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1.  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. The overriding aim of the study is to quantify the risks that climate 
change could pose for European aviation over the 21st century.  

With climate change increasingly affecting the temperature, weather patterns and environment of locations 
worldwide, there is a risk that the appeal (and thus demand for) existing tourist hotspots could change or shift. 
As part of the wider Climate Change Risks for European Aviation study, this report specifically aims to assess 
how changes in climate could affect tourist demand, and consequently impact on future intra-ECAC air traffic 
levels and patterns.  

To do this, the study quantitatively investigated the changes expected in the favourability of the climate of 
European summer tourist destinations. In turn, it sought to examine which air passenger flows could be impacted 
by these changes on the 2030- and 2050- timescales, and to what degree. 

There are many aspects that inform tourist travel choices, including social, environmental and economic factors. 
A common consideration is climate, which can influence both the choice of destination and time of year of travel. 
Both choices are associated with a perceived favourability towards a certain climate and acceptable comfort 
level by the consumer.  

The Tourism Climatic Index (TCI) was selected from the literature as the most appropriate index to consistently 
and comparatively evaluate changes in destination favourability for tourism across the European Civil Aviation 
Conference (ECAC) region, given the varied seasonal climates and tourism types. European TCI values were 
calculated using an historical climate dataset and the UK Climate Projections 2018 (UKCP18) regional model to 
evaluate the change in destination favourability on the 2030- and 2050- timescales, compared to the historical 
period (1981-2010).  

The TCI combines five climate variables (temperature, relative humidity, precipitation, wind speed and sunshine 
duration) to quantify the effect of the climate on tourist comfort when undertaking general, light tourism activity 
such as sightseeing. Due to this non-specialised approach to evaluating tourism activity, the TCI is not reflective 
of more active pursuits, such as cycling, nor does it represent tourist activities with specialist climate preferences, 
for example ‘sun, sea and sand’ holidays or ski tourism. 

Overall, across the ECAC region, countries are projected to have an increasing length of time in which the climate 
will be ‘Good’ to ‘Ideal’ for general, low level tourist activity. For most countries, this increase will be the result 
of improved climate into the autumn months (September-October-November), particularly in central Europe. 
Countries in the south of the ECAC region will see a small decrease in destination favourability in the summer 
months (June-July-August), but this is not significant enough to imply a change in the favourability of the climate 
for these countries; meanwhile, the region will also see an improvement in both spring and autumn months. 
Northern and central ECAC countries will see an increased TCI (improved destination favourability) during 
summer months and some of these countries are projected to have the same destination favourability 
classification as countries in the southern ECAC region on the 2050 timescale (i.e. the tourism favourability of 
these two areas will converge by 2050). It is likely that central and northern regions will become more favourable 
all year round with a projected increase in their TCI (improved destination favourability) in all seasons. The 
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Atlantic island groups are also projected to increase in TCI value in all seasons, improving the existing 
favourability of these destinations. A finding of note is that the patterns in TCI change are clearly emerging by 
2030, particularly for countries projected to see an increase in TCI during summer, and it is likely that these 
changes will be seen in the next decade. 

To infer the impact on air passenger levels, a base line tourist passenger forecast was first developed for tourist 
destinations on the 2030- and 2050- timescales using data from Sabre®1 (provider of historic, current and future 
schedule and demand data). This provided the expected passenger flows to airports associated with summer 
tourism without the impact of climate change factored in.  

Current and future European demographics were analysed in terms of flexibility to travel outside of the peak 
summer period. It was indicated that the proportion of summer tourists comprised of those with less constraints 
to travel (e.g. retired or with no accompanying children) is already significant (at least 12%), and could increase 
by as much as 50% by 2050. The analysis found that August flows between the UK and Germany to the South 
West and South East could be particularly sensitive to movement of tourists to shoulder months. The proportion 
of flows from the same countries to the South East is forecast to increase by 2050 for the tourist airport sample, 
suggesting these flows could be increasingly susceptible to changes in the time of travel of summer tourists.  

Based on the magnitude of TCI changes identified in this study, it is not anticipated that climate (in terms of 
destination climate favourability) will have a significant impact on the choice of summer tourist destination on 
the 2050 horizon. If tourists did respond to improved climate favourability in Northern regions, however, the 
analysis suggests flows to the ECAC North West could be disproportionately affected. 

It was not possible under the scope of this study to derive precise figures for the number of passengers that will 
actually shift destination based on the current understanding of the link between climate change and tourist 
behaviour. The study was able to demonstrate, however, that it is likely that a significant portion of passengers 
may be in a position to take advantage of changing trends in tourist climate favourability in Europe. As a result, 
it is important that aviation stakeholders take note of the risks and opportunities posed by potential changing 
demand that could be driven by the trends demonstrated via the TCI analysis; in particular, this suggests a 
broadening summer peak and the shifting of demand during the summer peak towards the ECAC North West 
on the 2050 time horizon. 

 

  

                                                           
1 Sabre® is a source of historic, current and future schedule and demand data. 
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2.  Introduction 

2.1 Purpose of this document 

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 during the 21st century. This in turn will support European aviation 
stakeholders and decision makers in identifying the need for early action to prepare for and adapt to these risks. 

As part of the study, the potential impact of a changing climate on tourism and the resulting impact on air traffic 
demand within the ECAC region was investigated. This report presents a summary of the methodology, results 
and conclusions drawn from this work.  

2.2 Study drivers and Scope 

With climate change increasingly affecting the temperature, weather patterns and environment of locations 
across the globe, there is a risk that the appeal, and thus demand for, existing tourist destinations could change 
or shift. This change in demand could result in adjustments to the traffic flow volumes and patterns between 
regions. In Europe, a high percentage of summer traffic is composed of tourists seeking better climates; traffic 
in these months could therefore be particularly impacted.  

This report aims to quantitatively assess the changes expected in Europe regarding the attractiveness of the 
climate at tourism destinations during summer. In turn, it seeks to examine which intra-European traffic flows 
could be impacted by these changes on the 2030- and 2050- time horizons, and on what scale. 

There is a large degree of uncertainty inherent in any study attempting to predict human behaviour. Several 
factors can affect the climatic ‘comfort preferences’ of tourists, and the ideal ‘comfortable’ settings of these can 
vary from person to person, and between regions. Furthermore, tourist demand for a destination can be 
impacted by many other factors such as the local economy, incentives to travel, politics and security.  

The Tourism Climatic Index (TCI) is an index that has been selected to evaluate changes in destination 
favourability for tourism across the ECAC region. The TCI combines five climate variables (temperature, relative 
humidity, precipitation, wind speed and sunshine duration) to quantify the effect of the climate on tourist 
comfort when undertaking general, light tourism activity such as sightseeing. European TCI values were 
calculated using an historical climate dataset and UK Climate Projections 2018 (UKCP18) regional model climate 
projections to evaluate the change in destination favourability on the 2030- and 2050- timescales, compared to 
the historical period (1981-2010). 

The TCI was selected from the literature as the most appropriate index to evaluate changes in destination 
favourability consistently and comparatively across the ECAC region, given the varied seasonal climates and 
tourism types. Due to this non-specialised approach to tourism activity, it should be noted that the TCI is not 
reflective of more active pursuits, such as cycling, nor does it represent tourist activities with specialist climate 
preferences, for example ‘sun, sea and sand’, where higher temperatures would be tolerated. Furthermore, the 
TCI does not capture snow features and therefore is not a suitable index to assess ski tourism. The validation 
found that the climate models were less accurate in estimating TCI in the winter across ECAC countries. 
Therefore, given the TCI cannot capture the climate associated with key winter tourism activities, the following 
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study focuses on changes in destination favourability from May to November and the impact of this on tourism 
traffic flows in the summer season. 

To infer the impact on traffic levels, a base-case traffic forecast was developed for tourist destinations on the 
2030- and 2050- timescales using traffic data from Sabre®2, (provider of historic, current and future schedule 
and demand data). The impact of changes in climate attractiveness was then determined by qualitative analysis. 

2.3 Document Structure 

The structure of the document is as follows: 

 Section 3: Background; this section provides an overview of climate change and tourism, and European 
air traffic patterns and tourism trends. 

 Section 4: Methodology; this section describes the methodology used for the tourism climate and traffic 
analysis, including approach, limitations, and data sources and models used. 

 Section 5: Analysis of impact of climate change on destination favourability; this section sets out the 
predicted changes in climate in terms of the TCI across Europe and summarises the key trends. 

 Section 6: Analysis of impact of climate change on tourism traffic; this section summarises the work 
undertaken to develop a base line traffic scenario and to analyse the potential impact of climate change 
on tourism flows. 

 Section 7: Conclusions; this section indicates initial findings based on the climate analysis. 

The report is also accompanied by three appendices, which present: 

 Intra-annual variability of the climatological average of monthly TCI in the historical period and the 
future trend in climatological average of seasonal TCI. 

 European airport sample for the tourism flow analysis. 

 References. 

                                                           
2 Sabre® is a source of historic, current and future schedule and demand data 
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3.  Background 

3.1 Climate change and tourism 

There are many factors that impact tourism and travel choices, such as social, environmental and economic 
decisions. A common consideration is climate, which can influence both the choice of destination and time of 
year of travel. Both choices are associated with a perceived favourability towards a certain climate and acceptable 
comfort level by the consumer. Qiu et al. (2018) undertook a systematic review of research into the psychological 
process of destination choice, where climate and weather are described as a situational factor that can have a 
significant, although mostly temporary, influence on travel destination choice. The temporary nature of this 
factor likely refers to the early stage of the decision process in which the initial choice of destination is made, 
typically considering or influenced by climate. However, once further along in the planning process – for 
example, after a destination is booked – it would be unusual to switch destination based on climate, given it is 
a long-term average of weather conditions. In comparison, a consumer may choose to reconsider a destination, 
or travelling at all, based on short term weather forecasts or natural hazard occurrence. This study aims to 
identify how tourism flows may change with climate (i.e. changes in the long-term average of weather 
conditions) as opposed to specific events or interannual weather variability. 

There is scientific consensus that emissions from human activities have caused, and continue to cause, increases 
in global average surface temperature above pre-industrial levels, and that at the current rate this warming is 
likely to reach 1.5°C by mid-century (IPCC, 2018). The Intergovernmental Panel on Climate Change (IPCC)3 
highlights that under this future warming scenario, the key differences in climate include increases in mean 
temperature across most of the land and ocean, hot extremes in most inhabited regions and greater intensity 
of extreme precipitation in some places, as well as drought for others. Tourism will undoubtedly be impacted 
by these direct changes in climate, but also by secondary effects such as sea level rise, infrastructure damage, 
ecosystem changes and food, water and energy security to name a few. Note that the impact of sea level rise 
on airport capacity was investigated in parallel to this report as part of the wider EUROCONTROL climate change 
risks for European Aviation study 2021 (Annex 3). 

Gössling et al. (2012) note that the influence of climate change on tourism will not only relate to impact on 
destinations, but also be shaped by broader societal and economic impacts and future climate change mitigation 
and adaptation policy, resulting in an inherent uncertainty in this type of analysis. Roselló-Nadal (2014) argues 
that despite the complexities involved in understanding tourist perceptions and controversies in statistical 
modelling of tourist flows, the economic significance of the industry means that strategic planning is urgently 
required and consequences of climate change on future demand anticipated. Furthermore, Roselló-Nadal (2014) 
notes that whilst forecasting social behaviour of tourists remains difficult, it is possible to evaluate physical 
consequences of climate change, and over the last fifteen to twenty years there has been a growing number of 
studies assessing changes in optimal climate conditions for tourist activities. A well-established example in 
literature is the use of historical precipitation data to estimate how future changes in snowfall would impact the 
winter ski tourism industry and viability of alpine resorts at different altitudes.  

                                                           
3 https://www.ipcc.ch/sr15/  

https://www.ipcc.ch/sr15/
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3.2 Selection of an appropriate climate-comfort index 

For the present analysis, to identify possible changes in aviation tourist destination favourability, an index is 
required to link physical climate variables with human comfort. This index must be relevant across the European 
Civil Aviation Conference (ECAC) region, which is spatially varied in both terrain and types of tourist activity. The 
other important consideration for this index is the availability of input climate variables in both the historical 
observed data and climate model outputs. Following a review of previous studies and literature, four indices 
(summarised in Table 1) were considered for use in this study and are discussed below. 

 
Table 1: Comparison of climate-comfort indices evaluated for use in the study 

 ERA5-HEAT Database     
(with two indices) 

Wet Bulb Globe 
Temperature 

Tourism Climatic Index 

Purpose Two human biometeorology 
parameters (Universal 
Thermal Climate Index (UTCI) 
and Mean Radiant 
Temperature (MRT)) used to 
assess links between outdoor 
environment and human 
well-being. 

Wet Bulb Globe 
Temperature is used as an 
index for estimating heat 
stress due to its 
relationship with 
physiological parameters 
at high temperatures. 

Correlates human comfort 
with essential climate 
variables relevant to 
tourism to quantify effect 
of climate on tourist 
destination favourability. 

Variables UTCI: 

• Temperature 

• Relative humidity 

• Wind speed 

MRT: 

• Direct, diffuse and 
reflected parts of 
thermal and solar 
radiation 

• Temperature 

• Relative humidity 

• Vapour pressure of 
water 

• Temperature 

• Relative humidity 

• Precipitation 

• Wind speed 

• Sunshine 

 

ERA5-HEAT is a global dataset of human thermal comfort indices, produced by the European Centre for 
Medium-Range Weather Forecasts (ECMWF) with the purpose of supporting climate research, climate 
adaptation and other services that asses the link between the outdoor environment and human well-being 
(Napoli, et al., 2020). The dataset spans from 1979 to present day and consists of hourly gridded data at 
approximately 30km (0.25°) resolution, which can be accessed through the Copernicus Climate Change Service 
(C3S) Climate Data Store4. 

The first index in this dataset is the Universal Thermal Climate Index which was created in 2009 (Blażejczyk, et 
al., 2013), with the purpose of developing a parameter that would describe the heat exchange between a thermal 
                                                           
4 https://cds.climate.copernicus.eu/cdsapp#!/dataset/10.24381/cds.553b7518?tab=overview  

https://cds.climate.copernicus.eu/cdsapp#!/dataset/10.24381/cds.553b7518?tab=overview
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environment and the human body, taking into consideration energy budget, physiology and clothing (Napoli, 
et al., 2020). 

Whilst this index has a sound premise for linking human comfort and climate, the application to the tourism 
industry was not as established as the final index of choice. Also, it was a requirement of this project to be able 
to calculate the indices directly for both the historical and future periods, therefore the reliance on additional, 
less readily available non-meteorological data resulted in further favouring an alternative index. 

The second index available in the ERA5-HEAT dataset is Mean Radiant Temperature (MRT) (Thorsson, et al., 
2017), which can be utilised as an indicator of heat stress, to identify thresholds for heat-related mortality 
(Thorsson, et al., 2014). However, given the sole focus on radiation and absence of other key climate variables, 
the MRT alone cannot be considered a suitable index to link climate and tourism. Additionally, without significant 
further work, it would not be possible to derive categories for the classification of MRT values that could be 
applied in the context of tourist activity. 

Wet Bulb Globe Temperature (WBGT) is the ISO standard5 for quantifying thermal comfort and is used globally 
as a heat stress index, most notably within military and sporting organisations, due to its association with 
physiological parameters at high temperatures (Nassiri, et al., 2020). WBGT is the only heat index to have known 
thresholds directly related to varying levels of physical activity, however, the thresholds that relate WBGT to heat 
risk were developed according to military personal undertaking military-related physical activity, and therefore 
the application to the general population and tourism would need further consideration given the differing 
physical exertion and demographic.  

Another limitation for the use of WBGT is that the formal measurement requires the use of non-standard input 
variables such as a black globe temperature equilibrated over thirty minutes and an exposed wet-bulb 
temperature, both of which are excluded from traditional measurements (Willett & Sherwood, 2010). Simplified 
WBGT equations exist, but these are based solely on temperature and humidity and only represent heat stress 
for average daytime conditions, assuming moderately high radiation and light wind.  

The final index evaluated, and ultimately selected, for this project was the TCI, which has been used in multiple 
studies over the years to evaluate the impact of climate change on tourist destination favourability. It was 
developed by Mieczkowski (1985) specifically with the purpose of expressing a comparative evaluation of climate 
from the tourist point of view. It is defined by Mieczkowski as a “systematic assessment of the favourable and 
unfavourable effects that climate can be expected to have on an ‘average’ tourist visiting a particular locale at a 
particular time of year”. The TCI, similarly to the UTCI and WBGT, recognises thermal comfort as an essential 
factor when assessing heat stress or climate suitability for physical activity. However, unlike the previously 
mentioned indices, the TCI also integrates precipitation, wind and sunshine into one comprehensive index that 
shows, in quantitative terms, “the relative merits or demerits of an area as compared with other areas” in the 
context of climatic elements that most affect the quality of the tourism experience.  

Mieczkowski (1985) proposed a thermal comfort rating system based on a modified version of the ASHRAE6 
standards of thermal environmental conditions, combining meteorological data for relative humidity and 
temperature, with constants of mean radiant temperature, wind velocity, thermal resistance of clothing and 
activity level. This makes for a comparatively simpler calculation of thermal comfort and also highlights a 
significant advantage of the TCI, which is the whole calculation is based on five common climate variables 

                                                           
5 https://www.iso.org/obp/ui/#iso:std:iso:7243:ed-3:v1:en 
6 American Society of Heating, Refrigerating and Air-Conditioning Engineers 

https://www.iso.org/obp/ui/#iso:std:iso:7243:ed-3:v1:en
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(temperature, relative humidity, precipitation, wind speed and sunshine duration) that are easily obtained, or 
indirectly calculated, from variables available in the historical observed dataset and climate model outputs. 

It should be noted that any index must be applicable to a specific type of activity, as no single index could 
account for the differing climatic requirements or standards for thermal comfort associated with different 
activities (Grillakis, et al., 2016). The TCI was developed for low speed, outdoor walking that would be associated 
with sightseeing and general light tourism activity, which makes it a suitable index to use for macroscopic level 
analysis of changes in destination favourability (Grillakis, et al., 2016). As such, the defined ‘optimal’ comfort 
conditions are not reflective of more active pursuits, for example, skiing and cycling, and these are not 
considered in the subsequent analysis. 

It is possible to modify the rating system of climate variables in the TCI to focus on a specific type of activity, for 
example by shifting the zone of ‘optimal comfort’ to reflect the higher tolerance of temperature when 
undertaking beach-activities (Mieczkowski, 1985). However, given the variation of seasonal climates and tourism 
types across the ECAC region, it was deemed appropriate to use the non-specialised approach of the original 
method as this would be applicable and comparative across all countries. Therefore, to be precise, the TCI 
indicates the favourability of a destination, based on the relationship between the climate and tourist comfort 
whilst undertaking general light tourism activity (such as low speed, outdoor walking associated with 
sightseeing). For the purpose of this analysis the TCI does not, with respect to the specific climate conditions 
required, reflect the destination favourability associated with active pursuits, such as skiing and cycling. It also 
does not represent sun, sea and sand holidays. 

Overall, the TCI was selected due to the comprehensive inclusion of climate variables that impact tourism, for 
which the data is available in the relevant datasets, and the precedent in literature that it is suitable for the 
application to general light tourism activity. 

3.3 Air traffic patterns in Europe 

3.3.1 Summary of key European air traffic flows 

To provide a base understanding of the status and patterns of air traffic in Europe, this sub-section describes 
the air traffic flows currently defined and monitored by EUROCONTROL, and the air traffic patterns that can be 
observed in Europe.  

Insights into traffic flows can be obtained from data published in the ECAC 5 Year Forecast 2020-2024 MTF20 
Results7 (accessed in February 2021), which provide the past and future (forecasted) traffic flows within the ECAC 
area. Traffic flows are described as being to, or from, one of a number of the traffic subregions. A breakdown of 
the states contained in each region is provided in the map and table below. For this report, only “intra-ECAC” 
arrivals and departures and arrivals from Russia during 2019 are analysed.  

 

                                                           
7 EUROCONTROL STATFOR Interactive Dashboard (SID), Seven-Year Forecast, ECAC 5 Year Forecast 2020-2024 - MTF20 
Results 
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Figure 1 ECAC subregions definition. 

The ECAC North-West subregion has historically recorded the highest levels of traffic, accounting for 48% 
(4,140,878) of all ECAC departures in 2019. Amongst the ECAC North-West subregion’s departures, 63% were 
towards the same subregion (bi-directional within ECAC North-west). Such a trend is replicated across ECAC, 
with bi-directional departures representing the largest proportion of departures for each sub-region. Similarly, 
the second largest proportion of all departures amongst the ECAC sub-regions in 2019 were towards the North-
West region, except for the North West for which the second largest destination was the South East.  

Table 2 sets out the top 5 largest subregion pairs in the ECAC region in 2019, and the percentage of total ECAC 
departures which they represent. This illustrates the prominence of bi-directional traffic and the North-West / 
South-East sub region pair.  

Table 2: Top 5 ECAC subregion pairs based on intra-ECAC departures (2019). 

 Origin sub region Destination sub region 2019 Departures(000’s) % of ECAC departures 

1 ECAC North-West ECAC North-West 2,618 32% 

2 ECAC South-East ECAC South-East 1,095 13% 

3 ECAC North-East ECAC North-East 736 9% 

4 ECAC North-West ECAC South-East 674 8% 

5 ECAC South-East ECAC North-West 673 8% 

 

ECAC
Oceanic

ECAC
North-West

ECAC
South-West

ECAC
South-East

ECAC
North-East
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In the 2018 EUROCONTROL Challenges of Growth study, it was noted that the ‘centre of gravity of European 
traffic’ has been gradually moving towards the south-east over the last 20 years. The centre of gravity is based 
on the average coordinate for a departure from all ECAC airports from 1997 to 2017, shown in Figure 2. There 
has recently been a slowdown following the shift of tourism flows from south-east to south-west Europe, but 
overall, the trend is expected to continue in the long run, for example with increased traffic at the new airport 
in Istanbul8. 

 
Figure 2: The centre of gravity of European aviation (average coordinate for an ECAC departure). 

 

3.3.2 Seasonal variances 

European traffic is inherently seasonal. Figure 3 below shows monthly IFR movements in the ECAC9 area from 
2015 to 202010. Traffic numbers seem to have followed the same trend over the years, dropping to lows in the 
early months of each year (January and February), before rising to their highest in the summer months (June, 
July, and August). This variability is recurring and demonstrates that European traffic is seasonal. On a relative 
scale, Airports Council International (ACI) found that Europe has the highest level of seasonality among its 
airports compared to other regions.11 

In 2019, July (busiest month) traffic was 63% higher than in February (quietest month). The percentage difference 
between busiest and quietest months has fluctuated since 2015, being at its lowest (59%) in 2016, and rising to 
67% in 2018.  

                                                           
8 EUROPEAN AVIATION IN 2040 CHALLENGES OF GROWTH Annex1 
9 Excluding Azerbaijan and Iceland. 
10 Daily IFR traffic and en-route ATFM delay by entity and delay cause (FIR based), EUROCONTROL 
11 ACI, Trends & Forecasts, Airport markets and seasonal variations 
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Figure 3: Monthly IFR movements in ECAC area* (Jan 2015 – Dec 2019)12 

On a state level, indexing the monthly traffic relative to the yearly average, and calculating the difference 
between the busiest and quietest month allows us to rank ECAC states based on their seasonality.  Figure 4 
illustrates this ranking.  

 

 Figure 4: Scale of ECAC states* based on computed seasonality 

 
The largest fluctuations seen in traffic levels throughout the year occur most commonly in the south-east, 
Mediterranean - more specifically in North Macedonia, Greece, Albania, and Croatia, for which yearly traffic 
patterns are depicted in Figure 5.  

                                                           
 
12 En-route IFR flights and ATFM delays (FIR) with post ops adjustments, Egis analysis  
∗ Excluding Azerbaijan, Iceland, Luxembourg, Monaco, Montenegro, and San Marino for which IFR movement data was not 
available. 
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Figure 5: IFR movements in four most seasonal ECAC states (EUROCONTROL). 

On the other hand, the airspaces in which the least fluctuations occur are in Scandinavian countries in north-
eastern Europe. Their traffic curves are illustrated in Figure 6. 

 
Figure 6: IFR movements in four least seasonal ECAC states (EUROCONTROL). 

International measures of traffic seasonality provide insights for understanding the dynamics of air transport. In 
2018, ACI World carried out similar analysis13 of seasonality patterns in global passenger traffic data sets. Their 
study showed that the series tends to peak year after year in the months of July and August. In a sample of more 
than 1,000 airports, July and August are the peak months for over 50% of airports.  

                                                           
13 ACI, Trends & Forecasts, Airport markets and seasonal variations 
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Although different measures of seasonality yield different results, there is a common thread among indices. 
Some 80% of the airports in the top 30 most seasonal airports in the world are located in the Mediterranean 
region. In Europe, monthly passenger traffic variations reflect the mainstream holiday period from July to 
September and movements from north to south. 

3.3.3 Long-term European traffic forecasts 

The most relevant traffic forecast to the timeframe of this study (2030- and 2050-) is EUROCONTROL’s 20-year 
forecast. This looks at possible scenarios for how air traffic might look in 20 years' time based on assessment of 
industry internal and external factors. Long-term forecasts are published approximately every two years. The 
latest forecast was presented as part of the fifth EUROCONTROL Challenges of Growth study, in the first annex 
to the summary report “European Aviation in 2040” (published in 2018). 

Four potential growth scenarios were developed, each with different input assumptions: economic growth, fuel 
prices, load factors, hub-and-spoke versus point-to-point etc. These scenarios are: Global Growth, Regulation 
and Growth (considered most likely at the time), Happy Localism, and Fragmenting World. Each scenario leads 
to different volumes of traffic, and different underlying patterns of growth: long- versus short-haul, rates of up-
gauging of aircraft, etc. 

For Europe as a whole, the Regulation and Growth scenario (most likely) foresaw 16.2 million flights in 2040, 
53% more than 2017. That is 1.9% average annual growth per year over the 2017-2040 period, a rather slower 
growth rate than before 2008. The deceleration in growth over the next 20 years is explained by slower rates of 
economic growth, increasing fuel prices, and increasing congestion at airports. 

The traffic growth was predicted to be faster in the early years (2018-2030) than in the late years (2030-2040), 
stronger in Eastern Europe and stronger for flights leaving and arriving Europe than for intra-European flights. 
Air traffic growth was foreseen to be limited by the available capacity at the airports; this forecast was based on 
capacity plans reported by airports. The result was that, in the Regulation and Growth (most-likely) scenario, 
around 1.5 million flights (accounting for 8% of the demand) would not be accommodated in 2040. 

However, as the report notes, the long-term forecasts are prone to changes in economic, political and social 
conditions. Some of the risks had been addressed in the four scenarios of this forecast but it naturally failed to 
foresee the COVID-19 pandemic and the devastating effect it will have on short term traffic numbers. 

3.3.4 Mid-term European traffic forecasts 

In November 2020, EUROCONTROL released a new “Five-Year Forecast 2020-2024” looking at the possible 
evolution of air traffic in Europe over the upcoming years. The forecast is based on three scenarios: 

 Scenario 1 (Sc1): Vaccine widely made available for travellers (or end of pandemic) by Summer 2021, 
with traffic only returning to 2019 levels by 2024. 

 Scenario 2 (Sc2): Vaccine widely made available for travellers (or end of pandemic) by Summer 2022, 
with traffic only returning to 2019 levels by 2026. 

 Scenario 3 (Sc3): Lingering infection and low passenger confidence, with traffic only returning to 2019 
levels by 2029. 

In the most optimistic scenario, traffic is forecast to return to 2019 levels by 2024. However, in the second 
scenario (most likely), 2024 traffic would only be at 92% of the 2019 figure. In the third scenario, traffic in 2024 
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would be 75% of the 2019 figure and would not reach numbers seen in 2019 until 2029. Given the discovery, 
testing and mass production of several effective vaccines since the development of the forecast, the reality is 
likely to fall somewhere between Scenarios 1 and 2, depending on the success of national vaccination 
programmes across Europe. 

The 5-year forecast does not indicate the long-term picture for air traffic. Recovery from previous crises affecting 
air traffic has often taken multiple years. This was the case for the 9/11 attacks in 2001, which caused a 0.2 million 
drop in traffic numbers, and the great financial crisis in 2008, which caused a 0.6 million drop. It is unclear how 
long the recovery period will be for the COVID-19 pandemic, which has caused a traffic drop of over 6 million 
flights. Unlike 9/11, however, COVID-19 has not directly impacted geopolitics or the public’s perception of 
aviation’s safety (although lingering health concerns or localised outbreaks could have a short-term effect on 
the will to travel). Likewise, in contrast to the 2008 financial crisis, the European economy and GDP growth are 
expected to bounce back strongly in 2021 and 202214. 

As consistent short- and long-term forecasts are not currently available, Figure 7 below merges information 
from both the 20 year and 5-year forecasts to provide a view of what the close and distant futures may look like 
in terms of traffic numbers. 

 

Figure 7: Actual and forecasted IFR movements in the ECAC (EUROCONTROL), derived by merging the 20 year and 5 year 
STATFOR forecasts (developed separately). 

                                                           
14 EUROCONTROL, Five-Year Forecast 2020-2024 (2020)  
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3.4 European tourism trends 

3.4.1 Contribution of tourism to air traffic 

The aviation and tourism industries are closely linked; tourist travel has been a key driver for rising air traffic 
worldwide. According to the World Tourism Organization (UNWTO), air transport has become the preferred 
mode of transport for tourists, with 57% of overnight visitors worldwide travelling to their destination by air in 
2016, compared to 44% in 199515. 

In the European Union Tourism Trends report published in 2018, the UNWTO found growth in air travel had 
been fuelled by the surging demand for international tourism, including the rising trend among Europeans to 
take many short leisure trips abroad throughout the year. In their latest Global Report on Aviation, UNWTO 
analysis suggests that deregulation in the EU airline industry (notably with Common Aviation Area agreements) 
has led to lower fares and expanded access. This has encouraged the growth of low-cost carriers (LCCs), resulting 
in a boom in the number of air passengers and the openness of regional markets for air travel. 

The impact of this low-cost revolution is evident across the industry pre-COVID. EUROCONTROL data suggests 
that LCCs accounted for nearly 31% (vs 26% in 2013) of the European flights in 201716. The Seven-Year Forecast 
February 2018 notes that this growth was caused by capacity increases amongst low-cost airlines, but also by 
the transformation of traditional carriers, who, as part of restructuring have handed over their short-haul 
journeys to LCC subsidiaries. 

European airports are also a prime example of the correlation between tourism and air traffic. In January 2005, 
Ryanair launched a twice-daily flight to Porto from London Stansted, triggering a revolution in Porto Airport’s 
passenger traffic profile. As the years progressed, the airport’s passenger traffic numbers grew at an annual 
average rate of 10% as multiple LCCs launched services to Porto, steadily increasing routes and frequencies. The 
process occurred without severely affecting existing traffic, resulting in a doubling of traffic figures over 6 years, 
entirely attributable to LCCs17. 

3.4.2 Seasonality 

Tourism demand varies considerably throughout the year. Occupancy rates at European accommodation 
establishments have been historically higher in the summer months than in any other period of the year.  

Eurostat’s “Tourism in the EU, 2018” publication provides recent statistics on tourism demand in the European 
Union through analysis of the tourism trips made by EU residents. A key finding of this study was that tourism 
demand concentrated in the third quarter, mainly in August followed by July, when respectively 12.3 % and 11.4 
% of the entire year’s trips were made (see Figure 8). The number of trips in the peak month (August) was 2.3 
times higher than the number of trips in the weakest month (January). 

                                                           
15 European Union Tourism Trends, UNWTO (2018) 
16 EUROCONTROL Seven-Year Forecast February 2018 
17 Global Report on Aviation: Responding to the needs of new tourism markets and destinations, UNWTO (2012) 
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Figure 8: Monthly share of trips and nights spent of EU residents, 2017 (% of the 12 months) 

When taking into account the duration of the trips, the seasonal pattern was even more pronounced, with EU 
residents having spent one in three nights away in these two months, July (16.5 %) and August (16.1 %). The 
number of nights spent in the peak month (July) was 3.7 times higher than the number of nights spent in the 
weakest month (November). 

3.4.3 Recent and forecasted trends 

Tourism is a key European industry which has historically generated approximately 10% of GDP and represents 
9% of total EU employment. International tourism accounts for 6% of EU overall exports and 22% of services 
exports. This means that tourism ranks fourth as an EU export category, after chemicals, automotive products, 
and food18.  

The World Tourism Organization (UNWTO) has stated that during 2016, the EU welcomed 500 million 
international tourist arrivals (overnight visitors). On a global scale, these tourists accounted for 40% of the 
world’s total, with international tourism receipts representing 31% of worldwide tourism earnings19. 

Europe is also an important source region for outbound tourism (the world’s largest) generating an estimated 
618 million arrivals, half of the world’s total, in destinations worldwide in 2016. Germany, the United Kingdom, 
France and Italy all rank amongst the top ten global source markets20. 

                                                           
18 European Union Tourism Trends, UNWTO (2018) 
19 European Union Tourism Trends, UNWTO (2018) 
20 European Union Tourism Trends, UNWTO (2018) 
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More recently, however, the COVID-19 pandemic took its toll on tourism, with international tourist arrivals to 
Europe down 68% in the first eight months of 2020 relative to 201921.  

The European Travel Commission (ETC) estimates that domestic travel is set to attain a swifter rebound, 
exceeding 2019 levels by 2022, while international travel will encounter a protracted recovery, remaining below 
2019 levels until 2024. Very much like aviation, a faster upturn is possible, linked to more rapid economic 
recovery and a faster distribution of vaccines and improved treatment22. 

A combination of lingering travel restrictions, smaller disposable incomes, and travel budgets as well as 
associated confidence effects are likely to contribute to this slower recovery for international travel. The need 
for quarantine and/or testing on arrival in some destinations as well as enduring health concerns are also 
foreseen to act as barriers for international travel and could boost substitution for domestic travel23. 

Past analysis by EUROCONTROL has found that wars and natural disasters contributed to some important shifts 
in tourist flows, especially from the South-East of Europe, Egypt and Tunisia to the South-West. It was also noted 
that the same tourism swings might apply for health concerns, though there are only very limited examples of 
this at the time24. When the tourism industry does start to recover, short to medium term fluctuations in demand 
could occur as a result of lingering health concerns or localised outbreaks, which may have a strong impact on 
demand and the popularity of certain tourist destinations. 

 

                                                           
21 European Tourism – Trends & Prospects Quarterly Report 3/2020, European Travel Commission 
22 European Tourism – Trends & Prospects Quarterly Report 3/2020, European Travel Commission 
23 European Tourism – Trends & Prospects Quarterly Report 3/2020, European Travel Commission 
24 EUROPEAN AVIATION IN 2040 CHALLENGES OF GROWTH Annex1  
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4. Methodology 

4.1 Summary 

This section outlines the overall methodology used for the analysis of the impact of climate change on 
tourism in Europe on the 2030- and 2050- time horizons. The first step of the work comprised a climate 
analysis to identify changes in climate across Europe and linked this to the TCI to project changes in the 
favourability of a destination. The subsequent impact assessment involved the development of a baseline 
2050 traffic forecast for traffic flows strongly linked to tourism and an assessment of how, and to what extent, 
the flows could be impacted based on the output of the TCI analysis. 

The term ‘summer’ is used in the report to refer to the meteorological season (June, July and August). This 
should not be confused with the IATA summer slot seasons (typically from March to October). August traffic 
has been used as a basis for the traffic analysis and forecasting due to the predominance of tourist traffic 
within the month, and hence there being a lower proportion of other forms of traffic.  

An overview of the methodology is presented in Figure 9. 

 

Figure 9 Overview of the methodology 

4.2 Tourism Climatic Index  

4.2.1 Calculation 

A TCI value was calculated for each month for each country in the historical period (1979-2019) and projected 
outwards to 2080, using the original method published by Mieczkowski (1985). The TCI indicates the desirability 
of a destination’s climate for tourism by combining five climate variables as outlined in Equation 1. 

TCI =  (8 ∗  CID) + (2 ∗  CIA) + (4 ∗  R) +  (4 ∗  S) + (2 ∗  W) 

Equation 1: TCI value 
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CID and CIA are thermal comfort indices and R, S and W represent precipitation, sunshine duration and wind 
speed, respectively. The weightings (8, 2, 4, 4 and 2) within the equation reflect the contribution each climate 
variable makes to the overall TCI value and remain constant in both the historical and future periods. 

The thermal comfort indices constitute 50% of the weighting to the overall TCI, which reflects the significance 
of human thermal comfort levels when undertaking tourist-related activities. These indices were calculated with 
a comfort index equation that combines temperature and relative humidity, based on Missenard (1933). 
Specifically, daytime comfort (CID) is calculated using monthly means of maximum daily temperature and 
minimum relative humidity.  

Average daily thermal comfort (CIA) is related to mean temperature and mean relative humidity and, while only 
accounting for 10% of the TCI equation weighting, was considered by Mieczkowski (1985) as a necessary 
component that reflects thermal conditions over the full 24-hours. The theory of this index relates to the 
physiological effect of a ‘cool night, hot day sequence’, which suggests that one is physiologically able to 
withstand, or have a higher tolerance to, more uncomfortable thermal conditions during the day following a 
cooler, more comfortable night (Hounam, 1967).  

For each variable in the TCI equation, daily data are aggregated into monthly average values, which are then 
assigned a rating between 0 and 5. For the purpose of general, light outdoor tourist activity the optimal monthly 
average conditions (i.e. a rating of 5 for each climate variable) are a thermal comfort between 20-27°C, 0-15mm 
of monthly precipitation, more than 10 hours per day of sunshine and wind speeds less than 2.88 km/h. 
Conversely, a rating of 1 would be assigned to each climate variable if the monthly average conditions had a 
thermal comfort between (-5)-0°C or 34-35°C, 120-135mm of precipitation, 2-3 hours per day of sunshine and 
wind speeds greater than 38.52 km/h. 

The ratings are input into Equation 1 and multiplied by the climate variable weighting to produce a TCI value 
between 0 and 100. For example, if the monthly mean value for every climate variable was assigned an optimal 
rating of 5, the equation would be TCI = (8 * 5) + (2 * 5) + (4 * 5) + (4 * 5) + (2 * 5), giving a perfect TCI value of 
100 for that month. The TCI is calculated for each ~30km grid cell and then aggregated to produce a country 
mean, which can then be classified into a category, as per Table 3, to describe the destination favourability. 
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Table 3: Classification categories for the Tourism Climatic Index 

TCI Category 

90-100 Ideal 

80-89 Excellent 

70-79 Very Good 

60-69 Good 

50-59 Acceptable 

40-49 Marginal 

30-39 Unfavourable 

20-29 Very Unfavourable 

10-19 Extremely Unfavourable 

<10 Impossible 

In line with previous analysis undertaken as part of the EUROCONTROL Climate Change Risks for European 
Aviation study 2021, this method utilises the fifth generation of European Centre for Medium-Range Weather 
Forecasts (ECMWF) atmospheric reanalyses25 of the global climate (ERA5) and the UK Climate Projections 2018 
(UKCP18)26 climate model simulations for the historical and future periods, respectively. UKCP18 provides a 
comprehensive assessment of how the European climate may change in the future, using the most recent climate 
models from the Met Office Hadley Centre and other climate research centres. 

As detailed in chapter 3 of “An overview of short-term weather impacts on European aviation” (Annex 1 of the 
Climate Change Risks for European Aviation study 2021), ERA5 is a reanalysis dataset that provides global 
coverage of many atmospheric, land and oceanic climate variables on a ~30km grid (0.25° x 0.25°) for the period 
1979 to within 5 days of real time. A reanalysis dataset combines models with observations to give a numerical 
description of the historical climate. 

Section 5.2 of “An overview of short-term weather impacts on European aviation” (Annex 1 of the Climate 
Change Risks for European Aviation study 2021) also provides a comprehensive description of the Met Office 
Hadley Centre model that produces 15 global climate simulations for the period 1900-2100 (known as PPE-15). 
In climate modelling, parameters are used to represent complex physical processes, such as convection or 
aerosol behaviour. However, the climate projection can be sensitive to the exact value of these parameters, 
which results in a signature effect on the simulation. Since the ‘true’ value of some parameters cannot be known, 
each of the 15 global PPE climate simulations defines certain parameters with a different, plausible value – these 
are called perturbed parameters. This allows a broad range of future outcomes to be sampled in a systematic 
way, whilst capturing and quantifying the uncertainty resulting from parameterisation.  

The PPE-15 represents approximately half of the coarser resolution global simulations used in UKCP18. In 
comparison to a number of the analyses in the EUROCONTROL Climate Change Risks for European Aviation 

                                                           
25 Reanalysis is a numerical description of past climate, which consists of a blend of models and observations. Reanalysis 
datasets offer complete spatial coverage over a given area 
26 https://www.metoffice.gov.uk/research/approach/collaboration/ukcp/key-results  

https://www.metoffice.gov.uk/research/approach/collaboration/ukcp/key-results
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study 2021 (Annexes 1, 2 and 5), which utilised defined weather patterns to identify a relationship with aviation 
impacts, the TCI is calculated from individual climate parameters which vary over small spatial scales. As such, 
this study has used the UKCP18 regional projections (rather than global), which is the output of 12 regional 
climate model (RCM) simulations for the period 1980-2080 that offer greater spatial detail.  

The RCMs are driven by 12 of the PPE-15 global simulations that are dynamically downscaled to a 12km 
horizontal resolution (hereafter known as RCM-PPE 27) (Murphy, et al., 2018). The RCMs provide additional value 
by better resolving physiographic features and show considerable ability to represent the spatial detail of 
meteorological variables (Murphy, et al., 2018), particularly surface air temperature which is a key component in 
TCI. The model outputs from the RCM-PPE will hereafter be referred to as UKCP18 regional data. UKCP18 
regional data is re-gridded to the coarser resolution of ERA5 for validation purposes and to ensure compatibility 
in comparing historical and future trends. 

4.2.2 Assumptions 

4.2.2.1 Calculating thermal indices and climate variables 

Thermal comfort can be defined as the human experience of a thermal environment and as such the perception 
of an occupant can vary and adapt due to psychological factors (Albatayneh, et al., 2019). This highlights a 
limitation of this study, which focuses solely on the physical environmental conditions to estimate thermal 
comfort. For example, recent research has shown that factors such as daylight exposure in an indoor 
environment impacted occupant perception of thermal comfort, despite no change in physiological response 
(Chinazzo, et al., 2019) and that occupants with a level of control over the thermal environment, such as access 
to air conditioning controls, are more likely to have a higher summer comfort temperature tolerance (Yun, 2018).  

Given the broad domain covered in this study and the high level, country aggregated, nature of the analysis, 
future installation capacity of air conditioning has not been factored into the thermal equations for daily comfort 
index. The desirability of a destination is based purely on the future changes to the physical climate of a location 
and is independent of advances in or availability of technology that could impact indoor thermal comfort. This 
is considered a reasonable approach due to the substantial weighting (40%) of the overall TCI placed on the 
daytime comfort index, which combines the key climate conditions that impact comfort, maximum temperature 
and minimum relative humidity, which typically occur during peak hours of outdoor tourist activity (12:00-
16:00)28 (Mieczkowski, 1985).  

As previously noted, availability of climate variables within the historical ERA5 data and climate model outputs 
played an important role in selecting a suitable index. Whilst temperature, precipitation and wind speed were 
acquired at appropriate temporal resolutions, further calculations were undertaken to obtain sunshine duration 
and relative humidity from available variables.  

Historical observational records of sunshine duration are both temporally and spatially limited across the ECAC 
region, with datasets varying across countries in both their completeness and recording methods. Furthermore, 
sunshine duration is not a direct output produced from the climate models underpinning UKCP18. Therefore, in 
order to take a common approach across the study region, sunshine duration (hours/day) was obtained by 
utilising the inverse relationship with cloud cover, defined in equations by Amelung (2006), which take into 
                                                           
27 https://www.metoffice.gov.uk/pub/data/weather/uk/ukcp18/science-reports/UKCP18-Land-report.pdf 
28  Relative humidity is the measure of water vapour (as a percentage) in the air compared to the maximum amount that 
the air could hold, relative to temperature. It decreases as temperature increases because warm air can hold more water 
vapour than cold air. Hence, minimum daily relative humidity is typically recorded alongside maximum daily temperature. 

https://www.metoffice.gov.uk/pub/data/weather/uk/ukcp18/science-reports/UKCP18-Land-report.pdf
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consideration factors such as the maximum possible number of sunshine hours at each grid point 
latitude/longitude pair and the time elapsed since the winter solstice in the Northern Hemisphere.  

Mean and minimum daily relative humidity were calculated in the historical period as a function of observed 2m 
air temperature29 and dew point temperature30 in the ERA5 data, using equations described in Willett (2007). 
The monthly climatological average was then calculated for mean and minimum relative humidity over a thirty-
year period (1981-2010). The observed scaling relationship between these values was then applied to the 
UKCP18 data (e.g. minimum relative humidity = mean relative humidity x scaling factor). This method makes the 
assumption that this relationship does not change into the future. 

4.2.2.2 Analysis domain and country coverage 

An additional challenge of this analysis was the spatial availability of variables, in reference to the domain 
covered by ERA5 compared to the UKCP18 regional data. In order to ensure that the same grid cells were 
included during the country aggregation of TCI values, the ERA5 data was masked to match the UKCP18 regional 
data domain. This was an essential step to allow the validation of TCI calculations between the two datasets. 
Unfortunately, as a consequence, a number of grid points within a few ECAC countries were beyond the limits 
of the UKCP18 domain and were not available for the TCI aggregation. For example, part of the ERA5 data 
representing eastern Georgia and eastern Turkey were masked, in order to match the coverage of these 
countries in the UKCP18 regional data. However, having analysed the data available in the historical period, it is 
considered the remaining grid points are representative and the overall TCI value for the country following 
aggregation is not substantially impacted. In the most severe cases, Armenia and Azerbaijan do not have any 
grid points within the domain and as such it has not been possible to calculate TCI values for these countries in 
the future period. 

Furthermore, three Atlantic island groups fall beyond the western domain boundary, namely the Azores, Madeira 
and Canary Islands. As these islands have been identified as key tourist destination hubs, it was considered 
important to keep the historical TCI values and apply a ‘nearest neighbour grid point’ scaling technique to 
approximate the future TCI value for the islands. Firstly, the nearest grid point to each island available in the 
UKCP18 domain was selected. Then, the relationship was calculated between the TCI value of the nearest point 
and the TCI value of the island in the historical period using a linear regression model. Finally, similarly to the 
methodology for relative humidity scaling, this relationship was applied to the TCI value of the nearest points in 
the future period, to obtain an approximated TCI value for the three Atlantic island groups in the future period.  

4.2.2.3 Validation 

For validation purposes, thirty-year climatologies (using 1981-2010) were calculated using ERA5 and UKCP18 
regional data for both individual climate parameters and calculated TCI values. This is an overlapping period of 
ERA5 and UKCP18 regional data that can be compared for validation. The RCM-PPE is driven by the global 
climate models and as such inherit biases that may exist in these simulations. This validation has been 
undertaken to assess how well the climate in the historical period is represented within the UKCP18 regional 
data and subsequently whether the data requires bias correction to improve confidence in the future projections.  
 

                                                           
29 air temperature at 2 meters above the surface. 
30 the temperature to which a given air parcel must be cooled at constant pressure and constant water vapour content 
in order for saturation to occur. 
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Surface air temperature is one of the parameters documented to be simulated with considerable accuracy in 
RCMs, which is evident in Figure 10 that shows the range of the climatological average of mean monthly 
temperature in Italy. The output from the twelve RCM-PPE ensemble members (the UKCP18 regional data) 
enclose or closely align with the ERA5 climatological average in every month across the period, which is an 
indication of good model accuracy and was a common feature in the validation of mean temperature across 
countries. 

 
Figure 10: Intra-annual variability of the climatological average of mean monthly temperature in Italy (1981-2010) 

Relative humidity, calculated from air and dew point temperature, is also fairly accurately represented. There is 
greater variability in how well some of the other climate parameters are represented in the UKCP18 model. 
Precipitation is highly variable, both in time and space, and there is a typical bias of wetter conditions in the 
winter months, in comparison to the ERA5 data, observed in most countries. Topography is only resolved to 
limited detail in the RCM-PPE, albeit greater than the PPE-15, and as such complex topography which impacts 
both precipitation and wind speed is still challenging to capture (Murphy, et al., 2018). There is a high degree of 
variability across the RCM-PPE simulations for wind speed, however in most cases the ERA5 data does fall within 
the range. Given there is no clear signal for changes in wind speeds in the UKCP18 data (Fung, et al., 2018), it is 
unlikely to impact on the overall results of the analysis. Also, there are known limitations with both observational 
and model data for this climate variable and therefore bias correction would be unlikely to further resolve the 
uncertainty in the data. 

It is pertinent to consider how any bias in the climate variables impacted the accuracy of the TCI calculation 
overall. Therefore, validation plots were produced to compare the thirty-year climatological average TCI 
produced using ERA5 and UKCP18 regional data, which indicated that in general TCI is well represented across 
the ECAC region between May and November, with particular accuracy in meteorological summer (June-July-
August). Figure 11 demonstrates that the TCI in summer and autumn in Spain is modelled with high accuracy 
by the RCM-PPE, but that the TCI is modelled lower by the RCM-PPE compared to ERA5 in the winter and early 



Climate Change Risks for European Aviation study 2021   

Impact of Climate Change on Tourism Demand  

Technical report 

   

  Page 29 of 68 
  

 

spring (December-March), which was also observed across nearly all ECAC countries. The subsequent traffic flow 
analysis in Section 6 is focused on tourism flows in August (as a representation of summer seasonal traffic) and 
the shift of tourism into the shoulder months, e.g. May and September. As such, the weaker representation 
during the winter months (December-January) will not have a significant impact and these months are therefore 
not analysed further. The impact on the interpretation of TCI changes in spring in relation to model accuracy is 
discussed further in Section 5. 

Anomalies to this pattern include Turkey and Greece (Appendix 8.1.1), where the TCI was estimated with 
considerable accuracy year round, and the islands of Malta and Cyprus (Appendix 8.1.2) in the Mediterranean 
Sea, which are well represented in the winter and fringe months (September-May) with the TCI in summer 
months estimated slightly low by the RCM-PPE ensembles. 

 
Figure 11: Intra-annual variability of the climatological average of TCI in Spain (1981-2010) 

The validation found that the TCI value was underestimated for every month for both Norway (see Appendix 
8.1.3) and Finland in UKCP18 compared to the ERA5 TCI calculation, which is a consideration taken into account 
when interpreting the results in chapter 4. Monthly TCI values in Sweden and Iceland, located at a similar latitude, 
were slightly underestimated on average, but still reasonably estimated for most of summer and early autumn.  
Although the validation found that only a minimal number of countries were impacted by year-round 
underestimation or overestimation of TCI, overall, the bias within individual climate variables did not aggregate 
to significantly impact the accuracy of TCI estimation during the key analysis months across the majority of ECAC 
countries. Therefore, no bias correction of the climate data was undertaken. 
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4.3 Identification of tourism flows & assignment of passenger 
quantities 

4.3.1 Choice of tourist season  

This study focuses on the impact of climate change on summer tourism flow. There are several reasons why 
summer rather than winter tourism was assessed. Firstly, summer tourism is associated with a singular peak 
across July and August which strongly links to tourist travel. Compare this to winter traffic trends which tend to 
have less distinct traffic peaks which could be related to skiing31. As such, summer tourism is less complicated 
from a traffic analysis perspective. Another reason is that the proximity of skiing locations to large airports in 
the European Alps is limited, and tourists may therefore decide to fly to an airport further away and drive the 
remainder of the journey. This makes it more difficult to link traffic flows to skiing locations.  

Taking into consideration the fact that the climate models used in this study are less accurate in estimating TCI 
in the winter across ECAC countries, and that the TCI cannot capture the climate associated with key winter 
tourism activities, it is logical that the study should focus on summer tourism.  

4.3.2 Identifying an appropriate sample of airports  

Some traffic flows are comprised of a higher proportion of tourist passengers than others. Any impact of climate 
change on tourism will thus impact these flows the most. To identify flows for this analysis, it was necessary to 
make a series of assumptions to isolate an appropriate sample of flows on which to base the impact assessment.  

As a flow is defined between an origin and a destination point, the first step was to pinpoint airports within 
Europe receiving a high proportion of tourists within their annual passenger numbers. Based on each airport’s 
annual passenger statistics extracted from Sabre®, a seasonality indicator per airport was obtained representing 
the proportion of passengers welcomed between June and August compared to their total annual traffic. The 
analysis assumes that traffic seasonality is driven by tourism and thus airports with a high seasonality factor are 
likely to be closely associated with tourist travel; moreover, it is assumed the higher the seasonality indicator, 
the larger the proportion of annual passenger numbers are likely to be tourists. 

For example, an airport with a seasonality factor of 50% welcomes half of its annual passengers between June 
and August. This indicates that a significant proportion of air passengers using this airport are tourists, since 
traffic peaks in summer are widely associated with summer tourism. The overall methodology and data 
treatment (step 1 & 2) is presented in Figure 12. 

                                                           
31 Tourism statistics for winter season occupancy for 2017/18 and 2018/19 can be found here: 
https://ec.europa.eu/eurostat/statistics-explained/pdfscache/14287.pdf 
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Figure 12: Airport sample identification methodology 

Once the seasonality factors of European airports were determined, a selection of seasonality indicator threshold 
levels were analysed to identify an appropriate filter to obtain a sample of airports for the study. The assessed 
thresholds and corresponding samples were as follows: 

 No threshold level: 351 Airports and 295 million passengers during the summer period. 

 Threshold level at > 30% seasonality indicator: 184 Airports and 92.1 million passengers during the 
summer period. 

 Threshold level at > 40% seasonality indicator: 58 Airports and 23.6 million passengers during the 
summer period. 

 Threshold level at > 50% seasonality indicator:  49 Airports and 9.4 million passengers during the 
summer period. 

 Threshold level at > 60% seasonality indicator: 9 Airports and 1.3 million passengers during the 
summer period. 

The sample needed to balance having enough European airports to base the assessment on, with a seasonality 
indicator which was significant enough to ensure the airports are associated with tourist passengers. Another 
key requirement was that the airports had sufficient economic data available to support the econometric traffic 
modelling for forecasting the future growth of tourism flow.  

All of the above airport samples were tested with standard statistics tools (i.e. average, mean square, standard 
deviation and P-plot) to identify those which would best match the traffic forecasting model’s requirements. The 
sample that had the results deemed most appropriate for use in the modelling was that derived from the 
threshold of greater than 30% seasonality indicator.  

Based on the above considerations, airports classified as less than 30% seasonality level were therefore excluded 
from our analysis. The list of airports used in this study to forecast European summer tourism flows is in Appendix 
8.1.  

This study aims to focus on those flows most closely associated with tourism at a European scale.  It should be 
noted that the approach taken to defining airports associated with tourism means that some airports renowned 
for their proximity to summer tourist locations (including, for example, Barcelona Airport) are not included in 

Step 1: Gather monthly traffic data per European airport 
Identify number of air 
passengers per origin 
country

Step 2: Identify a summer seasonality indicator

Aggregate monthly data 
into annual data and 
summer data (June, July 
and August) to identify a 
summer seasonality 
indicator

Step 3: Test several airport samples

Test based on the 
seasonality indicator 
using statistics to 
validate the sample.
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the sample which was analysed. These airports are likely to service passengers with a larger range of reasons for 
travel (in particular, for business). This study does not suggest that such flows will not be impacted by the link 
between climate change and tourism, but that they will require more detailed analysis of their annual traffic 
patterns and composition; they were therefore not assessed under the scope of this work.  

4.3.3 Defining origins and destinations 

In order to identity the most representative origin-destinations of European tourist flows, an analysis of inbound 
traffic for the airports in the sample was performed. It was found that more than 90.9% of the inbound summer 
traffic of the airports were intra-European flights. The different origin regions are presented in Table 4. 
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Table 4: Origin region of passengers travelling to airports in the airport sample 

Inbound Traffic Destination Number of summer Passenger % of the total PAX32 

ASIA SUB-CONTINENT 0.3 M 0.3% 

AUSTRALIA 0.2 M 0.2% 

CARIBBEAN 0.1 M 0.1% 

CENTRAL AFRICA < 0.1 M 0.0% 

CENTRAL AMERICA < 0.1 M 0.0% 

CENTRAL ASIA 0.3 M 0.3% 

EAST AFRICA < 0.1 M 0.1% 

EUROPE (EAST) 21.9 M 23.8% 

EUROPE (WEST) 61.9 M 67.1% 

FAR EAST ASIA 1.0 M 1.1% 

GULF 0.9 M 0.9% 

MIDDLE EAST 1.4 M 1.5% 

NORTH AFRICA 1.0 M 1.1% 

NORTH AMERICA 2.5 M 2.7% 

PACIFIC < 0.1 M 0.0% 

SOUTH AMERICA 0.2 M 0.2% 

SOUTHEAST ASIA 0.3 M 0.3% 

SOUTHERN AFRICA < 0.1 M 0.1% 

WEST AFRICA < 0.1 M 0.1% 

ASIA SUB-CONTINENT 0.3 M 0.3% 

AUSTRALIA 0.2 M 0.2% 

 

In order to validate that trends in origin regions are broadly consistent irrespective of the level of seasonality, 
the analysis was also performed for the sample with seasonality indicator thresholds of 50% and 0%. Results for 
both cases proved that the intra-European traffic is the most representative region for summer flows. Therefore 
only the intra-European summer tourism flow will be forecasted in this study. 

It is important to note that Russia has been included in the study as an intra-European country due to its 
geographical location and the importance of its weighting in terms of inbound and outbound tourism flow.  

                                                           
32 Due to rounding of individual records in this table, the total of this column equals to 100.4%.  
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4.3.4 Further assumptions on traffic flows 

A set of additional assumptions were made to ensure the airport sample listed in Appendix 8.1 fully met the 
econometric inputs requirements as follows:  

 Assumption 1: In order to provide forecasts on representative European tourist destination airports, 
smaller airports (representing less than 2% of the sample’s total number of passengers) are excluded 
from the sample. This led to 110 airports out of the 261 in the sample being excluded from the 
analysis. Taking Greece as an example, this means that 13 airports out of 32 were excluded. However, 
the cumulated traffic of those excluded only represented 1.7% of Greek summer traffic flows in 
2019. 

 Assumption 2: In order to assess information on traffic flows at an appropriate level of granularity, 
the volumes for destination airports from the representative sample are aggregated at a country 
level. 

 Assumption 3: If the number of passengers originating from one country is less than 1,000 in 
August, the country is considered as not representative for the national model and transferred into 
the category “other”.  

4.4 Assessing the impact on traffic 

4.4.1 Overview 

The modelling of consumer behaviour is a micro-economic approach that determines the optimum well-being 
of a group of consumers due to the consumption of a specific product/service via a vector analysis. This 
optimisation considers both physical and economical constraints; it is highly complex, requires very broad and 
accurate databases, and is often at risk of being inconclusive. To avoid overly complex modelling of 
microeconomic factors that can affect tourism demand, this study has assessed the impact of climate change 
on tourism traffic demand at a macro level. 

Traffic forecasting models require strong historical data to be reliable. However, changes in consumer behaviour 
driven by climate change are a relatively recent phenomenon. Its quantitative impact on air traffic flow is 
therefore difficult to identify and measure. Moreover, there is limited literature available providing quantitative 
and/or conclusive evidence on the link between the two with which findings could be compared.  

Noting the lack of data and significant uncertainties inherent in modelling of consumer behaviour, the impact 
assessment instead focuses on identifying the volume of passengers that may be more flexible regarding the 
time or location of their holiday via an assessment of European passenger demographics. Here, demographics 
refers to characteristics such as age or whether passengers are accompanied by children. This was compared 
against the findings of the TCI analysis which identifies whether there are significant changes expected in tourism 
favourability of tourist destinations temporally and geographically.  

A base-case scenario has been developed to provide traffic forecasts for the tourist flows associated with the 
airport sample as described in Section 4.3 (i.e. without consideration of the impact of climate change). This will 
provide a basis from which to infer the potential volume of traffic flows most likely to be impacted by changing 
customer preferences based on the analysis of TCI and European passenger demographics.  
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4.4.2 Quantitative assessment of future traffic flows: Base line scenario 2030 to 2050 

4.4.2.1 Period of analysis 

For the traffic forecasting analysis, it was possible to assess trends for one summer month within the scope of 
the study. It was decided that the most appropriate month for analysis was August. This was due to August air 
traffic generally having the highest proportion of tourists. The selection of August therefore provides more 
confidence in any inferred impacts on traffic volumes. 

4.4.2.2 Development of Base line scenario 

An econometric model estimates the statistical relationship between the various economic quantities related to 
a particular economic phenomenon. In other words, it models the interdependence of the chosen output and 
several variables based on historical data. In order for an econometric model to be valid, the variables need to 
be independent to avoid the issue of ‘autocorrelations’. For example, if the variable GDP per capita is chosen for 
the model, variables such as GDP, population, imports or exports cannot be part of the model since they are not 
independent. The steps to build the forecast are outlined in Figure 13. 

 
Figure 13: Base line scenario for the traffic forecast of European tourism flows definition 

Due to the large number of airports and origin/destination flows included in the sample used for the analysis, 
an econometric model has been developed per country in order to forecast 2030, 2040 and 2050 passenger 
traffic. The model compares the historical trends in the evolution of traffic flows per country against the variation 
in GDP per capita. The coefficients that measure the correlation between the two variables were used to identify 
the main relationships before the econometric models were calibrated. The results proved that the number of 
passengers per origin to destination is correlated with the GDP per capita33 of the country of origin.  

The model is based on the fact that a variable of interest ‘Y’ can be approximated by a linear combination of 
explanatory variables ‘x’ according to the following formula:  

𝑌𝑌𝑡𝑡  ~𝑌𝑌�𝑡𝑡 = 𝛽𝛽0 + 𝛽𝛽1 ∗ 𝑥𝑥1,𝑡𝑡 + 𝛽𝛽2 ∗ 𝑥𝑥2,𝑡𝑡 + ⋯+ 𝑢𝑢𝑡𝑡 

Equation 3: Multiple Linear Regression Model 

  

                                                           
33 According to the Cambridge Dictionary, the definition of GDP per capita is: “the total value of all the goods and services 
produced by a country in a particular year, divided by the number of people living there.” Therefore, population growth is 
implicitly taken into account in this macroeconomic indicator. Source: 
https://dictionary.cambridge.org/fr/dictionnaire/anglais/gdp-per-capita  
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These coefficients have been estimated using the OLS method (Ordinary Least Square) which minimises the total 
squared spread between the estimation and the observed values: 

𝑀𝑀𝑀𝑀𝑀𝑀 𝛽𝛽�(𝑌𝑌𝑡𝑡 − 𝑌𝑌�𝑡𝑡)² 

Based on the World Bank historical data for GDP per capita and the statistical inputs of traffic provided by 
Sabre®, the econometric model provided individual results per country. Once developed, the quality of each 
individual model was validated using the following standard statistical tools: 

 R² to analyse the overall quality of the model. 

 P-value to analyse the quality of each 𝛽𝛽 Coefficient.  

The R² and the adjusted R² gives the share of the variations of Y explained by the model, where a value closer 
to 1 is most desirable. In other words, if a model presents R² of 0.75 then the explanatory variable of the model 
explains more than 75% of Y. 

The Student T-Test determines if the 𝛽𝛽 (from the multiple linear regression model) of a given explanatory 
variable χ is significant enough to be kept in the model. If a variable fails the test (p-value > 5%), it means that 
the variable is not considered significant enough to explain the variation of the Y variable and should be removed 
from the model. 

The P-value associated with each coefficient demonstrates that the variables chosen are considered significant 
to explain the variation of the passenger evolution over time. Each parameter has a p-value lower than 5%. 

Both tests enabled the validation of each econometric model used to forecast the passenger traffic over time. 

4.4.2.3 Further assumptions for the traffic forecasting model 

In terms of geographical area, the econometric models developed at country level provided information on the 
relationship between the number of passengers in August and the annual evolution of each country’s GDP per 
capita. It represents the output of Step 3 of the overall methodology identified in Figure 13. To provide the 
traffic forecast for European tourism flows, the scenario definition of the GDP per capita per country must be 
developed as per Step 4. 

The International Monetary Fund (IMF) database provides information on the forecasted growth of 
macroeconomic indicators such as GDP, population and GDP per capita for countries around the world up to 
2025. In addition, their data has been updated to take into account the COVID-19 pandemic. Table 5 presents 
the anticipated annual GDP growth rate from 2019 to 2025 for those countries which were the primary origins 
for traffic travelling to airports within the airport sample. 

  

Equation 4: Ordinary least Square Method (OLS) 
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Table 5: Annual GDP growth rate 2019-2025 for a sample of tourist origin countries [IMF] 

Country of Origin  GDP per capita in 2019 
(international dollars34) 

Annual growth rate during the COVID-19 crisis 

UK 46 750 0.1% 

Germany 53 944 0.9% 

France 47 777 0.4% 

Russia35 27 040 1.2% 

Netherlands 57 271 0.6% 

Spain 41 402 0.6% 

It is assumed that most ECAC countries have reached their long-term economic maturity level. Therefore, their 
average annual growth between 2002 and 2019 should be reflective of their long-term evolution and will be 
applicable to the period 2025 to 2050. It is also assumed that countries that did not yet reach their maturity will 
reach it during the analysed period 2030-2050. For those countries, the “S-shaped” curves in economic growth 
have been taken into account in the GDP per capita forecast. The aggregated results from the assumption of 
GDP per capita evolution from 2025 to 2050 are presented in Table 6. 

Table 6: Assumed annual GDP growth rate for 2025 - 2050 

Country of Origin  Annual growth assumption for the 2025 to 2050 period 

UK 1.4% 

Germany 1.0% 

France 1.0% 

Russia 1.4% 

Netherlands 1.4% 

Spain 1.4% 

4.4.3 Climate change impact scenario on tourism flows within Europe from 2030 to 2050 

As part of the study, an attempt to statistically model the impact of TCI variation on the tourism flows assessed 
within the study was undertaken. This aimed to confirm that no high-level relationships could be derived before 
proceeding to a more analytical-based approach. This included testing the relationship between TCI values and 
variations with trends in origin/destination traffic, where models factored in GDP per capita trends and 
incorporated a range of lag times. All models proved inconclusive. 

                                                           
34 The international dollar is a hypothetical unit of currency that would buy in the cited country a comparable amount of 
goods and services a U.S. dollar would buy in the United States. The International dollar provides a way to compare prices 
and currency values between countries. Sources: https://www.business-case-analysis.com/international-dollar.html, 
https://datahelpdesk.worldbank.org/knowledgebase/articles/114944-what-is-an-international-dollar 
35 Although Russia is not an ECAC state it was included in the study due to its geographical location and its importance in 
terms of inbound and outbound tourism flow to tourist destinations. 

https://www.business-case-analysis.com/international-dollar.html
https://datahelpdesk.worldbank.org/knowledgebase/articles/114944-what-is-an-international-dollar
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An analytical approach was therefore undertaken to assess the climate change impact on tourism flow. This 
relied on analysis using the following sources:  

 The output of the TCI forecast from Met Office at a European level; and, 

 Additional analysis via literature review of European passenger demographics.  

The aim of this approach was to estimate the number of passengers that could potentially change their 
behaviour (and thus shift demand) in response to changes in the climatic favourability of destinations. The 
assumptions surrounding the analytical approach regarding the relationship between TCI and passenger 
behaviour is further discussed alongside the analysis in Section 6.3. 
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5. Analysis of impact of climate change on destination 
favourability 

5.1 Summary 

This section summarises the projected changes in the Tourism Climatic Index across the ECAC region in 2050, 
with comment on changes in 2030, compared to the historical period (1981-2010). The section refers to 
changes in destination favourability, informed by the TCI, during the meteorological seasons, defined as 
spring (March-April-May), summer (June-July-August) and autumn (September-October-November). The 
key findings are: 

 Overall, across the ECAC region, countries are projected to have an increasing length of time in which 
the climate will be ‘Good’ to ‘Ideal’ for general, low level tourist activity. For most countries, this increase 
will be the result of improved climate into the autumn months (September-October-November), 
particularly in central Europe. 

 Countries in the south of the ECAC region will see a small decrease in destination favourability in the 
summer months (June-July-August), but this is not significant enough to imply a change in the 
favourability of the climate for these countries; meanwhile, the region will also see an improvement in 
both spring and autumn months. 

 Northern and central ECAC countries will see an increased TCI (improved destination favourability) during 
summer months, with a number of countries projected to have the  same destination favourability 
classification as countries in the southern ECAC region on the 2050 timescale (i.e. the tourism 
favourability of these two areas will converge by 2050).  

 It is likely that central Europe, northern Spain and most of Scandinavia will become more favourable all 
year round for general, light tourism activity e.g. sightseeing, with a projected increase in the TCI 
(improved destination favourability) in all seasons. The Atlantic island groups are also projected to 
increase in TCI value in all seasons, improving the existing favourability of these destinations. 

 The patterns in TCI change are clearly emerging by 2030, particularly for countries projected to see an 
increase in TCI during summer (June-July-August), and it is likely that these changes will develop and be 
observable in the next decade. 

The impact on tourism traffic flow of these climatological findings is presented in Section 6. 

5.2 Projected changes in Tourism Climatic Index  

There are a range of projected changes in TCI across the ECAC region, which is to be expected given the varied 
climatology in the present day. Figure 14 shows the geographical spread of projected TCI in the future (using a 
thirty-year climatological average, 2036-2065, centred on 2050) compared to the historical period (1981-2010), 
both derived from UKCP18 regional data. Table 7 provides the projected TCI over the same periods for the 
Atlantic island groups (Azores, Madeira and Canary Islands) which are presented separately for clarity, due to 
the map resolution and also to reflect the use of a different calculation methodology (see Section 4.2.2). 
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In summer, defined meteorologically as June-July-August, the UKCP18 regional data average indicates an 
increasing TCI (indicating improved destination favourability) across northern Europe, but particularly in a 
latitude zone covering Ireland, the United Kingdom, southern Scandinavia and the Baltic states.  

Conversely, there is a projected decrease in summer TCI in southern Spain and Portugal, coastal Mediterranean 
regions and south-eastern European countries such as Bulgaria, North Macedonia and Albania. This is depicted 
in Figure 14 (second row, third column) where projected changes show a decrease in TCI with increasing 
proximity to the equator, likely due to increasing temperatures in future periods correlating with a decrease in 
human comfort tolerance. Interestingly, a decrease in TCI, similar to more south-eastern European countries is 
projected in Hungary and southern Ukraine, despite being located at the same latitude as France and Austria, 
where TCI is projected to increase. One contributing factor could be the dominant continental climate of 
Hungary and Ukraine that results in hotter summers, compared to a more oceanic influence (and comparatively 
cooler summers) of countries closer to the North Atlantic. 

It is important to highlight that a projected decrease in TCI does not necessarily correspond with a destination 
becoming unsuitable for tourism. For example, in reference to Table 3, a region classified as ‘Good’ would need 
to reduce in TCI value by 30 before it would be classified as ‘Unfavourable’. To further contextualise, despite the 
projected summer decreases in TCI, the countries highlighted above would remain in the ‘Good’ category for 
destination favourability, as a minimum. Therefore, the projected decreases over the ECAC region observed in 
Figure 14 should not be misinterpreted as a complete degradation of tourism in summer but recognised as a 
potential small seasonal change in destination favourability, as a result of future climate.  

 

Figure 14: Projected change in RCM-PPE in seasonal climatological average of TCI in the future period, centred on 2050 
(column one) compared to the historical period (column two), with the difference in TCI value indicated in column three 

(future minus historical). Positive difference (orange to brown) is an increasing TCI value and indicates improved destination 
favourability. Negative difference (light to dark blue) is a decreasing TCI value. Seasons are shown by row in chronological 
order top to bottom (Spring – March-April-May; Summer – June-July-August; Autumn – September-October-November). 

Winter is not shown. 
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The analysis indicates that, as a result of the TCI changes described above, many northern and central European 
countries including France, Germany, Hungary, Romania and Serbia could have a similar destination favourability 
(classified as Excellent using Table 3) to Mediterranean countries such as Spain, Cyprus and Greece during the 
summer months on the 2050 timescale. This is highlighted in the second row of Figure 14 by the widespread 
maroon banding (indicating a TCI value greater than 80 or classification of at least Excellent) in column one 
compared to column two. 

Furthermore, the analysis indicates that the destination favourability currently observed in summer in Italy, Spain, 
Portugal and resort locations around the Mediterranean coastline may shift into spring instead (Figure 14, top 
row). The majority of the ECAC region can also expect an increased TCI within autumn, which is particularly 
noticeable in central Europe (Figure 14, bottom row). This could suggest an improvement in destination 
favourability for some countries in the spring and autumn seasons. The impact of this shift on tourism flows will 
be analysed in Section 6. 

An assessment was undertaken as part of the Challenges of Growth Environmental Update 201036 which 
considered the impact of climate change on future tourism using Greece as a case study. The case study 
concluded that, post-2030, existing tourism resorts in Greece could become less attractive in summer whilst the 
spring and autumn seasons could become more attractive, providing new market opportunities (Omega and 
Met Office, 2010). The current analysis quantitatively identified a decreasing TCI value in the summer months 
(June-July-August) in Greece emerging in 2030 and continuing out to 2050, compared to the current period, 
with a TCI improvement in the spring and autumn months. This new result confirms the slight reduction in 
attractiveness, but clarifies that Greece is nevertheless likely to remain in the range of desirable destinations on 
this timescale. 

When evaluating the top row of Figure 14, it is worth reiterating that the validation found the RCM-PPE generally 
simulates TCI lower than observed in the ERA5 data (which covers the historical period) in the winter and early 
spring (December-April), across nearly all ECAC countries, and therefore the absolute TCI values (and associated 
category classifications) may be projected lower than anticipated in the future spring period. For example, the 
UKCP18 (climate model) data estimates that during spring the United Kingdom, central and mainland northern 
Europe, and Scandinavia have an average TCI value between 30 and 50 in the historical period. This is lower than 
observed in the historical ERA5 data, suggesting a small bias in these countries which is likely to persist in the 
projection of future spring TCI. In terms of classification into TCI categories, the UKCP18 data estimates an 
‘Unfavourable/Marginal’ destination favourability in the historical period, moving to ‘Marginal/Acceptable’ 
(increase of TCI to between 40 and 60) in the future spring period. This projected future trend therefore indicates 
an improving TCI in northern countries of the ECAC region in spring compared to the historical period, but the 
actual classifications (given the bias) should not be overinterpreted. However, on the scale of destination 
favourability, these countries may still be favoured less in comparison to more southern ECAC countries, that 
are likely considered more favourable for spring holidays due to experiencing warmer temperatures earlier.  

To reiterate, the optimal conditions for comfort used to classify the TCI refer to general, light tourist activity and 
are not reflective of ‘sun, sea and sand’ tourism or more active pursuits such as skiing and cycling. The rating of 
temperature follows the general assumption that comfort increases with temperature up to 27°C, which may 
not reflect all tourists, some whom may choose a destination in favour of a colder or indeed hotter climate, due 
to either desired activities or general preferred comfort. 

                                                           
36 https://www.eurocontrol.int/publication/challenges-growth-2008 
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Even so, the projected trends indicated would remain the same, and as such increases in TCI and movement into 
more favourable categories should be interpreted as a positive indication of improving favourability, rather than 
simply focussing on absolute values or category titles. Similarly, as noted previously, negative changes that do 
not span multiple category thresholds should not be cause for concern. 

Figure 14 (bottom row) highlights that the greatest changes in TCI in the future period (in these three seasons) 
will be in autumn. It is therefore likely that, for most of the ECAC region, it is during this period there will be the 
most significant shift in tourism flows, in terms of a potential increase in ‘high’ or ‘peak’ season length across 
Europe which could see an expansion of tourism into shoulder months. 

Table 7: Projected change in RCM-PPE in seasonal climatological average of TCI in the historical period and the future period, 
centred on 2050, with the associated TCI classification from Table 3 for the Atlantic island groups (Azores, Madeira and 

Canary Islands). Seasons are shown by column in chronological order left to right (Spring – March-April-May; Summer – June-
July-August; Autumn – September-October-November). Winter is not shown. 

 Spring Summer Autumn 
 Canary Islands 

Historical 66 Good 81 Excellent 80 Excellent 

2050 72 Very Good 82 Excellent 82 Excellent 
 Madeira 

Historical 54 Acceptable 80 Excellent 72 Very Good 

2050 61 Good 82 Excellent 79 Very Good 
 Azores 

Historical 48 Marginal 79 Very Good 63 Good 

2050 53 Acceptable 87 Excellent 75 Very Good 
 

In general, it is likely that central Europe, northern Spain and most of Scandinavia will become more favourable 
all year round with a projected increase in TCI in all seasons. The Atlantic island groups are also projected to 
increase in TCI value in all seasons, improving the existing favourability of these destinations (Table 7). However, 
these values are approximations, given the scaling method that was required to calculate TCI values for the 
island groups, and the influence of the oceanic climate and the representation of this at the climate model 
resolution.  

Additionally, it is worth noting that the validation also indicated that the TCI was typically modelled too low in 
the RCM-PPE for some Scandinavian and northern ECAC countries (Norway, Finland and to a lesser extent 
Sweden and Iceland) and therefore this analysis may represent an underestimation of destination favourability 
in these regions, both in the historical and future periods. Therefore, whilst the TCI indicates that most of 
Scandinavia may still not surpass the ‘Acceptable’ classification in Table 3, despite an all year round increase in 
favourability, it should be considered as a potential underestimation and values into at least the ‘Good’ 
classification are conceivable, especially in summer.  

Appendix 8.1.4, compares the projected changes in seasonal climatological averages of TCI in the historical 
period (1981-2010) to a future period centred on 2030, and it is noteworthy that these patterns in TCI change 
are already clearly emerging in this timeframe, with absolute increases in summer already observed in much of 
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western and central Europe and evidence of increasing TCI in the shoulder months for many ECAC countries, 
though not as noticeably in terms of magnitude. 

5.3 Summary of impact on tourism destination desirability 

The TCI is a useful tool that was developed to allow comparisons between destination favourability of locations 
at particular times of year, and it is important to interpret the absolute values and classifications as 
approximations, and rather focus on the indications of relative change and how these compare between 
individual countries and regions. 

The analysis has shown that by 2050 there is an increasing TCI (indicating improving destination favourability) 
in summer (June-July-August) across northern Europe, but particularly in a band of latitude through Ireland, the 
United Kingdom, southern Scandinavia and the Baltic states. Conversely, there is a projected slight decrease 
(indicating decreasing destination favourability) in TCI in summer in southern Spain and Portugal, coastal 
Mediterranean regions and south-eastern European countries such as Bulgaria, North Macedonia and Albania. 
However, the decrease is small in magnitude, in the context of TCI classifications and is anticipated to be of low 
impact.  

There are a few key findings that can be concluded from a climatological perspective that impact the traffic flow 
analysis. These are: 

 Overall, across the ECAC region, countries are projected to have an increasing length of time in which 
the climate will be ‘Good’ to ‘Ideal’ for general, low level tourist activity. For most countries, this increase 
will be the result of improved climate into the autumn months (September-October-November), 
particularly in central Europe. 

 Countries in the south of the ECAC region will see a small decrease in destination favourability in the 
summer months (while remaining favourable), but an improvement in both spring and autumn months. 

 Northern and central ECAC countries will see an increased TCI (improving destination favourability) 
during summer months, with a number of countries improving to the same destination favourability 
classification as countries in the southern ECAC region on the 2050 timescale.  

 It is likely that central Europe, northern Spain and most of Scandinavia will become more favourable all 
year round for general, light tourism activity, with a projected improvement in TCI in all seasons. The 
Atlantic island groups are also projected to increase in TCI value in all seasons, improving the existing 
favourability of these destinations. 

It is also worth noting that the patterns in TCI change are clearly emerging by 2030, particularly for countries 
projected to see an improvement in TCI during summer (June-July-August), and it is likely that these changes 
will develop and be observable in the next decade. 
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6.  Analysis of impact of climate change on tourism traffic 

6.1 Summary 

This section analyses how trends in the Tourism Comfort Index (TCI) could impact air passenger flows if 
consumer behaviour changes as a result of changing patterns in tourist destination climate favourability in 
the ECAC region. Firstly, a base line traffic forecast for the study’s touristic airport sample is presented as a 
basis from which impacts are discussed. In light of the limited historical data on the correlation between TCI 
and consumer behaviour, a different approach was taken to explore factors constraining tourist choices on 
the time and destination of travel. The methodology is summarised in section 4.4.   

Based on forecasted passenger volumes and composition, the analysis highlights that August flows between 
the UK and Germany to the South West and South East could be particularly sensitive to movement of 
tourists to shoulder months. The proportion of flows from the same countries to the South East is forecast 
to increase notably by 2050 for the tourist airport sample, suggesting these flows could be increasingly 
susceptible to changes in the time of travel of UK and German summer tourists. The majority of tourists from 
the Netherlands and Russia are expected to travel to the sample of touristic airports in the South East; it 
should be noted that the overall passenger volumes in the touristic airport sample is lower compared to the 
UK and Germany and thus the relative scale of impact is less.  

Based on the magnitude of TCI changes identified in this study, it is not anticipated that climate (in terms of 
destination climate favourability) will have a significant impact on the choice of summer tourist destination 
on the 2050 horizon. If tourists did respond to improved climate favourability in Northern regions, however, 
the analysis suggests relative impact on flows to the ECAC North West could be disproportionately affected.  

6.2 Base line scenario of the traffic forecast of tourism flow in Europe 

The base line model was developed as described in Section 4.4.2.2 to forecast traffic to and from airports 
identified as touristic without the impact of climate change considered (see Appendix section 8.2 for the full list 
of airports). This provides a basis from which to infer the potential scale of traffic flows most likely to be impacted 
by changes in tourist behaviours. The ratio of these flows at risk from changing trends in climate favourability 
can then be assessed via the analysis in the impact assessment, and consequently the order of magnitude of the 
volume of traffic that is most at risk of shifting as a result can be estimated.  

6.2.1 Traffic forecasts for sample tourist destinations 

Forecasts of traffic volumes to airports included in the sample of touristic airports were aggregated to a regional 
level for August of 2030, 2040 and 2050. A summary of the quantitative results of the expected future tourism 
inbound flows are presented in Table 8. The forecast aggregates inbound traffic for tourist destinations 
included in the airport sample. It does not represent a forecast for total traffic inbound to ECAC regions. 
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Table 8: Inbound August traffic forecast for tourist destinations in the study’s airport sample aggregated by region without 
adjustment for impact of climate change 

Destination Region 

Aggregated traffic forecast covering only tourist destinations from the study’s 
tourist airport sample  Average Annual 

Growth 
Aug 2019 Aug 2030 Aug 2040 Aug 2050 

ECAC South West 6.7 M 7.4 M 8.6 M 9.7 M 1.2% 

ECAC South East 11.1 M 13.9 M 17.1 M 20.0 M 1.9% 

ECAC North West 2.2 M 2.2 M 2.5 M 2.9 M 0.9% 

The results indicate that current tourist destinations in the South East region will continue to experience the 
most tourist demand in August, and are in fact anticipated to increase their market share in the period up to 
mid-century. Within this region, Italy and Greece continue to have the highest volume of tourists based on the 
tourist airport sample. Turkish touristic airports, meanwhile, are projected to experience the highest rate of 
growth in traffic volume in the same period as compared to the aggregated results of other countries.  

The increase in tourist numbers in August in the ECAC North West and South West regions will remain relatively 
steady, at close to 1% annually. It can be interpreted from the output that there are two main types of tourist 
destination in Europe: 

 Mature summer tourist market (e.g. France or Spain): The historical tourism data for these countries 
is linear and GDP per capita variation does not have a significant impact on the demand. These markets 
have already developed the infrastructure needed to accommodate the demand increase. 

 Emerging summer tourist market (e.g. Croatia or Turkey): Between 2010 and 2019 the tourism 
demand for these destinations has seen an exponential increase. This underlines the development 
potential of those destinations but also their high sensitivity to variations in GDP per capita of the 
country of origin. In addition, the infrastructure to support tourism in those markets is still undergoing 
development and they will need to invest to accommodate (and not limit) the growth. 

6.2.2 Analysis of tourist origin 

The forecasting model at country level enabled the origin countries of tourist passenger flows to be assessed. 
The analysis of tourism flow highlighted that more than 46% of intra-European traffic originated from six main 
countries: the United Kingdom, Germany, France, Spain, Russia and The Netherlands. The forecast of August 
inbound summer traffic is presented in Table 9. It aggregates traffic forecasts for flights destined only to 
touristic airports included in the airport sample. The figures do not represent a forecast for total traffic 
flows inbound from these origin countries. 

Several factors drive the difference in annual growth rates for these inbound flows. For example, the inbound 
flow forecast for countries whose economies are considered mature shows strong growth. This is mainly due to 
the fact that some countries are also destinations for tourism in this study.  
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Table 9: Evolution of inbound August passenger traffic by country of origin for traffic destined to airports in the tourist airport 
sample without adjustment for impact of climate change 

Country 

Aggregated passenger traffic forecast covering traffic flows from countries of 
origin travelling to destinations within the study’s tourist airport sample  Average Annual 

Growth 
2019 2030 2040 2050 

UK 3.0 M 3.2 M 3.7 M 4.2 M 2.1% 

Germany 1.7 M 2.4 M 2.8 M 3.2 M 4.0% 

France 0.7 M 0.8 M 1.0 M 1.2 M 4.8% 

Russia 0.5 M 0.8 M 1.0 M 1.3 M 6.8% 

The Netherlands 0.6 M 0.7 M 0.9 M 1.1 M 4.4% 

Spain 1.2 M 1.4 M 1.6 M 1.9 M 3.8% 

 

The traffic forecast of inbound flows demonstrates that a change is expected in terms of the ranking of tourism 
flow origins within Europe. Germany and the United Kingdom are likely to remain the top origin countries for 
summer tourism flow as shown in Figure 15, but Russia (1.3 million tourist passengers by 2050) is expected to 
exceed countries such as France (1.2 million tourist passengers by 2050). The centre of tourism origin locations 
is therefore expected to move further north by 2050, as compared to 2019.  

 

Figure 15 Proportion of tourist inbound flow from tourist origins (grouped by country) in 2019 (blue) and forecasted in 2050 
(green) 
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6.3 Climate change impact on tourism flows 

6.3.1 Context  

The TCI analysis for 2030 to 2050 presented in Section 5 found that there may be several impacts of climate 
change on the tourist favourability of ECAC destinations in the future. Key findings can be split into: 

 Changes to the length of the season of peak favourable climate: An increase is expected in the 
period of favourable climate for tourist destinations beyond the summer months. This will broaden the 
period from the current peak summer tourism period (July/August) to the shoulder months i.e. 
May/June and September/October/November.  

 Emergence of new areas with ‘optimum’ TCI values: Overall, a relatively small decrease is expected 
in the TCI values of tourist destinations in the ECAC South East and South West regions. This change is 
not significant in terms of TCI classification (Table 3), meaning it is unlikely to noticeably impact location 
favourability in terms of tourism climate. An increase is expected in the TCI value for central and northern 
regions, however, which could lead to new areas that achieve TCI ‘optimum’ values in the peak summer 
tourist season. 

Based on these trends, two questions emerge that would affect the proportion of tourists that could change 
their holidays to exploit the projected future changes in destination favourability within Europe:  

1. How many passengers are able and willing to take their holiday outside of the traditional peak tourist 
season?  

2. How many passengers are able and willing to change destination from historical tourist hotspots within 
these regions (ECAC South East and ECAC South West regions) to new optimum TCI regions (ECAC North 
West)? 

As explained in Section 4.4, the task of forecasting changes in consumer behaviour is extremely complex and 
not possible within the scope of this study. Instead, this section investigates the factors which could limit the 
shift of tourist flow geospatially and temporally. In other words, it tries to answer the two questions above in 
terms of which passengers are ‘able’ to change their typical tourist plans, since it is not easily possible to assess 
if they are ‘willing’. 

The magnitude of the potential impact on traffic levels has been assessed using information available on factors 
influencing the ability of tourists to shift demand, e.g. societal constraints, school holidays or summer shut down 
periods, as well as intercultural links. These factors could limit the potential impact of TCI index variation on the 
baseline tourism flow forecast. 

6.3.2 Factors constraining distribution of tourist seasons  

6.3.2.1 Overview 

The main impact expected from climate change on the pattern of TCI values in Europe is an increase in the 
length of the optimal index in the shoulder months from May to November. The level of flexibility of tourism 
demand to be transferred to the shoulder months is related to fixed calendar constraints such as school summer 
holidays and summer shut-down periods in industry. These constraints are correlated with demographic 
characteristics; for example, families with children will be more affected by the constraint of school holidays, 
whereas, those aged 65 years and older (65+) are less likely to be subject to work related constraints. Single 
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person households, couples without children and couples whose children are not yet school age or are now 
adults are also less likely to have those same periodic constraints. 

6.3.2.2 Proportion of tourists aged 65 and over 

The proportion of the populations in this study’s tourist origin countries that are comprised of the 65+ age 
category is expected to rise across the century37. The following table presents the current and projected future 
proportion of 65+ assumed for each origin country based on available data:  

Table 10 Proportion of population comprised of those aged 65+ for Germany, France, Netherlands, Spain [Statista] UK [UK 
government office for science] and Russia [UN]. 

Country of Origin  2019 2050 

UK 18% 30% 

Germany 22% 33% 

France 20% 26% 

Russia38 15% 25% 

Netherlands 19% 27% 

Spain 19% 34% 

The actual proportion of summer air traffic comprised of this demographic will not be the same as its proportion 
within the general population. This is illustrated in the Eurostat article, “Tourism trends and ageing”39. The 
Eurostat data from 2019 shows that 18.1% of EU tourists over the age of 15 were 65 and over.  The proportion 
varies between countries, as demonstrated in Figure 16 for a selection of tourist origin countries under the base 

                                                           
37 https://www.statista.com/statistics/1105835/share-of-elderly-population-in-europe-by-country/ 
38 As explained under the methodology, Russia was included under the study as a European country despite not being part 
of ECAC due to its geographical location and its importance in terms of inbound and outbound tourism flow to tourist 
destinations. 
39 https://ec.europa.eu/eurostat/statistics-
explained/index.php?title=Tourism_trends_and_ageing#Travel_preferences_and_expenditure_of_tourists_aged_65_ye
ars_or_over  
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Figure 16 Proportion of tourists versus total population (aged 15+) who were over the age of 65 in 2019 [EUROSTAT] 

https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Tourism_trends_and_ageing#Travel_preferences_and_expenditure_of_tourists_aged_65_years_or_over
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Tourism_trends_and_ageing#Travel_preferences_and_expenditure_of_tourists_aged_65_years_or_over
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Tourism_trends_and_ageing#Travel_preferences_and_expenditure_of_tourists_aged_65_years_or_over
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line traffic forecast. An adjustment is therefore required to account for the difference between the tourist and 
total populations that are 65+ for each origin country.  

Two factors impact the total number of European tourists compared with summer air passengers that are 65 
and over. Firstly, a larger proportion of older tourists travel domestically as compared to younger demographics. 
Of tourists travelling in 2019, the Eurostat tourist data shows 66% of tourist nights for those aged 65 and over 
were domestic, versus 55% for those aged 15-64. Whilst some of these domestic tourists may travel by air, the 
majority are more likely to take other means of transport (e.g. road or rail). This skew means slightly less air 
passengers as compared to total tourists are likely to be 65 and over. In this study, a high-level adjustment of 
10% is therefore assumed as part of the conversion of ratios for tourists to air traffic passengers aged 65 and 
over. 

The second factor is that many older tourists already travel in the off peak season. The Eurostat 2019 data 
demonstrates that 13% of tourist nights for tourists aged 65 and over were spent in August, compared to 19% 
for 15 to 64 year olds. In this study, a high-level adjustment of 15% is assumed as part of the conversion of ratios 
for tourists to air traffic passengers aged 65 and over.  

Applying these assumptions to the base case traffic forecast for the study’s identified tourist flows, and taking 
into account ageing population rates per country, a high level estimate for the proportion of passengers in 2019 
versus 2050 that is 65 and over is provided in Figure 17. UK and German tourists comprise the majority of tourists 
in both years, whilst the volume of tourists in this age category more than doubles by 2050 for all countries. 

 

Figure 17: Estimated composition of August traffic flows and forecasts (in M PAX) comprised of tourists aged 65 and over from 
the top six tourist origin countries associated with the study’s airport sample (i.e. this study’s base case scenario) in 2019 and 
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6.3.2.3 Proportion of tourists travelling without children 

Another indicator of the flexibility of tourists to travel relates to those who either have no children or no children 
of school age. Such tourists are less likely to be constrained by school holidays. Eurostat40 provides a 
comprehensive breakdown of the composition of households with and without children in the EU by type 
(“single household”, “couple” and “other household”). About 35% of European households were comprised of 
single adults without children in 2019, a rise from 31% in 2010. Furthermore, around 25% of households were 
couples living without children and 11% were other households living without children. Therefore, a total of 140 
million households without children existed in Europe in 2019.  

Based on the Eurostat data, it can be derived41 that 215 million out of 449 million adults (47%) lived either alone, 
in a couple without children or in the “other household” category in Europe in 2019.  

The proportion of adults with children varies significantly between countries and will not be the same as the EU 
average. Moreover, the composition of summer tourists does not reflect the demographics of the national 
populations, as shown with respect to tourists aged 65 and over. Further data on these elements would be 
required to generate an estimate for the proportion of traffic flows from tourist origins that could be composed 
of adults without children.  

Eurostat figures across the last decade suggest there is likely to be a continuing rise in the proportion of adults 
living without children, in particular relating to adults living in single households. It should be noted that the 
number of adults without children includes some of those adults in the 65 years and over age bracket. Eurostat 
highlights that adults living in single households are more likely to be over 65 years of age, meaning the 
categories have significant overlap. In fact, 40% of women and 19% of men over the age of 65 live in single 
households.  

6.3.2.4 Impacts of changes in tourist month of travel 

This analysis found that around 12% of tourists travelling by air from the top six tourist origin countries are 
currently in the 65 years and over demographic based on the passenger traffic flows identified under the study’s 
base line tourist traffic forecast. Looking ahead to 2050, however, this proportion could increase by 50% in 2050 
(i.e. to 18% of total tourist traffic). This demonstrates a significant proportion of the passenger base would be 
able to take advantage of a widening period of optimal tourism climate in Europe.  The actual proportion is 
likely to be larger when factoring in other adults without children, which could not be reasonably estimated 
based on available data. 

The UK and Germany were identified as having the highest proportion of tourists aged 65 and over, as well as 
the highest total number of passengers travelling to the touristic airport sample. As discussed under section 
6.2.2, preferred tourist destinations vary between countries. Table 11 indicates the proportion of passengers 

                                                           
40 Figure 3: Households by type and presence of children in the EU, 2010 and 2020 (in millions) Source: Eurostat and Figure 
7: Households by type, presence of children and country, 2020 (% of total households) Source: Eurostat. 
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Household_composition_statistics  
41 The average number of people per household in 2019 was 2.3. Eurostat also suggested there were 195 million households 
in the EU, meaning around 449 million adults (aged 15 or older) are represented by the figures. Assuming a couple counts 
as a house of two and a single household counts as a house of one, it can be inferred that the statistics suggest around 96 
million adults live as couples and 67 million adults live in single households without children (i.e. a total of 164 million or 
37% of adults).  

https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Household_composition_statistics
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travelling to the three ECAC regions by country of origin for the sample of touristic flows identified under this 
study’s base line traffic forecast. Changes in the time of year that retired UK and German citizens go on holiday 
would most impact flows to the South West in August, both now and in 2050. The proportion of flows from 
these countries to the South East is set to increase, indicating these could also be impacted. Whilst the 
proportion of tourists aged 65 and over from the Netherlands and Russia within the tourist sample is much less, 
the majority of tourists from these countries travel to the South East – particularly in the case of Russia.  

Table 11 Proportion of passengers travelling to tourist destinations within the study base line traffic sample (see section 6.2) 
by ECAC region for four of the top six countries of origins in August. This is based on the sample of tourist traffic flows used 

and does not represent the proportion of total traffic travelling from these countries. 

  North West South West South East 

August 2019 UK 10% 62% 28% 

Germany 4% 52% 44% 

Russia 4% 3% 93% 

Netherlands 11% 43% 46% 

August 2050 UK 10% 59% 31% 

Germany 4% 47% 49% 

Russia 4% 8% 88% 

Netherlands 9% 34% 57% 

 

6.3.3 Factors constraining distribution of tourist locations  

The second key finding from the TCI analysis was the emergence of new areas with ‘optimum’ TCI values. As 
found in Section 5, the reduction in TCI in the summer months is not significant enough to imply a change in 
the favourability of the climate of destinations for countries in the southern regions of Europe. However, 
Northern and Central ECAC countries will see an increased TCI (improving destination favourability) during 
summer months, with a number of countries attaining the same destination favourability classification as 
countries in the Southern ECAC region on the 2050 timescale. 

This would suggest that during the peak tourist summer months, in the event that tourism demand responds to 
the changing climate in Europe, there could be a degree of shift in tourist traffic. Instead of travelling to the 
ECAC South West or South East, tourists may decide to go to the ECAC North West. Of those passengers 
travelling in August to the sample of ’touristic’ airports under this study’s base line scenario, only around 10% 
are currently travelling to the North West; the proportion is forecast to remain roughly steady (~9% passengers 
for 2050). The TCI findings could impact on this trend and cause these airports to experience higher than 
expected increases in traffic. Moreover, noting the airport sample identifies current airports linked to summer 
tourism peaks, it is possible that a wider collection of North Western airports (which were not within the base 
case scenario) could begin to experience increased seasonality. 

However, there are a number of reasons why tourists might not respond to more tourist favourable climates in 
northern Europe. The UN World Tourism Organisation (UNWTO) has published a study on the European Union 
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(EU) Tourism Trend co-funded by the EU COMSE programme. The study investigated the purpose and 
destination of travelling EU residents. It highlights that 37% of all trips made in 2015 were visits to friends and 
relatives. The ratio is lower for international trips, but it is still the second reason to travel, at 27%. These 
intercultural links between European countries through family and friends are also illustrated through raw data 
from Sabre® used in the baseline scenario. For example, the United Kingdom is the second most common origin 
of traffic flow to France (as a tourist destination) in August, representing more than 14% of inbound traffic. This 
can be linked to INSEE42 studies that underline that more than 86,000 UK citizens own a second home in France, 
which would suggest regular travel to and from the UK and France, particularly in tourist seasons. 

Other reasons for continuing to travel to the same location (e.g. traditional or other unique reasons) are 
extremely difficult to estimate without additional data. Therefore, there are significant uncertainties surrounding 
the number of tourists that may be able (or indeed willing) to change their summer holiday destination. Whilst 
providing quantitative estimates is difficult, it is on balance credible that there would be at least a reasonable 
portion of tourists who would be able to take advantage of more favourable climates for tourism in the ECAC 
North West.  

If tourists do respond to a changing climate, this could result in a higher than expected increase in traffic to this 
region. It is also important to consider the relative tourist volumes expected to travel to Southern ECAC states 
which could choose to change destination. A transfer of 10% of tourists expecting to travel to the South East in 
2050 would result in an almost 70% increase in tourists travelling to the North West, if this transfer was between 
the touristic airports identified in this study. Without preparatory action, this could present a significant strain 
on airport and network operations during summer in this region, although demand shifts are likely to be gradual 
so this should allow time for preparatory action. However, it will be important to identify such trends in good 
time.  

A final consideration is that the TCI analysis indicates that, for two of the top six tourist origin countries (France 
and Germany), their summer tourist climate favourability is expected to reach similar levels as the Mediterranean 
on the 2050 time horizon. This presents the possibility that local tourist destinations in these countries could 
become more appealing in terms of climate favourability as compared to popular tourist destinations further 
South. For context, this study estimates that over 3 million (96%) German passengers travelling between touristic 
airports in the sample are expected to head to the ECAC South West (47%) and South East (49%) in August 2050. 
This demonstrates the scale of impact that a tourist response to changes in European climate favourability 
patterns would have on traffic flows. More than simply shifting traffic, increased domestic tourism in France and 
Germany could even drive an overall reduction in European traffic volumes if this trend enables more tourists to 
take alternative means of transport. 

                                                           
42 https://www.insee.fr/fr/statistiques/4632406  

https://www.insee.fr/fr/statistiques/4632406
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7. Conclusions 

This work package of the Climate Change Risks for European Aviation study 2021 aimed to investigate the 
potential impact of a changing climate on tourism and thus traffic demand within the ECAC region. It is intended 
to support European aviation stakeholders and decision-makers in identifying any risks and opportunities 
associated with changing traffic patterns, and thus the need for early action to prepare for these. 

To do this, the study quantitatively investigates the changes expected in the attractiveness of the climate of 
European summer tourist destinations. In turn, it seeks to examine which traffic flows could be impacted by 
these changes on the 2030- and 2050- timescales, and to what extent. 

The Tourism Climatic Index (TCI) was selected for use in the study based on the availability of data (i.e. climate 
variables) required to calculate it and its consistent applicability across the ECAC region for light outdoor tourism 
activities such as sightseeing. The TCI indicates the favourability of a destination’s climate for tourism by 
combining climate variables, including those representing thermal comfort, in a mathematical formula and 
classifying values into defined categories ranging from ‘Ideal’ to ‘Impossible’. The following insights were derived 
from the results of TCI analysis in the context of the summer (June-July-August) months: 

 Increasing TCI (indicating an improved destination favourability) across northern Europe, but particularly 
in a band of latitude through Ireland, the United Kingdom, southern Scandinavia and the Baltic states.   

 A projected small decrease (indicating decreasing destination favourability) in TCI in southern Spain and 
Portugal, coastal Mediterranean regions and south-eastern European countries such as Bulgaria, North 
Macedonia and Albania. The reduction in TCI in the summer months is not significant enough to imply 
a change in the favourability of the climate of destinations for these countries. 

 The projected decreases in TCI over the ECAC region should not be misinterpreted as a significant 
decrease of tourism in summer but recognised as a potential small change in favourability of a location 
at a certain time of year as a result of future climate. The decrease is small in magnitude, in the context 
of TCI classifications, and is anticipated to be of low impact. 

 The analysis indicates that, as a result of the TCI changes described above, many northern and central 
European countries including France, Germany, Hungary, Romania and Serbia could have a similar 
destination favourability (classified as Excellent using Table 3 in section 4.2.1) as that of Mediterranean 
countries such as Spain, Cyprus and Greece during the summer months on the 2050 timescale. 

In terms of trends in Spring, the tourism season in Italy, Spain, Portugal and resort locations around the 
Mediterranean coastline may extend into the spring months (March-April-May). This suggests there is potential 
for changes in the time of year and length of optimal climate for tourism in these regions. 

Meanwhile, the majority of the ECAC region can expect an increased TCI within autumn months, which is 
particularly significant in central Europe. This indicates an extension of optimal climate for tourism into the 
autumn months (September-October-November).  

It was also noted that patterns in TCI changes clearly emerge in the 2030 climatological averages, particularly 
for countries anticipated to experience increases in TCI (improving destination favourability) during the summer 
months. In addition, it is likely that central Europe, northern Spain and most of Scandinavia will become more 
favourable all year round with a projected increase in TCI in all seasons. The Atlantic island groups are also 
projected to increase in TCI value in all seasons, improving the existing favourability of these destinations.  
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To infer the impact on traffic levels, a base line traffic forecast was first developed for tourist destinations on the 
2030- and 2050- timescales using traffic data from Sabre®. This provided the expected traffic flows to airports 
associated with summer tourism without the impact of climate change factored in. The tourism flow analysed in 
the base line scenario is expected to increase by 63% compared to 2019 levels by 2050.  

Based on analysis of the current and future European demographics and their flexibility to travel outside of 
the peak summer period, the following was found: 

 Around 12% of tourists travelling by air from the top six tourist origin countries in this study’s tourist 
traffic flow sample are currently in the 65 and over age demographic. Looking ahead to 2050, however, 
this proportion could increase by 50% by 2050 (i.e. to 18% of total tourist traffic).  

 Trends in the 65 and over tourist demographic indicate a significant proportion of the passenger-base 
would be able to take advantage of a widening period of optimal tourism climate in Europe.  The actual 
proportion is very likely to be larger when factoring in other adults without children or children of school 
age, although this could not be reasonably estimated based on available data. 

 The UK and Germany were identified as having the highest proportion of tourists in the 65+ 
demographic, as well as the highest total number of passengers travelling to airports in the touristic 
flows sample. Changes in the time of year that retired UK and German citizens go on holiday would 
most impact flows to the South West in August, both now and in 2050. In contrast, the majority of 
tourists from the Netherlands and Russia travel to the South East.  

 The proportion of flows from the UK and Germany to the South East is forecast to increase irrespective 
of the impacts of climate change. This indicates these areas could be increasingly susceptible to 
movement in UK and German tourist temporal patterns as result of the impacts of climate change.  

It is challenging to assess the number of tourists that could be constrained in terms of changing holiday 
location in peak summer months. These tourists may choose to take advantage of increasingly favourable 
climates for tourists in the ECAC North West region. Of the base-case scenario, only ~10% of traffic to touristic 
airports was destined to this region, with limited relative change by 2050. If tourists do respond to changing 
climate, however, this could result in higher than expected increases in traffic to this region – particularly when 
considering the tourist volumes currently travelling to more Southern countries. A transfer of 10% of tourists 
expecting to travel to the South East in 2050 would result in an almost 70% increase in tourists travelling to the 
North West, if this transfer was between the touristic airports identified in this study. However, noting the airport 
sample identifies current airports linked to summer tourism peaks, it is possible that a wider collection of North 
Western airports (which were not within the base case scenario) could begin to experience increased seasonality.  

The expected rise in tourist climate favourability in France and Germany to mirror Mediterranean levels is also 
significant, noting these represent two of the most important tourist origin countries. This presents the 
possibility that local tourist destinations in these countries could become more appealing in terms of climate 
favourability as compared to popular tourist destinations further South. If tourist behaviour responds to these 
changes, it could impact on summer traffic flows to the ECAC South West and South East.  

Without preparatory action, shifts in the physical and temporal distribution of summer tourist traffic could 
present a significant strain on airport and network operations in some regions. Although demand shifts are likely 
to be gradual and allow time for preparatory action, it will be important to identify such trends in good time so 
that operational planning can be adapted accordingly.   
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8.  Appendices 

8.1  Intra-annual variability of the climatological average of monthly 
TCI in the historical period and the future trend in climatological 
average of seasonal TCI  

8.1.1  Greece 

 
Intra-annual variability of the climatological average of monthly TCI in Greece (1981-2010). 
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8.1.2  Cyprus 

 
Intra-annual variability of the climatological average of monthly TCI in Cyprus (1981-2010). 
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8.1.3  Norway 

 
Intra-annual variability of the climatological average of monthly TCI in Norway (1981-2010). 
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8.1.4  European seasonal trends in Tourism Climatic Index in 2030 

 

Projected change in RCM-PPE in seasonal climatological average of TCI in the future period, centred on 2030 
(column one) compared to the historical period (column two), with the difference in TCI value indicated in 
column three (future minus historical). Positive difference (orange to brown) is an increasing TCI value and 

indicates improved destination favourability. Negative difference (light to dark blue) is a decreasing TCI value. 
Seasons are shown by row in chronological order top to bottom (Spring – March-April-May; Summer – June-

July-August; Autumn – September-October-November). Winter is not shown. 
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Projected change in RCM-PPE in seasonal climatological average of TCI in the historical period and the future 
period, centred on 2030, with the associated TCI classification from Table 3 for the Atlantic island groups 

(Azores, Madeira and Canary Islands). Seasons are shown by column in chronological order left to right (Spring 
– March-April-May; Summer – June-July-August; Autumn – September-October-November). Winter is not 

shown. 

 Spring Summer Autumn 
 Canary Islands 

Historical 66 Good 81 Excellent 80 Excellent 

2030 70 Very Good 81 Excellent 81 Excellent 
 Madeira 

Historical 54 Acceptable 80 Excellent 72 Very Good 

2030 58 Acceptable 82 Excellent 76 Very Good 
 Azores 

Historical 48 Marginal 79 Very Good 63 Good 

2030 51 Acceptable 85 Excellent 70 Very Good 
 

  



Climate Change Risks for European Aviation study 2021   

Impact of Climate Change on Tourism Demand  

Technical report 

   

  Page 61 of 68 
  

8.2 European Airport sample for the tourism flow analysis 

Destination City 
Name 

Destination 
Country Name 

IATA CODE Annual 
Passengers 

Passengers % summer 

YEREVAN ARMENIA EVN  1 170 072     358 330    30,6% 

BAKU AZERBAIJAN GYD  1 220 037     415 488    34,1% 

OSTEND BELGIUM OST  180 136     72 739    40,4% 

ANTWERP BELGIUM ANR  111 230     35 077    31,5% 

TUZLA BOSNIA AND 
HERZEGOVINA 

TZL  299 770     94 421    31,5% 

SARAJEVO BOSNIA AND 
HERZEGOVINA 

SJJ  320 416     91 226    28,5% 

BOURGAS BULGARIA BOJ  889 937     575 139    64,6% 

VARNA BULGARIA VAR  761 068     369 781    48,6% 

SPLIT CROATIA SPU  1 426 656     791 875    55,5% 

DUBROVNIK CROATIA DBV  1 190 556     611 320    51,3% 

ZAGREB CROATIA ZAG  1 018 502     287 208    28,2% 

PULA CROATIA PUY  331 035     217 149    65,6% 

ZADAR CROATIA ZAD  370 576     194 319    52,4% 

RIJEKA CROATIA RJK  94 529     52 682    55,7% 

LARNACA CYPRUS LCA  2 979 336     1 091 827    36,6% 

PAPHOS CYPRUS PFO  1 212 543     442 151    36,5% 

PRAGUE CZECH 
REPUBLIC 

PRG  6 426 567     1 954 564    30,4% 

BRNO CZECH 
REPUBLIC 

BRQ  197 153     105 907    53,7% 

OSTRAVA CZECH 
REPUBLIC 

OSR  111 882     66 093    59,1% 

FAROE ISLANDS FAEROE 
ISLANDS 

FAE  204 177     74 262    36,4% 

NICE FRANCE NCE  6 191 699     2 022 258    32,7% 

BORDEAUX FRANCE BOD  3 311 472     1 034 285    31,2% 

NANTES FRANCE NTE  3 062 969     979 186    32,0% 
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Destination City 
Name 

Destination 
Country Name 

IATA CODE Annual 
Passengers 

Passengers % summer 

AJACCIO FRANCE AJA  770 197     334 472    43,4% 

BASTIA FRANCE BIA  756 202     326 285    43,1% 

LILLE FRANCE LIL  943 589     282 431    29,9% 

MONTPELLIER FRANCE MPL  755 586     231 333    30,6% 

FIGARI FRANCE FSC  346 798     191 104    55,1% 

BIARRITZ FRANCE BIQ  507 065     181 525    35,8% 

CALVI FRANCE CLY  156 861     84 622    53,9% 

TOULON FRANCE TLN  234 485     71 528    30,5% 

BERGERAC FRANCE EGC  145 131     69 359    47,8% 

PERPIGNAN FRANCE PGF  190 890     67 768    35,5% 

CARCASSONNE FRANCE CCF  175 705     62 218    35,4% 

LA ROCHELLE FRANCE LRH  117 856     61 791    52,4% 

LOURDES/TARBES FRANCE LDE  170 236     60 429    35,5% 

LIMOGES FRANCE LIG  162 008     54 661    33,7% 

BEZIERS FRANCE BZR  134 067     53 337    39,8% 

CAEN FRANCE CFR  146 693     45 211    30,8% 

METZ/NANCY FRANCE ETZ  68 959     21 938    31,8% 

TBILISI GEORGIA TBS  1 122 018     333 455    29,7% 

BATUMI GEORGIA BUS  205 092     121 178    59,1% 

GIBRALTAR GIBRALTAR GIB  218 454     65 971    30,2% 

ATHENS GREECE ATH  6 494 682     2 090 857    32,2% 

HERAKLION GREECE HER  2 993 327     1 380 905    46,1% 

THESSALONIKI GREECE SKG  2 759 356     897 242    32,5% 

RHODES GREECE RHO  1 698 283     860 603    50,7% 

KERKYRA GREECE CFU  1 202 464     647 660    53,9% 

KOS GREECE KOS  945 035     493 290    52,2% 

THIRA GREECE JTR  989 072     455 804    46,1% 

CHANIA GREECE CHQ  978 270     426 095    43,6% 

MIKONOS GREECE JMK  679 805     396 106    58,3% 



Climate Change Risks for European Aviation study 2021   

Impact of Climate Change on Tourism Demand  

Technical report 

   

  Page 63 of 68 
  

Destination City 
Name 

Destination 
Country Name 

IATA CODE Annual 
Passengers 

Passengers % summer 

ZAKINTHOS IS GREECE ZTH  561 219     345 693    61,6% 

KEFALLINIA GREECE EFL  288 441     166 473    57,7% 

PREVEZA/LEFKAS GREECE PVK  221 147     131 704    59,6% 

SKIATHOS GREECE JSI  143 751     81 416    56,6% 

KALAMATA GREECE KLX  137 597     77 609    56,4% 

SAMOS GREECE SMI  153 007     67 043    43,8% 

MYTILENE GREECE MJT  176 376     61 761    35,0% 

KAVALA GREECE KVA  108 752     58 860    54,1% 

KARPATHOS GREECE AOK  72 207     42 546    58,9% 

PAROS GREECE PAS  81 257     41 264    50,8% 

VENICE ITALY VCE  6 058 091     1 818 027    30,0% 

CATANIA ITALY CTA  4 744 096     1 470 451    31,0% 

NAPLES ITALY NAP  4 641 060     1 380 925    29,8% 

PALERMO ITALY PMO  3 347 826     1 059 672    31,7% 

CAGLIARI ITALY CAG  2 339 372     880 771    37,6% 

PISA ITALY PSA  2 588 689     849 758    32,8% 

BARI ITALY BRI  2 632 579     800 007    30,4% 

OLBIA ITALY OLB  1 400 794     758 323    54,1% 

VERONA ITALY VRN  1 507 721     554 814    36,8% 

LAMEZIA-TERME ITALY SUF  1 399 363     426 282    30,5% 

BRINDISI ITALY BDS  1 276 449     406 053    31,8% 

ALGHERO ITALY AHO  648 622     266 380    41,1% 

GENOVA ITALY GOA  690 277     237 363    34,4% 

PESCARA ITALY PSR  333 588     103 212    30,9% 

RIMINI ITALY RMI  203 616     87 733    43,1% 

ANCONA ITALY AOI  230 299     80 996    35,2% 

LAMPEDUSA ITALY LMP  166 734     76 482    45,9% 

PANTELLERIA ITALY PNL  100 416     44 872    44,7% 

PRISTINA KOSOVO PRN  916 745     286 731    31,3% 
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Destination City 
Name 

Destination 
Country Name 

IATA CODE Annual 
Passengers 

Passengers % summer 

SKOPJE MACEDONIA SKP  1 136 206     337 132    29,7% 

OHRID MACEDONIA OHD  130 207     44 598    34,3% 

MALTA MALTA MLA  3 215 062     1 006 424    31,3% 

CHISINAU MOLDOVA KIV  1 220 733     387 418    31,7% 

TIVAT MONTENEGRO TIV  460 699     237 682    51,6% 

PODGORICA MONTENEGRO TGD  487 055     159 244    32,7% 

KATOWICE POLAND KTW  1 497 107     452 781    30,2% 

FARO PORTUGAL FAO  4 187 936     1 567 857    37,4% 

PONTA DELGADA PORTUGAL PDL  721 839     237 812    32,9% 

TERCEIRA ISLAND PORTUGAL TER  242 218     79 705    32,9% 

HORTA PORTUGAL HOR  108 012     41 399    38,3% 

BACAU ROMANIA BCM  230 794     75 918    32,9% 

BRATISLAVA SLOVAKIA BTS  989 534     337 260    34,1% 

KOSICE SLOVAKIA KSC  240 007     94 148    39,2% 

PALMA  MALLORCA SPAIN PMI  13 809 100     5 593 069    40,5% 

MALAGA SPAIN AGP  8 980 478     2 865 562    31,9% 

ALICANTE SPAIN ALC  6 849 674     2 219 621    32,4% 

IBIZA SPAIN IBZ  3 777 844     1 776 466    47,0% 

MENORCA SPAIN MAH  1 566 705     824 268    52,6% 

GERONA SPAIN GER  920 180     411 539    44,7% 

SANTIAGO DE 
COMPOSTELA 

SPAIN SCQ  1 346 443     405 621    30,1% 

REUS SPAIN REU  438 725     238 621    54,4% 

CORVERA SPAIN RMU  538 427     204 742    38,0% 

ASTURIAS SPAIN OVD  646 700     201 049    31,1% 

JEREZ DE LA 
FRONTERA 

SPAIN XRY  497 553     171 488    34,5% 

ALMERIA SPAIN LEI  422 170     170 402    40,4% 

SANTANDER SPAIN SDR  537 412     161 644    30,1% 
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Destination City 
Name 

Destination 
Country Name 

IATA CODE Annual 
Passengers 

Passengers % summer 

ZARAGOZA SPAIN ZAZ  227 754     73 268    32,2% 

MELILLA SPAIN MLN  204 968     61 699    30,1% 

ANTALYA TURKEY AYT  9 782 004     3 720 064    38,0% 

DALAMAN TURKEY DLM  1 617 621     789 007    48,8% 

BODRUM TURKEY BJV  1 552 442     739 232    47,6% 

TRABZON TURKEY TZX  1 543 766     439 379    28,5% 

GAZIPASA TURKEY GZP  391 144     161 765    41,4% 

EDREMIT/KORFEZ TURKEY EDO  184 915     76 545    41,4% 

SIMFEROPOL UKRAINE SIP  2 109 013     958 814    45,5% 

ODESSA UKRAINE ODS  463 383     163 829    35,4% 

ZAPOROZHYE UKRAINE OZH  112 200     35 314    31,5% 

La Gomera Tenerife SPAIN 
(CANARY 
ISLANDS) 

GMZ 38 678    13 566 35,07% 

Valverde Hierro SPAIN 
(CANARY 
ISLANDS) 

VDE 132 929    39 401,88 29,64% 

Tenerife Sur SPAIN 
(CANARY 
ISLANDS) 

TFS 5 054 821    1 138 011 22,51% 

Gran Canaria  SPAIN 
(CANARY 
ISLANDS) 

LPA 6 372 413    1 464 179 22,98% 
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8.4 Contributions 

 
This report was prepared by Egis Aviation and the Met Office on behalf of EUROCONTROL. The table below 
identifies which sections were prepared by which organisation. 
 

Section Written by 

Section 1: Executive Summary Egis 

Section 2: Introduction Egis 

Section 3: Background Met Office (3.1, 3.2) and Egis (3.3, 3.4) 

Section 4: Methodology Egis (4.1, 4.3, 4.4) and Met Office (4.2) 

Section 5: Analysis of impact of climate change on 
destination favourability 

Met Office 

Section 6: Analysis of impact of climate change on 
tourism traffic 

Egis 

Section 7: Conclusions Egis 
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