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[L{¢ hC !/whb¸a{ 
AM Adapted Management 

AR5 Assessment Report 5 (published by the IPCC) 

.ϵ Billion (109) euro 

CDD Cooling Degree Days 

CF Capacity Factor 

CMIP5 Coupled Model Intercomparison Project 5 

CORDEX. Coordinated Regional Climate Downscaling Experiment  

CPI Consumer Price Index 

DJF / JJA December-January-February (Winter) / June-July-August (Summer) 

FWI Fire Weather Index 

GCM Global Climate Model 

GDP Gross Domestic Product 

GVA Gross Value Added 

ha Hectare  

HDD Heating Degree Days or Heatwave Degree Days (depending on context) 

IPBES Intergovernmental Science-Policy Platform Biodiversity and Ecosystem Services 

IPCC Intergovernmental Panel on Climate Change 

JRC  Joint Research Centre of the European Commission 

aϵ Million (106) euro  

Mtoe Megaton of Oil Equivalent 

NCC National Climate Commission 

NDVI Normalised Difference Vegetation Index (~ Amount of green biomass) 

NDWI Normalised Difference Water Index (sensitive to plant water content)  

NWFP Non-Wood Forest Products 

RCM Regional Climate Model 

RCP Representative Concentration Pathway 

RMI Royal Meteorological Institute 

SSP Shared Socio-economic Pathway 

TAW Total Available Water 

TM Traditional Management 

TWh Terra Watt hour  

WBGT Wet Bulb Globe Temperature 
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1. Lb¢wh5¦/¢Lhb 
Today, the average global temperature has increased by more than 1°C compared to pre-industrial 
values (Figure 1-1); atmospheric CO2 concentrations have risen from 280 to more than 400 ppm. At 
the current pace of emissions, the carbon budget that is left for staying below the 2°C target of the 
Paris Agreement will be depleted in a few tens of years. For the 1.5°C target, this budget will be 
exhausted before the decade is out.  

At the same time, the impacts of climate change are becoming increasingly apparent. In recent years 
Belgium has experienced persistently mild winters, recurring drought episodes and a succession of hot 
summers, culminating in the unprecedented temperature extremes recorded during the summer of 
2019. These phenomena have already affected agricultural yield, mortality figures and labour 
productivity loss, among other.  

 

Figure 1-1. Annual average, global 60-month average near-surface air temperature relative to the pre-industrial 
period. Source: Copernicus Climate Change Service.  

Realising that some level of climate change has become unavoidable, it is now important to direct 
considerable actions and resources towards adaptation, apart from pursuing efforts towards the 
reduction of greenhouse gas emissions.  

To develop relevant and effective adaptation plans and measures, it is of paramount importance to 
gain insight into the physical climate risk that is expected to affect society. Moreover, to be able to 
compare climate risk and the associated damage across sectors, it is useful to quantitatively express 
damage in a harmonized fashion by expressing it as a monetary value.  

This report provides an overview of the socio-economic impact of climate change in Belgium, resulting 
from a literature-based study conducted between November 2019 and July 2020. While working from 
an existing body of literature has the advantage of allowing to quickly collect and process large 
amounts of information, it also comes with its limitations.  

One such limitation is related to the fact that, most of the time, the available information pertains to 
regions outside Belgium or for a portion of Belgium only; converting impacts and costs to the Belgian 
situation has shown to be far from straightforward, often requiring a large number of (strong) 
assumptions. Another limitation resides in the fact that use of Ψthe literatureΩ as a main source of 
(abundant yet scattered) information precludes the development of a fully coherent framework. 
Indeed, ideally one would follow a bottom-up approach, starting from e.g. consistent land use change 
scenarios and common methodologies to all sectors considered; and using a fixed set of time horizons 
and climate scenarios. In our study, we were at the mercy of whatever information was available in 
scientific papers and reports, each with its own approaches, scenarios and time horizons, making it 
sometimes hard to ensure an appropriate level consistency.  

At the start of the study, an attempt was made to list expected climate change impacts for Belgium as 
ŎƻƳǇƭŜǘŜƭȅ ŀǎ ǇƻǎǎƛōƭŜΣ ƎƛǾƛƴƎ ǊƛǎŜ ǘƻ ŀ ΨŎƭƛƳŀǘŜ ƘŀȊŀǊŘ ς ǎŜŎǘƻǊΩ ƳŀǘǊƛȄ ƛƴ ǿƘƛŎƘ ǘƘŜ ƳŀǘǊƛȄ ŎŜƭƭǎ 
describe potential impacts; this matrix has been reproduced in the Appendix. Given that the available 
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resources were finite, a selection was required regarding the climate impacts to be covered. In the 
end, our choice was guided by discussions with the Steering Committee, by the expertise available 
within the consortium, and by the availability of suitable source material.  

The remainder of this report is organised as follows. Section 2 presents the main characteristics of 
climate change scenarios for Belgium in terms of standard climatic indicators such as temperature and 
precipitation. In Section 3 a detailed account is given of the expected physical impacts of climate 
change for a number of different sectors, as much as possible employing information for Belgium, but 
converting information and data from studies conducted elsewhere whenever required. Section 4 
describes the effect of transboundary climate impacts to the situation in Belgium, through the 
mechanisms of international trade. Section 5 continues with a description of analysis methods and 
indicators developed and employed abroad and within the Belgian Regions, and which have served as 
an inspiration for the present study. Constituting the core of the study, Section 6 presents results of 
economic cost estimates by sector at a macroscale level and Section 7 addresses social impacts of 
climate change in Belgium. Section 8 describes a few concrete case studies, meant to make the impacts 
of climate change more tangible as compared to the macro-economic approach used in Section 6. 
Conclusions are presented in Section 9. 

Finally, readers who prefer to first read a more digestible version of the present full report are referred 
to the companion Summary for Policymakers, which presents the main highlights of this study.  
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2. /[La!¢9 {/9b!wLh{  

2.1. INTRODUCTION 

This chapter summarizes the information about future climate change regarding temperature 
(extremes), precipitation (extremes), droughts and sea level rise for the Belgian context throughout 
the 21st century. It takes the CORDEX.be1 high-resolution climate scenarios for Belgium (Termonia et 
al., 2018) as a basis, which were recently developed through a collaboration of Belgian research 
institutions (RMI, KU Leuven, VITO, UC Louvain, Ulg). These scenarios are translations of the 
Representative Concentration Pathways (RCPs, van Vuuren et al., 2011) from the Intergovernmental 
Panel on Climate Change (IPCC), Assessment Report 5 (IPCC, 2014a) towards the Belgian territory for 
which more detail in the meteorological parameters is provided through various climate modelling and 
techniques. 

For this report, the following RCP scenarios are considered (see also Figure 2-1): 

¶ the RCP8.5 scenario, a high-end baseline pessimistic scenario that assumes no policy and a 
further increase in greenhouse gas emissions towards the end of the 21st century. It should 
be noted that RCP8.5 is not a business-as-usual scenario. Instead, it should be regarded as a 
high-end (90th percentile) scenario out of all no-policy baseline scenarios, or as a worst-case 
(95th percentile) scenario out of all RCP scenarios. 

¶ the RCP4.5 scenario, a middle scenario that assumes an emissions peak around 2040, and a 
decrease afterwards. 

¶ The RCP2.6 scenario, an optimistic scenario that assumes the emissions peak around 2020 
(today), and a decrease afterwards. 

 

Figure 2-1. Emissions of carbon dioxide (CO2) in the Representative Concentration Pathways (RCPs) (lines) and the 
associated scenario categories used ōȅ ǘƘŜ Lt//Ωǎ Working Group III (WGIII) (coloured areas show the 5 to 95% 
range). The WGIII scenario categories summarize the wide range of emission scenarios published in the scientific 
literature and are defined based on CO2-equivalent concentration levels (in ppm) in 2100. Here, only CO2 
concentrations are shown, while other greenhouse gas emissions are also taken into account in the establishment 
of the RCPs. Figure adapted from IPCC (2014a).  

Additionally, the following future representative timeframes are considered with respect to the 

 
1 http://euro -cordex.be  

http://euro-cordex.be/


 

 

(c) 2011, Vlaamse Instelling voor Technologisch Onderzoek (VITO) NV. Alle rechten voorbehouden. 

8 

reference timeframe 1976ς2005, also in line with the IPCC: 

¶ near-future: 2016ς2045 (change over 40 years) 

¶ mid-century: 1936ς2065 (change over 60 years) 

¶ end-century: 2071ς2100 (change over 95 years) 

Because of limited data availability and the variety of literature sources used, some information can 
only be provided in approximation to these scenarios or for similar (alternative) scenarios and/or 
timeframes, which will then be explicitly mentioned throughout the text. 

2.2. TEMPERATURE 

In line with the global trends of climate change, an increase in the average temperature is observed 
for Uccle, as shown in Figure 2-2. Since the 1970s, the rate of change amounts to 0.24 ᴈ per decade 
(Brouwers et al., 2015). It is expected that this will continue to increase towards the end of the 21st 
century according to the different simulations in the 5th Climate Model Intercomparison Project 
(CMIP5) and the magnitude largely depends on the emission scenario, see Figure 3. For the high-
resolution climate scenarios for Belgium under RCP8.5, the winter temperature in Uccle for the End-
Century (2071ς2100) is expected to increase by 3.0°C compared to the reference timeframe (1976ς
2005), and the summer temperature by 3.6°C. For the scenarios RCP4.5 and RCP2.6, the expected 
temperature rise is lower, respectively 1.6 and 0.4°C for the winter and 2.1 and 0.8°C for the summer.  

 

Figure 2-2. Evolution of the annual temperature deviation from the reference period 1850-1899 in Belgium 
(Uccle). Source: Brouwers et al. (2015). 

The high-resolution projections are an average of three independent climate models at very high 
resolution, considering local effects such as the influence of the North Sea, the hilly landscape and 
urbanization in Belgium. The uncertainty on each of these values is approximately 1°C (estimated from 
the interquartile range of the CMIP5 climate model ensemble shown in Figure 2-3 and arises from 
uncertainties on physical parameters as well as on global and local feedback effects of the climate 
system. Furthermore, for the near-future (mid-century), an average summer warming of 1.9 (1.3), 1.0 
(0.67) and 0.25 (0.17)°C is expected for the scenarios RCP8.5, RCP4.5 and RCP2.6, and a winter warming 
of resp. 2.3 (1.5), 1.3 (0.88) and 0.51 (0.34)°C. 
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Figure 2-3. Projected temperature change (oC) for Uccle towards the end of the 21st century with respect to the 
reference period (1976ς2005) averaged with a 30-year moving window. The median (lines) and interquartile 
ranges (shades) are shown from the different simulations in the 5th Climate Model Intercomparison project 
(CMIP5) under the 'Representative Concentration Pathways' with a radiative forcing of 4.5 W m-2 (RCP4.5, cyan) 
and 8.5 W m-2 (RCP8.5, red). Data from CMIP5 essential climate variables on cds.climate.copernicus.eu. 

Table 2-1 gives an overview of the projected temperature changes for Belgium for different scenarios 
and time horizons. Note that temperature of the RCP8.5 for the end-century horizon are estimated by 
the average of the three high-resolution model simulations for Belgium (Termonia et al., 2018). For 
RCP2.6 and RCP4.5 only one high-resolution model realization was available.  

However, projections of climate change primarily depend on the forcing scenario (Collins et al., 2013). 
Hence, temperature change of the three-model ensemble for RCP2.6 and RCP4.5 towards the end of 
the century is estimated by calculating the ratio of mean temperature change for these scenarios with 
respect to the RCP8.5 in the one-model realization, and subsequently applying these ratios on the 
average values of the three-model ensemble for RCP8.5. Furthermore, assuming that (decadal) 
temperature statistics are changing at a constant rate on the decadal time scales, the temperature 
changes for the near-future and mid-century timeframes are derived from the corresponding changes 
for end-century timeframe according to the ratios in time shifts between each timeframe and the 
reference period. The assumption of time invariance in temperature change has been applied in 
previous studies and validated based on transient climate model runs (Wouters et al., 2017). 

Table 2-1. Temperature change (in °C) for winter (December, January, February) and summer (June, July, August) 
in Belgium, for the periods 2016ς2045 (near-future), 2036ς2065 (mid-century), 2071ς2100 (end-century) 
compared to 1976ς2005 (reference period). 
  

Temperature change [°C] 
  

RCP2.6 RCP4.5 RCP8.5 

winter  

(ref. Uccle: 3.63°C) 

near-future +0.17 +0,67 +1.3 

mid-century +0.25 +1.0 +1.9 

end-century +0.40 +1.6 +3.0 

summer  

(ref. Uccle: 17.3°C) 

near-future +0.34 +0.88 +1.5 

mid-century +0.51 +1.3 +2.3 

end-century +0.8 +2.1 +3.6 

https://cds.climate.copernicus.eu/#!/home
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2.3. PRECIPITATION 

The amount of precipitation shows a very high variability from year to year. Still, the historical record 
of annual precipitation in Uccle (Figure 2-4) shows a slow but statistically significant and steady 
increase in annual precipitation (Brouwers et al., 2015) at a rate of 0.5 mm per year. As a consequence, 
annual rainfall is currently about 92 mm higher than at the start of the measurements in 1833.  

 

Figure 2-4. Observed annual precipitation change for Belgium. Source: Brouwers et al. (2015).  

According to ensemble model climate simulations, precipitation is expected to increase further 
towards the end of the century (Figure 2-5).  

 

Figure 2-5. Same as in Figure 2-3 but for annual precipitation (in mm). Source: based on CMIP5 essential climate 
variables on cds.climate.copernicus.eu. 

The high-resolution climate scenarios indicate a seasonal dependence: winter (December, January, 
February) precipitation is expected to increase by about 18% by the end of this century for the RCP8.5 
scenario, whereas for summer (June, July, August), a decrease of 10% is expected (Table 2-2). It needs 
to be noted that the uncertainty on the projected precipitation changes (as estimated by the 
interquartile range among the climate model simulations) relative to the magnitude of the change is 
higher than it is for temperature (compare Figure 2-5 with Figure 2-3). Also Tabari et al. (2015) find 
this seasonal dependence for Belgium with drier summers and wetter winters. 

 

 

 

https://cds.climate.copernicus.eu/#!/home
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Table 2-2. Precipitation change (in %) for winter (December, January, February) and summer (June, July, August) 
in Belgium, for the periods 2016ς2045 (near-future), 2036ς2065 (mid-century), 2071ς2100 (end-century) 
compared to 1976ς2005 (reference period). 
  

Precipitation change [%] 
  

RCP2.6 RCP4.5 RCP8.5 

winter (ref. 
Uccle: 21.9 
mm) 

near-future +1.0 +4.0 +7.6 

mid-century +1.5 +6.1 +11.4 

end-century +2.4 +9.6 +18.0 

summer 
(ref. Uccle: 
22.8 mm) 

near-future -1.0 -2.5 -4.3 

mid-century -1.4 -3.8 -6.5 

end-century -2.3 -6.0 -10.3 

 

Indeed, precipitation is prone to substantial internal climate variability due to the stochastic nature of 
the climate system but also due to the representation (and associated uncertainty) of precipitation 
physics as a process in the climate models. Because of this, the average value cannot be rescaled 
according to one available model realization, as was done for temperature above. Disregarding 
uncertainty related to internal climate variability and physics, (extreme) precipitation changes are 
expected to be proportional to warming (Fischer et al., 2014). As such, the precipitation values for 
other RCPs are rescaled from RCP8.5 according to the change of average temperature in Table 2-1. 

2.4. EXTREME HEAT 

Observations evidence that extreme heat episodes are on the rise, becoming both more intense and 
more frequent (Klein Tank et al., 2005; Della-Marta et al., 2007; Horton et al., 2015). Global climate 
projections that consistently point towards an increase in the number, frequency, and intensity of 
heatwaves (e.g., Diffenbaugh and Giorgi, 2012; Fischer and Schär, 2010; Schär et al., 2004; Vogel et al., 
2017; Meehl and Tebaldi, 2004) have shown that extremely hot summers such as in 2003 in Europe 
are likely to become fairly common towards the end of the century. In fact, such an increase is to be 
expected simply from the increase in average temperature, as illustrated in Figure 2-6, because of the 
shift in the rightmost tail of the temperature distribution. 

 

Figure 2-6. The effect of mean temperature increase on extreme temperatures, for a normal temperature 
distribution. Source: IPCC. 

Of course, this representation in Figure 2-6 is overly simplified as in reality the extremes may change 
more, or less, strongly than the average temperature. Indeed, as for other areas in Eurasia and North 
America, high temperature extremes in Belgium are expected to increase more strongly than the 
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average summer temperature (see Table 2-3 versus Table 2-1), as a result of enhanced temperature 
variability at inter-annual to intra-seasonal time scales (Collins et al., 2013). The enhanced variability 
can be further related to increasing trends in high pressure anticyclonic circulation (Horton et al. 2015) 
and the additional land desiccation during heatwaves under global warming (Rasmijn et al. 2018; Zhou 
et al. 2019; Miralles et al. 2014). Hence, it is expected that the frequency, length and intensity of 
heatwaves will increase even more. 

Table 2-3. Change of daily mean temperature extremes (in °C), considering return periods of 1 and 5 years, for 
winter (December, January, February) and summer (June, July, August) in Belgium, for the periods 2016ς2045 
(near-future), 2036ς2065 (mid-century), 2071ς2100 (end-century) compared to 1976ς2005 (reference period). 
  

Extreme temperature change [°C] 

  1-year return period 5-year return period 
  

RCP2.6 RCP4.5 RCP8.6 RCP2.6  RCP4.5 RCP8.5 

summer ς ref. 
Uccle: 26.3°C (1-yr) 
and 28.1°C (5-yr) 

near-future +0.38 +1.00  +1.71 +0.43 +1.12 +1.92 

mid-century +0.57 +1.50 +2.56 +0.64 +1.68 +2.88 

end-century +0.90 +2.37 +4.06 +1.01 +2.66 +4.56 

2.5. URBAN HEAT ISLAND 

Cities experience air temperatures in excess of rural values, especially at night, night-time 
temperatures being higher by a few °C on average, but increasing to 7-8°C and more under favourable 
conditions. In addition, recent studies (e.g., Li and Bou-Zeid, 2013; De Ridder et al., 2016) present 
evidence that the urban heat island intensity itself may increase during heatwaves. In an analysis 
covering several European cities, Hooyberghs et al. (2015) and Wouters et al. (2017) found that urban 
areas experience about twice as many heatwave days as their rural surroundings. 

In the past years, VMM and VITO have been monitoring the urban-rural temperature increment with 
pairs of climate stations deployed in and around Antwerp, Bruges, Brussels, Gent, Hasselt and Lier 
(Lauwaet et al., 2018a). Observed 2-m temperature values are processed to yield an indicator named 
ΨƘŜŀǘǿŀǾŜ ŘŜƎǊŜŜ ŘŀȅǎΩ όI55) (De Ridder et al., 2015a),  

ὌὈὈ ὝÍÉÎȟ ρψȢςЈ# ὝÍÁØȟ ςωȢφЈ# ȟ 

where the index i in the sum runs over all days in a year, and Tmin,i and Tmax,i are the daily minimum and 
maximum temperatures occurring within a year on day iΤ ǘƘŜ ΨҌΩ ǎȅƳōol featuring as a superscript 
means that only positive values are retained. In fact, this formula defines the heatwave degree days 
indicator as the annual sum of daily minimum and maximum temperatures over the thresholds of 
18.2°C and 29.6°C specified by the FPS Public Health (Brits et al., 2010). This way, the indicator contains 
both the duration and the intensity of a heatwave episode.  
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Figure 2-7. Number of observed heatwave degree days for the city centre of Antwerp (red) as compared to nearby 
rural locations (blue). Source: Milieurapport Vlaanderen1.  

The annual number of heatwave degree days for Antwerp and a nearby rural location for the period 
2012-2019 is shown in Figure 2-7, clearly presenting the consistently higher levels of heat stress 
occurring in the city. While the tendency in this figure is clearly upward, the time series is too short to 
draw conclusions regarding a long-term trend.  

City size does matter for urban heat island strength, but limited so. Aertsens et al. (2012) present an 
analysis of the UHI intensity (the urban-rural temperature difference) as a function of population 
density, for a diverse (in terms of city size) sample of cities (Brussels, Antwerp, Lier, Mechelen, Leuven, 
St.-Niklaas, Aalst, and Heist-op-den-Berg). While from their analysis it emerges that urban heat island 
intensity strongly correlates with population density, they also concluded that relatively small cities in 
this sample still exhibit a fairly strong heat island effect in comparison to their size.  

 

Figure 2-8. Urban heat island for a central portion of Belgium, derived from satellite imagery. The left panel shows 
background air temperature at 00:00 GMT, averaged over the period May-September 2008, with Brussels in the 
centre of the domain. The right panel shows average urban-rural temperature difference as a function of mean 

population density in the 10 km ³ 10 km area surrounding the city core, for the cities mentioned in the main text. 
Notice the logarithmic scale in the horizontal axis. Source: Aertsens et al. (2012). 

Wouters et al. (2017) studied the combined effect of the urban heat island phenomenon and climate 

 
1 https://www.milieurapport.be/milieuthemas/klimaatverandering/temperatuur/hitte-eilanden-in-steden  

https://www.milieurapport.be/milieuthemas/klimaatverandering/temperatuur/hitte-eilanden-in-steden
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change by means of regional climate model simulations. They found that, for a ΨƳƛŘŘƭŜ1Ω ǎŎŜƴŀǊƛƻ όǎŜŜ 
Table 2-4 and Figure 2-9) the number of heatwave days2 per year is expected to increase from 5.1 to 
16.8 in the cities for a mid-century time horizon, while for the countryside this will 'only' increase from 
0.9 to 7.1 heatwave days (Wouters et al., 2017). When considering the worst-case scenario, which in 
Wouters et al. (2017) exceeds RCP8.5 in severity, it is found that cities are projected to experience 41.5 
heatwave days per year on average by the end of the century.  

Table 2-4. Current and future number of heatwave days, mean intensity3 of heatwaves and heatwave degree days 
(HDD), the latter as defined above. Source: Wouters et al. (2017)4. 
  

1981ς2014 

(~ baseline) 
2041ς2074 (~ mid-century) 

   
best case 

(< RCP2.6) 

middle case 

(~ RCP4.5) 

worst case 

(> RCP8.5) 

rural 
areas 
 

heatwave days [day] 0.9 1.6 7.1 26.9 

intensity [°C] 2.7 2.9 3.5 5.4 

HDD [°C day] 2.4 4.6 24.9 145 

urban 
areas 
 

heatwave days [day] 5.1 6.4 16.8 41.5 

intensity [°C] 3.3 3.5 5 6.2 

HDD [°C day] 16.8 22.4 84 254 

 

In addition to the number of heatwave days, the intensity of the heatwaves is also increasing. As a 
result, heat stress (as expressed through the heatwave degree days indicator) is 2-3 times higher in 
cities than in rural areas (Table 2-4). Finally, Wouters et al. (2017) found that, while the overall warming 
associated with global climate change contributes most to the overall increase in heat stress, a large 
additional heat stress may be attributed to (projected) urban growth scenarios (Figure 2-10). 

 
1 Note that, while the scenarios in Wouters et al. (2017) differ from the RCP scenarios, it is possible to loosely 
establish a correspondence between both clŀǎǎƛŦƛŎŀǘƛƻƴǎΥ ǘƘŜ ΨƭƻǿΩ ǎŎŜƴŀǊƛƻ ŎƻǊǊŜǎǇƻƴŘǎ ǘƻ ǘƘŜ ƭƻǿŜǊ ŜƴŘ ƻŦ 
RCP2.6, the middle scenario is within the range of RCP4.5 and the high scenario is at the higher end of RCP8.5 
(Wouters et al., 2017, see their Figure S7). 
2 In Belgium, a heatwave ς according to the (health related) definition of Brits et al. (2010) ς is a period of at least 
3 consecutive days with daily maximum and minimum temperature exceeding 29.6°C resp. 18.2°C. 
3 The heatwave intensity is calculated as the average exceedance of temperature values above the 18.2°C and 
29.6°C thresholds (for minimum resp. maximum daily temperature) during the heatwave days (see above). 
4 https://nieuws.kuleuven.be/nl/2017/steden-puffen-vaker-onder-extreme-hitte-als-gevolg-van-
klimaatverandering)  

https://nieuws.kuleuven.be/nl/2017/steden-puffen-vaker-onder-extreme-hitte-als-gevolg-van-klimaatverandering
https://nieuws.kuleuven.be/nl/2017/steden-puffen-vaker-onder-extreme-hitte-als-gevolg-van-klimaatverandering
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Figure 2-9. Simulated number of annual heatwave days for the periods 1981ς2014 (left) and 2041ς2074 (right) 
ŀŎŎƻǊŘƛƴƎ ǘƻ ŀ ΨƳƛŘŘƭŜΩ ŎƭƛƳŀǘŜ scenario that approximates RCP4.5. Source: Wouters et al. (2017). 

 

Figure 2-10. Simulated number of heatwave days per year for 1981ς2014 and considering different urban growth 
and climate change scenarios for 2041ς2074. The climate scenarios (historic, and best-middle-worst case) go 
from left to right. The upper panels show simulation results obtained by keeping urban land cover as it is today; 
the lower panels are from simulations in which urban areas were allowed to grow (business-as-usual scenario), 
which is reflected in slightly higher urban temperatures (related to larger city size) in the lower panels. Source: 
Wouters et al. (2017). 

The comparison of the climate scenarios used in Wouters et al. (2017) with those employed in the 
present study (which is based on the RCP scenarios as explained above) is not entirely straightforward. 
However, studies that do use the RCP scenarios draw a similar picture of a strongly increasing heat 
burden in and around cities. For instance, Hooyberghs et al. (2015), simulating ǿƛǘƘ ±L¢hΩǎ UrbClim 
model (De Ridder et al., 2015b) the number of heatwave days for Antwerp (Figure 2-11) at the end of 
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ǘƘŜ ŎŜƴǘǳǊȅ ǳƴŘŜǊ w/tуΦрΣ ŀƴŘ ǳǎƛƴƎ ǘƘŜ ǎŀƳŜ ŘŜŦƛƴƛǘƛƻƴ ƻŦ ΨƘŜŀǘǿŀǾŜ ŘŀȅǎΩ ŀǎ ǳǎŜŘ ƛƴ ²ƻǳǘŜǊǎ Ŝǘ ŀƭΦ 
(2017), find an increase from a few heatwave days per year up to 25 and more in the urban portion of 
the domain, the value in rural areas being of the order of 15. (Note that in this study no account was 
made of urban growth scenarios.) Overall, it is fair to say that urban climate projections point towards 
an approximately tenfold increase in the number of heatwave days towards the end of the century, 
when considering a high climate scenario.  

 

Figure 2-11. Mean annual number of heatwave days simulated for the Antwerp area for the period 2081-2100 
under scenario RCP8.5. Source: Hooyberghs et al. (2015).  

To end this urban section, we would like to point out that ς while local measures (e.g. urban green) 
surely can help to combat the excess heat in cities ς even the most drastic infrastructure-based urban 
adaptation strategies can bring only marginal relief to global warming (Krayenhoff et al., 2018). At the 
same time, even if aspirations to avoid dangerous climate change such as the Paris Agreement are 
realized, large increases in the frequency of deadly heat episodes should be expected (Matthews et 
al., 2017).  

2.6. COLD EPISODES 

Global warming is expected to reduce wintertime cold episodes. Table 2-5 and Figure 2-12 show the 
projected trends in the mean of the wintertime daily minimum temperatures compared to the value 
of 1980.  

Table 2-5. Average values of the daily minimum temperature for the time horizons and climate scenarios shown 
in Figure 2-12, together with their uncertainty. Note that the source where these data were taken from does not 
include scenario RCP2.6. 

 RCP4.5 RCP8.5 

2031-2060 (1.5 ° 0.4)°C  (1.8 ° 0.4)°C 

2071-2100 (2.2 ° 0.4)°C  (3.5 ° 0.4)°C 
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Figure 2-12. Projected average of the daily minimum winter temperature for Belgium, considering the RCP4.5 and 
RCP8.5 scenarios, compared to the 1980 value. {ƻǳǊŎŜΥ /ƻǇŜǊƴƛŎǳǎ /ƭƛƳŀǘŜ /ƘŀƴƎŜ {ŜǊǾƛŎŜΣ Ψ/ƭƛƳŀǘŜ ǇǊƻƧŜŎǘƛƻƴǎ 
ƻŦ 9ǳǊƻǇŜŀƴ ǘŜƳǇŜǊŀǘǳǊŜ ŜȄǇƻǎǳǊŜΩ1. 

2.7. EXTREME PRECIPITATION AND STORMS 

Where extreme temperatures are causing the highest proportion of deaths, floods (38%) and storms 
(30%) accounts for most of the global economic losses during the 1970ς2012 period (334 billion Euros 
in economic damages), see Golnaraghi et al. (2014). For Belgium (Uccle), the number of days with 
heavy precipitation of at least 20 mm per day shows a statistically significant increasing trend for Uccle. 
A year currently counts an average of 5 to 6 days with heavy rainfall, whereas this number was only 3 
in the early 1950s (Brouwers et al., 2015), see Figure 2-13. 

 

Figure 2-13. Evolution of heavy precipitation since 1951 for Uccle. Figure adapted from Brouwers et al. (2015). 

 
1 https://cds.climate.copernicus.eu/cdsapp#!/software/app-health-temperature-exposure-
projections?tab=app  

https://cds.climate.copernicus.eu/cdsapp#!/software/app-health-temperature-exposure-projections?tab=app
https://cds.climate.copernicus.eu/cdsapp#!/software/app-health-temperature-exposure-projections?tab=app


 

 

(c) 2011, Vlaamse Instelling voor Technologisch Onderzoek (VITO) NV. Alle rechten voorbehouden. 

18 

The Belgian high-resolution climate models employed in CORDEX.be have revealed that the increasing 
trend for heavy precipitation is expected to continue, and the probability of heavy precipitation τ 
both on a daily and hourly basis τ will become more extreme in the future in both the North and 
South of the country (Vanden Broucke et al., 2017; Helsen et al., 2019), see Table 2-6 and Table 2-7. 

 

Figure 2-14. End-of--century (2070ς2100) relative change (future/present) in the exceedance frequency of 
extreme hourly precipitation intensities during summer (JJA) for Flanders (upper panels) and the Ardennes (lower 
panels) for the day-time period (12ς18 UTC) for two high-resolution climate models ALARO-0 (left panels) and 
COSMO-CLM (right panels). Values higher than one indicate an increase in extremes, while one means no change. 
Note that the precipitation intensities labelled on the horizontal axes correspond to the mean of the intensities of 
all CPS1 models corresponding to the percentiles indicated at the top of the figure. Note that the scale of the y-
axis differs between the upper and lower panels. Note also that all changes were found to be statistically 
significant, except for P95 of ALARO-0. Results are shown for both low-resolution (non-CPS) and high-resolution 
(CPS) climate resolution model setups. Figure source: Helsen et al. (2019). 

Moreover, the increase in occurrence of heavy precipitation events (Figure 2-14) is higher than that of 

 
1 Convection Permitting Simulations (CPS) are conducted with models that allow the direct physical simulation 
of convective processes, i.e., the processes that drive thunderstorms, which may give rise to local shortlived 
extremely high precipitation amounts.  
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more mild precipitation (Vanden Broucke et al., 2017; Helsen et al., 2019). For the high-end emission 
scenario RCP8.5, the daily (hourly) intensity of the extreme precipitation with 1-year and 5-year return 
periods in summer τ currently 27 mm/day (42 mm/day) at Uccle, respectively τ increase by 37% 
(7.3%) and 10% (15%), whereas those in winter τ currently 19 mm/day (29 mm/day) τ by 34% 
(32.0%) and 26% (45%). The changes are expected to be lower for the other emission scenarios. For 
example, for summer, the increase in daily (hourly) intensity of extreme precipitation with 5-year 
return period is 21.6% (8.8%) for RCP4.5 whereas it is 8.2% (3.3%) for RCP2.6. The results for the other 
combinations of representative timeframes, variables and scenarios can be found in Table 2-6 and 
Table 2-7.  

With respect to hail, climate projections conducted within CORDEX.be (Termonia et al., 2018) for the 
end of the century under IPCC scenario RCP8.5 point towards a reduced number of hail events but an 
increase of the main hailstone size. 

Table 2-6. Change in extreme daily precipitation (in %) occurring with a return period of 1 and 5 years, for winter 
(December, January, February) and summer (June, July, August) in Belgium, for the periods 2016ς2045 (near-
future), 2036ς2065 (mid-century), 2071ς2100 (end-century) compared to 1976ς2005 (reference period). Values 
are derived from Termonia et al. (2018). 

 
 

1-year return period 5-year return period 

  RCP2.6 RCP4.5 RCP8.5 RCP2.6 RCP4.5 RCP8.5 

winter near-future +1.5 +5.8 +10.9 +1.9 +7.6 +14.3 

mid-century +2.2 +8.8 +16.4 +2.9 +11.5 +21.5 

end-century +3.5 +13.9 +26.0 +4.5 +18.1 +34.0 

summer near-future +0.9 +2.5 +4.2 +3.5 +9.1 +15.6 

mid-century +1.4 +3.7 +6.3 +5.2 +13.6 +23.4 

end-century +2.2 +5.8 +10.0 +8.2 +21.6 +37.0 

 

As for mean precipitation, extreme precipitation statistics are also highly variable among climate 
model members, hence the values cannot be rescaled according to one available model realization as 
well. Changes in extreme temperature also expected to be proportional to warming (Fischer et al., 
2014), hence the values for other RCPs are rescaled from RCP8.5 according to the change of average 
temperature in Table 1. 

Table 2-7. As Table 2-6, but for extreme hourly precipitation. Values are derived from Termonia et al. (2018). 

 
 

1-year return period 5-year return period 
  

RCP2.6 RCP4.5 RCP8.5 RCP2.6 RCP4.5 RCP8.5 

winter near-future +1.8 +7.2 +13.5 +2.5 +10.1 +18.9 

mid-century +2.7 +10.8 +20.2 +3.8 +15.2 +28.4 

end-century +4.3 +17.1 +32.0 +6.0 +24.0 +45.0 

summer near-future +0.7 +1.8 +3.1 +1.4 +3.7 +6.3 

mid-century +1.0 +2.7 +4.6 +2.1 +5.5 +9.5 

end-century +1.6 +4.3 +7.3 +3.3 +8.8 +15.0 
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2.8. URBAN FLOODING 

Urban sprawl leads to an additional share of impervious surfaces that inhibits penetration of water 
into the soil, which will further increase risks related to extreme precipitation (Brouwers et al., 2015; 
OECD, 2018). However, tools and assessments still need to be developed further for quantifying the 
societal impacts of increasing extreme precipitation under the joint effects of climate change, land-use 
change, and adaptation strategies (Arnbjerg-Nielsen et al., 2013). 

2.9. EXTREME WIND  

Observations from the past 30 years (Figure 2-15) do not show a clear trend in the occurrence of 
extreme wind speed values in Belgium. Also, projections for the daily average wind speed in Europe 
do not show a clear trend towards the future (see, e.g. Dantec and Roux, 2019). This appears to be 
also the case for Belgium, although it is expected that the wind speed during the most intense storms 
may increase by up to 30% (Brouwers et al., 2015). 

 

Figure 2-15. Wind speed extremes observed over the past 30 years. Based on data from RMI1.  

2.10. DROUGHTS AND WATER SCARCITY 

Droughts cause water scarcity for agriculture, industry and households and is also detrimental for 
natural ecosystems and recreation. The occurrence and severity of droughts depends on both the total 
precipitation (either annual or seasonal) and its dispersal in time. The consequential water scarcity is 
balanced further by the fraction of precipitation that evaporates back to the atmosphere (e.g., due to 
higher temperature) or that is lost run-off to sewerage and river systems (e.g., due to more intense 
rainfall), and the water use. Because of the intensive water use in a dense population and industry, 
Belgium is a hot spot for risk of water shortage and is currently ranked 22 out of 164 countries (ahead 
of e.g. Spain and Greece) for the water stress indicator (the Water Exploitation Index or WEI) employed 
by the World Resources Institute (WRI)2, and characterized with high water stress, hence highly 
vulnerable to droughts. 

It should be noted that, even though the WEI is still widely used, currently a transition towards a new 
indicator (the WEI+) is taking place. The latter accounts for the effect of cooling water being taken and 
subsequently discharged, resulting in a much lower effective water usage, hence putting Belgium in a 
much less adverse water stress-situation. Still, as also noted by Tabari et al. (2015), future summer 
water availability is expected to decline with climate change.  

A comprehensive study on drought in Europe was performed by Spinoni et al. (2017). They found that, 

 
1 Available from https://www.datawrapper.de/_/s9r7n/  
2 https://wri.org/applications/aqueduct/country-rankings/  

https://www.datawrapper.de/_/s9r7n/
https://wri.org/applications/aqueduct/country-rankings/
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under the moderate emission scenario (RCP4.5), droughts are projected to become increasingly more 
frequent and severe in the Mediterranean area, western Europe, and northern Scandinavia, whereas 
the whole European continent, with the exception of Iceland, will be affected by more frequent and 
severe extreme droughts under the most severe emission scenario (RCP8.5), especially after 2070. 
Seasonally, drought frequency is projected to increase everywhere in Europe for both scenarios in 
spring and summer, especially over southern Europe, and less intensely in autumn; on the contrary, 
winter shows a decrease in drought frequency over northern Europe. For the macro-region of northern 
France and the Benelux they found a moderate increase in drought frequency in the past and a strong 
increase under the different climate scenarios. Dantec and Roux (2019) mention extreme drought 
stress as one of the most worrisome future climate impacts, largely caused by enhanced 
evapotranspiration, also in the northern parts of France, i.e., the regions bordering Belgium.  

In Belgium, recent years have been characterized by increasing drought. In particular in the years 2011, 
2017, 2018 and 2019, Belgium was confronted with extreme drought during summer. Nevertheless, as 
indicated above, total annual precipitation is increasing in Belgium under climate change. There is no 
clear trend yet in the severity of droughts (expressed as the longest dry period either during the whole 
year or during the growing season) from past records for Uccle, see Figure 2-16 (Brouwers et al., 2015). 
However as mentioned above, projections indicate that the precipitation during summer, when 
droughts and water scarcity are the most likely, is declining. At the same time, projections indicate a 
decrease in number of wet days with 16% in summer for RCP8.5 towards the end of the century. For 
winter, a slight increase of 1.7% in wet days is expected for the same scenario (Table 8). As for 
temperature and precipitation changes, these projected changes in wet days are estimated by the 
averages of the high-resolution micro-ensemble reported in Termonia et al. (2018). The changes for 
the missing RCP scenarios are also rescaled from RCP8.5 according to the change of average 
temperature in Table 1. From the trends in summer, droughts in Belgium are expected to be more 
frequent and severe under climate change. 

Moreover, water scarcity during droughts will be aggravated further by higher levels of evaporation 
and run-off (overland water flow after precipitation, reducing water infiltration into the soil hence 
reducing water availability). Since the temperature increases, the atmosphere can retain more water, 
hence the amount of water that can potentially evaporate from the surface (potential evaporation) 
also increases, as is clear from Figure 2-14 (Brouwers et al., 2015). The trend in potential evaporation 
is also significant with a rate of 32 mm/yr per decade, or τ expressed as a function of the simultaneous 
temperature trend since 1981 τ 87 mm/yr per °C temperature change. Hence, more precipitation is 
evaporated back into the atmosphere which in turn decreases the water supply. Since the temperature 
will increase further, the capacity of the atmosphere to retain water also increases, and this leads to a 
further increase in evaporation of the water from the ground to the atmosphere. Assuming that, since 
1981, the ratio between temperature change and potential evaporation change remains 87 mm/yr per 
°C temperature change (see above), the potential evaporation will increase by about 261 mm/yr for 
end-century in the case of RCP8.5. It should be noted, however, that the further trend in evaporation 
also depends on other meteorological parameters than temperature, including air humidity levels and 
cloudiness. At the same time, more water is getting lost to run-off because precipitation occurs in more 
intense events (see previous section) resulting in less time for the precipitation to drain into the soil. 
Moreover, the increase in urban sprawl increases the vulnerability to drought, because the increasing 
amount of impervious surfaces leads to more run-off. Finally, the higher temperature during summer 
in the future may increase the water usage (e.g., for cooling applications) by energy, industry and 
households, hence also increases the vulnerability to droughts. 
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Figure 2-16. Longest dry period among years and among growing seasons. Adapted from Brouwers et al. (2015). 

From the above tendencies, it is expected that there will be more frequent and more severe droughts, 
a reduction in (ground)water supply from rainwater. Hence in the case of unchanged water 
management, one can expect episodes of more severe water scarcity for Belgium, affecting 
agriculture, industry and households. In addition, the desiccation of the natural areas is expected to 
cause an increasing danger in forest fires (Bedia et al., 2013) and to impact habitat suitability of fauna 
and flora. Different adaptation measures need to be considered, including the increase in water-use 
efficiency and (winter) storage capacity of storm water for bridging droughts during summer.  

 

Figure 2-17. Observed evolution of potential evaporation. Adapted from Brouwers et al. (2015). 

Finally, it should be noted that the above analysis only offers a qualitative description for future 
droughts and water scarcity based on trends in the available climate parameters. More research is 
needed for a more quantitative description of droughts and water shortage, e.g., by employing more 
comprehensive future hydro-climate indicators. 

 

 

 

 

 

 



 

 

(c) 2011, Vlaamse Instelling voor Technologisch Onderzoek (VITO) NV. Alle rechten voorbehouden. 

23 

Table 2-8. Projected average annual number of wet days for winter and summer. Percentual changes are 
ŜȄǇǊŜǎǎŜŘ ǿƛǘƘ ǊŜǎǇŜŎǘ ǘƻ ǘƘŜ ΨŎǳǊǊŜƴǘΩ όмфтс-2005) number of wet days in the summer/winter month, which are 
shown on the left. Numbers are derived from Termonia et al. (2018). 
  

Number of wet days 
  

RCP2.6 RCP4.5 RCP8.5 

winter 
(current: 48 
out of 90) 

near-future +0.1% +0.4% +0.7% 

mid-century +0.1% +0.6% +1.1% 

end-century +0.2% +0.9% +1.7% 

summer  

(current: 38 
out of 92) 

near-future -1.5% -3.9% -6.7% 

mid-century -2.2% -5.9% -10.1% 

end-century -3.6% -9.3% -16.0% 

2.11. SEA LEVEL RISE 

Sea level rises with global warming due to the expansion of seawater, the melting of glaciers and small 
ice sheets and the steady shrinking of the large ice sheets in Greenland and Antarctica. The rapid 
erosion on the edges of the Greenland and West Antarctic ice sheets also contributes to sea level rise. 
Sea ice, such as in the Arctic, makes no contribution. It floats at sea and moves just as much water as 
its own weight according to Archimedes' law. The melted water from sea ice replaces the displaced 
water and does not change the level of the sea level. Up to now, during the period 1901ς2010, global 
sea level has risen by about 190 mm (Oppenheimer et al., 2019), and the current rate has been 3.24 
mm/year since 1993 (WMO, 2019). Sea level rise is non-uniform across the globe which is driven by 
geographical variations in ocean heat content and processes involving the atmosphere, geosphere and 
cryosphere (WMO, 2019). However, sea level rise for the North Sea coast closely follows the global 
average trend Attema et al. (2014). At Ostend, sea level has risen by 115 mm between 1951 and 2013 
(van Lipzig and Willems (2015); see Figure 14), which agrees well with the global trend of about 125 
mm for the same timespan (likely range: 75-155 mm; Oppenheimer et al., 2019). 

 

Figure 2-18Φ 9Ǿƻƭǳǘƛƻƴ ƻŦ ǎŜŀ ƭŜǾŜƭ ǊƛǎŜ ŀǘ ǘƘŜ .ŜƭƎƛŀƴ ŎƻŀǎǘƭƛƴŜ όhǎǘŜƴŘύΣ ŜȄǇǊŜǎǎŜŘ ŀōƻǾŜ ΨwŜǾƛǎŜŘ [ƻŎŀƭ 
wŜŦŜǊŜƴŎŜΩΦ CƛƎǳǊŜ ŀŘŀǇǘŜŘ ŦǊƻƳ .ǊƻǳǿŜǊǎ Ŝǘ ŀƭΦ όнлмрύΦ 

According to Oppenheimer et al. (2019), sea level will continue to increase, the rate strongly depending 
on the emission scenario. The local sea level rise is shown in Table 2-9, and remains similar to the global 
level rise (Figure 2-19). For the high-end baseline scenario RCP8.5, the sea level is expected to increase 
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with 69 cm (likely range: 43ς99 cm) in 2091ς2110 (~end-century) compared to 1991ς2010, whereas 
for the RCP4.5 and RCP2.6, a sea level rise of resp. 50 cm (likely range: 31ς73 cm) and 39 cm (likely 
range: 20ς63 cm) is expected.  

 

Figure 2-19. Future Global Mean Sea Level (GMSL ς vertical axis) for Representative Concentration Pathway (RCP), 
i.e., RCP2.6, RCP4.5 and RCP8.5, as used in IPCC Special Report on Ocean and Cryosphere in a Changing Climate 
(Oppenheimer et al., 2019) and, for the IPCC 5th Assessment Report (AR5) results (Church et al., 2013). Results 
are based on AR5 results for all components except the Antarctic contribution. The shaded region is considered 
to be the likely range (5th to 95th percentile range). Source: Oppenheimer et al. (2019). 

The values for other timeframes, i.e., 2021ς2040 (~near-future), 2046ς2065 (~mid-century), 2081ς

2100 (~end-century), are provided in Table 2-9. Beyond 2100, sea level will continue to rise for 
centuries due to continuing deep ocean heat uptake and mass loss of the Greenland ice sheet and 
Antarctic ice sheet even in case of no emissions, and will remain elevated for thousands of years 
(Oppenheimer et al., 2019). From these trends in sea level rise, it is expected that the surface area, the 
water depth and number of dangerously floodable vulnerable facilities for a millennial storm surge will 
increase under climate change towards the end of the century (Figure 2-20). 

Table 2-9. Global sea level rise at Oostende with respect to 1991ς2010 for different time horizons and climate 
projections, according to Kopp et al. (2014). ). The 66% uncertainty ranges are indicated by the values in brackets. 
Source: http://localslr.climateanalytics.org/location/Oostende.  
 

sea level rise [cm] 
 

RCP2.6 RCP4.5 RCP8.5 

2021ς2040 (~near-future)  13 [7ς19] 13 [8ς19] 14 [9ς19] 

2041ς2060 (~mid-century) 23 [13ς33] 23 [15ς33] 27 [17-38] 

2091ς2110 (~end-century) 39 [20ς63] 50 [31-73] 69 [43-99] 

http://localslr.climateanalytics.org/location/Oostende
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Figure 2-20. The surface area, the water depth and number of dangerously floodable vulnerable facilities in case 
of a millennial storm surge for the reference year 2017 (left) and 2075 (right). Figure adapted from Brouwers et 
al. (2015). 
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3. tI¸{L/![ Lat!/¢{ hC /[La!¢9 /I!bD9  

3.1. HEALTH 

3.1.1. Temperature-related mortality and morbidity 

Mortality  

Recent heatwaves have raised death tolls worldwide (Mora et al., 2017). Heatwaves give rise to an 
increased morbidity and mortality, especially in vulnerable population groups such as the elderly, 
young children, and persons suffering from cardio-vascular disease. In temperate climate zones 
heatwaves claim more victims than any other weather-related disaster (Borden and Cutter, 2008; 
WMO, 2014). A striking illustration of this is found in the comparison of the death toll attributed to 
Hurricane Katrina in 2005 (amounting to approximately 1500, see Beven et al., 2008) versus that of 
the European heatwave occurring in 2003 (70,000 reported heat-related deaths according to Robine 
et al., 2008). Also, the European (2003) together with the Russian (2010) mega-heatwaves contributed 
to more than 80% of all deaths caused by natural disasters in Europe between 1970 and 2012 
(Golnaraghi et al., 2014). 

Often, the mortality impact of heatwaveǎ ƛǎ ƳƛƴƛƳƛȊŜŘ ōȅ ƛƴǾƻƪƛƴƎ ǘƘŜ άƘŀǊǾŜǎǘƛƴƎέ ǇƘŜƴƻƳŜƴƻƴΣ ƛΦŜΦΣ 
the displacement of mortality by days or weeks. Stated otherwise, frail people die prematurely but not 
by much, as they would have died soon afterwards anyway. However, whereas minor heatwave 
episodes do induce a fair share of harvesting, this effect decreases with heatwave strength (Saha et 
al., 2014). In particular, for the European heatwave of 2003, it was found that the harvesting effect 
was modest (Toulemon and Barbieri, 2008). Indeed, while of the 15,000 excess deaths occurring in 
France some 4,000 would have died before the end of 2004 in any event, in the absence of the disaster 
the remaining 11,000 would have lived statistically 8-11 years longer, thus amounting to an estimated 
100,000 lost life-years in France alone (Keller, 2015). 

Estimates for the number of excess deaths during the summer of 2003 in Belgium vary, depending on 
the precise method and periods considered, but they roughly range between 1200-2000 extra death, 
see Table 3-1.  

Table 3-1. Excess mortality (in number of persons) associated with extreme heat during the summer of 2003 in 
Belgium. The differences in the figures cited between the sources are explained by the different baseline 
(statistical reference) periods used as well as by the periods considered (e.g., only the heatwave itself versus the 
extended summer).  

source excess mortality 

Robine et al. (2008) 1175 

Sartor (2004) 1258 

Kovats and Hajat (2008) 1297 

Bustos Sierra et al. (2019) 1742 

Cox et al. (2008) 2052 

In the period 2000-2018, the highest excess mortality in Belgium has been reported for the years 2003, 
2006 and 2010 (Bustos Sierra et al., 2019a). Not surprisingly, these years were characterized by high 
temperatures and high levels of atmospheric pollution (ozone and particulate matter). The causality is 
not always very clear, though, as e.g. the summer of 2018, despite high temperatures and ozone peaks, 
did not cause any excess mortality at all. Among other things, this can be related to the high mortality 
in the 2017/18 winter period, during which a larger number of people succumbed to influenza (Nielsen 
et al., 2019), many of those people typically being at a higher risk to also die from summertime excess 
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heat (Bustos Sierra et al., 2019a).  

The summer of 2019 was extraordinary in its record observed temperatures, exceeding 40°C at several 
locations and shattering previous highs by several degrees. Yet, while a full analysis was not available 
at the time of writing, a first examination yields ŀ ǊŀǘƘŜǊ ΨƳƻŘŜǎǘΩ όŜΦƎΦΣ ŎƻƳǇŀǊŜŘ ǘƻ нллоύ ŜȄŎŜǎǎ 
mortality of 7161, though this figure only relates to excess death that occurred during the heatwave 
periods themselves, excluding excess mortality in the ensuing weeks. It should be noted, though, that 
during the second heatwave at the end of July, a very high excess mortality of 35% was registered in 
the Brussels Region, a possible explanation being the temperature increment associated with the 
urban heat island of the city.  

Of course, the relatively low mortality in 2019 could be the result of preventive measures (e.g., heat-
health action plans) that have been taken as a reaction to the high mortality occurring in 2003. Indeed, 
in France a comparison of the hot summers of 2003 and 2006, and the associated expected number of 
deaths, suggest that measures taken following the 2003 heatwave have reduced mortality in 2006 
(Fouillet et al., 2008). 

One of the most certain impacts of global climate change is that of an overall increasing temperature, 
including also extreme temperatures. Forzieri et al. (2017), using historic mortality statistics for 
Belgium together with projected temperatures under a business-as-usual scenario (RCP8.5), estimate 
that the number of heat related deaths in Belgium will increase from a current average of 70 persons 
per year (1981-2010 baseline period) to more than 2800 towards the end of the century.  

Morbidity 

Apart from an enhanced mortality, high ambient temperature also causes heat-related illnesses such 
as heat exhaustion and heat stroke, and aggravates several common cardiovascular and pulmonary 
conditions (Borden and Cutter, 2008), potentially leading to an increased number of hospital 
admissions and ambulance calls (Li et al., 2015; Wondmagegn et al., 2019).  

A large number of studies associating heat with enhanced hospital (emergency department) 
admissions has been conducted in the US and Canada (Ordon et al., 2016; Isaksen et al., 2015, Liss et 
al., 2017; Fuhrman et al., 2016), 

¶ showing heat related increase of renal colic, nephritis and nephrotic syndromes, acute renal 
failure, ischemic stroke and intestinal infections; 

¶ some studies pointing out the importance of considering human thermal comfort indicators 
that account for humidity alongside temperature; 

¶ revealing that heat related hospital admissions of elderly persons are high, particularly during 
the first heatwave occurring in a season, declining with subsequent heatwave episodes; 

¶ showing a particular vulnerability also of a much younger group, adolescents, caused by 
enhanced exposure associated with the timing of organized sports during summertime.  

A study conducted in Italy (Ghirardi et al., 2015) also pointed to (young) children as being vulnerable 
to heat related illness and emergency department admissions.  

Apart from increased hospital admissions, heat also triggers an increased number of ambulance calls 
during heat episodes, by up to 50% as found in studies conducted in Australia by Williams et al. (2012) 
ŀƴŘ ¢ǳǊƴŜǊ Ŝǘ ŀƭΦ όнлмоύΦ LƴǘŜǊŜǎǘƛƴƎƭȅΣ ǘƘŜ ŦƻǊƳŜǊ ǎǘǳŘȅ ŦƻǳƴŘ ŀƴ ƛƴŎǊŜŀǎŜ ƴƻǘ ƻƴƭȅ ŦƻǊ ΨǊŜƎǳƭŀǊΩ ƘŜŀǘ 
related illness but also for mental health disease, also see below. 

Little information appears to be available regarding the impact of heat stress on morbidity for the 
specific Belgian situation. Cox et al. (2016) found that in Belgium high ambient temperature may trigger 
preterm delivery (i.e. premature child birth), which is not only one of the main causes for infant 

 
1 https://www.sciensano.be/nl/pershoek/3-perioden-van-oversterfte-tijdens-de-zomer-van-2019  

https://www.sciensano.be/nl/pershoek/3-perioden-van-oversterfte-tijdens-de-zomer-van-2019
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mortality but also affects health at later stages in life.  

During the summer of 2019 newspapers reported1 excess heat-related emergency department 
admissions of around 15-20 persons per day in each of the hospitals of Genk, Hasselt and Sint-Truiden 
during extremely hot days. Especially the elderly were concerned, and they generally sought help for 
dehydration and cardiac and respiratory difficulties. Extrapolating these figures to the whole of 
Belgium ς and considering that the country counts 105 hospitals with an emergency department2 ς 
yields an approximate 2000 daily extra hospital admissions country-wide on heatwave days. Obviously, 
this is, at best, a very rough order-of-magnitude guess that completely ignores regional differences, 
among others. 

Mental health 

Extreme heat also affects mental health: it has been associated with a higher incidence of mood 
disorders, attempts to commit suicide, increased aggression and violence, and overall negative 
consequence for mental health (Bourque and Willox 2014; Noelke et al. 2016; Thompson et al. 2018). 
A study conducted in Belgium by Linkowski et al. (1992) indicates that high temperatures, together 
with sunlight duration, is related to the probability of violent suicide. Indirectly, extreme temperatures, 
through their adverse impacts on, e.g., crop yield (Carleton, 2017) or health impairment (Berry et al. 
2010) can lead to enhanced mental health problems including increased suicide rates.  

Patients with mental disorders are more sensitive to high temperature exposures (Almendra et al. 
нлмфύΦ !ƴǘƛǇǎȅŎƘƻǘƛŎǎ Ŏŀƴ ƛƴǘŜǊŦŜǊŜ ǿƛǘƘ ǊŜƎǳƭŀǘƻǊȅ ǘŜƳǇŜǊŀǘǳǊŜ ŦǳƴŎǘƛƻƴǎ ŀƴŘ ŘŜŎǊŜŀǎŜ ǘƘŜ ōƻŘȅΩǎ 
capacity to shed heat, by adversely affecting the parasympathetic nervous system, i.e., by suppression 
of perspiration. This, in turn, can induce alterations in pharmacokinetics of other psychotropic drugs, 
ƛƴŎǊŜŀǎƛƴƎ ǘƘŜ Ǌƛǎƪ ƻŦ ŘǊǳƎ ǘƻȄƛŎƛǘȅ όaŀǊǘƛƴπ[ŀǘǊȅ Ŝǘ ŀƭΦ, 2007). In addition, a reduced autonomic nervous 
system functioning owing to antipsychotic medicine intake has been found to contribute to heat stress 
and development of depression, especially in the elderly (Chen et al. 2019). Moreover, some 
schizophrenic patients manifest cognitive impairment that can affect their ability to evaluate the 
environmental temperature and act adequately (Zhao et al. 2016).  

aƻǊŜ ƛƴŦƻǊƳŀǘƛƻƴ ǊŜƎŀǊŘƛƴƎ ǘƘŜ ƛƳǇŀŎǘ ƻŦ ƘŜŀǘ ŀƴŘ ƻǘƘŜǊ ŎƭƛƳŀǘŜ ƛƴŘƛŎŀǘƻǊǎ ƛǎ ŀǾŀƛƭŀōƭŜ ƛƴ ~őŀǎƴȇ Ŝǘ 
al. (2020). 

Urban heat exposure  

As outlined in Section 2.5, urban areas exhibit additional heat stress because of the urban heat island 
effect. Because of this UHI increment, cities are particularly exposed to heatwaves. Moreover, urban 
residents are particularly vulnerable to extreme heat, not only because of the extra temperature 
increment in cities, but also because of the high concentration of vulnerable people living in cities, 
such as elderly isolated persons, or people living in poor housing conditions. 

In a study on Berlin, it was found that during heatwaves, mortality rates were higher in the city, 
especially in the most densely built-up districts (Gabriel and Endlicher, 2011). In a study on Paris 
(Dousset et al., 2011), it was concluded that, during the heatwave of the summer of 2003, areas 
exhibiting the highest remotely sensed nighttime infrared surface temperature suffered the highest 
excess mortality. Again considering the hot summer of 2003, Vandentorren et al. (2004) found that 
heat-related excess mortality was especially high in cities, Paris featuring on top with an excess 
mortality of nearly 140% during the period 1-19 August 2003. Even though this enhanced excess 
mortality can, at least partly, be attributed to the vulnerability of the urban population (e.g., a larger 

 
1 https://www.hln.be/in-de-buurt/genk/-twintig-patienten-per-dag-extra-op-spoed-door-hitte-ziekenhuizen-
zien-aanmeldingen-stijgen~ab944dbb/  
2 https://www.health.belgium.be/nl/gezondheid/organisatie-van-de-gezondheidszorg/delen-van-
gezondheidsgegevens/gezondheidszorginstellingen  

https://www.hln.be/in-de-buurt/genk/-twintig-patienten-per-dag-extra-op-spoed-door-hitte-ziekenhuizen-zien-aanmeldingen-stijgen~ab944dbb/
https://www.hln.be/in-de-buurt/genk/-twintig-patienten-per-dag-extra-op-spoed-door-hitte-ziekenhuizen-zien-aanmeldingen-stijgen~ab944dbb/
https://www.health.belgium.be/nl/gezondheid/organisatie-van-de-gezondheidszorg/delen-van-gezondheidsgegevens/gezondheidszorginstellingen
https://www.health.belgium.be/nl/gezondheid/organisatie-van-de-gezondheidszorg/delen-van-gezondheidsgegevens/gezondheidszorginstellingen
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share of isolated elderly people), increased mortality has been associated with the urban temperature 
increment itself (Keller, 2015). 

In Belgium, accounting for urban effects is particularly important given that the share of people living 
in cities and towns amounts to 87% (situation of 2015; see Lavalle et al., 2017), putting the country 
among the top urbanized regions in Europe. Considering mortality data for Belgium presented in 
Bustos Sierra et al. (2019a) by region, it emerges that Brussels has a higher excess mortality (when 
expressed as a percentage, not in absolute numbers) than the Flemish and Walloon Regions. Also here, 
this has been attributed to the excess temperature increment occurring in Brussels, caused by the 
urban heat island phenomenon.  

 

Figure 3-1. Evolution of the annual average number of heatwave days under the RCP8.5 scenario for Liège, for 
the present (1996-2015, left), near future (2026-2045, middle) and end of the century (2081-2100, right). Source: 
Poelmans et al., 2018. 

 

Figure 3-2. Statistical distribution of the number of persons in Liège that are exposed to a given number of 
heatwave days each summer, for the years 1996-2015 (blue) and 2026-2045, RCP8.5 (red). Source: Poelmans et 
al. (2018). 

A few studies have considered heat exposure in Belgian cities. The SMARTPOP1 project considered, 
among other things, exposure to excessive heat stress in the city of Liège. The calculation of heatwave 
days used in this assessment is based on the definition of the Belgian Federal Public Service for Health, 
which defines a heatwave day as a day for which the 3-day mean maximum temperature exceeds 30°C 
and the 3-day mean minimum temperature exceeds 18°C2. Figure 3-2 shows the evolution of the 

 
1 http://www.smartpop.be/ 
2 Note that these temperature thresholds are rounded off from the threshold values of 18.2°C and 29.6°C that 

http://www.smartpop.be/
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number of heatwave days for Liège and surroundings over the next century under the RCP8.5 scenario. 
Where nowadays people in the city centre experience up to 5 heatwave days per year (compared to 1 
to 2 days for people living in rural areas), these numbers double before mid-century and are more than 
5 times larger by the end of the century. This means that if the world continues on the cǳǊǊŜƴǘ ΨōǳǎƛƴŜǎǎ 
ŀǎ ǳǎǳŀƭΩ ǘǊŀŎƪΣ ŀƭƳƻǎǘ ол҈ ƻŦ ǎǳƳƳŜǊ Řŀȅǎ όǘƘŜ ǎǳƳƳŜǊ ōŜƛƴƎ ǘŀƪŜƴ ƘŜǊŜ ŀǎ WǳƴŜ-July-August) will be 
a heatwave day by the end of the century, on average. While some years will experience less, natural 
interannual variability will cause years with many more heatwave days. 

Overlaying (1) the population density in 2008 and the projected values in 2050 as predicted by a 
population scenario with (2) the heatwave maps allows to calculate the exposure of the population in 
the Liège area to excessive heat now and in the future. Figure 3-2 shows that, while currently the main 
share of the population is exposed to 1-2 heatwave days on average each summer, this exposure will 
increase to 6-8 days already by 2026-2045. 

Another study carried out in the EU-FP7 NACLIM1 project, considered the city of Antwerp, linking 
excessive heat patterns with the spatial distribution of population density and socio-economic assets 
at the level of the statistical units composing the area. Figure 3-3 shows the annual mean number of 
heatwave days for Antwerp for the period 1986-2005, clearly featuring the urban heat island effect in 
the city core as compared to the surrounding areas. Figure 3-4 and Figure 3-5 show the same quantity 
but then for the near (2026-2045) and far (2081-2100) future under the RCP8.5 scenario. The picture 
arising from this is very consistent with the situation depicted above for Liège.  

Figure 3-6 gives the number of hospitals per statistical sector in the Antwerp area, showing that most 
are exposed to the warmer urban heat island portion of the domain. Likewise, Figure 3-7 shows that 
the urban heat island of Antwerp comprises a large number of elderly stay homes.  

 

Figure 3-3. Average annual number of heatwave days in Antwerp for 1986-2005 (Stevens et al., 2015). 

 

have been used in several other studies (Brits et al., 2010; Brouwers et al., 2015).  
1 www.naclim.eu  

http://www.naclim.eu/
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Figure 3-4. As in Figure 3-3 but for the years 2026-2045 under climate scenario RCP8.5. 

 

Figure 3-5. As in Figure 3-3 but for the years 2081-2100 under climate scenario RCP8.5. 
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Figure 3-6. Average number of heatwave days in Antwerp for 1986-2005 overlaid with number of hospitals 
occurring per statistical unit (Stevens et al., 2015).  

 

Figure 3-7. As in Figure 3-6 but considering the number of elderly stay facilities. 
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Finally, a study with relevance for Belgium was conducted recently within the framework of the FP7 
RAMSES project1, considering the relation between heat and mortality in the city of Antwerp (Sanchez 
et al., 2018). It was concluded that, while in the time frame 2009-2013 an average of 13.4 deaths per 
year in the city could be attributed to heat, under scenario RCP8.5 this figure would rise to 32 per year 
in 2026-2045, and to 86 per year in 2081-2100.  

Extrapolating this to the Belgian territory, considering that the city of Antwerp is home to 
approximately 0.5 million inhabitants against around 11 million in the entire country, this would yield 
a heat attributable mortality of almost 1900 per year. Obviously, this naïve approach ignores any 
regional or urban-rural differences. Nevertheless, the resulting estimate is nearly of the same order as 
the earlier cited number of 2800 deaths per year that was found by Forzieri et al. (2017) using a 
completely independent approach. Following the same procedure, the number of excess heat related 
death in the near future (time frame 2026-2045) can be estimated for Belgium to be 707 per year.  

Comparing this number of 1900 death per year to figures in Table 3-1, it is fair to conclude that, 
towards the end of the century, under scenario RCP8.5 and assuming that no physiological adaptation 
ǿƛƭƭ ǘŀƪŜ ǇƭŀŎŜΣ ƻƴŜ ǎƘƻǳƭŘ ŜȄǇŜŎǘ ŀ ΨǎǳƳƳŜǊ ƻŦ нллоΩ ǎŎŜƴŀǊƛƻ ƛƴ ǘŜǊƳǎ ƻŦ ƳƻǊǘŀƭƛǘȅ ŜǾŜǊȅ ȅŜŀǊΣ ƻƴ 
average. It is of course uncertain to what extent physiological adaptation to heat will occur in the 
Belgian population, and how fast this will take place, so the estimated heat attributable death figures 
could be an overestimate. On the other hand, the increasing share of elderly persons in the population 
was not accounted for in this study, which would probably have an effect in the opposite sense (i.e., 
an increase in mortality).  

Impacts of cold 

Exposure to cold can lead to direct effects such as hypothermia, or indirect pathologies such as 
cardiovascular disorders (hypertension, thrombosis) or respiratory infections (influenza, pneumonia) 
(Ballester et al., 2011). People with pre-existing cardiovascular and respiratory diseases and the elderly 
are the most vulnerable (Ryti et al., 2015; Hajat et al. 2017). In fact, in temperate climates as in Belgium, 
it is not the direct impact of (extreme) cold that claims most victims. Indeed, most of the mortality 
during the cold season can be attributed to diseases that flourish in conditions of cold weather, such 
as influenza.  

Currently, the death toll associated with winter cold still far exceeds that of death figures related to 
summer heat. To put things in perspective, consider the number of 152,000 death attributed to 
influenza in the 2017/18 winter season in Europe (Nielsen et al., 2019), compared to the death toll of 
70,000 attributed to the (exceptional) European heatwave of 2003 (Robine et al., 2008). Also, in 
Belgium, the expected all-cause daily mortality is up to around 320 in winter and 250 in summer (Cox 
et al., 2010). 

It is expected that, with climate change, cold-related mortality will be considerably reduced (Ciscar et 
al., 2011). Yet, climate models also predict that extreme cold weather events are still likely to occur 
over European continental areas and other mid- and high-latitude regions under 21st-century warming 
scenarios (Kodra et al. 2011).  

While Ballester et al. (2016) found strong associations between interannual variability in winter mean 
temperature and mortality (with higher seasonal cases during harsh winters) for most European 
regions, this was not the case for Belgium (together with the United Kingdom and the Netherlands). 
Nevertheless, they conclude that warmer winters should contribute to the decrease in winter mortality 
everywhere in Europe, hence also in Belgium.  

 
1 www.ramses-cities.eu  

http://www.ramses-cities.eu/
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Figure 3-8. Observed relationship between daily mean apparent temperature and mortality for the Benelux. Note 
that the apparent temperature (definition provided in Ballester et al, 2011) is a combination of air temperature 
and humidity and represents the perceived heat stress better than air temperature alone. Source: supplementary 
material from Ballester et al. (2011).  

Also, Ballester et al. (2011), estimating future temperature related mortality in Europe based on 
outcomes of regional climate model projections (and using the A1B climate scenario), found a shift in 
the seasonality of mortality from winter to summer. They also found that the rise in heat-related 
mortality will start to completely compensate the reduction of deaths from winter cold during the 
second half of the century, amounting to an average drop in human lifespan of up 3ς4 months in 2070ς
2100. This can be understood from Figure 3-8, realising that the health gain from increasing winter 
temperatures will be offset by the health loss associated with increasing summer temperatures. An 
important element is that Figure 3-8 shows that the warm tail of the temperature-mortality curve is 
steeper than the cold tail.  

Finally, considering all the above, it is also important to realize that quality of housing and the ability 
of people to protect themselves against cold constitutes an important element to reduce vulnerability 
to cold. 

3.1.2. Climate change impacts on air quality 

Belgium, and especially the Flemish Region, exhibits among the highest pollution levels in Europe. 
Apart from pollutant (precursor) emissions, meteorological conditions have a strong impact on these 
pollution levels. Wind speed and atmospheric turbulence affect the way pollutants are dispersed, and 
shortwave radiation, temperature and humidity influence the chemical reaction rates that are involved 
in, e.g., the production of ozone and secondary particulate matter. Precipitation and the lack of it 
(drought) affect the way certain pollutants (particulate matter) are washed out of the atmosphere. 

Projections of air quality including climate change impacts are difficult to establish given the very high 
uncertainty regarding the pollutant (precursor) emissions, especially from traffic, but also from 
residential and other sources, because of unanticipated technological developments and the unknown 
degree of market acceptance of new technologies (electric car, district heating, among others).  

Still, a few studies have been conducted for Belgium. Deutsch et al. (2010) used the year 2003 as a 
proxy for future climate change conditions, while the year 2007 ς after a detailed analysis ς was taken 
as representative for average present-day climatological conditions. From a comparison of observed 
values of PM10 (fine particulate matter with an aerodynamic diameter below 10 µm that can penetrate 
deep into the lungs and cause adverse health effects, it emerges that the year 2003, with its hot and 
dry summer, exhibited a considerably larger number of days with PM10 values in exceedance of 
standard health limit values (50 µg/m3ύ ǘƘŀƴ ǘƘŜ ΨŀǾŜǊŀƎŜΩ ȅŜŀǊ нллтΣ ŀǎ ǎƘƻǿƴ ƛƴ Figure 3-9. A very 
similar picture emerges for PM2.5, the finer fraction contained within PM10 and assumed to induce 
stronger adverse health effects still.  
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Figure 3-9. Observation-based (i.e., observed values interpolated with land-use based regression) number of days 
exceeding a PM10 concentration value of 50 µg/m3 for Belgium, during the years 2007 (left) and 2003 (right) 
(from Deutsch et al., 2010). 

 

Figure 3-10. As in Figure 3-9 but considering the AOT60 for O3 (from Deutsch et al., 2010). 

Apart from particulate matter the Deutsch et al. (2010) study also considered photochemical pollution, 
i.e., ozone (O3), in particular the AOT60, which is the accumulated ozone exposure above a threshold 
of 60 ppb (= 120 µg/m³) and which relates to the effects of ozone on the population. Here also, the 
ŜŦŦŜŎǘ ƻŦ ǘƘŜ ΨŀƴƻƳŀƭƻǳǎΩ ȅŜŀǊ нлло ƻƴ ǘƘƛǎ ƛƴŘƛŎŀǘƻǊ ƛǎ ǊŀǘƘŜǊ ŘǊŀǎǘƛŎΣ ŦŜŀǘǳǊƛƴƎ ǾŀƭǳŜǎ ŀǊƻǳƴŘ ŦƛǾŜ 
ǘƛƳŜǎ ƘƛƎƘŜǊ ǘƘŀƴ ǘƘƻǎŜ ƻŦ ǘƘŜ ΨǊŜƎǳƭŀǊ ȅŜŀǊ нллт όFigure 3-10).  

In addition to these observation-based analyses, numerical simulations were conducted using different 
scenarios of projected pollutant and precursor emissions for the year 2030, and using the 
meteorological data of the years 2003 and 2007 as drivers representing present-day and future-climate 
(time horizon 2030) conditions.  

From this exercise, the main conclusion in Deutsch et al. (2010) was that climate change has the 
potential to partially or completely undo the beneficial effects of anticipated pollutant emission 
reductions, among others because of the higher temperatures (enhanced atmospheric chemical 
reactions) and the occurrence of drought spells (reduced washout from precipitation).  



 

 

(c) 2011, Vlaamse Instelling voor Technologisch Onderzoek (VITO) NV. Alle rechten voorbehouden. 

36 

 

Figure 3-11. Estimated changes (2025-2036 vs 2000-2009) of daily mean ozone concentrations over Belgium by 
season, showing (starting from the top left figure and rotating in a clockwise sense) the results for spring, summer, 
fall and winter (from Lauwaet et al., 2014). 

In another study, by Lauwaet et al. (2014), an atmospheric pollution model for ozone was forced by 
present-day (2000-2009) as well as future (2025-2036, RCP4.5) climate data, and considering scenarios 
for pollutant precursor emission reductions. Figure 3-11 shows that towards 2030 we can expect up to 
30 µg/m3 higher average ozone concentrations. Most of these increases are, however, related to the 
imposed emission reductions, in particular the reduced NOx concentrations lead (somewhat 
paradoxically at first sight) to a reduced ozone destruction hence higher resulting ozone concentration. 
Yet, when keeping the emissions constant (in order to isolate the climate impact), while changing the 
ŎƭƛƳŀǘŜ ŦƻǊŎƛƴƎ ŦǊƻƳ ǘƻŘŀȅΩǎ ǾŀƭǳŜǎ ǘƻ ǘƘƻǎŜ ƻŦ ǘƘŜ ƴŜŀǊ ŦǳǘǳǊŜΣ ǎƘƻǿŜŘ ŀƴ ƛƴŎǊŜŀǎŜ ōȅ мл҈ ƻŦ ǘƘŜ h3 
concentrations.  

3.1.3. Advance of tropical disease vectors 

Vector-borne diseases are infectious diseases, caused by pathogenic agents transmitted from an 
infected individual to another individual by an arthropod, other invertebrate or rodent. Intermediary 
hosts such as domesticated or wild animals often serve as a reservoir for the pathogen until susceptible 
populations are exposed (Brits, 2010). Advance of tropical (disease) vectors is a concern, but more 
research is needed to assess the potential consequences in terms of health impacts and associated 
costs. The transmission cycles of vector-borne diseases are sensitive to climatic factors, but disease 
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risks are also affected by factors such as land use, vector control, human behaviour, population 
movements and public health capacities (EEA, 2017). Medlock and Leach (2015), referring to IPCC 
(2014a), state that it is generally accepted that direct effects of a temperature rise on vector-borne 
disease risk cannot be predicted with any real confidence, because of the complexities of the 
transmission cycles and the behavioural, ecological, and societal factors that cannot be captured 
directly within climate models. 

The most frequently discussed disease vectors that are relevant in Belgium are ticks and different 
species of tropical mosquitos and we will therefore focus on those vectors. Other vector/disease pairs 
worth mentioning but not considered here are sand flies/Leishmaniasis, rodents/Hantavirosis and 
mammals/Leptospirosis. As to the former, according to EEA (2017) the current risk for sand-fly- 
transmitted diseases for central Europe has been estimated to be low owing to temperature 
constraints on pathogen growth. 

Ticks as a disease vector 

Ticks (Ixodes ricinus) are responsible for the spread of Lyme disease, caused by the bacterium Borrelia 
burgdorferi. It should be noted that at present only about 14% of ticks are infected with Borrelia, and 
that, once bitten, the risk of transmission by an infected tick is only 1 to 3%. Studies in the Netherlands 
indicate that the former number has remained stable even as tick populations have increased. The 
Institute of Tropical Medicine in Antwerp states that there is no infection risk if the tick is removed 
within 24 hours. Ticks can also spread a form of encephalitis, but occurrence of this specific disease in 
Belgium is extremely rare. There is limited evidence that other tick-borne diseases (e.g., Crimeanς
Congo haemorrhagic fever, Rickettsia) may be sensitive to climate change (EEA, 2017). 

Lyme disease is the most common vector-borne disease in the EU, with a reported incidence of 
approximately 65,000 cases per year. However, there is no standardized case definition or diagnosis 
for Lyme disease in Europe, so this number represents only a best estimate. 

Occurrence of tick species carrying Lyme disease is limited by climatic conditions, and annual or 
seasonal variations in climate conditions influence tick prevalence within its natural range (the 
pathogen itself is not sensitive to ambient climatic conditions). Ticks can survive cold winters but 
become active when the ambient temperature increases above 4-5°C, below which they are in a chill 
coma. Higher temperatures are needed for metamorphosis and egg hatching, i.e. between 8°C and 10-
11°C respectively. The optimum activity range is between 18 and 25°C (WHO, 2006). 

Populations could thus expand or have a longer activity period as a result of an increase in daily 
minimum temperatures in a warming climate, thus increasing the probability that humans are bitten 
and that the disease is transmitted. It should be noted that not only the adults but also the larvae and 
nymphs can transmit the disease. 

Figure 3-12 shows the number of tick bites in recent years as reported through the Belgian TickNet 
self-reporting website. Although even in winter some bites have been reported it is clear that there is 
more activity in the warmer months, with a peak in June (also related to the ticksΩ lifecycle). One can 
imagine that if especially the spring months become warmer, more activity and hence more bites may 
be expected in this period. However, very hot months can have a negative effect on tick survival, which 
seems to explain the lower values for May/June 2017 as compared to 2016. 
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Figure 3-12. Number of tick bites in 2015, 2016 and 2017 as reported through the Belgian TickNet self-reporting 
website. Source: Sciensano, 2018. 

!ƴ ƛƴŎǊŜŀǎŜ ƛƴ ǘƘŜ ƴǳƳōŜǊ ƻŦ ŎŀǎŜǎ ƻŦ [ȅƳŜ ŘƛǎŜŀǎŜ ǎƛƴŎŜ ǘƘŜ ǎǘŀǊǘ ƻŦ ǘƘŜ мффлΩǎ Ƙŀǎ ƛƴŘŜŜŘ ōŜŜƴ 
observed in Belgium (42 reported cases in 1991 vs. 722 reported cases in 2003), although other factors 
than climate change (such as better reporting or changes in human behaviour) may be at play. In the 
Netherlands (RIVM, 2014), the number of reported cases of Lyme disease has tripled between 1999 
and 2014. It is interesting to note that according to WHO (2006) the number of reported cases was 
6500 in the Netherlands and only 500 in Belgium. This difference may at least partly be due to 
differences in awareness and reporting. 

Analyses of long-term trends in the Netherlands indicate that both the length of the tick season and 
the area of suitable tick habitat have increased; as have the densities of tick hosts (small mammals, 
birds). As a result, as indicated by field studies, tick density and activity seem to have increased 
between 2006 and 2009. 

It should be noted that according to data collected by Sciensano, the number of Lyme infections in 
Belgium has remained relatively stable over recent years, with the yearly incidence in the period 2015-
2017 being comparable to the incidence in the period 2008-2009. Other studies also point to the fact 
that there has not been an increase in Lyme disease over the past 10 years. Figure 3-13 shows the 
evolution of the number of cases reported by the sentinel laboratories network per week in recent 
years. The seasonal pattern is clearly visible but there does not appear to be a clear trend in average 
counts. 

 

Figure 3-13. Number of reported Lyme infection cases per week over the period 2011-2018. Source: 
Epistat/Epilabo ς Sentinel Laboratories Network1). 

According to Geebelen et al. (2019), incidence of Lyme disease in Belgium (all manifestations 
combined) is in the order of 103.5 per 100,000 inhabitants, or about 11,690 cases per year. Sciensano 
(2018) reports, on the basis of reporting by a general practitioners network, an incidence of Erythema 

 
1 https://epistat.wiv-isp.be/dashboard/  

https://epistat.wiv-isp.be/dashboard/
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migrans (an indicator for Lyme borreliosis) of 9 per 10,000 for Belgium. According to the same report, 
about 52% of Lyme cases were reported in Flanders, 38% in Wallonia and the rest in Brussels (based 
on positive serology reports in a network of laboratories). Based on reporting by a network of general 
practitioners, incidence of Lyme disease in Belgium over the period 2011-2018 was highest in the 
provinces of Antwerp, Limburg and Luxembourg. The lowest incidences appeared in the (forest-poor) 
provinces of West and East-Flanders and Hainaut. The other provinces have intermediate prevalence.  

This is in agreement with the reporting of tick bites via a dedicated platform1 which for 2017 
(Sciensano, 2018) yields a proportion of reported bites of 58.3% in Flanders and 40.5% in Wallonia. 
When taking into account differences in population density frequency is higher in Wallonia than in 
Flanders though (96 vs 76 bites per 100,000 inhabitants, for a national average of 75), with the highest 
relative figures applying to the provinces of Luxembourg, Brabant Wallon, Namur and Limburg. In 
Luxembourg for instance, the number of reported bites per 100,000 inhabitants was 205 in 2017, i.e. 
2.7 times the national average.  

Prevalence of ticks (and hence of Lyme disease) is not only influenced by warmer winters but also the 
humidity of the environment, as ticks prefer microclimatic conditions with high humidity. In their 
prolonged nonparasitic phases, they require a microclimatic relative humidity of at least 80% to avoid 
fatal desiccation (Gray et al., 2008). More ticks will be present after a wet winter and spring than after 
a dry one. The prevalence was lower in the dry summers of 2017 and 2018. Annual weather-related 
fluctuations may thus partly mask longer term climatic effects on populations, although it should be 
noted that as a result of their multi-annual life cycle, tick prevalence in a given year is also determined 
by the meteorological conditions in the preceding years. As Gray et al. (2008) point out, in areas where 
lowered summer precipitation coincides with raised summer temperatures (which may well be the 
case in Belgium), the survival, activity, and distribution of I. ricinus are likely to be reduced because of 
their vulnerability to desiccation. 

The impact of climate change on prevalence of Lyme disease is thus not a simple linear one related 
only to temperature, which makes it hard to predict whether occurrence of the disease will increase 
as a result of climate change, and to what extent. It should be noted that small mammals (shrews, 
ƘŜŘƎŜƘƻƎǎΣ ƘŀǊŜǎΣ Χύ ŀƴŘ ōƛǊŘǎ όincluding migratory ones) act as reservoirs for the disease, thus 
changes in mammal or bird populations (as a result of nature conservation actions), or, more generally, 
an increase in land area dedicated to nature and forest (natural environments that can maintain a high 
degree of air humidity being favoured by the ticks themselves), can also play a role. Obviously, these 
evolutions can be influenced by climate change but depend to a large extent also on policy decisions. 

As contact between humans and ticks occurs in the outdoors, e.g., when hiking or playing in forests, 
grasslandΣ Χ ǘƘŜ ŀƳƻǳƴǘ ƻŦ ǘƛƳŜ ǘƘŀǘ ǇŜƻǇƭŜ ǎǇŜƴŘ ƻǳǘŘƻƻǊǎΣ ŀǎ ŀ ǊŜǎǳƭǘ ƻŦ ŎƭƛƳŀǘŜ ǊŜƭŀǘŜŘ ƻǊ ƻǘƘŜǊ 
(e.g., ŎǳƭǘǳǊŀƭΣ ǊŜŎǊŜŀǘƛƻƴŀƭΣ Χύ ŦŀŎǘƻǊǎΣ ǿƛll also have an influence on the infection rate. It should be 
ƴƻǘŜŘ ƘƻǿŜǾŜǊ ǘƘŀǘ ǇǊŜǎŜƴŎŜ ƻŦ ǘƛŎƪǎ ƛǎ ƴƻǘ ƭƛƳƛǘŜŘ ǘƻ άƴŀǘǳǊŜέ ƛƴ ǘƘŜ ǎǘǊƛŎǘ ǎŜƴǎŜΣ ŀǎ ǘƘŜȅ Ŏŀƴ ŀƭǎƻ 
thrive in green areas within (semi-)urbanized environments, e.g., gardens or parks. Indeed, according 
to reporting by TekenNet of results for the year 2017 (Sciensano, 2018), most bites (65%) have been 
ǊŜǇƻǊǘŜŘ ǿƛǘƘƛƴ р ƪƳ ƻŦ ǇŜƻǇƭŜΩǎ ƘƻƳŜǎΣ ŀƴŘ ǘƘŜ Ƴƻǎǘ ǊŜǇƻǊǘŜŘ ŜƴǾƛǊƻƴƳŜƴǘs where people said to 
have been bitten were gardens (44.8%) followed by forests (35.7%). 

Climate scenarios in combination with species distribution models anticipate range expansions for ticks 
as a result of climate change, with a shift to higher altitudes and latitudes. In Sweden for instance, the 
northern distribution limit of I. ricinus, together with that of several other animal and plant species, 
has shifted northwards since the climate started to noticeably change in the late 1980s (Gray et al., 
2008). Porretta et al (2013) estimated that the climatically suitable area of Ixodida could double by 
2050 as a result of climate change (under different scenarios), with an expansion into northern Russia.  

No projections seem however to be available regarding the climate effect on tick activity, let alone 
Lyme disease incidence, in regions (such as Belgium) where the disease is already endemic. As Gray et 

 
1 https://tekennet.wiv-isp.be/  
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al. (2008) point out, the magnitude of the effects of climate change in an endemic area is determined 
not only by ecological conditions but may be influenced by socioeconomic factors, human migration 
and settlement, ecosystems and biodiversity, migrating patterns of birds, land-use and land cover 
changes, human cultural and behavioural patterns, and immunity in the population. 

The available data in Belgium have not been subjected to a rigorous statistical analysis but do as yet 
not point to a clear relation between bite frequency or Lyme disease incidence on the one hand and 
changing weather or climate conditions on the other hand. 

Hence, there is no clear indication that climate change would result in a substantial increase of the 
incidence of Lyme disease in Belgium (although such an effect cannot be discounted altogether either) 
and no idea at all of the potential magnitude of such an increase. Estimating the cost of a possible 
ƛƴŎǊŜŀǎŜ ƻŦ [ȅƳŜΩǎ ŘƛǎŜŀǎŜ ƛƴ .ŜƭƎƛǳƳ ŀǎ ŀ ǊŜǎǳƭǘ ƻŦ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ƛǎ ǘƘǳǎ ƴƻǘ Ǉƻssible at present. The 
economic (societal) impact of the disease in the current situation has been estimated in the 
Netherlands to be about 19.4 million euro, or 1.14 euro per capita for a population of 17 million 
inhabitants (van den Wijngaard et al., 2017). Extrapolated to Belgium, this would mean a total 
economic cost of about 12.5 million euro annually. A study to estimate the cost burden of Lyme 
borreliosis in Belgium is under way (see Geebelen et al., 2017) for the study protocol). No studies are 
presently available that assess the cost of a potentially increased incidence of Lyme disease in Belgium 
under conditions of climate change.  

Combatting the disease in order to lower its (economic) burden is in any case not an easy task. Given 
the ecology of the disease, eliminating or adapting the (natural) environment in which it thrives is not 
an option, except in parks and other semi-natural environments (e.g., by maintaining lawns short). 
Massive population reduction of reservoir species is not feasible either. Vector control using pesticides 
is not recommended unless severe epidemic conditions are prevalent. Combatting the disease would 
involve changes to human behaviour (e.g., wear proper protective clothing, self-inspecting after 
outdoor activities) in combination with vaccination. There is however uncertainty whether a vaccine 
would be cost-effective, save for specific risk groups. 

Mosquitos as a disease vector 

Climate change was, and is projected to be, a factor in the recent expansion of the Asian tiger mosquito 
(Aedes albopictus) and a sand-fly species in Europe, which can disseminate several diseases (dengue1 
and chikungunya by the Asian tiger mosquito and leishmaniasis by the sand-fly species). 

The Institute for Tropical Medicine (ITG) in Antwerp monitors the prevalence of the tiger mosquito via 
ǘƘŜ ǇǊƻƧŜŎǘ άaƻƴƛǘƻǊƛƴƎ ƻŦ 9ȄƻǘƛŎ aƻǎǉǳƛǘƻŜǎ ƛƴ .ŜƭƎƛǳƳέ όa9ahύΦ ¢ƘŜ a9ah-project focusses on 23 
import locations spread over Belgium ((second hand) tyre shops, garden centres, ports and airports). 
Lƴ нлмфΣ ŀŘǳƭǘ ǘƛƎŜǊ Ƴƻǎǉǳƛǘƻǎ ǿŜǊŜ ǎǇƻǘǘŜŘ ƛƴ ŀ ƎŀǊŘŜƴ ŎŜƴǘǊŜ ǘƘŀǘ ƛƳǇƻǊǘǎ άƭǳŎƪȅ ōŀƳōƻƻέΣ ŀƴŘ ŜƎƎǎ 
and larvae were detected in three motorway parking areas2. This confirms the introduction of this 
exotic mosquito via motorways from regions in France and/or Germany where the species is 
established. Introduction of mosquitos seems to be mainly caused by international transport, and not 
ōȅ άŀǳǘƻƴƻƳƻǳǎέ ƳƛƎǊŀǘƛƻƴ ƻŦ ǎǇŜŎƛŜǎ as a result of climate change.  

 
1 The primary vector for Dengue is Aedes aegypti rather than Aedes albopictus. The spread of A. aegypti into 
(northern) Europe is much more limited by climatological characteristics than is the case for A. albopictus. 
2 https://www.itg.be/N/Artikel/in-2019-opnieuw-tijgermuggen-gespot-in-belgie  

https://www.itg.be/N/Artikel/in-2019-opnieuw-tijgermuggen-gespot-in-belgie
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Figure 3-14. Suitability for the survival of Aedes albopictus (Tiger mosquito) for Belgium for the period 1976-2005. 
Source: Copernicus Climate Change Service & VITOΣ Ψ/ƭƛƳŀǘŜ ǇǊƻƧŜŎǘƛƻƴǎ ƻŦ !ǎƛŀƴ ǘƛƎŜǊ Ƴƻǎǉǳƛǘƻ όAedes 
albopictus) survival suitability for Europe1.  

The mosquito species has not yet survived winter in Belgium, although according to EEA (2017) the 
Belgian climate is suitable for establishment. Also, data contained in the Climate Data Store of the 
European Copernicus programme show a moderately high climatic suitability for the species (Figure 
3-14). However, in urban environments, the urban heat island phenomenon strongly lifts the climate 
suitability for Aedes albopictus, as shown in Figure 3-15. 

 

Figure 3-15. Suitability for the survival of Aedes albopictus (Tiger mosquito), as the average over the period 2008-
2017, for Antwerp (left) and Brussels (riƎƘǘύΦ {ƻǳǊŎŜΥ /ƻǇŜǊƴƛŎǳǎ /ƭƛƳŀǘŜ /ƘŀƴƎŜ {ŜǊǾƛŎŜ ϧ ±L¢hΣ Ψ/ƭƛƳŀǘƛŎ 
suitability of the Aedes albopictus mosquito in European cities from 2008 to 20172. 

As Medlock and Leach (2015) point out, not only climate change per se, but also the changes in land 
use brought about by climate change (e.g. adaptation measures such as provision of new wetlands or 
increased urban greenspace) can affect the risk of vector-borne disease, by increasing the available 
habitat for mosquitoes. 

Disease cases that have been reported in Belgium can be attributed to infections abroad of travellers 
ǘƻ .ŜƭƎƛǳƳΣ ƴƻǘ ōȅ άŀǳǘƻŎƘǘƘƻƴƻǳǎέ ƛƴŦŜŎǘƛƻƴǎ ǎǘŀǊǘƛƴƎ ŦǊƻƳ ǊŜǎƛŘŜƴǘ vector populations (which has 
occurred in France ς where in 2018 the tiger mosquito was established in 51 départements3) with 

 
1 https://cds.climate.copernicus.eu/cdsapp#!/software/app-health-aedes-albopictus-suitability-
projections?tab=app  
2 https://cds.climate.copernicus.eu/cdsapp#!/software/app-health-urban-aedes-albopictus-suitability-
climatology?tab=app  
3  https://solidarites-sante.gouv.fr/sante-et-environnement/risques-microbiologiques-physiques-et-
chimiques/especes-nuisibles-et-parasites/article/cartes-de-presence-du-moustique-tigre-aedes-albopictus-en-
france-metropolitaine  

https://cds.climate.copernicus.eu/cdsapp#!/software/app-health-aedes-albopictus-suitability-projections?tab=app
https://cds.climate.copernicus.eu/cdsapp#!/software/app-health-aedes-albopictus-suitability-projections?tab=app
https://cds.climate.copernicus.eu/cdsapp#!/software/app-health-urban-aedes-albopictus-suitability-climatology?tab=app
https://cds.climate.copernicus.eu/cdsapp#!/software/app-health-urban-aedes-albopictus-suitability-climatology?tab=app
https://solidarites-sante.gouv.fr/sante-et-environnement/risques-microbiologiques-physiques-et-chimiques/especes-nuisibles-et-parasites/article/cartes-de-presence-du-moustique-tigre-aedes-albopictus-en-france-metropolitaine
https://solidarites-sante.gouv.fr/sante-et-environnement/risques-microbiologiques-physiques-et-chimiques/especes-nuisibles-et-parasites/article/cartes-de-presence-du-moustique-tigre-aedes-albopictus-en-france-metropolitaine
https://solidarites-sante.gouv.fr/sante-et-environnement/risques-microbiologiques-physiques-et-chimiques/especes-nuisibles-et-parasites/article/cartes-de-presence-du-moustique-tigre-aedes-albopictus-en-france-metropolitaine
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dengue and chikungunya, also see Dantec and Roux (2019) ς so they are as yet not indicative of a 
climate change effect in Belgium. Where changes in reported cases do occur, this can for now be 
attributed to changes in travel frequency to certain regions and/or to changes in incidence in the 
regions where the disease is endemic. An example of the latter is the strong decrease in reported cases 
of chikungunya and zika in Belgium after the end of the epidemics of those diseases in Latin America 
and the Caribbean.  

In 2018, the NRC (national reference centres) reported 3 cases of chikungunya and 101 cases of 
dengue. In all cases, it could be demonstrated that the patients were infected during travels abroad. 
The same goes for the reported cases of resp. leishmaniosis and malaria (note though that malaria is 
spread by the Anopheles mosquito, not the Asian tiger mosquito.) 

Once carriers are present in Belgium, tropical diseases ŎƻǳƭŘ ǘƘŜƻǊŜǘƛŎŀƭƭȅ ōŜ ǎǇǊŜŀŘ ōȅ άǊŜǎƛŘŜƴǘέ 
populations of tropical mosquitos (if sufficiently abundant), and the establishment and survival of such 
populations could be facilitated by climate change. 

While, as yet, the Asian tiger mosquito has not established itself in Belgium, permanent populations 
of other tropical mosquitos have already been reported. Scientists of the Institute of Tropical Medicine 
have found the Asian bush mosquito (Aedes japonicus) in Natoye (Hamois) and on the German border. 
In Natoye, mosquitoes have spread to a radius of 750 m around the local source population. 
Furthermore, Aedes koreicus, another exotic mosquito, still has an established population in 
Maasmechelen, but the control campaigns seem to be having an effect. Both Aedes japonicus and 
Aedes koreicus are less aggressive than Aedes albopictus and are not important transmitters of disease. 
As long as resident populations are small and contained, disease transmission within Belgium is 
unlikely in any case. The known populations are being actively targeted by pesticide treatment and 
elimination of breeding sites, and increase of the populations or dispersion outside the small area 
where they have been discovered has not occurred yet.  

 

Figure 3-16. Projected suitability for the survival of Aedes albopictus in Belgium. Source: as in Figure 3-14.  

It should be noted that some tropical diseases (notably the West-Nile virus) have acquired a foothold 
in Southern Europe. (A total of 1548 locally acquired cases were reported in the EU in 2018, about 90% 
from Italy, Romania, Greece and Hungary. This represents a sharp increase from the numbers reported 
in the period 2014-2017 (resp. 75, 122, 226 and 201 locally acquired cases). EFSA/ECDC, 2019). Since 
both the vectors and the animal hosts (poultry, wild birds) are present in Belgium, autochthonous 
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infections cannot be excluded in the future. Symptoms range from a flu-like condition over the so-
called West Nile Fever to more serious neurological conditions (encephalitis, meningitis, poliomyelitis). 
About 80% of infections do not result in any symptoms, 20% gets flu-like symptoms. About 1% of the 
latter can develop serious neurological conditions.  

The two cases of West-Nile fever reported in 2018 in Belgium concerned persons infected in Serbia 
and Kosovo. Autochthonous cases of the disease in humans have not been reported so far. This may 
however change in the future. Different species of mosquito, mainly of the Culex-genus, can spread 
West Nile disease and are naturally present in North-Western Europe. Several studies confirmed that 
vector competence of European mosquitoes for West Nile virus increases with temperature. In the 
ǘŜƳǇŜǊŀǘǳǊŜ ǊŀƴƎŜ ŦǊƻƳ му ϲ/ ǘƻ ну ϲ/Σ ǘǊŀƴǎƳƛǎǎƛƻƴ ǊŀǘŜǎ ƻŦ ƴƻǊǘƘŜǊƴ 9ǳǊƻǇŜŀƴ Culex pipiens 
increased from 0% to 33%. Thus, average northern European summer temperatures of 18°C appear to 
be an important limiting factor for West Nile virus transmission, and indeed temperature is likely the 
most important factor to explain why West Nile virus outbreaks have thus far been limited to southern 
and central Europe (Vogels et al., 2017). This situation may change as a result of higher temperatures 
due to climate change; in a situation of more frequent and prolonged temperature anomalies, there 
are no limiting factors for future West Nile virus circulation in northern Europe.  

 

Figure 3-17. Evolution of the suitability for the survival of Aedes albopictus in Belgium for the present century. 
Source: as in Figure 3-14. 

Concluding, so far, 100% of the observed cases in Belgium of the vector-related tropical diseases 
mentioned above have been attributed to infections caught abroad. Autochthonous infections have 
not occurred, as a result of a lack of vectors and/or the absence of the disease itself. In cases where 
(tropical) vectors are present, the populations have so far been contained and do not seem to present 
an immediate danger. The potentially most worrying disease appears to be West-Nile fever, as it is 
already present in southern Europe and as both vector and host populations have established in 
Belgium. Distribution models based on projected July temperatures under a medium emissions 



 

 

(c) 2011, Vlaamse Instelling voor Technologisch Onderzoek (VITO) NV. Alle rechten voorbehouden. 

44 

scenario (SRES A1B) do however not show an increase in the probability of West Nile virus infections 
in Belgium (EEA, 2017). 

Generally speaking, climate change could worsen the situation, by facilitating both the spread of the 
diseases and the establishment of the (tropical) vectors needed to spread it. The climatic suitability for 
Aedes albopictus is projected to increase (Figure 3-16, Figure 3-17) as climate models project warmer 
and wetter climates.  

Models of chikungunya transmission in Europe under climate change scenarios have suggested 
increases in the level of risk in much of western Europe, including the Benelux countries. A climate-
related increase in the density or active season of Aedes albopictus could also lead to a small increase 
in the risk of dengue in Europe. Some malaria models suggest that there will be increased suitability 
for malaria transmission in continental Europe under future climate change, but land-use and public 
health control measures would most likely be sufficient to mitigate the risk of malaria at the fringes of 
its distribution (EEA, 2017). 

One would expect that as a result of the available scientific expertise on tropical diseases in Belgium 
and of the well-functioning health care system, epidemical situations in the near future are not very 
likely to occur. However, rigorous monitoring of the diseases and monitoring of and combatting the 
vectors is a prerequisite for this outcome, and continued support for those activities is thus of prime 
importance. 

3.1.4. Temperature effect on allergies  

There is considerable evidence to suggest that climate change will have, and already has, impacts on 
aeroallergens, i.e., airborne allergens such as pollen or spores, which trigger an allergic reaction. There 
is also some evidence of impacts on other aeroallergens than pollen, such as mould spores. Health 
effects that may increase are allergic rhinitis and asthmatic symptoms (Brits, 2010). 

 

Figure 3-18. Evolution of the annual pollen peak of birch (left) and grass (right). The vertical axis shows the date 
within a given year, and the blue line shows the trend and the grey areas represent uncertainty. Source: Vriens et 
al. (2019). 
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It is expected that climate change may induce an increase in airborne pollen, an increase of the allergen 
potency of pollen grains, and variations in the pollen season timing, with an earlier onset and a longer 
duration (Buffaerts et al., 2018). For instance, in 2020 the pollen season for alder and hazel trees 
started around mid-January, i.e., two weeks earlier than usual, which can be attributed to mild 
temperatures in the preceding months1. 

Available data do indicate that recent changes in maximum or minimum temperatures, or both, in 
association with anthropogenic climate change, are significantly correlated with both increasing 
airborne pollen loads and longer pollen seasonality across the northern hemisphere. This highlights 
the importance of future temperature increases on health impacts related to pollinosis, such as rhinitis 
and allergic asthma (Ziska et al., 2019). The analysis by Ziska et al. (2019), based on data from 17 pollen 
collection stations in the northern hemisphere, illustrates a clear positive correlation between recent 
global warming and an increase in the seasonal duration and amount of pollen for multiple allergenic 
plant species on a decadal basis. The lengthening of pollen seasons is related both to earlier springs 
(i.e, last spring frost occurring earlier) as well as later autumns (delay in the occurrence of the first 
autumn frost). Data indicate that recent climatic changes, through temperature, are in fact already 
affecting pollen amounts as well as season duration and timing in the northern hemisphere. These 
observed changes have immediate and future health implications, particularly for allergic diseases. 
Future climate projections also suggest changes in the duration of the pollen season (e.g., start date, 
maximum season duration, and end date) and an estimated doubling in sensitization to allergenic 
plants such as ragweed (Ambrosia). For the Brussels data, the analysis by Ziska et al. (2019) suggests a 
statistically significant average change of the seasonal cumulative pollen load of 2.8% per year as well 
as a statistically significant change in the duration of the pollen season of 0.78 days/year, on average. 
Figure 3-18 clearly shows this trend for birch and grasses and Figure 3-19 independently shows a 
similar trend for birch.  

 

Figure 3-19. Annual fluctuation for recent decades of the day within the year (vertical axis) when the pollen season 
for birch starts in Belgium. Source: data from the Copernicus Climate 5ŀǘŀ {ǘƻǊŜ όΨ9ǳǊƻǇŜŀƴ IŜŀƭǘƘΩύΣ ǎǘŀǊǘ ƻŦ 
season calculated according to the method of solomon et al. (2013). 

The date on which peak concentration for birch and grass pollen occurs shows important fluctuations 
from year to year, but over a longer period the trend is unmistakable. In the period 1975-1985 the 
peak for birch was around April 21, whereas in the period 1995-2018 it was on average a week earlier. 
The same phenomenon can be observed for grasses, with a peak around June 7 for the period 1997-
2018, i.e. more than a week earlier than in the period 1975-1995. At the same time, an increase in the 
daily concentration of different species of trees and grasses has been observed. In the Netherlands, 
RIVM (2014) has calculated that by 2050 the season for birch resp. grass pollen could start on average 
9 resp. 10 days earlier than in the reference period 1981-2010.  

 
1 https://airallergy.sciensano.be/nl/content/brussel  

https://airallergy.sciensano.be/nl/content/brussel
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In the earlier mentioned study by Bruffaerts et al. (2018), based on data from Brussels (1982-2015), an 
overall trend of increase in daily airborne tree pollen (except for the European beech tree) was 
revealed as well as an overall trend of decrease in daily airborne pollen from herbaceous plants (except 
for Urticaceae) and an earlier onset of the flowering period for birch, oak, ash, plane, grasses, and 
Urticaceae. The rates of change in pollen annual cycles were shown to be associated with the rates of 
change in the annual cycles of several meteorological parameters such as temperature, radiation, 
humidity, and rainfall (although factors as plant physiology and phenology, land cover, among other, 
also play an important role). Moreover, pollen concentrations of several taxa were shown to have 
increased during the start of each specific season. Note that in Bruffaerts et al. (2018) pollen 
concentration trends were associated with the overall increasing trend of temperature and radiation, 
but inversely associated with the fluctuating trends of relative humidity and rainfall. 

Moreover, higher temperatures as well as higher concentrations in carbon dioxide seem to have an 
impact, at least for some species, not only on the amount of pollen produced, but also on the allergy 
inducing properties of the pollen. 

Climate change may also have an impact on allergies by its effect on the spread of invasive exotic plant 
species, such as ragweed (Ambrosia spp., and specifically Ambrosia artemisiifolia), and this effect may 
be more important than changes in the pollen season of endemic vegetation. (Ragweed is spread by 
human activities (transport), but climate change can be a facilitating factor for establishment in new 
environments. ICEDD (2014) cites a northward expansion of 200 km for each degree increase in the 
average annual temperature for plants.) 

Ambrosia causes severe allergic reactions in sensitive persons, and the fact that it blooms in September 
and October lengthens the overall allergy season with two months1 . The pollen load map of Europe2, 
based on measurements of the last 10-15 years, shows the presence of Ambrosia pollen in the 
southern half of France and in south-eastern Europe, but not yet in Belgium, although the species is 
sporadically present. The Atopica3 research project estimated that by 2050 airborne ragweed pollen 
concentrations could be about four times higher than they are now. Roughly two-thirds of this increase 
would be related to climate and land-use changes that will extend ragweed habitat suitability in 
northern and eastern Europe and increase pollen production in established ragweed areas (Hamaoui-
Laguel et al., 2015). 

The effect of an increase in length or severity of the pollen season on the incidence of allergic rhinitis 
or asthma has not yet been studied for Belgium or for comparable countries. Estimates of the 
proportion of the population that is allergic to pollen are available, but time series of this proportion 
are not. This is understandable as allergic rhinitis is often self-treated, so data from general 
practitioners and hospitals are incomplete.  

A link between climate change and the prevalence of pollen-related ailments is likely, but other factors 
such as air pollution, moderating factors and adaptation measure may also play a role. Increase in the 
average age of the population may to a certain extent counterbalance other factors, as susceptibility 
to allergic reactions tends to diminish with age. 

RIVM (2016) cites data from an unpublished study that suggests that the cost for treatment of allergic 
rhinitis in the Netherlands could by 2050 increase to 13,400 ϵ/1000 patients compared to 6,200 ϵ in 
2008. A large proportion of this difference would be due to the spread of Ambrosia and other new 
allergenic plant species. Indirect costs such as loss in labour productivity could however be several 
times as high as the treatment costs.  

RIVM assesses both the impact and the potential frequency of occurrence of climate change on health 
effects by allergens as ΨhighΩ, given the proportion of the population that is affected by allergies and 
the probable increase in duration and intensity in the pollen season ς but assesses the knowledge base 

 
1 https://nl.wikipedia.org/wiki/Alsemambrosia  
2 available at https://www.polleninfo.org/country-choose.html  
3 https://www.atopica.eu/  

https://nl.wikipedia.org/wiki/Alsemambrosia
https://www.polleninfo.org/country-choose.html
https://www.atopica.eu/
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underpinning those statements as ΨlowΩ. 

3.1.5. Temperature effect on food spoilage 

There is a direct causal link between climate change (notably higher temperatures), and the potential 
increase in food-related infections. The development of Salmonella, notably, is clearly influenced by 
temperature. ICEDD (2014) cites an increase in reported salmonellosis frequency of 4 to 10% for each 
increase of the mean monthly temǇŜǊŀǘǳǊŜ ǿƛǘƘ ƻƴŜ ŘŜƎǊŜŜ ŀōƻǾŜ ŀ ǘƘǊŜǎƘƻƭŘ ƻŦ рϲ/ ό5Ω{ƻǳǎŀ Ŝǘ ŀƭΦ 
2004). However, the latter is based on data for Australian cities, thus conclusions should be handled 
with caution. Moreover, ǘƘŜ ŀǳǘƘƻǊǎ ŀŎƪƴƻǿƭŜŘƎŜ ǘƘŀǘ Ψƛǎ ƴƻǘ ŎƭŜŀǊ ǘƘŀǘ ŀ ǊŜƭŀǘƛƻƴǎƘƛǇ ōetween short-
term fluctuations in temperature and disease rates implies an increase in disease rate when average 
ǘŜƳǇŜǊŀǘǳǊŜ ƛƴŎǊŜŀǎŜǎ ƎǊŀŘǳŀƭƭȅ ƻǾŜǊ ŀ ƭƻƴƎ ǘƛƳŜ ǇŜǊƛƻŘΩΦ LƴǘŜǊŜǎǘƛƴƎƭȅΣ ƛƴ 5Ω{ƻǳǎŀ Ŝǘ ŀƭΦ όнллпύ ŎƭƻǎŜǎǘ 
fits were found with the temperature of the month preceding the case reporting. To the authors, this 
suggests that temperature might be more influential earlier in the production process rather than at 
the food preparation stage. 

Seasonal temperatures have been linked to salmonellosis cases, but public health interventions can 
attenuate the effect of warmer temperature. The development of Listeria, on the other hand, does 
not seem to be influenced by higher temperatures.  

The Salmonella bacteria is transmitted to humans orally: mainly by ingesting foodstuffs that come from 
contaminated animals which are consumed raw or undercooked (meat, eggs, raw egg products). 
Salmonellosis arises more frequently in summer, during the party and barbecue season when foods 
are kept at ambient temperature for a long time, which promotes the development of bacteria. Foods 
typically at risk are poultry, preparations made from raw eggs, pork meat and dairy products. Contrary 
to most other member states, the notification of non-typhoidal salmonellosis in humans is not 
mandatory in Belgium (EFSA/ECDC, 2019). 

RIVM (2016) states that, due to the relatively good level of food hygiene, risks for the Netherlands are 
probably limited. It can be assumed that the same goes for Belgium; as long as proper precautions 
(such as cooling, high turnover etc.) are taken both at consumer level and at the level of the production 
and procession facilities risks will be limited. Higher temperatures and longer warm periods will of 
course increase the pressure on systems that have to ensurŜ ŦƻƻŘ ǎŀŦŜǘȅΦ {ǘƛƭƭΣ ǘƘŜ ΨǿŜŀƪ ƭƛƴƪΩ ƛƴ ǘƘŜ 
chain is probably the household rather than the producers or processors of the food, who have to 
adhere to strict quality norms and are subjected to controls. If climate change were to result in an 
extreme decline in the reliability of energy provision, cooling installations (at all levels) might however 
be compromised. 

In Belgium, 2,958 cases of salmonellosis, or about 26 cases per 100,0000 inhabitants, were reported 
in 2018 (EFSA/ECDC, 2019); 554 of those cases could be attributed to 3 separate food-borne outbreaks, 
ǘƘŜ ǊŜƳŀƛƴŘŜǊ ōŜƛƴƎ ΨǎǇƻǊŀŘƛŎΩ ŎŀǎŜǎΦ CƛƎǳǊŜǎ ƻƴ ŎŀǎŜ ǊŀǘŜǎ όƛΦŜΦ ƴǳƳōŜǊ ƻŦ ŎŀǎŜǎ ǇŜǊ млл,000 
inhabitants, per year) for 2014-2017 are of the same order of magnitude as for 2018 (between 20.2 
and 27.1). Those figures represent an important decline compared to the period before 2004; e.g., in 
the 1991-2000 period, on average between 10,000 and 15,000 cases were reported each year (ICEDD, 
2014). The decline can, among other, be attributed to obligatory vaccination of egg-laying hens 
beginning in 2005. On a European level, the previous decreasing trend has stabilized in the last 5 years. 

Figure 3-20 shows salmonellosis data (counts per week) from 2011 to 2018; no trend emerges. The 
case rate is higher in the provinces of West and East Flanders, which may have to do with culinary 
habits (consumption of raw eggs and raw meat).  
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Figure 3-20. Number of salmonellosis cases diagnosed per week in the period 2011-2018. Source: National 
Reference Centres, see https://epistat.wiv-isp.be/dashboard/.  

At the European level, there have been a number of studies on climate and food-borne disease, notably 
salmonellosis. Kovats et al. (2011) ŜǎǘƛƳŀǘŜŘ ǿŜƭŦŀǊŜ Ŏƻǎǘǎ ƻŦ ϵсу ǘƻ ϵуф ƳƛƭƭƛƻƴκȅŜŀǊ όƛƴ ǘƘŜ нлрлǎ ŀƴŘ 
нлулǎ ǊŜǎǇŜŎǘƛǾŜƭȅύ ŦŀƭƭƛƴƎ ǘƻ ϵпс ǘƻ ϵпф ƳƛƭƭƛƻƴκȅŜŀǊ ƛŦ ŀ ŘŜŎƭƛƴŜ ƛƴ ƛƴŎƛŘŜƴŎŜ όŘǳŜ ǘƻ ōŜǘǘŜǊ ǊŜƎǳƭŀǘƛƻƴύ 
was included. The IMPACT2C study (COACCH, 2018) estimated resource costs for additional hospital 
ŀŘƳƛǎǎƛƻƴǎ ŀƴŘ ŀŘŘƛǘƛƻƴŀƭ ŎŀǎŜǎ ƻŦ ǎŀƭƳƻƴŜƭƭƻǎƛǎ ŀƴŘ ŎŀƳǇȅƭƻōŀŎǘŜǊƛƻǎƛǎ ŀǘ ŀǊƻǳƴŘ ϵтлл Ƴƛƭƭƛƻƴ ƛƴ 
2041ςнлтл ǇŜǊƛƻŘ ŦƻǊ ǘƘŜ !м. ǎŎŜƴŀǊƛƻ ŀƴŘ ŀǊƻǳƴŘ ϵсрл Ƴƛƭƭƛƻƴ ƛƴ ǘƘŜ 9м ǎŎŜƴŀǊƛƻΦ 

The cost figures cited above were based on an estimate of (max.) 13,030 resp. 16,915 additional cases 
in 2050 resp. 2080 at EU-level. Other studies state that under a high emissions scenario, climate change 
could result in up to 50% more temperature-related cases by the end of the 21st century than would 
be expected on the basis of population change alone. However, these estimates are associated with 
high uncertainty (Watkiss and Hunt, 2012). Moreover, health promotion and food safety policies can 
mitigate adverse impacts on public health. 

ICEDD (2014) uses the proportion of Salmonella cases in Wallonia to the European figures as a means 
to estimate the additional number for Wallonia. Using the same principle and based on 2018 figures 
(with Belgium representing about 3% of all Salmonella cases in the EU), extra cases in Belgium in 2050 
resp. 2080 can be estimated to be of the order of 409 resp. 531 additional cases, which represents an 
increase of about 14% resp. 18% compared to 2018. ICEDD (2014) cites a treatment cost for 
salmonellosis of on average 5250 ϵ per case. 

3.1.6. Water-borne diseases 

Water-borne illnesses are caused by agents entering the body through ingestion of water (drinking, 
recreational or coastal water). Pathogens that are transmitted via water may be susceptible to changes 
in persistence, survival, replication and transmission due to climate change phenomena such as 
ǘŜƳǇŜǊŀǘǳǊŜ ƛƴŎǊŜŀǎŜΣ ǇǊŜŎƛǇƛǘŀǘƛƻƴΣ ŜȄǘǊŜƳŜ ǿŜŀǘƘŜǊ ŜǾŜƴǘǎ ŀƴŘ ǎŜŀǎƻƴΩǎ ƭŜƴƎǘƘ. Brits et al. (2010) 
mention E. coli infection, Campylobacteriosis, Cryptosporidiosis, Shugellosis, Giardiases, Yersiniosis, 
Amoebiasis, Cholera and Legionellosis as water-borne diseases that may be influenced by climate 
factors. Not all of those are relevant to the Belgian situation. It should also be noted that a temperature 
dependence (such as is the case with Legionellosis) does not necessary mean that climate change 
would influence the prevalence of the disease (EEA, 2017). 

Broadly speaking, climate change can have an impact on the prevalence of water-borne diseases in 
several ways: 

1. Higher water temperatures in surface water bodies can lead to an increased development of 
some organisms linked to disease (e.g. Vibrio) or the appearance of new disease-causing 
organisms. Intense precipitation events can also lead to the contamination of surface water 
bodies with disease-causing agents that are present in sewage (e.g. Norovirus). People coming 
into contact with contaminated water during recreational of professional activities might run 
a higher risk of being infected. The infection of seafood (bivalves) living in the infected water 
and contamination of food via polluted irrigation water from other potential pathways for 
diseases with a relation to climate change. 

2. People may come into contact with surface water when inundations of their living or working 
environment occur. If this inundation water is polluted, increased disease prevalence can be 
the result. 

https://epistat.wiv-isp.be/dashboard/
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3. People may come into contact with polluted water as a result of sewer overflows into the 
streets during episodes of high-intensity rainfall, or overflow of small waterways in which the 
sewers discharge, in normal and/or peak discharge conditions. 

If higher temperatures and lower water levels in surface water bodies that are being used as a source 
for domestic water production would lead to an increased disease risk in the ΨrawΩ water, the 
distributed water might also be a carrier of disease-causing organism. In Belgium, this appears however 
to be unlikely given the stringent water quality criteria and the state-of-the-art techniques being used 
by the public drinking water companies. 

The main organisms and corresponding diseases that may be spread by one or more of the pathways 
described above are discussed below (based on EEA, 2017; EFSA/ECDC , 2019; and Epistat data, 2020), 
with a focus on the probability that climate change may result in an increase in disease incidence. 

Brackish water and elevated ambient temperature are ideal environmental growth conditions for 
certain Vibrio species, that can cause food-borne outbreaks (seafood) as well as wound infections, 
septicaemia and cholera, in susceptible individuals exposed during bathing in contaminated marine 
environments. Suitable conditions can be found during the summer months in estuaries and enclosed 
water bodies with moderate salinity, such as the Baltic Sea. Elevated levels of non-cholera Vibrio 
species infections have been observed during extended hot summer seasons with water temperatures 
above 20°C in the Baltic Sea and the North Sea (Hemmer et al., 2007; Baker-Austin et al., 2012; Sterk 
et al., 2015). The number of suitable days per year in the Baltic for pathogenic Vibrio transmission 
reached 107 in 2018, the highest since records began, and two times higher than the early 1980s 
baseline. The percentage of coastal area suitable for Vibrio infections from 2010 has increased at 
northern latitudes (40ς70° N) by 3.8%, compared with the 1980s baseline, with 2018 the second most 
suitable year on record (5% above the baseline). The area of coastline suitable for Vibrio has increased 
by 31% in the Baltic. Environmentally acquired Vibrio-infections in humans associated with particularly 
high sea surface temperatures have also been reported along the North Sea coast of Europe in recent 
years (Vezzulli et al., 2016). Increased numbers of infections can be expected based on the effects of 
increased temperatures under climate change scenarios. It should be noted however that most of the 
figures given above are not based on case data. Control efforts, such as water, sanitation and hygiene 
programs, and vector control efforts, may help to mitigate these effects. 

Cryptosporidiosis is an acute diarrheal disease caused by intracellular protozoan parasites. The most 
commonly identified vehicles are contaminated drinking water and contaminated recreational water. 
For example, several days of heavy rain in June 2013 resulted in river flooding in eastern Germany, and 
activities in the dried-out floodplain led to infection among children (Gertler et al., 2015). Heavy rainfall 
has also been associated with the contamination of water supplies and outbreaks of cryptosporidiosis 
(Aksoy et al., 2007; Hoek et al., 2008), as the concentration of Cryptosporidium-oocysts in river water 
increases significantly during rainfall events. Dry weather conditions preceding a heavy rain event have 
also been associated with drinking water outbreaks (Nichols et al., 2009). Observed Cryptosporidium 
cases in Belgium (Figure 3-21) show high values in the summer and early spring of 2016 and 2017, but 
it is not clear whether those peaks were weather-related. 

 

Figure 3-21. Number of Cryptosporidium cases per week in Belgium. Source: sentinel laboratory network 
(Epilabo), see https://epistat.wiv-isp.be/dashboard/.  

In Europe, campylobacteriosis is the most common bacterial cause of diarrheal disease. The 
association of campylobacteriosis with a number of weather-related factors, such as temperature, 
rainfall, humidity and sunshine, is inconsistent and lacks a clear explanatory mechanism, as 

https://epistat.wiv-isp.be/dashboard/
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Campylobacter does not replicate outside its animal host. There is a clear seasonality to the data in a 
number of European countries, with more cases during the summer months. Rain in early spring can 
trigger campylobacteriosis outbreaks (Louis et al., 2005). With the projected increase in heavy rainfall 
events in northern Europe, the risk of surface and groundwater contamination is expected to rise. 
Observed Campylobacter cases in Belgium do not seem to exhibit a trend over the period 2011-2018 
(Figure 3-22). 

 

Figure 3-22. Number of Campylobacter cases per week in Belgium. Source: sentinel laboratory network (Epilabo), 
see https://epistat.wiv-isp.be/dashboard/.  

Norovirus is the most common cause of viral diarrhoea in humans with a pronounced winter 
seasonality. Heavy rainfall and floods may lead to wastewater overflow which can contaminate 
shellfish farming sites. Flood water has been associated with a norovirus outbreak in Austria (Schmid 
et al., 2005). In Europe, norovirus season strength was positively associated with average rainfall in the 
wettest month (Ahmed et al., 2013). Water-borne transmission of the virus is probably influenced by 
rainfall, causing norovirus seasonality (Marshall and Bruggink, 2011). The magnitude of rainfall has also 
been related to viral contamination of the marine environment and with peaks in diarrhoea incidence 
(Miossec et al., 2000). The predicted increase of heavy rainfall events under climate change scenarios 
could lead to an increase in norovirus infections because floods are known to be linked to norovirus 
outbreaks. 

3.1.7. Health impact of inundations and extreme weather 

Flooding 

Flooding can affect human health through drowning, heart attacks, injuries, infections, exposure to 
chemical hazards and mental health consequences. Disruption of services, including of health services, 
safe water, sanitation and transportation infrastructure can play a major role in vulnerability. The 
vulnerability to flooding of institutions such as day care centres, homes for the elderly and hospitals is 
of particular concern.  

Health impacts caused by infections during or after flood events have been discussed under the 
heading ΨWater borne diseasesΩ (see Section 3.1.5) and thus will not be treated here. The risk from 
infectious diseases due to flooding is in any case relatively small in Europe and certainly in Belgium, 
due to a functioning public health infrastructure, including water treatment and sanitation. 

For a medium emissions scenario (SRES A1B) and in the absence of adaptation, river flooding has been 
ŜǎǘƛƳŀǘŜŘ ǘƻ ŀŦŦŜŎǘ ŀōƻǳǘ оллΣллл ǇŜƻǇƭŜ ǇŜǊ ȅŜŀǊ ƛƴ ǘƘŜ 9¦ ōȅ ǘƘŜ нлрлΩǎΣ ŀƴŘ офлΣллл ǇŜƻǇƭŜ ōȅ the 
нлулΩǎΤ ǘƘŜ ƭŀǘǘŜǊ ŦƛƎǳǊŜ ŎƻǊǊŜǎǇƻƴŘǎ ǘƻ ƳƻǊŜ ǘƘŀƴ ŀ ŘƻǳōƭƛƴƎ ǿƛǘƘ ǊŜǎǇŜŎǘ ǘƻ ǘƘŜ ōŀǎŜƭƛƴŜ ǇŜǊƛƻŘ 
(1961ς1990). The British Isles, western Europe and northern Italy show a robust increase in future 
flood hazards; these regions also show the greatest increase in the population affected by river floods 
(EEA, 2017). Forzieri et al. (2017) estimate an additional number of deaths of about 106 per year in the 
period 2071-2100, which represent an increase of about 54% compared to the reference period (1981-
2010). In terms of people exposed, they expect an increase of about 105% over the same time span, 
which is comparable to the relative increase reported in EEA (2017). 

If no additional adaptation measures were taken, the number of people affected by coastal flooding 
in the EU at the end of the 21st century would range, according to EEA (2017), from 775,000 to 5.5 
million people annually, depending on the emissions scenario. The number of deaths in the EU due to 
Ŏƻŀǎǘŀƭ ŦƭƻƻŘƛƴƎ ƛƴ ǘƘŜ нлулΩǎ ǿƻǳƭŘ ƛƴŎǊŜŀǎŜ ōȅ о000, 620 and 150 per year under a high emissions 

https://epistat.wiv-isp.be/dashboard/
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scenario (assuming 88 cm sea level rise), the SRES A1B 'business as usual' scenario and the E1 
mitigation scenario, respectively (EEA, 2017). Two-thirds of these deaths would occur in western 
Europe. Forzieri et al. (2017) estimate a total of 233 deaths per year (for Europe as a whole) associated 
with coastal flooding (period 2071ς100) compared to only six fatalities per year during the reference 
period (1981-2010). Coastal adaptation measures (dikes and beach nourishment) could significantly 
reduce risks to less than 10 deaths per year in 2080 (Ciscar et al., 2011; Kovats et al., 2011).  

According to the European Flood directive1, member states have to report on flood hazard and flood 
risk and must publish corresponding and publicly available maps. These maps identify areas with a 
high, medium and low likelihood of flooding and indicate expected water depths. όΨaŜŘƛǳƳΩ ōŜƛƴƎ 
defined as an event with a probability of occurrence of 1/100. The low and high likelihoods have no 
corresponding probability in the Directive.) In the areas identified as being at risk the number of 
inhabitants potentially at risk, the economic activity and the environmental damage potential have to 
be indicated.  

It should be noted that the hazard and risk maps discussed here give probabilities based on the present 
climate conditions. Equivalent maps that take into account climate change are not available in all cases. 
Maps with low probability (i.e., events that are rare presently) can be interpreted as representing 
conditions that under more or less severe conditions of climate change would occur more often, under 
the assumption that climate change will enhance the inundation probabilities and risks. For instance, 
in the Walloon Region, the so-ŎŀƭƭŜŘ άŜȄǘǊŜƳŜέ όƭƻǿ ǇǊƻōŀōƛƭƛǘȅύ ǎŎŜƴŀǊƛƻ ƛǎ ŜȄǇƭƛŎƛǘƭȅ ŎƻƴǎƛŘŜǊŜŘ ŀǎ 
representing the potential 100-year return period scenario at a 2050 horizon, including the effects of 
climate change2. 

In Belgium, each of the three regions has developed its own web-based portal where the maps 
prepared according to the Floods Directive can be consulted3. All portals show the information 
required by the directive. In Flanders, data layers with estimates of the expected maximum damage 
όƛƴ ϵκƳчύΣ ǘƘŜ ŜȄǇŜŎǘŜŘ ŜŎƻƴƻƳƛŎ ŘŀƳŀƎŜ όϵκƳчύ ŦƻǊ ƘƛƎƘΣ ƳŜŘƛǳƳ ŀƴŘ ƭƻǿ ǇǊƻōŀōƛƭƛǘȅ ŀǎ ǿŜƭƭ ŀǎ ǘƘŜ 
ŀƎƎǊŜƎŀǘŜŘ ŜŎƻƴƻƳƛŎ Ǌƛǎƪ όϵκƳчκȅŜŀǊύ ŀǊŜ ŀƭǎƻ ŀǾŀƛƭŀōƭŜΣ ŀƭǘƘƻǳƎƘ ǘƘŜȅ Ŏŀƴƴƻǘ ōŜ ŘƛǊŜŎǘƭȅ ǾƛǎǳŀƭƛȊŜŘ ƛƴ 
the mapping tool of the portal. The Flemish region has also developed ŀ Ψ/ƭƛƳŀǘŜ tƻǊǘŀƭ4Ψ ǘƘŀǘΣ ŀƳƻƴƎ 
other climate change-related data, contains information on the extent (hazard) and impact (risk), 
explicitly accounting for climate change.  

Integrated information on flood hazard and flood risks is not available at the level of Belgium; instead, 
it has to be collected by consulting information for the different regions and for the different river 
basins within those regions. The calculation of the total floodable area in Belgium based on the 
different sources is shown in Table 3-2.  

.  

 

 

 

 

 

 

 

 
1 https://ec.europa.eu/environment/water/flood_risk/implem.htm  
2 https://ec.europa.eu/environment/water/flood_risk/pdf/fhrm_reports/BE%20FHRM%20Report.pdf  
3 www.waterinfo.be (Flemish region), geoapps.wallonie.be/inondations (Walloon region) and 
https://environnement.brussels/thematiques/eau/leau-bruxelles/eau-de-pluie-et-inondation/cartes-relatives-
aux-inondations-pour-la (Brussels region). 
4 https://klimaat.vmm.be/ 

https://ec.europa.eu/environment/water/flood_risk/implem.htm
https://ec.europa.eu/environment/water/flood_risk/pdf/fhrm_reports/BE%20FHRM%20Report.pdf
https://environnement.brussels/thematiques/eau/leau-bruxelles/eau-de-pluie-et-inondation/cartes-relatives-aux-inondations-pour-la
https://environnement.brussels/thematiques/eau/leau-bruxelles/eau-de-pluie-et-inondation/cartes-relatives-aux-inondations-pour-la
https://klimaat.vmm.be/
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Table 3-2. Estimated total floodable area and number of potentially affected people in the occurrence of an 
inundation with a 100-year return period (T100) for the different river basins in Belgium. Even though the Rhine 
and Seine rivers are not located in Belgium, they do have portions of their basins within the country as certain 
rivers in the Walloon region flow towards both.  

Hydrographic unit (sub basin) Floodable area (ha) Potentially affected 
population at T100 

Scheldt (Flanders) 98,551  70,000  

Meuse (Flanders) 4,060  942  

Pluvial flooding (Flanders) 66,000 N/A 

Scheldt (Wallonia) 49,410  79,581  

Meuse (Wallonia) 103,840  124,622  

Rhine (Wallonia) 6,720  2,626  

Seine (Wallonia) 710  68  

Scheldt (Brussels) 3,373  72,540  

TOTAL (Belgium) 332,664  350,379  

 

According to this information, the total floodable area in Belgium is of the order of 333,000 ha, or 
about 11% of the total area. Note that the area affected by pluvial inundations in Flanders is not 
available in the basin management plans, but has been calculated separately. A figure for the 
population potentially affected by pluvial flooding is as yet not available. 

It should also be noted that there are notable differences in the methods and definitions used in the 
different regions. For instance, the definition of a flood with low probability is not the same in the 
Flemish and Walloon Regions: in Flanders, it is defined as an inundation with a probability of 1/1000; 
in Wallonia as the flood caused by a river discharge equivalent to a discharge with a probability of 
1/100, augmented by 30%.  

As such, the figures for the different regions are not readily comparable, and the summation of the 
different figures yields an order of magnitude rather than an exact figure.  

Figures for the potentially affected population are given in Table 3-2. As the definitions of low, high 
and extreme probability differ between the regions, the figures given are only for a 1/100-year 
probability (which is the only one calculated for each region). The resolution used in reporting 
population data is not the same in the different regions. In Flanders, population affected is reported 
at municipal level, or, for larger municipalities, at sub-municipal level. In Wallonia, more than 6000 
water course segments are used as a reporting basis. For the total figures, this does of course not make 
a difference. Overall, some 350,000 persons can be potentially affected by a flood with a 1/100 chance 
of occurrence; this is about 3% of the Belgian population. 

It should also be noted that information about the potentially affected population is based on the 
number of inhabitants within the zones that are prone to be flooded at a given probability; as such it 
does not provide information on the nature of the consequences (injuries, disease, death, mental 
ƘŜŀƭǘƘ ǇǊƻōƭŜƳǎΣ Χύ ƴƻǊ ŘƻŜǎ ƛǘ ǘŀƪŜ ƛƴǘƻ ŀŎŎƻǳƴǘ ŎƻǇƛƴƎ ƳŜŎƘŀƴƛǎƳǎ ŀƴŘ ŀŘŀǇǘŀǘƛƻƴ ƳŜŀǎǳǊŜǎ ǘƘŀǘ 
might lower the number of people that are affected in practice by the flooding. The same goes for 
information about potentially affected vulnerable objects such as day care centres, hospitals, homes 
ŦƻǊ ǘƘŜ ŜƭŘŜǊƭȅΣ Χ όǎŜŜ CƭŜƳƛǎƘ /ƭƛƳŀǘŜ tƻǊǘŀƭ Řŀǘŀ ōŜƭƻǿύΦ CƻǊȊƛŜǊƛ Ŝǘ ŀƭΦ όнлмтύ ƎƛǾŜ ŦƛƎǳǊŜǎ ŦƻǊ ōƻǘƘ 
people exposed and corresponding deaths, for different hazards. For Belgium, they estimated (for a 
business-as-usual scenario of greenhouse gas emissions (SRES A1B)) between 0 and 2 deaths per year 
associated with river flooding in the period 2071-2100. In the same period, between 6,000 and 35,000 
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persons would be exposed to river flooding every year. 

There is little information available on the nature of the impacts that persons at risk must undergo in 
case of inundations. Deaths as a result of floods are rare in Belgium, but this could become more 
important for floods with lower probabilities and/or as the climate changes. Fatalities are likely to be 
more important in the case of inundations caused by the sea than those caused by river flooding, as 
both inundation depth and duration are likely to be higher in the former case. Injuries and diseases 
caused by floods can be very diverse, and no information is available as to the relative importance of 
each. Flooding is also associated with mental health impacts, and coastal flooding in the EU could 
potentially cause five million additional cases of mild depression annually by the end of the 21st 
century, under a high sea level rise scenario, and in the absence of adaptation (EEA, 2017). 

As mentioned before, the figures regarding the floodable area and the potentially affected population 
given in Table 3-2 do not explicitly account for climate change. The Climate Portal developed by the 
Flemish region (see above) does however take climate change into account in its assessment of the 
impacts of flooding. It does so for a so-called high-impact scenario1 in the year 2100. The real impacts 
in the year 2100 are expected to be situated somewhere between the present situation and the 
situation represented by the high impact-scenario, depending on the future evolution of greenhouse 
gas emissions and of adaptation measures taken2.  

According to the data presented in the Climate Portal, the floodable area in Flanders (under a high 
impact scenario in 2100) would increase with 77%, resulting in an additional 130,000 ha that would 
become floodable (not including coastal flooding as result of sea level rise). Note that the Ψfloodable 
areaΩ does not only include fluvial but also pluvial floods. Despite the more limited area, inundations 
of pluvial origin affect 5 to 10 more buildings than inundations of fluvial origin, as the former are the 
predominant cause of inundations in urbanised areas). 

According to the data in the Flemish Climate Portal, the average inundation probability in Flanders 
would increase 5 to 10-fold, an inundation with an annual probability of 1/100 under present 
conditions having a probability of 1/10 in 2100, and a 1/10 inundation today happening on average 
every two years in 2100. Average water levels during inundations with a 1/1000 annual probability 
would increase by 22 cm on average, but the increase could be as high as 120 cm in certain areas. The 
proportion of vulnerable institutions (day care centres, hospitals, homes for the elderly, schools, ...) 
affected by ΨdangerousΩ flooding (i.e., flooding depth exceeding 70 cm, which is expected to result in 
acute health impacts and possibly deaths) would more than double, from 7.3% under present 
conditions to 15.7% in 2100 (Table 3-3). In certain urban areas, the proportion could be as high as 40%. 
It should be noted that those figures are based on the actual position of the institutions transposed to 
2100, and thus do not account for any form of adaptation. 

For flooding as the result of sea level rise, the proportion of vulnerable institutions affected by 
dangerous flooding would increase from 9% under present conditions to 24% under a high impact 
scenario in 2115 (corresponding to a sea level rise of 100 cm), see (Table 3-3). In Ostend, this would 
mean an increase from 20 to more than 80 vulnerable institutions that would be affected by floods of 
70 cm or higher. Note that of the 2760 vulnerable institutions affected in 2100 by fluvial and pluvial 

 
1 This scenario corresponds to the upper limit of the 95% confidence interval of the available climate model 
results relevant for Flanders (except for sea level rise, where a rise of 80 cm by the year 2100 has been taken into 
account, in accordance with the Flemish Coast safety Plan). The explanatory text of the Climate Portal states that 
this high-ƛƳǇŀŎǘ ǎŎŜƴŀǊƛƻ ΨŎƻǊǊŜǎǇƻƴŘǎ ǘƻ ǘƘŜ ƛƴǘŜǊƴŀǘƛƻƴŀƭƭȅ ǳǎŜŘ w/t уΦр ǎŎŜƴŀǊƛƻΩΣ that results in an average 
global temperature change of between 3.2°C and 5.4°C in the year 2100. The results can thus be considered as 
worst case.  
2 According to the explanatory text to the portal, impacts for other levels of temperature change than those 
corresponding to the high impact scenario can be estimated by considering the impacts in a given year prior to 
2100 as a proxy for the impacts in 2100 at lower levels of temperature change. For instance, the impacts for the 
high-impact scenario in 2030 can be considered as being equivalent to the impact of a 1.5°C temperature increase 
in 2100. For inundations, however, only figures for 2100 are at present available in the portal.  
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inundations, 377 would be in Antwerp alone, and another 151 in Ghent. Forzieri et al. (2017) give an 
estimate of one fatality/year associated with coastal flooding in the period 2071-2100 (for the SRES 
A1B-scenario). 

Table 3-3. Number of vulnerable institutions in Flanders affected by inundations exceeding 70 cm depth. Source: 
based on data contained in the Flemish Climate Portal.  

Nature of inundations Climate scenario # vulnerable institutions affected by 
inundations of 70 cm or more 

Fluvial and pluvial Present conditions 1320 

 High impact 2100 2760 

Caused by the sea Present conditions 80 

 1/1000 storm in 2115 207 

 

Estimates comparable to the ones described above have not been made for the Walloon or Brussels 
regions. However, as indicated in the primary risk evaluation of the Walloon region, climate change 
has been taken into account by the choice of the ΨextremeΩ (low probability) scenario (SPW, 2018). This 
scenario works with river discharges in 2100 that are 30% higher than the 100-year floods without 
climate change; the difference being considered as the additional impact of climate change on the 100-
year flood. This is based on the results of the project ΨAdaptation de la Meuse aux Impacts des 
Evolutions du ClimatΩ (AMICE) that found that 100-year floods in the Meuse river basin in the period 
2071-2100 would, as a result of climate change, be 30% higher than in the reference period 1961-1990. 
Yet, those results are not universally applicable in reality. A similar study from 2017 for (sub)tributaries 
of the Scheldt river (Zenne and Dender) found that the increase in centennial discharge in those rivers 
under the influence of climate change would be of the order of 100% instead of 30% (SPW, 2018). 

The calculations performed in the framework of the reporting of the Floods Directive indicate that, 
compared to the 1/100 year-scenario without climate change, the Walloon ΨextremeΩ scenario (being 
representative for the effect of climate change) would result in 50,000 additional hectares being 
inundated under a 1/100 scenario. This would represent an increase of 50% of the total area inundated 
by a ΨnormalΩ 100-year flood compared to a 100-year flood under conditions of climate change. Those 
figures (both in absolute and relative terms) are somewhat lower than the corresponding figures for 
Flanders given above. This could at least partly be explained by the different topography in both 
regions, but the figures are hard to compare in any case, as the increase in Flanders is expressed 
compared to a 1000-year storm and the increase in Wallonia compares to a 100-year storm. 

On the basis of the different flood risk management plans for the Walloon region an estimate can also 
be obtained of the additional number of people affected due to climate change, by calculating the 
difference between the T100 scenario and the ΨextremeΩ scenario. The data are summarized in Table 
3-4. According to those figures, climate change would cause almost 380,000 additional people to be 
affected by inundations in case of a 1/100 flood, which would mean and increase of 183%. This appears 
a lot, especially when compared to the increase in flooded area, that is only 50%. However, the fact 
that more severe floods would probably affect relatively more urban areas could at least partially 
account for this fact.  
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Table 3-4. Potentially affected population at the 100-year inundation (T100) in the Walloon Region.  

Hydrographic unit 
(sub basin) 

Potentially affected population at T100 

without climate 
change 

with climate change 
(extreme scenario) 

extra due to 
climate change 

Scheldt (Wallonia) 79,581 184,238 104,657  

Meuse (Wallonia) 124,622 396,426 271,804  

Rhine (Wallonia) 2,626 5,188 2,562  

Seine (Wallonia) 68 136 68  

TOTAL (Wallonia) 206,897 585,988 379,091  

 

The flood-related information (in terms of e.g. number of people affected) in the Water Management 
Plan 2016-2021 of the Brussels Capital Region (Bruxelles Environnement, 2017) does not specifically 
take into account climate change but, according to the Plan, the measures proposed would account 
for the future effects of climate change. 

Extreme weather 

Floods are caused by extreme weather, but extreme weather, induced or becoming more probable as 
a result of climate change, can have other impacts with potential health consequences. Examples of 
such phenomena are heatwaves, extreme precipitation, hail, windstorms, landslides and forest fires. 
Those phenomena, which are not all equally relevant to the Belgian situation, can result in injuries or 
death, either directly (e.g., injuries due to falling branches during storm conditions), or through their 
impact on, for instance, traffic related fatalities. By their very nature, extreme weather events are rare, 
and as such no clear picture is available of their health impact, but might become more frequent and/or 
more severe in the future. However, scientific literature for Belgium on the future health impact in 
terms of injuries and death, among other, is rare. 

Natural hazards always have and will continue to have significant consequences for society, such as 
premature mortality, several communicable and non-communicable diseases, mental health issues, 
and effects on occupational health, nutrition and social function (IPCC, 2014a; Wolf et al., 2015; 
UNISDR, 2015). Extreme weather- and climate-related events such as heatwaves, heavy precipitation, 
ŘǊƻǳƎƘǘǎΣ ΧΣ can also disrupt health and social care service delivery, and can damage healthcare 
infrastructure. 

Modelled projections of extreme precipitation events indicate an increase in the frequency, intensity 
and/or amount under future climate in Europe, and events currently considered extreme are expected 
to occur more frequently in the future. Globally, a 1-in-20-year annual maximum daily precipitation 
amount is likely to become a 1-in-5- to 1-in-15-year event by the end of the 21st century (IPCC, 2013). 

Windstorms can lead to structural damage, flooding and storm surges, which may be caused either by 
the wind itself, in particular short gusts, or by accompanying heavy precipitation. These events can 
have large impacts on human health and on vulnerable systems, such as forests, as well as transport 
and energy infrastructures. According to Munich RE's natural catastrophe loss database 
(NatCatSERVICE), storms were the costliest natural hazard (in terms of insured losses) in Europe 
between 1980 and 2015; they ranked second for overall losses and fourth in terms of the number of 
human casualties. A comprehensive review study covering the North Atlantic as well as northern, 
north-western and central Europe shows large agreement among models that the intensity of winter 
storms will increase in all these regions over the 21st century (Feser et al., 2014).  

Heavy precipitation events can introduce faecal contamination into rivers and lakes and in turn 
decrease the quality of drinking water. They can also overload the capacity of sewage systems, causing 



 

 

(c) 2011, Vlaamse Instelling voor Technologisch Onderzoek (VITO) NV. Alle rechten voorbehouden. 

56 

discharge of untreated water. Pathogens can then infiltrate the drinking water supply and lead to 
waterborne outbreaks (see also the chapter on waterborne diseases). In Belgium, those impacts are 
probably of limited importance, given the quality of both water treatment infrastructure and of the 
health system. 

Landslides occur as a combination of meteorological, geological, morphological, physical and human 
factors. Extreme weather- and climate-related events are the most common trigger of landslides in 
Europe. Shallow landslides are mostly triggered by heavy and/or persistent precipitation events; 
surface water run-off caused by heavy precipitation can induce some types of landslide, such as hyper-
concentrated, debris flows or mudslides. 

Hail can be responsible for significant damage. There is however little knowledge of hail risk across 
Europe beyond local historical damage reports, because of the relative rarity of severe hail events and 
the lack of uniform detection methods (Punge et al., 2014). The limited number of studies that have 
investigated projections of hailstorms appear to be inconsistent and demonstrate changes that are not 
very large and often lacking statistical significance. As mentioned in Section 2.7, climate projections 
conducted within CORDEX.be (Termonia et al., 2018) for the end of the century under IPCC scenario 
RCP8.5 point towards a reduced number of hail events but an increase of the main hailstone size. Yet, 
future projections of hailstorms feature a high level of uncertainty.  
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3.2. INDUSTRY AND SERVICES 

3.2.1. General considerations 

Industry and services are facing two types of climate related risks: transition risks, related to the 
conversion towards low CO2 production and operations, and the exposure to physical climate risk. With 
respect to the latter, extreme weather, as well as slower evolving phenomena, are expected to 
increasingly pose a threat to business continuity. In particular, companies that depend on global chains 
of production, storage, supply, processing, retail and consumption will be exposed to an enhanced risk 
from climate change, not in the least because they often rely on suppliers, production and 
transportation in regions across the globe with a high climate vulnerability. 

Companies realise that they are exposed to price risks because of the price volatility of raw materials 
and commodities, e.g., prices of crops, energy and water, in the case of extreme events such as a 
drought. CDP (2019) has estimated that globally, companies have a value at risk (both transition and 
physical) approaching one trillion USD. As to the physical risks, companies cite the following drivers, in 
order of importance:  

¶ reduced revenue from decreased production (linked to transport or supply chain difficulties); 

¶ increased operation costs (e.g. inadequate water supply); 

¶ increased capital costs (damage to facilities); 

¶ reduced revenues from lower sales.  

While the awareness of companies regarding physical climate risk is lagging behind the awareness of 
the transition issue, slowly but surely it is transpiring that an assessment of physical climate risk as a 
basis for action is urgently required. Marsh & McLennan Companies (2017) refers to the exposure and 
vulnerability of companies to physical climate change impacts, stating:  

ά!ƴ ŜŦŦŜŎǘƛǾŜ ǊŜǎƛƭƛŜƴŎŜ ǎǘǊŀǘŜƎȅ ǎƘƻǳƭŘ ŀŘŘǊŜǎǎ Ƙƻǿ ŎƭƛƳŀǘŜ ŀƴŘ ƳŀǊƪŜǘ ŎƘŀƴƎŜǎ Ŏŀƴ ƛƳǇŀŎǘ 
corporate and financial performance. To better understand how climate resilient your 
company is, we recommend the following steps: (1) assess climate vulnerability of operations 
and facilities, (2) embed climate risks into enterprise risk management programs, and (3) 
ǳƴŘŜǊǘŀƪŜ ǎŎŜƴŀǊƛƻ ŀƴŀƭȅǎƛǎ ǘƻ ŜƴƘŀƴŎŜ ŘŜŎƛǎƛƻƴ ƳŀƪƛƴƎ ŀǊƻǳƴŘ Ǌƛǎƪǎ ŀƴŘ ƻǇǇƻǊǘǳƴƛǘƛŜǎΦέ 

Industrial companies recognize that extreme weather events are already causing severe disruption to 
their operations, and associated losses are increasingly affecting corporate balance sheets; they 
increasingly realize that they will have to consider their exposure to physical climate risk in order to 
safeguard business continuity (Biagini and Miller, 2013).  

One could of course argue that, since ancient times, weather variability always has constituted an 
important challenge for business planning, and business should know how to deal with it. Yet, 
challenges in anticipating climate change impacts are different, because this variability itself is now 
changing, i.e., climate risks and associated economic losses are expected to considerably deteriorate 
beyond what we would consider as ŀ ΨǊŜƎǳƭŀǊΩ ǾŀǊƛŀōƛƭƛǘȅΦ !ǎ ŀ ǊŜǎǳƭǘΣ ŎƻƳǇŀƴƛŜǎ ŀǊŜ ƛƴŎǊŜŀǎƛƴƎƭȅ 
concerned about potentially disruptive climate impacts that might bring them near the limits of their 
current resilience (Adaptation Scotland, 2017). 

Moreover, it is to be expected that, increasingly, financial institutions, investors, and customers, will 
require that companies report on their climate risk exposure, and implement strategies to enhance 
resilience and ensure business continuity. Already, a survey recently conducted by Ernst & Young 
(2017) finds that investors expect that companies articulate the potential physical impacts of climate 
change on their assets and supply chain. In this respect, the Climate-related Financial Disclosures 
mechanism (TCFD, 2017) may become an important game changer as businesses will be increasingly 
expected (or forced) to disclose their climate vulnerability, transition- as well as physical climate risk-
related.  

The industry and services sector exhibit the particular property of being vulnerable to a multitude of 
risks, see Table 3-5 for a (non-exhaustive) overview. Indeed, the global value chain (Gereffi and 
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Fernandez-Stark, 2016) of companies is often very extensive, and may involve a multitude of sectors, 
ranging from agriculture, over transport (road, sea, air), energy, infrastructure and to water, among 
other. Much of this vulnerability stems from climate change impacts outside Europe, climate having 
ƛƳǇŀŎǘǎ ƻƴ ŀƭƭ ǎǘŀƎŜǎ ƻŦ ŀ ŎƻƳǇŀƴȅΩǎ ǾŀƭǳŜ ŎƘŀƛƴǎ 99! όнлмтύΦ  

Table 3-5. Non-exhaustive overview of physical climate risks faced by the industry and services sector.  

 impacts 

extreme 
heat 

- labour productivity loss 

- overheating of servers and other IT equipment 

- altered consumption patterns 

- reduced airfreight cargo (weight limit at take-off) 

drought  - crop yield losses and shift of plant types  

- enhanced irrigation costs 

- increased competition for water 

- reduced hydroelectrical power availability 

flooding - storage facilities & materials source sites inundated 

- damage to IT equipment and infrastructure 

- labour productivity loss (staff unable to reach work) 

- consumers unable to access shops 

storms - risks to transport over land, by air and sea  

- compromised integrity of manufacturing plants 

- delays and loss of goods 

sea level 
rise 

- accessibility of harbour areas compromised 

- inundation of coastal industrial facilities 

 

While climate impacts to some economic sectors (e.g., energy) have been well investigated, the 
industry and services sector has been largely under-researched with respect to climate change impacts 
(IPCC, 2014b). As a result, reliable information regarding the impact of climate change on industry is 
ǊŀǘƘŜǊ ǎŎŀǊŎŜΦ CƻǊ ƛƴǎǘŀƴŎŜΣ ǘƘŜ 99! όнлмтύ ǎǘŀǘŜǎΥ ά{ƻƳŜ ŎƭƛƳŀǘŜ-sensitive sectors, systems and issues 
are not covered in this [i.e., their] report owing to a lack of reliable information across Europe, including 
ƻƴ ƛƴŘǳǎǘǊȅ ŀƴŘ ƳŀƴǳŦŀŎǘǳǊƛƴƎΦέ  

Forzieri et al. (2018) investigated the impact of climate change on critical infrastructure in Europe, and 
found that, with a changing climate, the industry sector faces the highest damage. While current 
damage losses are dominated by floods (river and coastal) and windstorms, which cause structural 
damage to infrastructure and machinery, it is expected that in the coming decades droughts and 
heatwaves will have an increasingly dominant impact. However, it should be added that this conclusion 
is biased towards the sub-sector of the water/waste treatment systems, while the remaining industrial 
sub-sectors considered ς i.e., the metal industry, mineral industry, chemical industry and refineries ς 
would still predominantly be affected by floods and wind storms. For Belgium this matters, given the 
strong presence of the metal (southern part of Belgium) and chemical/refinery industries (northern 
Belgium) in the country. 

Adaptation research and actions ς including the assessment of physical climate risk ς have, to date, 
almost exclusively focused on the public sector, and much less on the private sector. In addition, while 
75% of companies acknowledge climate risk, only 30% conduct risk assessments, and of these, most 
consider risks from current climate variability and extremes only; a mere 5% really take action to 
manage climate risk (Agrawala et al., 2011).  
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ISO ς the International Organization for Standardization1 also increasingly recognizes the importance 
of climate as an integral aspect of good business management: in June 2019 they published ISO 14090 
and 14091, which focus on adaptation to climate change including vulnerability, impacts, and risk 
assessment (ISO, 2018). In the future, a business certified with one of these ISO labels would show 
customers and shareholders alike that they are well prepared to continue the provision of their 
products and services, even in case of disruptive climate events. 

Finally, the UN Sustainable Development Goals (SDGs) ς ƛƴ ǇŀǊǘƛŎǳƭŀǊ {5D мо Ψ/ƭƛƳŀǘŜ !ŎǘƛƻƴΩ ς urge 
businesǎŜǎ ǘƻ ΨǇǊŜǇŀǊŜ ǘƻ ŀŘŀǇǘ ǘƻ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ŀƴŘ ōǳƛƭŘ ǊŜǎƛƭƛŜƴŎŜ ƛƴ ǘƘŜƛǊ ƻǇŜǊŀǘƛƻƴǎΣ ǎǳǇǇƭȅ ŎƘŀƛƴǎ 
ŀƴŘ ǘƘŜ ŎƻƳƳǳƴƛǘƛŜǎ ƛƴ ǿƘƛŎƘ ǘƘŜȅ ƻǇŜǊŀǘŜΩ2. 

3.2.2. Labour productivity loss related to extreme heat 

Extreme heat, apart from leading to higher morbidity and mortality, will also affect labour productivity 
losses in the future (Forzieri et al., 2017; Gasparrini et al., 2017; Mora et al., 2017; Estrada et al., 2017; 
Orlov et al., 2019; Pal and Eltahir, 2015). 

A few studies been conducted in this domain of extreme heat versus labour productivity loss for a few 
cases in Belgium, and a brief account of the main outcomes will be provided in the remainder of this 
section. The studies mentioned below make use of the wet bulb globe temperature (WBGT): 

ὡὄὋὝπȢχὝ πȢςὝ πȢςὝȟ 

with Tw the wet-bulb temperature, Tg the black globe temperature and Td the dry bulb temperature 
(i.e., the actual air temperature). Details regarding this calculation method are presented in Lauwaet 
et al. (2020); suffice to know that the WBGT incorporates effects of air temperature, humidity, 
ventilation (wind) and short- and longwave radiation exposure. As such, this indicator attempts to 
represent the actual heat stress that is experienced by the human body, well beyond the sole impact 
of air temperature. The WBGT is also an ISO standard to quantify human heat stress (ISO, 1989), and 
is included in Belgian labour law as a Royal Decree (FOD WASO, 2011) to determine the rest periods 
labourers are entitled to in case of extreme heat, as shown in Table 3-6. 

Table 3-6. Work-versus-rest regime for different intensities of labour, in case of exposure to heat stress as 
expressed by the WBGT.  

 work regime 

light semi-heavy heavy very heavy 

WBGT values (°C) 

прΩ ǿƻǊƪ κ мрΩ ǊŜǎǘ 29.5 27 23 19 

олΩ ǿƻǊƪ κ олΩ ǊŜǎǘ  30 28 24.5 21 

 

Figure 3-23 shows an example of the spatial variability of the WBGT within an urban neighbourhood 
of Antwerp. Note the strong WBGT gradients ς highlighting the cooling role of urban green vegetation.  

 
1 https://www.iso.org/home.html  
2 https://www.uncclearn.org/sites/default/files/inventory/16-
00055_why_it_matters_climate_action_business_letter_size_1p.pdf  

https://www.iso.org/home.html
https://www.uncclearn.org/sites/default/files/inventory/16-00055_why_it_matters_climate_action_business_letter_size_1p.pdf
https://www.uncclearn.org/sites/default/files/inventory/16-00055_why_it_matters_climate_action_business_letter_size_1p.pdf
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Figure 3-23. Simulated spatial variability of the WBGT on a typical warm summer afternoon (here the maximum 
ǾŀƭǳŜ ƻŦ ǘƘŜ ².D¢ ƻƴ нп Wǳƭȅ нлмнύ ŦƻǊ ǘƘŜ ΨhǳŘ-.ŜǊŎƘŜƳΩ ƴŜƛƎƘōƻǳǊƘƻƻŘ ƭƻŎŀǘŜŘ ǎƭƛƎƘǘƭȅ ǘƻ ǘƘŜ ǿŜǎǘ ƻf the 
Antwerpen-Berchem train station. Blue areas (cool) generally correspond to the presence of green vegetation. 
Source: Lauwaet et al. (2018b).  

 

Figure 3-24. Spatial distribution of the highest WBGT value occurring on 3 July 2015 in Ghent. Source: Lauwaet et 
al. (2020). 
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Figure 3-25. Number of lost labour hours (per person) following the work/rest regime regulations referred to in 
Table 3-6, for the hot summer of 2003 in the Gent area, discriminating between different levels of outdoor work 
(light to very heavy work). Source: Lauwaet et al. (2017a).  

At a somewhat larger scale, Figure 3-24 shows the spatial distribution of the WBGT in the city of Gent 
on a warm summer day, again clearly showing the cooling effect of green areas, but also cooling 
derived from water areas.  

Lauwaet et al. (2020) simulated WBGT patterns for the Gent area for the hot summer of 2003, and 
based on that they estimated the potentially lost working hours when applying the work/rest regime 
of Table 3-6. These lost working hours, by category of labour intensity, are shown in Figure 3-25, with 
values up to several hundreds of hours of productivity loss for very heavy outdoor work. Considering 
that, with climate change, summer heat as that experienced in 2003 may become fairly common (Schär 
et al., 2004), this may become a burden on sectors that rely on heavy outdoor work, such as the 
construction sector.  

Figure 3-26 shows the result of a comparable exercise, from Lauwaet et al. (2017b), but conducted for 
the Brussels Capital Region. Again, spatial patterns of the WBGT were used together with the work/rest 
regimes of Table 3-6 to estimate the amount of lost working hours during the summer of 2003, 
ŀƳƻǳƴǘƛƴƎ ǘƻ ƳƻǊŜ ǘƘŀƴ мл҈ ƛƴ ǎƻƳŜ ŀǊŜŀǎ ŦƻǊ ǘƘŜ ΨƘŜŀǾȅ ǿƻǊƪΩ category, and once more showing the 
impact of the urban heat island.  
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Figure 3-26. Potentially lost work hours based on the simulated WBGT regime in combination with data featuring 
in Table 3-6 (work/rest regime) for Brussels, summer of 2003. Source: Lauwaet et al. (2017b). 

Finally, Hooyberghs et al. (2015) conducted simulations of indoor thermal comfort (again using the 
WBGT) for a typical office building located in the south of Antwerp (actually, in this case ±L¢hΩǎ 
Berchem satellite office), using urban climate simulations together with detailed building energy 
balance calculations, accounting for building characteristics such as thermal inertia, wall isolation, 
exposure of windows with respect to solar position throughout the day, and the dimensioning of the 
ventilation system, among other. Figure 3-27 shows the estimated lost working hours (blue) for desk 
ǿƻǊƪŜǊǎ όΨƭƛƎƘǘ ǿƻǊƪΩύΦ ¢ƘŜ ƎǊŜŜƴ ŀƴŘ ǊŜŘ ōŀǊǎ ǎƘƻǿ ǿƘŀǘ Ŏŀƴ ōŜ ŀŎƘƛŜǾŜŘ όƛƴ ǘŜǊƳǎ of reducing this 
number of lost hours) by rather simple ΨŎƻƳƳƻƴ-ǎŜƴǎŜΩ όŀƴŘ ƴƻǘ ǾŜǊȅ Ŏƻǎǘƭȅύ adaptation measures 
such as increased ventilation (night-ǘƛƳŜ ΨŦƭǳǎƘΩύ ƻǊ ƪŜŜǇƛƴƎ ǘƘŜ ǎƻƭŀǊ ōƭƛƴŘǎ ŘƻǿƴΦ  

 

Figure 3-27. Estimated fraction of lost working hours in the south-facing room during an average summer (May-
September), considering scenario RCP8.5 and different time horizons (horizontal axis). The blue bars refer to the 
situation without tempering measures, red bars denote increased night-time ǾŜƴǘƛƭŀǘƛƻƴ όΨŦƭǳǎƘΩύ ǘƻ Ŏƻƻƭ ǘƘŜ 
building, and the green bars correspond to the situation where solar blinds are operated in such a way as to 
reduce incoming solar radiation, but disregarding ventilation. Source: Hooyberghs et al. (2017).  
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3.2.3. Impact of climate change to the insurance sector  

In a recent report, the Belgian federation of insurance companies Assuralia (2019) states that Ψthe 
unsteadiness of natural phenomena is exerting its influence, against the background of climate change 
that promises more extreme weather conditionsΩ. Climate-related risks are increasingly cited by the 
insurance sector as a potential threat to their financial stability (NBB, 2019). Apart from the risk related 
to the transition towards a low-carbon economy, insurance companies are exposed to the impact of 
climate change itself, i.e., the physical risk, both in terms of their assets (through depreciation of 
investments) and liabilities (through increasing claim levels).  

As yet, the impact of climate change on losses and damage claims is difficult to determine (EC, 2017; 
Van den Broeck et al., 2019). On the one hand this is related to the variability of extreme weather, 
which may be masking long-term trends. Moreover, the number of damage cases and monetary claims 
is not only due to changes in weather extremes, but also to changes in vulnerability (e.g., more houses 
in flood-prone areas); disentangling both effects is not straightforward. However, it is expected that 
the frequency and intensity of extreme weather will increase with climate change, resulting in 
increased damage costs. Consequently, higher insurance premiums are expected in future years due 
to climate change, and insurers consider that some risks may become uninsurable over the medium 
and long term. Yet, such increases might be mitigated by prevention, both at a macro (regional) and 
micro (local authority, owners of buildings) level. 

Although financial institutions seem to be aware of potential climate related risks, they have so far 
made relatively little progress in quantifying and integrating them into their risk management (NBB, 
2019). This may be related to the fact that, traditionally, insurance companies consider time horizons 
of months to years, rather than decades, which in turn is related to the fact that insurers can fairly 
easily adapt their tariffs according to new insights with respect to weather extremes.  

With respect to liabilities and claims, climate affects, among others:  

¶ car insurance, in particular the so-ŎŀƭƭŜŘ ŎŀǎŎƻ όΨŎŀǎǳŀƭǘȅ ŀƴŘ ŎƻƭƭƛǎƛƻƴΩύ ƛƴǎǳǊŀƴŎŜ ǿƘƛŎƘ 
nowadays generally includes damage by storms, hail and flooding; 

¶ conversely, the third-party liability car insurance has seen decreasing damage costs (over the 
period 2010-2014), which has been attributed to less harsh winter road conditions, although 
other factors also contribute to this evolution, such as better-equipped cars (technology), 
better infrastructure and law enforcement (speed cameras); 

¶ fire and property insurance policies, which include damage by flooding, storms, hail, sewer 
overflows and landslides;  

¶ hospitalisation insurance could be affected increasingly by heat-related hospital admissions; 

¶ since 2020 an agricultural insurance against drought and related yield loss has been 
introduced, replacing damage compensation from the Flemish Disaster Fund.  

Floods, windstorms, hail and drought are identified as the most impactful climate events for Belgian 
insurers (NBB, 2019). In a survey conducted among insurance companies on the key physical climate 
risk factors they considered most impactful, the following climate related hazards were identified (with 
a numerical relevance indication given between brackets): floods (100), windstorms (75), hail (75), 
drought (75), freeze/snowfall (38), heatwaves (25) and wildfire (13). Verification of the main claims 
cost in recent years confirms storms and flooding as the main calamities. 

As mentioned in Section 2.7, climate projections conducted within CORDEX.be (Termonia et al., 2018) 
for the end of the century under IPCC scenario RCP8.5 point towards a reduced number of hail events 
but an increase of the main hailstone size.  

Considering floods, Hosseinzadetalaei et al. (2020) performed a risk assessment for 20-, 30-, 50- and 
100-year flood return periods over Europe from the continental down to the national level for the late 
21st century. Integrating hazard and socio-economic indicators, their results show a drastic increase 
(up to 87%) in future flood risks of different return periods over Europe. For Belgium, in particular, the 
enhanced hazard goes together with an enhanced exposure because of the expected increasing 
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population density.  

VMM, in a study on flood risk in the Heulebeek catchment1, attributed flooding damage changes to 
climate change, the increasing share of impermeable surfaces and the increasing share of built-up 
zones in flood-prone areas. Focusing on the centre of the municipality of Moorsele, and using 
hydrologic modelling accounting for climate change hazard, they found that a significant number of 
buildings was at risk for flooding under climate change (Figure 3-28). In the wider Heulebeek 
catchment, they found that with climate change the number of houses exposed to an annual 1-in-10 
probability of flooding mays rise from 1450 currently to 2750 in the future.  

 

Figure 3-28. The buildings shown in red are at medium risk of flooding under climate change. Dark and medium 
blue contours show a high resp. medium risk for flooding under current climate conditions, the clear blue contours 
represent a medium probability for flooding under climate change. Source: Afdeling Operationeel Waterbeheer 
van de Vlaamse Milieumaatschappij (VMM).  

Beckers et al. (2013), also accounting for both changes in climate hazard and socio-economic 
vulnerability (through land use changes affecting the share and value of built zones in flood prone 
areas) found that, for the built zones near the Meuse river, between 2009 and 2100 flood damage 
could be multiplied by 1.01ς1.4 in a moderate (labelled ΨŘǊȅΩύ ŎƭƛƳŀǘŜ ǎŎŜƴŀǊƛƻ ŀƴŘ ōȅ рΦпς6.3 in a high 
όΨǿŜǘΩύ ǎŎŜnario. In the wet scenario, the effect of climate change was found to be 3ς8 times more 
influential than the effect of urbanization.  

According to the Flemish Climate Portal2, under a high impact scenario, by 2100 the percentage of 
buildings exposed to dangerous flooding levels (flooding depth > 70 cm) will increase from a current 
average value of 2.6% to 6.9%; locally, the figure may reach as high as 15-20% of buildings exposed to 
dangerous flooding levels. More information on flooding and its impact on infrastructure is provided 
in Section 3.1.7.  

 
1 https://www.west-vlaanderen.be/sites/default/files/2020-03/03_heulebeek-Maarten%20Goegebeur.pdf  
2 klimaat.vmm.be  

https://www.west-vlaanderen.be/sites/default/files/2020-03/03_heulebeek-Maarten%20Goegebeur.pdf
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Figure 3-29. Simulated flood damage (blue bars) for the current situation and the end of the century under a high 
όΨǿŜǘΩύ ŎƭƛƳŀǘŜ ǎŎŜƴŀǊƛƻΦ ¢ƘŜ ǎƘŀǊŜ ƻŦ ǘƘŜ ƭŀƴŘ ǳǎŜ ŎƘŀƴƎŜǎ όƴŜǿ ǳǊōŀƴ ŀǊŜŀǎύ ƛǎ ǎƘƻǿƴ ŀǎ ǘƘŜ ƳǳƴƛŎƛǇŀƭƛǘƛŜǎΩ 
yellow-to-red colour range. Source: Beckers et al. (2013).  

In a study for the UK, according to CISL (2019) the present-day risk to UK mortgaged properties from 
wind storms is considerably lower than that of flood risk. (Also, a large uncertainty persists with respect 
to the frequency and severity of future wind storms.) Projections indicate that, under a 2°C warming 
scenario, the number of properties located in the UK that are at considerable risk of flood (coastal, 
fluvial, pluvial) could increase by 25%, this figure rising to 40% under a 4°C warming scenario. For assets 
abroad, such as commercial property (office buildings and shopping centres, among others), average 
loss under a 4°C warming scenario may reach 70-80% for those assets that are located in tropical 
cyclone areas.  
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3.3. BIODIVERSITY 

Land (or sea) use change and direct exploitation together account for more than half of the biodiversity 
loss imputable to human activities. Climate change is currently responsible of about 15% of the decline 
(IPBES, 2019). It does represent, however, an increasing threat for biodiversity and ecosystem services 
(ESS). Climate change and biodiversity loss are intrinsically linked as they share common drivers, and 
observations show that ongoing climatic changes already affect biodiversity. Future climate change is 
expected to intensify and become one of the main drivers of biodiversity decline and a collapse of 
Natural Capital. It will likely reduce ecosystemsΩ resilience towards other stressors, including pollution, 
habitat fragmentation, biological invasion and (over)exploitation of natural resources, and further 
reinforce these drivers of biodiversity loss (EEA, 2019a; IPBES, 2019; Kovats et al., 2014).  

bŀǘǳǊŜΩǎ ŎƻƴǘǊƛōǳǘƛƻƴǎ ǘƻ ǇŜƻǇƭŜΣ ƛΦŜΦ, ESS, include regulating, material and non-material services 
(IPBES, 2018). Due to the complexity of biodiversity assessments and existing interactions between 
different stressors, it is very difficult to attribute observed and expected decline in biodiversity and 
ƴŀǘǳǊŜΩǎ ŎŀǇŀŎƛǘȅ ǘƻ ǇǊƻǾƛŘŜ 9{{ ǘƻ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜΦ Monetizing biodiversity loss is even more complex 
(EEA, 2017)Φ 9ǾŜƴ ǎƻΣ .ŜƭƎƛǳƳΩǎ bŀǘƛƻƴŀƭ /ƭƛƳŀǘŜ Commission appraises the climate-related costs for 
maintaining biodiversity among the highest of different sectors (NCC, 2017). Conservation of 
biodiversity and ESS will increasingly require resources and efforts, both in- and outside protected 
areas. Projected regional climatic change will put pressure on local species, and considerably impede 
survival of endangered species. Progress that has been booked in the protection of these species may 
recede due to new challenges posed by climate change (Grootaert, 2014). This means that biodiversity 
conservation, including the management of specific Natura-2000 sites irrespective of their status 
όǿƘƛŎƘ ŎƻƴǎǘƛǘǳǘŜǎ мрΦф҈ ƻŦ .ŜƭƎƛǳƳΩǎ ǘŜǊǊƛǘƻǊȅΤ DǊƻƻǘŀŜǊǘΣ нлмпύ, will also become more demanding 
(EEA, 2017). While in our report we assess the specific impacts of climatic changes on biodiversity and 
ESS within Belgium, it is likely that climatic impacts outside our country also have large effects on ESS 
delivered to Belgium due to migration or reduction in supply of goods or services (EEA, 2019a).  

The clearest universal challenge is the observed and further expected shift northward, and toward 
higher altitudes, and phenological changes (i.e., change in periodic life cycle events of flora and fauna) 
as a consequence of rising temperatures for flora and fauna species in all types of ecosystems, 
endangered or not. While species may move northward or alter their behaviour as an adaptation 
strategy, it is commonly recognized that often their adaptation rate ς or that of species on which they 
depend in the food web ς cannot keep track with the shifts in climate conditions, which leads to a 
progressive decline in biodiversity on the European continent (EEA, 2017, 2019a; IPBES, 2018; Menzel 
et al., 2006; NCC, 2017). Other stressors for biodiversity, specifically barriers in fragmented landscapes 
and alien species that benefit from rising temperatures to invade territories, further challenge endemic 
species and impede migration (IPBES, 2018; Kovats et al., 2014; NCC, 2017). Species migration and 
altered fitness will drive local shifts in species distribution, interactions and ecosystem functioning, and 
include an increased risk of extinction for some species (EEA, 2017; Kovats et al., 2014). The fraction 
of species at risk of climate-related extinction is 5% at 2°C global warming up to 16% at 4.3°C global 
warming (IPBES, 2018). Another major challenge, in addition to the relatively gradual change in 
temperature, is the more frequent occurrence of extreme weather events, which has an adverse 
impact on the survival of diverse species by direct mortal impacts (Bahn et al., 2014). The compounding 
risks and negative impacts of different drivers are expected to intensify with climate change in the 
future (EEA, 2019a). In Belgium, in the context of the reporting duty for habitat directive 92/43/CEE on 
the conservation of natural habitats and wild fauna and flora, an assessment made in 2019 indicates 
that 20% of the Directive's species in the Continental Bioregion (South of Sambre and Meuse Rivers) 
are threatened by global warming (Motte G., personal communication 11 March 2020). 

In the next paragraphs, impacts of climate change on biodiversity and ESS in aquatic and terrestrial 
ecosystems in Belgium are described. We start with two overview tables (Table 3-7 and Table 3-8) 
summarizing climate related vulnerabilities. Thereafter, specific impacts are elaborated and illustrated 
by recent observations or model projections for the future. 
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Table 3-7. Ecosystem, biodiversity and ESS vulnerabilities to projected climatic changes in Belgium 
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Table 3-8. Affected ESS in Belgium by projected climatic changes according to ecosystem type 
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3.3.1. Aquatic ecosystems 

Observed and projected climatic changes in Belgium already affected and will continue to affect marine 
and fresh water resources.  

Marine 

Rising temperatures and acidification due to elevated atmospheric CO2 concentration affect the North 
Sea and poses a threat to sea life in marine habitats (IPBES, 2018). Recent temperature rise in the 
North Sea is generally more pronounced than in more southern and less enclosed seas. Although 
eutrophication and overfishing also affect North Sea species, changes in species abundance and marine 
ecosystems are at least partly due to temperature-driven northward species shift. These changes have 
already induced a decline in specific species populations, including those of sardines, red mullet, bass 
and cod. Barnacles, snails, decapods, jellyfish and other warm water loving (invasive) species on the 
other hand profit from the higher temperatures and thrive now better in the North Sea (van Ypersele 
and Marbaix, 2004; Philippart et al., 2011). Although warming may locally lead to an increase in fish 
biodiversity, this is often accompanied by a change in the fish community structure, with growing 
populations of relatively small species (like sprat, anchovy and horse mackerel) but declining 
populations of larger species (like bass, red mullet and cod) in the North Sea (Perry et al., 2005). In the 
past 40 years, fish species populations have shifted by about 10° latitude northward (or 250 km per 
decade), and this evolution has accelerated in the last 20 years (EEA, 2017). The observed northward 
shift of a number of North Sea species is shown in Figure 3-30. Next to warming, acidification also 
threatens many marine organisms, particularly those relying on calcium carbonate for shells and 
skeletons, whole marine ecosystems and fisheries (NCC, 2013).  

 

Figure 3-30. Northward shift of North Sea fish distributions (shifts in mean latitude of centres of abundance) 
between 1977 and 2001 for (A) Atlantic cod (Gadus morhua), (B) anglerfish (Lophius piscatorius), and (C) snake 
blenny (Lumpenus lampretaeformis). Arrows indicate where shifts have been significant over time. Source: Perry 
et al. (2005) 

Future changes in temperature and acidity will continue to disrupt marine habitats and community 
structures and possibly lead to the local extinction of marine plant and animal species, including 
ŎƻƳƳŜǊŎƛŀƭƭȅ ŎŀǳƎƘǘ ƻƴŜǎΦ ¢ƘŜ ŎƘŀƴƎŜǎ ŎƻƳǇǊƻƳƛǎŜ ǘƘŜ bƻǊǘƘ ǎŜŀΩǎ ǊŜƎǳƭŀǘƛƻƴ ƻŦ ƛǘǎ ƻǿƴ ŀŎƛŘƛǘȅΣ ƛǘǎ 
rich biodiverse ecosystem and the whole marine trophic web, which provide crucial ecosystem services 
including food provision and the fishery sector (Philippart et al., 2011). Changes in the physical 
properties of the seas can induce abrupt changes of whole ecosystems, so-called regime shifts, which 
reduce its resilience and affect the provision of ESS (EEA, 2017). Given the global extent of climate 
change and the connection between oceans and seas, pronounced local changes in near-by seas (e.g. 
the Mediterranean Sea) can cause ecological shifts in the North Sea as well (Conversi et al., 2010). 
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Currently, warm water fish species are less economically valuable than cold water species (van 
Ypersele and Marbaix, 2004). Still, Johnson et al. (2020) estimated an increase in fish production ESS 
ōȅ нлрл όŎƻƳǇŀǊŜŘ ǘƻ нлммύ ǘƘŀǘ Ŏŀƴ ōŜ ŘŜƭƛǾŜǊŜŘ ōȅ .ŜƭƎƛǳƳΩǎ ǎŜŀǎΣ ǿƛǘƘ ŀ ƘƛƎƘŜǊ ƛƴŎǊŜŀǎŜ ƛƴ ŀ 

scenario where energy-sober behaviour and high availability of low-carbon technologies (~RCP 2.6; 
described by Rozenberg et al. (2014)) is combined with avoidance of agricultural or urban development 
in areas that are currently valuable for delivering ESS. 

Connected to the sea are coastal and estuarine land zones that are also home to diverse ecosystems. 
Those ecosystems, including marsh areas, are dependent on salt level, sedimentation and inundation 
regimes. The projected changes in temperature, precipitation and frequency of extreme events and 
the concurrent sea level rise challenges these biodiverse ecosystems and habitats for local fauna and 
flora, and the ESS it provisions. Sea level rise will lead to changes in ecosystems and habitat for local 
species, with challenges and opportunities depending on possibilities to follow (EEA, 2017; Van der Aa 
et al., 2015). Shift of marsh areas of the Sea Scheldt following future sea level rise is expected to be 
feasible (Temmerman et al., 2004), while for the Western Scheldt ecosystem, changes in sediment 
loads are expected to hinder movement of marsh areas (Van Braeckel et al., 2012). 

Increased surface temperatures of the North Sea have already benefitted warm water swimming crabs 
in recent years, which in turn triggered establishment of lesser black-backed gulls at the Belgian coast 
(Luczak et al., 2012). Future sea level rise will cause intrusion of salty water in aquatic and terrestrial 
ŜŎƻǎȅǎǘŜƳǎ ƴŜŀǊ .ŜƭƎƛǳƳΩǎ ср ƪƳ ƭƻƴƎ ŎƻŀǎǘƭƛƴŜ ŀƴŘ ŜǊƻǎƛƻƴ ƻŦ Ŏƻŀǎǘŀƭ ƭŀƴŘΦ ¢Ƙƛǎ ǿƛƭƭ ŘŜǎǘǊƻȅ ŜȄƛǎǘƛƴƎ 
ecosystems, put pressure on the fresh water reserves and habitats in dunes and polders, and affect 
the recreational and touristic value of the coastal region. A number of valuable nature reserves nearby 
the coast, including the Westhoek, Ijzermonding, Fonteintjes and Zwin, are specifically under threat 
(van Ypersele and Marbaix, 2004; NCC, 2013). With regard to extreme events, one third of our coastline 
and its ecosystems is insufficiently protected against super storms (combining high tide and strong 
wind; NCC, 2013), that will become more probable in the future. 

Large parts of our coastal area are extremely vulnerable since many lay below sea level during annually 
recurring average storms (Stevens et al., 2014). Weakened coastal ecosystems will eventually lead to 
a decrease in coastal protection ESS that coastal ecosystems can serve in Belgium, independently of 
the type of socio-economic pathways that are assumed (Johnson et al., 2020).  

Freshwater 

Freshwater ecosystems in Belgium, as across the whole of Europe, suffer from climatic changes, in 
addition to the adverse effects of other stressors like agricultural intensification and urban 
development. Seasonality of river flows across Europe is expected to further intensify in accordance 
with recent observed trends, including declined summer (precipitation and) river flows and increased 
winter (precipitation and) river flows (EEA, 2019a; IPBES, 2018). Besides changes in precipitation 
patterns, also temperature rise affects aquatic ecosystems because of a lower oxygen saturation at 
higher temperatures (NCC, 2013). The sudden impact of extreme high or low flows can destroy 
ecosystems and compromise flood protection and water quantity and quality regulating ESS, and in 
general involve high costs (van Ypersele and Marbaix, 2004).  

But also gradual changes complicate the maintenance of water habitats for several species, which in 
turn affects the regulation of the quality and quantity of our freshwater resources by local aquatic 
ecosystems. Deteriorated ecosystems near rivers and lakes have diminished capability to regulate 
fluvial floods and prevent inundations in these vulnerable areas, affecting the execution of existing 
flood plans (NCC, 2013; Van der Aa et al., 2015). About 4% of the Flemish Region floods once every 100 
years, affecting about 1% of the Flemish population, and 30% of the Flemish Region is currently 
sensitive to inundations ς shares that may increase in the future. This land is very vulnerable to 
increased exposure to changes in seasonality and extreme events (Stevens et al., 2014).  

Belgium, and especially the Flemish region, faces water scarcity. The ŎƻǳƴǘǊȅΩǎ high population density 
entails limited drinking water resources per capita (Stevens et al., 2014). Water provision ESS are 
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expected to decrease in Belgium, irrespective the type of the assumed socio-economic pathways 
(Johnson et al., 2020).  

.ŜƭƎƛǳƳΩǎ Meuse river with its pronounced seasonal variation in discharge (low flows during summer 
and high flows during winter) is one fresh water system that is vulnerable to the expected climate 
changes. A future with wetter winters and drier summers will amplify ǘƘŜ ǊƛǾŜǊΩǎ ŘƛǎŎƘŀǊƎŜ ǎŜŀǎƻƴŀƭƛǘȅ 
(de Wit et al., 2007). These altered regimes may be harmful for local aquatic ecosystems that rely on 
the discharge seasonality. Still, discharge in the Meuse river in dry periods depends also on provision 
from groundwater reserves, which should be recharged by winter precipitation. Future frequency of 
critical low flows in summer depends thus on the sequence of dry winters followed by dry summers 
(de Wit et al., 2007). Although winter precipitation is projected to increase, potential combinations of 
winters and subsequent summers with below-average precipitation in the future can jeopardize 
drinking water supply from the Meuse river.  

3.3.2. Terrestrial ecosystems 

Notwithstanding its limited size and unarticulated topography, Belgium has distinct ecosystem types 
including semi-natural coastal dunes, wetlands, peat bogs, grasslands, limestone ecosystems 
(including calcareous meadows, groves and forests), heathland, and deciduous and coniferous forests, 
each with its own biodiverse community of flora and fauna species. Yet, in our strongly urbanized 
country, semi-natural areas are not equally distributed. About 80% of the forested areas is for example 
located in southern Belgium. Also in urban and fragmented areas, biodiversity is essential to sustain 
ESS (Grootaert, 2014). Climate change is clearly affecting terrestrial ecosystems, although other 
stressors also negatively affect terrestrial biodiversity (IPBES, 2018). The general impact of rising 
temperatures ς causing geographical shifts, biome shifts and disruption of community interactions ς 
is already established in Belgium. But also changes in precipitation, atmospheric CO2 concentration, 
sea level rise and extreme events challenge terrestrial ecosystems. 

Flora 

Climate change induced droughts (due to increased temperatures and evapotranspiration, and lower 
summer precipitation) challenge plants and trees and decrease biomass productivity (IPBES, 2018). 
Specific ecosystems, like the Hautes Fagnes nature reserve with its characteristic peat bogs, are prone 
to drought and are at high risk of disappearance due to projected climatic changes in combination with 
other pressures (van Ypersele and Marbaix, 2004). Next to drought, a temperature-driven northward 
shift of plant species (particularly mosses, algae and lichens) is already clearly established in Belgium. 
Northward shifts may also include invasive species from more southern regions that compete with 
(weakened) native species. Haesen and Van Meerbeek (2019) expected continued northern shifts for 
the majority of 881 studied Flemish plant species (of which 229 signalled as vulnerable on the Red List 

for endangered species): on average 96 km for pessimistic climate projections (~RCP 8.5) by 2100, and 

62 km for more moderate climate projections (~RCP 4.5). Already threatened species will be most 
sensitive to changes, and see their optimal climatic conditions shift further northward, i.e., by 111 to 
168 km for RCP 4.5 and 8.5, respectively (as compared to 36 to 49 km for not yet endangered species). 
For about 30 of the studied plant species (among which the endangered frog orchid, but also more 
common species like creeping thistle and common mallow), the potential habitat will disappear in the 
Flemish region, which will lead to local extinction and overall biodiversity loss. While southern species 
may colonize our region, those species are highly mobile and may cause competition with native 
species (Haesen and van Meerbeek, 2019). 

Certain long-lived tree species that thrive best in cold climates (including oak, beech and hornbeam) 
may no longer find a suitable climate niche in our country in the future and locally disappear, especially 
when further weakened by drought or heat stress (van Ypersele and Marbaix, 2004). 

{ŜǾŜǊŀƭ ƻŦ .ŜƭƎƛǳƳΩǎ Ƴƻǎǘ ƛƳǇƻǊǘŀƴǘ ǘǊŜŜ ǎǇŜŎƛŜǎΣ ƛƴŎƭǳŘƛƴƎ ōŜŜŎƘ ŀƴŘ bƻǊǿŀȅ ǎǇǊǳŎŜΣ ǿƛƭƭ ōŜ ǎŜǾŜǊŜƭȅ 
threatened by continued rising temperatures and prolonged droughts. Large part of the Sonian Forest 
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would become unsuitable for beech due to climatic changes by the end of the century (under RCP 8.5) 
(Daise et al., 2011). (More on this subject is found in Section 3.6, which describes impacts on forestry.) 
Other, currently secondary trees in our region, such as Acer species and other deciduous trees, may 
therefore become more dominant in the future (De Frenne et al., 2014). Following European wide 
projections, Norway spruce would not be able to thrive in 50% of its current habitats (Hanewinkel et 
al., 2013).  

Overall forest productivity may however also benefit from elevated CO2 concentration and prolonged 
growing periods in northern latitudes (EEA, 2019a), especially when migration of species is supported 
for example by introducing southern species in conservation areas of nurseries (Van der Veken et al., 
2008). Johnson et al. (2020) expected an increase in forestry production ESS in Belgium, in a scenario 

where energy-sober behaviour and high availability of low-carbon technologies (~RCP 2.6) is combined 
with conservation efforts, whereas decreases were expected if no specific efforts for conservation are 

made or in a scenario with less energy sobriety (~RCP 8.5).  

Just like other species, trees respond to the climatic changes by adjusting their phenology. Those 
changes affect forestry and ESS delivered by forests, as well as human health by altered timing and 
duration of the pollen season. The pollen season has been seen to start 10 days earlier and last longer 
in Europe as compared to 60 years ago. For the future years ahead, several dominant European tree 
species are expected to produce new leaves earlier (at a rate of up to 2 days per decade), while leaf 
senescence is expected to be delayed by the same rate. Earlier spring leafing and later autumn 
senescence will affect species competition (EEA, 2017). 

In agriculture, biodiversity is critical for food security as it contributes to the increased productivity and 
resilience of agricultural systems (Thrupp, 2000). In typical hedgerows in Belgium, species richness is 
expected to collapse by the end of the century under RCP 8.5, even when migration of southern species 
is considered. Other ESS provided by the hedgerows, including food provision, pollination potential 
and shade casting ability (as determined by Van Den Berge et al. (2018) and Verheyen et al. (2012)) 
are also expected to change, with the direction and magnitude of change being hedgerow- and ESS-
specific (Berckmans et al., 2020; Vanuytrecht et al., 2020). 

Fauna 

Belgian fauna typically consists of temperate European species. Next to common small species, wild 
boar and deer, wild birds make up a large part of the animal population (NCC, 2013). As within the 
whole of Europe, local bird species communities increasingly include species dependent on higher 
temperatures (Ψsouthern speciesΩ). The number of European land bird species whose populations are 
negatively affected by climatic change largely exceeds the number that is positively affected (EEA, 
2017). Observed lower numbers of wintering (water) birds in Flanders (Figure 3-31) have also been 
ascribed to climate change.  

Arrival of different summer migrants on the other hand have been monitored to advance in the past 
20 years by a week on average (Grootaert, 2014; Figure 4). More and more, milder winters enable 
migratory birds to hibernate further north and decrease the number of winter migrants in Belgium, 
and future changes will increasingly continue to do so. A shift in the occurrence of European bird 
species by 550 km to the northeast with a 3°C temperature increase by 2100 is expected (EEA, 2017). 
By the end of the century, Wallonia will be a range limit for 60 species, including 19 newly immigrated 
species, while an equal amount of currently present species will have disappeared. Projected 
temperature rises are likely to induce earlier arrival of summer migratory species. Yet, since adaptation 
of bird species does not follow the phenological adaptation of their food sources (e.g., caterpillars), 
several species are at risk of considerable population decline or even extinction (Grootaert, 2014). In 
Flanders, the brambling (Fringilla montifringilla) and common redpoll (Acanthis flammea) are 
endangered with extinction due to rising temperatures during their reproduction phase (Dumortier et 
al., 2009).  
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Figure 3-31. Gap to population targets of wintering water bird species in Flanders. Source: Grootaert (2014)  

In Wallonia, analysis of historic observations showed ς in agreement with European and world-wide 
observations ς on average an advancement of spring migration of different bird species with years and 
a change in species composition favouring more southern species, which was associated with 
temperature rise (Laudelout and Paquet, 2014; Paquet, 2016). While there is a clear average trend, 
responses are species-specific with species communities that thrive better in more boreal climates (or 
occurring at higher elevation) showing more pronounced changes and some species showing 
responses opposite to the average response. While some species are on decline in Wallonia (e.g., the 
meadow pipit (Anthus pratensis), fieldfare (Turdus pilaris) and great grey shrike (Lanius excubitor)), 
others benefit from climatic changes (e.g., the African stonechat (Saxicola torquatus) and the 
melodious warbler (Hippolais polyglotta)), leading to an increase in nesting bird species richness, 
hence biodiversity, by 18% in 30 years, which is at least partly due to rising temperatures (Jacob et al., 
2010; or 13 species more per 80 km2; Laudelout and Paquet, 2014). While future rises in temperature 
are expected to further induce similar trends as observed in the past, other pressures like habitat 
degradation will also further impact bird populations.  

 In the recent past, an increase in insect species (dragonflies (Odonata spp)) that are endemic to more 
southern regions has been noticed in Belgium (Grootaert, 2014; Termaat et al., 2019). Also butterfly, 
spider (e.g., wasp spider (Argiope bruennichi)) and bird (e.g., European bee-eater (Merops apiaster)) 
species typical for more southern locations have already migrated to Belgium, and may continue to do 
so in the future with rising temperatures. Nevertheless, there is a limitation to their future northward 
shift due to their demanding habitat requirements, their slower mobility than the rate of climatic 
changes and distorted phenology, which may lead to extinction of species (Grootaert, 2014; NCC, 2013; 
Van Dyck et al., 2015). On the other hand invasive species ς like ticks (Ixodida spp), red-eared turtle 
(Trachemys scripta elegans) or processional caterpillar (e.g. Thaumetopoea processionea) ς also 
benefit from temperature rise, which will require intensive prevention plans (NCC, 2013).  
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Figure 3-32. Insect diversity changes in five climate change scenarios (from S1 to S5 increasing year-round 
temperature by 1°C to 5°C and decreasing summer precipitation by 10% to 50%) for butterflies, grasshoppers, 
dragonflies and for all species together in Belgium (red: > 30% species loss, orange: 15ς30% species loss, light 
green: 15ς30% species gain, dark green: > 30% species gain). Source: Maes et al. (2010) 

For several future climate scenarios, a decreased insect species richness (of butterflies, grasshoppers 
and dragonflies) has been predicted in Belgium compared to present-day richness, and a shift of 
species-rich locations to higher altitudes (Maes et al., 2010). While a general decline in insect 
biodiversity is expected, the magnitude and evolution of the decline is species-, scenario- and location-
specific. Yet, changes in species composition are more pronounced with more severe climate 
projections, i.e. higher year-round temperature rises and lower summer rainfall (Figure 3-32). The 
most important losses are expected in regions that are currently species-rich, consisting of large nature 
reserves with rare and threatened types of biotopes, where some of the most endangered insect 
species in Belgium occur (Maes et al., 2010). 
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For bumblebees (Bombus spp), which are important providers of pollination, 110 years of observations 
of range shifts divert from what has been observed for other insects. Within Europe, there has not 
been a climate change related northward expansion of the distribution area of bumblebees, while 
important range losses at the southern limits have been observed (up to 300 km), independent of 
harmful effects of pesticides and land use changes (Kerr et al., 2015). While the Belgian territory is not 
at a southern limit of many bumblebee populations, warming-related extreme events threaten the 
populations as their warm thermal tolerance is evolutionary relatively low (Kerr et al., 2015). In 
Belgium, climatic changes will put additional pressure on the declining bumblebee populations that 
suffer from urbanization and agricultural intensification (Vray et al., 2019). Shifted flowering period of 
blossoming plants due to temperature rises may further complicate the pollination potential. Johnson 
et al. (2020), however, expected an increase in pollination ESS in Belgium, in scenarios with energy-

sober behaviour and high availability of low-carbon technologies (~RCP 2.6), versus a decrease in a 

scenario with low energy sobriety (~RCP 8.5). 

Land and soil 

Climate change, and in particular prolonged droughts or extreme rainfall events, will cause erosion 
further to degrade our land and soils and its biotic life, which suffer already from exhausting land use. 
Droughts and increased evapotranspiration will decrease soil moisture. Several habitats and species 
that are adapted to a temperate humid climate will not be able cope with frequently recurrent 
droughts in the future. This will reduce the optimal functioning of habitats, or even lead to 
disappearance of characteristic ecosystems, and will continue to drive negative impacts on food 
provision, water provision and quality, wood production or recreational ESS (EEA, 2019a; IPBES, 2018; 
Van der Aa et al., 2015).  

In conclusion, in the above we have demonstrated and discussed observed and expected climate 
impacts on species, ecosystems and ESS in Belgium, ranging from northward migration and 
phenological changes due to temperature rise over increased vulnerabilities due to extreme events 
and prolonged droughts. Still, climate change has an important impact on complex inter- and 
intraspecific interactions and intertwines with other stressors. This could initiate a cascade of effects 
that are difficult to predict and adversely impact on the ESS provided by biodiverse ecosystems with 
serious economic consequences (NCC, 2013). 
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3.4. INFRASTRUCTURE, TRANSPORT AND NETWORKS 

Network infrastructure is crucial for the functioning of today's economy and society, notably 
infrastructure for energy (e.g., grids, power stations, pipelines), transport (fixed assets such as roads, 
railways or airports), ICT (e.g., data cables) and water (e.g., water supply pipelines, reservoirs, waste 
water treatment facilities). Left unmanaged, climate change may significantly affect the operational, 
financial, environmental and social performance of such infrastructure (EC, 2013).  

Overall, there are many interdependencies between the infrastructure sectors, and failure in one area 
can quickly lead to cascade failure. Energy, water, ICT and transport infrastructure are also often co-
located (e.g., power cables laid below roads and beside communications cables, adjacent to water and 
gas mains and above sewers), especially in urban areas. Extreme weather events and its consequences 
(such as soil subsidence or erosion) could conceivably affect (or disrupt) all of these infrastructure 
assets simultaneously.  

Main threats to infrastructure assets include damage or destruction caused by extreme weather 
events, flooding, changes in patterns of water availability, and effects of higher temperature on 
operating costs. Some infrastructure may not be affected directly but be unable to operate if physical 
access or services to it (such as electricity and ICT) are disrupted. For instance, disruptions in the energy 
distribution network may impede the functioning of swing bridges, of safety measures at railway 
crossings, or of pumping stations that keep tunnels dry, thus impacting transport networks and 
transport flow (KvK, 2014). Cascade effects such as those can potentially result in very important 
damages. Crucial to the importance of the effects is the vulnerability of key components in the 
ƴŜǘǿƻǊƪǎ όŜΦƎΦ ōǊƛŘƎŜǎ ƻǾŜǊ ƛƳǇƻǊǘŀƴǘ ǿŀǘŜǊǿŀȅǎΣ ǘǊŀƴǎŦƻǊƳŀǘƛƻƴ ǎǘŀǘƛƻƴǎΣ Řŀǘŀ ŎŜƴǘǊŜǎΣ ΧύΦ  

An essential aspect of the resilience of any kind of network is the degree to which the network has 
built-in redundancy. For instance, are there alternatives for crucial bridges over waterways? Can power 
supply easily switch to other sources if one or more sources are compromised? Do the tunnels have 
back-up pumps that use power supplies that do not depend on the grid? Redundancy is generally 
higher for the road network than for the rail network in Belgium, meaning the latter would be more 
vulnerable to the effect of local disruptions.  

 Another important aspect that determines overall damages and cost is the duration of the 
disturbances. Is the unavailability of networks a matter of hours, days or weeks? Failure or disruption 
of network infrastructure can cause indirect costs that surpass to a large extent the direct costs to the 
infrastructure itself, as the economic activities that depend on functioning networks may be affected, 
sometimes over relatively long periods. 

It should be noted that much of the literature on the cost of climate change for infrastructure deals 
with the impact of catastrophic effects such as floods, extreme heat, etc..., which represents only a 
ǇŀǊǘ όŀƭōŜƛǘ ǘƘŜ Ƴƻǎǘ άǾƛǎƛōƭŜέ ƻƴŜύ ƻŦ ǘƘŜ Ŏƻǎǘǎ ǘƘŀǘ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ǿƛƭƭ ƭƛƪŜƭȅ ŎŀǳǎŜΦ 

Forzieri et al. (2018) studied the impacts of climate extremes on critical infrastructures in Europe, by 
combining simulated data on exposure to different hazards with damage information derived from 
disaster databases. The authors found that, whereas current multi-sector hazard damage relates 
mostly to river floods (44%) and windstorms (27%), the proportions of drought and heatwaves will rise 
strongly, to account for nearly 90% of climate hazard damage by the end of the century (vs 12% in the 
baseline period). This suggests that impacts of climate extremes could change not only in terms of the 
magnitude of damage, but also in their typologies.  

Predicted economic losses were highest for the industry, transport, and energy sectors. The authors 
found that for the energy sector the largest rise in damage relates to energy production, as a result of 
its sensitivity to droughts and heatwaves. For the transport sector, heatwaves will also largely 
dominate future damage, mainly by affecting roads and railways. These modes of transport also suffer 
losses from inland and coastal flooding. Hazard losses in the industry sector will mainly be due to 
droughts and heatwaves in the coming decades. The impacts relate mostly to the degradation of water 
quality and a reduction of the decomposition rate of water and waste management systems, with 
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corresponding higher costs for water and its treatment. The results cited above apply to Europe as a 
whole. There will however major differences across Europe, with a much higher burden in southern 
Europe as compared to the north of the continent (see Figure 3-33). 

 

Figure 3-33. Spatial patterns of overall climate hazard risk (expressed as Expected Annual Damage (EAD), in 
Ƴƛƭƭƛƻƴ ŜǳǊƻκȅŜŀǊύ ǘƻ ŎǊƛǘƛŎŀƭ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ƛƴ ǘƘŜ нлулΩǎ ǳƴŘŜǊ ǘƘŜ !м. ŜƳƛǎǎƛƻƴǎ ǎŎŜƴŀǊƛƻΦ {ƻǳǊŎŜΥ CƻǊȊƛŜǊƛ Ŝǘ ŀƭΦ 
(2018). 

3.4.1. Transport and transport networks 

The projected increase in the frequency and intensity of extreme weather events such as heavy rain 
(e.g., causing floods), extreme heat and droughts can enhance negative impacts on the transport 
infrastructure, causing injuries and damages as well as economic losses, transport disruptions and 
delays.  

JRC (2102) finds that, at EU27 aggregated level, compared to today, average precipitation-induced 
normal degradation of road transport infrastructures will only slightly increase in the future. However, 
more frequent extreme precipitations and floods (river floods and pluvial floods) could result in an 
extra cost. Some beneficial impacts on transport can also be expected, such as from reduced snowfall 
and more frost-free days. Those beneficial impacts are likely to be more important in the South 
(Walloon region) than in the North (Flanders and Brussels) of Belgium. Higher temperatures as a result 
of climate change could also result in more road accidents as a result of the stress that heat conditions 
can impose on drivers, or of unsafe situations during periods of extreme precipitation. On the other 
hand, safer driving conditions during winter (less snow and frost) could result in less accidents. It is 
unclear which of those tendencies will be more important, and whether the overall impact would be 
relevant at all. 

Climate change has an impact on rail transport through rail buckling and the expansion of swing 
bridges, but also by flooding of the housing of electronic control equipment in case of extreme 
precipitation, or by the increased energy demand from air conditioning systems on trains, resulting in 
overheating and failure of the overhead lines. Other potential impacts include overheating of electrical 
equipment, overhead line sag, earthworks failure, scour of bridges, risk to signalling systems of 
flooding or extreme heat, track inundation, damage from fallen trees and branches, inadequate 
ventilation in trains, as well as risks for other infrastructure networks and systems the railway depends 
on (RSSB, 2016). Research in the Netherlands has shown that at temperatures above 23°C significantly 
more disturbances in the rail network occur, and that significantly more trains have problems at 
temperatures above 27°C. At temperatures exceeding 30°C, the number of disturbances in the 
Netherlands has been reported to increase with 30%. The economic consequences of delays in 
passenger rail transport have been estimated to be low (KvK, 2014), but this likely will not be the case 
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for goods transport, especially if network and supply chain effects are factored in. Recent articles in 
the Dutch newspapers mention that at least one billion euros should be spent to make the rail network 
in the Netherlands resilient to climate conditions in the year 2050. 

Operations at airports can be affected by strong winds, storms, inundations and damage to runway 
and apron surfaces at temperatures exceeding 31°C. Also, take-off performance of aircraft may 
become compromised with increasing temperatures, the lower air density at higher air temperature 
requiring reduced cargo weight and/or restrictions on fuel load (Coffel et al., 2017). 

Operations in ports (loading, docking of ships) can be hampered by strong winds, whereas high 
temperatures can affect personnel handling equipment on container terminals. Maintenance 
requirements of port infrastructure may increase. As a rule, the impact on supply chains can be 
expected to be more important than the direct impacts on infrastructure and operations at the ports 
proper. Droughts can affect inland navigation (see below). Table 3-9 lists climate related impacts on 
transport and transport networks that may be relevant for the Belgian situation.  

It should be noted that Belgium, compared to many other countries, has a very dense network of 
motorways as well as railways and waterways, and that the corresponding damage and cost is thus 
likely to be high. 

As mentioned before in the chapter about the health impacts of climate change and based on data 
from the Flemish Climate Portal (VMM), the floodable area in Flanders (under a high impact scenario) 
would increase 77% by the year 2100, resulting in an additional 130,000 ha that would become 
floodable (not including coastal flooding as result of sea level rise). The average inundation probability 
would increase 5 to 10-fold. Average water levels during inundations (with a 1/1000 probability) would 
increase with 22 cm on average, but the increase could be as high as 120 cm in certain areas. 

Those figures make it clear that the future impact of flooding on transport infrastructure, especially in 
low-lying areas along waterways, and in urban areas vulnerable to pluvial flooding, can be important, 
unless adaptation measures are taken to increase the resilience of the networks. High water levels on 
rivers can also impede inland navigation. 

CƛƎǳǊŜǎ ƻƴ ǘƘŜ ƛƳǇŀŎǘ ƻŦ ƻǘƘŜǊ ŎƭƛƳŀǘŜ ƘŀȊŀǊŘǎ όǎǘƻǊƳǎΣ ŘǊƻǳƎƘǘǎΣ ŜȄǘǊŜƳŜ ƘŜŀǘΧύ ŦƻǊ ǘƘŜ .ŜƭƎƛŀƴ 
situation are harder to come by, and little systematic research seems to have been done on this topic. 
As the effects of extreme temperatures will be exacerbated in urban areas, heat impacts on transport 
networks (rail buckling, problems with closing of bridges, road surface deterioration) will probably be 
relatively more intense in city environments than in the countryside.  

Table 3-9. Climate related impacts on transport and transport networks that may be relevant for the Belgian 
situation. Source: EC (2013).  

Type of 
transport 
infrastructure 

Type of 
climate 
hazard 

Potential impacts 

Rail 
infrastructure 

Summer 
heat 

- rail buckling 
- material fatigue  
- increased instability of embankments 
- equipment overheating (engine ventilation, air conditioning) 
- increased probability of wildfires damaging infrastructure 

Extreme 
precipitation 

- damage on infrastructure due to flooding and/or landslides  
- scour to structures  
- destabilization of embankments 

Extreme 
storms 

- Damage on infrastructure such as signals, power cable etc. (e.g. 
due to falling trees, etc). 

Road Summer - pavement deterioration and subsidence;  
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infrastructure heat - melting tarmac 
- reduced life of asphalt road surfaces (e.g. surface cracks);  
- expansion/buckling of bridges 
- increased probability of wildfires damaging infrastructure 

Extreme rain 
/ floods 

- damage on infrastructure (e.g. pavements, road washout);  
- road submersion;  
- scour to structures;  
- underpass and tunnel flooding;  
- overstrained drainage systems;  
- risk of landslides; 
- instability of embankments 

Extreme 
storms  

- damage on infrastructure;  
- roadside trees/vegetation can block roads 

Sea level 
rise 

- damage infrastructure due to flooding;  
- coastal erosion;  
- road closure 

Aviation 
infrastructure 

Summer 
heat 

- degradation of runways and runways foundations;  
- decrease airport lift and increased runway lengths 

Extreme rain 
/ floods 

- flood damage to runways and other infrastructure;  
- water runoff exceeding capacity of drainage system 

Extreme 
storms 

- wind damage to terminals, navigation, equipment, signage 

Sea level 
rise 

- flooding of runways, outbuildings and access roads 

Shipping 
infrastructure 
(inland) 

High river 
flow 

- problems for the passage of bridges;  
- speed limitations because of dike instability;  
- restrictions on the height of vessels 

Low river 
flow 

- restrictions on the loading capacity;  
- navigation problems, speed reduction, functioning of locks to 

prevent water loss 

Shipping 
infrastructure 
(maritime) 

Change sea 
conditions 

- more severe storms and extreme waves might affect ships 

Extreme 
storms 

- devastation of port infrastructure;  
- interruptions of port activities 

 

Lower water levels in rivers and canals during drought episodes can hamper inland navigation. During 
the summer of 2018, navigation on parts of the Rhine river almost completely ceased due to low river 
levels. Middelkoop et al. (2001) have estimated that, as a result of climate change, navigation 
restrictions on the Rhine could increase to 34 days (as compared to 19 today) in 2050 (ICEDD, 2014). 
Calculations for Flanders suggest that river discharges during dry summers could by the year 2100 be 
reduced with between 20% and 70%, depending on the basin and the climate scenario. The Amice-
project has estimated that the 7-day averaged low water discharge on the Meuse river (that provides 
water to the Albert Canal) could decrease with between 10% and 40% as a result of climate change. 
Van Pelt et al. (2009), using a Regional Atmospheric Climate Model (RACMO2) under the condition of 
the SRES-A1B emission scenario, in combination with the HBV96 hydrological model found that the 
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average summer discharge of the Meuse would decrease with between 13% and 17% by the end of 
the century. Moeskops et al. (2010), on the other hand, mention a decrease of up to 75% of average 
summer discharge of the Meuse at Borgharen in the period 2070 -2100.  

3.4.2. Energy infrastructure 

Impacts of climate change, such as an increased frequency of extreme weather events or changing 
water and air temperatures have effects on energy transmission, distribution, generation and demand. 

The transmission and distribution grids are increasingly challenged by direct physical effects of extreme 
weather events (e.g. storms or floods). Extreme high temperatures also have a negative impact on the 
capacity of the networks. The generation of electrical energy is affected by efficiency decreases due to 
climate change (e.g. decreasing availability of cooling water for electricity generators). However, more 
wind may also lead to new opportunities for wind energy generation.  

According to EC (2013) floods are identified overall as a particular threat to electricity generators and 
related physical assets. In the Netherlands however, simulations have found that the impacts of floods 
are manageable, as floods can be predicted and affect only part of the national network. Heat events 
on the other hand can at the same time increase demand and limit production capacity, resulting in 
network problems that are more difficult to deal with (Bollinger and Dijkema, 2016). Table 3-10 shows 
the relative importance of the impacts of changing climate parameters on different energy supplies. 
Table 3-11 lists climate related impacts on energy infrastructure that may be relevant for the Belgian 
situation.  

Table 3-10. Relative importance of the impacts of changing climate parameters on different energy supplies. 
(Note: 3 = severe impact, 2 = medium impact, 1 = small impact.) Source: European Commission (2013). 

 
 

 

 

 

 

 
































































































































































































































































































