airports in the ECAC region that were considered in this study.  
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Figure 1: Overview of the study area and the coastal airports under consideration 

4.4 European-level view 

Table 3 outlines the number of airports at risk of marine inundation (post-validation) in the event of a 100-
year storm during the reference year, 2040 and 2090 (RCP4.5 and RCP8.5). The results for the year 2000 are 
intended to reflect a baseline from which we can assess the increase in the risk of flooding across Europe.  

Table 3: Summary of the number of airports affected by a 100-year storm during the reference year (2000), 2040 and 2090 
(RCP4.5 and RCP8.5) - European wide changes. Numbers present post-validation results. 

Scenario  No flooding Partial flooding 
(< 50%) 

Severe flooding 
(>50%) Full flooding 

2000 (baseline)  99 74 44 51 

2040  97 71 44 56 

2090 (RCP4.5)  92 67 50 59 

2090 (RCP8.5)  90 63 54 61 

Change in number 
of airports (2000 
to 2090)  

RCP4.5 -7% -10% +14% +16% 

RCP8.5 -9% -15% +23% +20% 
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The countries with the highest number of potentially fully flooded airports are those on the North Sea 
(Germany, Netherlands, Belgium). This is because of the high density of aerodromes in coastal areas in these 
countries. The location of some of these airports is already under sea level; in such cases, these airports are 
therefore already protected by dykes (polders) which cannot be detected via the Digital Elevation Models 
(DEM) used in this study.  

In 2040, the number of coastal airports unlikely to be flooded and only partially flooded slightly decreases, as 
some of them move into the higher risk categories. As a result, the number of airports likely to be fully flooded 
compared to the baseline year shows a 10% increase.  

In 2090, for RCP4.5 (i.e. the lower intermediate emissions scenario), the number of coastal airports unlikely to 
be flooded or only partially flooded continues to decrease compared to the year 2000 (by 7% and 10% 
respectively). At the same time, the number of airports likely to be heavily (>50% of the runway) or fully 
flooded increases by 14% and 16% respectively compared to year 2000. Rising risk is thus apparent even 
under more optimistic greenhouse gas emission pathways. 

As expected, with RCP8.5. (i.e. the worst-case emissions scenario), the number of coastal airports unlikely to be 
flooded or only partially flooded decreases by 9% and 15% respectively compared to year 2000, while the 
number of airports likely to be severely or fully flooded increases by 23% and 20% respectively. Countries on 
the North Sea (Germany, Netherlands, Belgium) still show the highest number of airports at risk of flooding 
(50% of the total number of airports likely to be fully flooded). 

The full results (pre-validation) are outlined in Appendix E, whereas the impact of validation is presented in 
Appendix F. 

4.5 State-level view 

Of the 273 coastal and low-lying airports assessed in this study, 178 airports were forecast to experience 
marine flooding risk by 2090 under the three simulated scenarios. Table 4 provides an overview of airports at 
risk of full, partial or severe flooding in ECAC countries for each scenario. It should be noted that two airports 
that were projected to be at risk of flooding in 2000, 2040 and 2090 (RCP4.5) failed validation under the 2090 
(RCP8.5) scenario and one airport that was projected to be at risk of flooding in 2000 and 2040 failed 
validation under the 2090 (RCP4.5) and (RCP8.5) scenarios. It is therefore likely the total number of airports at 
risk of flooding in 2090 (RCP8.5) will be 178, however this cannot be confirmed via the modelling due to the 
limitations of the DEM.  

Table 4: Summary of airports and areas affected – State-level changes. Numbers present post-validation results. 

Country 2000 (baseline) 2040 2090 (RCP4.5) 2090 (RCP8.5) 

Belgium 5 5 5 5 

Bulgaria 1 1 1 1 

Cyprus 1 1 1 1 

Denmark 8 9 8 8 

Estonia 0 0 0 1 

Finland 0 0 0 0 

France 21 19 20 19 
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Country 2000 (baseline) 2040 2090 (RCP4.5) 2090 (RCP8.5) 

Germany 25 24 24 25 

Greece 10 10 12  12 

Iceland 7 7 8 8 

Ireland 8 8 8 8 

Italy 13 13 14  13 

Latvia 1 1 1 3 

Montenegro 1 1 1 1 

Netherlands 11 11  12 12 

Norway 5 5 5 5 

Poland 6 6 6 6 

Portugal 5 5 5 5 

Slovenia 1 1 1 1 

Spain 11 11 12 12 

Sweden 4 4 4 4 

Turkey 5 5 6 6 

UK 17 19 19 20 

Total 166 166 173 176 

 

4.6 Results validation  

4.6.1 Context 

The results of projected flooding risk at airports used for the impact assessment are a combination of the 
original results (i.e. for the airports that passed validation) and adjusted results based on the validation 
exercise (i.e. for the airports that did not pass validation). This sub-section describes how the raw results were 
adjusted following validation. 

4.6.2 Validation of airports more than 10km from coast 

The results of the SLR modelling forecast that 30 of the 54 low-lying airports located more than 10km from 
the coast are at increased risk of being fully or partially flooded in year 2040 or 2090. Given the distance from 
the coast, GIS inspection and additional research was undertaken to validate whether these airports could be 
impacted by tidal surges and coastal flooding. Five small airports of the 30 airports with projected full or 
partial flooding are located either more than 5km from a tidal river or in an area without a history of flooding.  
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Due to these reasons, these five small airports were excluded from the impact assessment conducted in this 
study and a further local survey would be recommended to assess the impact of SLR on these airports. 

4.6.3 Validation of results using alternative elevation source 

The validation exercise detailed in Appendix F was undertaken to confirm the results derived via the flooding 
risk analysis performed using SRTM (the DEM). The aim was to provide further confidence in the results in light 
of the resolution and accuracy limitations presented by the DEM. Furthermore, the exercise intended to define 
the scale and areas of the results where there is less confidence, hence better enabling sensible conclusions to 
be made during the impact assessment.  

The validation found that the results for the majority of airports under the study align with those indicated by 
comparing EAD airport elevation data with SLR. A total of 91% of the results of future flooding risk at 273 
European coastal airports for year 2040 and 2090 RCP4.5 and 90% of the results for year 2090 RCP8.5 passed 
the validation.  

The risk of flooding for 29 airports that failed the validation using EAD elevation data was calculated by 
comparing the predicted SLR value for the location of the airport and the EAD airport elevation. Where the 
predicted SLR value was greater than the EAD airport elevation, the airport was classified as fully flooded. 
Where the predicted SLR value was smaller than the EAD airport elevation, the airport was classified as not 
flooded. The number and size of the airports that failed the validation or were excluded from the impact 
assessment is such that these areas of limited confidence are unlikely to have a significant impact on the 
operational and cost impact assessment provided in Section 5 of this study.  

4.7 Comparison with other work 

4.7.1 JRC Study 

One of the main recent references assessing the impact of climate change on airports is “Impacts of climate 
change on transport - A focus on airports, seaports and inland waterways” (2018) (referred to hereon as the ‘JRC 
study’).  

The JRC study uses a methodology that is in line with that used in the present study. In order to determine 
locations of exposure and to predict the vulnerability of transport infrastructure due to sea level rise plus 
storm surges, an inundation model was used that has been developed at European scale by the PESETA III 
team working on coastal impacts. The model (M.I. Vousdoukas et al, 2016) estimated total water level by 
integrating mean sea level, tides and the combined effect of waves and storm surges, and superimposed this 
information on the selected DEM. For the spatial analysis of inundation risk for airports and seaports, the 
projected water level according to RCP8.5 for the years 2030 (short-term) and 2080 (long-term) was utilised. 
The water level is a combination of sea level rise projections, maximum tidal amplitude and the 100-year 
return level of the episodic hydrodynamic components, i.e. storm surges and waves. Whilst the JRC study 
suggests coastal protecting structures were considered, given the number of airports quoted as at risk, it is 
uncertain to what extent the study was able to factor in the impacts of the different types of protection. 

According to the JRC’s results, there is a continuous increase in sea level and thus an increase in the number of 
airports facing the risk of inundation by the end of the century. At the North Sea coast, where the impacts of 
sea level rise are more severe, many airports face the risk of inundation. According to the projections, the 
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number of airports to be inundated by water levels between 1 and 3 meters will almost double (from 23 to 42) 
from year 2030 to year 2080. The number of airports at risk of inundation in 2080 is 196. 

Overall, the results obtained from the JRC study suggest 196 coastal airports will be at risk of flooding in 2080 
based on RCP8.5. This is of the same order of magnitude as found in this report i.e. 178 airports at risk of 
flooding by 2090. This seems logical given the similarities of the methodological approaches: the same 
assumptions for SLR and storm surges, and probably the same use of Global DEMs. However, it does not seem 
that the JRC study incorporates GIA effect, which offsets the SLR effect in some of the Scandinavian areas. This 
supports why the number of airports likely to be flooded in the JRC study is slightly higher than that found in 
the present study.   

4.7.2 Previous Challenges of Growth study (2008) 

A key driver for this work was to provide an update and additional information to the SLR case study analysis 
within the 2010 update study to EUROCONTROL’s Challenges of Growth report 2008. Whilst the present study 
used a similar source of DEM (mainly provided by the Shuttle Radar Topography Mission (SRTM)), it used 
updated SLR forecasts and undertook a more detailed impact analysis and discussion at the European scale. It 
also reported more detail on the validation which used additional data sources (i.e. EAD airport elevation) to 
provide increased confidence in results. 

The 2008 study identified 34 airports within the European air transport system that could potentially be 
affected by SLR or storm surges by the end of century. Excluding results for those states which joined ECAC 
since the last study, the present analysis identified 6 large (>100k movements per year), 14 medium (>30k and 
<100k movements per year) and 158 small airports (<30k movements per year) that could be at risk of some 
degree (partial/severe/full) of flooding by 2090 under both RCP4.5 and 8.5 scenarios.  

The difference between these results was likely driven by the different assumptions and methodological 
approaches they involved e.g. the input assumptions, forecasts and number of airports considered.  
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5. Cost & operational Impact Assessment  

5.1 Section summary  

A high-level cost and operational impact assessment was conducted for large and medium airports at risk of 
marine flooding. As demonstrated in the case studies presented at the end of this section, the actual impacts 
vary significantly between events and thus the purpose of the analysis is to provide estimates of the order of 
magnitude of the potential impacts posed by flooding events associated with SLR. The results are summarised 
in Table 5 and Table 6 below. 

Table 5: Potential operational impacts of a one-day closure due to full or partial/severe flooding are estimated as follows 
based on 2019 traffic 

Operational impact per day Medium airport (30,000 - 
100,000 movements) 

Large airport (>100,000 
movements) 

Airport movements 100-200 per day 800-900 

Passengers 20,000 100,000 

% ECAC movements <1% 2-3% 

 

 Table 6: Potential cost impact assessment of a one-day closure 

Cost per day Medium airport (30,000 - 
100,000 movements) 

Large airport (>100,000 
movements) 

Full flooding (diverted and 
cancelled flights) 

€3 million €18 million 

Partial/severe flooding (diverted, 
cancelled and delayed flights) 

€2 million €15 million 

5.2 Context 

The validated outputs of the SLR modelling forecast that 178 European coastal and low-lying airports of 
different sizes will be impacted by SLR in 2040 or 2090. Both airport infrastructure and operations are 
vulnerable to flooding events that might lead to airport shutdowns. In this report, a shutdown is defined as 
“the temporary entire closure of the airport with respect to air traffic”19. 

There are several historic examples of disruption of airport operations due to a flooding event, as explored 
further in Section 5.6. Depending on the flooding conditions and the infrastructure damage, an airport might 
be closed from a few hours to several days leading directly to a number of cancelled or diverted flights. Figure 
2 demonstrates the variability in recovery time for a number of past disruptive events which caused airport 
closures. These provided the basis for the assumptions described under the methodology in Section 3.4.3. 
                                                      
19 De Langhe, Katrien; Struyf, Els; Sys, Christa; Van De Voorde, Eddy; Vanelslander, Thierry: 13th WCTR, July 15-18, 2013 – 
Rio de Janeiro, Brazil. Economic effects and costs of a temporary shutdown of an airport 
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Given the variability of the duration of an airport closure due to a flood or non-flood event, the 
operational and cost impact assessments look at the impact of a 24-hour period of an airport closure.  

 

 

Figure 2: Past examples of duration of airport closures 

5.3 Identified flooding risk for large and medium airports 

The results of the SLR modelling showed that the number of large and medium airports at risk of partial, 
severe or full flooding does not change across the century; changes in ECAC-wide risk are instead driven by 
small airports. Nonetheless, there is a slight increase in the average percentage of runway surface area flooded 
(see Table 7 and Table 8), although this is not significant enough to change the category of risk. It should be 
noted, however, that the risk in this study was assessed in terms of the 100-year storm surge. It is therefore 
probable that the identified airports could experience the sea levels expected with the 100-year storm surge 
by 2090. 

The number of air traffic movements used as a basis to estimate the operational impact in this report are 
based on 2019 traffic volume. Therefore, the operational impact of airport flooding in years 2040 and 2090 
might be different compared to today’s situation but the proportions of delayed, diverted and cancelled 
flights are expected to remain similar. 

Table 7: Projected flooding risk - large airports  

Scenario Partial flooding 

(no. of airports) 

Average % of 
runway flooded 

Severe flooding 

(no. of airports) 

Full flooding 

(no. of airports) 

Total no. of large 
airports at 

flooding risk 

2000 (baseline) 5 25% 0 1 6 

2040 5 29% 0 1 6 

2090 RCP4.5 5 35% 0 1 6 

2090 RCP8.5 5 40% 0 1 6 
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Table 8: Projected flooding risk - medium airports  

Scenario Partial flooding 

(no. of airports) 

Average % 
of runway 
flooded 

Severe flooding 

(no. of airports) 

Average % 
of runway 
flooded 

Full flooding 

(no. of airports) 

Total no. of 
medium airports 
at flooding risk 

2000 
(baseline) 

7 12% 6 68% 1 14 

2040 7 17% 6 70% 1 14 

2090 RCP4.5 7 20% 6 75% 1 14 

2090 RCP8.5 7 24% 6 81% 1 14 

5.4 Operational impact assessment for large and medium airports 

5.4.1 Introduction 

Whilst large international airports play an important role in economic growth and are essential hubs for 
connectivity and trade, medium-sized airports play a substantial role in the economic growth and 
development of cities and regions. Thus, the consequences of disrupted operations at large or medium 
airports due to full or severe/partial flooding are significant. 

This subsection studies in more detail the operational impacts of full or partial flooding on large and medium 
airports. The scenarios, impact areas and metrics used for the operational impact assessment are listed in 
Table 9. These only focus on short-term loss in movements and PAX. 

Table 9: Operational impact assessment - metrics 

Scenario Impact area Metric 

Operational impact 

Flooding (full or partial) of 
representative groups of 
airports for years 2040 and 
2090 

Loss of airport capacity due to runway 
inundation 

- No. of cancelled flights 

- No. of delayed flights 

- No. of diverted flights 

- No. of affected passengers 

Delay and perturbation due to runway 
inundation 

5.4.2 Operational impacts for large airports 

Figure 3 and Figure 4 show an estimate of the operational impact of full or severe/partial flooding on the six 
large airports at risk of marine flooding in terms of percentage of cancelled, diverted or delayed flights for an 
average number of movements per day in the ECAC region. The calculated operational impact is 
demonstrated for the airports with the lowest and highest numbers of movements per year, as well as an 
average across all airports in the large airport category. 

The results of the operational impact assessment show that in the case of a one-day closure of a large airport 
due to full or partial/severe flooding, around 800 movements per day would be impacted on average. This 
could impact up to 100,000 passengers per day. Assuming an average of 30,350 movements per day in the 
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ECAC region20, this means that around 2-3% of all ECAC movements per day could be impacted by such an 
event.  

 
Figure 3: Range in operational impact of full flooding on large airports 

 
Figure 4: Range in operational impact of partial/severe flooding on large airports 

5.4.3 Operational impacts for medium airports 

Figure 5 and Figure 6 show an estimation of the operational impact of full or severe/partial flooding on the 14 
medium airports identified in this study as at risk of marine flooding in terms of percentage of cancelled, 
diverted or delayed flights. The results are presented as a percentage of the average number of movements 
per day in the ECAC region. The calculated operational impact is demonstrated for the airports with the lowest 

                                                      
20 https://www.eurocontrol.int/publication/all-causes-delay-air-transport-europe-july-2020 
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and highest numbers of movements per year, as well as an average across all airports in the medium airport 
category. 

The results of the operational impact assessment show that in the case of a one-day closure of a medium 
airport due to full or partial/severe flooding, around 100-200 movements per day would be impacted on 
average, resulting in up to 20,000 impacted passengers/day. Assuming an average 30,350 movements per day 
in the ECAC region, this means that approximately 0.5% of all movements per day in the ECAC region would 
be impacted by such an event.  

 
Figure 5: Operational impact of full flooding of medium airports 

 
Figure 6: Operational impact of partial/severe flooding of medium airports 
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5.5 Cost impact assessment 

5.5.1 Introduction 

Airport shutdowns or reduced airport operations can have a significant economic impact not only on the 
airport itself, but also on various airport systems, supply networks and other aviation stakeholders. In the case 
of full flooding of an airport and its subsequent extended shutdown, the cost implications will comprise not 
only infrastructure damage and repair costs but also loss in variable revenue from three categories should no 
flights be possible, namely: 

1) Loss of aeronautical operating revenue (e.g. landing and take-off fees cannot be charged21),  

2) Loss of non-aeronautical operating revenue and, 

3) Loss of non-operating revenue22. 

If the airport is flooded only partially and the airport operations are restarted after a few hours, airlines might 
decide to delay their flights rather than cancel them and thus the cost implications on the variable revenue are 
limited.  

Given every airport has its own set of unique characteristics, it follows that they also each have a different cost 
structure. The effects of airport flooding, even where presenting a similar scale of physical impact, can 
therefore imply very different cost implications between airports. Consequently, the cost-impact assessment of 
large and medium airports provided here is intended only as a high-level indication of the possible scale of 
costs resulting from flooding. The costs of delayed, cancelled or diverted flights estimated in this report are 
based on 2019 traffic volumes and 2020 monetary values. Although the cost impact of airport flooding in 
years 2040 and 2090 will be different compared to today’s situation, the proportions of costs are expected to 
remain similar. 

The scenarios, impact areas and metrics used for the cost impact assessment conducted in this study are listed 
in Table 10.  

                                                      
21 Schaar, D., & Sherry, L. (2010). Analysis of airport stakeholders. In Integrated Communications Navigation and 
Surveillance Conference (ICNS), 2010 (pp. J4–1) 
22 Aeronautical revenue comprises the majority of airport income, and includes airline terminal space rentals, airline 
landing fees, and usage fees for terminals, gates, services and passenger counts.  
Non-aeronautical revenue is revenue from car parking fees, ground transportation, rental cars, retail. 
Non-operating revenue and costs are generated from sources other than business operations such as gains or losses from 
investments. 
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Table 10: Cost impact assessment - metrics 

Scenario Impact area Metric 

Cost impact 

Flooding (full or partial) of 
representative groups of 
airports for year 2040 and 
2090 

Loss of airport capacity due to runway 
inundation 

- Cost of cancelled flights 

- Cost of delayed flights 

- Cost of diverted flights Delay and perturbation from runway 
inundation 

 

5.5.2 Cost impacts for large airports 

Figure 7 and Figure 8 show an estimation of the cost impact of full or severe/partial flooding on the six large 
airports identified as at risk of marine flooding within this study. The direct cost implications resulting from the 
operational impact were calculated for the airports with the lowest and highest numbers of movements per 
year, as well as an average across all airports in the large airport category. 

The results of the cost impact assessment of a one-day closure of a large airport due to full flooding show that 
the average costs of diverted and cancelled flights are around €18 million. The estimated cost of diverted, 
cancelled and delayed flights due to partial or short-term airport closure caused by partial/severe flooding are 
slightly lower at around €15 million. As explained under the assumptions (section 3.4.3), no delays are 
expected for full flooding and thus the cost of delayed flights and network cost of ATFM23 delay were not 
considered. The impact of ATFM delays on the European aviation network is discussed in more detail in 
Section 6.3. 

                                                      
23 ATFM delay is defined as the duration between the last take-off time requested by the aircraft operator and the take-off 
slot allocated by the Network Manager following a regulation communicated by the flow management position (FMP), in 
relation to an airport (airport ATFM delay) or sector location (en route ATFM delay). 
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Figure 7: Cost impact estimate for full flooding of large airports 

 
Figure 8: Cost impact of partial/severe flooding of large airports 

5.5.1 Cost impacts for medium airports 

Figure 9 and Figure 10 show an estimation of the cost impact of full or severe/partial flooding on the 14 
medium airports identified as at risk of marine flooding with this study. The direct cost implications resulting 
from the operational impact were calculated for the airports with the lowest and highest numbers of 
movements per year, as well as an average across all airports in the medium airport category. 
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The results of the cost impact assessment of a one-day closure of a medium airport due to full flooding show 
that the costs of diverted and cancelled flights are around €3 million. The average estimated costs of diverted, 
cancelled and delayed flights due to partial or short-term airport closure caused by partial/severe flooding are 
around €2 million.  

 
Figure 9: Cost impact of full flooding of medium airports 

 

Figure 10: Cost impact of partial/severe flooding of medium airports 

5.6 Comparisons with case studies 

The following case studies are included to illustrate the range of cost and operational impacts based on 
historical flooding events, and with which to compare the general findings in this study. 
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5.6.1 Case studies on operational impact 

Gatwick’s airfield operations were severely affected by adverse weather late on 23 and early on 24 December 
2013. Additionally, on the morning of 24 December 2013, Gatwick Airport’s North Terminal electrical systems 
were affected by flooding which led to 72 departing flights, and 73 arriving flights, being cancelled. These 
cancellations impacted over 13,000 passengers. 35 inbound aircraft were diverted and 146 of the 188 planned 
departures for the day were subject to delays of over 30 minutes with over 90 experiencing delays of up to 4 
hours and over 50 more than 4 hours, with some flights being delayed by up to 13 hours. These delays 
impacted thousands of passengers24. 

LaGuardia Airport’s airfield, meanwhile, suffered severe flooding from the rising waters of the adjacent 
Flushing Bay caused by Superstorm Sandy in 2012. The flooding damaged the key electrical airfield 
infrastructure, and the airport was forced to close for three days resulting in 3,667 cancelled flights and about 
250,000 passengers impacted.25  

In September 2018, Kansai Airport was affected by Typhoon Jebi. At the peak of the storm, five-meter-high 
waves spilled over the seawalls, resulting in severe flooding on the island and the airport. As a direct 
consequence of the typhoon, the airport was closed for three days but resumed partial operation on day 4 and 
full passenger operations after 17 days26. 

5.6.2 Case studies on cost impact 

The following examples demonstrate the range of costs associated with a temporary airport shutdown for 
airports caused by different types of events: 

 In 2010, Frankfurt airport was shut down for 5 days due to the ash cloud caused by a volcanic eruption 
in Iceland. This resulted in a total loss of revenue of €15 million. ACI Europe reported that there was an 
overall loss of revenue for European airports of €250 million due to airspace shutdown which led to 
shutdown of six airports that were located within the closed airspace.  

 In 2018, a drone attack disrupted Gatwick for three days, causing disruption of 1,000 flights and 
subsequent impacts on 140,000 passengers. Gatwick reported that this event resulted in an additional 
£1.4 million costs for the airport.  

There are a number of indirect operational implications related to damage/repair activities or implementation 
of sea-level and storm surge protection that were not assessed in this study. The costs associated with these 
activities comprise costs of partial disruption of airport operations due to damage/repair or construction 
activities and investment costs. The costs might range from a few thousand up to millions of Euros depending 
on the size of the airport, the type of airport infrastructure, the extent of damage or the type of flood 
protection.  

For example: 

                                                      
24 Report by D. Mc Millan to the Board of Gatwick Airport Limited, 26 February 2014. Disruption at Gatwick Airport, 
Christmas Eve 2013 
25 https://www.governor.ny.gov/news/governor-cuomo-announces-28-million-flood-protection-laguardia-airport 
26 S. Lacoin. ICAO Climate Change Resilience Strategy – Redefining Flood Protection at Kansai International Airport 
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 Following Hurricane Sandy in 2012, the Federal Emergency Management Agency approved more than 
$28 million in Hazard Mitigation Grant Program funds to help LaGuardia Airport meet flood mitigation 
and resiliency initiatives and further safeguard the airport from future major storms. These funds 
covered construction of a floodwall and rainwater pumping system, development of two gravity 
drainage systems, upgrades to electrical infrastructure, improvements to existing emergency 
generators and installation of new back-up generators.  

 San Francisco International Airport plans to begin environmental studies for its $587 million project 
which will cover construction of a 13km long seawall as protection from the steady rise of San 
Francisco Bay. 

 Oakland's airport plans to fortify and raise the 7.2m dyke that separates its main runway and terminals 
from San Francisco Bay by 0.6m. The estimated cost of this mitigation against sea level rise is $46 
million. 

 Brisbane Airport is located on reclaimed land on the coast at just 4m above sea level. In 2020, the 
airport opened a new runway constructed 1m higher than it otherwise would have done due to the 
increasing sea level. This included a higher seawall and better drainage systems. The total cost of the 
new runway was estimated at around $1.3 billion (AUD). 
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6. Discussion on other impacts 

6.1 Section summary  

Whilst a quantitative impact assessment for small airports is outside of the scope of this study, the potential 
impacts of flooding to those airports identified as at risk is discussed in this section. Small airports were sub-
divided into airports with connectivity importance, military airports, airports near tourist destinations and 
airports important for the General Aviation (GA) community. 

The European network impact is also explored, discussing the wider impacts on capacity, throughput, and 
delay from a cost and operational perspective. The primary network impact comes as a result of reactionary 
delays building up due to delayed flights at the impacted airport. This in turn results in a knock-on impact, 
delaying arriving flights, which then leads to further delays in departures. Additionally, network impacts can 
also be linked to propagated delay due to aircraft diverting to neighbouring airports, affecting runway 
throughput, as well as congestion in the Terminal Manoeuvring Area (TMA). These factors can have a knock-
on effect, with the potential for en-route airspace capacity to be affected. Impacts of this nature are split into 
tactical (i.e. the actual observed delay), and strategic disruption (i.e. the buffer built into schedules to allow for 
an anticipated level of delay).  

Other potential impacts not covered within the cost and operational impact analysis are discussed at the end 
of the section.  

6.2 Small airports 

6.2.1 Small airports at risk of flooding 

The validated output of the SLR modelling forecast that 158 small European coastal and low-lying airports will 
be at risk of full or severe/partial flooding in the years 2040 or 2090. Although small regional airports that 
handle less than 30,000 movements per year might not significantly impact European airport capacity, they 
play an important role for local communities, tourism, the GA community, specific industries and the military.  

Each of these airports has unique characteristics and therefore the operational and cost impact of loss of 
airport capacity due to a flood event is specific for each airport. The traffic data is publicly available for 51 out 
of the 158 small airports under assessment and, based on the available traffic data, it has been assumed that 
these airports handle 10,000 movements per year. Therefore, on average up to 27 movements per day might 
be cancelled, delayed or diverted if a small airport is closed due to full or partial flooding.  

Table 11 shows the number of airports at risk of full, severe or partial flooding in the years 2040 and 2090 for 
RCP4.5 and RCP8.5. For year 2090 under RCP8.5, 155 small airports were projected to be at risk of 
partial/severe or full flooding. It should be noted that two small airports failed validation under the 2090 
RCP8.5 scenario and one airport failed validation under the 2090 RCP4.5 and RCP8.5 scenarios. All three 
airports were projected to be at risk of some level of flooding in 2040 and two airports were projected to be at 
risk of flooding in 2090 (RCP4.5); it is therefore likely the total number of small airports at risk is 158 (rather 
than 155) in 2090 (RCP8.5), however this cannot be confirmed via the modelling due to the limitations of the 
DEM.  
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Overall, the risk for small airports increased, shifting airports out of lower risk categories into those of higher 
risk and as airports become vulnerable to partial flooding for the first time, the total number of small airports 
at risk of flooding under the three scenarios is 158. 

 Table 11: Projected flooding risk - small airports [*Three small airports that were identified as at risk of flooding for 2090 
(RCP8.5) failed the validation and were therefore excluded from this scenario’s results.] 

Scenario  
Partial flooding Severe flooding Full flooding Total number of 

small airports at 
flooding risk 

2000 (baseline)  62 35 45 142 

2040  59 38 48 145 

2090 (RCP4.5)  55 44 53 152 

2090 (RCP8.5)  52 48 55 155* 

Change in number 
of airports (2000 
to 2090)  

RCP4.5 -11% +26% +18% +7% 

RCP8.5 -16% +37% +22% +9% 

 

Figure 11 shows the distribution of the 158 airports at risk of flooding by 2090 within the small airport 
category based on the type of traffic or location of the airport. It should be noted that one airport might be 
included in multiple categories, e.g. if an airport is located on an island and is mainly used by tourist charter 
flights. Information about the type of traffic at the remaining 37 airports was not publicly available and thus 
they could not be assigned to a subcategory.  

 
Figure 11: Subcategories of small airports 

6.2.2 Airports of importance for the GA community 

Further analysis of the small airports’ characteristics showed that more than 80 airports that are at risk of 
flooding in 2040 or 2090 play an important role for the GA community, i.e. corporate aviation, air tourism, 
recreational flying, business aviation, air sports, training flights and similar.  
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The impacts of disruption at these airports could be wide-ranging. For example, more than six of these 
airports are used as a base for training pilots, three airports are used as a base for services to gas platforms 
and two airports are currently used by an aircraft manufacturer for testing purposes. Therefore, loss of 
capacity of these airports due to SLR might have an impact for a number of stakeholders, such as 
manufacturing companies and oil and gas industries, training organisations or flying clubs. The economic 
impact would also be felt at a local, regional or state level.  

To demonstrate the importance such airports can play for local communities internationally, the Texas airport 
system could be considered. Of 381 airports in the system, 266 are designated as general aviation airports as 
of 200827. A recent study called Economic Impact of General Aviation in Texas28 shows that general aviation in 
Texas has an enormous impact on the state economy by providing more than 48,000 jobs, with $2.5 billion in 
payroll and $9.3 billion in total economic output. This demonstrates that although disruption to a small airport 
of importance for GA may not have a significant operational or network impact, the cost implications can be 
much more far-reaching. 

6.2.3 Airports with connectivity importance 

Another subcategory of small airports is those with connectivity importance that play a key role in 
transportation for local communities. This category comprises airports located on an island and airports that 
provide public service obligation flights. It was found that 40 of the small local airports identified in this study 
as at risk of flooding in 2040 or 2090 fell within this category. These airports were located in Estonia, France, 
Germany, Greece, Iceland, Ireland, Italy, Netherlands, Norway, Spain, Sweden and the United Kingdom.  

Some of the airports in this category are located in NUTS level 3 regions29 which have higher drive-times to an 
alternative airport offering a scheduled service. The drive-time differences from the nearest at-risk airport to 
the nearest non-at-risk airport can vary from between 30 minutes to 5.8 hours. Where the drive-time is higher, 
the cost of imports/exports and air transport could become substantially higher for the communities local to 
the impacted airports where alternative means of transport are not viable. There is also no guarantee that the 
alternative airport will have the capacity in place to absorb the demand from an impacted small airport. 

Local connectivity issues therefore have the potential to create both political and economic pressure on local 
airports, as well as on the State to remove or adapt to the risk of reduced airport capacity due to marine 
flooding.  

6.2.4 Other small airport categories 

Of those small airports identified as at risk of flooding, 26 military or public/military airports were identified. 
The implications thereof are outside of scope of this study.   

The last subcategory covers small airports near tourist destinations. The analysis of small airports identified 
that 17 airports at risk of flooding in 2040 or 2090 are located in popular tourism areas. These are airports 

                                                      
27 https://ftp.dot.state.tx.us/pub/txdot-info/env/toolkit/420-12-gui.pdf 
28 https://ftp.txdot.gov/pub/txdot-info/avn/tx-econ-summary.pdf 
29 The NUTS classification (Nomenclature of territorial units for statistics) is a hierarchical system for dividing up the 
economic territory of the EU and the UK. Socio-economic analyses of the regions splits them into NUTS 1, 2 and 3, where 
level 3 are small regions for specific diagnoses.  
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near spa resorts or popular seasonal destinations. As such, disruption of operations at these airports would 
have an impact not only on the airports and airlines but also on the local/regional tourism sector.  

6.3 European network impact 

6.3.1 Overview 

Unplanned loss of airport capacity due to SLR can pose a threat to the efficiency and performance of the 
entire European ATM system.  

The outcomes of the operational impact assessment in this study showed that a one-day closure of a large 
airport might result in a loss of around 2-3% of all movements per day in the ECAC region. The impact of 
disruption to air traffic movements at one airport will likely propagate through to connecting airports and en-
route sectors. It consequently presents the potential for impacts, both operational and cost-related, to be felt 
at a network-wide level, by a range of stakeholders.  

In the event of an airport closure due to an environmental event such as a storm surge, network impacts can 
be observed from both a tactical, and strategic perspective. 

6.3.2 Tactical  

If an airport is closed due to an SLR-related event, then aircraft that are already en-route must divert to an 
alternate airport, as designated in the initial filed flight plan. This can result in a sudden strain on neighbouring 
airports, as well as on ATCOs controlling neighbouring sectors/FIRs, who have to cope with an unplanned 
increase in traffic. Although the airport impact is itself still relatively localised, as the constraints grow, the 
capacity issues at the alternate airports may accumulate and begin to propagate across the network, resulting 
in reactionary delays for aircraft departing from and arriving at the airport. This in turn leads to further en-
route reactionary delays that can be felt at a wider network scale. Constraints on runway capacity and 
throughput at the alternative airport(s) may further contribute to these delays.  

If nearby airports are also affected by the SLR-related event, the network impact resulting from a combination 
of primary and reactionary delays and cancellations may be considerably larger. If the one-day closure of a 
large airport may result in the loss of up to 2-3% of all movements per day, then the closure of multiple 
airports will likely mean further cancellations of flights, diversions and delays. 

The increased number of diverted aircraft can also cause capacity constraints due to the airspace being busier. 
The more aircraft operating in a given sector, the higher the complexity of the air traffic, therefore the less 
likely it will be for ATCOs to provide aircraft with optimum routings. This can lead to congestion and potential 
ATFM restrictions.  

These increased airspace capacity constraints can also have an environmental impact. To maintain throughput, 
ATFM measures may lead to less optimal routings resulting in inefficient flight trajectories, and larger 
deviations from filed flight plans, and hence excess fuel burn and carbon emissions. Similarly, environmental 
impacts will be exacerbated at a TMA level. Reduced runway capacity at alternate airports may result in 
increased numbers of aircraft in holding patterns, again leading to excess fuel burn and reduced flight 
efficiency.  

6.3.3 Strategic  

In the unlikely and extreme case of frequent closures at particular airports, this could result in strategic 
changes made by airlines to the development of their networks - leading to an evolution in traffic flows. 
Changes to the routing/flow of aircraft may lead to increased traffic levels and ‘hotspots’ in additional sectors, 
negatively impacting overall throughput. The uncertainty surrounding more frequent airport closures would 
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also impact the ability of ANSPs to plan for procedures reliant on the predictability of traffic flows within the 
network. More frequent closures may also lead to permanent changes, whereby it becomes uneconomical to 
operate routes to continually affected destinations. If the affected airport is an airline hub, the potential for 
route changes is exacerbated further. 

Although significant airport closures due to environmental reasons are relatively rare across the European 
network, evidence of the impacts of such instances can still be observed at a high level. Delays, for example, 
can be evidenced by the closure of one runway at a major European airport in 2001 which led to an increase in 
average European delay from around 1-2 minutes up to 40 minutes within a few hours30. Similarly, the closure 
of European airports and airspace due to the volcanic ash event in 2010 subsequently led to significant delays 
and flight cancellations across Europe. Consequently, the potential knock-on effects of airport closure due to 
SLR should not be overlooked, and the network-wide impact should be considered accordingly. 

6.4 Ground transport links  

Many airports are connected by ground transport links that may be vulnerable to sea level rise. Therefore, full 
or partial flooding of ground transport links can cause complete or partial loss of ground access to an airport. 
This means that in addition to passengers, airport personnel and other aeronautical and non-aeronautical 
service providers will be unable to access the airport and provide their services. As an example, in 2018, not 
only did Typhoon Jebi force the shutdown of Kansai International Airport due to flooding, but the main access 
bridge to/from the airport was severely damaged and not fully opened to public traffic until seven months 
after the storm.  

6.5 Airlines 

It is not only airports but also airlines who are impacted by airport closures. Travel information site 
FlightStats.com reported that in 2012 Hurricane Sandy caused the cancellation of 20,254 flights over a 5 day 
period. According to FlightStats, United Airlines cancelled 2,149 flights, whilst JetBlue Airways, US Airways and 
Southwest Airlines were forced to cancel around 1,450 flights each. Delta Air Lines cancelled 1,293 flights and 
American Airlines 759 flights31. 

The cost implications of disrupted airport operations on airlines due to full or partial flooding depend mainly 
on the duration of the airport disruption. If the airline needs to cancel its scheduled flights, it loses variable 
revenue related to the passengers such as passenger charges. It also loses revenue related to flexible tickets 
and there are additional costs such as the cost of cancelled/delayed or diverted flights or passenger 
reimbursement/compensation costs. However, the airline does not have to pay some of the direct operating 
costs such as take-off and landing charges although this then results in a loss of airport revenues.  

The following examples demonstrate the loss in revenue and additional costs suffered by airlines as a result of 
temporary airport shutdowns: 

 In 2010, the abovementioned ash cloud caused by a volcano in Iceland led to 6 days of airspace 
shutdown which subsequently led to shutdown of six airports that were located within the closed 
airspace. IATA reported that the total airline revenue losses due to a week-long closure of Europe’s 
airspace were €1.3 billion.  

                                                      
30 EUROCONTROL (2011) ‘’Challenges of Growth’’ Environmental Update Study, EUROCONTROL, Brussels. 
31 http://www.prweb.com/releases/2012_11_flightstats/hurricane_sandy_impact/prweb10090845.htm 
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 Hurricane Sandy in 2012 was estimated to cost the airline industry US$0.5 billion in lost revenues 
worldwide. 

 In 2018, a drone attack disrupted Gatwick for three days and EasyJet, which operated about half of all 
flights at Gatwick, reported that the attack cost it £15 million in compensation and welfare payments 
to passengers, as well as lost revenue. 
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7. Conclusions 

7.1 Drivers for marine flooding risk 

SLR is a phenomenon that will accelerate in the next few decades - Global Mean Sea Level (GMSL) is 
forecast to rise by between 0.43m and 0.84m by 2100 (RCP2.6 and RCP8.5). However, SLR is not 
expected to be the main cause of marine inundation of coastal airports during this century. In 

Europe, storm surge levels (SSL) range from 0.5m in the Mediterranean Sea to more than 3.5m in the North 
Sea for a 1 in 100-year event. For the time scales considered in the present study (2040 and 2090), storm 
surges will therefore still represent the main driver of marine inundation on most of the European 
coasts; this study therefore considered SLR, storm surge (100-year event) and Glacial Isostatic 
Adjustment (GIA).  

7.2 The present level of risk 

The results show that, for the year of reference (2000), 169 airports (62% of the 273 airports 
considered in this study) are already at risk of being flooded, either partially or fully. Of these 
169 airports, 51 (19% of the total) are at risk of full flooding in a 100-year storm surge.  

Most of the coastal and low-lying airports at risk of full flooding because of exceptional storm surge are 
located in Germany and the Netherlands. This situation arises due to high storm surge levels in the North Sea 
together with the low elevation of the coastal areas (with significant parts of the coastal territories below sea 
level). As stated within this report, a key limitation of the analysis is the inability to account for existing coastal 
defences, which are not large enough to be identified within the Digital Elevation Model (DEM) resolution 
constraints. Some airports are therefore identified as already below sea level. These airports are therefore 
already protected by dykes (polders) which cannot be detected via the Digital Elevation Models used in this 
study.  

It is therefore strongly recommended to carry out local surveys at each airport, based on LIDAR or 
photogrammetric DEMs. Such topographical surveys will not only refine the evaluation of flooding conditions 
(depth and extent) but enable coastal defences already implemented to be taken into account. 

7.3 The future level of flooding risk 

The results show that on all time horizons, there is expected to be a progression of risk, as airports 
move from the no/partial flooding categories into the severe/full flooding categories. The only 

exception is the coastal area of the North of the Baltic Sea and Scandinavian North Atlantic coast 
where GIA (post-glacial rebound of the land), is likely to lead to decreased flooding risk. However, there are 
only a few airports in this area that are at risk. 

For the worst-case scenario (RCP8.5) for year 2090, the number of coastal airports at risk of any level 
(partial/severe/full) of flooding is forecast to increase by 6% compared to the year 2000. Meanwhile, the 
number of coastal airports at risk from severe or full flooding is projected to increase by 23% and 20% 
respectively by 2090 (RCP8.5), demonstrating the progression of increasing risk levels. The increase is 
also significant under the lower intermediate IPCC scenario (RCP4.5), where 15% more airports will be at risk 
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from severe or full flooding by 2090 compared to year 2000. Rising risk is thus apparent even under more 
optimistic greenhouse gas emission pathways.  

It should be noted that most of the airports identified as at risk are small aerodromes servicing remote areas 
(e.g. small coastal islands) or hosting aeroclub activity. By 2090 (RCP8.5) 158 small, 14 medium and 6 large 
ECAC coastal airports are projected to be at risk from some level of flooding. The few national and 
international airports exposed to marine inundation are usually protected against exceptional storm events.  
Of course, even if these airports are protected against rare events, it is always possible that the protection level 
is exceeded, and a residual risk of flooding will always exist even if it is small. In agreement with Airports 
Council International (ACI) World policy, this report therefore recommends airports should carry out local 
risk assessments as soon as possible to evaluate the risk of flooding and to plan actions to further 
characterise and adapt to the risk at the local level.   

7.4 Impact assessment for large and medium airports 

The airports considered in this study cover a range of sizes from large international hubs to small 
regional airports, which are more likely to be affected by periodic flooding caused by storm events. 
Whilst large international airports play an important role in economic growth and are essential 

hubs for connectivity and trade, regional airports represent important points of access to remote locations and 
areas with limited ground access; these airports have significant economic impact on the surrounding region.  

The results of the operational impact assessment show that a one-day closure of a large airport due to full 
or partial/severe flooding could impact an average of around 800-900 movements per day and up to 
100,000 passengers/day. This corresponds to around 2-3% of all movements per day in the ECAC 
region.  

A one-day closure of a medium airport either due to full or partial/severe flooding, meanwhile, would 
impact around 100-200 movements per day and up to 20,000 passengers. 

The resultant cost implications on the airports and airlines ranged from €1 million to €27 million per one-
day closure of an airport. The cost estimates for delayed, cancelled or diverted flights ranged from €7 million 
to €27 million for the large airports and €1 million to €4 million for the medium airports which were identified 
as at risk of flooding in this study. This demonstrates the range of severity that flooding risk can present to 
airports. In some cases, operational responses may cause the impacts to propagate across the local or 
international networks due to flight delays or diversions, increasing the operational and cost implications.  

The costs of delayed, cancelled or diverted flights estimated in this report are based on 2019 traffic volumes 
and 2018 monetary values and therefore, the cost impact of airport flooding in years 2040 and 2090 might be 
different compared to today’s situation. The proportions of costs are however expected to remain similar. 

7.5 Flooding threat for small airports 

A total of 91% of the airports considered in this study that were identified to be at risk of flooding 
in the future are small airports. These small airports play a key role in transportation for local 
communities or have a paramount role for the military, tourism or the GA community 

including training flights, corporate aviation or business aviation. As such, disruption of operations of 
these airports could impact the local or regional economy. 
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Therefore, coastal and low-lying airports of all sizes need to be aware of the level of risk that they face 
from future SLR, acknowledge the risk, and try to understand and identify the steps they can take to 
better characterise and adapt to this at the local level.  
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Appendices 

A. Additional information on SLR in Europe 

Definitions and factors involved in sea level rise  

As a consequence of natural and anthropogenic changes in the climate system, sea level changes are 
occurring on temporal and spatial scales that threaten coastal communities, cities, and low-lying islands. Sea 
level in this context means the average height of the sea surface over time, thus eliminating short duration 
fluctuations like waves, surges and tides.  

Global Mean Sea Level (GMSL) rise refers to an increase in the volume of ocean water caused by warmer water 
having a lower density (that is, thermal expansion), and by the increase in mass caused by loss of land ice or a 
net loss in terrestrial water reservoirs. Spatial variations in volume changes are related to spatial changes in the 
climate. In addition, mass changes due to the redistribution of water on the Earth’s surface and deformation of 
the lithosphere leads to a change in the Earth’s rotation and gravitational field, producing distinct spatial 
patterns in regional sea level change.  

In addition to the regional changes associated with present-day ice and water redistribution, the Earth’s land 
mass may cause sea level changes due to tectonics, mantle dynamics or glacial isostatic adjustment. These 
processes cause vertical land motion (VLM) and sea surface height changes at coastlines. Hence, relative sea 
level (RSL) change is defined as the change in the difference in elevation between the land and the sea surface 
at a specific time and location (Farrell and Clark, 1976). Here, regional sea level refers to spatial scales of 
around 100km, while local sea level refers to spatial scales smaller than 10km. 

In most places around the world, current annual mean rates of RSL changes are typically in the order of a few 
millimetres per year (mm per year). Risk associated with changing sea level is also related to individual events 
that have a limited duration, superimposed on the background of these gradual changes. As a result, the 
gradual changes in time and space must be assessed together with processes that lead to flooding and 
erosion events. These processes include storm surges, waves and tides or a combination of these processes 
and lead to extreme sea level (ESL) events. 

Observed changes and impacts at global scale 

Over the last decades, global warming has led to widespread shrinking of the cryosphere, with mass loss from 
ice sheets and glaciers, reductions in snow cover and Arctic sea ice extent and thickness, and increased 
permafrost thaw. According to IPCC (2019), it is almost certain that the global ocean has warmed continuously 
since at least 1970 and has taken up more than 90% of the excess heat in the climate system. Since 1993, the 
rate of ocean warming has more than doubled.  

The simulated and observed GMSL change over the last century presented in the Summary to Policy Makers in 
the 2019 IPCC Special Report32 shows that GMSL rise for 1902–2015 was 0.16m, but that the rate for 2006–
2015 was unprecedented in this time frame, representing about 2.5 times the rate for 1901–1990. The sum of 
ice sheet and glacier contributions over the period 2006–2015 is the dominant source of SLR, exceeding the 
effect of thermal expansion of ocean water.  

                                                      
32 IPCC, 2019: Summary for Policymakers. In: IPCC Special Report on the Ocean and Cryosphere in a Changing Climate [H.-
O. Pörtner, D.C. Roberts, V. Masson-Delmotte, P. Zhai, M. Tignor, E. Poloczanska, K. Mintenbeck, A. Alegría, M. Nicolai, A. 
Okem, J. Petzold, B. Rama, N.M. Weyer (eds.)]. In press. 
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SLR is not globally uniform and varies regionally. Regional differences, within ±30% of the global mean SLR, 
result from land ice loss and variations in ocean warming and circulation. Differences from the global mean 
can be greater in areas of rapid VLM including from local human activities (e.g. extraction of groundwater).  

Increases in tropical cyclone winds and rainfall and increases in extreme waves exacerbate extreme sea level 
events and coastal hazards. Extreme wave heights (which is a separate factor to sea level rise and storm surge) 
contribute to extreme sea level events, coastal erosion and flooding, and have increased in the Southern and 
North Atlantic Oceans by around 1.0cm per year and 0.8cm per year over the period 1985–2018 (medium 
confidence).  

Projected changes and risks at global scale 

Global-scale glacier mass loss, permafrost thaw, and decline in snow cover and Arctic sea ice extent are 
projected to continue in the near-term (2031–2050) due to surface air temperature increases, with unavoidable 
consequences for river runoff and local hazards. The Greenland and Antarctic Ice Sheets are projected to lose 
mass at an increasing rate throughout the 21st century and beyond. The rates and magnitudes of these 
cryospheric changes are projected to increase further in the second half of the 21st century in a high 
greenhouse gas emissions scenario. Strong reductions in greenhouse gas emissions in the coming decades are 
projected to lessen further changes after 2050.  

Over the 21st century, the ocean is projected to transition to unprecedented conditions with increased 
temperatures and greater upper ocean stratification. Marine heatwaves and extreme El Niño and La Niña 
events are projected to become more frequent. The Atlantic Meridional Overturning Circulation (AMOC) is 
part of the Gulf Stream; like other major oceanic currents, it plays a major role in climates. The AMOC is 
projected to weaken.  

Sea level continues to rise at an increasing rate. The GMSL rise under RCP2.6 is projected to be 0.43m (0.29–
0.59m, likely range) in 2100 with respect to 1986–2005. For RCP8.5, the corresponding GMSL rise is 0.84m 
(0.61–1.10m, likely range) in 2100. The uncertainty at the end of the century is mainly determined by the 
predicted variations in melting rates of the ice sheets, especially in Antarctica. 

GMSL rise will cause the frequency of extreme sea level events at most locations to increase. Extreme sea level 
events that are historically rare (once per century in the recent past) are projected to occur frequently (at least 
once per year) at many locations by 2050 in all RCP scenarios, especially in tropical regions. The increasing 
frequency of high-water levels can have severe impacts in many locations depending on exposure.  

Significant wave heights (the average height from trough to crest of the highest one-third of waves) are 
projected to increase across the Southern Ocean and tropical eastern Pacific (high confidence) and Baltic Sea 
(medium confidence) and decrease over the North Atlantic and Mediterranean Sea under RCP8.5 (high 
confidence). Coastal tidal amplitudes and patterns are projected to change due to SLR and coastal adaptation 
measures. Projected changes in waves arising from changes in weather patterns, and changes in tides due to 
SLR can locally enhance or ameliorate coastal hazards. 

Increased mean and extreme sea levels, alongside ocean warming and acidification, are projected to 
exacerbate risks for human communities in low-lying coastal areas. In communities in the Arctic without rapid 
land uplift and in urban atoll islands (e.g. the Saami community in northern areas of Scandinavia or the 
Marshall Islands in the Pacific), risks are projected to be moderate to high even under a low emissions scenario 
(RCP2.6). Under a high emissions scenario (RCP8.5), delta regions and resource rich coastal cities are projected 
to experience moderate-to-high risk levels after 2050. 

Observed and projected changes in Europe  

Most European coastal regions experience increases in both absolute sea level (as measured by satellites) and 
relative sea level (as measured by tide gauges), but there are sizeable differences in the rates of absolute and 
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relative sea level change across Europe. Absolute sea level does not consider GIA. Trends in relative sea level 
are therefore of most relevance in the context of the study.  

Figure 12 shows linear trends in relative sea level from 1970 to 2016 as observed by tide gauge stations in 
Europe. They can differ from those measured by satellites because of the longer time period covered and 
because tide gauge measurements are influenced by vertical land movement whereas satellite measurements 
are not. 

The rise in sea level relative to land along most European coasts is projected to be similar to the global 
average, with the exception of the northern Baltic Sea and the northern Atlantic coast, which are experiencing 
considerable land rise as a consequence of GIA. 

 

Data source: Relative sea level trends (tide gauge data) provided by Permanent service for mean sea 
level (PSMSL) 

Figure 12: Trend in relative sea level at selected European tide gauge stations, 1970-2016 (Source: European Environment 
Agency, 2019) 

A probabilistic assessment of regional SLR in northern and central Europe estimated relative sea level changes 
during the 21st century for the high RCP8.5 emissions scenario. The results range from – 14cm (in Luleå, 
northern Sweden) to 84cm in Den Helder (Netherlands); high estimates (with a 5 % probability to be 
exceeded) range from 52cm to 181cm, respectively (A. Grinsted et al., 2015). 
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Extreme sea levels show pronounced short and long-term variability. A recent review of extreme sea level 
trends along European coasts concluded that long-term trends are mostly associated with the corresponding 
mean sea level changes. Changes in wave and storm surge characteristics mostly contribute to interannual and 
decadal variability, but do not show substantial long-term trends (R. Weisse et al., 2014). When the 
contribution from local mean sea level changes and variations in tide are removed from the recent trends, the 
remaining effects of changes in storm surges on extreme sea level are much smaller or even no longer 
detectable (M. Menéndez and P. L. Woodworth, 2010). Additional studies are available for some European 
coastal locations, but these typically focus on more limited spatial scales. The only region where significant 
increases in storm surge height were found during the 20th century is the Estonian coast of the Baltic Sea (Ü. 
Suursaar et al., 2009). 

The current research evidence suggests that projected increases in extreme sea level along the European coast 
during the upcoming decades will mostly be the result of mean sea level changes (R. Weisse et al., 2017). 
However, several recent studies suggest that changes in waves and storm surges may also play a substantial 
role in sea level changes during the 21st century in some regions. These studies project an increase in storm 
surge level for most scenarios and return periods along the northern European coastline, which can exceed 
30% of the relative SLR under the RCP8.5 scenario. Storm surge levels along most European coastal areas 
south of 50° N showed small changes and in some regions may decline to partly offset the effect of mean SLR 
on projected extreme water levels (T. Howard et al., 2014). SLR may also change extreme water levels by 
altering the tidal range and local wave climate. Tidal behaviour is particularly responsive in areas of the Bristol 
Channel and the Gulf of Saint-Malo and in the south-eastern German Bight and Dutch Wadden Sea (M.D. 
Pickering et al., 2012). 

The co-occurrence of high sea level and heavy precipitation resulting in large quantities of runoff may cause 
compound flooding in low-lying coastal areas. The Mediterranean coasts are at highest risk of compound 
flooding at present. For example, compound flooding was the cause of the catastrophic floods in Venice in 
November 2019. A recent study found that climate change increases the risk of compound flooding along 
most parts of the European coast, including the eastern and southern coasts of the North Sea, the Norwegian 
coast, the west coast of Great Britain, the coast of northern France, and the eastern coast of the Black Sea (E. 
Bevacqua et al., 2019). 
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B. Data Sources 

Study area 

The study area encompasses the European Civil Aviation Conference (ECAC) member states. Three new 
member states have joined ECAC since the original EUROCONTROL Challenges of Growth sea level rise 
analysis was done in 2008, Latvia, Georgia and Estonia. Azerbaijan was not included in the scope of the study 
as there is no projection of SLR for the Caspian Sea.33  

Airport data 

Airport data comes from the European AIS Database (EAD) Static Data Operations (SDO) database of 
worldwide airports, provided by EUROCONTROL. The data included in this Excel file are: 

 Airport name, identity/IATA code, country.  

 Airport category. The airports to be considered in this study are selected on two criteria: they belong 
to the categories "aerodrome" and "aerodrome with heliport", and they are located at a maximum 
elevation of 10m above mean sea level. The distance to the coast is not deemed relevant, as many 
airports more than 10km from the coast are located on the banks of tidal lagoons or river estuaries. It 
should be noted that most of the aerodromes in the EAD-SDO database are aeroclub landing sites, i.e. 
very small aerodromes. The airports that belong to the categories "heliport" and "landing site" were 
not included in the study. 

 Geographical coordinates and datum code. 

 Elevation value (feet or meter) and vertical datum. The elevation is given at the highest point of the 
runway, sourced from AIPs. 

Sea Level Rise (SLR) 

Main source used: Special Report on the Ocean and Cryosphere in a Changing Climate (SROCC), issued by the 
IPCC in September 2019.  

 Time horizons: 2000, 2040, 2090 

 Climate change scenarios: RCP4.5, RCP8.5. 

N.B.: for the year 2040, the SL projections in RCPs 4.5 and 8.5 only differ by a few centimetres, therefore it was 
not considered necessary to distinguish between the two scenarios.  

Storm surges 

Main source used: M. I. Vousdoukas, E. Voukouvalas, A. Annunziato, A. Giardino, L. Feyen (2016). Projections of 
extreme storm surge levels along Europe. Clim Dyn (2016) 47:3171–3190, DOI 10.1007/s00382-016-3019-5. 
CrossMark. February 2016. 

                                                      
33 Research has indicated that the Caspian Sea level may be becoming lower due to a combination of increased 
evaporation of the sea itself and a lower discharge of water from the rivers that flow into it. See source H. Soheil., Kh. Amir, 
Kh. Amir, A. Mehdi, N. Seyed: Investigation of Caspian Sea Level Fluctuations Based on ECMWF Satellite Imaging Models and 
Rivers Discharge. 
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 The Extreme Sea Level (ESL) dataset presents the distribution of the total water level (TWL) design 
conditions at the European coastline. The TWL is estimated from the dynamic simulation of the major 
hydrodynamic sea level components (being the mean sea level, tides, storm surges and waves) as 
derived from a combination of six climatic models for the period from 01/12/1969 to 30/11/2004. The 
dataset contains the design conditions for both the TWL and the episodic component (storm surge 
level for a 100-year return period and wave height) that may affect the coastline during intense storm 
events. 

 Time horizons: 2000, 2050, 2100. 

 Climate change scenarios: RCP8.5 for 2050, RCP4.5 and 8.5 for 2100. 

Glacial Isostatic Adjustment (GIA) 

Main source used: W.R. Peltier (2004). Global Glacial Isostasy and the Surface of the Ice-Age Earth: The ICE-5G 
(VM2) Model and GRACE. Annu. Rev. Earth Planet. Sci. 2004. 32:111–49 doi: 
10.1146/annurev.earth.32.082503.144359 Copyright © 2004 

 Refined model of the global process of GIA, denoted ICE-5G (VM2). A significant test of this new 
global model has been provided by the global measurement of the time dependence of the gravity 
field of the planet that is delivered by the GRACE satellite system.  

 Relative Sea Level Rise (RSLR) input for times (in KBP34) 0.25, 0.00 and -0.25 gives 3 values for the 
predicted present-day rate of sea-level rise due to GIA.  

 Using the intervals [250yrs Before Present (BP), now], [now, 250yrs After Present (AP)] and [250yrsBP, 
250yrsAP] gives the predicted average rate over the last 250 years, the next 250 years and an average 
present-day rate. 

Digital Elevation Model (DEM) 

Two global DEMs are used: SRTM and ASTER 

The resolution, accuracy and geographical coverage of available DEMs is analysed in Section 3.5.1. 

SRTM: Source https://www.usgs.gov/centers/eros/science/usgs-eros-archive-digital-elevation-shuttle-radar-
topography-mission-srtm-1-arc?qt-science_center_objects=0#qt-science_center_objects  

 The Shuttle Radar Topography Mission (SRTM) was flown aboard the space shuttle Endeavour 
February 11-22, 2000. The National Aeronautics and Space Administration (NASA) and the National 
Geospatial-Intelligence Agency (NGA) participated in an international project to acquire radar data 
which were used to create the first near-global set of land elevations. 

 Endeavour orbited Earth 16 times each day during the 11-day mission, completing 176 orbits. SRTM 
successfully collected radar data over 80% of the Earth's land surface between 60° north and 56° south 
latitude with data points posted every 1 arc-second (approximately 30 meters). 

 Previously, SRTM data for regions outside the United States were sampled for public release at 3 arc-
seconds, which is 1/1200th of a degree of latitude and longitude, or about 90 meters (295 feet). The 

                                                      
34 103 years BP 



Climate Change Risks for European Aviation 2021  

Impact of sea level rise on European airport operations    
Technical report 

 

  Page 56 of 70 

 

new data have been released with a 1 arc-second, or about 30 meters (98 feet), sampling that reveals 
the full resolution of the original measurements. 

 SRTM has an overall minimum accuracy of around ±16m at 90% confidence level. However, the DEM 
accuracy is substantially worse for areas containing steep slopes and sharp changes in elevation, as 
supported by Mukul et al. (2017)35 via studies concentrating on the Himalayas. Conversely, SRTM has 
been proven to demonstrate significantly better accuracy for coastal areas. Within an assessment of 
freely available DEMs on coastal plains, Du et al. (2016)36 found that the DEM considerably 
outperforms its specification over coastal plains. Other studies, such as Zhang et al (2019)37, have 
found the accuracy at 90% confidence to be between 5m and 6m based on the island of Hispaniola. 
This still presents a challenge in the context of the current study where the expected sea level rise 
including storm surges is expected to be between 1-5m. However, SRTM has previously been widely 
used to evaluate threats from global sea level rise, storm surge, and coastal floods38. While use of 
modelling results using SRTM data to make absolute predictions on flooding needs to be treated with 
caution, it is still valuable to use SRTM data to look at changes in flooding risk and to make 
comparative studies. Appendix F describes additional checks that were carried out to give increased 
confidence in the modelling results using the SRTM data.  

ASTER : Source M. l. Abrams et al. (2020). ASTER Global Digital Elevation Model (GDEM) and ASTER Global 
Water Body Dataset (ASTWBD). In Remote Sensing 2020, 12, 1156; doi:10.3390/rs12071156  

 The Ministry of Economy, Trade, and Industry (METI) of Japan and the United States National 
Aeronautics and Space Administration (NASA) jointly announced the release of the Advanced 
Spaceborne Thermal Emission and Reflection Radiometer (ASTER) Global Digital Elevation Model 
Version 3 (GDEM 003) on August 5, 2019. 

 The GDEM covers all of the Earth’s land surface from 83 degrees north to 83 degrees south latitude.  

 The vertical accuracy of ASTER is approximately 10m (i.e. it is similar to the SRTM accuracy in the 
context of this study). 

It should be noted that tests were performed to check the vertical accuracy of the 30m and 90m data points in 
SRTM. These tests, made on airfields where precise LIDAR based elevation is available, show that due to the 
flat terrain of airfields, the 30m version of the GDEM does not provide results that are more accurate. 
Therefore, to make the GIS simulations easier (with a volume of data manageable on office computers) the 
90m version was selected.  

 

  
                                                      
35 Mukul, M., Srivastava, V., Jade, S. et al. (2017). Uncertainties in the Shuttle Radar Topography Mission (SRTM) Heights: Insights 
from the Indian Himalaya and Peninsula. Sci Rep 7, 41672. 
36 Xiaoping Du, Huadong Guo, Xiangtao Fan, Junjie Zhu, Zhenzhen Yan & Qin Zhan (2016). Vertical accuracy assessment of 
freely available digital elevation models over low-lying coastal plains. International Journal of Digital Earth, 9:3, 252-271.  

37 Keqi Zhang, Daniel Gann, Michael Ross, Quin Robertson, Juan Sarmiento, Sheyla Santana, Jamie Rhome, & Cody Fritz 
(2019). Accuracy assessment of ASTER, SRTM, ALOS, and TDX DEMs for Hispaniola and implications for mapping vulnerability 
to coastal flooding. Remote Sensing of Environment, Vol 225, 290-206. 
38 Kulp, S. & Strauss, B. H. (2016). Global DEM Errors Underpredict Coastal Vulnerability to Sea Level Rise and Flooding. 
Frontiers in Earth Science: Vol 1, 36.  
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C. GMSL Analysis  

Table 12 shows Median and likely Global Mean Sea Level (GMSL) rise projections (m) from the various studies 
considered in SROCC. Values between brackets are likely ranges; if no values are given the likely range is not 
available. The table shows results from probabilistic and semi-empirical results. A is 2000 as base line year up 
to 2100; B is the average of 1986–2005 as base line for the projection up to 2081–2100; C 1980–1999 as 
baseline up to 2090–2099. The uncertainty at the end of the century is mainly dependent on the status (i.e. 
degree of melt) of the ice sheets, especially in Antarctica. 

Table 12: Median and likely Global Mean Sea Level rise projections (m), Source SROCC 2019. Own composition. Median and 
likely Global Mean Sea Level (GMSL) rise projections (m). Values between brackets are likely range, if no values are given the 
likely range is not available. The table shows result from the probabilistic and semi-empirical results. A is 2000 as base line 
year up to 2100; B is the average of 1986–2005 as base line for the projection up to 2081–2100, C 1980–1999 as baseline up 
to 2090–2099. 

 
The average values of GMSL can thus be estimated for RCP4.5 and RCP8.5 in 2050 and 2100, depending on 
the base line year. The “2000/2100” values correspond to the average of the “A” period shown in Table 13. The 
“1986-2005/2081-2100” values correspond to the average of the “B” period. 
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Table 13: Average values of GMSL depending on the base line year 

 

D. Storm surge analysis 

M.I. Vousdoukas et al. (2016)39 used the Delft3D-Flow hydrodynamic model calibrated by surface wind and 
atmospheric pressure fields from an 8-member climate model40 ensemble to evaluate dynamics in storm 
surge levels (SSL) along the European coastline (1) for the baseline period 1970–2000; and (2) during this 
century under the Representative Concentration Pathways RCP4.5 and RCP8.5.  

Validation simulations, spanning from 2008 to 2014 and driven by ERA-Interim atmospheric forcing, indicated 
good predictive skill (0.06m < RMSE < 0.29m and 10% < RMSE < 29% for 110 tidal gauge stations across 
Europe). Peak-over-threshold extreme value analysis was applied to estimate SSL values for different return 
periods, and changes of future SSL were obtained from all models to obtain the final ensemble.  

In the current situation, the estimated extreme SSL along the North Sea is the highest along Europe (more 
than 3m in general) and increases eastwards (up to 3.7m in Germany), while higher SSL values are also 
projected along the west-facing coastline of the Irish Sea, followed by marginal areas of the Baltic Sea and the 
Norwegian Sea. Anticipated extreme SSL values are substantially lower for most of Southern Europe (between 
0.5m and 1m in the Mediterranean Sea) with the exception of the North Adriatic and some parts of the North 
Black Sea. 

Values for most scenarios and return periods indicate a projected increase in SSL at several locations along the 
North European coastline, which is more prominent for RCP8.5 and shows an increasing tendency towards the 
end of the century for both RCP4.5 and RCP8.5. Projected SSL changes along the European coastal areas south 
of 50°N show minimal change or even a small decrease, with the exception of RCP8.5 under which a moderate 
increase is projected towards the end of the century.  

The present findings indicate that the anticipated increase in extreme total water levels due to RSLR, can be 
further enforced by an increase of the extreme SSL, which can exceed 30% of the RSLR, especially for the high 
return periods and pathway RCP8.5. This implies that the combined effect could increase the anticipated 
impacts of climate change even further for certain European areas. 

The figure below shows the results for 5, 10, 50 and 100 year return periods (shown in different columns), for 
the baseline period (a–d), as well as their projected changes under RCP4.5 2040 (e–h), RCP8.5 2040 (i–l), 
RCP4.5 2100 (m–p), RCP8.5 2100 (q–t) scenarios (shown in different lines). Warm/cold colours relate to 
increase/decrease respectively; while points with high model disagreement are shown with grey. 

In the present study, only the 100-year return period has been considered. 

                                                      
39 M. I. Vousdoukas, E. Voukouvalas, A. Annunziato, A. Giardino, L. Feyen (2016). Projections of extreme storm surge levels 
along Europe. Clim Dyn (2016) 47:3171–3190, DOI 10.1007/s00382-016-3019-5. CrossMark. February 2016. 
40 An 8-member climate model ensemble is a set of 8 models for which median values and percentiles have been calculated 
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Figure 13 Ensemble mean of extreme SSL (m) along the European coastline obtained for several return periods (Source M.I. 
Vousdoukas et al., 2016). Residual storm surge water levels are shown by η, where absolute changes in sea level is shown by 
Δη. 
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E. Results of SLR modelling pre-validation 

Flooding conditions for year 2000 

Table 14: Number of airports per country that were identified in each category of flooding based on sea level modelling for 
ECAC airports in baseline year 2000. This does not represent the number of airports actually flooded, but rather the number at 
risk without coastal defences.  

Country No flooding Partial flooding (< 
50%) 

Severe flooding 
(> 50%) 

Full flooding 

Belgium 0 1 2 2 

Bulgaria 1 1 0 0 

Cyprus 0 0 1 0 

Denmark 4 4 1 4 

Estonia 4 0 0 0 

Finland 5 0 0 0 

France 5 8 11 2 

Germany 7 6 4 19 

Greece 9 6 3 1 

Iceland 7 6 0 0 

Ireland 0 3 3 2 

Italy 6 5 6 2 

Latvia 4 0 0 0 

Montenegro 0 1 0 0 

Netherlands 1 1 3 10 

Norway 7 5 0 2 

Poland 0 4 1 3 

Portugal 1 2 2 1 

Slovenia 0 0 0 1 

Spain 4 7 3 0 

Sweden 13 1 1 0 

Turkey 4 5 0 1 

UK 17 10 4 3 

Total 99 76 45 53 
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Flooding conditions for year 2040 

Table 15: Number of airports per ECAC country that were identified in each category of flooding risk based on sea level 
modelling using SLR forecast for the year 2040. Change compared to baseline year (2000) shown in brackets. The results do not 
represent the number of airports actually flooded, but rather the number at risk without coastal defences.  

Country No flooding Partial flooding (< 
50%) 

Severe flooding 
(> 50%) 

Full flooding 

Belgium 0 (0) 1 (0) 2 (0) 2 (0) 

Bulgaria 1 (0) 1 (0) 0 (0) 0 (0) 

Cyprus 0 (0) 0 (0) 1 (0) 0 (0) 

Denmark 4 (0) 4 (0) 1 (0) 4 (0) 

Estonia 4 (0) 0 (0) 0 (0) 0 (0) 

Finland 5 (0) 0 (0) 0 (0) 0 (0) 

France 4 (-1) 7 (-1) 10 (-1) 5 (+3) 

Germany 7 (0) 6 (0) 3 (-1) 20 (+1) 

Greece 9 (0) 5 (-1) 4 (+1) 1 (0) 

Iceland 7 (0) 6 (0) 0 (0) 0 (0) 

Ireland 0 (0) 3 (0) 3 (0) 2 (0) 

Italy 6 (0) 5 (0) 6 (0) 2 (0) 

Latvia 4 (0) 0 (0) 0 (0) 0 (0) 

Montenegro 0 (0) 1 (0) 0 (0) 0 (0) 

Netherlands 1 (0) 0 (-1) 3 (0) 11 (+1) 

Norway 7 (0) 5 (0) 0 (0) 2 (0) 

Poland 0 (0) 3 (-1) 2 (+1) 3 (0) 

Portugal 1(0) 2 (0) 2 (0) 1 (0) 

Slovenia 0 (0) 0 (0) 0 (0) 1 (0) 

Spain 4 (0) 7 (0) 3 (0) 0 (0) 

Sweden 13 (0) 1 (0) 1 (0) 0 (0) 

Turkey 4 (0) 5 (0) 0 (0) 1 (0) 

UK 16 (-1) 11 (+1) 4 (0) 3 (0) 

Total 97 (-2) 73 (-3) 45 (0) 58 (+5) 
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Flooding conditions for year 2090 with RCP4.5 

Table 16: Number of airports per ECAC country that were identified in each category of flooding risk based on sea level 
modelling using SLR forecast for the year 2090 under RCP4.5. Change compared to baseline year (2000) shown in brackets. The 
results do not represent the number of airports actually flooded, but rather the number at risk without coastal defences.  

Country No flooding Partial flooding (< 
50%) 

Severe flooding 
(> 50%) 

Full flooding 

Belgium 0 (0) 1 (0) 2 (0) 2 (0) 

Bulgaria 1 (0) 0 (-1) 1 (+1) 0 (0) 

Cyprus 0 (0) 0 (0) 1 (0) 0 (0) 

Denmark 4 (0) 2 (-2) 2 (+1) 5 (+1) 

Estonia 4 (0) 0 (0) 0 (0) 0 (0) 

Finland 5 (0) 0 (0) 0 (0) 0 (0) 

France 4 (0) 5 (-2) 11 (+1) 6 (+1) 

Germany 7 (0) 4 (-2) 5 (+2) 20 (0) 

Greece 7 (-2) 7 (+2) 4 (0) 1 (0) 

Iceland 7 (0) 6 (0) 0 (0) 0 (0) 

Ireland 0 (0) 2 (-1) 4 (+1) 2 (0) 

Italy 5 (-1) 5 (0) 7 (+1) 2 (0) 

Latvia 4 (0) 0 (0) 0 (0) 0 (0) 

Montenegro 0 (0) 1 (0) 0 (0) 0 (0) 

Netherlands 1 (0) 0 (0) 2 (-1) 12 (+1) 

Norway 7 (0) 5 (0) 0 (0) 2 (0) 

Poland 0 (0) 3 (0) 2 (0) 3 (0) 

Portugal 1 (0) 2 (0) 2 (0) 1 (0) 

Slovenia 0 (0) 0 (0) 0 (0) 1 (0) 

Spain 3 (-1) 7 (0) 4 (+1) 0 (0) 

Sweden 13 (0) 1 (0) 1 (0) 0 (0) 

Turkey 3 (-1) 6 (+1) 0 (0) 1 (0) 

UK 16 (0) 11 (0) 3 (-1) 4 (+1) 

Total 92 (-5) 68 (-5) 51 (+6) 62 (+4) 
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Flooding conditions for year 2090 with RCP8.5 

Table 17: Number of airports per ECAC country that were identified in each category of flooding risk based on sea level 
modelling using SLR forecast for the year 2090 under RCP8.5. Change compared to baseline year (2000) shown in brackets. The 
results do not represent the number of airports actually flooded, but rather the number at risk without coastal defences. 

Country No flooding Partial flooding (< 
50%) 

Severe flooding 
(> 50%) 

Full flooding 

Belgium 0 (0) 1 (0) 2 (0) 2 (0) 

Bulgaria 1 (0) 0 (0) 1 (0) 0 (0) 

Cyprus 0 (0) 0 (0) 1 (0) 0 (0) 

Denmark 4 (0) 2 (0) 2 (0) 5 (0) 

Estonia 4 (0) 0 (0) 0 (0) 0 (0) 

Finland 5 (0) 0 (0) 0 (0) 0 (0) 

France 4 (0) 4 (-1) 11 (0) 7 (+1) 

Germany 7 (0) 1 (-3) 8 (+3) 20 (0) 

Greece 7 (0) 7 (0) 4 (0) 1 (0) 

Iceland 7 (0) 6 (0) 0 (0) 0 (0) 

Ireland 0 (0) 2 (0) 4 (0) 2 (0) 

Italy 5 (0) 3 (-2) 8 (+1) 3 (+1) 

Latvia 3 (-1) 1 (+1) 0 (0) 0 (0) 

Montenegro 0 (0) 1 (0) 0 (0) 0 (0) 

Netherlands 1 (0) 0 (0) 2 (0) 12 (0) 

Norway 7 (0) 5 (0) 0 (0) 2 (0) 

Poland 0 (0) 3 (0) 2 (0) 3 (0) 

Portugal 1 (0) 2 (0) 2 (0) 1 (0) 

Slovenia 0 (0) 0 (0) 0 (0) 1 (0) 

Spain 3 (0) 7 (0) 4 (0) 0 (0) 

Sweden 13 (0) 1 (0) 1 (0) 0 (0) 

Turkey 3 (0) 6 (0) 0 (0) 1 (0) 

UK 15 (-1) 12 (+1) 3 (0) 4 (0) 

Total 90 (-2) 64 (-4) 55 (+4) 64 (+2) 



Climate Change Risks for European Aviation 2021  

Impact of sea level rise on European airport operations    
Technical report 

 

  Page 64 of 70 

 

F. Results validation using additional elevation data  

Validation approach 

Considering that the EAD data is a point measurement obtained from local survey data, whereas the SRTM 
DEM provides 90m horizontal resolution, it can be assumed that: 

1. If EAD elevation is higher than forecast SLR, the runway could either be not flooded or partially 
flooded; in this case, SRTM/ASTER DEM should indicate the runway elevation is either partially or 
entirely higher than forecast sea level. 

2. If EAD elevation is lower than expected SLR, given the EAD data point should be the highest point, the 
runway track should have been identified as fully flooded from the SRTM track elevation.  

By comparing the EAD elevation, expected SLR and forecast airport runway track submergence, four outcomes 
for the validation exercise were observed: 

1. Validation Pass where EAD data suggests flooding – scenario where the EAD elevation point for 
the runway is lower than SLR+SSL, and the DEM simulations have suggested there will be partial/full 
flooding (see left hand diagram of Figure 14).  

2. Validation Fail where EAD data suggests flooding – scenario where the EAD elevation point is 
lower than SLR+SSL, but the DEM simulations have suggested there will be no flooding (see right 
hand diagram of Figure 14). 

 
Figure 14: Possible positions of DEM and EAD elevations relative to forecast SL in the event that EAD elevation is lower than 
sea level, thus indicating no or partial flooding of the runway. (L) Scenario where validation would pass (i.e. model predicts 
full or partial flooding). (R) Scenario where validation would fail (model predicts no flooding). 

3. Validation Pass where EAD data suggests no full flooding – scenario where the EAD elevation 
point is higher than SLR+SSL, and the DEM simulations have suggested there will be partial/no 
flooding (i.e. no full flooding) (see left hand diagram of Figure 15). 

4. Validation Fail where EAD data suggests no full flooding – scenario where the EAD elevation point 
is higher than SLR+SSL, but the DEM simulations have suggested there will be full flooding (see right 
hand diagram of Figure 15). 
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Figure 15: Possible positions of DEM and EAD elevations relative to forecast SL in the event that EAD elevation is higher than 
sea level, thus indicating no or partial flooding of the runway. (L) Scenario where validation would pass (i.e. model predicts no 
or partial flooding). (R) Scenario where validation would fail (model predicts full flooding). 

The airports considered in this study are located at a maximum elevation of 10m above mean sea level and the 
distance to the coast is not deemed relevant, as many airports more than 10km from the coast are located on 
the banks of tidal lagoons or river estuaries. Due to this reason, the SLR modelling also considered 54 low-
lying airports which are located more than 10km from the coastline. The results of the SLR modelling 
predicted that 30 of the 54 low-lying airports will be fully or partially flooded in year 2040 or 2090. The 
location of these airports, in terms of airport’s distance from coastline or tidal river and history of flooding 
events, was further analysed.  

Summary of validation results using additional elevation data 

Table 18 presents the number of airports that passed and failed the validation for year 2040 and 2090 RCP4.5 
and RCP8.5. 

Table 18: Validation of the results 

Scenario Pass 
(flooding) 

Pass (no full 
flooding) 

Fail (flooding) Fail (no full 
flooding) 

% Pass 
validation 

2040 57 192 9 15 91% 

2090 (RCP4.5) 62 187 10 14 91% 

2090 (RCP8.5) 65 182 11 15 90% 

Validation of the results for year 2040  

The results of future flooding risk in year 2040 for RCP4.5 found that 249 out of 273 European coastal airports 
passed the validation using EAD data. Table 19 presents the number of airports that passed and failed the 
validation per ECAC country. 

Table 19: Validation of the results for year 2040  

Country Pass (flooding) Pass (no full 
flooding) 

Fail (flooding) Fail (no full 
flooding) 

% Pass validation 

Belgium 3 2 0 0 100% 

Bulgaria 1 1 0 0 100% 

Cyprus 0 1 0 0 100% 
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Country Pass (flooding) Pass (no full 
flooding) 

Fail (flooding) Fail (no full 
flooding) 

% Pass validation 

Denmark 3 8 1 1 85% 

Estonia 0 4 0 0 100% 

Finland 0 5 0 0 100% 

France 5 18 0 3 88% 

Germany 18 16 0 2 94% 

Greece 1 18 0 0 100% 

Iceland 3 9 1 0 92% 

Ireland 4 4 0 0 100% 

Italy 3 16 0 0 100% 

Latvia 0 3 1 0 75% 

Montenegro 0 1 0 0 100% 

Netherlands 9 3 0 3 80% 

Norway 0 12 0 2 86% 

Poland 2 4 0 2 75% 

Portugal 1 5 0 0 100% 

Slovenia 0 0 0 1 0% 

Spain 0 13 1 0 93% 

Sweden 0 13 2 0 87% 

Turkey 0 9 0 1 90% 

United Kingdom 4 27 3 0 91% 

Total 57 192 9 15 91% 

 

Validation of the results for year 2090 with RCP4.5 

The results of future flooding risk in year 2090 for RCP4.5 found that 249 out of 273 European coastal airports 
passed the validation using EAD data. Table 20 presents the number of airports that passed and failed the 
validation per ECAC country. 

Table 20: Validation of the results for year 2090 with RCP4.5 

Country Pass (flooding) Pass (no full 
flooding) 

Fail (flooding) Fail (no full 
flooding) 

% Pass validation 

Belgium 3 2 0 0 100% 

Bulgaria 1 1 0 0 100% 
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Country Pass (flooding) Pass (no full 
flooding) 

Fail (flooding) Fail (no full 
flooding) 

% Pass validation 

Cyprus 0 1 0 0 100% 

Denmark 3 7 1 2 77% 

Estonia 0 4 0 0 100% 

Finland 0 5 0 0 100% 

France 6 18 0 2 92% 

Germany 19 15 0 2 94% 

Greece 1 18 0 0 100% 

Iceland 3 8 2 0 85% 

Ireland 5 3 0 0 100% 

Italy 3 16 0 0 100% 

Latvia 0 3 1 0 75% 

Montenegro 0 1 0 0 100% 

Netherlands 10 3 0 2 87% 

Norway 0 12 0 2 86% 

Poland 3 3 0 2 75% 

Portugal 1 5 0 0 100% 

Slovenia 0 0 0 1 0% 

Spain 0 13 1 0 93% 

Sweden 0 13 2 0 87% 

Turkey 0 9 0 1 90% 

United Kingdom 4 27 3 0 91% 

Total 62 187 10 14 91% 

 

Validation of the results for year 2090 with RCP8.5 

The modelling results of future flooding risk in year 2090 for RCP8.5 found that 247 out of 273 European 
coastal airports passed the validation using EAD data. Table 21 details the results in a form of four types of 
outcome of the validation exercise for each ECAC country for year 2090 for RCP8.5. 



Climate Change Risks for European Aviation 2021  

Impact of sea level rise on European airport operations    
Technical report 

 

  Page 68 of 70 

 

Table 21: Validation of the results for year 2090 with RCP8.5 

Country Pass (flooding ) Pass (no full 
flooding) 

Fail (flooding) Fail (no full 
flooding) 

% Pass validation 

Belgium 3 2 0 0 100% 

Bulgaria 1 1 0 0 100% 

Cyprus 0 1 0 0 100% 

Denmark 3 7 1 2 77% 

Estonia 0 4 0 0 100% 

Finland 0 5 0 0 100% 

France 6 17 0 3 88% 

Germany 20 15 0 1 97% 

Greece 1 18 0 0 100% 

Iceland 3 8 2 0 85% 

Ireland 5 3 0 0 100% 

Italy 3 15 0 1 95% 

Latvia 0 2 2 0 50% 

Montenegro 0 1 0 0 100% 

Netherlands 10 3 0 2 87% 

Norway 0 12 0 2 86% 

Poland 3 3 0 2 75% 

Portugal 1 5 0 0 100% 

Slovenia 0 0 0 1 0% 

Spain 1 12 1 0 93% 

Sweden 0 13 2 0 87% 

Turkey 0 9 0 1 90% 

United Kingdom 5 26 3 0 91% 

Total 65 182 11 15 90% 

 

Geographical trends 

To determine whether there were any patterns in airports with less credible results as indicated by the 
validation, the geographical location of the airports that failed the validation was considered. Figure 16 
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displays the location of the 249 European coastal airports for which the modelling results of future flooding 
risk for year 2040 passed the validation, in a form of a heatmap. Figure 17 displays the location of 24 airports, 
where the modelling results of future flooding risk for year 2040 failed the validation. 

 
Figure 16: Validation of the results for year 2040 – passed validation 

 
Figure 17: Validation of the results for year 2040 – failed validation 
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The results found that a quarter of the 29 airports that failed the validation were positioned near mountainous 
terrain. SRTM is proven to have substantially reduced accuracy for areas next to steep changes in elevation. 
This would explain why the results for these airports are erroneous.  

No patterns could be identified in the location of the remaining airports. The validation results are similar for 
year 2090 for RCP4.5. The countries which contained airports that failed the validation of flooding risk are the 
same in the year 2090 for RCP4.5 as they were for 2040; the only difference is in the number of airports that 
failed validation which is no greater than one per country. The results of validation for year 2090 for RCP8.5 
are similar to those in years 2040 and 2090 RCP4.5. The difference was that Italy joined the group of countries 
where modelling results of flooding risk for at least one airport failed the validation.  

Airport size 

The SLR modelling results of future flooding risk at 29 airports of 14 European coastal countries did not pass 
the validation exercise on one of the time/RCP scenarios. As such, the size and characteristics of these airports 
were examined in order to understand the impact of SLR modelling results failing validation on the impact 
assessment. The key findings are the following: 

 Four airports handle less than 6,000 IFR movements per year. 

 Two airports handled more than 1,000,000 passengers in at least one of the past five years. 

 The information about annual movements or the number of passengers for the remaining 23 airports 
is publicly unavailable. All these airports are classified as small regional airports.  

The validation exercise for future flooding risk found that all large European coastal and low-lying airports and 
airports with more than 30,000 IFR movements per year passed the validation exercise.  
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