
Flanagan, Aoibhin Climate Resilient Airports 54th ISOCARP Congress 2018  

 

Exploring climate change impacts on global airport operations and 

infrastructure: Setting the scene and looking at case study 

solutions to current and future scenarios. 

Aoibhin FLANAGAN, Arup, Ireland 

Kathryn KIMBALL, Arup, UK 

Faye BEAMAN, Arup, UK 

Justin ABBOTT, Arup, UK 

1. Abstract 

The aviation sector is facing many challenges associated with global megatrends including 

climate change, urbanisation, increasing global mobility and competition, shifts in economic 

power, security and safety priorities, dynamic fuel and energy supplies and limited resources. 

This paper focuses on climate change impacts and the associated challenges for airports.  

Climate change is reshaping design and operations globally as operators seek to implement 

effective adaptation and resilience measures at new and existing airports. Climate change is 

impacting airports and cities around the world as the shocks and stresses can disrupt the 

delivery of services. There is an ever-increasing demand for aviation to drive development, 

however airports can be severely impacted by the effects of climatic events on infrastructure 

systems (Figure 1). It is important that airports are resilient and adaptable to limit the climate 

change impacts on airports and the infrastructure systems that influence operations.  

 

Figure 1: Infrastructure systems (Source: Lloyds and Arupi) 

It should be noted that many measures at airports rely on the successful operation of other 

systems such as road networks, water supplies, stakeholders and airline operators (as 

airport operators are not legally responsible for everything at the airport). Any change of 

operations even temporarily can be costly due to the high health and safety standards that 

need to be achieved.  Climate change impacts of relevance to aviation include increased 

snow and ice, sea level rise, temperature rise, drought, flooding, precipitation effects, wind 

changes and an increase in extreme weather events. Climate change is also a significant 



Flanagan, Aoibhin Climate Resilient Airports 54th ISOCARP Congress 2018  

 

consideration in the design of new airports. For example, slight changes in weather 

conditions could mean longer runways, changes to the requirement for safety zones and 

impact on runway alignment and aircraft noise impacts to the surrounding environment. 

This paper maps potential climate change impacts on airports, airlines and passengers and 

draws upon global examples to provide evidence of best practise climate resilience and 

adaption measures that have been successfully implemented. The application of an 

integrated approach to resilience by Arup for aviation projects around the world has provided 

multiple benefits to our clients and their local communities. This has included more resilient 

operations, lower operational costs and a reduction in demand for external, limited 

resources. Whilst climate change is a significant challenge for airports, it also facilitates 

opportunities to implement green infrastructure; reduce energy use and associated carbon 

emissions; improve the water environment through healthier and more resilient airport 

communities that facilitate the delivery of economic growth. 

2. Introduction 

Since 1990, the Intergovernmental Panel on Climate Change (IPCC) has produced 

assessment reports that synthesise the existing published literature and research on climate 

change. The latest global assessment of climate change scienceii states that “Warming of the 

climate system is unequivocal, and since the 1950s, many of the observed changes are 

unprecedented over decades to millennia. The atmosphere and ocean have warmed, the 

amounts of snow and ice have diminished, sea level has risen, and the concentrations of 

greenhouse gases have increased.” 

The IPCC researchii identifies the observed (since 1950) and projected (to 2100) changes in 

components of the global climate system. In considering the past, current and future climatic 

change, this report provides greater clarity on the level of certainty for each observed trend in 

the climate component or exposure. The projected changes are summarised in Table 1. 

Table 1: Global assessment of projected climatic changes (2016-2035) and (2081-2100) (Source: 
IPCCii) 

Change in climatic exposures and 
direction of trend 

Likelihood of further changes 

2016 - 2035 2081-2100 

Warmer and/or fewer cold days and nights 
over most land areas 

Likely Virtually certain 

Warmer and/or more frequent hot days and 
nights over most land areas 

Likely Virtually certain 

Warm spells/heat waves.  Frequency and/or 
duration increases over most land areas 

Likely Very likely  

Heavy precipitation events, increase in the 
frequency, intensity and/or amount of heavy 
precipitation 

Likely Very likely 

Increases in intensity and/or duration of 
drought 

About as likely as 
not 

Low confidence 

Likely 

Medium 
confidence 

Increase in intense tropical cyclone activity Low confidence More likely than 
not 
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Change in climatic exposures and 
direction of trend 

Likelihood of further changes 

2016 - 2035 2081-2100 

Increase incidence and/or magnitude of 
extreme high sea level 

Likely Very likely 

 

Airports are nationally significant critical infrastructure that facilitate mobility, economic 

growth, leisure opportunities and social cohesion. However, due to the complex nature of 

these infrastructure systems and vulnerability to disruptive weather events, they are at risk 

from climate change. Impacts such as sea level rise, higher temperatures and more extreme 

events (as illustrated in Figure 2) can create operational and business risks. For protection 

and to ensure service continuity, it is necessary to adapt and develop climate resilience. 

 

Figure 2: Climate change risks and potential impacts for airports (Source: EUROCONTROLvi) 

3. Climate Change at Airportsiii 

The ICAO (2010)iv reports that climate change impacts on air travel in Europe have been 

observed with threats including high wind, heavy precipitation and snow events and 

increased lightning strikes. Infrastructure such as runways and buildings at coastal airports is 

particularly vulnerable to rising sea levels and a preliminary reviewv has identified that 64 
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airports are likely to be affected by sea level rise. Extreme weather events also impact 

aircraft and passengers adversely and damage to landside infrastructure is also a risk. 

The European Organisation for the safety of air navigation(EUROCONTROL) have 

identifiedvi impacts to aviation from climate change and have set out a framework to assist 

those carrying out climate risk and vulnerability assessments at airports and provided a 

comprehensive list of climate change risks and adaptation planning resources. Burbidgevii 

further expands on this work and highlights the need for action in vulnerable areas expecting 

both high growth in demand and more significant impacts. Stakeholder consultation 

undertakenvii identifies lack of awareness, information and guidance, financial resources and 

inaction to establish official positions as key barriers preventing aviation organisations from 

taking climate adaptation. Further researchviii also found that there are few examples of 

actual funding or planning decisions at airports based on climate change considerations. 

The French civil aviation authority (DGAC) is carrying out a three-stage study to establish a 

holistic picture of the likely climatic changes that could impact French airports by the end of 

the century. A method to assess the vulnerability of airports to climate change has been 

developed and applied to two of France’s top five airports and in both cases sea level rise 

and extreme precipitation were identified as the major threats. DGAC and the French 

technical center for civil aviation (STAC) are also working together to further develop a tool to 

assist airport operators in assessing the vulnerability of their airport to climate changeix. 

Eurocontrolx have identified that climate change resilience remains an emerging issue and a 

survey of stakeholders, industry associations and civil aviation associations showed that 

participants expect climate change impacts to translate into operational and financial issues 

(Refer to Figure 3). 

 

Figure 3: Main issues which respondent expect climate change to cause for their organisation.  Extract 
from Eurocontrol (2013) 

4. Sea Level Rise  

One of the most widely-predicted impacts of climate change is rising sea levels. A US reportxi 

identified that the impact of weather-related delays on air travel already costs more than 

$4bn annually and that 13 of the 46 largest airports in the US have at least one runway within 

the reach of a moderate – high storm surge. In many cases, airports can be adapted to deal 

with these changing conditions, but this requires detailed planning and a comprehensive 

understanding of the risks and vulnerabilities to climate change. 

The flooding of New York’s La Guardia airport as a result of Hurricane Sandy in 2012 raised 

awareness of the potential impact of sea level rise on coastal airports in the US. The airport 

was closed for almost two days as the tarmac completely inundated. Other local airports 
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(Newark and JFK) were also closed, leading to the cancellation of tens of thousands of 

flights. La Guardia has since received $31million federal and state aidxii to install storm-

resilience measures including flood barrier berms, concrete flood walls, drainage systems 

and updating the airport’s power distribution grid. Whilst this is a significant amount of 

money, the Port Authority Executive Director said that one day of lost service at the airport 

costs about $54 million. 

Since this event, a number of coastal airports in the US have been reviewing their storm 

surge defences and climate resilience strategies. Some of the flood resilience measures 

include better protecting low-lying runways and airport buildings by raising coastal levees, 

raising other critical infrastructure for airports (e.g. fuel farms) and adapting critical access 

roads which may also be more vulnerable to extreme weather events such as Boston Logan 

airport who have established a climate change resilience plan that includes emergency fuel 

pumps and physical flood barriers. 

Outside of the US, coastal airports have already committed to sea level rise adaptation 

measures. Brisbane Airport have developed a climate change resilience plan that identifies 

key risks including inundation and makes recommendations such as specifying the height of 

their new runway to accommodate freeboard whilst a new passenger terminal at Singapore’s 

Changi airport will be constructed 5.5m above mean sea level as a precaution. Avinor, who 

operate most of the civil airports in Norway, have proposed installation of sea protection 

measures at existing coastal airports, they require all new runways to be 7m above sea level 

and they have added capacity to existing drainage systems to accommodate sea level rise 

and increased storm flows.  

5. Turbulence 

Climate change model simulations have been usedxiii to demonstrate that a doubling in the 

concentration of carbon dioxide within the atmosphere would increase the frequency of 

occurrence of moderate or greater turbulence by 40-170% in the North Atlantic flight corridor. 

Increased turbulence would make flying more uncomfortable, lengthen flight times and 

increase fuel consumption. Further research, also suggests that the midlatitude jet streams in 

both the northern and southern hemispheres are expected to strengthen at aircraft cruising 

altitudes as the climate changes and that the prevalence of transatlantic wintertime clear-air 

turbulence will increase significantly as the climate changesxiv. 

A concerning impact is the potential safety risk from increased turbulence as research 

indicatesxiv that the rate of inflight injuries may triple by 2050 in line with the increased 

turbulence. Turbulence is hazardous to aircraft and is the underlying cause of many people’s 

fear of air travelxv. Further, there are associated economic costs arising from injuries to 

passengers and crew, damage to airframes and cabins, flight delays, inspections, repairs, 

and post-accident investigations. Damage and delays caused by turbulence is expensive and 

estimated to already cost US airlines between $150m ($113m) to $500m (£377m) annuallyxiv.  

Researchers have called for better forecasting systems so that passengers can get seated 

and belted in time. Further, Boeing in partnership with the Japanese Aerospace Exploration 

Agency (JAXA) is currently developing new laser technology that could allow pilots to detect 

clear-air turbulence up to 10 miles awayxvi. This new LIDAR technology is being tested on a 

Boeing 777 as part of the Boeing ecoDemostrator programme.   

6. Wind 

Global climate change projections indicate changes to ambient wind conditions, however this 

is subject to variation based on local ambient conditions including prevailing winds, 

https://www.telegraph.co.uk/travel/news/could-new-technology-make-turbulence-a-thing-of-the-past/
https://www.telegraph.co.uk/travel/news/could-new-technology-make-turbulence-a-thing-of-the-past/
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barometric pressures, wind velocities etc. It is difficult to generalise impacts, and typically 

local detailed wind modelling would be required to establish local risks and impacts at 

individual airports.  

Runways are critical infrastructure at airports that are designed to optimise ambient wind 

conditions and any changes to ambient wind patterns and/or unfavourable extreme gusts can 

impact on the utility of a runway and consequential disruptions. Specifically, a change in the 

prevailing wind can affect optimal orientation for the take-off/landing of flights and safety 

conditions and exacerbate aviation noise through the redistribution of aircraft noise during 

take-off and landing. The issue of changing wind has been raised as a risk in climate change 

risk assessments performed for London Heathrow and Perth airports; however, insufficient 

data was available upon which to determine the level of risk. Heathrow are already looking at 

introducing time-based separation procedures to deal with changes to wind and considering 

vortex separations in crosswind conditions. 

Increased maximum wind speeds and more intense wind gusts as a result of climate change 

can present operational challenges and demand greater emergency planning at airports. 

Further, stronger head winds can increase fuel usage and convective weather can force 

airplanes to extend their routes, thus increasing operational costs.vi 

7. Temperature 

A change in temperature could impact air density, and in turn, the required take-off length for 

aircraftiv and the length of runway required. Alternatively, rising temperature can impact 

aircraft performance as climb rates could be slower, adversely affecting associated noise. 

American Airlines are already experiencing flight delays due to high temperatures. The heat-

related cancellations at Phoenix Airport in July 2017 are noted to have happened in part due 

to the airlines operational manuals having not included information for temperatures above 

118 degrees Fahrenheit, because that kind of heat is historically uncommonxvii. 

There may also be more demanding weight restrictions at airports with shorter runways as 

there is a temperature threshold above which the airplane cannot take off at its maximum 

weight (and thus must be weight restricted)xviii. The number of summer days necessitating 

weight restriction has increased since 1980 along with the observed increase in surface 

temperaturexiv. These performance reductions may have a further negative economic effect 

on the airline industry as weight is an important factor in fuel consumption and associated 

cost. Weight restrictions are currently happening, especially in hot places like Phoenix and 

Dubai and at airports with short runways like New York’s LaGuardia and Washington D.C.‘s 

Reagan National.  In 2013, 15 passengers were removed from a Swiss flight from London 

City Airport to Geneva after the plane was deemed too heavy to take off as the single 4,900ft 

runway is one of the shortest in the countryxix. 

Airlines may need to allocate aircraft with better take-off performance during summertime 

and heavily loaded flights may need to be rescheduled out of the hottest parts of the day. 

Airports that cannot accommodate more efficient aircraft may need to extend existing 

runways or build new, longer runways. At restricted urban airports runway extension is likely 

to be difficult, leading to more constrained summertime operations and potentially the 

reallocation of some flights to nearby airports with longer runways. Such changes would 

require significant advanced planning as many international hub airports already operate 

almost at capacity. 

According to a 2015 studyxx, rising temperatures are increasing flight times and scientists 
have linked a small increase in long-haul flights with an increase in the variation of the jet 
stream. Just one minute’s extra flight time per aircraft could equate to approximately 300,000 

https://www.wsj.com/articles/la-guardias-runways-come-up-short-1479078957
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additional hours in the air per year burning roughly a billion additional gallons of jet fuel, thus 
exacerbating climate change. 

8. Extreme Events: Snow and Ice 

The extreme winter of 2010-11 will go down as one of the toughest ever for airports in 

Europe and North America. Heavy snow, ice storms and freezing temperatures wreaked 

havoc on flight operations and in some cases forced the complete shutdown of major airport 

hubs. The problems for many airports, which do not deal with snow and ice on a regular 

basis are the element of surprise, as this weather may strike heavily and unexpectedly and 

the problem of variability of prediction and accuracy of prediction. 

Many flights were cancelled across the UK in the winter of 2017-18 due to severe snow and 

ice. 36 flights were cancelled by British Airways alone on a single morning in February 2018, 

following two separate occasions of flights being grounded in December 2017xxi. As extreme 

weather events associated with snow and ice increase in frequency and intensity, effective 

management and improved resilience is crucial. The closures at London Heathrow during 

2017-18 occurred after Heathrow spent £37m on its winter resilience programme between 

2010 and 2014xxii to double its snow clearing vehicles/equipment, quadruple staff to support 

the snow plan and increasing contingency volumes of de-icer on site. 

Extreme weather causes delays at airports in two ways, the first is the physical slowdown 

that results when humans perform their duties in harsher than normal conditions, and 

secondly is by blocking up the air traffic control systems, or traffic delay associated with 

aircraft saturation at departure point, destination or someplace in between due to extreme 

weather conditions. Aircraft traffic delays are common even in ideal weather conditions and 

when combined with ice, snow, low runway visibility, strong crosswinds, further delays are 

likely. When an airport is running at high capacity with a full schedule of flights, even the 

smallest disruption can have vast knock-on effects. In anticipation, airlines may cancel flights 

in advance to provide some operational capacity, which is what British Airways did at London 

Heathrow during 2017-18.  

In comparison, airports that deal with snow and ice regularly are more resilient such as 

Stockholm Arlanda which has never shut because of snow. The airport serves one of the 

coldest capital cities in Europe and prides itself on how it maintains one of the most efficient 

winter operations in the business. It might suffer occasional delays, close one of its three 

runways, or restrict flights to only arrivals, but it has never shut its doors altogetherxxiii. 

Stockholm Arlanda has effective resilience planning in place as it uses snow clearance 

vehicles and de-icers to prevent ice, with the airport using about 100 different vehicles just 

for snow clearing purposes. This illustrates that airports that are more likely to deal with 

extreme weather conditions on a regular basis, are also likely to invest more heavily in their 

equipment and optimise climate resilience. 

The process of clearing snow and ice has traditionally undertaken been through the 

deployment chemicals or physical equipment, i.e. de-icing and snow ploughs.  However, The 

US Federal Aviation Administration (FAA) have funded demonstrationsxxiv and set out 

guidancexxv for new de-icing methods through heated pavement systems. The strategy for 

heated pavement system can typically comprise conductive concrete, using solar energy and 

battery banks to heat small sections of concrete runways, and a geothermally heated airport 

apronxxvi.  
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9. Drought  

The increasing temperatures and declines in rainfall and associated drought conditions has 

been illustrated through in the Future Flows and Groundwater Levels (FFGWL) projectxxvii 

Drought conditions would not only impact water resources available for human consumption 

and use, but would also have a potential negative impact on biological, physico-chemical and 

hydromorphological elements of river systems. This is also likely to have a knock on effect on 

groundwater recharge rates and the water quantity and quality available in aquifers. This 

combined with the fact that climate change is anticipated to increase water demand on a 

seasonal basis due to raised summer temperatures, which is anticipated to lead to an 

increase in drinking water demand but is also likely to increase demand for other water uses 

such as in cooling systems, means that water resource management is becoming 

increasingly more important.  

As airports are to a degree reliant on utility supplies from third parties; this includes potable 

water, any future resilience strategies need to take control of water resources and potential 

for drought management. The two busiest airports in the UK: London Gatwick and Heathrow 

both lie within the Thames River Basin Management Plan (RBMP) area. The River Thames 

and its tributaries are an important water source providing 60% of potable water supplies in 

the south-east and the Thames River catchment and the wider South East region, is deemed 

to be under “severe water stress”. Water stress arises when water demand is a high 

proportion of effective rainfall. 

A number of measures have been proposed at London Heathrow to reduce the current impact 

of the airport and the impact on water resources. These include: 

• Grey-water recycling, particularly;  
▪ the integration of grey water recovery from de-icer processing; and 
▪ vehicle washing water recovery (95%) and reuse; 

 

• Increased rainwater harvesting from roofs for non-potable uses (e.g. cleaning aircraft / 
vehicles, flushing WCs and washrooms). Heathrow has assumed that rainwater 
harvesting tanks will be oversized to provide storage for a 1 in 100-year rainfall event, 
with an allowance for climate change;  
 

• Use of highly efficient water fittings in the design of new buildings and retrospectively 
fitted to older buildings – low flush toilets, low flow taps; 
 

• Use of ‘Smart Control’ to identify usage trends, high use and leakage. Then using these 
data to prioritise maintenance / investments / savings; 

 

• Increase in leakage detection / prevention; 
 

• New water treatment plants, including an on-site sewage treatment works and reverse 
osmosis plant - working in combination to recycle waste water. This is proposed to 
provide potable water and to meet all non-potable water requirements, removing the 
need to abstract from the on-site sensitive aquifers. The exact quantities available from 
these processes would be dependent upon their design capacity. Although the waste 
streams associated with this, concentrated brine for example, would still need to be 
treated and disposed and there would be a high-energy cost associated with its use; 
 

• Increase in water metering across the site; and 
 

• Increase in communication / education / awareness / training relating to water use. 
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10. Flood Risk  

Increased rainfall, flooding and storm surges can cause significant issues to an airport and its 

environs. It can impact upon access and egress of passengers and employees within and 

to/from the airport, underground infrastructure (e.g. drainage, pollution control, baggage 

handling systems etc.) and ground infrastructure and facilities both during the event and in 

the aftermath. Further, airports need to have the ability to recommence normal operations as 

soon as possible to minimise the impact on local and national economies. 

Many major international hub airports are located on flat land near to rivers and/or on the 

coast and are therefore at risk from flooding from overland flow, from nearby waterbodies or 

potentially from groundwater flooding. Specifically, JFK, La Guardia, Newark, Gatwick, 

Fiumicino Rome, Indira Gandhi International, Don Muang Bangkok have all recently suffered 

from flood events. In 2014 Penang airport, the third busiest in Malaysia, was flooded 6 times 

due to monsoon rainsxxviii. The terminal was reported to be ankle deep in water however the 

airport was operational again within an hour later. The need for increased capacity in the 

drainage system was blamed for the frequent flood events at the terminal. 

In many cases, adaptive management can be key to resilience. Adaptive management 

includes monitoring and analysing changes in the weather, conducting research and 

developing a number of physical and operational adaptation measures. Most major airports 

have plans in place for current management but it is important that anticipate future climate 

trends too and have capacity built into any identified mitigation measures. The most 

important aspect is to understand the regional and local water and weather systems, and 

how they can impact upon airport operations. A series of smaller interventions on existing 

airports will likely be cheaper and more successful. However, for all new works/major 

expansions flood risk from all sources should be taken into account at the earliest opportunity 

and any design should incorporate future climate change trends. 

Amsterdam Schiphol Airport is the Netherlands largest airport but also is keen to have the 

dual function of a safe haven and emergency airport if necessary1. An example of part of 

their approach to climate change resilience is provided in the table below. They aim for a 

multi-level approach looking at all climate change impactsxxix and this table illustrated the 

approach for flood risk management and the drainage system.  

 Flood Risk Management Drainage system  

Adaptive 
management 

Anticipate effects and 
frequency of events. 
Undertake more research to 
increase understanding 

The drainage situation will remain 
stable and under control in the 
decades ahead. Eventually, climate 
change may require substantial 
investments in extra water buffering 
capacity. The expertise and  
procedures are already available, so 
the recommendation is to put off taking 
action and monitor the  situation. 

Monitoring Monitor frequency and 
intensity of events and the 
impact on operations Monitor 
fluctuations in the 
‘representative high-water 
discharge levels’ in the wider 

Monitor the occurrence of extreme 
precipitation and adopt a set of design 
standards for the drainage system. 
Also monitor whether the capacity of 
the drainage system and water buffers 
needs to be increased. 

                                                
1  
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regional water system owing to 
climate change. 

 

Analysis Analyse cost-effective 
measures based on the 
principle of multilevel safety to 
limit the risk of flooding, and 
analyse whether Schiphol can 
serve as a safe haven or 
emergency airport. 

Analyse whether more drainage 
facilities and water buffers are needed. 
If more water surface area is added, 
check whether problems arise owing to 
collisions with birds (water fowl).  

Research and 
development: 

Determine the current and future flood risk at Schiphol.  

Improve detailed weather modelling tools in order to estimate the 
frequency and intensity of events. 

Possible 
physical and 
operational 
measures: 

1) Continue reducing the risk 
(and consequences) of 
regional flooding based on the 
principle of multilevel safety, 
and 2) make changes in order 
to allow Schiphol Airport to 
function as a safe haven 
and/or emergency airport. 

1) Increase the capacity of drainage 
facilities and water buffers in the longer 
term, and 2) take specific steps to limit 
problems arising from collisions with 
birds (water fowl).  

 

The resilience of airports and the vital services that they provide is an important part of 

strategic planning for governments and the airport operators. Airports play an important role 

in the event of natural disasters and should be a priority for resilience assessments by 

governments. 

11. Conclusion  

Climate change has already been observed to impact air travel, but climate adaptation and 

resilience becoming increasingly more important at airports. Climate change impacts airports 

and their associated infrastructure systems, therefore contingency should be provided and 

design should be optimised ensuring resilient building stock. Further, the interconnectedness 

of airports with third parties should also not be forgotten - e.g. utility companies, highways 

networks and energy suppliers.  The resiliency of the airport is only as good as these 

counterparts in some respects and airports are heavily reliant on other infrastructure 

systems. 

Climate change will impact not just the airport infrastructure, but the user experience of flight 

and the preference for locations as future market destinations. As airports are also becoming 

more critical for emergency and disaster response this increases the importance of 

considering resilience.  

There are a range of excellent solutions for climate adaptation and resilience at airports 

around the world, from better forecasting systems for turbulence, infrastructure solutions to 

heat airport pavements, to reducing airport operations and measures to reduce water usage. 

A lot can be learnt by sharing airport experiences across the globe, for example more regular 

occurrences of extreme events such as snow and ice are dealt with well in countries like 

Sweden and Canada, but how can this knowledge be transferred to areas where dealing with 

extreme conditions is not a regular common day event. There are trade-offs between 

investing in equipment to deal with these events, versus the probability of extreme events 

occurring. 
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