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SUMMARY - KEYWORDS

The STAC, in collaboration with the actors of the scientific and technical network of the Ministry of 
Ecological Transition and Territorial Cohesion, responded to the mandate of the National Plan for 
Adaptation to Climate Change (PNACC), launched in 2011, with the VULCLIM study. A methodology for 
assessing the vulnerability of aerodromes has been developed. In order to make the methodology 
available to as many aerodromes as possible, the STAC has developed a simple online survey type 
assessment tool. The VULCLIM tool, available on the STAC website, is aimed at aerodrome operators 
in mainland France who wish to assess the vulnerability of their platform to the expected effects of 
climate change.

EXECUTIVE SUMMARY

Climate, Climate change, PNACC, Vulnerability, Climate impacts, Climate hazards, VULCLIM, 
Adaptation, Resilience, Airports, Airport operators.

KEYWORDS
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1.1. INTRODUCTION

This study is part of the National Adaptation Plan to Climate Change (PNACC in French), which aims to 
prepare the country for climate change hazards and impacts. The PNACC includes a section on transport 
for which the French Civil Aviation Administration is responsible for the air transport. STAC was asked to 
develop a methodology to assess the vulnerability of civil airports to climate change.

1.2. A THREE-STAGE STUDY

Step 1 : identify relevant potential climate impacts on airport infrastructure and relevant technical 
standards. 

Step 2 : develop a methodology to assess the vulnerability of French airports to climate change and test 
the methodology on representative French airports. 

Step 3 : develop a vulnerability assessment tool for French airports.

1.  A PART OF THE NATIONAL ADAPTATION PLAN TO 
    CLIMATE CHANGE (PNACC)

This document is intended for all airport operators, and does not require any special expertise to 
understand it.



7Airport Vulnerability to Climate Change

2. CLIMATE HAZARD IMPACTS ON AIRPORTS

For each hazard, potential impacts have been identified based on feedback from airport operators and 
literature review. Three key “areas” were identified to characterise the elements of an airport likely to be 
affected: infrastructure (e.g. movement, road access, parking…), buildings (e.g. terminal, control tower…) 
and operations (e.g. take-off/landing, catering, fuel storage area…).

2.2. IMPACTS OF THESE CLIMATE HAZARDS

❃ Changes in take-off distances in certain cases, requiring runway extension or MTOW reduction; 

❃ Accelerated runway/taxiway pavement deterioration, reduced pavement load movement area damage, 
clay swelling or shrinkage causing pavement damage; 

❃ Reduced need for de-icing materials, reducing soil/water pollution; 

❃ Flooding of carriageway, requiring construction of protection (dykes, reinforced embankments); 

❃ Flooding of movement areas, need to build protection; 

❃ Collapse of coastal infrastructure; 

❃ Non-optimal runway orientation due to changes in prevailing wind direction.
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Airport-specific climate hazards have been identified from several sources (e.g. Intergovernmental Panel 
for Climate Change [IPCC], PNACC January 2011 report on climatic scenarios by J. JOUZEL, Météo France 
data…).

2.1. CLIMATE HAZARDS

IMPACT ON INFRASTRUCTURE
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❃ Temperature increase in buildings 
(terminal and control tower): changes 
in energy demand for heating, 
increased need for air conditioning; 

❃ For airports adjacent to forest areas, 
increased risk of closure due to forest 
fires; 

❃ Flooding/submergence of coastal 
areas; 

❃ Clay swelling or shrinking causing 
damage to buildings;  

❃ High winds destroying mobile or 
fragile equipment (footbridges…); 

❃ Partial or total destruction of 
buildings (tornado, flood…).

❃ Increased risk of reduced visibility due to smoke from forest fires during droughts or heat waves; 

❃ Increased frequency of crosswinds/tailwinds reducing runway capacity; 

❃ Storms/high winds increasing frequency of FOD, increase in temporary runway closures; 

❃ Airport closure due to storm/tornado warning or aftermath, isolating remote areas (overseas); 

❃ Less traffic disruptions/delays due to snow events;  

❃ Harsher apron working conditions, especially during heat waves, leading to absenteeism;  

❃ Temporary apron or runway closure due to heavy rain/flooding; 

❃ Changes in bird populations and natural habitats, potentially increasing bird hazards.

IMPACT ON BUILDINGS 

IMPACT ON OPERATIONS
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3. VULCLIM: A METHOD TO ASSESS AIRPORT 
                        VULNERABILITY TO CLIMATE CHANGE

3.1. METHOD

VULCLIM uses risk mapping to assess airport vulnerability. It provides a thorough vulnerability analysis 
while delivering an easy-to-understand result. The process starts with a thorough analysis of the airport, a 
comprehensive knowledge of its traffic characteristics (e.g. composition, known vulnerabilities to malfunc-
tions, critical components). It is followed by the definition of climate change scenarios, with identified 
climate hazards and clearly defined scenarios. The need to understand a hypothetical future situation of 
the airport under study, using both average and extreme climate projections, makes the vulnerability 
analysis more complex. Analysis of past climate events and feedbacks is critical to inform the forecast and 
is an integral part of the vulnerability analysis. 

The combination of these two analyses (airport concerns and climate hazards) allows the creation of a 
double entry matrix, where the analysis of the climate hazard is crossed with the level of impact on the 
airport so as to assess the actual risk.

Hazard
occurrence

LIKELIHOOD

Hazard
IMPACT

on airport

RISK
& 

by extrapolation

VULNERABILITY

Hazard impact level on airport stake 

Impact level System’s malfunction

1 Trivial Normal No disturbances

2 Minor Acceptable degraded conditions System’s functionality is affected

3 Serious Restrictive degraded conditions System malfunction, functionality is threatened

4 Catastrophic Unacceptable degraded conditions Systemdemise, or long term malfunction

Climate hazard occurence likehood

1 Low
Hazard is highly unlikely to occur at the studied airport. 
It should not occur during infrastructure lifrtime

2 Medium
The hazard already occured at least once (see forecast) at studied airport. 
According to climate forecasts, the hazard could occur with a small return period during the 
infrastructure’s lifetime

3 High
The hazard already occured several times at the studied airport. Climate forecasts predict an increase in 
the hazard frequency and/or intensity. Ex: frequent floods or storms (several times a year)

Vulnerability level

 
None (green) 

Airport stake concern ? 
Is not vulnerable to climate change. 

 
Low (yellow) 

Climate change will not affected normal 
operations. However it could sometimes 
operate under acceptable degraded condi-
tions owing to meteorological conditions.

 
Medium (orange) 
 
Climate change will have an impact which 
will not prevent operations. 
However operations will often suffer 
acceptable and restrictive degraded condi-
tions owing to poor weather conditions. 
Vulnerability assessment will have to be 
repeated regularity. 
Preventive or protective means should be 
used to reduce airport vulnerability

 
High (red) 
 
Climate change will strongly affect 
airport operations and could result in its 
demise without protective/preventive 
measures.

3 Low (3) Medium (6) High (9) High (12)

2 None (2) Low (4) Medium (6) High (8)

1 None (1) None (2) Low (3) Low (4)

1 2 3 4 
Vulnerability matrix

Likelihood

Impact
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Features: 

❃ Third busiest French airport with with over 
14.5 million passengers in 2019 and 177 718 
movements; 

❃ 370 ha footprint, with more than 200 ha built 
on sea; 

❃ Two parallel runways; 

❃ Two terminauls;

The Nice airport vulnerability matrix, developed in collaboration with the airport operator, allows the 
identification of the airport’s strengths (green and yellow areas) and weaknesses (orange and red) in 
relation to the impacts of climate change.

Some storms disrupt airport 
operations by bringing stones 
onto the runways, flooding 
parts of the maneuvering area 
or disrupting surface drainage. 
Projected sea level rise could 
increase vulnerability of airport 
to these hazards. 

High hazard probality

Common event, with increased 
intensity forecast

Example; heavy rain

and road access

Low impact severity 

The airport has several road accesses; past 
floods increased access time without 
isolating the aiport (road access although 
degraded was acceptable) 

3
2 6

Medium 
vulnerability

3.2. IMPLEMENTING THE METHOD: NICE CÔTE D’AZUR AIRPORT
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3.3. A PROACTIVE ASSESSMENT

At Nice airport, the parallel runway system, which is partly built over the sea and at a low elevation, will be 
vulnerable to maritime hazards such as sea level rise and rough seas during storms. Climate change will 
increase the frequency and intensity of these hazards. « Aéroports de la Côte d’Azur », the airport 
operator, has carried out a maintenance campaign of the existing embankments. The aim of this work, with 
a cost of 10,40 M€ from 2011 to 2013, was to reinforce rip-rap areas that protect the runways from storms 
on the seaward side of the airport.
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3.4. THE VULCLIM IT TOOL

The VULCLIM IT tool has been developed and made available to all aerodromes that request it at:  
https://www.stac.aviation-civile.gouv.fr/fr/outil-devaluation-vulnerability-to-climate-change 
It consists of an on-line questionnaire containing a series of simple questions, systematically accompanied 
by a help section to enable the operator to choose the most appropriate answer. 

Example of a question: 

All the questions are used to 
determine the probability of 
occurrence of each climate 
hazard and its impact on 
each area of the airport, 
resulting in the airport's 
vulnerability matrix at the 
end of the survey. 

In this way, the airport can 
identify its strengths and 
vulnerabilities to climate 
change and use this as a basis 
for determining appropriate 
measures to adapt its 
platform and thus reduce its 
vulnerability. 

Example of matrix: 
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STAC: Service Technique de l'Aviation Civile (technical center of DGAC) 

 

DGAC: Direction Générale de l'Aviation Civile (French Civil Aviation Authority) 

 

PNACC: Plan National d'Adaptation au Changement Climatique (French Civil Aviation Administration) 

 

FOD: Foreign Object or Debris 

 

DRIAS: This website provides regionalized climate projections produced by French climate modeling 
laboratories. Climatic information is provided in various graphical and numerical formats
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