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Today, the average global temperature has increased by more than 1°C comparedindysteial
values(Figurel-1); atmospheric C&concentrations have risen from 280 to more than 400 ppm. At
the current pace of emissions, the carbon budget that isflafistaying 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.rihyeges
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 agumlltyield, mortality figures and labour
productivity loss, among other.

15 1.5
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Figurel-1. Annual average, glob&0-month average neassurface air temperatureelative tothe preindustrial
period.SourceCopenicus 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 towseds
reduction ofgreenhouse gas essiors.

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 damagross 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 seeiconomic impact of climate change in Belgium, resulting
from a literaturebased study conducted between November 2019 and July 2020. While working from
an existing body of literature has the advantage of ali@vio quickly collect and process large
amounts of information, it also comes wiits limitations.

Onesuch limitationis related to the fact that, most of the time, thevailableinformation pertairs to
regions outside Belgiumor for a portion of Belgion only; converting impacts and costs to the Belgian
situation has shownto be far from straightforward, often requiring a large number ¢gtrong)
assumptions. Another limitationesides in the facthat use of'the literatureQas a main source of
(abundan yet scattered)information precludesthe development of &ully coherent framework
Indeed, ideally one would follow a botteop approach, starting frore.g. consistentand use change
scenarios and common methodologies to all sectors considered; ang adixed set of time horizons

and climate scenarios. In our study, we were at the mercy of whatever information was available
scientificpapers and reportseach withits own approaches, scenariaand time horizons making it
sometimeshardto ensurean appropriate levetonsistency.

At the start of the study, an attempt was made to list expected climate change impacts for Belgium as
O2YLX SiiSteé |a LRaarofSs cASORFENDRDNNESNAER iy WOKATK
describe potentialmpacts; 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 Committdbe lexpertise available
within the consortium, and by the availability of suitable source material.

The remainder of tis report is organised as followS&ection 2 presents thmain 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 differg sectors, as much as possible employing information for Beldguim,
convertinginformation and datafrom studies conducteclsewherewhenever required.Section 4
describes the effect of transboundary climate impacts to the situation in Belgium, thrtwgh
mechanismsf 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 studonstituting the ore 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. Sect®describes few concrete case studies, meant to make the impacts

of climae change more tangible as compared to the maeoonomic approach used in Section 6.
Conclusions are presented in Section 9.

Finally, readers who prefer first reada more digesble version of the present full report are referred
to the companiorSummay for Policymakersvhich presents the main highlightstbis study.
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2.1. INTRODUCTION

This chapter summarizes the information about future clinathange regarding temperature
(extremes), precipitation (extremesjroughtsand sea level rise for the Belgian contéxtoughout

the 21st century. It takes the CORDEXHigh-resolution climate scenarios for Belgiuifiermonia et

al., 2018) as a basis, which were recently develogedugh a collaboration of Belgian research
institutions (RMI, KU Leuven, VITO, UC Louvain, Ulg). These scenarios are translations of the
Representative Concentration Pathways (R®@BRs Vuuren et al., 20} Trom the Intergovernmental

Panel on Climate Chaa@iPCC)Assessment Report 5 (IPCC, 201dwards the Belgian territory for

which more detail in the meteorological parametésprovided through various climate modelling and
techniques.

Forthis report, the following RC&tenarios are considered (salsoFigure2-1):

1 the RCP8.5 scenario, a highd baseline pessimistic scenario that assumes no policy and a
further increase in greenhouse gas emissions towardsetigk of the 21st century. It should
be noted that RCP8.5 is not a businassisual scenario. Instead, it should be regarded as a
highrend (90th percentile) scenario out of all4policy baseline scenarios, or as a wearase
(95th percentile) scenario outf all RCP scenarios.

1 the RCPA4.5 scenario, a middle scenario that assumes an emissions peak around 2840, and
decrease afterwards.

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

Annual anthropogenic CO, emissions
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Figure2-1. Emissions of carbon dioxide €0 the Representative Concentration Pathways (RCPs) (lines) and the
associated scenario categories use@ (i K SWotkihg GroQgllIWGII) (colouredareas showthe 5 to 95%
range). The WGIII scenario categories summarize the wide range of emigsianas published in the scientific
literature and are definedbased onCQ-equivalent concentration levels (in ppm) in 2100. Here, only CO
concentrations are shown, while other greenhouse gas emissions are also taken into accousstaiiehment

of the RCPs. Figure adapted from IPCC (2014

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

Lhttp://euro -cordex.be
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reference timeframe 19762005, also in line with the IPCC:

1 nearfuture: 20162045 (change over 40 years)
1 mid-centuy: 19362065 (change over 60 years)
1 end-century: 2072100 (change over 95 years)

Because of limited data availability atite variety of literature sources usedome information can
only be provided in approximation to these scenarios or for sinfdfiernative) scenarios and/or
timeframes, which wilthen 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 iRigure2-2. Sinceghe 197, the rate of change amounts to 0.24 per decade
(Brouwers et al., 20051t is expected that this will continue to increase towards the end of tie 21
century according to the different simulations in th& &limate Model Intercomparison Project
(CMIP) 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 (20782100) is expected to increase By®’Ccompared to tke reference timeframél97&;
2005),and the summer temperature b8.6°C For the scenarios RCP4.5 and RCP2.6, the expected
temperature rise is lower, respectively 1.6 and°@fbr the winter and 2.1 and 0°€for the summer.

annual deviation of temperature [°C]
o

95th percentile confidence interval of trend
annual deviation from the reference period 1850-1899
— trend

Figure2-2. Evolution ofthe annual temperaturedeviation from the reference period 183899 in Belgium
(Uccle)SourceBrouwers et al. (2015).

The highresolution projections are an average of three independdithate models at very high
resolution, consideringlocal effects such as the influence of the North Sea, the hilly landscape and
urbanization in Belgium. The uncertainty on each of these vadusgproximately IC(estimated from

the interquartile rangeof the CMIP5 climate model ensemble showrFigure2-3 and arises from
uncertainties on physical parameters as well as on global and local feedback effects of the climate
system. Furthermore, for the nedwture (mid-century), an average summer waing 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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Figure2-3. Projected émpeaature change 9C) for Uccle towards the end of the*adentury with respect to the
reference period (1942005) averagedvith a 30-year moving window. The median (lines) and interquartile
ranges (shades) are shown from the different simulations in the€limate Model Intercomparison project
(CMIP5) under the 'Representative Concentration Pathways' with a radiative forcing of 42{RCR¥.5cyan)
and 8.5 W it (RCP8.5ed). Data from CMIP5 essential climate variablesdmclimate.copernicus.eu

Table2-1 gives an overview of the projected temperature chanfigsBelgium for different scenarios
and time horizons. Note that temperature of the RCP8.5 for theaardury horizon are estimated by
the average of the three higresolution model simulations for Belgium (Termonia et al., 2018). For
RCP2.6 and RCP4riyone highresolution model realization was available.

However, projections of climate change primadipendon the forcing scenario (Collins et al., 2013).
Hence, temperature change of the threeodel 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 tothe RCP8.5 in the ofmodel realization, and subsequently applying these ratios on the
average values of the thremodel ensemble for RCP8.5. Furthermore, assuming that (decadal)
temperature statistics are changing at a constant rate on the decadal timless the temperature
changes for the neafuture and midcentury timeframes are derived from the corresponding changes
for end-century timeframe according to the ratios fime shiftsbetween each timeframe and the
reference period. The assumption of #ninvariance in temperature change has been applied in
previous studies and validated based on transient climate model runs (Wouters et al., 2017).

Table2-1. Temperature bange(in °CYor winter (December, January, February) and summer (June, July, August)
in Belgium for the periods 201€2045 (neaifuture), 203@2065 (midcentury), 207¢2100 (enecentury)
compared to 19762005 (referencgeriod)

Temperature change [IC
RCP2.4¢ RCP4.9 RCP8.5
winter nearfuture +0.17| +0,67| +1.3
(ref. Uccle: 3.63C) | mid-century | +0.25| +1.0| +1.9
endcentury | +0.40| +1.6 +3.0

summer nearfuture +0.34| +0.88 +1.5
(ref. Uccle: 17.3C) | mid-century | +0.51| +1.3| +2.3
end-century +0.8 +2.1 +3.6
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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 Uccléigure 2-4) shows a slow but statistically significaahd steady
increase in annual precipitatioBfouwers et al.2019 at a rate 0D.5 mm per yearAs a consequence,
annual rainfall is currently alb 92 mm higher than at the start of the measurements in 1833.

1000

500

Annual precipitation [mm]

95th percentile confidence interval of trend
— annual precipitation — trend

Figure2-4. Observed annual precipitation change for Belgium. Source: Brouwers et al. (2015).

According to ensemble model climasmulations, precipitation is expected to increase further
towards the end of the century={gure2-5).

80

60

40 -

20 -

—40 T T T T T
2000 2020 2040 2060 2080

Figure2-5. Sameasin Figure2-3 but for annual precipitation (in mm). Source: based on CMIP5 essential climate
variables orcds.climate.copernicus.eu

The highresolution 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 decreaBeods Expectediable2-2). It needs

to be noted that the uncertainty on the projected precipitation changes (as estimated by the
interquartile range arang the climate model simulations) relative to the magnitude of the change is
higher than it is for temperature (compafggure2-5 with Figure2-3). Al Tabari et al. (2015) find

this seasonallependence for Belgium with @ summers and wetter winters

(c)2011, Vlaamse Instelling voore€Thnologisch Onderzodk1TO) NV. Alle rechten voorbehouden.
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Table2-2. Precipitation change (in %) for winter (December, January, February) and summer (June, July, August)
in Belgium, for the periods 2048045 (neaffuture), 2032065 (midcentury), 20742100 (enecentury)
compared to 19762005(reference period).

Precipitation change [%0]
RCP2.6 RCP4.5 RCP8.5

winter (ref. | nearfuture | +1.0 +4.0 +7.6

HealE 2k mid-century | +1.5 +6.1 +11.4
mm)

end-century | +2.4 +9.6 +18.0
summer nearfuture | -1.0 -2.5 -4.3
(ref. Uccle:|” — - _ _ _
22.8 mm) 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 associategrtainty) 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 chate variability and physics, (extreme) precipitation changes are
expected to be proportional to warming (Fischer et aD14). As such, the precipitation values for
other RCPs are rescaled from RCP8.5 according to the change of average tempeifabteZqi.

2.4. EXTREME HEAT

Observations evidence thaixtreme heat episodeare on the rise becomingboth more intense and

more frequent (Klein Tank etl., 2005; DelldMarta et d., 2007; Horton et al., 2015%&lobal climate
projections that consistently point towards an increase in the number, frequency, and intensity of
heatwaves (e.g., Diffenbaugh and Giorgi, 2012; Fischer and Schar, 2010; Sch&0&t4alVogel 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 centlmyact, such an increase is to be
expectedsimplyfrom the increase iraverage temperaturgas illustrated irfFigure2-6, because of the

shift in the rightmost tail of the temperature distribution.

Increase in mean

()

More
Previous
climate weather
More
Less record hot
weather

weather

/|

Probability of occurrence
—_—

|
Cold Average Hot

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

Of course, this representation Figure2-6 is overly simplified as in reality the extremes may change
more, or less, strongly than the average temperature. Indesdpaother areas in Eurasia and North
America,high temperatureextremes in Belgium are expected itacreasemore strongly than the

(c)2011, Vlaamse Instelling voore€Thnologisch Onderzodk1TO) NV. Alle rechten voorbehouden.
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average summer temperature (sdable2-3 versusTable2-1), as a result of enhanced temperature
variability at interannual to intraseasonal time scales (Collins et al., 2013). The enhanced variability
can be further relatedo increasng trends in high pressure anticyclonic circulation (Horton et al. 2015)
and the additional land desiccation durihgatwaves under globbwarming (Rasmijn et al. 2018; Zhou

et al. 2019;Miralles et al. 2014). Hence, it is expected that the frequencygtteand intensity of
heatwaves will increase even more.

Table2-3. Change of daily mean temperature extremes (in °C), considering return periods of 1 and 5 years, for
winter (December, Januarfebruary) and summer (June, July, August) in Belgium, for the period200%6
(nearfuture), 20382065 (midcentury), 20782100 (endcentury) compared to 19%@005 (reference period).

Extreme temperature change [°C]

1-year return period 5-yearreturn period
RCP2.6 RCP4.5 RCP8.¢ RCP2.¢ RCP4.5 RCP8.t
summerc ref. nearfuture +0.38| +1.00| +1.71| +0.43| +1.12| +1.92

Uccle: 26.3°C 4r)

and 28.1°C (§r) mid-century +057| +1.50| +256| +0.64| +1.68| +2.88

end-century +H.90| +2.37| +4.06| +1.01| +2.66| +4.56

2.5. URBAN HEAT ISLAND

(ties experience air temperatures in excess of rural valuespecially at night,nighttime
temperatures being higher by a few 6@ averagebut increasing to-B°C and more under favourable
conditions. In addition, recerstudies (e.g., Li and Bedeid, 2013; De Ridder et al., 2016) present
evidence that theurban heat island intensititself may increaseduring heatwaves. In an analysis
covering several European cities, Hooyberghs et al. (2015) and Wouters et al. (2017) found that urban
areas experiencabouttwice as manyeatwavedays as their rural surroundings.

In the pastyears, VMM and VITO have been monitoring tinean-rural temperature increment with
pairs of climate stations deployed in and around Antwerp, Bruges, Brussels,Hasselt and Lier
(Lauwaet et al., 2018. Observed 2n temperature values are processed to yield an indicator named
WKSI (gl 06 & R S HBERR8eRet al., 2045

"000 Yen P @B Yap C &8 h

where the index in the sum runs over all days in a year, dr@; and Tnaxj are the daily minimum and
maximum temperatures occurring within a year on dy U K S oWfeaturing &sYa®uperscript
means that only positive values are retained. In fact, this formula defines the heatwave degree days
indicator as the annual sum dfaily minimum and maximum temperatures ove thresholds of
18.2°C and 29.6%pecified bythe FPS Public Health (Brits et al., 20T8)s waythe indicator contains

both the durationandthe intensity of a heatwave episode.

(c)2011, Vlaamse Instelling voore€Thnologisch Onderzodk1TO) NV. Alle rechten voorbehouden.

12



75

50

25

hittegolfgraaddagen (°C dag)

2012 2013 2014 2015 2016 2017 2018 2019
-®- in de stad (Antwerpen) in de landelijke omgeving (Vremde/Stabroek)

Figure2-7. Number obbservecheatwavedegree days for the city centre of Antwerp (red) as compared to nearby
rural locatiors (blue). Sourcevlilieurapport Vlaandereh

The annual number of heatwave degree days for Antwerp and a nearby rural location for the period
20122019 is shown irFigure2-7, clearly presenting t 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 regardingl@ngterm trend.

City size does mattdor urban heat island strengttbut limited sa Aertsens et al. (2012) present an
analysis of the UHI intensity (the urbamral temperature difference) as a function of population
density, for a diverse (in terntd city size) sample of citieBrussels, Antwerp, Lier, Mechelen, Leuven,
St-Niklaas, Aalst, and Heisp-den-Berg. While from theiranalysis it emerges thairban heat island
intensity drongly corelates with population density, they also concluded trelatively smaltitiesin
this samplestill exhibit a fairly strong heat island effect in comparison to their size.
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Figure2-8. Urban heat island for a central portion of Belgium, derived from satellite imagery. The left panel shows
background aitemperature at 00:00 GMT, averaged otlee period MaySeptember 2008, witBrusselsn the

centre of the domainThe right panel shows average urbamal temperature difference as a function of mean
population density in the 10 k10 km area surrouridg 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) studiettie combined effect ofhe urban heat island phenomenand climate

L https://www.milieurapport.be/milieuthemas/klimaatverandering/temperatuur/hitteilandenin-steden
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change by reans ofregionalclimate model simulationsThey found thatfora®W Y A BDRtaO Sy I NA 2 0 :
Table2-4 and Figure2-9) the number of heavave day$per yearis expected tancrease from 5.1 to

16.8in the cties foramid-centurytime horizon while for the countryside this will ‘'only" increase from

0.9 to 7.1heatwavedays (Wouters et al., 201'AVhen considering thevorst-casescenario, 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.

Table2-4. Current ad future number oheatwavedays, mean intensifof heatwavesandheatwave degree days
(HDD), the latteasdefined aboveSource: Wouters et al. (2017)

1981¢2014 | 20412074 (~ mid-century)
(~ baseline)
best case middle case worst case
(< RCP2.6) | (-RCP4.5) | (> RCP8.5)
rural | heatwave days [day] 0.9 1.6 7.1 26.9
areas | intensity [°C] 2.7 2.9 3.5 5.4
HDD [°C day] 2.4 4.6 24.9 145
urban | heatwave days [day] 5.1 6.4 16.8 41.5
areas | 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 stresgas expressed through the heatwave degree days indic&#@&3B timeshigher in

cities than in rural areaJ @ble2-4). Finally, Wouters et al. (2017) found that, whitetoverall warming
associated with global climate ahge contributesnostto the overall increase in heat stresslaage
additional heat stresmay be attributedto (projected) urban growtlscenariogFigure2-10).

! Note that, whilethe scenariosn Wouters et al. (2017iffer from the RCP scenarios, it is possible to loosely
establish a correspondence between both d a A FAOF GA2yayY GKS Wi26Q aO0OSyl NR?2
RCP2.6, the middle scenario is within the range of RCP4.5 and the high scenatie higher end of RCP8.5

(Wouters et al., 2017, see their Figure S7).

2In Belgium, deatwavec accordng to the (health relatedjlefinition of Brits et al. (201Q; is a period of at least

3 consecutive days wittlailymaximumand minimumtemperature exceeding 29.6%€sp.18.2°C.

3 The heatwave intensity is calculated as the average exceedzfrteenperaure values above the 18.2°C and

29.6°C thresholds (for minimum resp. maximum daily temperature) during thevasatdays (see above)

4 https://nieuws.kuleuven.be/nl/2017/stedefpuffen-vakeronder-extremehitte-alsgevolgvan
klimaatveranderin}
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Figure2-9. Simulated number of annual heatwave days for the periods 8M (left) and 204G2074 (right)
FOO2NRAY 3 (2 deendWiythaRappraifated RGPY.b. $&irce: Wouters et al. (2017).
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Figure2-10. Simulated number of heatwave days per ylearl 9812014 andconsideringlifferent urban growth
and climate change scenarios for 2@2074. The climate scenarios (historic, and fmestdleworst case)go
from left to right. The upper panels show simulation results obtained by keegiag land cover as it is today;
the lowerpanelsare fromsimulatiorsin which urban areas were allowed to gr¢lusnessas-usual scenarip
which is reflected in slightly higher urban temperatures (related to larger city size) in the lower Sanete:
Wouters et al. (2017).

The comparison othe 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 pidtarstronglyincreasingheat

burden in and around citiesor instance, Hooyberghs et al. (2015), simulagng (i K WrhGlimh Q &
model (De Ridder et al., 20tpthe number ofheatwavedays for AntwerpKigure2-11) at the end of
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GKS OSyldz2NE dzyRSNJ w/ ty®dpX FyR dzaAy3d G§KS alys$s
(2017), find an increase from a few heatwave days per year up to 25 andimtre 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 tenfal increase in the number of heatwave days towards the end of the century,
when considering a high climate scenario.

425 430 435 440 445 450 455 460

22

20

Figure2-11. Mean annual number of heatwave days simulated for the Antwerp area foretied2081-2100
under scenario RCP8.5. Source: Hooyberghs et al. (2015).

To end this urban section, we would like to point out tiqawhile local measurege.g. urban green)
surelycan help to conbat the excess heat in citigeventhe most drastic infrastructurdased 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 changeasutiiie Paris Agreement are
realized, large increases in the frequency of deadly legéodesshould be expected (Matthews et

al., 2017).

2.6. COLEPISODES

Global warming is expected to reduce wintertime cold episodedle2-5 and Figure2-12 show the
projected trends in the meanf the wintertime daily minimum temperature compared to the value
of 1980.

Table2-5. Average values of the daily minimum temperature for the time horizons and climate scenarios shown
in Figure2-12, together with their uncertaintyNote that the sourcavherethese data were taken from does not
include scenario RCP2.6.

RCP4.5 RCP8.5
20312060 (1.5° 0.4)°C | (1.8° 0.4)°C
20712100 (2.2° 0.4)°C | (3.5° 0.4)°C
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Figure2-12. Projectedaverage of the dailypninimum winter temperature for Belgium, considering the RCP4.5 and
RCP8.5 scenarios, compared to the 1980 v&lld.dzNOSY / 2 LISNY A Odza / tAYIF 4GS / Kl y3$
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2.7. EXTREME PRECIPITATADI® 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;2012 period (334 billion Euros

in economic damages), sé€&olnaraghiet 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.
Avyear currentlycountsan average of 5 to 6 days with heavy rainfall, véaesr thisnumber was only 3

in the early 1950€Brouwers et al., 200)5seeFigure2-13.

=
[=]

number of days with heavy precipitation (> 20 mm)
1
w

N H N DD OO O R D> PP PR DD RS
I I - i B N N N S S S S S
95th percentile confidence interval of trend — annual value

— trend

Figure2-13. Evolution of heavy precipitation since 1951 for Uccle. Figure adapted from Brouwers et al. (2015

1 https://cds.dimate.copernicus.eu/cdsapp#!/software/apipealth-temperatureexposure
projections?tab=app
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The Belgian highesolution climate modelemployed in CORDEX lhave revealed that the increasing
trend for heavy precipdtion is expected to continue, and the probability of heavy precipitation
both on a daily and hourly basis will become more extreme in the futur@ both the North and
South of the countryVanden Broucke et al., 2017; Helsen et al., 2019)Tabte2-6 and Table2-7.

Flanders ALARO-0 Flanders COSMO-CLM
Percentile [%] Percentile [%]
95.0 99.5 99.8 99.85 99.9 99.92 99.95 99.98 99.99 99.995 95.0 99.5 99.8 99.85 99.9 99.92 99.95 99.98 99.99 99.995
25 25
--== ALARO-0 non-CPS ---- COSMO-CLM non-CPS
— ALARO-0 CPS —— COSMO-CLM CPS
uncertainty ALARO-0 non-CPS uncertainty COSMO-CLM non-CPS

uncertainty ALARO-0 CPS

uncertainty COSMO-CLM CPS

~
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o
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Ardennes ALARO-0 Ardennes COSMO-CLM
Percentile [%] Percentile [%]
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45 45
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Figure 2-14. Endof--century (207@2100) 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 dy-time period (1218 UTC) for two highesolution climate models ALARJleft panels) and
COSMECLM (right panels). Values higher than one indicate an increase in extremes, while one means no change.
Note that the precipitation intensities labelled orethorizontal axes correspond to the mean of the intensities of

all CFS modelscorresponding 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 changesfaund to be statistically
significant, except for P95 of ALARCResults are shown for both lewsolution (norRCPS) and higresolution

(CPS) climate resolution model setups. Figure source: Helsen et al. (2019).

Moreover, the increase in occurrencelafavy precipitation eventd={gure2-14) is higher than that of

! Convection Permitting Simulations (CPS) are conducted with models that allow the direct physical simulation
of convective processes, i.e., the processes thatediiunderstorms, which may give rise to local shortlived
extremely high precipitation amounts.

(c)2011, Vlaamse Instelling voore€Thnologisch Onderzodk1TO) NV. Alle rechten voorbehouden.

18



more mild precipitation (Vanden Broucke et al., 2017; Helsen et al., 2019). For therltighmission
scenario RCP8.5, the daily (hourly) intensity of the extreme precipitation witadand Syear return
periods in summer currently 27 mm/day (42 mm/day) at Uccle, respectivelyincrease by 37%
(7.3%) and 10% (15%), whereas those in wimtecurrently 19 mm/day (29 mm/dayy by 34%
(32.0%) and 26% (45%). The changes are expected to be lower for the other emission scEaarios.
example,for summer, the increase in daily (hourly) intensity of extreme precipitation wijleds
return period is 216% (8.8%) for RCP4.5 whereas it is 8.2% (3.3%) for RO#2résults for the other
combinations of representative timeframes, variables and scenarios can be fourabie2-6 and
Table2-7.

With respect to halil, climate projections conducted within CORDEX.be (Termonia et al., 2018) for the
end of the century under IPCC scenarid®B6 point towards a reduced number of hail events but an
increase of the main hailstone size.

Table2-6. Change in extremdaily precipitation (in %) occurring with a return period of 1 and 5 yearsyifder
(December, January, February) and summer (June, July, August) in Belgium, for the perig@RiA20t@ar
future), 203@2065 (midcentury), 207&£2100 (endcentury) compared to 1922005 (reference period). Values
are derived from Termonia et al. (28).

1-year return period 5-year return period
RCP2.€¢ RCP4.5 RCP8.5 RCP2.6 RCP4.4 RCP8.5
winter | nearfuture +1.5 +5.8| +10.9 +1.9 +7.6| +14.3

mid-century +2.2 +8.8| +16.4 +2.9| +115| +21.5
end-century +3.5| +13.9| +26.0 +4.5| +18.1| +34.0
summer | nearfuture +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
modelmembers, hence the values cannot be rescaled according to one available realifedtion 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 R@e8t8iag to the change of average
temperature in Table 1.

Table2-7. AsTable2-6, but for extremehourlyprecipitation.Valuesare derived from Termonia et al. (2018).

1-year return period 5-year return period
RCP2.¢ RCP4.5 RCP8.5 RCP2.¢ RCP4.5 RCP8.5
winter | nearfuture +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 | nearfuture +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 extrepnecipitation(Brouwers et &, 2015;
OECD, 20)8However, tools and assessments still need to be developed further for quantifying the
societal impacts of increasing extreme precipitation under the joint effects of climate changeidand
change, and adaptation strategies (Arnlgjétielsen et al., 2013).

2.9. EXTREME WIND

Observations from the past 30 yeafsigure2-15) do not show a clear trend in the occurrence of
extreme wind speed valuga Belgium Also, projections for the daily average wind speedEurope

do not show a clearrénd towards the futurg(see, e.g. Dantec and Roux, 2019). This appears to be
also the case for Belgium, althougtisi expected that the wind speed during the most intense storms
may increase by up to 30% (Brouwers et al., 2015).
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Figure2-15. Wind speed extremes observed over the past 30 years. Based on data fram RMI

2.10. DROUGHTS AND WATER SCARCITY

Droughtscause water scarcity for agriculture, industry and households and is also detrimental for
natural ecosystms 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 evaporabesk to the atmosphere (e.g., due to
higher temperature) or that is lost rdoff 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 haspot 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 indiqaterWater Exploitation Index aVEl)employed

by the World Resource Institute (WRI}, and characterized witthigh water stress, hence highly
vulnerable to droughts.

It should be noted that, even though the WESi#l widely used, currently a transition towards a new
indicator (the WEI+) is taking place. The latter accounts for the effect of cooling wateitdedmgand
subsequently discharged, resulting in a much lower effective water usagee putting Belgium in a
much less adverse water stresguation. Still, as also noted by Tabari et al. (2015), future summer
water availability is expected to decliméth climate change.

A comprehensive study on drought in Europe was performed by Spinoni et al. (2Bé&y Yound that,

1 Available fromhttps://www.datawrapper.de/ /s9r7n/
2 https://wri.org/applications/agueduct/countryrankings/
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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| 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, espdly over southern Europe, and less intensely in autumn; on the contrary,
winter shows a decrease in drought frequency over northern Europe. For the sregiom of northern

France and the Benelulkey found amoderate increase in drought frequency in thast and a strong
increase under the different climate scenari@®antec 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 Franice., 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 abee, total annual precipitation is increasing in Belgium under climate change. There is no
clear trend yet in the severity of droughts (expresssdhe longest dry period either during the whole

year or during the growing season) from past records fordJseleFigure2-16 (Brouwers et al., 2015).
However as mentioned above, projections indicate that the precipitation during summer, when
droughts and water scarcity arbe 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 sc€hakile §. As for
temperature and precipitation changes, these projected changes in wet days are estimated by the
averages of the highesolution micreensemble reported in Termonia et al. (2018). The changes for
the missing RCP scenarios are also rescaled froRB.BGaccording to the change of average
temperature in Table 1From the trends in summer, droughts in Belgium are expected to be more
frequent and severe under climate change.

Moreover, water scarcity during droughts will bggravatedurther by higherevels ofevaporation

and runoff (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 thatam potentially evaporate from the surface (potential evaporation)
alsoincreasesasis clear fromFigure2-14 (Brouwers et al., 2005 The trend in potential evaporation

is also significant with a rate of 32 Mfynper decade, ot expressed as a function of the simultaneous
temperature trend since 198t 87 mmlyr per °Ctemperature 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 increasdgsha leads to a
further increase in evaporation of the wateofn the ground to the atmospheréssuminghat, since
1981 the ratio between temperaturehangeand potential evapation change remains 87 mm/yr per
°Ctemperature change (see above), thetential evaporation wilincrease by about 261 mm/yr for
end-century in the case of RCP8.5slibuldbe noted, however, that the further trend in evaporation
also depends on other meteorological parameters than temperature, including air humidity dexkls
cloudiness. At the same time, more water is getting lost teatfrbecause precipitation occurs in more
intense events (see previous section) resulting in less time for the precipitatidrain into the soil.
Moreover, the increase in urban spraintreases the vulnerability to drought, because the increasing
amount of impervious surfaces leads to more +ffi Finally, the higher temperature during summer
in the future may increase the water usage (e.g., for cooling applications) by energy, yndogtr
households, hence also increases the vulnerability to droughts.
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Figure2-16. 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 scdmityBelgium, 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 adptation measures need to be considered, including the increase in water
efficiency and (winter) storage capacity of storm water for bridging droughts during summer.
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Figure2-17. Observed evolution gibtential 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 reigearch
needed for a more quantitative description of droughts and water shortage, e.g., by employing more
comprehensive future hydrglimate indicators.
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Taple 2-8. Projected average annual number wét days for winter and summePercentual changes are
SELINB&aaSR ¢AGK NBa LIS ihunbe of ivdt $aysinGrdzbliBaf/wiler mantth which are
shown on the leftNumbers are derived from Termoniaatt (2018).

Number of wet days
RCP2.¢ RCP4.5 RCP8.5
winter nearfuture | +0.1%| +0.4%| +0.7%
(current: 48 [ - 0 0 0
out of 90) mid-century | +0.1%| +0.6%| +1.1%
end-century | +0.2%| +0.9%| +1.7%

summer nearfuture | -1.5%| -3.9%| -6.7%
(current: 38| migcentury | - 2.2%| -5.9%| - 10.1%
out of 92)

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 Animaice 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 perio¢ 2@01, global

sea level has risen by about 180n (Oppenheimer et al2019), and the current rate has been 3.24
mm/year since 1993 (WMQ019). Sea level rise is noniform 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 Attera et al. (2014)At Ostend, sea level has risen by 115 mm between 1951 and 2013
(van Lipzig and Willems (2015); see Figure WHich agrees well with the global trend of about 125

mm for the same timespan (likely range:-I55 mm; Oppenheimer et al., 20119
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According to Oppenheimer et §2019), sea level will continue to increatiee rate strongly depenithg

on the emission scenario. The local sea level rise is sholabia2-9, and remains similar tihe global
level rise Figure2-19). For the higkend baseline scenario RCP8.5, the sea level is expected to increase
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with 69 cm (likely range43¢99 cm) in 20942110 ¢end-century) compared to 19992010, whereas
for the RCP4.5 and RCP2.6, a sea level rise of resp. 50 cm (likely ra@@ecr®) and 3@m (likely
range: 2@63 cm) is expected.
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Figure2-19. Future Global Men Sea Level (GM&Lertical axi3 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 Assessmuaut RERS) 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 \alues for other timeframes, i.e., 2022040 ¢nearfuture), 204&2065 ¢mid-century), 208%,

2100 Eend-century), are provided inrable 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 emissjoand will remain elevated for thousands of years
(Oppenheimer et al., 2019). From these trends in sea level rise, it is expectebdizatrface area, the

water depth and number of dangerously floodable vulnerable facilities for a millennial storewilrg
increase under climate change towards the end of the centieigufe2-20).

Table2-9. Global sea level rise at Qesde with respect to 19%2010for different time horizons and climate
projections, according to Kopp et al. (2004)Y.he 66% uncertainty ranges are indicated by the values in brackets.
Sourcehttp://localsir.climateanalytics.org/location/Oostende

sea level risedm]
RCP2.6 RCP4.5 RCP8.5
2021¢2040(~near-future) | 13 [7¢19] | 13 [8&19] | 14 [%19]
20412060 ~mid-century) | 23 [1%33] | 23 [1533] | 27 [17-38]
20912110 ~end-century) | 39 [20;63] | 50 [31:73] | 69 [4399]
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Figure2-20. The surface area, the water depth and number of dangerously floodalvierable facilities in case
of a millennial storm surge for the reference year 2017 (left) and 2075 (right)eRidapted from Brouwers et
al. 015).
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3.1. HEALTH
3.1.1. Temperaturerelated mortality and morbidity

Mortality

Recent heatwaves have raised death tolls worldwide (Mora et al., 26lEgtwave give rise to an
increased morbidity and mortality, especially in vulnerable population groups such as the elderly,
young children, and persons suffering from cardascular disease. In temperate climate zones
heatwaves claim more victims than any other weathelated disaster (Borden and Cutter, 2008;
WMO, 2014). A striking illustration of this found inthe comparisorof the death toll attributed to
Hurricane Kaina in 2005 (amounting to approximately 1500, see Beven et al., 2808)s thatof

the Europearheatwaveoccurring in 2003 (70,000 reported hemlated deaths according to Robine

et al., 2008)Also, the Europea2003)together with the Russia(2010Q megaheatwaves contributed

to more than 80% of all deaths caused by natural disasters in Europe between 1970 and 2012
(Golnaraghet al., 2014)

Often, the mortality impact ofieatwaveét A a8 YAYAYAT SR o6& Ay@21Ay3a (KS
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 heatwave
episodes do induce a fair share of harvesting, this effect decreaiteh@atwavestrength (Saha et

al., 2014). In particular, for the Europehratwaveof 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, 800 would hae died before the end of 2004 in any event, in the absence of the disaster
the remaining 11,000 would have lived statistical{18years longer, thus amounting to an estimated
100,000 lost lifeyears in France alone (Keller, 2015).

Estimates for the numdr of excessleathsduring the summer of 2003 in Belgium vary, depending on
the precise method and periods considered, but they roughly range between2@ID extra death,
seeTable3-1.

Table3-1. 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 athieyperiods 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 theperiod 20002018, the highest excess mortality in Belgium has been reported for the years 2003,
2006 and 2010 (Bustos Sierra et al., 2818lot surprisingly, these years were characterized by high
temperatures and high levels of atmospheric pollution (@zand 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 relatesihigh mortality

in the2017/18winter period, during which a larger numberpéople succumédto influenza(Nielsen

et al., 2019), many of thogeeopletypicallybeingat a higher risk t@lsodie from summertime excess
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heat (Bustos Sierra et al., 20699

The summer of 2019 was extraordinary in its record observed temperatxesedingl0°C at several

locations and shatterig previous highs by severalgtees.Yet, while a full analysis was not available

at the time of writing, a first examination yields NJ G KSNJ WY2RSadQ 6So3aodx 02
mortality of 716, though this figure only relates to excess death that occurred durindgh¢agwave

periods themselves, excluding excess mortality in the ensuing witaksuld be noted, thougthat

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 beimgtémperature 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 momalityrring 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 themost 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 busirasssual scenario (RCP8.5), estimate
that the number of heat related deaths in Belgium will increase from a current average of 70 persons
per year (19842010 baseline period) to more than 2800 towards the end of the century.

Morbidity

Apart from an enhared mortality, high ambient temperature also causes hesdited 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 nunfbéogpital
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; ésatset015, Liss et
al., 2017; Fuhrman et al., 2016),

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

I some studies pointing out the importance of consideringnan thermal comfort indicators
that account for humidity alongside temperature;

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

1 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 @oadhildren 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 coaduntAustralia by Williams et al. (2012)

YR ¢dzZNYSNJ S fd onHnmoO® LYyGSNBadAy3atesr GKS F21
related illness but also for mental health diseaakso 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), whids not only one of the main causes for infant

1 https://www.sciensanaobe/nl/pershoek/3periodenvanoversterftetijdens-de-zomervan2019
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mortality but also affects health at later stages in life.

During the summer of 2019 newspapers reportegxcess heatelated emergency department
admissions of around 120 persons per day in each of thedpitals of Genk, Hasselt and Simtiiden

during extremely hot days. Especially the elderly were concerned, and they generally sought help for
dehydration and cardiac and respiratory difficulties. Extrapolating theperds to the whole of
Belgiumg and consideing that the country countd05 hospitals with an emergency departmént

yields an approximate 2000 daily extra hospital admissions cowritly on heatwave day©bviously,

this is, at best, a very rough ordef-magnitude guess that completeignores 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
conseqeence for mental health (Bourque and Willox 2014; Noelke et al. 2016; Thonepsbr2018).

A study conducted in Belgium by Linkowski et al. (1992) indicates that high temperatures, together
with sunlight duration, is related to the probability of violenticide. Indirectly, extreme temperatures,
through their adverse impacts on, e.g., crop yield (Carleton, ROdRFealth impairment (Berry et al.
2010) can lead to enhanced mental health problems including increased suicide rates.

Patients with mental disrders are more sensitive to high temperature exposures (Almendra et al.
HAMGPO® ! yiALIAeOK2:GA0a OFy AYGSNFSNBE gAGK NBIdzE |
capacity to shed heat, by adversely affecting the parasympathetic nervous systehy, seppression

of perspiration. This, in turn, can induce alterations in pharmacokinetics of other psychotropic drugs,
AYONBLFaAy3d GKS NRal 2 ¥2007Nkzaddiipg, & redddediaditondraid nidiodsy mt[ |
system functioning owing tantipsychotic medicinetake haseen 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 tduaiethe
environmental temperature and act adequately (Zhao et al. 2016).

a2NB AYyTF2NXIFGA2Yy NBIFINRAYy3I GKS AYLIOG 2F KSFG |
al. (2020).

Urban heat exposure

As outlined irSection2.5, urban areas exhibit additional heat stress because of the urban heat island
effect. Because of this UHI increment, cities are particularly exposhdatwaves. Moreover, urban
residents are particularly vulnerable to extreme heat, not only because efettira 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 heatesymortality rates were higher in the city,
especially in the most densely buiip 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 thehighest remotely sensed nighttime infrared surface temperature suffered the highest
excess mortality. Again considering the hot summer of 2003, Vandentorren et al. (2004) found that
heatrelated excess mortality was especially high in cities, Paris fagtun top with an excess
mortality of nearly 140% during the period1® 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

L https://iwww.hin.be/in-de-buurt/genk/-twintig-patienten-per-dagextra-op-spoeddoor-hitte-ziekenhuizen
zienraanmeldingerstijgen~ab944dbb/

2 https://www.health.belgium.be/nl/gezondheid/organisatiean-de-gezondheidszorg/deleman
gezondheidsgegevens/gezondheidszorginstellingen
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share of isolated elderly pgte), 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% (situatioh2015; 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. (204Pby 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.
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Figure3-1. Evolution of theannualaverage number of heatwave days under the RCP8.5 scenario for foiege
the present (199€015, left), near future (2028045, middle) and end of the century (26B100, right).Source:
Poelmans et al., 2018
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Figure3-2. Statistical distribution of the number of persons in Lieége that are exposed to a given number of
heatwave days each summer, for the years 12065 (blue) and 2028045, REP8.5 (red)Source: Poelmans et
al. (2018).

A few studies have considered heat exposure in Belgian cities. The SMARTHESP considered,
among other things, exposure to excessive heat stress in the city of Liege. The calculation of heatwave
days usedn 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 tday@mean maximum temperature exceeds 30°C

and the 3day mean minimum temperature exceeds 18°Egure3-2 shows the evolution of the

! http://www.smartpop.be/
2 Note that these temperature thresholds areunded off from the threshold values of 18.2°C and 29.6°C that
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number of heatwave days for Liege and surroundings over the next century under the RCP8.5 scenario.
Where nowadays people in the citgntre experience up to 5 heatwave days per year (compared to 1

to 2 days for people living in rural areas), these numbers double beforeeniiry and are more than

5 times larger by the end of the century. This means that if the world continues odtNeNB y i W06 dza A Y
& dzadzl £t Q GNIO1=X FEY2ad omx: 27F & dzZYIWBANGus® wiBkie 6 G KS
a heatwave day by the end of the century, on average. While some years will experience less, natural
interannual variability will cause ges 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 Liége area to excdse heat now and in the futurézigure3-2 shows that, while currently the main
share of the population is exposed te2lheatwave days on average each summer, this supowill
increase to 8 days already by 2028045.

Another studycarried out in the EFP7 NACLNMproject, considered the city of Antwerp, linking
excessive heat patterns with the spatial distribution of population density and-sacinomic assets

at the level of the statistical units composing the arBayure3-3 shows the annual mean number of
heatwave days for Antwerp for the period 198605, clearly featurinthe urban heat island effect in
the city core as compared to the surrounding ardégure3-4 and Figure3-5 show the same quantity
but then for the near (202&€045) and far (2082100) future under the RCP8.5 scenario. The picture
arising from this is very consistent with the situation depicted &bfov Liége.

Figure3-6 gives the number of hospitals per statistical sector in the Antwerp area, showing that most
are exposed to the warmer urban heat island portfrthe domain. Likewisdsigure3-7 shows that
the urban heat island of Antwerp comprises a large number of elderly stay homes.
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Figure3-3. Average annual number beatwavedays in Antwerp for 1988005 (Stevens et al., 2015).

have been used in several other studies (Brits et al., 2010; Brouwers et al., 2015).
! www.naclim.eu
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Figure3-4. As inFigure3-3 but for the years 2022045 under climate scenario RCP8.5.
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Figure3-5. As inFigure3-3 but for the years 2082100 under climate scenario RCP8.5.
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Figure3-6. Average number of heatwave days in Antwerp for 12865 overlaid with number of hospitals
occurring per statistical unit (Stevens et al., 2015).
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Figure3-7. As inFigure3-6 but considering the number of elderly stay facilities.

(c)2011, Vlaamse Instelling voore€Thnologisch Onderzodk1TO) NV. Alle rechten voorbehouden.

32



Finally, a study with relevance for Belgium was conducted recently within the framework of the FP7
RAMES projedt 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 220923 an average of 13.4 deaths per
year in the city could be attributed to heat, under saein RCP8.5 this figure would rise to 32 per year

in 20262045, and to 86 per year in 20&1.00.

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 ye®bvbusly, this naive approach ignores any
regional or urbarrural 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 inégpendent approachi-ollowing the same procedure, the number of excess heat related
death in the near future (time frame 202845) can be estimated fdelgium to be 707 per year.

Comparing this number of 1900 death per year to figureFable3-1, it is fair to conclude that,
towards the end of the century, under scenario RCP8.5 and assuming that no physiological adaptation
gAtt GF1S LXIOS: 2yBT akad ® HSEFBIONR 2 AWA diy Féwa
average. It is of course uncertain to what extentygiblogical adaptation to heat will occur in the
Belgian population, and how fast this will take place, so the estimated heat attributable deatisfig
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)eBple withpre-existingcardiovagular and respiratory diseases and the elderly
arethe most vulnerable (Ryti et al., 2015; Hajat et al. D0ih 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 irfluenza.

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 seasam Euroge (Nielsen et al 2019),compared to the death toll of
70,000 attributed to the(exceptiona) European heatwave of 2003 (Robine et al., 20@830, n
Belgium, the expectedll-causedaily mortality is up to around 320 in winter and 250 in summer (Cox
etal., 2010).

It is expected that, with climate change, caldated 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 areaschather mid and highlatitude regions under 21stentury warming
scenarios (Kodra et al. 2011).

While Ballester et al. (2016) found strong associations between interannual variability in wigger m
temperature and mortality ith higher seasoal cases dring harsh wintersfor 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 Etope, hence also in Belgium.

1 www.ramsescities.eu
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Figure3-8. Observed relationship between daitganapparent temperature and mortality for the Benelux. Blot

that the apparent temperature (definitioprovidedin 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 a(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 sumer. They also found that the rise in hegglated
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 gdup@nths in 2079
2100.This can be understood frofigure3-8, realising that the health gain from increasing winter
temperatures willbe offset by the health loss associated with increasimmraer temperatures. An
important element is thafFigure3-8 shows that the warm tail of the temperatwmortality curve is
steeper than the cold tail.

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

3.1.2. Climatechangeimpacts on air quality

Belgium,and especilly the Flemish Region, exhib#snong 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 affeetfay 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) affecthe 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, espgciabm 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 beeconducted for Belgium. Deutsch et al. (2010) used the year 2003 as a
proxy for future climate change conditions, while the year 2Q@fter a detailed analysiswas taken

as representative for average presesdy climatological conditions. From a comipan of observed

values of PM (fine particulate matter with an aerodynamic diameter below 10 pm 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 considerablgrger number of days with PMvalues in exceedance of

standard health limit values (50 ugfin = G KI'y G KS Wi @SNI I BigureBOSAWEY HnnT X
similar pcture emerges for Ph, the finer fraction contained within P)and assumed to induce

stronger adverse health effects still.
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Referentie scenario 2007 o Referentie scenario 2003

Figure3-9. Observatiorbased (i.e., observed values interpolated with kaisd based regression) number of days
exceeding a PM10 concentration value of 50 pg/m3 for Belgium, during the years 2007 (left) and 2003 (right)
(from Deutsch et al., 2010).
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Figure3-10. As inFigure3-9 but considering the AOT60 fog @rom Deutsch et al., 2010).

Apart from particulate matter the Deutse al. (2010) study also considered photochemical pollution,

i.e., ozone (@), in particulathe AOT60, which is the accumulated ozone exposure above a threshold

of 60 ppb (= 120 pg/m3) and which relates to the effects of ozone orptipeilation.Here also, the
SFFSOG 2F GKS WlHy2Ylf2dzaQ @SIFNJ Hnno 2y GKA&a AYR
GAYSEd KAIKSNI 0KIFy (KZFoBe320F (KS WNBIdzE I NJ @St NJ H AN
In addition to thesebservationbasedanalyses, 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 2088d 2007 as drivers representing preselaty and futureclimate

(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 affe 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).
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Figure3-11. Estimated changes (202036 vs 2002009) 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
presentday (20062009) as well as future (202936, RCP4.5) climate data, and considering scenarios

for pollutant precusor emission reduatins.Figure3-11 shows that towards 2030 we can expect up to

30 pg/m? higher average ozone conutgations. Most of these increasesearhowever, related to the

imposed emission reductions, in particular the reducedyNOncentrations lead (somewhat
paradoxically at first sight) to a reduced ozone destruction hence highdtingsazoneconcentration

Yet, when keeping themissions constant (in order to isolate the climate impact), while changing the

Of AYF(GS FT2NOAYy3I FTNRY (G2RlIe&Qa @FtdzSa (2 (dKzasS 27
concentrations.

3.1.3. Advance of tropical disease vectors

Vectorborne diseasesre 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 restemvttie pathogen until susceptible
populations are exposed (Brjt2010. 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 cyclesvefctorborne diseases are sensitive to climatic factors, but disease
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risks are also affected by factors such as land use, vector control, hbeteviour population
movements and public health capacities (EEA, 20¥édlock and Leach (2015), referring #8CC
(20149), state that it is generally accepted that direct effects of a temperature rise on vbotoe
disease risk cannot be predicted with any real confidence, because of the complexities of the
transmission cycles and the behavioural, ecologiaall societal factors that cannot be captured
directly within climate models.

The most frequently discussed disease vectors that are relevant in Belgium are ticks anatdiffere
species of tropical mosquitos and weliherefore focus on thosevectors. Othe vector/diseaseairs
worth mentioningbut not considered here arsand flied_eishmaniasis, rodents/Hantavirosis and
mammals/LeptospirosisAs to the former, according to EEA (2017) the current riskséodfly-
transmitted diseases for central Europeashbeen estimated to be low owing to temperature
constraints on pathogen growth.

Ticks as a disease vector

Ticks Ixodes ricinusare responsible for the spread of Lyme disease, caused by the bactoiualia
burgdorferi It should be noted that apresent only about 1%of ticks are infected wittBorrelig and

that, once bitten the risk of transmission by an infected tick is only 1% Studies in the Netherlands
indicate that the former number has remained stable even as tick populations hereaged. The
Institute of Tropical Medicine in Antwerp states that there is no infection risk if the tick is removed
within 24 hoursTicks can also spread a form of encephalitis, but occurrence of this specific disease in
Belgium is extremely rare. Thei® limited evidence that othetick-borne diseases (e.g., Crimean
Congo haemorrhagic feveRckettsig may be sensitive to climate change (EEA7).

Lyme disease is the most common vedborne disease in the EU, with a repatténcidence of
approximatdy 65000 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, ard @nn
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 increasbove 46°C, below which they are in a chill
coma. Higher temperatures are needed for metamorphosis and egg hatching, i.e. bet¥@&and16

11°C respectively. The optimum activity range is between 18 and 25°C (WHO, 2006).

Populations could thus expanaor 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 transmitteld.should be noted that not only the adults but althe larvae and
nymphs can transmit the disease.

Figure3-12 shows the number of tick bites mecent yearsas reported through the Belgian TickNet
seltreporting website. Although even in winter some bites have been reported it is clear that there is
more activity in the warmer months, with a peakJane (also related to the tisilifecycle). 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 montas bave a negative effect on tick survival, which
seems to explain the lowefnaluesfor May/June 2017 as compared to 2016.
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Figure3-12. Number of tick bites in 2015, 2016 and 2017 as reported through tigaBdickNet selfeporting
website. SourcesSciensano, 2018.

'y AYyONBI &S Ay GKS ydzyoSNJ 2F Ol &aSa 2F [@8YS RAAS
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 charigégsimanbehaviou)j may be at play. In the
Netherlands(RIVM, 2014)the number of reported cases of Lyme disease has tripled between 1999

and 20141t is interesting to note that according to WHO (2006) the number of reported cases was

6500 in theNetherlands and only 500 in Belgium. This difference may at least partly be due to
differences in awareness and reporting.

Analyses ofongterm trends in the Netherlands indicate that both the length of the tick season and
the area of suitable tick habitdhave 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 Scieosthe number of Lyme infections in
Belgium has remained relatively stable over recent years, with the yearly incidence in the peried 2015
2017 being comparable to the incidence in the period 22089. Other studies also point to the fact
that there hasnot been an increase in Lyme disease over the past 10 yeanse3-13 shows the
evolution of the number of cases reported by the sentinel laboratories network pek\veescent
years. The seasonal pattern is clearly visible but there does not appéara clear trend in average
counts.

2015
Date of Diagnosis

Figure 3-13. Number of reported Lyme irdton cases pemweek over theperiod 20132018. $Surce:
Epistat/Epilaba; Sentinel Laboratories Netwdjk

According to Geebelen et al. (2019), incidence of Lyme disease in Belgium (all manifestations
combined) is in the order of 1@ per 100,000 inhabitants, or about 690 cases peyear. Sciensano
(2018) reports, on the basis of reporting by a general practitioners network, an inciderinytbema

1 https://epistat.wiv-isp.be/dashboard/
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migrans(an indicator folLyme borrelios)sof 9 per 10,000 for Belgium. According to the same report,
about 52% of Lyme cases were ogjgd 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-2018 was higest in the
provinces of Antwerp, Limburg and Luxembourg. The lowest incidences appeared in thegftmgst
provinces of West and EaBtanders and Hainaut. The other provinces have intermegisgealence

This is in agreement with the reporting of tithtes viaa dedicated platforrh which for 2017
(Sciensano, 2018)ields a proportion of reportedites of 583%in Flanders and 48%in Wallonia.
When taking into account differences in population density frequency is higher in Wallonia than in
Flanderghough (96 vs 76 bites per 1000 inhabitants, for a national average of 75), with the highest
relative figures applying to the prowies of Luxembourg, Brabant Wallon, Namur and Limburg. In
Luxembourg for instance, theumber of reported bites per 10000 inhditants was 205 in 2017, i.e.

2.7 times the national average.

Prevalence of ticks (and hence of Lyme disease) is not onlgriofd by warmer winters but also the
humidity of the environment, as ticks prefer microclimatic conditions with high humidity. In their
prolonged nonparasitiphasesthey require a microclimatic relative humidity of at least 80% to avoid
fatal desiccatiorfGray 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 wekdtest
fluctuations may thus partly mask longer term climatic effects on patmns, although it should be
noted that as a result of their mulinnual life cycle, tick prevalence in a given year is also determined
by the meteorological conditions the preceding years. As Gray et al. (2008) point out, in areas where
lowered sumner precipitation coincides with raised summer temperatures (which may well be the
case in Belgium), the survival, activity, and distributioh dtinusare likely to be reduced because of
their vulnerability to desiccation.

The impact of climate changm 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 mianishaews,
KSRISK23I43X KI NiBcudinggratotly yries) ach dsJReservdirs 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 na&and forest (natural environments that can maintain a high
degree of air humidity beinfavouredby 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 pol&ipmks.

As contact between humans and ticks occurs in the outdoors,vehgn hiking or playing in forests,

grasgand> X GKS FY2dzyd 2F GAYS GKFG LIS2LX S &aLISYR 2 dz
(e.9,0dzt (1 dzNJ £ = NI O NXBlllaisoihawg brfirfluenc® on The iBfécBoNEaiE. It éhbuld be
y20SR K26SOSNI (KIG LINBASYOS 2F GAO14a Aa y2i tAY
thrive in green areas within (sefurbanized environments, e,ggardens oparks. Indeedaccording

to reporting by TekenNet of results for the year 2017 (Sciensano, 208} bites (65%) have been
NBLR2NISR gAGKAY p 1Y 27F LIS2LX SQaswKereévplgsaititg R (1 KS
have been bitten were gardens (8%6) folbwed byforests (35/%).

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 limitof I. ricinus, together with that of several other animal and plgpécies,

hasshifted 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 are&oflidacould double by

2050 as a result of climate change (under differenhscm®s), 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/

(c)2011, Vlaamse Instelling voore€Thnologisch Onderzodk1TO) NV. Alle rechten voorbehouden.

39


https://tekennet.wiv-isp.be/

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 ¢raus of birds, landise and land cover
changes, human cultural afgthaviouralpatterns, 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 lteveen 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 diseaseBelgium (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
AYONBIFasS 2F [8YSQa RAASIFAS Ay . Stsdiledadprebedt. The NI & dz
economic (societal) impact of the disease the current situationhas been estimated irthe
Netherlands to be about 19.4 million euro, orl4.euro per capita for a population of 17 million
inhabitants (van den Wijngaard et ,aR017). Extrapolated toBelgium, this would mean #otal
economic cost of about 12.million euro annually. A study to estimate the cost burden of Lyme
borreliosis in Belgium is under way (see Geebelen g2@l7)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 ofhe disease, eliminating or adapting the (natural) environment in which it thrives is not
an option, except in parks and other senatural environments (e.gby maintaining lawnsshort).
Massive population reduction of reservoir species is not feasitiiereiVector control using pesticides

is not recommended unless severe epidemic conditions are prevalent. Combatting the disease would
involve changes to humahehaviour (e.g, wear proper protective clothing, seifispecting after
outdoor activities) in ombination with vaccination. There is however uncertainty whether a vaccine
would be costeffective, 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 Asiarosgeio
(Aedes albopictysand asandfly species in Europe, which can disseminate several diseases (dengue
and chikungunya by the Asian tiger mosquito and leishmaniasis tsatitfly species).

The Institute for Tropical Medicine (ITG)intwerp monitors the prevalence of the tiger mosquito via

GKS LINP2SO0 daz2yAd2NAYy3 2F 9E2I(A ProjacHatpsimion 235a Ay
import locations spread over Belgium ((second hand) tyre shops, garden centres, ports and airports).

LY HAM®PZI FRdZ G GA3ISNI Y2aljdAaidz2a 6SNB aLRaGiSR Ay |
and larvae were detected in three motorway parking afeddis confirms the introduction of this

exotic mosquito via motorways from regions in France /andsermany where the species is
established. Introduction of mosquitos seems to be mainly caused by international transport, and not

08 Gldzi2y2Y2dzé¢ ash@Nkadifaecge.a LISOA Sa

! The primary vector for Dengue Asedes aegyptiather than Aedes albopictusThe spread of. aegyptiinto
(northern) Europe is much more limited by climatological characteristics than is the casealbopictus
2 https://www.itg.be/N/Artikel/in-2019-opnieuwtijgermuggengespotin-belgie
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Figure3-14. Suitability for the survival #edes albopictuéTiger mosquito) for Belgium for the period 12G5.
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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 shownaderately high climatic suitability for the speciésgure

3-14). However, in urban environments, the urban heat island phenomenon strongly lifts the climate
suitability forAedes albopictysas shown ifrigure3-15.
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Figure3-15. Suitability for the survival gfedes albopictugTiger mosquito), as the average over the period 2008
2017, for Antwerp (left) and Brussels3(K G 0 @ { 2 dzZNDOSY / 2LISNYyAOdza [/t AYIF 4GS
suitability of theAedes albopictusiosquito in European cities from 2008 to 2817

As Medlock and Leach (2015) point out, not only climate chgegee 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 vembone disease, by increasing the available
habitat for mosquitoes.

Disease cases that have been reported in Belgium can be attributed to infections abroad of travellers
G2 . St3AAdzyz y2i 08 al dzi 2 OK{ K 2v¥cihdpbpulatidg/{(WhBlOnass 2 v &
occurred in France where in 2018 the tiger mosquito was established in 51 départenigmtith

1 https://cds.climate.copernicus.eu/cdsapp#!/softwamdp-health-aedesalbopictussuitability-
projections?tab=app

2 https://cds.climate.copernicus.eu/cdsapp#!/software/pgealth-urban-aedesalbopictussuitability-
climatology?tab=app

8 https://solidarites-sante.gouv.fr/santeet-environnement/risquesamicrobiologiguesohysigueset-
chimiques/especesuisibleset-parasites/article/cartesie-presencedu-moustiquetigre-aedesalbopictusen-
francemetropolitaine
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dengue and chikungunyalso see Dantec and Roux (20&%o they are as yet not indicative of a
climate change effect in Belgium. Where changeseported 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 chkungunya 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 demonstratiealt the patients were infected during travels abroad.

The same goes for the reported cases of résishmaniosi@nd malarianote thoughthat malaria is

spread by theAnophelesnosquito, not the Asian tiger mosquito.)

Once carriers are present in Belgi, tropical disease© 2 dzf R G KS2NBIGAOlIf e 06S &
populations of tropical mosquitad sufficiently abundant)and the establishment and survival of such
populations could be facilitated by climate change.

While, as yet the Asian tiger msquito has not established itself in Belgium, permanent populations
of other tropical mosquitos have already been reported. Scientists of the Instifiteopical Medicine

have found the Asian bush mosquitdedes japonicysn 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 koreicysanother exotic mosquito, still has an established population in
Maasmechelen, but the cdrol campaigns seem to be having an effect. BAtitdes japonicuand
Aedes koreicuare less aggressive thardes albopictuand are not important transmitters of disease.

As long as resident populations are small and contained, disease transmissiom Beatlgium 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 aced yet.

Near future 2031-2060 with RCP4.5 Near future 2031-2060 with RCP8.5

Suitability index
Suitability index

Suitability index
Suitability index

Figure3-16. Projected suitability for the survival Aédes albopictum Belgium. Source: as Figure3-14.

It should be noted that some tropical diseases (notably the WWist 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 sprts a sharp increase from the numbers reported

in the period 2014017 (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 frofiu-tike condition over the so
called West Nile Fever to more serious neurological conditions (encephabtingitis poliomyelitis.
About 80% of infections do not result in any symptoms, 2e¢ftu-like symptoms. About 1% of the

latter can develop serious neurological conditions.

The two cases of Weslile fever reported in 2018 in Belgium concerned persons infected in Serbia
and Kosovo. Autochthonous cases of the disease in humans habeewtreported so far. This may
however change in the future. Different species of mosquito, mainly ofdhlexgenus, can spread
West Nile disease and are naturally present in Nd@ktbstern Europe. Several studies confirmed that
vector competence of Eur@an mosquitoes for West Nile virus increases with temperature. In the
NI} y3S
increased from 0% to 33%. Thus, average northern European summer temperatures of 18°Qoappear
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). TitimBon 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.
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Figure3-17. Evolution of the suitability for the survival Aédes albopictus Belgium for the present century.

Source: as ifigure3-14.

Concluding, so far, 100% of the observed cases in Belgium of the -veletied 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 abseof 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 beNiediever, as it is
already present in southern Europe and asoth vector and host populationsave establishedn
Belgium. Distribution models based on projected July temperatures under a medium emissions
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scenario (SRES A1B) do however not show an increase in the probability of Westblilefections

in Belgium (EER017).

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
Aedesalbopictusis projected to increasd-{gure3-16, Figure3-17) as climate modelproject 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 dwsity or active season dfedes albopictusould 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 chdmgielanduse 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 tralesises in Belgium

and of the welfunctioning 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 thisutcome, 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 havalraadyhas impacts on
aeroallergensi.e., airborne allergenaish as pollen or spores, which trigger an allergic reaclibere

is also some evidence of impacts on other aeroallergens than pollen, such as mould spores. Health
effects that may increase are allergic rhinitis and astticrsymptoms (Brits, 2030
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Figure3-18. Evolution of the annual pollen peak of birch (left) and grass (righ8.vertical axis shows the date
within a given year, and the blue line shows the trend and the grey areas represent intge®aurceVriens et
al. (2019)
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Itis 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 instande,2020 the pollen season for alder and hazel trees
started around midlanuary i.e., two weeks earlier than usual, which can be attributed to mild
temperatures in the preceding months

Available data dandicate 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 hemisphigisehighlights

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 th 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 seasonsdd tatt 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 amourg 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 polleorséag., start date,
maximum season duration, and end date) and an estimated doubling in sensitization to allergenic
plants such as ragweedifbrosid. For the Brussels data, the analysis by Ziska et al. (2019) suggests a
statistically significant averag#nange of the seasonal cumulative pollen load o%@p@r year as well

as a statistically significant change in the duration of the pollen season of 0.78 days/year, on average.
Figure3-18 clearly showsttis trend for birch and grasses akijure3-19 independently shows a
similartrend for birch.
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Figure3-19. Annual fluctuation for recent decades of the day within the peatical axisyvhen the pollen season
for birch starts in Belgium Source: data from the Copernicus Climate G I { (G 2 N8 Sd W AdNB 13S Fayl | N.
season calculated according to the methodolomonet al. (2013).

The dateon which peak concentration for birch and grass pollen occurs shows important fluctuations
from year to year, but over a longer period the trend is unmistad&abi the period 1978985 the

peak for birch was around April 21, whereas in the period 1Z@®E3 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 weeadarlier than in the period 1975995. At the same time, an increase in the
daily concentration of different species of trees and grasses has been observed. In the Netherlands,
RIVM (2014has calculated that by 2050 the season for birch resp. grass olléd start on average

9 resp. 10 days earlier than in the reference period 12810

L https://airallergy.sciensano.be/nl/content/brussel
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In theearlier mentionedstudy by Bruffaerts et a{2018) based on data from Brussels (198215) 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 herbadaoisgexcept

for Urticaceae)and an earlier onset of the flowigrg 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,cweng 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 thaBruffaerts et al. (2018pollen
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 agell 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 allergiés leffect on the spread of invasive exotic plant
species, such as ragweekhfbrosiaspp., and specificallkmbrosia artemigfolia), and this effect may

be more important than changes in the pollen season of endemic vegetdRagweed is spread by
humanactivities (transport), but climate change can be a facilitating factor for establishment in new
environments. ICEDD (2@1cites a northward expansion of 200 km for each degree increase in the
average annual temperature for plants.)

Ambrosiacauses severallergic reactions in sensitive persons, and the fact that it blooms in September
and October lengthens the overall allergy season with two mdntfike pollen load map of Eurche
based on measurements of the last-16 years, shows the presence Ambrosiapollen in the
southern half of France and in sou#lastern Europe, but not yet in Belgium, although the species is
sporadically present. The Atopfa@search project estimated that by 2050 airbomragweed pollen
concentrations could be about fotimes higher than they are now. Roughio-thirds of this increase
would be related to climate and langse changes that will extend ragweed habitat suitability in
northern and eastern Europe and increase pollen production in established ragweedtdagagoui
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 populatn that is allergic to pollen are available, but time series of this proportion
are not. This is understandable as allergic rhinitis is oftentiezlfed, so data from general
practitioners and hospitals are incomplete.

A link between climate change atfte prevalence of pollenelated 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 faeteisusceptibility

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 t¢408¢€/1000 patients compagd to 6200¢€ in

2008. A large proportion of this difference would be due to the spreadlmobrosiaand other new
allergenic plant species. Indirect costs such as lotabwur productivity could howevebe 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 aHighQgiven the proportion of the population that is affected by allergies and
the probable increase in duration and intensitythe pollen seasoq but assesses the knowledge base

L https://nl.wikipedia.org/wiki/Alsemambrosia
2 available ahttps://www.polleninfo.org/country-choose.html
3 https://www.atopica.eu/
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underpinning those statements dgwQ

3.1.5. Temperature effect on food spoilage

There is a direct causal link between climate change (notably higher tempergtanesthe potential

increase in foodelated infections. The development 8almonellanotably, is clearly influenced by
temperature. ICEDD (28)Lcites an increase in reported salmonelldsigjuency of 4 to 10% for each

increase of the mean monthly tdldS N> G dzNB A G K 2y S RS3AINBS 6238 I
2004). However, the latter is based on data for Australian cities, thus conclusions should be handled

with caution.Moreover,ii KS | dzi K2 N& | O1y26f SR3IS 1 ketwéensharssr y2 i C
term fluctuations in temperature and disease rates implies an increase in disease rate when average
GSYLISNI GdZNBE AyONBFrasSa INIRdzrffe 20SNJ I f2y3 GAYS
fits were found with the temperaturef 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 chsepublic health interventions can
attenuate the effect of warmer temperature. The developmentLidterig on the other hand, does
not seem to be influenced by higher temperatures.

TheSalmonelldacteria is transmitted to humans orally: mainly by ingesfoodstuffs 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 forlang 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 nayphoidal salmonellosis in humans istno
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 agooling, 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 haveto énsufF 2 2 R al ¥FSGe o {aGAt €t X
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 declie in the reliability of energy provision, cooling installations (at all levels) might however

be compromised.

In Belgium, D58 cases of salmonellosis, or about 26 cases per 100,0000 inhabitants, were reported

in 2018 (EFSA/ECDC, 2019); 554 of those caskkbe attributed to 3 separate foelbrne outbreaks,

GKS NBYIFAYRSNI 60SAy3a WalLRNIRAOQ Ol aSao @ao3 dzNB &
inhabitants, per year) for 2022017 are of the same order of magnitudefas 2018 (between 20.2

and 271). Those figures represent an important decline compared to the period before 2004; e.g., in
the 19912000 period, on average between 10,000 and 15,000 cases were reported each year (ICEDD,
2014). The decline can, among other, be attributed to obligatagcination of egdpying hens
beginning in 2005. On a European level, the previous decreasing trend has stabilized in the last 5 years.

Figure3-20 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 (onsumption of raw eggs and raw meat).
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Figure 3-20. Number of salmonellosis cases diagnoged week in the period 2012018. Source: National
ReferenceCentres seehttps://epistat.wiv-isp.be/dashboard/

At the European level, there have been a number of studies on climate and@roe disease, notably
salmonellosis. Kovats et 2011)Sa G A Y G SR ¢St FI NB Oz2aia 2F ecy (2
Hnyna NBaLSOGA@Stey FretAy3a (2 enc (G2 endg YAffAZ2
was includedThe IMPACT28udy COACCH, 2018stimated resource costs for ditional hospital

I RYA&daAz2ya FyR FRRAGAZ2YIE OFLasSa 2F alfyzyStft?2
204cH nTn LISNAZ2R F2NJ GKS 'm. aOSyFNR2 |yR I NRdzyR
The cost figures cited above were based on an estimagmaxk.) 13030 resp. 1®15 additional cases

in 2050 resp. 2080 at El6vel. Other studies state that under a high emissions scenario, climate change
could result in up to 50% more temperaturelated cases by the end of the 21st century than would

be expeted 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 theoportion of Salmonellacases 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 @limonellaases in the EU), extra essin 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. ICEDR) (2ilds a treatment cost for
salmonelosis of on average 52%0per cag.

aah
€

3.1.6. Water-borne diseases

Water-borne illnesses are caused by agents enteringltbdy throughingestion of water (drinking,
recreational or coastal water). Pathogens that are transmittiedvater may be susceptible to changes

in persistence, survival, raphtion and transmission due to climate change phenomena such as
GSYLISNI GdzNB Ay ONBIl aSy LINBOALAGLE (A2 BrEset@HIDNS Y S
mention E. coliinfection, Campylobacteriosis, Cryptosporidiosis, ShugellGsésdiasesyersiniosis,
Amoebiasis, Cholera and Legionellosis as watene diseases that may be influenced by climate
factors. Not all of those are relevant to the Belgian situation. It should also ledl tivat a temperature
dependence(such as is the case witledionellosis) 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 ofboaterdiseases 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 disesseg
organisms. Intense precipitation events can also lead to the contaminatisortdce water
bodies with diseaseausingagentsthat are present in sewage (e.g. Norovirus). People coming
into contact with contaminatedvater during recreational of professional activities might run
a higher risk of being infected. The infection of seaf (bivalves) living in the infected water
and contamination of food via polluted irrigation watéom other potential pathways for
diseases with a relation to climate change.

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

Q\
u»
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3. People may come into contact with polluted water as a result of sewer overflows into the
streets during episdes of higkintensity rainfdl, 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 tan increased disease risk in thawQwater, the
distributed water might also be a carrief diseasecausing organisnin Belgium, this appears however

to be unlikely given the stringent water quality criteria and #tate-of-the-art techniques being el

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 BEAX EFSA/ECDQ019 andEpistatdata,2020),
with a focus onhe 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 foellorne outbreaks (seafood) as wel avound 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, su@as the Baltic Sea. Elevated levels of-nbaleraVibrio
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., 200 -ABakaret al., 2012; Stkr

et al., 2015). The number of suitable days per year in the Baltic for pathogémio transmission
reached 107 in 2018, the highest since records began, and two times higher than the early 1980s
baseline. The percentage of coastal area suitableVibrio infections from 2010 has increased at
northern latitudes (4Q70° N) by 3%, 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% inthe Baltic. Environmentally acquir&tibrio-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 infectiande 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, andrector control efforts, may help to mitigate these effects.

Cryptosporidiosigs an acute diarrheal disease caused by intracellular protozoan parasites. The most
commonly identified vehicles are contaminated drinking water and contaminated recreatioiad. wa

For example, several days of heavy rain in June 2013 resulted in river flooding in eastern Germany, and
activities in the drieebut floodplain led to infection among children (Gertler et al., 2015). Heavy rainfall
has also been associated with the tamination of water supplies and outbreaks of cryptosporidiosis
(Aksoy et al., 2007; Hoek et al., 2008), as the concentrati@rygftosporidiurroocysts in river water
increases significantly during rainfall events. Dry weather conditions preceding arheagyent have

also been associated with drinking water outbreaks (Nichols et al., 2009). Obs&yy¢osporidium

cases in Belgiunf{gure3-21) show high values in the summer and early spring of 2016 and 2017, but

it is not clear whether tbhse peaks were weatheelated
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Figure 3-21. Number of Qyptosporidium cases per week in Belgium. Source: sentinel laboratory network
(Epilabo), sebttps://epistat.wiv-isp.be/dashboard/

In Europe,campylobacteriosisis the most common bacterial cause of diarrheal disease. The
association of campylobacteriosis with a number of weattedated factors, such as temperature,
rainfall, humidity and sunshineis inconsistent and lacks a clear explanatory mechanism, as
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Camgylobacterdoesnot replicate outsidéts 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., 2004t the projected increase in heavy rainfall
events in northern Europe, the risk of surface and groundwater contamination is expected to rise.
ObservedCanpylobactercases in Belgiurdo not seem to exhibit a trend over the period 262018
(Figure3-22).

Count / week

Figure3-22. Number ofCampylobactercases per week in Belgium. Source: sentinel laboratory network (Epilabo),
seehttps://epistat.wiv-isp.be/dashboard/

Norovirus is the most common cause of virdlarrhoeain 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 Europaprovirus season strength was positively associated with average rainfall in the
wettest month (Ahmed et al., 2013). Watborne transmission of the virus is probably influenced by
rainfall, causing norovirus seasonality (Marshall and Bruggink, 201 Imagdrétude of rainfall has also

been related to viral contamination of the marine environment and with peakisaimhoeaincidence
(Miossec et al., 2000). The predicted increase of heavy rainfall events under climate change scenarios
could lead to an in@ase 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
chemicd 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 ceeatres, 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
headingWater borne diseas€¥seeSection3.1.5 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 healinfrastructure, including water treatment and sanitation.

For a medium emissions scenario (SRES A1B) and in the absence of adap@tidoodinghas been

SaGAYFGSR (G2 | FFSOG | 02dzi onnZnnn LIS2 LI SthdJSNJ &S|

HnynQaT GKS f1F3G0SN) FAIdz2NE O2NNBaLRyRa (G2 Y2NB
(1961¢1990). The British Isles, western Europe and northern Italy show a robust increase in future
flood hazards; these regions also show the greateseimse 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 20722100, 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 affectenbdistal fboding

in the EU at the end of the 21st century would range, according to EEA (2017), fra@ddF b 5.5

million people annually, depending on the emissions scenario. The number of deaths in the EU due to
O2laidlt FEt22RAYy3 Ay (0B0S620ang 15Mper yent utzferRa high/etiNs®hsa S
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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). -ihils of these deaths would occur in western
Europe. Forziéet al. (2017) estimate a total of 233 deaths per year (for Europend®le associated

with coastal flooding (period 20€100) compared to only six fatalities per year during the reference
period (19812010). Coastal adaptation measures (dikes and beeairishment) 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 directivmember states have to report on flood hazard and flood

risk and must publishacresponding and publicly available maps. These maps identify areas with a

high, medium and low likelihood of flooding and indicate expected water depthid.a S RA dzY Q o6 S A
defined as an event with a probability of occurrence of 1/100. The low and higimndikds have no
corresponding probability in the Directivdy the areas identified as being at risk the number of
inhabitants potentially at risk, the economic activity and the environmental damatgnpal 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 lowprobability (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 prdiigis and risks. For instance,

in the Walloon Region, the 0 t f SR GSEGNBYS¢é o0t26 LINRBOolFIOAfAGRED
representing the potential 10§ear return period scenario at a 2050 horizon, including the effects of
climate changé

In Belgium, each of the three regions has developed its own-besled portal where the maps

prepared according to the Floods Directive can be constiltdtl portals show the information

required by the directive. In Flanders, data layers with estimafahe expected maximum damage

OAY €ekYu0:zX (KS SELISOGSR S02y2YAO RIEYEF3AS 6ekYuld T
I 3aANBIFGSR SO2y2YAO NARA] O6ekYukeSINL INB Ffaz | @
the mapping tool of thgortal. The Flemish region has atdeveloped: W/ f A Y Wi Kt 8RNI | V2 y
other climate changeelated data, contains information on the extent (hazard) and impact (risk),

explicitly accounting for climate change.

Integrated information on flood hazd 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 tdkabdable area in Belgim based on the
different sources is shown ifable3-2.

! 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 regionyeoapps.wallonie.be/inondation@Valloon region) and
https://environnement.brussels/thematiques/eau/leabruxelles/eaude-pluie-et-inondation/cartesrelatives
auxinondationspour-la (Brussels region).

4 https://klimaat.vmm.be/
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Table3-2. Estimated totalfloodablearea andnumber of potentially affected people in the occurrence of an
inundation with a 108/ear returnperiod(T100) for the differentiver basins in Belgium. Even though Rigine
and Seine rivers are not locatedBelgium, they do have portions of their basimithin the country as certain
rivers in theWalloonregion flow towards both.

Hydrographic unit $ub basin

Floodablearea (ha)

Potertially affected
population at TLOO

Scheldt (Flanders) 98,551 70,000
Meuse (Flanders) 4,060 942
Pluvialflooding (Flanders) 66,000 N/A
Scheldt (Wallonia) 49410 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 totdloodablearea in Belgium is of the order 883000 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 bedoutzded separately. A figure for the
population potentially affected by pluvial flooding is as yet not available.

It shouldalsobe noted that there are notable differences in the methods and definitions used in the
different regions. For instance, the fildtion of a flood with low probability i:ot the same in the
Flemish and Walloon Regioria 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 withabifity of

1/100, augmented by 3%

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 pofation are given inrable3-2. As the definitions of low, high

and extreme probability differ between the regions, the figures given arly for a 1/100-year
probability (which is the only one calculated for each regidije 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 subnicipal level. In Wallonia, more than 6000
water course segents are used as a reporting basis. For the total figures, this does of course not make
a difference Overall, some 35000 persons can be potentially affected by a flood with a 1/100 chance
of occurrence; this is abou®8of 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 conseqoes (injuries, disease, death, mental
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might lower the number of people that are affected in practice by the flooding. The same goes for
information about potetially affected vulnerable objects such as day care centres, hospitals, homes
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people exposed and corresponding deaths, for different hazards. FouBeltiey estimated (for a
businessasusual scenario of greenhouse gas emissions (SRES A1B)) between 0 and Redgaitns
associated with river flooding in the period 20Z100. In the same period, betweer060 and 3500
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persons would be exposed toser 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 lover 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 cageriés and diseases
caused by floods can be very diverse, and no information is availabletzes telative importance of

each. Flooding is also associated with mental health impacts, and coastal flooding in the EU could
potentially cause five million aitional 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 fi@odablearea and the potentially affected popuian
givenin Table3-2 do not explicitly account for climate change. The Climate Portal developed by the
Flemish region (see above) does however take clinsh#nge into account in its assessment of the
impacts of flooding. It does so for a-salled highimpact scenaribin 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 impaatcenario, depending on the future evolution of greenhouse
gas emissions and of adaptation measures tdken

According to the data presented in tt@imate Portalthe floodablearea in Flanders (under a high
impact scenario ir2100) would increase with 77%, resulting in an additional,dD ha that would
become floodable (not including coastal flooding as result of sea level rise). Note thH#ibtduable
areadoes not only include fluvial but also pluvial flooB®spite tle more limited area, inundations
of pluvial origin affect 5 to 10 more buildings than inundations of fluvial qrégirthe former are the
predominant cause of inundations in urbanised areas).

According to the data in the Flemish Climate Portaé &verag inundation probabilityin Flanders
would increase 5 to Hbld, an inundation with a annual probability of 1/100 under present
conditions having a probability of 1/10 in 2100, aad/10 inundation today happening on average
every two years in 2100. Arage water levels during inundationgth a 1/1000 annual probability
would increaséoy 22 cm on average, but the increase could be as high as 120 cm in certain areas. The
proportion d vulnerable institutionsday care centres, hospitals, homes for thdezly, schools...)
affected by\HangerousXflooding (i.e, flooding depth exceeding 70 cm, which is expected to result in
acute health impacts and possibly deathgduld more than double, from 3% under present
conditions to 15/%in 2100(Table3-3). In certain urban areas, the proportion could be as high &s 40
It should be noted that those figures are based on the actual position of the institutiansgosed 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% unden aripigct
scenario in 2115 (corresponding to a sea level rise of 100 cmjTab&e3-3). In Ostend, this would
mean an increase from 20 to more than 80 vulnerableitimsbns 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

! 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 revhaise 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 highA YLIr OG aOSy Il NA2 WO2NNBalLRyRa (2 thitfesSiltsinyan Seidge G A 2 y I §
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 thae tho
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
highrimpact scenario in 203€an 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/yearassociated with coastal flooding in the period 2100 (forthe SRES
AlBscenario).

Table3-3. 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 70cm 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

Estimatescomparable to the ones described above hant 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 #dremelow probability)scenarioqSPW, 2018) his
scenario workswith river discharges in 2100 that are @Migher than thel00-year floods without
climate change; the difference being considered as the additional impact of climate changel®@the
year flood. This is based on the results of the projd&taptation dela Meuse aux Impacts des
Evolutions du Clim&AMICE that found that100-yearfloods in the Meuse river basin in the period
2071-2100 would, as a result of climate change, b&Bigher than in the reference period 194D90.

Yet, those results are noniversally 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 oraet00%sinstead of 8% (SPW, 2018

The calculations performed in the framework of the reporting of the Floods Directive indicate that,
compared to the 1/100 yeascenario without climate change, the Walloixtreme(scenario (being
representative for the effect otlimate change) would result in 30 additional hectares being
inundated under a 1/100 scenario. This would represent an increaséadfibe total area inundated

by a\Hormak100-yearflood compared to 400-yearflood under conditions of climate change. Those
figures (both in absolutand relativeterms) 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 d.000yearstorm and the increase in Wallonia compares tb0&-yearstorm.

On the basis of the different flood risk management plans for the Wallodomean 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 W&treme(scenario. The data are summarizedlible

3-4. According to those figures, climate change would cause almosd@8@dditional people to be
affected by inundations in case of a 1/100 flood, which would mean and increase%f 183 appears

a lot, especially when compared to the increase in flooded area, that is ofty 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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Table3-4. Potentially affected population at the 1§@ar inundation (T100) in the Walloon Region.

Hydrographic unit Potentially affected population at T100
GllaleEsy without climate | with climate change extra due to
change| (extremescenario) climate change
Scheldt (Wallonia) 79581 184238 104657
Meuse (Wallonia) 124622 396426 271804
Rhine (Wallonia) 2,626 5,188 2562
Seine (Wallonia) 68 136 68
TOTAL (Wallonia) 206897 585988 379091

Theflood-related information (in terms of e.g. number of people affected) in the Water Management
Plan 20162021 of the Brussels Capital Region (Bruxelles Environnement, 2017) does not specifically
take into account climate change but, according to the Pla@,measures proposed would account

for the future effects of climate change.

Extreme weather

Floods are caused by extreme weather, but extreme weathedyded or becoming more probable as
a resultof climate change, can have other impacts with potential heatthsequencesExanples of
such phenomena arheatwaves, extreme precipitation, hail, windstorms, landslides &om@st fires.
Those phenomenayhich are not all equally fevant to the Belgia situation,can result in injuries or
death, either directly (e.ginjuries due to falling branches during storm conditions), or through their
impact on, for instance, traffic related fatalities. By their very naturéregne weather events are rare,
andas such no clear picture igailable of their health impachut might become more frequent and/or
more severe in the futureHowever, sientific literatue for Belgium on the future health impait
terms of injuries and deatfamong otherjs rare.

Natural hazards always have and will continue to have significant consequences for society, such as
premature mortality, several communicable and ro@mmunicable diseases, mental health issues,

and effects on occupational health, nutriticand social functio (IPCC, 20k Wolf et al., 2015;
UNISDR, 2015). Extreme weathemd climaterelated eventsuch aheatwaves, heay precipitation,

R NP dz3 Kcarmalso cisELpt health and social care service delivery, and can damage healthcare
infrastructure.

Modelled projections ofextreme precipitatiorevents 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, ant20-yearannual maximum daily precipitation
amount is likely to become &ifi-5- to 1-in-15-year event by the end of the 21st century (IPCC, 2013).

Windstormscan 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 catastrdpss 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 stadyering 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
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discharge of untreated water. Pathogens can then infiérthe 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.

Landslidesoccur as a combination of meteorological, geological, morphological, physical and human
factors. Extreme weatherand climaterelated events are the most common trigger of landslides in
Europe. Shallow landslides are mostly triggered by heavyocangkrsistent precipitation events;
surface water ruroff 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 koelof 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 humber of studies that have
investigated projections dfailstorms appear to be inconsistent and demonstrate changes that are not
very large and often lacking statistical significanke.mentioned in Sectio®.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 twygpes ofclimate related risks: transition risks, related to the
conversion towards low G@roduction and opgations, and the exposure to physical climate risk. With
respect to the latter, extreme weatheilas well as sloweevolving 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 climat@erability.

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 tigigbally, 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:

1 reduced revenue from decreased production (linked to transpogupply chain difficulties);
9 increased operation costs (e.g. inadequate water supply);

1 increased capital costs (damage to facilities);

1 reduced revenues from lower sales.

While the awareness of companies regarding physical climate risk is lagging behmgdareness 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 plical climate change impacts, stating:
a!'y SFFSOGALBS NBaAtASYyOS adN)yGS3eé akKz2dzZ R | RRI
corporate and financial performance. To better understand how climate resilient your
company is, we recommend the followinggs: (1) assess climate vulnerability of operations
and facilities, (2) embed climate risks into enterprise risk management programs, and (3)
dzy RSNIF1S a40SyFNA2 |ylfeara G2 SyKFEyOS RSOAA)
Industrial companies regmize 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 physiteltelrisk 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 hoveabwdth 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 &8 WNXB 3dzf N @GF NAIF oAt AGE@D & | NX
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, ireasingly, 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 Emsbgk Y
(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 Cliglated Financial Disclosures
mechanism (TCFD, 2017) may become an importamegchanger as businesses will be increasingly
expected (or forced) to disclose their climate vulnerability, transitemwell as physical climate risk
related.

The industry and services sectxhibitthe particular property of being vulnerable to a tiwde of
risks, seeTable 3-5 for a (nonexhaustive) overview. Indeed, the global value chain (Gereffi and
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FernandezStark, 2016) of companies is often very extensive, and may involve a multitude of sectors,
ranging from griculture, 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
AYLI OGa 2y Fftt adGrasa 2F | O2YLI yeQa @ ftdzS OKIF Ay

Table3-5. Nonrexhaustive overview of physical climate risks faced by the industry and services sector.

impacts

extreme - labour productivity loss

heat - overheating of servers and other IT equipment
- alteredconsumption patterns

- reduced airfreight cargo (weight limit at taksf)

drought - crop yield losses and shift of plant types
- enhanced irrigation costs

- increased competition for water

- reduced hydroelectrical power availability

flooding - storage facilitie® materials source sites inundatg
- damage to IT equipment and infrastructure

- labour productivity loss (staff unable to reach wo
- 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 - accessibility of harbour areas compromised
rise - inundation of coastal industrial facilities

While climate impacts to some ecomic sectors (e.g., energy) have been well investigated, the
industry and services sector has been largely unidsearched with respect to climate change impacts
(IPCC, 201). As a result, reliable informatiaegarding the impact of climate change omurstry is

N} GKSNJ a0F NOS® C2NJ Ayail yO SensitiviksSctoss Bysterasramdnssugs a G | U
are not covered in thig.e., their]report owing to a lack of reliable information across Europe, including
2y AYRAZAGNE YR Yl ydzZFl OGdzNRy I ¢

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 analstad) 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 subsector of the water/waste treatment systems, while the remaining industrial
subsectors considered i.e., the metal industry, mineral industry, chemical industry and refinegyies
would still predominantly be affected by floods and wind storfiaer 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 actiomsincluding the assessment of physical climate ¢i¢lave, todate,

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 variabiliyyd extremes only; a mere 5% really take action to
manage climate risk (Agrawala et al., 2011).
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ISOc the International Organization for Standardizati@iso increasingly recognizes the importance
of climate as an integral aspect of good business mameagt: in June 2019 they published 1ISO 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 1SO labels would show

customers andshareholders 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 (SD&ES)
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Extreme heat, apart frorfeadngto higher morbidity and mortalitywill also affectabourproductivity
losses in the future (Forzieri et al., 2017; Gaspatrrini et al., 2017; Mora et al., 2017; Estrada et al., 2017;
Orlov et al., 2019; Pal and Eltahir, 2015).

A few studies been conducted 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 temperatW&QT):
w6 oYY T'Y mg'Yh
with Ty the wet-bulb temperature, Ty the black globe temperature and 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 WBGTincorporateseffects of air temperature, humidity,

ventilation (wind) and shortand longwave radiation exposure. As such, this indicatampts to
represer the actual heat stress that is experienced by the human body,hegthnd thesole impact

of air temperature.The WBGT is also an ISO standard to quantify human heat 4865s1089), and

W/t
Ly

is included in Belgian labour law as a Royal Decree (FOD WASO, 2011) to determine the rest periods
labourers are entled to in casef extreme heat, as shown fable3-6.

Table 3-6. Workversusrest regime for different intensities of labour, in case of exposure to heat stress as

expressed by the WBGT.

work regime
light semiheavy heavy very heavy
WBGT values (°C)
npQ 62NJ 29.5 27 23 19
onQ ¢2NJ 30 28 24.5 21

Fgure 3-23 shows an example of the spatiariabilityof the WBGT within an urban neighbourhood
of Antwerp. Note the strong WBGT gradiegtsighlighting the cooling role of urban green vegetation.

L https://www.iso.org/home.html

2 https://www.uncclearn.org/sites/default/files/inventory/16

00055 why it matters_climate action business lettsize 1p.pdf
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FHgure 3-23. Simulated patial variability of the WBGT on a typical warm summer aftern@ame the maximum
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AntwerpenBerchem train station. Blue areas (cool) generally correspond to the presence of green vegetation.
Source: Lauwaet et al. (2048
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Figure3-24. Spatial distribution of thhighestWBGT value occurriran 3 July 2015 Ghent Source: Lauwaet et
al. 2020)
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Figure3-25. Number of lost labour hou(per persoffollowing the work/rest regime regulations referred to in
Table3-6, for the hot summer of 2003 in the Gent area, discriminating between different levels of outdoor work
(light to very heavy woik SourceLauwaet et al. (204a).

At a somewhat larger scalBigure3-24 shows the spatial distribution of the WBGT in the city ofitGe
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 theogentially lost working hours when applying the work/rest regime

of Table3-6. These lost working hours, by category of labour intensity, are showigime3-25, with

values up to several hundreds of hours of productivity loss for very heavy outdoor work. Considering
that, with climate change, summer heat as thapexienced in 2003 may become fairly common (Schar

et al., 2004), this may become a burden on sectors that rely on heavy outdoor work, such as the
construction sector.

Figure3-26 shows the result of a comparable exercise, from Lauwaet et al7f20hut conducted for

the Brussels Capital Regidmain, spatial patterns of the WBGT were used together with the work/rest

regimes ofTable3-6 to estimate the amount of lost working hours during the summer of 2003,

' Y2dzy Ay 3 G2 Y2NB GKI Yy wm™mmE: cakegorydaddvobce indidshowing®r@ NJ ( K S
impact of the urban heat island.
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Figure3-26. Potentially lost work hours based on the simulated WBGT regime in combination with data featuring
in Table3-6 (work/rest regime)¥or Brussels, summer of 2008ource: Lauwaet et al. (20d).

Finally, Hooyberghs et al. (2015) conducted simulations of indoor thermal co(afyain using the

WBGT)for a typical office building located in the south of Antwerp (actuaily,this caset L ¢ h Qa
Berchem satellite office), using urban climate simulatibmgether 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 sytem, among otherFigure3-27 shows the estimated lost working hours (blue) for desk

62N] SNE OoWfAIKE 62Nl QU ¢KS 3INBSY lofrBduchtRis 6 NB
number of lost hours) by rather simpe 02 YMBYy 4SQ o0 YR afaptationdhtedsbresO2 a (i f &
such as increased ventilation (nightA YS WFf dZaKQU0 2NJ { SSLIAy3 GKS &2f

Lost working hours

M Base Case
M Increased Ventilation

Solar blinds

Reference period (1986 - 2005) Near future (2026 - 2045) Far future (2081 - 2100)

Figure3-27. Estimated fraction of lost working hours in the sefgbing 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 increasgghttime Sy G At I G A2y O WFf dza KQ
building and the green bars ca@spond to the situation where solar blinds are operated in such a way as to

reduce incoming solar radiatipbut disregardingentilation 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) stat&tehat
unsteadiness of natural phenomena is exerting its inflegagainst the background of climate change
that promises more extreme weather conditid@€limaterelated 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 lovecarbon 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 leyve

As yet, the impact of climate change on losses and damage dilifficult 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 lortgrm trends. Moreoverthe 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); disentatigg 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 magnbeaininsurable 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 climatatesl 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, ther than decades, which in turn is related to the fact that insurers can fairly
easily adapt their tariffs according to new insights with respe weather extremes.
With respect to liabilities and claims, climate affects, among others:
f car insurancejn particular the seOl t f SR OF 402 oWwWOl adzrtde FyR
nowadayggenerallyincludes damage by stosphailand flooding
1 conversely, thehird-party liability car insurance has seen decreasing damage costs (over the
period 2010-2014), which has been attributed to less harsh winter road conditialteough
other factors also contribute to this evolution, such as betquipped cars (technology),
better infrastructure and law enforcement (speed cameras);
1 fire and propertyinsurance policies, which include damage by flooding, stohas sewer
overflows aml landslides
91 hospitalisation insurance could be affected increasingly by-helated hospital admissions;
1 since 2020 an agricultural insurance agaidsbught 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 farBel
insurers (NBB, 2019). In a survey condu@getnginsurance 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 betweemadkets): 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 SectioR 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 redunbdr of hail events
but an increase of the main hailstone size.

Considering floodg;losseinzadetalaei et al. (20283rformed a risk assessment for-2@0, 50- and
100-year flood return periods over Europe from the continental down to the national liev the late

21st centurylntegrating hazard and socgronomic 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 togetheiitivan enhanced exposure because of the expected increasing
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population density.

VMM, in a study on flood risk in the Heulebeek catchmeattributed flooding damage changes to
climate change, the increasing share of impermeable surfaces anoh¢heasing share of builip
zones in floogprone 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 floodingnder climate changeF{gure 3-28). In the widerHeulebeek
catchment, they found that with climate change the humber of houses exposed to an anmih01
probability of flooding mays rise from 1450 currently to 2750 in the future.

T T R BRI A <

Figure3-28. The buildings shown in red are at medium risk of flooding under climate cHaagdeand medium
blue contours show a high resp. medium risk for flooding ucuieentclimate conditions, the clear blue contours
represent a medium probability for floodingpder climate changeSource: Afdeling Operationeel Waterbeheer
van de Vlaamse Milieumaatschappij (VMM).

Beckers et al(2013), also accounting for both changes in climate hazard and-socimmic

vulnerability (through land use changes affecting tharshand 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.G1.4 in a moderatelgbelled? RNE Q0  Of A Y I (i K6.3radigh NR 2 |
0 Wg S (n&io. Indh® Het scenario, the effect of climate change was found tod8etiBnes more

influential than the effect of urbanization.

According to the Flemish Climate Pottalnder a high impact scenario, by 2100 the percentage of
buildings exposed to amerous 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 hig2@%618f buildings exposed to
dangerous flooding level®lore information on flooding and its impact onfiastructure is provided

in Section 3L.7.

1 https://www.west-vlaanderen.be/sites/default/files/20203/03 heulebeekViaarten%20Goegebeur.pdf
2klimaat.vmm.be
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In a study for the UK, according to CISL (2019ptasentdayrisk 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 severityf future wind storms.) Projections indicate that, under a 2°C warming
scenariq 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°@grao®nario. For assets
abroad, such as commercial property (office buildings and shopping centres, among others), average
loss under a 4°C warming scenario may reacl8( for those assets that are located in tropical

cyclone areas.
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3.3. BIODIVERSITY

Land(or sea)Juse 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, howearrincresing threat for biodiversity and ecosystem services
(ESS)dimate change and biodiversity loss are intrinsically linkedhey shareommondrivers,and
observations show that ongoing climatic changes already affect biodivefsiiyreclimate changes
expected to intensify and become one of the main drivers of biodiversity decline and a collapse of
Natural Capitallt will likely reduce ecosysterfiesiience towards other stressors, including pollution,
habitat fragmentation, biological invasion and (over)exploitation of natural resources, and further
reinforce these drivers of biodiversity logSEA, 2018 IPBES, 2019; Kovats et al., 2014)

bl Gdz2NEQa O2y (i NR o ESA ddlde refydating)Inatedal Suxd mdaterial ®ervices
(IPBES, 2018pue to the complexity of biodiversity sessments and existing interactions between
different stressors, it isery difficult to attribute observed and expected decline in biodiversity and
Y6IEGdzZNEQa OF LI OAGe (2 MiMa&igng Bidlivedsity{ossiszve®drhofeXdmpléx OK I y
(EEA,201® 9 @Sy a2z . St 3AiCdmvisaion pgpraides tfd cimatsldiedl dobtdif&
maintaining biodiversity among the highest of different sectgh¢CC, 2017)Conservation of
biodiversity and ESS wiiticreasinglyrequire resources and efforts, both-iand 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 chd@geotaert, 2A4). This means that biodiversity
conservation, including the management of specific Nak080 sites irrespective of their status

6 KAOK O2yaiAiddziSa wmpdd: 2 T wil dsdb EesodrY ribée dénBdiNG ( 2 NEB 1
(EEA, 2017While in our report we assess the specific impacts of climatic changes on biodiversity and
ESS within Belgium, it is likely that climatic impactside our country also have large effects on ESS
delivered to Belgium due to migration or reduction in supply of goods or serf&Ees, 2018).

The clearest universal challengethe observedand further expectedshift northward, andtoward
higher altitudesand phenological changes (i,ehange in periodidfe cycle events of flora and fauna)

as a consequence afsing temperaturesfor flora and fauna species in all types of ecosystems,
endangered or not. While species may move northward or alter thelraviouras an adaptation
strategy, it is commonly regmized that often their adaptation rateor that of species on which they
depend in the food welt, cannot keep track with the shifts in climate conditions, which leads to a
progressive decline in biodiversity on the European contifB&A, 204, 2019a; IPBES, 2018; Menzel

et al., 2006; NCC, 201 Dther stressors for biodiversity, specifically barriers in fragmented landscape
andalien species that benefitdm risingtemperaturesto invade territories, further challenge endemic
species and impede migratiqPBES, 2018; Kovats et, &014; NCC, 2017%pecies migration and
altered fitness will drive local shifts in species distribution, interactions and ecosystem functioning, and
include an increased risk of extinction fvmespecieJEEA, 2017; Kovats et al., 2018he fraction

of species at risk of climatelated extinction is 5% at 2°C global warming up to 16% at 4.3°C global
warming (IPBES, 2018Another major challenge, in addition to the relatively graddahnge in
temperature, is the more frequent occurrence of extreme weather events, which has an adverse
impact on the survivailf diverse species by direct mortal impa¢Bahn et al., 2014he compounding

risks and negative impacts of different drivers are expected teengify with climatechange in the
future (EEA, 2018). In Belgium, in the context of the reporting duty for habitat directivéd32CEE on

the conservation of natural habitats and wild fauna and flora, an assessment ma@é9nindicates

that 20% of the Dective's species in the Continental Bioregion (South of Sambre and Meuse Rivers)
are threatened by global warming (Motte Gerponal communication 11 March 2020).

In the next paragraphs, impacts of climate change on biodiversity and ESS in aquatic and terrestrial
ecosystems in Belgin are described. We start with two overview tablegable3-7 and Table 3-8)
summarizinglimate relatedvulnerabilities. Thereafter, specific impacts are elaborateditunstrated

by recent observations or model projections for the future.
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Table3-7. Ecosystem, biodiversity and ESS vulnerabilities to projected climatic changes in Belgium

_ \Vuinerabilites 0000000000000

Climatic change
Temperature rise Change in Extreme weather Sea-level rise Atmospheric
precipitation pattern [CO:] rise
- Northward migration of - Sudden destruction of - Acidification of
Aquatic Marine species habitats and species sea water
ecosystems - Invasion of algae =2 populations
anaerobic conditions
- Increased evaporation - Low-flows in - Inundations & sudden - Intrusion of salty | - Acidification of
Fresh and low-flows in summer destruction of habitats and water & habitat surface water
water summer - High intra-annual species populations disappearance
- Invasion of algae = variation in flow - Increased mortality due to
anaerobic conditions rates lethal temperatures and
low oxygen saturation
- Invasion of alien species | - Lower water - Inundations & sudden - Intrusion of salty |- Increased
Terrestrial and pests availability in destruction of habitats and water & habitat biomass
ecosystems - Phenological changes summer species populations disappearance production
- Northward migration of | - Reduced biomass - Increased mortality due to (flora) in optimal
species and habitats production (flora) lethal temperatures or conditions
- Increased - Higher fire risk prolonged droughts
evapotranspiration and - Higher fire risk
susceptibility to drought
- Longer growing season
Change in species distribution and composition, species inter- and intra-specific interactions, tropic web, community structure,
Overall ecosystem functioning & productivity; increased risk of extinction
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Table3-8. Affected ESS in Belgium by projected climatic changes according to ecosystem type

™~
™~
™~
™~

 for wood;
M for bio-fuels

Shading indicates the current balance between ESS demand and availability: .for imbalance between demand and availability; .for vulnerable balance between-
demand and availability; . for stable balance between demand and availability. Arrows indicate expected impacts of climate change on the availability of ESS: > for low
increasing impact; ‘T for medium increasing impact; T for high increasing impact. Adopted from Stevens et al. (2014) who made assumptions for the Flemish Region
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3.3.1. Aguatic ecosystems

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

Marine

Rising temperatures and acidification due to elevated atmospheric@t@entration affect the North
Sea andooses a threat tesea life in marine habitatdPBES, 2018Recenttemperaturerise in the
North Sa is generally more pronounced than in more southern and less enclosed seas. Although
eutrophication and overfishinglsoaffectNorth Seapecies, changes in species abundance and marine
ecosystems are at least partly due to temperatgiriven northward specieshift. 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) spéuies on
other hand profit from the higher temperatures and thrive now better in the North (8aa Ypersele
and Marbaix2004; Philipparet 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 macketeljeblining
populations of larger species (like bass, red mullet and cod) in the NortfP&8eq et al., 2005)n the
past 40 years, fish species populations hakidted by alout 10° latitude northward (or 250 km per
decade), and this evolution has accelerated in the last 20 (&8, 2017)The observed northward
shift of a number of North Sea species is showFRigure3-30. Nextto warming, acidificatioralso
threatens many marine organisms, particularly those relying on calcium carbonate for shells and
skeletons, whole marine ecosystems and fishefi¢SC, 2013)
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Figure3-30. Northward shift of North Sea fish distributions (shifts in mean latitudeeofresof abundance)

between 1977 and 2001 for (A) Atlantic cod (Gadus morhua), (B) anglerfish (Lophius piscatorius), and (C) snake
blenny (Lumpeus 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 neahabitats and community

structures and possibly lead to the local extinction of marine plant and animal species, including
O2YYSNOAFft& OFdAKI 2ySad ¢KS OKFy3dSa O2YLINRBYAACS
rich biodiverse ecosystem anldg whole marine trophic web, which provide crucial ecosystem services
including food provision and the fishery sect@hilippart et al., 2011)Changesni the physical

properties of the seas can induce abrupt changes of whole ecosysternalled regime shifts, which

reduce its resilience and affect the provision of FESSA, 2017)Given the global extent of climate

change and the connection between oceans and seas, pronounced local changeshiy seas€.g.

the Mediterranean Sea) can cause ecological shifts in the North Sea a€ambersi et al., 2010)
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Currently, warm water fish species are less economically valuable than cold water sfyegies
Yperseleand Marbaix 2004) Still, Johnson et al2020)estimated an increase in fish production ESS

08 Hnapn O002YLI NBR (G2 wHanmmo GKFG OFy 06S RSt AOSNEF
scenario whereenergysoberbehaviourand high availability of lowarbon technologies~RCP 2.6;

described by Rozenberg et @014) is combined with avoidance of agricultural or urlsEvelopment

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, sedimentatinaratation
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 leigel will lead to changes in ecosystems and habitat for local
species, with challenges and opportunities depending on possibilitiedioay (EEA, 2017; Van der Aa

et al., 2015) Shiftof marshareas of the Sea Schelidilowing future sea level rise is expected to be
feasible(Temmerman et al., 2004yvhile for the Westrn Scheldt ecosystem, changes in sediment
loads are expected to hindenovementof marsh areagVan Braeckel et al., 2012)

Increased surface temperatwsef the North Sea have already benefitted warm water swimming crabs

in recent years, which in turn triggered establishmentesier blactbacked gulls at the Belgian coast

(Luczak et al., 2012uture sea level rise will cause intrusion of salty water in aquatcemestrial
SO2aeaidsSvya ySIFENI . St3AAdzyQa cp 1Y f2y3 O2FraidtAysS |
ecosystems, put pressure on the fresh water reserves and habitats in dunes and polders, and affect

the recreational and touristic value tife coastal region. A number of valuable nature reserves nearby

the coast, including the Westhoek, ljzermonding, Fonteintjes and Zwin, are specifically under threat

(van Yperseland Marbaix2004; NCC, 2013)ith regard to ekreme events, on¢hird of our coastline

and its ecosystems is insufficiently protected against super stgcormbining high tideand strong

wind; NCC, 2013}hat will become more prcadible in the future.

Large parts of our coastal area are extremely vulnerable since many lay below sea level during annually
recurring average storm@tevens et al., 2014Weakened coastal ecosystems will eventually lead to

a decrease in coastal protection ESS that coastal ecosystems can serve in Belgium, independently of
the type of socieeconomic pathwayshat are assume@ohnson et al., 2020)

Freshwater

Freshwater ecosystems in Belgium, as acrossathele 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 furthesifytén accordance

with recert observed trends, including declined summer (precipitation and) river flows and increased
winter (precipitation and) river flowgEEA, 2018 IPBES, 2018Besides changes in precipitation
patterns, also temperature rise affects aquatic ecosystems becafiselower 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 cosfsan Yperseland Marbaix2004)

But also gradual changes complictite 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 capabiliylétere
fluvial floods and prevent inundations in these vulnerable areas, affecting the execution of existing
flood plang(NCC, 2013; Van der Aaadt, 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 inundationg shares that may increase in the future. This lasdery vulneable to
increased exposure to changes in seasonality and extreme e{&tetgens et al., 2014)

Belgium, and especially the Flemish regiaces water scarcitythe O 2 dzy Hidipapuation density
entails limited drinking water resources per capif&tevens et al., 2014)Nater provision ESS are
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expected to derease in Beglium, irrespectivethe type ofthe assumedsociceconomic pathways
(Johnson et al., 2020)

. S { 3 Mdm¥eQisier 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 willamplift S NA GSND & RA & OK I NI
(de Wit et al., 2007)These altered regimes may be harmful for local aguatic ecosystems that rely on

the discharge seasongl. 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 wintdsvedl by dry summers

(de Wit et al., 2007)Although winter precipitation is projected to increase, potential combinations of

winters ard subsequent summers thi 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 semihatural coastal dunes, wetlands, peat bogs, grasslands, limestone ecosystems
(including calcareous meadows, groves and forests), heathladdjeciduous and coniferous forests,
each with its own biodiverse community of flora and fauna species. Yet, in our strongly urbanized
country, seminatural areas are not equally distributed. About 80% of the forested areas is for example
located in southen 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 biodivergi§BES, 2018 he generaimpact of rising
temperaturesc causinggeographical shiftsbiome shifts and disption of community interactions,

is already established in Belgium. But also changes in precipitation, atmos@ligigoncentration

sea level rise and extreme events challenge terrestdabystems.

Flora

Climate change induced droughts (due to increased temperatures and evapotranspiration, and lower
summer precipitation) challenge plants and trees and decrease biomass produBiyS, 2018)
Specific ecosystems, like the Hautes Fagnes nature reserve with its chigtecperat bogs, are prone

to drought and are at high risk of disappearance due to projected climatic changes in combination with
other pressuregvan Yperseland Marbaix 2004) Next to drought, a temperaturdriven northward

shift of plant specie (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 Meerf@@kO)expectal continued northern shifts for

the majority of 881 studied Flemish plant species (of which 229 $ghas$ vulnerable on the Red List

for endangered species): on average 96 km for pessimistic climate projectR@#(8.5) by 2100, and

62 km for more modrate climate projections~RCP 4.5). Already threatened species will be most
sensitive to changes, and see their optimal climatic conditions shift further northwardy.11 to

168 km for RCP 4.5 and 8.5, respectively (as compared to 36 to 49 kat j@t 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 willd& 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
speciegHaesen and van Meerbeek, 2019)

Certainlonglivedtree 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 strgsan Yperseland Marbaix 2004)

{SOSNIt 2F . St3IAdzyQa Y240 AYLRNIIYyd GNBS alLlSOASa
threatened by continued rising temperatures and prolonged droughts. Large part of the Sonian Forest
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would become unsuitble for beech due to climatic changes by the end of the century (under RCP 8.5)
(Dake et al., 2011 More on this subject is found in Section 3ahich describes impacts on foresjry.
Other, currently secondary trees in our region, suclhasrspecies and other deciduous trees, may
therefore become more dominant in the futu®e Frenne et al., 2014Following European wide
projections, Norway spruce would not be able to thrive in 50% of its current halfifatsewinkel et

al., 2013)

Overall foresproductivity may howevealso benefit from elevated G@oncentrationand prolonged
growing periods in northern latitudg&EA, 2018), especially when migration of species is supported
for example by introducing southern species in conservation areas of nurééaager Veken et al.,
2008) Johnson et a[2020)expected an increase in forestry production ESS in Belgium, in a scenario
whereenergysoberbehaviourand high availabilitgf low-carbon technologieg-RCP 2.6% combined

with conservation efforts, whereadecreases were expected if no specific efforts for conservation are
made or in a scenario with less energy sobrieRCP 8.5).

Just like other species, trees respondth® 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 anddast lo

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 B&arlier spring leafing and later autumn
senescence will affect species competit{@EA, 2017)

In agriculture, biodiversity is critical for food security as it contributes to the increased productivity and
resilience of agricultural systeni§hrupp, 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 provisiamtoilipotential

and shade casting ability (as determined by Van Den Berge (@04aB)and Verheyen et a(2012)

are also expected to change, with the direction and magnitude of change being hedgm®&SS
specific(Berckmans et al., 2020; Vanuytrecht et al., 2020)

Fauna

Belgian fauna typicallyonsistsof temperate European species. Next to common small species, wild
boar and deer, wild birds make up a large part of the animal populghs2C, 2013)As within the
whole of Europe, local bird species communities éasingly include species dependent on higher
temperatures outhern specie® The number of European land bird species whose populations are
negatively affected by climatic chantgrgely exceeds the number that is positively affectéeEA,
2017) Observed lower numbers of wintering (watdiyds in FlandergFigure3-31) 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 averaf@rootaert, 2014; Figure 4More and more, milder winters enable
migratory birds tohibernate 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 ex{ieefed017)

By the end of the century, Walhia 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 speciesin¢etagaptation

of bird species does not follow the phenological adaptation of their food sourcgs ¢aterpillars),
several species are at risk@insiderablepopulation decline or even extinctigiGrootaert, 2014)In
Flanders, the bramblingF(ingilla montiringilla) and common redpoll Acanthis flammep are
endangered with extinction due to rising temperatures during their reproduction pf@emortier et

al., 2009)
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Figure3-31. Gap to population targets of winteringater birdspecies in Flanders. Source: Groot§20t14)

In Wallonia, analysis of historic observations showeaad agreement with Europn and worldwide
observations; on average an advancement of spring migration of different bird species with years and
a change in species composition favouring more southgwacies, which was associated with
temperature rise(Laudelout and Paquet, 2014; Paquet, 20Mile there is a clear average trend,
responses are specispecific with species communities that thrive better in more boreal climates (
occurrirg at higher elevation) showing more pronounced changes and some species showing
responses opposite to the average response. While some species are on decline in Wallgriee (e.g.
meadow pipit Anthus pratensis fieldfare Turdus pilarisand great grehrike {anius excubitgy,

others benefit from climatic changes (e.ghe African stonechat Saxicola torquatysand the
melodiouswarbler Hippolais polyglotty), leading to an increase in nesting bird species richness,
hence biodiversity, by 18% in $8ars, which is at least partly due to rising temperatydzsob et al.,
2010; or 13 species more per 80 krhaudelout and Paquet, 28). 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 (diigerOdonata spj) that are endemic to more
southern regiondasbeen noticed in BelgiurfGrootaert, 2014; Termaat et al., 201®Iso butterfly,
spider (eg., wasp spiderArgiope bruennichj and bird (ey., European beeater Merops apiaste))
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 sp@ggiestaert, 2014; NCC, 2013;

Van Dyck et al., 2015pDn theother hand invasive specieslike ticks [xodida spj, red-eared turtle

(Trachemys scripta eleganer processional caterpillar (e.dhaumetopoea processioneg also
benefitfrom temperature rise, whiclill require intensive prevention plar{®iCC2013)
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Figure 3-32. Insect diversity changes in five climate change scenarios (from S1 to S5 increastugingar
temperatureby 1°C to 5°C and decreasing summer precipitatipa0% to 50%) for butterflies, grasshoppers,
dragonflies and for all species together in Belgined: >30% species loss, orange(38% species loss, light
green: 1530% species gain, dark greerB0% species gain). Source: Maes ef24110)

For several future climate scenarios, a decreased insect species richness (of butterflies, grasshoppers
and dragonflies) has been predicted in Belgium compared to pregasntrichness, and a shift of
speciesrich locations to higher altitude¢Maes et al., 2010)While a general decline in insect
biodiversity is expected, the magnitude and evolution of the decline is spestesaric and location

specific. Yet, changes in species composition are more pronounced with more severe climate
projections, i.e. higher yeaound temperature rises and lower summer rainfdigure3-32). The

most important losses are expected in regions that are currently speciesconsisting of large nature
reserves with rare and threatened types of biotopes, where some of the most endangered insect
species in Belgium occ(Maes et al., 2010)
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For bumblebeesBombus spp which are important providers of pollination, 110 years of observations
of range shifts divert from whatasbeen 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 changésr et al., 2015While the Belgian territory is not

at a southern limit of many bumblebee populations, warmiatated extreme events threaten the
populations as their warm thermal tolerance is evolutionary relatively (&err et al., 2015)In
Belgium, climatic changes will fpadditional pressure on the declining bumblebee populations that
suffer from urbanization and agricultural intensificatifray et al., 2019Shifted 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 scenariosneitfy
soberbehaviourand high availability of lovearbontechnologies t{RCP 2.6)versus a decrease in a
scenario with low energy sobrietyRCP 8.5).

Land and soil

Climate change, and in particular prolonged droughts or extreme rainfall events, will cause erosion
further to degradeour land and soils and itddiic 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 recreadidBSEEEA, 2018 IPBES, 2018;

Van der Aa et al., 2015)

In conclusion, in the aboveenvhave 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 polonged droughts. Still, climate change has an important impact on complex iuter
intraspecific interactions and intertwines with other stressors. This could initiate a cascade of effects
that are difficult to predict and adversely impact on the ESviged by biodiverse ecosystems with
serious economic consequend@$CC, 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.ggrids, power stations, pipelines), transport (fixed assets such as roads,
railways or airports), ICT (e.data cables) and water (e,gvater supply pipelines, reservoirs, waste
water treatment facilities). Left unmanaged, climate change may significaffect the operational,
financial, environmental and social performance of such infrastrudfa 2013)

Overall, there are many interdependencies between the infrastructure sectors, and failure in one area
can quickly lead to cascade failure. Enesggter, 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 coeseque
(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 imatierns 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 insmiptionhs 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 eff#gs 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
yStig2Nla 0S®3aId ONARISA 2FSNIAYLRNIFYd g1 GSNBIeas
An essetial 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 souatescompromised? Do the tunnels have
backup 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 effecof 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 iindct 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 thigerature on the cost of climate change for infrastructure deals

with the impact of catastrophic effects such as floods, extreme ,heat., which represergonly a

LI NI olFfoSAG GKS Y2a0G a@AaAroftsSée 2yS0 2F GKS Oz2ali
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, whereaseniirmulti-sector hazard damage relates

mostly toriver 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 peiod). 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 fa 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, heatwavesalsdll largely
dominate future damage, mainly by affecting roads and railwayss& hedes 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
guality and a reductin 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 higherrbimé®uthern
Europe as compared to the north of the continent ($égure3-33).
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Figure3-33. Spatial patterns of overall climate hazard risk (expresseBxaectedAnnual Damage (EAD), in
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(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 floodg extremeheat and droughts can enhance negative impacts on the transport
infrastructure, causing injuries and damages as well as en@ntosses, transport disruptions and
delays.

JRC (2102) findbat, at EU27 aggregated level, compared to today, average precipiitituced

normal degradation of road transport infrastructures will origlstly increase in the futurddowever,

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 frostfree days. Those beneficial impacts are jiked 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 imposeon drivers, or of unsafe situations duringrpds of extreme precipitation. i©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, artether the overall impact would be
relevant at all.

Climate change has an impact aail 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
precipitaton, 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, scoubifiges, 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, 201@yesearch 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 tofbdisces in the
Netherlands has been reported to increase with 30%. The economic consequences of delays in
passenger rail transport have been estimated to be IwK(2014), but this likely will not be the case
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for goods transport, especially if netwoaknd supply chain effects are factored in. Recent articles in
the Dutch newspapers mention that at least one bill@mwosshould be spent to make the rail network
in the Netherlands resilient to climate conditions in the year 2050.

Operations atirports can be affected by strong winds, storms, inundations and damage to runway
and apron surfaces at temperatures exceeding 31880, takeoff performanceof aircraft may
become compromised with increasing temperatures, the lower amrsdg at higher air temperature
requiring reduced cargo weight and/or restrictions on fuel load (Coffel et al., 2017).

Operations inports (loading, docking of ships) can be hampered by strong winds, whereas high
temperatures can affect personnel handlireguipment 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. Drougls can affect inland navigation (see belowable3-9 lists climate related impacts on
transport and transport networks that may be eghnt 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 thealth impacts of climate change and based on data
from the Flemish Climate Portal (VMM), tleodablearea 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 fot including coastal flooding as result of sea level rise). The average inundation probability
would increase 5 to Hbld. Average water levels during inundations (with a 1/1000 probability) would
increase with 22 cm on average, but the increase couldsieigh as 120 cm in certain areas.

Those figures make it clear that the future impactlodding on transport infrastructure, especially in

low-lying areas along waterways, and in urban areas vulnerable to pluvial flooding, can be important,
unless adafation measures are taken to increase the resilience of the networks. High water levels on
rivers can also impede inland navigation.

CA3Idz2NBa 2y GKS AYLI OGO 2F 2GKSNJ Ot AYF{dS KIFTIFNRA
situation are harder to ame by, and little systematic research seems to have been done on this topic.

As the effects of extreme temperatures will be exacerbated in urban aneasimpactson transport

networks (rail buckling, problems with closing of bridges, road surface dedticn) will probably be

relatively more intense in city environments than in the countryside.

Table3-9. Climate related impacts on transport and transport networks that may be relevant for the Belgian
situation. Source: EC (2013).

Type of Type of Potential impacts
transport climate

infrastructure | hazard

Ralil Summer - rail buckling
infrastructure | heat - material fatigue

- increased instability of embankments
- equipmentoverheating (engine ventilation, air conditioning)
- increased probability of wildfires damaging infrastructure

Extreme - damage on infrastructure due to flooding and/or landslides
precipitation | -  scour to structures
- destabilization of embankments
Extreme - Damage on infrastructure such as signals, power cable etc.
storms 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
Extremerain damage on infrastructure (e.g. pavements, road washout);
[ floods road submersion;
scour to structures;
underpass and tunnel flooding;
overstraired drainage systems;
risk of landslides;
instability of embankments
Extreme damage on infrastructure;
storms roadside trees/vegetation can block roads
Sea level damage infrastructure due to flooding;
rise coastal erosion;
road closure
Aviation Summer degradation of runways and runways foundations;
infrastructure | heat decrease airpd lift and increased runway lengths
Extremerain flood damage to runways and other infrastructure;
/ floods water runoff exceeithg capacity of drainage system
Extreme wind damage to terminals, navigation, equipment, signage
storms
Sea level flooding of runways, outbuildings and access roads
rise
Shipping High river problems for the passage of bridges;
infrastructure | flow speed limitations because of dike instability;
(inland) restrictionson the height of vessels
Low river restrictionson the loading capacity;
flow navigation problems, speed reduction, functioning of lockg
prevent water loss
Shipping Change sea more severe storms and extreme waves might affect ships
infrastructure | conditions
(EGIE) Extreme - devastation of port infrastructure;
storms - interruptionsof port activities

Lower water levels in rivers and canals dudingught episodesan 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 Rine could increase to 34 days (as compared to 19 today) in 2050 (ICE@p, 201
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 clineatarsc The Amice

project has estimated that the-@ay 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 Regigktahospheric Climate Model (RACMO2) under the condition of

the SRE81B 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 centuy. Moeskops et al2010) on the other hangdmention a decrease of up to 75% of average
summer discharge of the Meuse at Borgharen in the period 2PZ00.

3.4.2. Energy infrastructure

Impacts of climate change, such as an increased frequency of extremeeweathnts 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. stornt 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 electgimitgrators). However, more

wind may also lead to new opportunities for wind energy generation.

According tocEC(2013) floods are identified overall as a particular threat to electricity generators and
related physical assets. In the Netherlands howesienulations 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|amnidl production capacity, resulting in
network problems that are more difficult to deal with (Bollinger and Dijkema, 20E8)le3-10 shows

the relative importance of the impacts of changing climate parameterdifferent energy supplies.
Table3-11lists climate related impacts on energy infrastructure that may be relevant for the Belgian
situation.

Table3-10. Relative importance of the acts of changing climate parameters on different energy supplies
(Note: 3 = severe impact, 2 = medium impact, 1 = small im@&mirce: European Commissianis).
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