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Key Findings 

 The present analysis of climate change vulnerabilities in Europe shows that there is a large 
potential for using climate services in the development and management of risk-coping strategies. 

 Through analysis of observed heavy rainfall in 2010-2017, we find a high frequency of events in 
central Europe, including northern Germany, Italy, Poland and southern France. 

 We observe a distinct regional pattern in the occurrence of large floods in Europe, with frequent 
(biannual or annual) floods in eastern Europe, southern France, northern Italy and the UK.   

 Average annual economic losses caused by extreme climate events in Europe during the period 
1980-2016 are estimated at €6.4 - 11.4 billion. The corresponding number of annual fatalities is 
≈2,500.  

 Economic losses caused by climatological events (droughts) are considerably lower compared to 
those caused by hydrological events (floods) and meteorological events (storms).  

 The largest economic losses and highest number of fatalities are observed for major European 
countries (Germany, Italy, France, UK, and Spain). 

 > 80% of fatalities from extreme climate events are related to extreme temperatures (i.e. heat 
waves), and are found in countries in southern and central Europe.  

 Tailored climate services could potentially reduce damage costs and increase revenues for multiple 
economic sectors within the EU, including agriculture, human health, energy, transportation, 
mining and quarrying, tourism and cities.  

 

1 Introduction 

Human and natural systems are both exposed and vulnerable to the impacts of climate extremes today, 

and this is expected to be even more the case in the future due to projected climate change. Several 

important economic sectors within Europe are highly sensitive to climate variability, climate change and the 

occurrence of extreme weather and climate events. Agriculture, human health, cities, coastal areas, energy 

production, transportation (freight and passenger), tourism and mining have all been affected in recent 

years by various climate extremes, causing an increasing trend in overall losses from natural disasters from 

the 1980s onwards (Münich RE, 2017). According to Münich RE, total losses and fatalities from natural 

disasters in 2016 amounted to approximately US $175 billion and 9,200 (fatalities) globally and US $17.5 

billion and 460 (fatalities) in Europe. In Europe, the most important extremes, responsible for a large share 

of total losses, include heat waves and droughts, floods (coastal, pluvial or fluvial) and wind storms. The 

upward trends in losses from damage, fatalities and overall risk implies that the potential for utilizing a 

suite of different climate services to mitigate the adverse impacts of such events is also increasing. 

As part of its H2020 strategic perspective, the European Union has decided to support the development of 

climate services in order to facilitate the uptake of efficient investments in adaptive solutions and 

resilience, as well as to provide better information to decision-makers at all levels on the appropriate 

responses to current and future climate impacts. The development of climate services has been supported 

by an EU expert group, which was established in June 2014 with the aim of developing a research and 

innovation road map for climate services (Street et al., 2015). This road map, which was completed in 2015, 

identifies a number of important perspectives for the increased use of climate services in decision-making 

on climate adaptation, as well as in developing a market for climate services to stimulate interactions 

between the private sector and public administrations.  Based on the road map’s recommendations, in the 

current paper we assess climate change vulnerabilities in Europe based on the understanding that such 

vulnerabilities constitute a potential demand for climate services as part of a distinct coping strategy. 
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A major ambition in developing the climate service market is to enhance resilience and adaptation 

capacities, as well as increase revenues and reduce the losses from damage in multiple economic sectors 

(agriculture, transportation, tourism etc.) in a changing climate (Figure 1). As illustrated in Figure 1, losses 

from climate change are expected to increase over time, for example, due to increased probabilities of 

extremes, economic growth and the increased values of vulnerable assets. A continuation of current 

climate services without increasing market coverage must therefore be expected to result in increasing 

costs from damage (the top curve). Improving the climate service market will reduce these costs (middle 

line in Figure 1), optimally economic climate services being shown as the lower boundary curve in the 

figure. As also illustrated in the figure, the potential economic value of developing the climate service 

market further is the difference between the top curve, current climate services, and the bottom curve, 

economically efficient climate services. Assuming the climate service market is working well in terms of 

transparency, competition, the capacity of stakeholders to understand and use information etc., then the 

climate service market should be economically efficient. Economic calculations that form part of climate 

vulnerability assessments can be helpful in assessing the scope of an economically efficient market, but 

there would in practice be a number of market failures, possibly implying that the market is not taking up 

all the efficient climate services available. In this way, in practice the climate service market will probably 

be smaller than the efficient market. 

 

 

Figure 1. Conceptual illustration of the benefits of climate services in relation to reducing damage losses from extreme climate 
events. 

 

By definition, the climate service market is considered to be economically efficient if stakeholders (public, 

business, private households, etc.) demand climate services at a cost below or equal to the economic 

benefit in terms of damage cost reductions by obtaining climate services. One market failure that might 

limit the uptake of climate services is limited information and understanding among stakeholders about the 

potential value of improved information. The aim of assessing the vulnerabilities and benefits of including 

climate services like those included in MARCO is to increase stakeholders’ capacities to benefit from 

services. Assessing damage cost reductions associated with the provision of climate services can in practice 

be complicated. Studies may be based on projected damage cost reductions, like those in traditional cost 
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benefit analyses of climate change adaptation, or on damage cost reductions that have been experienced, 

based on studies of the extent of losses after risk reduction measures have been implemented. Empirical 

studies can be used to identify market gaps in some sectors (e.g. comparing health programs for preventing 

increased mortality during heat waves in two countries), and in section 3.2 we provide examples of sectoral 

assessments and climate service gaps. It should be noted that climate services in themselves do not 

necessarily reduce losses, and in many cases they will need to be followed up with investments in 

preventive measures. On the other hand, if new investments are undertaken, damage costs could be 

avoided or reduced based on climate service information.  

This report includes an assessment of climate change risks in Europe, and we present the findings of an 

analysis and mapping of recent historical extreme climate events in Europe based on data from 

international disaster databases. A more detailed assessment of specific vulnerable economic sectors 

follows, the vulnerabilities thus identified being linked to studies of extreme events at different 

geographical scales. The vulnerability assessment feeds into the development of methodologies for climate 

service market forecasts in MARCO and the framing of a Climate Services Observatory, a primary output of 

the entire MARCO project.1 Our aim is to provide material in support of the development of a 

methodological approach linking the present climate service market in Europe with recognized damage 

costs for sectors which have been acknowledged as being particularly vulnerable to climate extremes and 

climate change. The material is also intended to provide a basis for forecasting future development trends 

in the climate service market in the timeframes of 2020 and 2030 (the objective of Work Package 6 in the 

MARCO project). Some key basic assumptions driving this methodological approach include the fact that 

the extent and further development of the climate service market will depend strongly on the perceived 

economic benefits of including climate service information in planning and business decisions. The benefit 

here reflects avoided climate change damage costs, and it can also include an element of risk aversion, as 

well as the associated costs that some stakeholders might be willing to pay in order to avoid uncertainties 

associated with negative impacts to very unique and valuable assets. The aim of the methodology is to 

develop climate service market information that is relevant to both present and future suppliers in the 

market. Key information provided includes the identification of areas and sectors with high damage costs, 

thereby scoping where significant risk reductions (and thus economic benefits) might emerge from 

integrating climate information with decision-making and business activities. The information will also be 

important to modellers and other experts within the field, where it can provide a feedback mechanism on 

users’ needs in terms of specific data and key risk areas to be addressed in the research. 

 

2 Analysis of extreme climate events in Europe from international 
disaster databases   

The occurrence of extreme climate events and their consequences have increased rapidly in recent 

decades, causing a shift in the attention of policy-makers and local administrations globally towards giving a 

higher priority to investments in climate adaptation (Münich RE, 2017; European Environment Agency, 

2017; Climate Policy Initiative, 2017). This includes responding to the impacts of current climate events by 

increasing investments in adaptive solutions and reducing the overall exposure and vulnerability of high-

value assets. Some of the main factors that affect changes in risk from natural catastrophes include climate 

change, leading to an increase in the frequency and intensity of events, global population growth and 

                                                 

1 Market Research for a Climate Services Observatory (MARCO). More information on the MARCO Horizon 

2020 project can be found at http://marco-h2020.eu/ 
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urbanization (Field et al., 2012). The latter has led to a considerable increase in the extent of urban land 

cover and to a densification of assets and economic activities within cities during the late 20th and early 

21st centuries. The degree of urban land cover (i.e. impervious surfaces) amplifies the impacts of extreme 

flooding events through increased run-off rates and intensifies heat waves due to the urban heat island 

affect, both of which lead to increases in overall exposure and risk (Skougaard Kaspersen et al., 2017). 

Current population, urbanization and urban development trends are projected to continue in the short- 

and long-term perspective for all regions, including Europe, which is expected to lead to further increases in 

the exposure and vulnerability of human and natural systems (Angel et al., 2011; United Nations et al., 

2014). Similarly, future climate change is projected to continue to increase the frequency and intensity of 

hazardous events, such as heat waves and floods, for most regions, which will cause losses from damage 

and fatalities from such events to continue to rise if appropriate measures are not put in place to mitigate 

the impacts of climate change. In Europe, the challenge of observed increases in losses from natural 

disasters and projected climate change is being addressed in various ways at multiple administrative and 

geographical levels. Acknowledging that climate change is one of the biggest and most important 

challenges today, Climate Action was defined as one of the major social challenges in Horizon 2020 (the 

EU’s Research and Innovation Framework Programme for 2014-2020), which has a total budget of nearly 

€80 billion. The goal of the EU is that at least 35% (€28 billion) of the budget in H2020 be invested in 

climate-related research, with 4% (€3.2 billion) being specifically targeted Climate Actions (European 

Commission, 2013; Street et al., 2015). 

This section presents the results of the analysis of observational data on recent historical meteorological, 

climatological and hydrological extreme climate events for Europe. The analyses have been conducted 

using data from four different international databases, namely the European Severe Weather Database 

(ESWD), the Dartmouth Flood Observatory (DFO), the International Disaster Database (EM-DAT) and the 

Münich RE NatCatService database. Results in all cases except ESWD are presented for the period of 

approximately 1980 to 2017. For ESWD the analyses have only been conducted for the most recent period 

of 2010-2017. In all cases we present our findings at the highest possible spatial resolution, i.e. at the NUTS 

2 level for the ESWD and DFO data, and at the national level for the EM-DAT and Münich RE data. We have 

decided only to include information from databases that are well recognized for their reliability and that 

are regularly updated, as this enables us to update the climate service observatory continually.  

We also include analyses of historical extreme climate events (e.g. meteorological, climatological and 

hydrological) from four different databases, namely the European Severe Weather Database (ESWD), the 

Dartmouth Flood Observatory (DFO), the International Disaster Database (EM-DAT) and the Münich RE 

NatCatService database. The first two databases (ESWD and DFO) only contain information on hydrological 

events (precipitation and flooding), while the EM-DAT and Münich RE databases cover multiple types of 

hazards, including flooding, heat waves, droughts and windstorms. The spatial and temporal resolution and 

coverage of the analyses is dependent on the level of details associated with the data in the different 

databases. For the ESWD and DFO data, we are able to conduct the analysis at the NUTS 2 regional level 

across the entire European Continent, while information is only consistently available to us at the national 

level in the EM-DAT and Münich RE databases. The analyses and mapping have been conducted for the 

period of approximately 1980 to 2016 in the case of DFO, EM-DAT and Münich RE, while only a shorter 

period (2010-2017) is covered by the ESWD data. The overall purpose of the analyses of the historical 

observations of climate extremes is to identify any regional patterns in the losses from different types of 

climatic event within Europe and to compare these findings with the mapping of vulnerable economic 

sectors in Europe (Part 2 of this report).  

The extreme climate events are subsequently linked to an analysis of vulnerable economic sectors in 

Europe that are already using climate services today or could be expected to use them in the near future 
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due to the unexplored benefits of integrating such information into the decision-making processes. We 

used the Eurostat regional statistics database (Eurostat, 2017) to identify and extract information on the 

activity indicators of relevant economic sectors at the regional level (NUTS 2) within the EU. Typical 

indicators include utilized area, economic value (e.g. the production value of cereals) and physical activity 

(e.g. passenger transport) for individual sectors. Eurostat was selected as the preferred source of 

information in relation to the provision of data to the Climate Services Observatory as it is updated 

annually, allowing us to update the Observatory regularly with the most recent statistics. An overview of 

relevant indicators from the Eurostat regional statistics database of economic activities within different 

sectors where climate services are highly relevant is available in Appendix 2.    

The results are presented individually for each of the databases in the following four sections. We start 

each section with a short description of the contents of the databases and a presentation of the method 

used to extract the relevant data from that particular database. This is followed by a results section, where 

our findings are presented in the form of tables and maps. As the overall purpose of the analysis is to 

identify regional patterns in the impacts of recent historical extreme climate events, we conclude each 

section with a regional analysis based on the European sub-regions as presented in Figure 2. Our hypothesis 

is that certain types of events (e.g. heat waves) affect some areas more than others, and, by confirming 

this, that different types of climate services should be tailored to different regions. Table 1 gives descriptive 

statistics for a range of European countries, including population and land area, which it is relevant to take 

into account in interpreting the results. 

 

 

Figure 2. Country borders and geographical sub-regions of Europe (Eurovoc, 2017) 
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Table 1. Area and population data for European countries included in the vulnerability analysis, data from 2015 (The World Bank, 
2017). 

Country Population Area (km2) Country Population Area (km2) 

Germany          81,679,769  357,380 Denmark           5,683,483  42,922 

Turkey         78,665,830  785,350 Finland            5,479,531  338,420 

France          66,538,391  549,087 Slovakia            5,423,801  49,035 

United Kingdom           65,128,861  243,610 Norway            5,190,239  385,178 

Italy         60,730,582  301,340 Ireland           4,643,740  70,280 

Spain         46,443,994  505,940 Croatia           4,203,604  56,590 

Poland          37,986,412  312,680 Lithuania            2,904,910  65,286 

Romania           19,815,308  238,390 Macedonia           2,078,453  25,710 

Netherlands          16,939,923  41,540 Slovenia            2,063,531  20,270 

Belgium           11,249,420  30,530 Latvia            1,977,527  64,490 

Greece          10,820,883  131,960 Estonia             1,314,608  45,230 

Czech Republic          10,546,059  78,870 Cyprus             1,165,300  9,250 

Portugal          10,358,076  92,225 Montenegro                622,159  13,810 

Hungary           9,843,028  93,030 Luxembourg               569,604  2,590 

Sweden            9,799,186  447,420 Malta                431,874  320 

Austria           8,638,366  83,879 Iceland                330,815  103,000 

Switzerland            8,281,430  41,290 Liechtenstein                  37,531  160 

Bulgaria             7,177,991  111,000    

 

2.1 European Severe Weather Database  

The European Severe Weather Database (ESWD) contains data on severe storm events across Europe. The 

database is designed to collect information about local severe weather phenomena that cause damage or 

endanger lives in the following categories (Dotzek et al., 2009): 

 
1. Dust, sand- or steam devils 

2. Funnel clouds 

3. Gustnadoes 

4. Large hail 

5. Heavy rain 

6. Tornadoes 

7. Severe wind gusts 

8. Heavy snowfall/snowstorm 

9. Ice accumulations 

10. Avalanches 

11. Damaging lightning strikes 

 

There is no exact start time for the datasets, but only dates after 0 AD are accepted). However, the data are 

most comprehensive for the period after the establishment of ESSL in 2002 (Groenemeijer and Kühne, 

2014).  

 

2.1.1 About ESWD 

The European Severe Weather Database (ESWD) is the only multi-national database of severe weather 

reports in Europe, covering the World Meteorological Organization’s region VI (i.e. Europe) along with a 

few countries bordering the Mediterranean (WMO, 2017). The weather database is operated by the 
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European Severe Storms Laboratory (ESSL) in collaboration with a broad network of voluntary observers, 

the general public and meteorological services (European Severe Storms Laboratory, 2017a). The ESSL was 

officially established in 2006 as a non-profit research organization, having been created informally back in 

2002 as an organization of scientists. The available data in the ESWD database are categorized into four 

different levels of quality control according to the reliability of the data source and the internal quality 

control provided by ESSL or its official partners. The four levels are QC0 (as received), QC0+ (plausibility 

checked), QC1 (confirmed by reliable sources) and QC2 (fully verified). The ESSL suggests that QC1 is the 

preferable level of data quality when used for statistical studies, since QC1 and QC2 data have undergone 

comprehensive quality control by the ESSL or one of its partners (European Severe Storm Laboratory, 

2017b; Groenemeijer and Kühne, 2014). 

 

2.1.2 Mapping extreme precipitation at the NUTS 2 regional level in the EU using the ESWD 
data 

We focus on data on extreme precipitation as a proxy for flood exposure. Mapping extreme precipitation 

from the ESWD database is conducted by extracting data for the heavy rain category only. As described by 

the ESSL: “Heavy rain is defined as rain falling in such large amounts that significant damage is caused, or 

no damage is known, but exceptionally high precipitation amounts have been observed…” (ESSL, 2014). 

High precipitation amounts are classified as heavy rain if they meet the criterion presented in equation (1), 

where P is the amount of precipitation in mm and t is the duration in minutes. It is required that t is 

between 30 minutes and 24 hours. Rainfall on consecutive days is reported as two separate events. 

tP 5*2  (1) 

 

 

Figure 3. Spatial distribution of six heavy rain reports (represented by blue dots) from the ESWD for 01-06-2015 from 18:53-19:09, 
all reporting the same heavy rainfall event. 

 

In this analysis, data drawn from ESWD is limited to events with a quality control of at least QC1 (as 

recommended by the ESSL) covering the period 01-01-2010 to 03-05-2017. The ESWD collects the severe 

weather events as point measurements (given by latitude and longitude), meaning that the database 

contains several reports describing the same weather event for multiple locations, i.e. multiple point 

measurements or reports for the same rainfall event. An example of this can be seen in Figure 3 for an area 
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near Munich, where six individual reports were collected on 01-06-2015 within the very short time span of 

18:53 to 19:09. To remove the influence of the double counting of individual events, we use the NUTS 2 

regions as boundaries to determine whether two or more ESWD reports originate from the same weather 

event. If ESWD contains several reports of heavy rain within the same NUTS 2 region on the same day, we 

consider them as originating from the same unique heavy rainfall event. Conversely, if a rainfall event is 

reported on the same day for two or more neighbouring NUTS 2 regions, the event is ascribed to all 

regions. Lastly, the unique number of events is summarized for each country (Table 2). For comparison, 

duplicate events have also been removed using country borders, creating an expected decrease in the 

number of unique events. Using country borders as filtering boundaries might lead to unique events being 

under-estimated, since two weather events happening on the same day at completely different locations 

within a country are only counted once. The difference in total unique events when using NUTS 2 borders 

rather than country borders is illustrated in Figure 5. In the following, we only present the results of the 

analysis where the unique events are summarized based on the NUTS 2 level, as we find this to be the most 

appropriate method. The spatial distribution of unique events for each NUTS 2 region is shown in Figure 4.  

 

 

Figure 4. Observed annual heavy rainfall events for the period 01-01-2010 to 03-05-2017 for (a) individual NUTS 2 regions and (b) 
countries in Europe. For Iceland, Estonia, Lithuania, Latvia, Montenegro, Macedonia, Liechtenstein, Luxembourg, Albania, Serbia, 

Bosnia-Herzegovina and Malta, NUTS 2 and country borders coincide. 

 

Table 2 shows annual heavy rainfall events for 35 selected countries in Europe. From our results, we 

observe a large difference in the total number of heavy rain events between different countries, ranging 

from 136 in Germany to only <1 in Liechtenstein (Table 2). For Europe a total of 549 (sum of Table 2) heavy 

rainfall events have been recorded by the ESWD during the period from 01-01-2010 to 03-05-2017. 

 

 

 

 

 

 

 

 

a b 
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Table 2. Observed annual heavy rainfall events for the period 01-01-2010 to 03-05-2017 for 35 selected countries in Europe. The 
total number of events for each country is calculated as the sum of unique rainfall events for all individual NUTS 2 regions within 

each country.  

Country Annual heavy rainfall events Country Annual heavy rainfall events 

Germany 136 Portugal 3 

Poland 76 Serbia 3 

Italy 69 Bosnia-Herzegovina 3 

Turkey 45 Slovenia 2 

France 38 Denmark 2 

Greece 24 Norway 2 

Austria 24 Sweden 2 

Czech Republic 14 Estonia 2 

Spain 13 Lithuania 2 

United Kingdom 13 Latvia 2 

Romania 12 Cyprus 1 

Croatia 12 Montenegro 1 

Slovakia 9 Iceland 1 

Bulgaria 9 Macedonia 1 

Switzerland 8 Luxembourg < 1 

Hungary 7 Ireland < 1 

Belgium 6 Finland < 1 

Netherlands 4 Malta < 1 

Albania 4 Liechtenstein < 1 

 

As will be evident from Table 2, Germany (136) has the highest number of annual heavy rain events in 

Europe. The analysis on the NUTS 2 level (Figure 4a), shows that the most vulnerable regions are mainly 

located in the north-eastern part of Germany in close proximity to Poland (76), which has the second 

highest number of annual events. Furthermore, southern France and all of Italy have a high number of 

events, whereas all those countries located in the northern part of Europe have a very low number of 

events (< 3), with thirteen annual events for all northern European counties combined (Figure 5). The 

results of the regional analysis show an almost equal number of annual events in southern (156) and 

eastern (152) Europe, whereas western Europe is the most vulnerable region, with 229 annual events 

(Figure 5). Although the output of our analysis provides a clear picture of regional differences in exposure 

to extreme precipitation, some uncertainties need to be kept in mind when interpreting the results. To 

some degree, the variation can be ascribed to large differences in the sizes of individual countries and sub-

regions. In addition, as mentioned by Groenemeijer et al. (2017), the locations of the highest reported 

densities do not correspond with to spatial distribution of the most favourable severe weather locations. 

This may lead to the number of events for sparsely covered areas being under-estimated, and vice-versa for 

regions with high-density reporting networks. Consequently, ESWD suffers from a lack of spatial 

homogeneity in the data collection, which mainly shows up as an under-reporting of severe weather events 

over southern and eastern Europe (Groenemeijer et al., 2017).  

 



                                Vulnerability analysis to todays climate risks 

 

Month and Year  Page 13 of 58 

 

Figure 5. Observed annual heavy rainfall events for the period 01-01-2010 to 03-05-2017 for geographical sub-regions in Europe, (a) 
summarized from NUTS 2 borders, (b) summarized from country borders. 

 

2.2 Dartmouth Flood Observatory 

The Dartmouth Flood Observatory (DFO) undertakes space-based measurements, mapping and modelling 

of surface water. It provides several different datasets and products, but, to the best knowledge of the 

authors, only one dataset includes individual large flood events, namely the Global Active Archive of Large 

Flood Events (GAALFE) (Brakenridge, 2017). The GAALFE provides global and comprehensive cover of large 

flood events from 1985 to the present (continuously updated) derived from instrumental and remote-

sensing sources, news sources and governmental administrations (DFO, 2017b). It includes floods fulfilling 

the criteria of one of the three severity classes, from 1 to 2 in severity, with 1 as the lowest (DFO, 2017c): 

Class 1: Large flood events: significant damage to structures or agriculture; fatalities; and/or reported 

internal of one to two decades since the last similar event. 

Class 1.5: Very large events: with an estimated recurrence interval of twenty to a hundred years and/or a 

local recurrence interval of one to two decades, and affecting a large geographical region (> 

5000 km2). 

Class 2: Extreme events: with an estimated recurrence interval greater than a hundred years. 

As long as a flood event falls under one of these categories, it is included regardless of the main cause of 

the event. The data from the GAALFE are available in several different file formats and serve as validation 

or input data in several contemporary studies (Lee et al., 2015; Chendes et al., 2015; Revilla-Romero et al., 

2015). 

 

2.2.1 Mapping of large floods at NUTS 2 regional level in the EU using data from the 
Dartmouth Flood Observatory 

Mapping large floods using the GAALFE data only requires using the shapefile data format (a common GIS 

data format), covering events from 01-01-1985 to 19-05-2017 (≈ 32 years). Here, the terms large flood 

events and flood events cover all three of the GAALFE’s severity classes (1, 1.5 and 2). In the analysis all data 

in the period are included as polygons (indicating the areas affected by individual floods) in order to 
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capture the number of large flood events at the NUTS 2 and national levels. The extent of each polygons 

represents the total area affected by the flooding, not only the area actually flooded. Each registered flood 

event  includes attributes about the start and end dates of the events coordinates of the centroid of the 

polygon, the size of affected area, the severity of the flood, the number of fatalities, the number of 

displaced persons and the main cause of the flooding (e.g. heavy rain or tropical cyclone) (Brakenridge, 

2017; DFO, 2017c). Since a polygon is able to affect more than one region, in the mapping care is taken to 

ensure that each polygon counts as one for each country it affects, thus representing a unique event for 

each country. The exact location and the extent of the polygons included in the polygon-based analysis 

directly influence the analysis. As argued by Revilla-Romero et al. (2015), the extensive use of news sources 

complicates the ability to verify the accuracy of the information provided in the GAALFE. In relation to the 

accuracy of the GAALFE compared to the large flood events that actually occurred during the period, 

Molodtsova et al. (2016) argue that the mainly news-based origin might bias the data towards a higher 

level of spatial occurrence in more densely populated areas or regions of interest. In addition, the data 

could over-represent regions or countries with a higher level of reporting activity regarding flood events 

(DFO, 2017c). Finally, each polygon represents a unique large flood event, but occasionally flooding 

reoccurs within short temporal timescales (days to weeks) and therefore requires a decision either to 

aggregate or separate events (DFO, 2017b). Since no definition is presented on how this decision is made, it 

might bias the number of unique large flood events, provided no clear criteria exists. In all, the mapping of 

large flood events based on polygon data from the GAALFE carries with it some potential biases, but since 

the focus here is on the general patterns found through the mappings, the risk of inaccuracies at larger 

scales is considered of less influence and importance.     

From 01-01-2010 to 19-05-2017, a total of 85 large floods affected European countries according to the 

GAALFE data. The number of large floods during this most recent period is well below the number of heavy 

rainfall events (549) observed in the ESWD database, indicating that not all extreme precipitation events 

lead to a large flood. When the whole period analysed (1985-2017) is included, we find a total of 439 large 

flood events having affected European countries. Figure 6 shows the location of all large flood events 

included in the analysis as polygons (Figure 6a) and as centroids (Figure 6b) prior to the NUTS 2 level 

analysis. In general, we find a high number of large flood events in the UK, as well as in southern and 

eastern Europe, while only a few such events are observable in northern Europe.  

 

 

Figure 6. All large flood events affecting European countries from 01-01-1985 to 19-05-2017. (a) Polygons of the extent of the large 
floods, (b) centroid point of the areas affected by large flood events. At both figures, only features inside the country borders are 

included, although some of the flood events naturally extend outside these borders. 

 

a b 
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As can be seen in Table 3, Turkey (73) has the highest total number of large flood events from the analysis, 

followed by the UK (67), Romania (64), France (59), Italy (46) and Spain (45). Most of the countries with the 

highest number of events occupy relatively large land areas, like Turkey, France and Spain. Malta (0) and 

Cyprus (0) have not been affected at all by large flood events during the period covered by the GAALFE 

data. Both are relatively small countries. That said, the countries’ respective sizes do not directly explain 

the above order. For example, large countries such as Finland, Sweden and Norway are at the bottom of 

the list, while Greece, Bulgaria and Hungary are at the top, despite having relatively small land areas. This 

confirms that flooding is not evenly distributed across Europe, as can already be seen in Figure 6. The re-

occurrence interval of large floods ranges from bi-annual events in those countries that are most frequently 

affected to > 32 years (the full length of the period examined) in those countries that rarely experience 

flooding (Table 3).  

 

Table 3.Observed large flood events per country from 01-01-1985 to 19-05-2017, based on the GAALFE dataset. 

Country 

Total large 

flood events 

per country 

 

Reoccurrence 

interval of 

large floods 

(years)  

Country 

Total large 

flood events 

per country 

 

Reoccurrence 

interval of 

large floods 

(years)  

Turkey 73 0.4 Montenegro 15 2.1 

United Kingdom 67 0.5 Belgium 9 3.6 

Romania 64 0.5 Ireland 9 3.6 

France 59 0.5 Netherlands 7 4.6 

Italy 46 0.7 Luxembourg 6 5.3 

Spain 45 0.7 Slovenia 5 6.4 

Greece 35 0.9 Liechtenstein 5 6.4 

Bulgaria 35 0.9 Norway 4 8.0 

Hungary 34 0.9 Sweden 4 8.0 

Poland 33 1.0 Estonia 3 10.7 

Germany 31 1.0 Lithuania 3 10.7 

Slovakia 31 1.0 Latvia 2 16.0 

Czech Republic 28 1.1 Denmark 2 16.0 

Austria 24 1.3 Finland 1 32.0 

Switzerland 23 1.4 Iceland 1 32.0 

Macedonia 19 1.7 Cyprus 0 >32 

Croatia 19 1.7 Malta 0 >32 

Portugal 15 2.1    

 

Figure 7 shows the number of unique large flood events from 01-01-1985 to 19-05-2017 at the NUTS 2 

regional level derived from the analysis of polygons highlighting the areas affected by flooding. In general 

large flood events have affected the following geographical areas at a higher frequency: Romania and 

nearby regions (south-eastern Europe), southern France, northern Italy and the UK. In more detail, we 

observe the highest number of occurrences in four adjacent NUTS 2 regions in the northeast of Romania, 

followed by the south-east of France. In addition, the south and central regions of the UK, central and 

eastern Slovakia, Macedonia, Bulgaria, northwest Italy and eastern Turkey are all characterized by high 

frequencies of floods. 
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Figure 7. Spatial distribution of large flood events on NUTS 2 regions, from 01-01-1985 to 19-05-2017, based on the GAALFE 
dataset. 

Classifying the results for the NUTS 2 regions into totals for the different European sub-regions (based on 

the Eurovoc classification; see Figure 2) clearly show that western Europe (44) experienced the largest 

number of floods during the 1985-2017 period. This is followed by eastern and southern Europe, with 

approximately twenty observed floods, whereas northern Europe has only experienced one large flood 

during the past 32 years (Figure 8). This means that on average western Europe experiences more than one 

large flood event a year. For eastern and southern Europe the frequency is slightly less than annual, while 

large floods rarely occur in northern Europe. 

 

Figure 8.  Average annual number of large flood events during the period 01.01.1985 to 19.05.2017 based on NUTS 2 borders i.e. 
large flood events count once for each NUTS 2 region affected The NUTS 2 regions/countries are categorized into European sub-

regions according to the Eurovoc classification Figure 2.  

 

2.3 The international disaster database 

The International Disaster Database (EM-DAT) is a global database containing information on the more than 

21,000 disasters that have occurred from 1900 to the present day.  
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All data entries are assigned to one of two main groups of disasters: natural disasters and technological 

disasters. In relation to the present analysis, we are only interested in natural disasters. Of the six different 

subgroups of causes of natural disasters, here we focus on meteorological, climatological and hydrological 

events. The EM DAT classification is very similar to the Munich RE classification (see next section), due to 

the fact that both database classifications are based on the IRDR Peril Classification and Hazard Glossary 

(CRED, 2009b). It should be noted that disasters related to extreme temperature are classified differently in 

the Munich RE (climatological) and EM-DAT (meteorological) databases, which might explain potential 

differences in the incidence of and losses from disaster events in the two databases.  

Besides the disaster classification of events in the EM-DAT, this database contains a variety of different 

types of information (where available) related to each individual event, including:   

 Location (as specific as possible) 

 Event period  

 Disaster intensity 

 Fatalities 

 Number of homeless 
 

 Missing 

 Injured 

 Affected  

 Total damage (economic losses 
due to damage)

 

2.3.1 About the EM-DAT 

In 1988 the Centre for Research on the Epidemiology of Disasters (CRED), a non-profit organization (CRED, 

2009c), launched the International Disaster Database or EM-DAT (CRED, 2009).  The database is compiled 

from information collected from various sources, including UN agencies, NGOs, research institutes, 

insurance companies, news agencies and science platforms (CRED, 2009a). It is updated daily, and all 

entries are frequently checked for errors, inconsistencies, redundancy etc. In cases where there are 

conflicts of information between different data sources, CRED has established a method of ranking the 

sources based on their reliability and ability to provide trustworthy and complete data (CRED, 2009b). In 

most cases, an event will only be included in the database if two or more sources report its occurrence.  

Depending on the type of disaster and its geographical location, the availability of temporal, geographical 

and damage loss information might vary. If a disaster affects more than one country, a data entry is created 

for each of them. In such cases the inclusion criteria apply to the entire multi-national disaster event.  

 

2.3.2 Mapping the observed impacts of climate extremes in the EU using the EM-DAT database 

The spatial distribution of the number of disasters, damage costs and fatalities is presented in the following 

figures and tables. All empty fields and 0 values in the EM-DAT indicate a missing value or non-reported 

information, represented as empty fields and no-data regions in the following sections. A substantial 

proportion (approximately 50%) of the data entries in the EM-DAT do not contain detailed (city/region) 

information on the geographical location of the disaster, hence depicting the spatial distribution of the data 

at the NUTS 2 level could potentially lead to certain areas being over- or under-estimated. Consequently 

the analysis is conducted on the national level and not for NUTS 2 regions. The total number of 

occurrences, fatalities and costs of damage for each European country from 1980 to 2016 is extracted from 

the EM-DAT for the three following subgroups: 

 Meteorological events (extreme temperature/storms) 

 Hydrological events (floods) 

 Climatological events (droughts/wildfires) 
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2.3.2.1 Meteorological events 

Figure 9 and Table 4 present the results of the analysis of the occurrence and impacts of meteorological 

events in Europe during the period 1980-2016. Meteorological events cover storms and extreme 

temperatures. The results depicted in Figure 9a, 9b and 9c and Table 4 indicate that these meteorological 

events are mainly concentrated in western and, partly, southern Europe, with France, Germany and the UK 

having been the most affected. Despite the UK having had a large number of occurrences (45) and suffered 

great economic losses (€341 million), the number of annual fatalities is relatively limited (38 annual 

fatalities) compared to France (666 annual fatalities) and Germany (240 annual fatalities). Even countries 

with a substantially lower number of events, such Italy (22), Spain (26) and Portugal (13), are characterized 

by a substantially higher number of annual fatalities, 548, 415 and 87 respectively. In general, the spatial 

distribution of annual fatalities indicates that meteorological events in southern Europe are more severe 

from a health perspective compared to those in the rest of Europe (Figure 9c). This is likely due to a larger 

share of the meteorological events affecting southern and central Europe being heat waves, whereas 

storms are more characteristic of northern Europe. Damage caused by such events is often more costly and 

affects richer regions, which might explain why Denmark, Luxembourg and Switzerland have the highest 

annual losses per capita. For these countries the annual cost of damage per inhabitant from meteorological 

events amounts to >€10. In general, eastern and south-eastern Europe experience few meteorological 

events with limited damage costs and fatalities. The most affected countries experience one to two 

meteorological events a year (France, Germany, UK), whereas the least affected areas are only impacted 

once every ten to twenty years or less (Montenegro, Estonia, Finland).  

Based on data from the EM-DAT, we estimate the total annual losses and annual fatalities from 

meteorological events in Europe in 1980-2016 at €2.6 billion and 2,400 respectively. 

 

 

Figure 9.  Occurrences of and fatalities and economic losses from meteorological events (extreme temperature/storms) in Europe 
1980-2016, (a) number of meteorological events, (b) average annual economic losses (million €/year), (c) average annual fatalities, 

(EM-DAT). 

a b 

c 
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Table 4. Economic losses, occurrences and fatalities from meteorological events in Europe 1980-2016 (EM-DAT). 

Country Annual 
losses [€] 

Annual losses per 
capita [€] 

Occurrences (1980-2016) Reoccurrence 
interval (years) 

Annual fatalities 

France 708,553,421 10.96 70 0,5 666 

Germany 659,333,208 8.17 56 0,7 260 

United Kingdom 340,872,627 5.24 45 0,8 38 

Italy 196,152,473 3.28 22 1,7 548 

Spain 117,758,481 2.56 26 1,4 415 

Netherlands 109,331,588 6.44 27 1,4 54 

Denmark 102,007,145 17.93 14 2,6 1 

Switzerland 94,923,254 11.33 35 1,1 29 

Sweden 68,158,691 6.92 7 5,3 < 1 

Austria 45,576,821 5.32 21 1,8 10 

Belgium 42,340,683 3.72 31 1,2 69 

Greece 15,903,694 1.46 14 2,6 32 

Bulgaria 12,508,382 1.76 15 2,5 2 

Slovakia 12,238,731 2.25 6 6,2 4 

Slovenia 10,831,954 5.23 4 9,3 8 

Luxembourg 9,432,061 16.37 9 4,1 5 

Ukraine 7,816,448 0.18 15 2,5 30 

Latvia 7,469,917 3.82 7 5,3 2 

Ireland 7,230,099 1.53 15 2,5 1 

Portugal 6,769,971 0.66 13 2,8 87 

Norway 6,035,601 1.14 7 5,3 < 1 

Croatia 5,507,773 1.30 7 5,3 23 

Czech Republic 5,048,792 0.48 11 3,4 13 

Poland 5,026,990 0.13 33 1,1 57 

Estonia 2,983,377 2.28 3 12,3 < 1 

Belarus 1,682,166 0.18 7 5,3 1 

Lithuania 805,512 0.28 8 4,6 3 

Moldova 725,190 0.18 4 9,3 1 

Finland 229,491 0.04 2 18,5  

Hungary 229,491 0.02 11 3,4 20 

Turkey 22,949 0.00 14 2,6 5 

Albania   7 5,3 2 

Bosnia-Herzegovina   6 6,2 < 1 

Macedonia   7 5,3 1 

Montenegro   1 37,0 < 1 

Romania   28 1,3 15 

Serbia   9 4,1 1 

Iceland      
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2.3.2.2 Climatological events 

Figure 10 and Table 5 present the results of the analysis of the occurrence and impacts of climatological 

events in Europe during the period 1980-2016. Climatological events cover droughts and wildfires. As is 

evident in Table 5 and Figure 10a, 10b and 10c, only around half of the countries include in the analysis 

experienced any climatological events in 1980-2016. Drought and wildfire are the main types of disaster in 

the climatological category, which explains why the most heavily affected countries are all located in the 

southern part of Europe, namely Spain, Portugal, Italy and Greece, as these areas are characterized by 

limited annual precipitation and high summer temperatures. Greece had the highest number of fatalities 

(108), Spain the largest annual losses (€308 million), and Portugal the largest annual losses per person 

(€11). Compared to meteorological and hydrological events, climatological disasters are rarer and have a 

substantially lower reoccurrence intervals, which also reflects the lower overall economic losses and 

fatalities. On average, the most affected locations experience a climatological disaster every two to five 

years, while many countries have not been affected by such events during the last thirty to forty years. 

Based on data from the EM-DAT, we estimate the total annual losses and annual fatalities from 

climatological events in Europe in 1980-2016 at €0.7 billion and 10 respectively. 

 

Table 5. Economic losses, occurrences and fatalities from climatological events in Europe 1980-2016 (EM-DAT). 

Country Annual losses 
[€] 

Annual losses per capita 
[€] 

Occurrences 

(1980-
2016) 

Reoccurrence interval 
(years) 

Fatalities  

(1980-2016) 

Spain 307,841,090 6.7 18 2.1 70 

Portugal 116,469,570 11.3 13 2.8 72 

Italy 84,682,009 1.4 10 3.7 21 

Greece 78,600,510 7.2 14 2.6 106 

Ukraine 38,783,901 0.9 1 37.0   

France 37,177,468 0.6 15 2.5 32 

Hungary 22,581,869 2.3 3 12.3   

Denmark 17,250,804 3.0 1 37.0   

Romania 11,474,527 0.6 2 18.5   

Moldova 9,317,316 2.3 3 12.3 2 

Croatia 8,439,515 2.0 6 6.2 13 

Bosnia-Herzegovina 6,838,818 1.8 2 18.5   

Lithuania 6,390,692 2.2 2 18.5   

Bulgaria 460,220 0.1 6 6.2 10 

Macedonia 311,258 0.1 3 12.3 1 

Albania     2 18.5   

Austria          

Belarus          

Belgium          

Czech Republic          

Estonia          

Finland          

Germany     1 37.0   

Ireland          
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Latvia          

Luxembourg          

Montenegro          

Netherlands          

Norway          

Poland     2 18.5 35 

Serbia          

Slovakia     1 37.0 6 

Slovenia          

Sweden          

Switzerland          

Turkey     5 7.4 15 

United Kingdom          

Iceland        70 

 

 

 

 

Figure 10. Occurrences of and fatalities and economic losses from climatological events (drought/wildfire) in Europe 1980-2016, (a) 
number of climatological events, (b) average annual economic losses (million €/year), (c) fatalities (EM-DAT). 

a b 

c 
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2.3.2.3 Hydrological events 

Figure 11 and Table 6 present the results of the analysis of the occurrence and impacts of hydrological 

events in Europe in 1980-2016. Hydrological events cover floods and landslides. 

Compared to meteorological and climatological events, occurrences of hydrological disasters are more 

evenly distributed across the European continent, with most events occurring in France, Romania, Italy, 

Turkey and the UK (Figure 11a). In general, very few events occurred in northern Europe in this period. The 

annual economic losses are highest for Germany, Italy and the UK (€657 million, €549 million and €516 

million respectively) (Figure 11b), whereas the annual losses per capita are highest in the Czech Republic, 

Austria and Switzerland (€12.50, €12.41 and €11.07, respectively) (Table 6). The number of annual fatalities 

range from <1–27, with the highest numbers being found in Turkey (27), Italy (22) and Romania (12). The 

reoccurrence intervals of hydrological events are low for many countries, with bi-annual, annual or biennial 

(every two years) events in several countries (Italy, France, UK, Romania, Turkey, Germany, Spain, Austria, 

Ukraine, Greece and Bulgaria).  

Based on data from the EM-DAT, we estimate the total annual losses and annual fatalities from 

hydrological events in Europe in 1980-2016 at €3.1 billion and 109 respectively. 

 

Table 6. Economic losses, occurrences and fatalities from hydrological events in Europe 1980-2016 (EM-DAT)  

Country Annual losses [€] Annual losses 
per capita [€] 

Occurrences 
(1980-2016) 

Reoccurrence 
interval (years) 

Annual fatalities  

 

Germany 656,706,229 8.14 20 1.9 2 

Italy 549,480,905 9.19 45 0.8 22 

United Kingdom 515,670,523 7.92 31 1.2 1 

France 250,847,848 3.88 48 0.8 7 

Spain 186,022,393 4.04 25 1.5 8 

Poland 182,054,846 4.72 13 2.8 3 

Czech Republic 131,821,937 12.50 13 2.8 3 

Austria 106,386,536 12.41 21 1.8 4 

Switzerland 92,794,500 11.07 12 3.1 2 

Romania 69,939,950 3.61 46 0.8 12 

Turkey 50,981,324 0.64 44 0.8 27 

Serbia 49,300,581 5.59 13 2.8 2 

Portugal 33,459,721 3.25 11 3.4 3 

Ukraine 30,270,124 0.68 15 2.5 2 

Greece 28,901,098 2.65 23 1.6 1 

Hungary 20,227,296 2.06 15 2.5 <1 

Bulgaria 19,626,031 2.77 19 1.9 2 

Netherlands 14,012,692 0.83 3 12.3 <1 

Bosnia-
Herzegovina 

12,015,666 3.16 14 2.6 1 

Macedonia 8,849,155 4.25 11 3.4 1 

Ireland 8,330,507 1.77 5 7.4 <1 

Moldova 8,320,960 2.05 7 5.3 2 

Norway 6,884,716 1.31 3 12.3 <1 
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Figure 11. Occurrences of and fatalities and economic losses from hydrological events (flood/landslide/wave action) in Europe 
1980-2016, (a) number of hydrological events, (b) average annual economic losses (million €/year), (c) annual fatalities (EM-DAT). 

 

 

 

Slovenia 6,196,245 2.99 3 12.3 <1 

Belgium 6,084,850 0.54 15 2.5 <1 

Slovakia 5,790,046 1.07 12 3.1 2 

Belarus 2,395,422 0.25 3 12.3 <1 

Croatia 1,835,924 0.43 10 3.7 <1 

Albania 566,222 0.20 14 2.6 2 

Luxembourg 229,491 0.40 2 18.5 <1 

Sweden 133,105 0.01 1 37.0 <1 

Iceland 132,852 0.40 4 9.3 1 

Denmark       

Estonia       

Finland   1 37.0 <1 

Latvia         

Lithuania     2 18.5 <1 

Montenegro     4 9.3 <1 

a b 

c 
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2.3.2.4 Combined meteorological, climatological and hydrological events 

Table 7 and Figure 12 show the combined occurrences, losses from damage and fatalities of 

meteorological, climatological and hydrological disasters in 1980-2016, along with their spatial distribution 

throughout Europe. Large western European countries and economies such as Germany, France and the UK 

have suffered the greatest losses from damage, whereas southern European countries (France, Spain and 

Portugal) have the highest number of fatalities. Not surprisingly, these countries are also the most exposed, 

together with Romania and Turkey, having the most occurrences of events in 1980-2016 (reoccurrence 

interval < 1), which might explain the large losses and fatalities. In normalizing the results according to the 

number of inhabitants in each country, we observe a slightly different regional pattern (Table 7, Figure 

12b). As seen in Table 7, countries with fewer inhabitants are characterized by the highest annual losses per 

person, for example, Switzerland (≈ €22), Denmark (≈ €21), Austria (≈ €18) and Luxembourg (≈ €17). Figure 

12c depicts the combined total losses as a percentage of GDP and shows a completely different pattern, 

with the most affected countries being located in eastern Europe (Moldova, Serbia, Bosnia-Herzegovina). 

This is due to a low GDP value in these countries, since they have a low total combined loss (Figure 12a). 

France, Italy and Spain are affected the most in respect of the health impacts of extreme climate events, 

with more than four hundred fatalities annually in each country (Figure 12d). Conversely, health-related 

impacts affect countries located in northern Europe the least, with only very limited numbers of deaths 

caused by extreme events.    

Based on data from the EM-DAT we estimate the total annual losses and annual fatalities from all extreme 

climate events in Europe in 1980-2016 at €6.4 billion and ≈2,500 respectively. 

 

Table 7. Economic losses, occurrences and fatalities from meteorological, climatological and hydrological events in Europe 1980-
2016 (EM-DAT). 

Country Annual losses [€] Annual losses per 
capita [€] 

Occurrences 
(1980-2016) 

Reoccurrence 
interval (years) 

Annual Fatalities 

Germany 1,316,039,437 16.34 77 0.5 262 

France 996,578,737 15.44 133 0.3 674 

United Kingdom 856,543,150 13.16 76 0.5 40 

Italy 830,315,387 13.87 77 0.5 570 

Spain 611,621,964 13.3 69 0.5 425 

Switzerland 187,717,754 22.4 47 0.8 31 

Poland 187,081,836 4.85 48 0.8 61 

Portugal 156,699,262 15.21 37 1.0 92 

Austria 151,963,358 17.73 42 0.9 14 

Czech Republic 136,870,729 12.98 24 1.5 16 

Greece 123,405,302 11.31 51 0.7 36 

Netherlands 123,344,281 7.27 30 1.2 54 

Denmark 119,257,949 20.93 15 2.5 1 

Romania 81,414,477 4.21 76 0.5 27 

Ukraine 76,870,473 1.76 31 1.2 33 

Sweden 68,291,795 6.93 8 4.6 1 

Turkey 51,004,273 0.64 63 0.6 31 

Serbia 49,300,581 5.59 22 1.7 3 

Belgium 48,425,533 4.26 46 0.8 70 

Hungary 43,038,656 4.38 29 1.3 20 

Bulgaria 32,594,633 4.63 40 0.9 5 

Bosnia-Herzegovina 18,854,484 4.96 22 1.7 1 

Moldova 18,363,466 4.53 14 2.6 2 
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Slovakia 18,028,777 3.32 19 1.9 5 

Slovenia 17,028,198 8.22 7 5.3 8 

Croatia 15,783,212 3.73 23 1.6 23 

Ireland 15,560,606 3.3 20 1.9 1 

Norway 12,920,317 2.45 10 3.7 < 0 

Luxembourg 9,661,552 16.77 11 3.4 5 

Macedonia 9,160,413 4.35 21 1.8 2 

Latvia 7,469,917 3.82 7 5.3 2 

Lithuania 7,196,204 2.48 12 3.1 3 

Belarus 4,077,588 0.43 10 3.7 2 

Estonia 2,983,377 2.28 3 12.3 < 0 

Albania 566,222 0.2 23 1.6 5 

Finland 229,491 0.04 3 12.3 < 0 

Iceland 132,852 0.4 4 9.3 1 

Montenegro   5 7.4 < 0 

 

  

 

Figure 12. Annual economic losses in (a) million €/year, (b) €/inhabitant/year, (c) percentage of GDP and (d) annual fatalities from 
meteorological, climatological and hydrological events for different countries in Europe 1980-2016 (EM-DAT). 

 

2.3.2.5 Regional analysis 

The following results presented in Figure 13–Figure 15 have been aggregated according to the European 

sub-regions presented in Figure 2. In general, western European countries are impacted the most by 

extreme climate events, with total annual losses from damage of €3.7 billion, which is more than the 

combined losses of northern (€0.2 billion), southern (€1.7 billion) and eastern Europe (€ 0.7 billion). For 

western and northern Europe, meteorological events are the cause of almost all the economic losses, 

whereas southern and eastern Europe are primarily affected by hydrological and climatological (southern 

Europe) events. In normalizing the damage losses according to the number of inhabitants (Figure 14), the 

regional differences are less distinct, though western Europe is still characterized by the highest losses per 

a b 

c d 



                                Vulnerability analysis to todays climate risks 

 

Month and Year  Page 26 of 58 

inhabitant. It should be noted here that northern Europe ranks higher than eastern Europe in Figure 14 

(losses per inhabitant), compared to Figure 13 (total losses). As is evident in Figure 15, which shows annual 

fatalities, southern and western Europe have an almost equal number of fatalities (1155 and 1151 

respectively), caused almost entirely by meteorological events. Eastern Europe has 212 annual fatalities, 

whereas northern Europe has only eight. It should be noted that the number of countries in the different 

European sub-regions vary from fifteen in eastern Europe to five in southern Europe, which obviously has 

an influence on the results of the regional analyses.  

 

 

Figure 13. Annual economic losses (million € / year) from meteorological, climatological and hydrological events for different sub-
regions in Europe 1980-2016 (EM-DAT). 

 

Figure 14. Annual economic losses per inhabitant (€/inhabitant/year) from meteorological, climatological and hydrological events 
for different sub-regions in Europe 1980-2016 (EM-DAT). 
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Figure 15. Annual fatalities from meteorological, climatological and hydrological events for different sub-regions in Europe 1980-
2016 (EM-DAT). 

 

2.4 Münich RE NatCatSERVICE 

The NatCatSERVICE is a global database containing information on natural catastrophes.  

All natural catastrophes are classified as one of four overarching peril “family” categories (Figure 16): 

 Geophysical: hazards originating from the solid earth 

 Meteorological: hazards caused by extreme weather and atmospheric conditions 

 Climatological: hazards caused by atmospheric processes  

 Hydrological: hazards caused by surface and subsurface water 
 

In the analysis conducted as part of this report, we are only interested in the meteorological, climatological 

and hydrological categories, as all climate-related events are covered here. The family category aggregates 

the different types of “main events”, such as various storm types and water- and temperature-related 

events. The main events are then further specified on a “sub–peril” level according to the physical force 

(e.g. flood, storm surge, heat wave etc.) that causes the actual damage or loss (IRDR, 2014). It should be 

noted that the colour-coding in Figure 16 is not definitive but has been created as a guideline, meaning that 

events can be assigned to “sub-peril” from different categories. For example, a flood caused by a severe 

storm has overlapping hydrological and meteorological “sub-perils” (Münich RE, 2017).  
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Figure 16: Peril classification scheme – from Münich RE (2017) 

 

Besides the peril classification, almost all events in the database contain information about the following: 

 Loss location(s)  

 Event period  

 Event description  

 Direct economic loss estimates, tangible 
losses 

 Insured losses, all paid-out insured losses 

 Fatalities  

 Source of information

Natural catastrophes are often large-scale events that cause losses at multiple locations. Each event is 

assigned a main coordinate pair indicating the geographical centre of the event and/or the most affected 

area. All other areas affected by the same event are stored as sub-locations. Generally, all loss information 

is assigned to the main location except for a very few well-documented events (Münich RE, 2017).  

 

2.4.1 About the Münich RE NatCatService database 

Münich RE, one of the world’s largest reinsurance companies, operates the Münich RE NatCatService 

database. The earliest entry in the database is the historic eruption of Mount Vesuvius in 79 A.D., and 

currently around 1200 records are added each year. All information added to the NatCat database is 

collected through the systematic data-mining of a large variety of different news agencies, insurance 

companies, meteorological and seismological services, science platforms and governments (Münich RE, 

2017). The availability and quality of information regarding such events vary, largely depending on the 

affected areas and the severity of the event, meaning that different approaches have been developed to 

estimate the overall losses. Loss estimates are based on the highest information quality (level 1) and are 

easily determined by up-scaling the insured losses using insurance take-up rates and a few assumptions 

about the percentage of uninsured losses. In areas with low information quality (level 5), the loss value is 

based on estimating the repair costs of damaged assets and the costs to public infrastructure and buildings 

and other economic sectors (e.g. agriculture). In such cases, images (e.g. photographs or satellite imagery) 

of the disaster help to determine the average damage to houses and buildings, as well as the spatial scale 

of the impacts (Münich RE, 2017). The loss values of historic and current events are re-evaluated if new 

information is acquired. In general, the accuracy of the loss estimates is mainly determined by the accuracy 

of the assumptions and the quality and interpretation of the available data. Münich RE (2017) has 

estimated the errors in the loss data to be less than 10% for multibillion dollar loss events in developed 

(and some emerging) countries, whereas it can exceed a factor of two if the losses is just a few million 

dollars or if the events occur in a less developed region. 
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2.4.2 Mapping the observed impacts of climate extremes in the EU using Münich RE 
NatCatService database  

The NatCatSERVICE does not allow complete access to all events stored in the database, but only provides 

loss and fatality information for major events, along with loss summaries at the country level. Due to this 

data limitation it is not possible to display the NatCatSERVICE data at the NUTS 2 regional level, and hence 

country borders are used here instead. Furthermore, the NatCatSERVICE only allows extraction of data 

from 1980 onwards, since all prior data are considered unsuitable for analytical use, due to the limited 

accuracy of the loss estimates for these events.  

Total loss estimates and fatalities for all European countries in 1980-2016 are extracted using three general 

peril categories: 

 Meteorological events 

 Hydrological events 

 Climatological events 

The spatial distribution of economic losses and fatalities for extreme climate events within these categories 

is illustrated in the following figures and tables. 

 

2.4.2.1 Meteorological events 

Table 8 and Figure 17 present the results of the analysis of damage losses from meteorological events, 

which primarily cover wind-related storms, in Europe in 1980-2016. With annual losses of > €1.4 billion, 

almost double those of France (€0.8 billion), Germany had by far the largest damage losses of all European 

countries in this period (Table 8). As seen in Figure 17a and Table 8, the countries with the largest annual 

losses from meteorological events are all located in western and northern Europe, whereas most countries 

in southern Europe are characterized by annual losses below €25 million. As meteorological events 

primarily cover wind-related storms, the regional distribution of losses compares very well with the 

geographical patterns of the frequency and intensity of extreme winds, which are historically higher for 

western and north-western Europe. If the losses according to the number of inhabitants is normalized a 

different pattern is observed, with small and relatively wealthy western and northern European countries 

such as Denmark, Luxembourg and Switzerland having the largest annual losses per capita: €32, €26 and 

€25 respectively (Figure 17b). The countries with the most annual fatalities are not as centralized in 

western Europe as the economic losses. The United Kingdom (17), France (15) and Germany (14) have the 

highest annual fatalities, but southern European countries such as Spain and Turkey also experience a large 

number of annual fatalities (Figure 17c). Iceland has the most average annual fatalities per million 

inhabitants of 96, whereas the remaining countries range from 1-12 annual fatalities per million inhabitants 

(Figure 17d and Table 8). 

Based on the data from the Münich RE NatCatService database, we estimate the total annual losses and 

annual fatalities from meteorological events in Europe in 1980-2016 at €4.3 billion and 106 respectively. 
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Table 8. Economic losses and fatalities caused by meteorological natural catastrophes from 1980-2016. Losses per person and 
fatalities per million inhabitants calculated using population data for 2016 (Münich RE). 

Country Annual losses [€] Annual losses per capita [€] Annual fatalities Fatalities per million inhabitants 

Germany 1,422,841,351 17.64 14 6 

France 826,165,946 12.78 15 8 

United Kingdom 688,471,622 10.57 17 10 

Switzerland 213,426,203 25.47 3 11 

Denmark 185,887,338 32.66 1 7 

Spain 151,463,757 3.29 12 9 

Netherlands 146,873,946 8.65 2 3 

Austria 96,386,027 11.25 2 9 

Belgium 94,091,122 8.27 2 5 

Sweden 91,796,216 9.32 1 4 

Italy 87,206,405 1.46 7 4 

Norway 59,667,541 11.32 1 5 

Ireland 32,128,676 6.82 2 12 

Greece 22,949,054 2.10 2 8 

Czech Republic 19,965,677 1.89 < 1 2 

Portugal 16,752,809 1.63 2 7 

Bulgaria 15,375,866 2.17 1 3 

Luxembourg 14,916,885 25.89   

Finland 14,228,414 2.58 < 1 1 

Poland 13,998,923 0.36 3 3 

Slovakia 10,786,055 1.99 < 1 3 

Slovenia 8,491,150 4.10 < 1 < 1 

Latvia 7,802,678 3.99 < 1 5 

Ukraine 7,802,678 0.17 1 1 

Moldova 6,884,716 1.69 < 1 3 

Hungary 5,507,773 0.56 1 3 

Romania 5,278,282 0.27 4 7 

Serbia 2,753,886 0.31 < 1 2 

Estonia 2,088,364 1.60 < 1 1 

Lithuania 1,606,434 0.56 1 7 

Iceland 1,032,707 3.09 1 96 

Belarus 872,064 0.09 2 7 

Turkey 849,115 0.01 13 6 

Macedonia 573,726 0.28 < 1 < 1 

Bosnia and Herzegovina 390,134 0.10 < 1 < 1 

Croatia 179,003 0.04 < 1 1 

Albania 121,630 0.04   

Montenegro     

Lichtenstein     
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Figure 17. Economic losses and fatalities from meteorological events (storms) in Europe 1980-2016, (a) average annual economic 
losses (million €/year), (b) average annual economic losses per person (€/year/inhabitant), (c) average annual fatalities, (d) average 

annual fatalities per million inhabitants (Münich RE). 

 

2.4.2.2 Climatological events 

As depicted in Figure 18 and Table 9, the countries most affected by climatological events are mainly 

located in southern Europe, with Italy, Spain and France having the largest annual economic losses (€551 

million, €487 million and €252 million respectively) and most annual fatalities (531, 372 and 607 

respectively). When normalizing according to numbers of inhabitants, we observe a similar pattern towards 

higher impacts in southern Europe, with Greece (€13), Portugal (€12) and Spain (€11) having had the 

highest average annual economic losses per person (Figure 18b), and France, Italy and Spain the most 

fatalities per million inhabitants (347, 329 and 299 respectively). In addition, we find that eastern European 

countries rank relatively higher with regard to losses per capita (Figure 18b) compared to total losses 

(Figure 18a). As climatological events cover all climate extremes related to high temperatures (i.e. heat 

waves, droughts and wildfires), the location of the high loss/high fatality regions in southern Europe (and 

limited impacts in northern Europe) is not surprising, as temperatures are generally higher here compared 

to the rest of Europe. Based on data from the Münich RE NatCatService database, we estimate the total 

annual losses and annual fatalities from climatological events in Europe in 1980-2016 at €2.6 billion and 

2244 respectively. 

Note that in the Münich RE NatCatService database impacts from extreme temperatures are covered by 
climatological events, whereas in the EM-DAT they are included in meteorological events. This 
inconsistency might explain the large differences in economic losses and, especially, fatalities, between the 
two databases, since extreme temperatures represent a very large health risk.    

 

 

 

a b 

c d 
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Table 9. Economic losses and fatalities caused by climatological natural catastrophes from 1980-2016. Losses per person and 
fatalities per million inhabitants calculated using population data for 2016 (Münich RE). 

Country Annual losses [€] Annual losses per person [€] Annual fatalities  Fatalities per million inhabitants 

Italy 550,777,297 9.21 531 329 

Spain 486,519,946 10.56 372 299 

France 252,439,595 3.90 607 347 

United Kingdom 204,246,581 3.14 77 44 

Greece 144,579,041 13.24 61 205 

Germany 142,284,135 1.76 248 114 

Portugal 119,335,081 11.58 73 263 

Romania 112,450,365 5.80 19 36 

Hungary 84,911,500 8.65 18 67 

Serbia 64,257,351 7.29 2 8 

Austria 55,077,730 6.43 10 42 

Switzerland 41,308,297 4.93 25 112 

Poland 41,308,297 1.07 25 24 

Bosnia-Herzegovina 32,128,676 8.45 < 1 4 

Croatia 29,833,770 7.06 19 168 

Finland 27,538,865 4.99   

Denmark 27,538,865 4.84   

Turkey 27,538,865 0.35 4 2 

Czech Republic 21,113,130 2.00 2 5 

Ireland 20,883,639 4.43   

Moldova 18,359,243 4.52 1 5 

Slovenia 17,441,281 8.43 6 106 

Lithuania 9,638,603 3.38 1 16 

Ukraine 8,950,131 0.20 31 26 

Slovakia 8,491,150 1.56 0 2 

Macedonia 6,884,716 3.31 1 10 

Sweden 6,425,735 0.65 < 1 1 

Albania 4,360,320 1.50 1 8 

Netherlands 3,901,339 0.23 45 98 

Bulgaria 2,983,377 0.42 3 13 

Belgium 1,170,402 0.10 57 184 

Belarus 734,370 0.08 1 3 

Norway 550,777 0.10 < 1 1 

Estonia 275,389 0.21 < 1 6 

Luxembourg 149,169 0.26 4 226 

Latvia 61,962 0.03 2 42 

Montenegro 9,180 0.01 < 1 8 

Lichtenstein     

Iceland     
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Figure 18. Economic losses and fatalities from climatological events (heat waves/droughts/wildfires) in Europe 1980-2016, (a) 
average annual economic losses (million €/year), (b) average annual economic losses per person (€/year/inhabitant), (c) average 

annual fatalities, (d) average annual fatalities per million inhabitants (Münich RE). 

 

2.4.2.3 Hydrological events 

Hydrological events cover all climate extremes related to the water cycle, including floods and landslides, 

with the former being the most frequent and important in relation to damage losses in Europe. In general 

we find that the countries with the highest economic vulnerability to hydrological disasters are 

concentrated in southern and central Europe, with Italy (€987 million) and Germany (€895 million) having 

the largest total annual losses (Table 10, Figure 19a). On the other hand, we observe that smaller countries 

such as Switzerland, the Czech Republic and Austria are characterized by large annual losses per capita 

(€24, €22 and €21 respectively) (Table 10, and Figure 19b). Countries with the lowest economic losses are 

found in eastern and northern Europe. In general, losses caused by hydrological events are very limited in 

northern Europe and, as seen in Figure 19c and 19d, this region has the lowest number of annual fatalities. 

Two southern European countries, Turkey (25) and Italy (19), have the most annual fatalities, whereas 

Iceland (60), Moldova (24) and Romania (24) have the most fatalities per million inhabitants. 

Based on data from the Münich RE NatCatService database, we estimate the total annual losses and annual 

fatalities from hydrological events in Europe in 1980-2016 at €4.5 billion and 129 respectively. 
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Table 10. Economic losses and fatalities caused by hydrological natural catastrophes from 1980-2016. Losses per person and 
fatalities per million inhabitants calculated using population data for 2016 (Münich RE). 

Country Annual losses [€] Annual losses per capita [€] Annual fatalities  Fatalities per million inhabitants 

Italy 986,809,324 16.50 19 12 

Germany 895,013,108 11.09 4 2 

France 436,032,027 6.74 11 6 

United Kingdom 413,082,973 6.34 2 1 

Spain 252,439,595 5.48 11 9 

Poland 245,554,878 6.36 3 3 

Czech Republic 227,195,635 21.54 4 13 

Switzerland 204,246,581 24.37 3 15 

Austria 176,707,716 20.62 4 18 

Romania 103,270,743 5.33 13 24 

Turkey 64,257,351 0.81 25 12 

Netherlands 55,077,730 3.24 < 1 < 1 

Serbia 48,193,014 5.47 3 14 

Croatia 45,898,108 10.86 < 1 2 

Ireland 43,603,203 9.25 < 1 2 

Bosnia-Herzegovina 34,423,581 9.05 1 9 

Bulgaria 34,423,581 4.85 2 11 

Denmark 32,128,676 5.65 < 1 < 1 

Hungary 29,833,770 3.04 < 1 2 

Slovakia 27,538,865 5.07 2 14 

Greece 21,572,111 1.98 2 7 

Portugal 20,424,658 1.98 6 21 

Ukraine 19,736,186 0.44 7 6 

Moldova 15,605,357 3.84 3 24 

Belgium 14,457,904 1.27 < 1 1 

Norway 13,769,432 2.61 < 1 2 

Macedonia 12,392,489 5.96 1 14 

Slovenia 11,933,508 5.77 1 10 

Albania 4,360,320 1.50 2 22 

Sweden 2,753,886 0.28 < 1 < 1 

Finland 2,088,364 0.38   

Luxembourg 1,790,026 3.11   

Belarus 1,353,994 0.14 < 1 < 1 

Iceland 757,319 2.27 1 60 

Montenegro 436,032 0.70 < 1 2 

Latvia 298,338 0.15   

Lichtenstein 151,464 4.01   

Lithuania 2,295 0.00 < 1 < 1 

Estonia     
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Figure 19. Economic losses and fatalities from hydrological events (flood/mass movement wet) in Europe 1980-2016, (a) average 
annual economic losses (million €/year), (b) average annual economic losses per person (€/year/inhabitant), (c) average annual 

fatalities, (d) average annual fatalities per million inhabitants (Münich RE). 

 

2.4.2.4. Combined meteorological, climatological and hydrological events 

Based on data from the Münich RE NatCatservice database, we estimate the total annual losses and annual 

fatalities from all extreme climate events in Europe in 1980-2016 at €11.4 billion and ≈2,500 respectively. 

The countries with the largest combined annual losses are the central (geographical) and large European 

economies such as Germany (€2.5 billion), Italy (€1.6 billion), France (€1.5 billion) and the UK (€1.3 billion) 

(Table 11 and Figure 20a). The countries with the smallest annual losses are mainly located in northern and 

eastern Europe. As seen in Figure 20b and Table 11, smaller and wealthier European countries such as 

Switzerland, Denmark and Austria have the largest annual losses per capita, whereas eastern European 

countries are the worst affected when the annual combined total losses are normalized according to 

national GDP (Figure 20c). As seen from Figure 20d, southern European countries have the largest number 

of combined annual fatalities, whereas eastern and especially northern Europe are the least vulnerable 

regions in relation to health impacts. The results presented in Table 11 and Figure 20 (a-d) are very similar 

to the combined losses from EM-DAT presented in Table 7 and Figure 12, which is greatly to be expected 

due to EM-DAT being one of the main data sources for the Münich RE NatCatService. However, in all cases 

we find the total losses from the Münich RE database to exceed those from EM-DAT considerably.  
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Table 11. Economic losses, occurrences and fatalities from meteorological, climatological and hydrological events in Europe 1980-
2016 (Münich RE). 

Country Annual losses [€] Annual losses per capita [€] Annual fatalities  Fatalities per 
million inhabitants 

Germany 2,460,138,586 30.49 266 122 

Italy 1,624,793,002 27.17 558 345 

France 1,514,637,541 23.42 633 362 

United Kingdom 1,305,801,203 20.05 95 54 

Spain 890,423,303 19.33 395 317 

Switzerland 458,981,100 54.77 31 138 

Austria 328,171,457 38.29 16 69 

Poland 300,862,120 7.80 32 31 

Czech Republic 268,274,407 25.43 6 20 

Denmark 245,554,883 43.15 1 7 

Romania 220,999,347 11.41 35 67 

Netherlands 205,853,015 12.12 47 102 

Greece 189,100,205 17.32 65 220 

Portugal 156,512,550 15.19 81 291 

Hungary 120,253,043 12.24 19 72 

Serbia 115,204,247 13.07 6 24 

Belgium 109,719,424 9.5 59 190 

Sweden 100,975,837 10.25 1 4 

Ireland 96,615,515 20.50 2 14 

Turkey 92,645,330 1.16 43 20 

Croatia 75,910,883 17.97 19 171 

Norway 73,987,748 14.03 1 8 

Bosnia-Herzegovina 66,942,390 17.61 1 13 

Bulgaria 52,782,823 7.44 5 27 

Slovakia 46,816,065 8.62 3 19 

Finland 43,855,643 7.94 0 1 

Moldova 40,849,319 10.05 4 33 

Slovenia 37,865,941 18.30 7 116 

Ukraine 36,488,999 0.82 39 33 

Macedonia 19,850,932 9.54 1 25 

Luxembourg 16,856,080 29.25 4 226 

Lithuania 11,247,332 3.95 2 23 

Albania 8,842,270 3.05 2 30 

Latvia 8,162,978 4.17 2 47 

Belarus 2,960,428 0.31 3 10 

Estonia 2,363,753 1.81 0 7 

Iceland 1,790,026 5.36 2 156 

Montenegro 445,212 0.71 0 10 

Lichtenstein 151,464 4.01   
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Figure 20. Annual economic losses in (a) million €/year, (b) €/inhabitant/year, (c) percentage of GDP and (d) annual fatalities from 
meteorological, climatological and hydrological events for different countries in Europe 1980-2016 (Münich RE). 

 

2.4.2.4 Regional analysis 

The following results presented in Figure 21–Figure 23 have been aggregated according to the European 

sub-regions presented in Figure 2. As seen in Figure 21, western Europe has the largest combined annual 

losses of €6.5 billion, with the majority coming from meteorological (€3.5 billion) and hydrological (€2.2 

billion) events. Southern and eastern Europe have combined losses of €3 billion and €1.4 billion 

respectively, with the majority of losses being caused by hydrological (floods) and climatological events 

(heat waves). Northern Europe has the lowest total damage losses of €0.5 billion, with the main contributor 

being meteorological disasters (storms). It is worth noting that the region with the largest climatological 

losses is southern Europe (€1.3 billion), likely due to such events being triggered by high temperatures. In 

general, the combined annual losses per capita (Figure 22) have a similar regional distribution as for total 

losses, with the most noteworthy difference being that northern Europe now has the second highest loss of 

€15/person. For northern Europe, storms are responsible for a majority of the total loss. Similar to Figure 

15 (EM-DAT), western and southern Europe have an almost equal number of total annual fatalities (Figure 

23), with the main contributor being climatological disaster, and with heat waves as the primary driver of 

the health impacts. In general it can be concluded that storms and floods are responsible for the largest 

economic losses (Figure 21), while in southern and western Europe heat waves are almost the sole cause of 

all fatalities (Figure 21). It should be noted that the number of countries in the different European sub-

regions vary from fifteen in eastern Europe to five in southern Europe, which obviously has an influence on 

the results of the regional analyses. 
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Figure 21. Annual economic losses (million € / year) from meteorological, climatological and hydrological events for different sub-
regions in Europe 1980-2016 (Münich RE). 

 

 

Figure 22. Annual economic losses per inhabitant (€/inhabitant/year) from meteorological, climatological and hydrological events 
for different sub-regions in Europe 1980-2016 (Münich RE). 
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Figure 23. Annual fatalities from meteorological, climatological and hydrological events for different sub-regions in Europe 1980-
2016 (Münich RE). 

 

3 Examples of European economic sectors vulnerable to the impacts of 
climate extremes  

The analysis of vulnerable economic sectors in Europe contains two sections. Initially, a brief analysis of the 

most important general vulnerability indictors, relevant for the large-scale assessment of human and social 

vulnerabilities, is conducted to examine the regional differences in vulnerability across Europe. Secondly, 

we identify and analyse economic and activity-related indicators for selected economic sectors in Europe 

that have recently been shown to be particularly vulnerable to the impacts of climate extremes. The 

economic sectors include agriculture, mining, energy production, transportation, tourism, human health 

and cities. The overall aim of the analysis is to provide examples of general vulnerability indicators and 

climate impacts from different economic sectors that are relevant in relation to the Climate Service Market 

Observatory, which is the main output of the MARCO project.      

3.1 General vulnerability indicators 

Vulnerabilities to extremes of climate change and the coping capacity of individuals and society depend on 

socioeconomic factors such as income levels, education and life expectancy (Dunford et al., 2015). In the 

following we provide information about a range of socio-economic factors, such as income levels, gross 

domestic product (GDP), education levels and employment rates at the NUTS 2 geographical level for 

Europe. The rationale for providing these data is that, if people with high socioeconomic vulnerability are 

exposed to climate extremes, then the need for coping strategies and the associated climate services is 

particularly strong. 

 

3.1.1 GDP 

The spatial distribution of GDP in Euros per inhabitant, as presented in Figure 24a, shows that the 

wealthiest areas in Europe are located in the northern, north-western and central regions. Conversely, 

southern Europe, and in particular eastern Europe, are characterized by low GDP per capita. Average 
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European GDP is approximately €30,000 per capita (average of all NUTS 2 regions), with values ranging 

from €212,800 in inner London West (UK) to €3,900 at Severozapaden in northwestern Bulgaria. The NUTS 

2 regions with the highest GDP are located on the western coast of Norway, as well as regions including 

larger cities like Paris, London, Munich, Hamburg, Amsterdam, Brussels, Stockholm, Copenhagen and 

Helsinki. The regions with the lowest GDP are all located in rural areas of eastern Europe (e.g. Bulgaria, 

Romania and Macedonia). As prices vary in the different countries, we show GDP per capita in purchasing 

poverty standards (PPS) in Figure 24b. PPS reflects welfare in terms of the purchasing power in the 

corresponding home market of each currency unit. The conversion, made by Eurostat, makes national 

currencies comparable in cross-country comparisons (Eurostat, 2017). Here Inner London West is still at the 

top, with 167,500 PPS per inhabitant, while Severozapaden is still the region with the lowest value, at 8,400 

PPS per inhabitant. The general division between north-west and south-east Europe is consistent overall, 

although some changes are observed, reflecting the relatively cheaper or more expensive markets of 

different countries respectively. Northern regions (some of the regions in Norway, Sweden, Denmark, 

Finland and the UK) shift towards lower values, while some regions in the other areas shift towards 

relatively higher values. Noticeable are central Europe in general, many regions of France and northeastern 

Spain. More specifically, some regions in eastern Europe especially, like Warzowieckie (Poland), București – 

Ilfov (Romania) and Bratislavský kraj (Slovakia), all improve their relative positions when comparing GDP 

per inhabitant in Euros to PPS.           

 

 

Figure 24. (a) GDP in Euro per inhabitant, (b) GDP in purchasing power standard (PPS) per inhabitant. Data primarily from 2015, 
some from 2014 where not available for 2015. (Eurostat: nama_10r_2gdp).  

 

3.1.2 Population 

Population density will directly affect the number of potential victims of extreme climate events in a 

specific geographical area. Population densities vary considerably in Europe, with relatively low densities in 

northern Europe (e.g. Norway, Sweden and Iceland) (Figure 25a), while the most populated regions are 

distributed throughout the rest of Europe, with a tendency to lesser clustering on the coasts of western and 

northern Italy, the south-east of France and the north-east of Spain. The most highly populated region is 

Istanbul (Turkey), with 14.7 million inhabitants. Common characteristics for the other highly populated 

regions include the presence of larger cities and/or a relatively large area. Figure 25b shows the population 

density of each region, hence the influence of the areal size of the different regions is removed. Here 

naturally smaller regions containing more densely populated large urban areas (e.g. Berlin in Germany, 

Prague in the Czech Republic and Vienna inAustria are clearly visible, with high population densities. 

Another major difference from Figure 25a is the massive cluster of densely populated regions in Belgium, 

the Netherlands and western Germany, as well as in regions near London. Regions characterized by high 

population densities and/or a large total number of inhabitants represent areas of special attention 
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regarding the human health impacts of climate extremes, in particular heat waves. The Île de France 

(containing Paris in France), Istanbul (Turkey), Ankara (Turkey), Lombardy (containing Milan in Italy) and the 

Comunidad de Madrid (Spain) are examples of such areas. Counting up all the regions, there are ≈ 600 

million inhabitants in Europe. 

 

 

Figure 25. (a) Total population and (b) population density, January 2016 (demo_r_d2jan). 

 

3.1.3 Unemployment 

A clear tendency towards higher unemployment rates is observed for countries in southern Europe 

compared to those in north and central Europe (Figure 26). Greece, Macedonia and Spain are characterized 

by high unemployment rates (≈20%), whereas only 3-7% of the total workforce is without employment in a 

majority of countries in northern Europe. However, some countries do not follow this general pattern, 

including Bulgaria and Romania with 7% and 6% unemployment respectively. Conversely, Finland, Latvia 

and Slovakia have higher um-employment rates as compared to the other countries in their respective 

regions. Large regional differences can be expected within individual countries, but the detail of the 

available data does not allow us to identify such differences and include them in the analysis.  

 

 

Figure 26. Unemployment rate of those aged 15-74 years, Q1 2017 (lfsq_urgan). 
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3.1.4 Educational level 

Great geographical differences exist between regions in Europe regarding the educational attainment levels 

of the 25-64 age group (Figure 26). As defined by UNESCO, the highest ISCED (International Standard 

Classification of Education) level completed by an individual corresponds to the educational attainment 

level of that individual (UNESCO, 2012). The percentage of the population with an educational attainment 

level at lower secondary or less is depicted in Figure 26a. The values range from 2.8% in Prague (Czech 

Republic) to 82.2% in the Van sub-region (eastern Turkey). The correspondinf percentage of the population 

is highest in the south of Europe (Turkey, Greece, Italy, Spain and Portugal), while the rest of Europe has 

lower percentages, with the lowest regions located at the eastern part of central Europe (Czech Republic, 

Slovakia, Poland, eastern Germany, Lithuania and Latvia). On the other hand, Figure 26b show the 

percentage of the population aged 25-64 with an educational level of between 5 and 8. Here we observe 

the highest percentages in northern Europe and for areas covering large cities (Paris, Madrid, etc.), whereas 

in general the lowest percentages are located at regions in south-eastern Europe (Turkey, Romania and 

Italy). The impact of cities seems apparent across the whole of the European continent, with higher 

percentages in regions that include larger cities and the opposite for regions in rural areas. 

 

 

Figure 27. Percentage of those aged 25 to 64 with (a) educational level 0 – 2 and (b) 5 - 8 as highest attainment level. Level 0 - 2 
corresponds to less than primary, primary and lower secondary education and level 5 - 8 corresponds to tertiary education. Data 

from 2016 (edat_lfse_04). 

 

3.2 Economically vulnerable sectors 

A diversity of economic sectors in Europe as well as globally are highly vulnerable and sensitive to the 

impacts of climate variability and the occurrence of extreme climate events (Lazo et al., 2011; Arent et al., 

2014; WMO and GFCF, 2016; European Environment Agency, 2017). Climate extremes cause direct 

economic losses to a wide range of sectors through physical damage to large-scale infrastructure such as 

roads, harbours, energy production etc. that are vital for the functioning of society. In addition, extreme 

events affect the economic activities of key economic sectors such as agriculture, transportation (freight 

and passenger), tourism and mining. Through an analysis of the weather sensitivity of US economic sectors, 

Lazo et al. (2011) identify agriculture, mining, manufacturing and finance, insurance and real estate as 

being highly impacted by annual weather or climate variability. For these sectors, year-to-year variations in 

weather characteristics are found to affect economic performance by ≈ 10% or more. For agriculture, the 

relationship between productivity and climate variables (timing and amount of precipitation and absolute 

temperature) is well known, making the sector inherently sensitive to seasonal weather anomalies, and it is 

often identified as the most vulnerable to climate risks. Agriculture is unique in this respect, as it is highly 

sensitive to almost any climate extreme, including droughts, floods, frost, hail, storms and untimely 
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weather in general (WMO and GFCF, 2016). Reliable and adequate energy production is essential in respect 

of the functioning of society and all aspects of human welfare. This includes energy for manufacturing, 

heating, cooling, transportation, electrical appliances, lighting, cooking etc. Energy production is affected by 

both the impacts of extremes (e.g. hurricanes affecting oil production in the Mexican Gulf) and, more 

discreetly, by climate variability, impacting, for instance, the amount of water available for hydropower 

production. For this reason, energy planners and managers of production units need to adopt coping 

strategies to address and reduce the vulnerability of the energy system and thus avoid increases in losses 

from damage and/or to increase overall revenues. Lastly, and perhaps more importantly, human health is 

also severely affected by the occurrence of extreme events, in particularly high temperatures over longer 

durations (i.e. heat waves), which are associated with increased levels of morbidity and mortality for older 

age groups (those over 65 years) especially (Ebi et al., 2004). For example, the summer heat wave of 2003 

in Europe, which was one of the worst heat-wave events in the recent history for this region, is estimated 

to have been responsible for more than 70,000 premature deaths, with ≈15,000 in France alone (D’Ippoliti 

et al., 2010).         

Climate change is expected to amplify general vulnerability and risk through increases in both climate 

variability and the frequency and intensity of extreme climate events for a majority of regions globally, 

including in Europe (Field et al., 2012). In practice, this means more frequent and intense heat waves, 

which are already responsible for approximately 2,500 annual fatalities in Europe annually (Figure 15 and 

Figure 23), and an increased number of wind-storms and floods, which are causing annual losses of close to 

€9 billion (Figure 21) in Europe under present-day climatic conditions.  

The development and provision of accurate and tailored climate services for specific sectors have recently 

been shown to increase the resilience and therefore reduce the impacts of extreme events, potentially 

contributing to increased revenues for a large diversity of economic sectors (Clements et al., 2013). The 

benefits of climate services have been estimated in the recent literature using a variety of different 

valuation methods, including decision theory, avoided costs, equilibrium models, game theory, contingent 

valuation, benefit transfer and econometric models. As one of the most widely used method, decision 

theory often involves a single decision-maker (e.g. a water manager) aiming to maximize an objective (e.g. 

optimal timing and amount of irrigation) assuming different levels of knowledge on which to base 

decisions. In relation to climate services, the benefits of increased knowledge (e.g. seasonal precipitation 

forecasts) are then equal to the difference in payoffs between decisions made with/without updated 

climate information (Clements et al., 2013).    

In the following, we present a brief summary of sectoral vulnerabilities and the need for climate services 

using as examples selected sectors based on one or more of the following criteria: 

1. The sector is highly vulnerable to climate variability and the occurrence of extreme climate events. 

2. The sector has been severely impacted by climate extremes in recent decades. 

3. Climate services are already used or have a large potential within the sector to reduce vulnerability 

or increase revenues. 

4. Eurostat regional statistics contain data for relevant indicators of physical or economic activities in 

the sector. 

5. The sector is covered by one of the case studies in Work Package 5 (WP5) of the MARCO project. 

Based on the above criteria, we selected the following European economic sectors (highlighted in green in 

Table 12) to include in our analysis as examples of vulnerable sectors. In addition, the indicators for the 

individual sectors, which we present in the following, are intended to serve as inspiration for the contents 
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of the Climate Services Observatory, to be established at the end of the MARCO project. Table 12 show the 

Statistical Classification of Economic Activities in the European Community (commonly referred to as NACE) 

and the corresponding case studies in WP5 of the MARCO project. 

 

Table 12. NACE sectors and additional relevant sectors. We present case studies for the highlighted (green) sectors in the following 
sections: * areas/segments where climate services are highly relevant, which are not covered in official NACE sectors.  ** Task 5.2 
covers both real estate and construction according to the description in the detailed work plan of MARCO project. *** These 
sectors are only included in Appendix 1.  

NACE Sectors  MARCO WP 5 case studies 

A. Agriculture, forestry and fishing Task 5.8 Agro-forestry 

B. Mining and quarrying Task 5.3 Mining 

C. Manufacturing  

D. Electricity, gas, steam and air conditioning supply Task 5.5 Renewable energy  

Task 5.7 Critical energy infrastructure 

E. Water supply, sewerage, waste management Task 5.6 Water and sanitation 

F. Construction Task 5.2 Real estate** 

G. Wholesale and retail trade  

H. Transportation and storage***  

I. Accommodation and food service activities*** Task 5.10 Tourism 

J. Information and Communication  

K. Financial and insurance activities  

L. Real estate activities Task 5.2 Real estate** 

M. Professional, scientific and technical activities*** Task 5.4 Legal services 

N. Administrative and support service activities  

O. Public administration and defence  

P. Education  

Q. Human health  

R. Arts, entertainment and recreation  

S. Other service activities   

T. Activities of households as employers  

U. Activities of extraterritorial organizations and bodies  

*Cities Task 5.9 Urban infrastructure  

*Ecosystems  

*Coastal areas  
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3.2.1 A. Agriculture, Forestry and Fishing 

3.2.1.1 Agriculture 

The cultivation of crops and animal production are both highly vulnerable to climate variability and climate 

extremes. Variations in the timing and seasonal distribution of temperature and precipitation affects the 

annual productivity of agricultural systems (crops and livestock) all across Europe, whereas extreme events 

such as droughts, floods, hail and untimely frost can reduce the regional or local production value of 

specific crops considerably. As an example, late frosts in April 2017 in central and southern Europe is 

thought to have reduced the wine grape harvests in France and Italy by 20-25%, causing the poorest 

harvest in more than seventy years (The Guardian, 2017).  

For agriculture, climate services have proved to provide economic benefits in multiple areas of application, 

including crop management, irrigation decisions and input use (e.g. fertilizer) (Clements et al., 2013). 

Globally the value of ENSO phase information (weather patterns related to the El Niño/La Niña/neutral 

phases) for agriculture is estimated at US $399-1,390 million (Chen et al., 2002), while climate predictions 

represent a global value of up to US $900 million (Hallstrom, 2004). At the farm level, Southern Oscillation 

Index (SOI) information for nitrogen management has been found to increase the net revenues of 

Australian wheat farmers by $8 per hectare (Wang et al., 2008), whereas perfect ENSO forecasts had a 

positive impact on the production value of up to $57 per hectare (Yu et al., 2008). For corn farmers in 

Illinois (US), Mjelde et al. (1988) observed increased production values of $18-28 per acre through use of 

perfect seasonal climate information.   

There are large regional variations in agricultural production in Europe, primarily due to differences in 

climate characteristics (temperature, precipitation, length of growing season) and soil conditions. 

Variations in political and economic conditions across Europe influence vulnerability levels at different 

locations. In general, wealthier regions in central and northern Europe are less sensitive because farmers 

have access to adequate resources allowing them to adapt or change their management strategies 

(European Environment Agency, 2017). As examples of indicators of agricultural activity, Figure 28 shows 

(a) total utilized agricultural area, (b) the production value of cereals and (c) the total area of wheat 

production at the NUTS 2 regional level in Europe. The regions with the largest utilized agricultural area 

(>4,000 hectares) are all located in Spain, whereas other regions with a high agricultural area are more 

evenly distributed across Europe, with small clusters in Romania, France, Ireland, Latvia and Lithuania 

(Figure 28a). Not surprisingly, we observe a relationship between the size of the NUTS 2 regions and the 

agricultural area. Comparing the total agricultural area and the production value of cereals (Figure 28a and 

b), we find a relationship between the highly utilized regions and the regions characterized by the high 

production values of cereals. In northern Italy and a few other NUTS 2regions (northern Germany and the 

southern UK) we observe a high production value of cereals, despite a smaller agricultural area. In general, 

the majority of regions with high production values are located in France. Wheat production (Figure 28c) is 

more distributed, with large areas in France, Spain, northeast Germany, Lithuania and south-eastern 

Europe (Bulgaria and Romania).  

Using the information available in Figure 28c, which shows the total production area of wheat for different 

locations in Europe, in combination with the findings of Yu et al. (2008) and Wang et al. (2008) (increased 

production value of $8-57 per hectare when using perfect SOI/ENSO forecasts), we are able to do a back of 

the envelope calculation of the potential benefits of improved climate services for the nitrogen 

management of wheat farmers in Europe. Assuming that European wheat farmers can benefit equally, we 

can estimate the value of climate services for European wheat producers (52M ha in total) at €416-2,960 

million. The potential benefits are naturally larger for regions characterized by extensive wheat production 

(Figure 28c), and climate service providers could likewise profit from targeting such areas. 
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Figure 28. (a) Total utilized agricultural area (1,000 ha) and (b) production value of cereals in Europe at a NUTS 2 regional scale. 
Data primary from 2013 (a, c) and 2014 (b) or latest available. Eurostat tables (a) ef_oluaareg (b) table: agr_r_accts. 

 

3.2.1.2 Wine production 

Wine-grape production forms very high-value agricultural systems in specific regions of Europe, including 

Bordeaux, Rhône and Alsace in France, and Piedmont, Tuscany and Veneto in Italy. For these regions, wine 

production accounts for a considerable share of regional GDP and is an important sector for social and 

economic well-being. However, it is also very vulnerable to variations in the timing and amount of 

precipitation and both high and low temperatures, as well as to the impacts of climate extremes (e.g. cold 

spells, heat waves and hail). As an example, production of wine in Italy and France in 2017 is expected to lie 

well below 80% of average production due to late frosts in April over most of central and southern Europe. 

With a total production value of wine of €17 billion in 2013 for France and Italy combined, a 20% reduction 

in wine grapes harvested produces losses of ≈ €3.5 billion. This implies that there is a substantial potential 

for including climate services in the management and decision-making of wine farm operators, and that the 

potential is greatest for regions characterized by large production values of wine.  As is evident in Figure 29, 

there is a distinct dominance of high-value wine-producing regions in southern and central Europe 

compared to northern and eastern Europe, where there is no or very limited wine production. The high-

value regions are centralized in eastern and southern France and northern Italy. The locations of high-value 

regions are characterized by the presence of well-known wine areas (Bordeaux etc., as mentioned 

previously).  Other regions with high production values are found in Spain, Switzerland and southwest 

Germany. The climate risks for current wine production could potentially be reduced by using climate 

services, which, for example, could support the development of wine-production coping strategies, 

including options for wine crops that are more resistant to climate extremes and to temperature and 

precipitation variability. Climate services could also support the assessment of wine production possibilities 

in new areas of Europe. 
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Figure 29. Production value of wine in 2013 in Europe at the NUTS 2 regional scale. Eurostat table: agr_r_accts. 

 

3.2.1.3 Irrigation 

Water management and decision-making regarding the amount and timing of irrigation is influenced by the 

availability of natural sources in water, including surface-water reservoirs, driven by short-term trends in 

precipitation, and the location and size of groundwater reservoirs. Water availability for agriculture is also 

affected considerably by longer or shorter periods of high summer temperatures, as evaporation rates are 

higher during such periods. In addition, extreme events such as droughts can increase irrigations costs and 

decrease agricultural outputs considerably for regions with sparse natural water resources. For this reason, 

climate services, including both long-term climate projections and short-term weather forecasts of 

precipitation and temperatures, are highly relevant for inclusion in the operations and management of 

agricultural systems in Europe that rely heavily on irrigation. In Europe, the regions with the largest total 

irrigated areas are predominantly located in the south, with the largest cluster going from northern Italy 

through southern France and covering the majority of Spain (Figure 30). In general, northern, western and 

eastern Europe have low areas of irrigation, except for a few regions in northern Germany, Denmark, 

Hungary and Romania (Figure 30). Comparing Figure 30, Figure 29 and Figure 28, there is a distinct overlap 

between regions with large irrigated areas and high wine-production values or a highly utilized agricultural 

areas. This is especially evident in southern Europe compared to countries such as Ireland, the UK or 

Lithuania, where the agricultural area is large but the irrigated area is limited. This demonstrates that 

cultivated areas in southern Europe, where temperatures are higher, have a greater need for irrigation. 

Furthermore, Greece shows that a large area of irrigation cannot be explained solely by a high level of 

agricultural and/or wine production.  

Climate services are already used widely in water resource management, and a few studies have examined 

the potential benefits of including climate information as part of the decision-making of farmers who rely 

on irrigation (Clements et al., 2013). For Georgia (US), Steinemann (2006) estimated the annual benefits of 

tailored precipitation forecasts at $100-300 million in drought years and $5-30 million in savings in non-

drought years.  Assuming that European farmers can benefit to the same degree, there is substantial 

potential for including tailored climate services in water resource management in many regions across 

Europe, but particularly in southern Europe, where irrigation requirements are highest. 
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Figure 30. Total irrigated area in Europe 2013. Eurostat table: ef_poirrig. 

 

3.2.2 B. Mining and quarrying 

Mining and quarrying involve the extraction of a wide range of raw materials, including coal, metals, 

minerals and stones. These materials are then further processed for use in buildings, roads, manufacturing 

industries, industrial production processes and energy production, to mention just a few such applications.  

Europe is the world leader for a small number of minerals, including salt, and accounts for more than 10% 

of the global production of gypsum and potash (Euromines, 2015). The impacts of climate extremes and 

climate change represent a risk to mining operations and physical infrastructure. Mining operations are 

often characterized by fixed assets with long lifetimes and are located in challenging geographies, all of 

which increases the vulnerability of the sector. Typical impacts of extreme events include physical damage 

to infrastructure from floods and storms, and supply-chain risks caused by damage to transport 

infrastructure (ICMM, 2013). In addition, variations in temperature and precipitation patterns, which affect 

water levels in freshwater lakes and rivers, influence the mining industry considerably on a regular basis. 

Other climate stressors include heat waves, number of cold days, increased melting of sea ice, ice and 

glaciers, and rises in sea level. The broad portfolio of climate stressors that affect the mining industry 

implies a need for a wide range of different types of climate services targeted at individual mining sites and 

local climate-related issues. Prior to the development of specific climate services, knowledge of the primary 

locations of mining activities is required. Here the area used for mining and quarrying for different NUTS 2 

regions in Europe is used as an indicator of activity. From Figure 31, which shows the area used for mining 

and quarrying, we find high-intensity mining located in clusters in Ireland, Finland, northern Sweden, the 

Baltic states and in some regions near the border between Germany and Poland, as well as in regions in 

Spain (Figure 31). Despite a relatively small total area, the northern region of Ireland has the second largest 

area of mining (960 km2). Mining and quarrying occupy a total area of 11,952 km2 in Europe (2015). 
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Figure 31. Area of mining and quarrying in Europe 2015. Eurostat table: lan_use_ovw. 

 

3.2.3 D. Electricity, gas, steam and air-conditioning supply (energy production) 

3.2.3.1 Energy supply 

The availability of adequate and reliable sources of energy is vital for all aspects of both human and social 

welfare. This includes energy for various applications, including water extraction, agriculture and health 

care. For this reason, reducing the vulnerability of energy production systems to climate variations and 

extremes likewise reduces the overall vulnerability of society as a whole. In Europe, energy production 

units, systems and operations are affected considerably by extreme events, including meteorological and 

hydrological events such as storms and floods (WMO and GFCF, 2016). As the share of renewable energies 

continues to rise in Europe, this further increases the vulnerability of energy systems, as wind and 

hydropower production systems, which cover the largest share of renewables in Europe, are highly 

sensitive to variations in key climate variables, such as precipitation and wind patterns. This implies that 

there is a high need for climate services in the energy sector in Europe to support investments in measures 

that increase resilience to the impacts of climate extremes and ensure energy security. In addition, long-

term and short-term climate forecasts can both be used to identify optimal geographical locations for new 

energy infrastructure, such as on- and offshore wind turbines, which are characterized by long lifetimes. 

Climate knowledge is also important for the optimal operation and maintenance of energy infrastructure. 

The benefits of climate services in the energy sector have been estimated by a few authors (Hamlet et al., 

2002; Roulston et al., 2003; Block, 2011). For hydropower, Hamlet et al. (2002) estimate an increase in 

annual net revenues of $153 million for Columbia River dams with perfect ENSO- and PDO-based stream 

flow forecasts, while Block (2011) finds decadal net benefits of $1-6.5 billion for Ethiopian hydropower with 

perfect ENSO-based precipitation forecasts. For wind-energy producers in Europe, Roulston et al. (2003) 

estimate a 100% increase in weekly incomes with medium-range forecasts.  

Figure 32 presents a few relevant indicators for the energy production of European countries, including 

primary energy production, renewable energy production and share of renewables. In Europe, we find that 

primary energy production is in general lower in southern Europe (except in Italy) and higher in western 

Europe (apart from Ireland and Belgium) (Figure 32a). Northern and eastern Europe contains countries with 

higher and lower levels of energy production. The top producer is Norway, with 8.7 TJ. In the production of 

renewable energy (Figure 32b) most of southern Europe is relatively more productive than the total 
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production level, as is Sweden. Germany is produces the most at 1.6 TJ, and France, Norway and Italy are 

also high producers. In relation the share of renewable energy in final consumption (Figure 32c), northern 

Europe clearly dominates with the highest shares, ranging from the largest share in Iceland (70.2%) to the 

lowest in Lithuania (25.8%). In the rest of Europe, Montenegro (43.1%), Albania (34.9%) and Austria (33%) 

also have high shares, while Luxembourg (5%) has the lowest share of all regions. Total primary energy 

production in Europe is 43TJ, of which ≈ 25% comes from renewables. 

 

 

 

Figure 32. (a) Primary energy production, (b)  Primary energy production from renewable sources, (c) Share of renewable energy in 
gross final energy consumption in Europe 2015. Eurostat tables: (a-b) nrg_100a, (c) nrg_ind_335a. 

 

3.2.4 Q. Human Health 

Human health is affected to some degree by all types of climate extremes, with heat waves being the major 

cause of most climate-related fatalities in Europe, causing on average more than 2,500 premature deaths 

annually (Figure 23). Common heat-related diseases leading to increased mortality rates during heat waves 

include cardiovascular, cerebrovascular and respiratory diseases (Ebi et al., 2004).  

The health sector relies heavily on timely and accurate climate information on local to regional scales to 

support informed decision-making aimed at reducing the exposure of vulnerable population groups, 

including the elderly (people age 65+ years). Climate information is currently used in early warning systems 

(heat warning systems) for several densely populated urban areas globally to prevent increases in 

morbidity and mortality rates during longer periods with high summer temperatures (Ebi et al., 2004); 

(WMO and GFCF, 2016). Incorporating climate information in health-watch systems will assist in reducing 

mortality rates during heat waves and enable efficient use of resources through the provision of a solid 

knowledge base targeting populations in high-risk areas. Various types of climate information are relevant 

for health decision-making in relation to different application areas, including climate change scenarios and 

a b 

c 
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the modelling of long-term health infrastructure investments and short-term (daily or weekly) weather 

forecasts for early warning systems and short-term risk announcements.   

The impact of heat waves on mortality is found to vary considerably between different European regions. 

Through a study of the health impact of heat waves in nine European cities in 1990-2004, D’Ippoliti et al. 

(2010) observed large geographical variation in the response of mortality rates, ranging from an increase of 

7.6% in Munich to one of 33.6% in Milan. In addition, a greater impact was observed for the Mediterranean 

(+21.8%) as compared to continental cities in the north (12.4%) (D’Ippoliti et al., 2010). In general, the 

highest impact was observed for women aged 75-84 years and for fatalities related to respiratory diseases, 

but all age groups above 65 years were found to be severely affected by heat waves. Including climate 

services in heat-warning systems can reduce increases in mortality rates considerably during heat waves 

(Ebi et al., 2004). For Philadelphia (US), Ebi et al. (2004) estimated that the inclusion of six weather 

indicators (i.e. tailored climate services) as a central element in the Philadelphia Hot Weather-Health 

Watch/Warning System (PWWS) contributed considerably to saving 117 lives over a period of years. In 

addition, it was concluded that the cost of running the PWWS was marginal compared to the economic 

benefits of the reduced number of fatalities.  

Based on the findings of previous research efforts, as presented previously, it is clear that the location of 

high numbers of elderly in Europe provides a good indicator of the vulnerability of the health sector to heat 

waves. Figure 33 show the total number of persons aged 65+ years at the NUTS2 regional scale. Areas with 

high population numbers in this age group are clearly observable in northern Italy, south-eastern France 

and southern Spain (Figure 33). In addition, there is a tendency towards high population numbers for major 

cities, the NUTS 2 regions covering, for example, Paris, Madrid, Milan and Barcelona clearly standing out. 

When comparing the locations of elderly persons with the locations of fatalities caused by heat waves 

(Table 9, Figure 18c, 18d,) we observe a similar pattern, with a high number of fatalities in France, Italy and 

Spain. The development of climate services to reduce the impact of heat waves in Europe will benefit from 

being targeted towards the most vulnerable regions. 

 

 

Figure 33. Elderly population in Europe 2016. Total of 65 years or over. Eurostat table: demo_r_pjanind2. 

 

3.2.5 Cities 

The economic and human consequences of heat waves and of the flooding of urban areas have increased 

rapidly in recent decades (Barredo, 2007; Field et al., 2012). Some of the key factors that affect the risks to 

urban areas include climate change, the densification of assets within cities and the general expansion of 

urban areas. It is evident that the observed changes in risk have been caused by a combination of different 
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factors. These include ongoing climate change, leading to increases in the frequency and intensity of 

extreme precipitation events, general population growth and high rates of urbanization during the late 

20th and early 21st centuries. Thus, the extent of urban land cover has dramatically increased, as have 

concentrations of assets and economic activities in cities worldwide (Angel et al., 2011; Field et al., 2012). 

Current trends in urban development and further urban densification, including soil-sealing, are projected 

to continue in all regions of the world (Angel et al., 2011; United Nations, 2014). As a result, urban areas are 

expected to become even more exposed and vulnerable to flooding and heat waves in the future. A key 

feature of most cities is the high proportion of impervious surfaces (ISs) in the form of roads, buildings, 

parking lots and other paved areas. For this reason, ISs are often used as an indicator of urbanization 

(Weng, 2012). Changes in the quantity and location of ISs have important implications for the hydrological 

responses of catchments. Replacing natural land cover with sealed surfaces generally reduces infiltration 

capacity, surface storage capacity and evapotranspiration (Parkinson and Mark, 2005; Butler and Davies, 

2011; Hall et al., 2014). Moreover, it also leads to reductions in natural water retention and consequently 

increased run-off volumes, discharge rates, flood peaks and flood frequencies (Butler and Davies, 2011). 

Knowing the exact quantity and location of ISs is therefore important in estimating spatially distributed run-

off volumes during high-intensity rainfall. In relation to heat waves, a high share of IS contributes to an 

enhanced urban heat-island effect, which causes urban areas to be warmer than the surrounding rural 

areas. In short, the presence of ISs within cities alters the surface energy budget by decreasing the albedo 

and latent heat flux (evaporation), while at the same time increasing the sensible heat flux (warming of air), 

which causes an increase in near surface temperatures.  For this reason, the urban heat-island effect may 

have catastrophic consequences in relation to heat waves.  

Impervious surfaces are therefore a key indicator of urban vulnerability, and the mapping of urban IS is 

important for a wide range of applications, including hydrological modelling, water management, urban 

and environmental planning and urban climate studies. For most applications, the use of information on 

urban land cover, including IS, is intended to assist in reducing vulnerability to climate variability and 

extremes. 

Figure 34 presents the share of impervious surfaces for each NUTS 2 region in 2012. Two patterns are 

clearly visible from Figure 34. First, we observe that regions characterized by high degrees of 

imperviousness are located in areas with major European cities. Secondly, we find large impervious areas in 

northwest Europe (the Netherlands, Belgium, Germany and the UK) and to a lesser extent in northern Italy. 

 

 

Figure 34. Imperviousness for NUTS 2 regions in Europe 2012. Imperviousness is calculated from the Copernicus imperviousness 
data covering Europe (http://land.copernicus.eu/pan-european/high-resolution-layers/imperviousness) 

http://land.copernicus.eu/pan-european/high-resolution-layers/imperviousness
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4 Conclusion 

Extreme climate events affected all regions in Europe in 1980-2016, with total annual losses estimated at 

around €6.4-11.4 billion.  In general, we find the largest economic losses in major European countries, with 

average annual losses of more than €500 million for Germany (€1.3 - 2.4 billion), Italy (€0.8 - 1.6 billion), 

France (€0.9 - 1.5 billion), UK (€0.8 - 1.3 billion) and Spain (€600 – 800 million). Floods and windstorms are 

responsible for a greater share of the economic losses for most regions, causing 75-90% of total economic 

losses, while droughts and heat waves have lower economic impacts and primarily affects countries located 

in southern and central Europe. Heat waves are responsible for more than 90% of total average annual 

fatalities (approximately 2500 per year), most of which occur in southern and western Europe. Through 

analysis of observed heavy rainfall events from the ESWD during the period 2010-2017, in general we find a 

high frequency of events in central Europe, including northern Germany, Italy, Poland and southern France. 

The occurrence of large floods in Europe is examined through an analysis of data from the Dartmouth Flood 

Observatory for 1985-2017. From this analysis, we observe a distinct regional pattern, with frequent (bi-

annual or annual) occurrences of large floods in eastern Europe, southern France, northern Italy and the 

UK.   

The vulnerabilities and response capacities of both individuals and society are influenced by socio-

economic factors such as GDP, income levels and education. Through a regional analysis of key 

socioeconomic variables, we observe that eastern European countries are characterized by relatively low 

GDP and low income levels, while populations in southern Europe are less educated and have higher 

unemployment rates. In general, countries located in eastern and southern Europe are therefore expected 

to be the most vulnerable to the impacts of extreme climate events. In addition, multiple economic sectors, 

including agriculture, mining and quarrying, energy, human health, cities, transport and tourism, are highly 

sensitive to variations in climatic variables (e.g. temperature, precipitation, wind) and to the occurrence of 

different types of extreme events. Activities within these sectors are not evenly distributed in Europe, 

leading to major differences in the regional vulnerability of individual sectors. As an example, agriculture is 

found in most parts of Europe, whereas irrigation is only required regularly in the most southerly areas, in 

particular in Spain and southern France, leading to higher vulnerabilities for such regions. Similarly, the 

economic potential of including climate services in the management of agricultural systems can also be 

expected to higher here. The impacts of climate extremes on human health includes many observed 

fatalities related to the occurrence of heat waves in cities, where vulnerable population groups include the 

elderly in particular. There is a relatively large number of persons aged 65+ years in cities in northern Italy 

and southern France, and the development of tailored climate services for this sector – for example, as part 

of early warning systems – could potentially reduce mortality rates during heat waves considerably in these 

areas.  

Altogether, our vulnerability assessment shows that climate extremes are already causing major damage 

today and that expanding climate services could form part of cost-effective coping strategies. The 

vulnerability of different geographical regions in the EU varies due to both socioeconomic factors of 

vulnerability and the geographical locations of the most vulnerable economic sectors. This creates a need 

for more in-depth, context-specific assessment studies of the market barriers to climate services and 

removal options reflecting socioeconomic capacities and geographical vulnerabilities. In general, we find 

that a wider introduction of a suite of targeted climate services for individual sectors will provide economic 

benefits in most cases, either through a reduction in losses from damage or by increasing revenues.      
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