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1. Introduction

Climate change may have a range of diverse effects on huratih, manging from increased
heat-related disease and mortality to effects on vector-luhseases and allergic disorders
such as hay fever. Assessments for the Netherlands haveteddecaumber of effects that
are considered relevant for the country, but indicate many kdowlgaps and uncertainties
and note that quantification of impacts is difficult (MNP, 2006yken et al., 2008). This
makes it complicated to decide whether - and if so how much - &édapta these various
impacts is needed.

Dessai and van der Sluijs (2007) assess that there aralitiegences in the level of
uncertainty that various adaptation approaches can accommodateafamaches require
detailed knowledge, while others function well in the face of ignerdbat may have other
tradeoffs). Therefore, decision-making on these issues requgesd understanding of the
state of knowledge and the associated uncertainties, in ordevétop adaptation strategies
that are fit for function. This study assesses the degregcefrtainty for the health effects of
climate change in the Netherlands, and the policy impdicatdf this uncertainty, by means
of an in-depth expert elicitation.

1.1. Background of this report

In 2007, the Copernicus Institute has inventoried the different typasceftainty that play a
role in climate change adaptation and different approachesatimglevith this uncertainty
(Dessai and Van der Sluijs, 2007). The study was commissionehebyNétherlands
Environmental Assessment Agency. Following this ‘scoping study&raécase-studies have
been performed in 2008-2009 to explore how the results could be appéetu#b cases in
climate adaptation in the Netherlands. This project considtsr@e cases: the advice of the
Delta Committee, adaptation of natural areas (Wadden Sea), and huntln heal

The present report presents the case study of the third casan heaith. Three questions are
central to the study: (a) what level of uncertainty isoamted with each potential health
effect for the Netherlands?, (b) which health effects most relevant for Dutch climate
change adaptation policy?, and (c) which policies could either cepe well with the
uncertainties or be very sensitive to these? The main focus is oroguesti

1.2. Reading guide

The first part of this reporGhapter 3 assesses the level of uncertainty for various potential
health effects. The second pah@pter 4 examines the policy implications of the
uncertainties by looking at: the relevance of various effextadaptation policypar. 4.7

and which policies would be either robust or vulnerable to the amuies par. 4.2. The
conclusions provide a short overview of the res@sapter 5.



2. Methods

This chapter provides an overview of the methodological settiiso$tudy. Specific details
can be found in the appendices: a list of the participants and thesctéristicsAppendix A
and the survey protocohppendix B.

2.1. Approach

This study preformed an expert elicitation on uncertainty inioglab climate change and
health. The focus was on the Netherlands. The survey was sphb ipatrts: (I) the levels of
uncertainty for various health effects, and (Il) the implications oktf@sadaptation policy.

The elicitation was performed by means of an online survey.stiheey used both
guantitative and qualitative questions: respondents were askedvide scores and provide
argumentations for these scores. While including argumentaigstions can be expected to
reduce the response rate, they are essential to: (a) proeideing to the scores (why do
experts believe what they believe?), (b) analyze the redsordifferent scorings among
experts, and (c) allow the experts to consciously and deliberatsdess the available
evidence and reasons for giving a certain score (in prinogsiglting in a score that better
represents the actual situation than a ‘first glance’ scoring).

During the first (and main) part of the survey, experts weredagkindicate: ‘Regarding the
following specific health issues, with what level of precision owu be able to estimate
the magnitude of the health risk for the Netherlands (due totelistfeange)? Assume you
would be given some time to review the relevant literatur®réeou would make the effect
estimate*. Respondents scored this on the ‘level of precision’ scalalife 1 The ‘level of
precision’ is taken as a proxy for the ‘level of uncertdiftyrelates not to the magnitude of
the uncertainty (e.g. plus or minus x%) or the health effect,obtltet degree to which these
can be quantified at all, given the present state of knowledge.

Table 1. Level of precision scale (based on: Rishey Kandlikar, 2007; Slottje et al., 2008).

Rating: | Label: Description:
1 Effective ignorancel Knowledge of the factors that govern this effectasnveak that we
are effectively ignorant.
2 Ambiguous sign or| Some effect is expected, but its sign or trendbisclear. There are
trend plausible arguments either direction (effect cduédpositive, could
be negative; could increase or decrease).
3 Expected sign or | It is clear what the sign and trend of the effeitt lve. However,
trend there is no plausible or reliable information omigtrong it will be.
4 Order of magnitudg It is possible to give a rough indication of thegniéude of the effect

a qualitative scoring (e.g. 1-10 scale), or a rocgmparison with
other effects.

5 Bounds It is possible to estimate the bounds for the ithistion of the effect,
e.g. its 5/95 percentiles (effect is only 5% likedybe more than ...
and only 5% likely to be less than ...). However,shape of the
distribution, or best-guess estimates, cannot beiged.

6 Full probability It is possible to provide a full probability densftinction; the bounds$
density function as well as the shape of the distribution.
N/A Don't know / no answer

! Note that this question does not specify thatetstemate should be made for a single scenario., Thus
due to the existence of multiple climate scenardosating of 6 (full probability density functiong
unlikely to be given. This limit to the level ofgmision is inherent in the policy-decision situatio



Participants scored this for a list of health effdbtst were deemed relevant for the
Netherlands Table 3. This shortlist was based on existing effect-inventof@s the
Netherlands: MNP (2006), Huynen et al. (2008), and internal memos of thih Beancil of
the Netherlands leading up to GR (2009). The draft list waskeddeand supplemented by
several experts in this field of study. The health effests grouped in eight ‘themes'’:
temperature, allergies, pests, vector-borne diseases, foodboater diseases, air quality-
related effects, flooding/storm-related effects, and UWtedl@ffects. Participants scored and
provided arguments for one theme, then moved to the next. Any questaion or theme
could be left unanswered if desired. An open question at the enddgmowoom for
respondents to indicate and rate any health effects thatoeestdered relevant but had not
been included in the shortlist.

Table 2. Shortlist of potential health effects of lamate change in the Netherlands.

Temperature: Heat-related mortality
Temperature: Heat-related cardiovascular problems

Temperature:
Temperature:
Temperature:
Temperature:
Temperature:
Temperature:
Temperature:

Heat-related respiratory problems
Heat-related stress and sleep distceba
Cold-related mortality

Cold-related diseases

Drought-related exposure to contansnan
Shortages of drinking water

Dehydration

. Allergies: Asthma

. Allergies: Allergic eczema

. Allergies: Hay fever: duration of pollen season

. Allergies: Hay fever: pollen types, abundance dtetgenicity
. Pests: Wasps

. Pests: Oak processionary caterpillar

. Vector-borne: Native vector-borne diseases

. Vector-borne: Incidents of non-native vector-bodiseases

. Vector-borne: Epidemics of non-native vector-bodiseases
. Food/water-borne: Food poisoning

. Food/water-borne: Legionnaires Disease

. Food/water-borne: Contamination of swimming/redoeatvater
. Air quality: Respiratory problems due to grounddewszone

. Air quality: Respiratory problems due to particelahatter

. Air quality: Air quality-related cardiovascular griems

. Flood/storm: Flood-related mortality

. Flood/storm
. Flood/storm
. Flood/storm

: Flood-related infectious diseases
: Flood-related exposure to dangerobstances and contaminants
: Flood-related respiratory problems

. Flood/storm: Flood-related mental health problems
. Flood/storm: Storm-related mortality and injury

. UV: Cataract

. UV: Skin cancer

. UV: Weakening of the immune system

. OTHER (please indicate)

During the second part of the survey, respondents were asked taténdicd rank the five
health effects they considered most ‘relevant’ for Dutch ¢Bnaaaptation policy in view of
public health. They were asked to interpret this in a broad vaking into account the
possible magnitude of the health impact, economic impact, public arictgigherception,
and the availability of options for adaptation and control. For thespondents were asked
to indicate: (a) why this was relevant, (b) what specific tao#ies play a role in estimating
the magnitude of the health risk, and (c) what adaptation opti@tetges would be
particularly well-capable of dealing with these uncertainbr would be very vulnerable to
them (and why).



The responses to the qualitative questions were analysed fthre (a)es of argument, (b) the
similarities, differences and consistency of arguments forowsrscores, and (c) the
consistency between different arguments for the same score. Resporesesdee for:
- Participant number (for cross-checking arguments per participant)
- Score given in the associated quantitative question
- Participant has key expertise on this specific health theme
- Participant is adaptation expert (for adaptation-related questions)
- Reason for limit to precision (score isn’t higher because...)
- Reason for attributing precision (score isn’t lower because...)
- Possible score bias due to mix with adaptation
- Possible score bias due to other factors (does not believenatelchange, does not
believe that specific health effect will occur, disagreath formulation of effect,
score based on self-reported lack of knowledge of respondent)

2.2. Sample

A list of potential respondents was drafted based on suggsdtiom experts in the field of
study. A base list of Dutch experts (N=97) was supplementedawitimber of international
experts (N=13), and Belgian experts (N=24), totalling 134 expavited. A sub-list of 35
experts was flagged as ‘particularly relevant’ for this study Dhtch list included scientists,
as well as policymakers and health practitioners (locat/nal health services, medical
professionals, etc.). Invitees received an invitation by e-witil a link to the online survey
plus a briefing note (attached as pdf document). The online spaggyincluded both a link
to the briefing note and a Word document of the survey, for thependents who preferred
to fill out the survey offline. A reminder was sent after several weeks

A total of 21 experts participated (one of whom by an e-mail)ngia response rate
of 16%. Of the sub-list of particularly relevant experts, 1liedplgiving a response rate of
31% for this subgroup. An overview of participant characterigtics backgrounds can be
found inAppendix AThe main reasons for declining to participate included: (&)datme,
(b) (perceived) lack of expertise. Other factors that mase hed to non-response include:
multiple invitees per department/organisation (which mayl l® invitees to consider their
(organisation’s) views to be already included) and a welgtilarge number of high-level
(directors, etc.) invitees. The base response rate is rifatw® compared to what is
generally expected for web-based surveys (e.g. Cook et al. (20Q9,ifidicate ca. 20-50%,
mean 30%, assuming 1 follow-up; note that the rate for thecphatly relevant’ subgroup is
in line with this). However, this is to be expected for theetyf survey employed in this
study; a long, argumentative (i.e. many open-ended questions) assessire relatively
technical subject. Response rates cannot be readily contpafedinstance, short, multiple-
choice opinion polls. In addition, the survey did not aim to asggssons, but to perform an
expert elicitation (response rates are less important forttiee than the former).

Expert elicitations generally aim for approximately 6-12 espedt participate
(Cooke and Probst, 2006). The total number of survey respondentxeestts this number.
Individual quantitative questions were answered by 8-17 (mean: h2e@ljan: 12)
respondents (se&ppendix §; well within this range as well. Measures of expert commuete
or performance (‘seed variables’) are sometimes employeéxéonple to weight individual
scores when combining them into one total score. In this suresyondents were asked to
indicate whether they were ‘generalist’ experts on clingitenge and health and/or were
‘subject-matter’ experts on specific themes, such as temperatlargies, climate adaptation,
et cetera, (cf. Kotra et al., 1996; Slottje et al., 2008). Téy®rt will refer to the subject-
matter experts as ‘key experts’. This distinction was usetl Bmt weighting and for
interpreting differences in scoring and arguments. Furthermapomdents were asked to
answer only the questions they considered themselves capadtswéring (self-assessed
competence) and the argumentation provided a further check on the saliccaresf s



3. Level of uncertainty

Respondents were asked to indicate the ‘level of precisioh’ wditich they could estimate
the magnitude of each health risk at the present state ofdahgsvfor each item on the list of
health issues (also taking into account interactions betweaasjssA high the level of
precision can be understood as a level of uncertainty/ignoranéeThis chapter will discuss
the scores and arguments, per category of effearsigraph 3.9will present an overview of
the ranges and median scores for all health issues.

3.1. Temperature

Figure 1shows the scores for temperature-related health effects of clihaatgec Most heat-
and cold-related effects show a clear peak in their scoresatimij convergence of expert
opinion. For heat- and cold-related mortality, the respondents iadibat the ‘order of
magnitude’ (score: 4) of health effects can be assessed. Irar affects, the ‘expected
sign/trend’ (score: 3) can be indicated. For stress and slisgrbance, a large minority
scores 4, while the key experts score 2-3. While there eae pgeaks for cold-related effects,
there are substantial differences in individual scores, alsogine key experts. For indirect
effects of temperature, such as shortages of drinkingrvesite dehydration, scores vary
between 2 and 4 approximately, with no clear peaks.

Scores per participant often followed a consistent patiérnigh for heat-related
mortality and slightly lower for other heat-related effe@tsis pattern is also visible for cold-
related effects, albeit slightly less consistent. No pattern wdsevisir indirect effects.

Temperature: Heat-related mortality Heat-related cardiovascular problems
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2 Note that the magnitude/range of uncertainty imgeof health effects can still be large, evenig i
possible to provide bounds or a full probabilityndity function.



Cold-related mortality Cold-related diseases
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Figure 1. Scores for temperature-related health effcts.

Heat-related effects
The arguments foheat-related mortalityconsistently state that much data, experience, and
literature is available on the relationship between he@taortality. Arguments for ‘bounds’
(5) only stress the body of literature. One respondent whd rhail probability density
function (6) stated that if little information would be avaiight wouldn’t be difficult to tune
a model for mortality surveillance or expected mortality, trad this had already been done
in France. Arguments for ‘order of magnitude’ (4) indicate a nurab&ctors that limit the
level of precision of projections. The respondents do not all oreritie same factors.
However, the factors mentioned are complementary, and taken togethier be consistent
and likely not change the scoring. The arguments follow the gepenal that, as one
respondent put it, the effects are known, but the specifiexbrg not. Factors mentioned
include:
- limited empirical information for the Dutch situation specifically,
- confounders and interactions with other factors (e.g. socio-econa@micquality,
demographics, harvesting effect) which may change in the future,
- possible changes of the response function (e.g. due to autonomous adaptation),
- limited knowledge on the reasons behind reported differencesjgonse functions in
various places in the world,
- difficulties in estimating/modelling the future intensity, duvatiand frequency of heat
waves.



Two key experts also noted for this health effect (as veeibathe other heat-related effects)
that there are uncertainties in adaptive capacity andrib&ct of adaptation measures. This is
a separate issue. One could estimate effects withoulytdi assess the impacts and whether
adaptation measures would be needed), as well as with poticgséless the effect of
measures) The survey aimed for the first question, as is often the Taestimating climate
impacts. Both experts stated other arguments that would lead wamhe score. Thus, it
seems unlikely that this difference in interpretation affédhe results. Related to adaptation,
one key expert noted in an e-mail response that, while thetenty of statistical evidence,
there is a lack of good studies on they of heat-related mortality. This lack of insight limits
the level of precision, but also makes it difficult to asseshether and how interventions
would need to be made.

For the peak score dfeat-related cardiovascular problems, respiratory problems,
and stress and sleep disturban@e each case 3, ‘expected sign or trend’), two lines of
argument are visible. Some state that the effects atbdemmented and expected,
particularly for the elderly. Others note that there aréfew indications only”, a limited
amount of studies and none for the Netherlands specifically, and feneoalittle data to
make a reliable estimate of the magnitude of the effealiofate change. In the case of
respiratory problems, participants also point to combinatory teffeith hay fever and air
pollution (summer smog), both as an indication that effects are expected and asiadingf
factor that limits the level of precision. The two linesasument seem to approach the
matter from different angles and slightly emphasise theseat rtheir point: (a) there is
enough evidence to expect a trend and (b) enough limitations wvittience to make further
assessments. Compared to heat-related mortality, thesatiomg are stronger, due to less
data and less knowledge on the specific drivers for thesatefferguments for higher scores
(4-5) point to available literature, epidemiological data, erperiences and data from the
heat waves of 2003.

Cold-related effects

Arguments for high scores aold-related mortality4-5), including by a key experesent
the same points as for heat-related mortality: much datvailable, but there are some
factors that limit the level of precision. Two different argnts are provided for low scores
(2) on cold-related mortality. A non-key expert stated that, evléss cold periods are
expected, Dutch society can deal with such periods. This may beretest as: changes are
expected, but their effect may be negligible. A key expert stegjabat the proposed
reduction in cold-related mortality depended on whether we can asadampation by
shifting our optimal temperature (i.e. autonomous adaptation to theewalimate). Should
the wind circulation patterns over Europe change (KNMI'06 scesdsi+ and W+ (KNMI,
2006)), the difference between summer and winter temperaturdd duwerease. |If
autonomous adaptation is assumed, winter mortality could actualasé These two lines
of reasoning for low scores are opposite, but lead to sinvlaclgsions: we can cope with
cold, thus the effect may be zero, rather than positive, versus weanbg able to cope with
cold in the future as well as today, thus the effect may be negaties tladn positive.

High scores forcold-related diseas€3-5) also list the same arguments as for heat-
related disease: some data, but not enough to make estin@teéise Fow scores (1-2), the
non-key expert provided the same arguments. The key expert: (srdmeicated that while
effects might be expected for cardiovascular and respirdieeases, it is still unclear why
influenza is a seasonal disease, implying a lack of knowleoiggt éhe current temperature-
influenza relationship.

% Note thatautonomousidaptation (e.g. physical responses, short-teagtie abatement options,
etc.), which some other participants referred toughout the survey, is not a problem in this regpe
as it is also included in the ‘no policy implemetitecenario.

* The expert referred to Huynen (2008), which ddes grder of magnitude estimates of this effect.
Possibly, the low score could be a reaction toettianation of “(decrease)” that was added to “cold
related mortality” in the questionnaire (see Apprii).



Indirect effects

Drought-related exposure to contaminastored mainly between 2 and 3. Arguments for 2
indicate that it is unknown how this would work out with a weligared societal care
system, and that likelihood of occurrence of droughts that mighttri@ such problems has
never been estimated. Arguments for score 3 state that dhera few indications, but also
point to a lack of data.

For shortages of drinking waterarguments for score 2 again point out that it is
unknown how this will work out considering the well-prepared care system, and tigaisthe
lack of data. A respondent who scored 3 suggests that there wergemslems during the
2003 heat waves and that this will occur frequently in the fuuirguments for 4 point to
existing reports and modelling. Another respondent suggests thaaxanum order of
magnitude could be suggested because of the availability df telor abatement options.
One respondent suggested a score as high as ‘full probability densitghuf@}j stating that
shortages of drinking water would be “no problem whatsoever’ l{ealth effect is zero).
This respondent suggested that the lack of cooling water fitiegtand the effect of that on
health would be a bigger problem.

The arguments for scores of 2 fiwhydrationagain point to the well-prepared care
system and lack of data, as well as the possibility of autonobehessioural adaptation (as a
factor that limits predictability). Arguments for high scofds5) point to existing literature,
experience, and documentation of this effect in nursery homes.

3.2. Allergies

Figure 2 presents the scores for allergy-related health effetis. stores for asthma and
allergic eczema are reasonably consistent: both score Imetarabiguous sign or trend’ (2)
and ‘expected sign or trend’ (3). For asthma, however, all keytsxgmre 3. The scores for
hay fever: duration of pollen season and pollen types/abunddexgaicity are very
consistent: both score ‘expected sign or trend’ (3). For duratigroltdn season, one key
expert scores 4, versus four scoring 3.

Asthma Allergic eczema
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Figure 2. Scores for allergy-related health effects
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Asthma and allergic eczema
Arguments for the peak score fasthma ‘expected sign or trend’ (3) indicate that asthma is
associated with airway-related allergies, such as hay.féwer key experts deem it highly
likely that changes in the timing, duration, allergenicitypetyand intensity of pollen will
change (i.e. increase) health risks related to asthma. Howélve available data is
insufficient to quantify the health impacts under different démscenarios. The fact that
asthma is a highly multi-factoral issue also prevents queatiifin. The links between climate
change, allergen release and allergen exposure, and limsestek into the specific situation
in the Netherlands provide specific uncertainties. Arguments fdsigaraus sign or trend’ (2)
also point to this multicausality and add that some factors cbaldge positively and others
negatively (also over time: summer effects can be diffefrem winter effects; a respondent
refers to this as ‘time integration’). It is unknown how thesgasate effects will add up. The
respondent who scored ‘effective ignorance’ (1) argued thatategory was too broad and
that the interplay between determinants was unknown (consistdntthe multicausality
arguments above).

For allergic eczemarespondents provide the same arguments of multicausatiy, i
integration, and lack of data.

Hay fever

The arguments for a score of 3 floay fever: duration of the pollen seasmicate that
climate change is likely to increase the length of the paéason. The impacts (health and
socio-economic) can be substantial, as up to 15% of the people Bofferhay fever.
However, the exact magnitude of the health impacts remains untiea key experts note
that the season has changed for some species, but not far @tlgerfor some it has started
earlier, but stopped earlier as well). Other arguments inchatefor grass pollen (the most
important type), one of the two pollen counting stations in the Natigs shows a change
while the other does not, that allergy is a multi-factoisaue, and that it is not clear how
pollen exposure and intensity (and hay fever incidence) wilhgdadue to longer pollen
seasons. It is unclear how (and how fast) these things will charge future and what the
combined effect of all species will be. Arguments for scoredicate that there is a lot of
recent literature and data. A key expert who rated 4 indichtgdhere is only limited data,
but that rough estimations could be made.

One of the key experts who scored 3, noted that the magnitudepattsn“will
largely depend on the response of patients and the medicat sedfte changes in the
duration of the pollen season”. This is an adaptation argument, as discussetpmature in
paragraph 3.1 (not one of the experts who noted such arguments Ithisr@pt fully clear
from the rest of the argument how the respondent would have rated ariderpolicy’
scenario. However, the ‘response’ argument also has a strong aateoamponent (if no
specific measures are taken, impacts still depend on howntgatied medical sector will
react), and the expert does specifically note that quantificatiame not been made. The
expert who scored 4 included the ‘impact of adaptation measarbs argument as well.
However, the respondent rated other health effects at 4 usingpthe arguments minus
‘adaptation’. Thus, an effect on the score can likely be excluded.

For hay fever: pollen types, abundance and allergenidigspondents suggest a
coherent set of changes. New species of plants may settiee iNetherlands, particularly
Ragweed (Ambrosia) (imported via birdseed), Parietaria judeaca the olive tree
(popularity for gardens will likely increase). The numbelaufations where such plants are
found is already increasing. However, the amount of ambrosia pollemohget increased.
Furthermore, there is an increasing number of indicationshteamount and allergenicity of
pollen will increase, for example due to increased €@centrations and during situations
with decreased air quality (which may become more prewvdies to warmer weather). The
magnitude, nature, and tempo of health impacts are unknown, as aneteipday of
determinants and the role of other factors that may favour thesefseffiscts.
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3.3. Pests

As shown inFigure 3 the opinions on the health effects of climate change via wargps
divided, ranging from ‘effective ignorance’ (1) to ‘bounds’ (5). Twe key experts score the
effect ‘ambiguous sign or trend’ (2) and ‘expected sign or tre3)d’gspectively. The health
effects of climate change via the oak processionary didermre very consistently estimated
at ‘order of magnitude’ (4).

Wasps Oak processionary caterpillar
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Figure 3. Scores voor ongediertegerelateerde gezdmdseffecten.

For wasps the respondent who scored 1 indicated that the issue watorem, as did one
respondent who scored 2. These scores can be disregardedpasedi®n a lack of personal
knowledge, rather than the overall body of knowledge, narrowingctiresto 2-5, with 2
and 3 chosen most often. The respondent who scored 4 (‘boundsd timatehe occurrence
of hornets will become more likely, referring to extensive documentationJapan. The key
expert who rated 3, indicated only that there is a lack of d@ata respondents, including the
other key expert, who rated 2 (‘fambiguous sign or trend’) noted thajudens of wasps are
observed to wake up earlier in spring due to high winter and ganityg temperatures, better
weather conditions during the most vulnerable phase for queen (fg®} resulting in a
larger amount of wasp nests and wasps. As a few people dig year due to allergic
reactions to wasp stings, this could have health implications. Howéwey note that the
more frequent warm winters could also reduce queen wasp dureiiyawhen hibernation is
disturbed during warm episodes, resulting in die-off during subsequent cpistedes.

The arguments for the effects of tlwak processionary caterpillapresent a
consistent set of arguments for score 4: the caterpillarexhthe south of the Netherlands in
the 1990s and gradually expanded its distribution northwards. Based omNiMkedimate
scenarios, it is expected to be present in the whole of the Neitierin 2020 or earlier.
Population size is expected to increase significantly, andieasre not able to remove
caterpillars effectively and as their urticating hairsa@ potent for eight years, many people
are expected to face health complaints. Data exists on thadspnd health impacts of the
caterpillar, supplied by e.g. the Natuurkalender (Nature’s Catgraohd the regional public
health services (GGD). However, while rough disease estnaaite available, the potential
future magnitude of health impacts is not known (but rough estimates coukdie¢. m

One of the key experts suggested a third health issue redatéchate change in the
category ‘pests’'mosquitoeslt is expected that the mosquito season will lengthen and the
number of mosquitoes will increase. This has implications forgtkadity of life of large
numbers of people, e.g. through sleep disturbance. This willaserghould other mosquito
species, such as the Asian tiger mosquito (more painful stingtang$ during the day as
well, which native mosquitoes do not), settle in the Netherlands. Disedsieh are currently
not spread by mosquitoes in the Netherlands, pose additional hgledtialso separagraph
3.4). The key expert scored this health effect at 3 (‘expected sigmadf)tre
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3.4. Vector-borne diseases

Opinions on the levels of precision for climate change effisctaigh vector-bound diseases
are divided, as indicated iRigure 4 also among the key experts. Native vector-borne
diseases and incidents of non-native vector-borne diseasasaed at ‘ambiguous sign or
trend’ (2) to ‘order of magnitude’ (4). Epidemics of non-natiwxter-borne diseases are
scored at roughly 2-3. The scores of key experts on non-native edisgoadh incidents and
epidemics) are at 2-3, with one expert scoring 1, 2, 3 & 4 (indicated as a 0.25 votd&for eac

Native vector-borne diseases Incidents of non-native vector-borne diseases

Number of votes
w

Number of votes
6 kb v w & G o N ®

Rating Rating

Epidemics of non-native vector-borne
diseases

Number of votes
S h N w s a o N ®

Rating

Figure 4. Scores for vector-borne diseases.

Regardingnative vector-borne diseases key expert notes that Lyme is the only endemic
vector-borne disease of any importance in the Netherlands. Arguirieenss score of 2
indicate that Lyme has been discovered in the Netherlands only indHf80’s and that the
short period of data makes conclusions on the effect of climatetaincelhere has been a
strong increase (threefold in ten years time) in Lyme inciele®ne key expert notes that he
is strongly convinced that recent changes are multi-factandl not solely or even mainly
caused by climate shifts. Other factors include increased atodtee to socio-economic
changes and human intervention. Another respondent notes that itdaruwbhat the impact
of climate change is, and that changes in temperature and maseumot sufficient to
explain the changes in incidence. Furthermore, vector-borne diseesethe result of
extremely complex interactions. One key expert notes thathigtdy unlikely that climate
change has a unidirectional effect on these interactions. INgdes$, respondents note that
changes in temperature and moisture do affect cold-blooded adikeatgcks and insects,
and they refer to several publications suggesting that diofeange may be expected to have
an effect on Lyme. Specific uncertainties include the complegitythe Lyme disease
transmission cycle and disease ecology, and the effect wiateli change on these.
Respondents scoring 3 refer to the same complexities. A key axped that data are
presently being analysed, but that it is already clear thatdlieity season for ticks is
becoming larger during warm winters. Respondents scoring 4 indiwtsome data exists
and that rough estimations could be made although the preciseeobfralimate change
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versus other effects is still difficult to assess. A responhdeoring 5 states that much data is
available.

Arguments folincidents of non-native vector-borne disea@i®w lines of reasoning
similar to those above. Those arguing for a score of 2 indibatethere are many other
factors that are likely more important than climate chaage, that the complexity of the
diseases make unidirectional impacts of climate change bnli#espite the sensitivity of
many of these biological processes to climatic conditionseRteincreases in occurrence
cannot be straightforwardly connected to climate change andesiimes of reasoning on the
effects of temperature increases on the risk do not dacgusti the complexity of the
processes. Thus, the sign of any changes cannot be estimatedreaesinigle disease, let
alone for vector-borne diseases as a whole. An additional umtgiitathat basic information
on vector-species is lacking. Those arguing for a score of 3 atdahgavthese difficulties but
suggest that there are some indications of increasing skeas conditions for incidental
occurrences will improve for some diseases. Arguments faoie ©f 4 refer to opinions,
available (although incomplete) data, and research from Ndstniversity (but note that
one of these researchers scored this effect at 1). One kay ssmeéng 1, 2, 3 & 4 indicated
that the scoring is very variable from disease to disease. fBtgsome diseases, climate
change effects on the risk may be ruled out or consideredyifidgylibecause other factors
such as increased global travel and trade, socio-economic changessedccontact, welfare
and quality of the health care system dominate or limit 8ie For instance, the expert notes
that for TBE, much of the observed shifts have been caused byesotiomic changes and
increased contact.

The arguments fagpidemics of non-native vector-borne diseasedargely the same
as for incidents of such diseases. A few respondents howbifezd to lower scores. One
respondent who scored 4 for incidents and 3 for epidemics inditeteddr epidemics, data
would need to be extrapolated from other countries (whereas fdeimts, data was available
yet incomplete). A respondent who scored 3 for incidents and 20& &pfdemics noted that
the actual spread of diseases into epidemics (rather thaents) depends on even more
variables; while epidemics of some diseases seem unifikelyd estimate zero). Another
respondent, scoring 2 in both cases, also placed more emphdsesmarty other factors that
play a role in the emergence of vector-borne diseases andl sptesepidemics. Specific
uncertainties include: incidence, severity and survival ofovecttomplex disease ecology,
interplay with other factors, and limited research for the Dutclatson.

3.5. Food- and water-borne diseases

The scores for health effects of climate change through fand-water-borne diseases,
shown inFigure 5 are reasonably to very consistent. Food poisoning and contamioétion
swimming/recreation water are estimated at ‘expected sig trend’ (3) to ‘order of
magnitude’ (4). The single key expert scores both effects a&edionnaires’ disease is
estimated at 3, although the key expert again scores 4.

Food poisoning Legionnaires Disease
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Contamination of swimming/recreation water
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Figure 5. Scores for food- and water-borne diseases

The arguments for a score of 4 food poisoningndicate that many data (such as European
time series analyses of these infections related to tatope) and models for impact
assessment are available, particularly for Salmonellathedough estimations can be made.
One respondent notes that the effect of generally warmempdratures in specific
countries/locations may be less clear. Arguments for a s€@eagree to a potential effect of
climate change, but note that it is unclear whether thisreally result in an increased risk
for the Dutch population (and to quantify this risk), because therenany other factors at
play, such as good hygiene and use of refrigerators.

Some dissimilar arguments were also made. One respondentgsZpriotes that the
problem is not specific for recent times, and another (scorisgatys that the impact in the
Netherlands will probably be nil as long as present standardssimd persist. These
arguments are repeated for Legionnaires disease, and tee #mgument also for
contamination of swimming/recreation water.

The argumentation fdregionnaires’ diseaseas similar to that for food poisoning.
The key expert (scored 4) noted that many data and models exist amautifaestimations
could be made. The majority, scoring 3, noted that climate change might increase disk,
but that this disease is related to warm water systechdhat it is unclear what the relative
impact of climate change will be, and that this depends on the water distriinfitéstructure
and adaptive capacity.

Also similarly, for contamination of swimming/recreation watearguments for a
score of 4 state that data and models exist and reseatiis topic is being performed in the
Netherlands. Respondents arguing for a score of 3 state theffabkis clearly temperature
related, but wonder whether it can be quantified, partly due tdatiethat prevention of
exposure is not always in time or successful (adaptatioredelaut autonomous). Specific
uncertainties include the nature, extent and tempo of impaetsemue of other factors that
have similar effects, changes in the amount of water in urbas,atisease incidence, and the
guantity of surface water in the summer season.

3.6. Air quality

In Figure 6 the health effects of climate change via interactionk wiit quality are scored.
The individual scores diverge strongly, ranging from ‘ambigudga sr trend’ (2) to
‘bounds’ (5). In other words, some participants suggest that it iker d there will be
negative or positive effects, while others pose that quaméitastimates can be made. It is
notable that the key experts score higher (4-5) than the generalists topithignostly 2-3).
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Figure 6. Scores for air quality-related health efécts.

The respondents provide the same arguments for each of #ee ttpics in air quality:
respiratory problems due to ground-level ozorespiratory problems due to particulate
matter, andair quality-related cardiovascular problem#&rguments for a score of 4 stated
that many data and models are available and much is known aloaxplosure-effect
relationship. However, it is difficult to assess the effettclimate change on future
concentrations of ozone, particulate matter and other pollutamtgha tempo of changes in
these concentrations. Concentrations will be highly dependent onispecdl conditions
and changes therein (e.g. weather and wind patterns). Population bililyeisatemperature
dependent and may also change. One respondent simply believedivbatthe present
standard of living, effects for the Netherlands would be minor. Argunienkswer scores (2,
2&3, and 3) agreed that the effect was temperature relatédhat cause-effect relationships
were known, but doubted that quantitative estimates could be madeozBoe, one
respondent (scoring 3) noted that the risk of ozone smog migtdéase due to expected
increases in the number of tropical days, but that this alpende on future changes in
concentrations of ozone precursors. Another suggested that themuatervailing effects as
well. A respondent scoring 2 & 3 for each of the effects dttditat we do not know the time-
integrated sign of changef each of the substances;(®M, NQ). Specific uncertainties
include the nature, extent and tempo of impacts, and the preseotteiofactors that affect
these health issues, such as changes in emissions.

3.7. Flooding and storm

For most of the health effects in the category flooding andnstecores are somewhat
divided. The scores for flood-related mortality are particyléaoad (2-5). The two key

experts’ scores are at the upper end of that range (scoresh@w®ver. Flood-related

infectious diseases and respiratory problems scored at 2-3 (flattdre key expert scores are
at 3-4), flood-related exposure to dangerous substances and contarain2#t, and flood-

related mental problems consistently at 3.

® E.g., changes in winter may be opposite to thosinmer.
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Figure 7. Scores for health effects related to flating and storm.

Regardingflood-related mortality the key expert and other respondents who suggested that
‘bounds’ (5) could be assessed, noted that many data and modelsitableand that we
have sufficient experience to rate the risk. Another key exp&tir4 & 5, indicating that
scenario-based estimations of casualties could be made, but sdgipedtsuch estimations
would depend on a “daisy-chain of assumptions” and less quantifiaidélea, thus placing
them in between order of magnitude and bound estimates. A respondenscared 4
indicated that effects are expected to remain low due to good &eacudrastructure. It also
depends on climate change adaptation related to flood risks, vehadheady ongoirfg A
respondent who scored 2 suggested that we don’t have recordbrigdiealth problems due
to flood changes caused by climate change, and that flood intelegignds on many non-
climatic aspects, which likely dominate climate change. fEspondent repeated this score
plus arguments for all other flood- and storm-related effects.

On flood-related infectious diseasesrguments for a score of 3 indicated that only
few data (some from abroad) and models exist, but that thergye®d chance on sewage
overflows during floods, which would increase disease riskp&tetents who scored 2
indicated that there is no knowledge for the Netherlands, ordyrostantial evidence from
disasters abroad, particularly developing countries. Whethestimfie would take place in
the Netherlands would remain to be seen; this also depends on theeafiesdiof emergency

® This adaptation argument relates to water managemaher than health policy. It could be
considered as autonomous or non-autonomous, aaéxuluded or included in the assessment,
depending on whether the arguments should inforaitihe@olicy or climate adaptation in general.
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management and the health care system. Assessing climate @ffaays hereon would be
even more difficult.

Similar arguments are put forth flood-related exposure to dangerous substances
and contaminantsThe arguments seem to focus on a score of 2, indicating lilatthe risk
of chemical spills and sewage overflows might increase, thersubstantial lack of data and
knowledge. It remains to be seen whether any effects would atdbe iNetherlands. No
arguments are put forth for decreases in this risk, whéelms to indicate that the risks as
assessed by respondents will be ‘zero or increasing’ (not ‘deweasncreasing’).

On flood-related respiratory problemsirguments for a score of 3 indicate that such
effects have been shown in other countries and that dampness é@s ladier flooding is
known to increase respiratory problems (due to moulds). An inciedse health risk can be
expected, but quantification is difficult, e.g. because the translationreased flooding risks
to additional home dampness and effects in the Netherlands is difficult. Argumeatscore
of 2 again point to lack of records, circumstantial evidence andlimoatic factors. The key
expert who scored 4 indicated that, while there is a substiatialof data, estimations on
current dampness situations in homes exist.

Regardinglood-related mental health problemmsrguments for a score of 3 indicate
that studies have shown mental health problems following floodsvemdesacuations in the
past. These effects could be greater than the combined phgsicgdtoms. However,
respondents maintain, there is not enough data to make any estforauture situations. An
argument for score 4 was that data is available from other, comparsdsecds.

Arguments for a score of 3 fatorm-related mortality and injurgtate that climate
change may have an effect on storms, e.g. counter the presenindecénd in the number
of storms, but that expected changes are relatively smdllhaghly uncertain. Effects on
mortality and injury risks might be expected, but there ssitastantial lack of data on which
to base projections of the health impacts of these small chafgespondent scoring 2 states
that it is still unclear whether climate change will irage or decrease the frequency and
intensity of storms. Another mentions again a lack of recordspaggkbnce of many non-
climatic factors that may dominate the effects of clemehange. A respondent scoring 4
notes that there is only circumstantial evidence, but also madenee from other disasters,
and a respondent scoring 5 notes that data is available that can be egtlapolat

3.8. UV

The respondents’ opinions on UV-related health effects due to cliof@tege strongly
diverge, ranging from ‘effective ignorance’ (1) to ‘bounds’ ()efle appear to be two peaks
in the frequency distributions of each health effect; some respondeots the effects
consistently very high, while others score them very low. $pii is present among the key
experts as well. This could mean one (or more) of several ti{ggthere are several schools
of thought, (b) the question has been interpreted in different ways) oespondents lack
sufficient information to properly score this theme.

Cataract Skin cancer
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Rating Rating
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Figure 8. Scores for UV-related health effects.

Arguments forcataract and skin cancerare very similar and can be divided into two
internally consistent lines of reasoning. Respondents who scosdféiots low indicate that
they assume that the question does not deal with ozone depletiorF@s), dut on the
effects of climate change on ozone. There are complicatedaatibns between climate
change and ozone depletion that could, for instance, hamper theryecbtlee ozone layer.
Furthermore, there are effects on the exposure to UV radiaia the effects of climate
change on cloud cover and on behaviour (e.g., more time spent outside daemer
temperatures). These effects are very uncertain and depenangrother factors. Arguments
for high scores posit that much data is available from countries withenpigesy climate that
is similar to that which the Netherlands would be expected to have iattime.fGood models
are available to make impact assessments, based on progqiesures. The difference
between the two group appears to be due to the presence of tratssahthought. The first
group points to the complicated interactions between climate and ¢zoores low). The
second group of respondents extrapolates exposure from warmeiresant points to the
high quality of models that translate these into health imp@ctsres high). The most
important uncertainties seem to relate to how ozone concentratiwh&)V exposure will
change due to climate change. When exposure is known, effects can beathlculat

For weakening of the immune system, respondents use many @intieeasguments
as for cataract and skin cancer. However, a respondent s@oaidds that the effects of UV
radiation on the immune system are uncertain. A respondent sconiagegl that there are
indications but the nature, extent and tempo of effects are largely unknown.

3.9. Other

One respondent suggested thatietal disruptionof societal structures, possibly elsewhere,
would have important consequences for health in the Netherlandkis|view, these
presented the greatest risk. Important uncertainties hereaie tel economical development
and governance structures.
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3.10. Overview

Table 3andFigure 9 summarise the scores of respondents on the individual headtiseff
expressed in the interquartile range (the range in which 256f8%e individual scores are
located; i.e. 25% of the scores are lower, and 25% are higher) and the pstoliate.

The scores for most health effects range from 2-3 (‘ambiguigusos trend’ to
‘expected sign or trend’) or 3-4 (‘expected sign or trendotder of magnitude’). For most
effects, the median score is 3. High scoring effects (mediaare4)heat-related mortality,
cold-related mortality, the oak processionary caterpillar, andaconation of recreation
water. Shortages of drinking water, the three air qualigtedl effects, flood-related
mortality, and UV-related skin cancer score relatively laghwell (median: 3.5). Very low
scoring effects (median: 2) are: allergic eczema, flotatee exposure to dangerous
substances, and UV-related weakening of the immune system. Afasgpidemics of non-
endemic vector-borne diseases score low as well (median: 2.5).

Consensus on the oak processionary caterpillar (median: 4)caadrélated mental
health problems is notably high (width of the 25-75% interval: (ed&f on which there is
notably low consensus include flood-related mortality (width: 2,625) ahndelated cataract
and skin cancer (both cases width: 3).

Table 3. Overview of scores of health effects (nateighted).

Effect: Median: 25% 75% 25-75%
1 Temperature: Heat-related mortality 4 4 5 1
2 Temperature: Heat-related cardiovascular problems 3 3 4 1
3 Temperature: Heat-related respiratory problems 3 3 4 1
4 Temperature: Heat-related stress and sleep distceba 3 3 4 1
5 Temperature: Cold-related mortality 4 3 4 1
6 Temperature: Cold-related diseases 3 3 4 1
7 Temperature: Drought-related exposure to contargnan 3 2 3 1
8 Temperature: Shortages of drinking water 3.5 2.75 4 1.25
9 Temperature: Dehydration 3 2 3.75 1.75

10 Allergies: Asthma 3 2 3 1

11 Allergies: Allergic eczema 2 2 3 1

12 Allergies: Hay fever: duration of pollen season 3 3 4 1

13 Allergies: Hay fever: pollen types, abundance dietgenicity 3 3 3.5 0.5

14 Pests: Wasps 2.5 2 3.25 1.25

15 Pests: Oak processionary caterpillar 4 4 4 0

16 Vector-borne: Native vector-borne diseases 3 2 4 2

17 Vector-borne: Incidents of non-native vector-bodiseases 3 2 3.25 1.25

18 Vector-borne: Epidemics of non-native vector-botiseases 2.5 2 3 1

19 Food/water-borne: Food poisoning 3 3 4 1

20 Food/water-borne: Legionnaires Disease 3 3 325 0.25

21 Food/water-borne: Contamination of swimming/redmrat 4 3 4 1

water

22 Air quality: Respiratory problems due to grounddkezone 3.5 3 4 1

23 Air quality: Respiratory problems due to particelaatter 3.5 3 4 1

24 Air quality: Air quality-related cardiovascular goiems 3.5 3 4 1

25 Flood/storm: Flood-related mortality 3.5 2 4.625 2.625

26 Flood/storm: Flood-related infectious diseases 3 2 3 1

27 Flood/storm: Flood-related exposure to dangerobstances 2 2 3 1

and contaminants

28 Flood/storm: Flood-related respiratory problems 3 2 3 1

29 Flood/storm: Flood-related mental health problems 3 3 3 0

30 Flood/storm: Storm-related mortality and injury 3 25 4 15
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31 UV: Cataract 3 2 5 3
32 UV: Skin cancer 3.5 2 5 3
33 UV: Weakening of the immune system 2 2 4 2
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Figure 9. Overview of scores of health effects (neteighted). The dot indicates the median of the
individual scores; the error bar indicates the 25-3% range of the scores.

As some experts may have more expertise to assess a héadthtlein other experts, the
summarized scores can be weighted according to the self-edlieatpertise. Weighted
scores may provide a better picture of the level of uriogytdn addition, they can provide
an interesting test of the sensitivity of the results ffedinces in expertise. hable 4and
Figure 10below, the scores of key experts on specific effects haveddemmtwice as much
weight (i.e. are double-counted).

As listed in the right-most columns ®able 4 the changes in scores are minor, but
some things can be noted. The medians of flood-related mortalityharadrtquality-related
and UV-related effects shift 0.5 points. Thus, flood-related afityit air quality-related
respiratory effects (ozone, PM) and cardiovascular effactd UV-related skin cancer shift
from ‘relatively high’ to ‘high’ scoring (median: 4). In addi, consensus on the effect ‘hay
fever: pollen types, abundance and allergenicity’ turns very highh(\&{75% interval: 0).

Table 4.0Overview of scores of health effects (weitgd).

Difference with unweighted scores:

Effect: Median: 25% 75%  25-75% Median: 25% 75%
1 4 4 5 1 0 0 0
2 3 3 4 1 0 0 0
3 3 3 4 1 0 0 0
4 3 3 4 1 0 0 0
5 4 3 4 1 0 0 0
6 3 3 4 1 0 0 0
7 3 2 3 1 0 0 0
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8 3.5 2.25 4 1.75 0 -0.5 0
9 3 2 4 2 0 0 0.25
10 3 2 3 1 0 0 0
11 2 2 3 1 0 0 0
12 3 3 3.5 0.5 0 0 -0.5
13 3 3 3 0 0 0 -0.5
14 2.5 2 3 1 0 0 -0.25
15 4 4 4 0 0 0 0
16 3 2 4 2 0 0 0
17 3 2 3 1 0 0 -0.25
18 2.5 2 3 1 0 0 0
19 3 3 4 1 0 0 0
20 3 3 4 1 0 0 0.75
21 4 3 4 1 0 0 0
22 4 3 4 1 0.5 0 0
23 4 3 4 1 0.5 0 0
24 4 3 4 1 0.5 0 0
25 4 2.25 4.875 2.625 0.5 0.25 0.25
26 3 2 3 1 0 0 0
27 2 2 3 1 0 0 0
28 3 2 3 1 0 0 0
29 3 3 3 0 0 0 0
30 3 3 4 1 0 0.5 0
31 3.5 2 5 3 0.5 0 0
32 4 2 5 3 0.5 0 0
33 2.5 1.75 4 2.25 0.5 -0.25 0
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Figure 10. Overview of scores of health effects (wghted).
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4. Uncertainty and adaptation

This chapter will detail which potential health effe@spondents consider relevant for Dutch
climate change adaptation policy, and the policy options anegiatthat could be useful
considering the uncertainties.

4.1. Relevance of health effects for adaptationipypl

Respondents were asked to indicate and rank the five healtisdfiey considered most
‘relevant’ for Dutch climate adaptation policy in view of pakhealth. They were asked to
interpret this in a broad way (allowing for multiple lindg@asoning), taking into account the
possible magnitude of the health impact, economic impact, public anitgigtierception,
and the availability of options for adaptation and control. Respondents’ arguiperctically
all by adaptation, policy and health theme experts) are discussed below.

A broad spectrum of health effects was selected as ‘mesiardl for climate change
adaptation in the Netherlands in view of health’. Sable 5andFigure 11 Heat-related
mortality is by far the most often selected effect. Incislesit non-endemic vector-borne
diseases is a second high-scoring effect. Other effectsstoa¢ relatively high include:
epidemics of non-endemic vector-borne diseases, hay fever @uddtipollen season and
pollen types/abundance/allergenicity), heat-related cardiovasanthrespiratory problems,
endemic vector-borne diseases, and flood-related mortality. Inajeités notable that the
(sub)themes ‘temperature: heat-related’ and ‘vector-bdiseases’ were judged to be the
most relevant themes for climate change adaptation in the heatlthigetbie Netherlands.

The scoring exercise was completed by 16 respondents, plus one wheedidhe
health themes rather than the specific effects (on the arguharitealth impacts of various
themes gained relevance due to the combination of specificffété also suggested that
respondents would likely indicate their own field(s) of studykvas the most important.
Scores were cross-checked for this possible bias, butinaoi appear to be prominent
(scorings in two cases seemed clearly correlated with the exjield;sanother possibly).

Table 5. Relevance of health effects for Dutch cliate adaptation policy. Column ‘relevance’
indicates the number of times an effect has beenlseted as 1st, 2nd, etc. most important.
Column ‘points’ indicates the point total, where ewery score of 1st is 5 points, 2nd is 4 points, etc.

Relevance
Effect: 1 2 3 4 5 Points:
1 Temperature: Heat-related mortality 6 21 41
2 Temperature: Heat-related cardiovascular problems 1 2 11
3 Temperature: Heat-related respiratory problems 11 1 11
4 Temperature: Heat-related stress and sleep distceba 1 5
5 Temperature: Cold-related mortality
6 Temperature: Cold-related diseases
7 Temperature: Drought-related exposure to contansnan
8 Temperature: Shortages of drinking water 1 1
9 Temperature: Dehydration 2 8
10 Allergies: Asthma 1 1 4
11 Allergies: Allergic eczema
12 Allergies: Hay fever: duration of pollen season 2 12 12
13 Allergies: Hay fever: pollen types, abundance dtet@enicity 21 11
14 Pests: Wasps

" This respondent scored the health themes: 1gaker2. vector-borne, 3. temperature, 4. food/wate
borne, 5. pests. These are not includedabhle 5

23



15 Pests: Oak processionary caterpillar 1 4
16 Vector-borne: Native vector-borne diseases 11 1 10
17 Vector-borne: Incidents of non-native vector-bodiseases 1221 21
18 Vector-borne: Epidemics of non-native vector-badiseases 2 2 14
19 Food/water-borne: Food poisoning 1 2
20 Food/water-borne: Legionnaires Disease 1 1
21 Food/water-borne: Contamination of swimming/redosatvater 12 4
22 Air quality: Respiratory problems due to grounddeszone 12 7
23 Air quality: Respiratory problems due to particelatatter

24 Air quality: Air quality-related cardiovascular griems 11 3
25 Flood/storm: Flood-related mortality 1 11 10
26 Flood/storm: Flood-related infectious diseases

27 Flood/storm: Flood-related exposure to dangerobstances and 1 3

contaminants
28 Flood/storm: Flood-related respiratory problems
29 Flood/storm: Flood-related mental health problems 1 2 6
30 Flood/storm: Storm-related mortality and injury
31 UV: Cataract
32 UV: Skin cancer 2 6
33 UV: Weakening of the immune system
34 OTHER: societal disruption elsewhere 1 5

Points
0 5 10 15 20 25 30 35 40 45
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Figure 11. Point totals for relevance of health eéfcts for Dutch climate adaptation policy.

For analytical purposes, the relevance and level of precssiores of health effects can be
plotted in a single graph; sdegure 12 However, considering the fact that the relevance
scores depend on a relatively small number of participants ansl wsiag the actual scores
would lead to an unwarranted level of resolution. Thereforerdleeance scores have been
converted to four ‘classes’ of relevance. Class | includestsfthat none selected as one of
the most relevant; 0 points. These can be considered as haviniged felevance (at least
comparative to other health effects). Class Il includecffinat were selected by only few
participants; 1-10 points (can be achieved by as little as dtes) Class Il includes effects
that were selected relatively often; 11-20 points. Class \ded effects which have been
selected often and with high scores; 21 or more points. Tdasde considered as highly
relevant. It is notable that the two effects that respondentsdesmsost relevant, heat-related
mortality and incidents of non-endemic vector-borne diseasesr dhsiderably in level of
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precision; 4-5 (order of magnitude — bounds) and 2-3 (ambiguous sigh#rexxpected
sign/trend) respectively.

Figure 12. Diagnostic diagram of health effects. @bs ratings range from limited to high
relevance, indicating: I: 0 points, Il: 1-10 points Ill: 11-20 points, IV: 21 or more points. For the
level of precision, the dot indicates the median ece, the error bar the 25-75% interval.

Temperature

A consistent line of argument in respondents’ reasoning lvdag-related mortalityis most
relevant for adaptation is that homes for the elderly, nursingebohouses, and city/town
planning in the Netherlands are not adapted at all to highgretatures (and changes in high
temperatures). A participant makes this argument for Euromevesole. Other arguments
include: political interest, public perception, stress on the healthaystem, a current lack of
interest in the topic by the health care sector, and many pe@plet aisk and potentially
many victims in a short period of time. One expert notes tieahigh relevance score applies
to the entire topic of heat-related mortality and disease.

For heat-related cardiovascular and respiratory problemespondents note that the
effects could be substantial, and refer to many risk fa¢t@s could enhance the impact
(traffic and city design and related air quality problems, anth mgidence of obesity,
cardiovascular disease and diabetes).

For dehydration a respondent notes again that homes for the elderly are poécda
For heat-related stress and sleep disturbance notes ébatepwould be tired during
work/school (i.e. resulting in economic impacts).

Allergy

For asthma respondents argue that the number of people already affectiedaidyaarge,
and rising, and is causing a considerable health burden. Changesdoerto climate change
would add to this, resulting in high economic impacts (diseasesmtien, chronic disease
treatment). Fohay fever (duration of pollen seasoa)similar argument is made: a large
number of people will be affected, and it could result in s lof working days (more
generally: decreased worker productivity; also an economicctnp@or hay fever (pollen
types/abundance/allergenicityif was noted that effects could be substantial and difftoul
adapt to.
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Vector-borne diseases
Forendemic vector-borne diseasasespondent notes that a huge increase in disease risk has
been observed in the past fifteen years, and that the costedément of the chronic
condition are high, as is the possible disease burden (e.g. due to neurologitsl effe

For incidents of non-endemic diseasesspondents note that effects could be
substantial and difficult to adapt to, and that incidents can beuiffo recognise and could
result in public unrest. Similarly, fapidemics of non-endemic diseggespondents stress a
high potential health and economic impact, the link with public pekception (‘fright
factors’), and stress on the health care system.

Food- and water-borne diseases

A respondent notes that the effectscohtamination of swimming/recreation watssuld be
substantial and difficult to adapt to. Another indicates that ielevant because of the large
amount of water in the Netherlands and recreational habits.

Air quality

Considering air quality-related health effects, one responderd fateespiratory problems
due to ground-level ozorthat air pollution is already a considerable health problesntlaat
climate change might add to this. Another indicatesaforquality-related cardiovascular
problemsthat effects could be substantial and difficult to adapt to.

Flooding and storm

Respondents who considiéood-related mortalityto be relevant, indicate that flooding is a
politically sensitive and culturally important topic fdret Netherlands. The risk has a wide
spatial extent and large potential impacts (e.g. spatiale ssocietal ‘signal value’ of
casualties)Flood-related mental problemere an underlying stress for populations in hazard
areas and an under-recognised issue while effects have beendep@mn during evacuations
(rather than only in case of actual floodinglood-related exposure to dangerous substances
and contaminantsould be relevant because there could be widespread exposurevanttlit

be highly politically sensitive due to questions of blame.

uv
UV-related skin cancerould be relevant because of the cultural habits of sun bathing.

4.2. Uncertainty and options for adaptation

For health effects which respondents considered the miestang, they were asked to
indicate which policy options/strategies they considered todogcplarly well-capable of
dealing with the uncertainties associated with the effecid-waich options/strategies would
be very vulnerable to them. The answers will be discussetdgalth theme. No answers were
provided for ‘pests’. A total of 34 answers were provided, tiagority (28) of which were
made by adaptation and health theme experts.

Temperature

Respondents suggested a diverse set of optionsefdrrelated mortalitywhich would be
capable of dealing with the uncertainties associated with tbaalth effect. A number of
respondents noted information supply and education as important,ulsalgicaimed at
vulnerable groups (e.g. the elderly) and other risk groups aethkars of such groups. In

any warning system for heat, responsibilities of relevaiorashould be clear and the system
should be based on scientific findings regarding risk conditions amehsfor adaptation.
Respondents mention the need for action plans and contingency plans on what to do in case of
heat several times. They refer to the Dutch National Héat (VWS, 2007) in several
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instances. Aside from these relatively mild, ‘soft’ stregegmore extensive and physical
measures are mentioned as well. Planners could take heatantongin urban/area planning,
e.g. by providing parks, open water, wind-corridors, et cetera. Toesde limit the effects of
the urban heat island. Heat could also be (better) taken into catisidein building
regulations, design and construction, for instance when developing homes for tlye @l
respondent also suggests further efforts on climate modelling.

Regardingheat-related cardiovascular and respiratory problensgveral options
mentioned above are suggested again; for instance the NafieaaPlan and area planning.
Other suggestions include monitoring and surveillance, ‘earlyingir data collection, and
development of models for scenario-analysis and impact assegsmentore research). In
addition, a respondent notes that limiting/preventing summer ssnagportant. In other
words, policy on another issue (air quality) could (be enhancepraduce co-benefits for
climate & health. For dehydration, respondents refer again to the Heat Plan.

Respondents did not suggest any options that were specificaligrable to the
uncertainties associated with the theme of temperature-relatets effec

Allergy

Regarding the theme of allergy, respondents suggested ungertdinst options foasthma

and hay fever (duration of pollen season, and pollen types/abundance/allergenicit
Information supply and warning-systems — and related to thigerli@hing of medication
intake — for hay fever patients are indicated as importantdry mparticipants. Furthermore,
the allergenicity of the pollen that plants produce should ba tiake account when selecting
plants for public green spaces and nature management. Monitowhguaveillance, data
collection, and development of models is useful as well. Medjmioduction and increases
herein are mentioned as WelRespondents did not suggest any options that were specifically
vulnerable to the uncertainties associated with this healthethem

Vector-borne diseases

Limiting the number of tick-bites and quick removal of tickangportant for limiting the

consequences of climate change regardindemic vector-borne diseaségonitoring- and

warning-systems are important as well. However, one respondest riskecommunication
and education are not always successful in reducing risky lmeima¥articular risk groups
are people participating in outdoor recreation and rangers.

For incidents of non-endemic vector-borne diseasespondents suggest monitoring
and surveillance to be important and uncertainty-robust. One respondenthadteducation
of health professionals on the topic of climate change is ysefus the creation of flexible
and generic action/contingency plans. Another again suggestsagariing, data collection
and model development. Furthermore, general hygiene and productiorcafies and
medicines could be enhanced. Conversely, one participant indicatéisetltaeation of large
stockpiles of vaccines entails a large risk of overinvestrand is therefore a strategy that is
vulnerable to uncertainty. A strategy such as pre-emptiveington could also entail the
risk of negative health impacts or other side-effeatsadition to overinvestment risk).
Action/contingency plans that are very (overly) specificr foertain diseases or
scenarios/transmission routes would be very vulnerable to surprises.

Regardingepidemics of non-endemic vector-borne diseasespondents note once
more that monitoring and surveillance are uncertainty-robust. Open@snt also suggests
performing literature assessments and surveys on what is happerotiger parts of the
world regarding vector-borne diseases. Another indicates ‘essponse’ and vaccination as
possible options.

8 Note that medicine production can be considerkdively no-regret in the case of hay fever, as it
already prevalent.
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Food- and water-borne diseases

Information supply, monitoring/surveillance, early warning and daléection and model
development are mentioned as options that are well-capablelioigdedh the uncertainties.
Other suggestions include good distribution of surface watepjrigeén mind the link with
urban design, and improving health care in general.

Air-quality

The effects of climate change on health via air quality mameduced by measures which
limit air pollution. Patients with respiratory conditionseaa risk group. One respondent
mentions once again: monitoring/surveillance, early warninga datlection and model
development, keeping in mind the link with urban design, and better health care.

Flooding and storm

Flood-related mortality can be limited by improving water safety in general, via a
combination of adaptation approaches that limit the probability and quersees of flooding.
Good evacuation and monitoring strategies are also importaet.two respondents who
comment on this health effect both note that ‘hard engineering’'oagpes are very
vulnerable to uncertainties. They make risks more unpretiictalnd increase the
vulnerability in case something does happen.

Flood-related mental health probleroan be reduced by keeping this issue in mind in
disaster response and recovery plans, including in evacuatios. filas also important to
educate and train rescue workers, general practitioners andlnmeaith professionals
regarding this health aspect of flooding.

uv
Good information supply is suggested as a strategy that iccagdble of dealing with the
uncertainties, for the effects of climate change via ultraviolehtiad.

Other

One respondent suggested thatietal disruptionof societal structures, possibly elsewhere,
would have important consequences for health in the Netherlandsotdd that present
political trends all hamper adaptation and that societal change dgtitraissneeded.
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5. Conclusions

This chapter summarises the conclusions that can be drawrhi®study. Starting point of
our analysis is that our present state of knowledge on heaftacts of climate change is
characterized by huge knowledge gaps and deep uncertainties. nrioobeefit for function,
adaptation strategies need to take on board the nature of uncestagath anticipated health
effect. Effects that can reliably be quantified could for instance besthwokth a predict-then-
act approach whereas health effects where even the sign temigeis unknown under a
given climate scenario can better be tackled by a highkjbfe resilience-based approach.
Climate adaptation in the health sector should thus sithitavgood understanding of the
uncertainties and limitations to our ability to quantify and ptedach anticipated health
impact. This study is a first attempt to map this systmalft for the case of The
Netherlands.

Based on literature study and expert consultations we drafted sligtasf potential
health effects of climate change for the Netherlands. For daom on the gross-list
respondents were asked to estimate the ‘level of preci@arthe scale presented in table 1)
with which health risk estimates could be made given theepresate of knowledge. They
were also asked to indicate which of these potential tsfface most relevant for Dutch
climate adaptation, and which adaptation options are well-capabldealing with the
uncertainties associated with these effects.

Level of precision for health risk estimates: general concliesns
For most potential health effects of climate change in thtbadands, effects were
indeed expected and their sign/trend could be indicated (respondeetian
estimate). However, quantification has been judged to be ngiogsible for most
effects. Individual scores for various health effects often ednigom ‘expected
sign/trend can be indicated’ to ‘order of magnitude of the heddth can be
indicated’, or from ‘sign/trend is ambiguous’ to ‘expected signfirecan be
indicated'.
For some effects, quantitative estimates seemed withih rgigen the present state
of knowledge. These include: heat-related mortality, cold-mlatertality, the oak
processionary caterpillar, contamination of recreation watet,adr-quality related
effects. Flood-related mortality and UV-related skin canodraataract score high as
well, but individual estimates diverge considerably.
For other effects, while some effect was expected, it mayyedt be possible to
indicate the direction of change. These include: allergic e&zdinod-related
exposure to dangerous substances, and UV-related weakening of the igysigne
Wasps and epidemics of non-endemic vector-borne diseases scored loWw as wel

Level of precision for health risk estimates: specific argunms

We summarize the main arguments provided by the respondents to justifgrém gigen.
For heat-related mortality, a large body of literature exiats,several factors limit
guantification: limited data for the Netherlands specificatnfounding/interacting
factors, and uncertainties regarding response functions, futwae vieves and
biological mechanisms. Other heat-related effects scored loeeause less data is
available on the specific drivers.
Scores and arguments for cold-related effects were simildr,sbione experts
suggested a lower score, indicating that the effect could ler gibsitive or negative
depending on whether the difference between summer and winterré&tunpewill
increase and biological adaptation will take place.
Allergies are highly multi-factorial and, while effects were expecquantification of
climate impacts did not seem possible.
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Temperature effects on wasps can be multi-directional;tefieemed plausible, but
opinions on whether the sign/trend can be assessed differed.thEBoroak
processionary caterpillar, the order of magnitude of climate effeclsl be assessed.
Vector-borne diseases are highly complex and multi-factorial. dbnra some non-
endemic diseases could be ruled out for the Netherlands. Tt @ifether diseases
was seen as unclear even though climate is clearly an important factor

For food- and water-borne diseases, effects were expected andels and data are
available, rough indications of the impact were thought to be lpessiowever,
factors such as available infrastructure, effectivenessgflations, and standard of
living complicate these estimates.

For air quality, many data and models are available and quivetitstimates may be
possible. However, the specific climatic impact on air quali#pends on specific
local conditions and there are countervailing effects, which ptioates these
estimates. Effects during winter are also less clear than those dumnges.

Many data and models are available for flood-related mtytadiowever, this also
depends on many non-climatic factors, which are more difficultssess. Effects
were expected for flood-related diseases, contaminants, mealhl, lzend respiratory
problems, and storm-related effects, but lack of data prevents querdific

Two lines of reasoning were expressed for effects via Whatian: (a) Models are
available and effects can be calculated, given relieblenates of exposure (score:
bounds). (b) However, interaction between climate and ozone conaentatd UV
exposure are highly uncertain (score: ambiguous sign/trend).

Relevance for adaptation

- Respondents considered heat-related mortality and incidents of naniendetor-
borne diseases to be the most relevant health effects for Elintelie adaptation in
view of health.
These two effects had very different levels of precisiondéorof magnitude’ to
‘bounds’ for heat-related mortality, and ‘ambiguous sign/trend’ ‘@gpected
sign/trend’ for incidents of non-endemic vector-borne diseases. Q@rdgy, they
may require different adaptation approaches (the answers oratmapiptions do
provide some hints in this direction).
Other effects that respondents selected as most relemahideé: heat-related
cardiovascular and respiratory problems, hay fever (duration lEnpseason, and
changes in pollen types, abundance and allergenicity), and epidemims-ehdemic
vector-borne diseases.

Uncertainty and adaptation options/strategies

- Adaptation options/strategies that were often suggested lasapable of dealing
with uncertainties include: monitoring and surveillance; education,rniafon
supply and (early-)warning systems (i.e. communication); datactiolh and model
development (i.e. research); and improving health care and hygiene in general.
Development of response and recovery mechanisms, such as action plans
contingency plans, evacuation and disaster plans, et cetera, asneftitioned as a
useful option that would be well-capable of dealing with una#its. For vector-
borne diseases, one respondent noted that these should be flexielatioely
generic. Overly specific plans would be vulnerable to surprise.
For some effects, such as heat-related respiratory/cardioaagmoblems and air
quality and flooding/storm related effects, policy measureshargiolicy fields (air
guality, water safety) were deemed useful under the uncertainties.
For heat-related mortality, several more ‘hard’ physical omegsand planning and
judicial measures with relatively large implicationsr fourrent practice were
suggested. Heat could be taken into account in area plarandg building
regulations, design and construction. For vector-borne diseasedlamd-related
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mortality, some respondents warned against such hard and extemsasires,
indicating that they could entail large risks of overinvestraamd negative side-
effects, or increase vulnerability.

Considering the level of uncertainty associated with the theffiects of climate change, the
scope for predict-and-prevent adaptation approaches seemslingtgyd at present.
Approaches that focus on enhancing the health system’s capabitigalifig with changes,
uncertainties and surprises (for example by increasintjerees, flexibility, and adaptive
capacity) are more suitable. For more quantifiable effects beat-related mortality), it may
be useful to explore the robustness of policy strategies undega& oéplausible outcomes, at
least in a qualitative/semi-quantitative way. For ambiguoushigdtly relevant effects (e.g.
non-endemic vector-borne diseases), precautionary measures cardddidered, although
flexibility and risks of overinvestment should be assessed.
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Table 6. Participant background.

No. participants:

a. Nationality and experience

Dutch, specific experience/expertise in the Netrets 1
Dutch, no specific experience/expertise in the Bedmds 2
Non-Dutch, specific experience/expertise in thehddands 0
Non-Dutch, no specific experience/expertise inNle¢herlands 5

4

b. Professional background

Scientist 20
Policymaker 3
Policy advisor 5
Health practitioner (medical professional, GGD/publkalth services, etc.) 2
Other: 4
- dissemination of climate adaptation

- Started company based on scientific knowledgati@pmodelling vector
borne diseases) to bridge gap between researctiezigion making.

- MD

- communication officer

c. Expertise

Generalist climate change & health 13
Adaptation 8
Health en adaptation 6
Temperature 4
Allergies 5
Pests 2
Vector-borne diseases 5
Food- and water-borne diseases 1
Air quality-related health effects 3
Flooding- and storm-related health effects 2
UV-related health effects 3
Other: 4
- public health

- expert on health surveillance in the contextlmhate change

- communicating climate change

- PhD student investigating on quality of infornoatin quantitative
microbial risk assessment, making an inventorheféffects of climate
change on animal health
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Appendix B. Survey protocol

[page 1]

Expert-survey climate change, uncertainties and huem health
(Word-document version)

When completed, please send this survey.tv.\Wardekker@uu.nl

Web address of online version:
http://www.copernicus.uu.nl/phpESP/public/survey.php?name=ClimateldmtgHealth

This survey aims to gain insight into the uncertainties phat a role in the topic of climate
change & health in The Netherlands, into the possible relevantteesé uncertainties for
Dutch climate change adaptation policy, and into uncertainty-robust adaptatiegistalhe
survey is intended for scientists and professionals widvaet knowledge on climate change
& health and climate change adaptation (in general, or healtlifispig. We intend to
publish the results in a scientific report (in Dutch) and aiclarfor an international peer-
reviewed journal (in English).

Some questions are fairly expertise-specific. Please arsmerthose questions you feel
capable of answering. Dutch respondents may answer in Dutchyifabeuncomfortable
answering in English.

The survey will take about 0.5-1 hour to complete, depending on how mastyogseyou
answer.

After a few background questions (section I), the survey will focus on:

Possiblelevel of precision for health risk estimates (section IlI). The best-fitting
adaptation strategy depends on the level of uncertainty. €higis examines this
level of uncertainty for various categories of effects.

Most relevant uncertainties anduncertainty-robust adaptation strategies(section
). This section will ask you to zoom in on the top-5 most rah\health risks for
adaptation in the Netherlands, to further specify the uncerwifdaiethese, and to
describe adaptation strategies that are either robust or vulnerdideuacertainties.

This study is part of a series of ‘case-studies on uncertaird climate change adaptation’,
carried out by Utrecht University (Copernicus Institute) andNbtherlands Environmental
Assessment Agency. It is a follow-up of a more theoretsadping-study’ byDessai and
Van der Sluijs (2007) View the briefing note for more information. Contact: Arjan
Wardekker (J.A.Wardekker@uu.nl) or dr. Jeroen van der SlulpsvanderSluijs@uul
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[page 2]

l. Introduction

1. What is your name? (for identification and acknowledgement; resultserdhonymised)

2. In case you've received the link to this survey via a oglleaather than an e-mail from
the research team, please indicate your e-mail address.

3. What would you consider to be your expertise regarding climatgyetemd health?nmark
all that apply with ‘x]

Generalist or expert on climate (change) adaptation

Expert on health and climate (change) adaptation

Generalist knowledge on climate (change) and heaitbne or more topics in this field.
Expert on temperature-related health effects

Expert on allergies

Expert on pests (wasps, oak processionary catampill

Expert on vector-borne diseases

Expert on food- and water-borne diseases

Expert on air quality-related health effects

Expert on health effects due to flooding and storm

Expert on UV-related health effects

Other:

4. What is your professional backgroundfafk all that apply with ‘¥
Scientist

Policymaker

Policy advisor

Health practitioner (medical professional, GGD/pubkealth services, etc.)
Other:

5. This study will focus on the Netherlands. As the number offDexperts on the topic of
‘climate change & health' is limited, we’ve also invited etgp@om other countries. Please
indicate your background.mjark one that applies with K’

Dutch, and have specific expertise or experiencthisrtopic in the Netherlands
Dutch, no specific expertise or experience ontthygc in the Netherlands
Non-Dutch, but have specific expertise or experene this topic in the Netherlands
Non-Dutch, no specific expertise or experiencelhos topic in the Netherlands
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[page 3]

Il. Level of Precision of health risk estimates

In the following sections (per category of effects), you tlasked to indicate the level of
precisionwith which you could estimate the magnitude of each healthfaisk number of
specific health issues (also take into account intenastbetween issues), at the present state
of knowledge. Assume you would be given some time to review thearelbterature, before
you would make the effect estimate.

The level of precision will be rated on a scale based on Ri&b&andlikar (Climatic
Change, 2007). A brief description will be provided on each of ddewfing pages. A full
description can be found at:
http://www.chem.uu.nl/nws/wwwi/research/risk/Level OfPrecisi@&pdf

This section is divided into nine specific subtopics:
a. temperature

b. allergies

C. pests

d. vector-borne diseases

e. food/water-borne diseases

f. air quality-related

g. flooding/storm

h. UV-related

i. (other)
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[page 4-5]

lla. Temperature-related health effects

In this section, you will be asked to indicate the level otipren for health risk estimates
regarding climate change & temperature.

Rating: | Label: Description:

1 Effective ignorancel Knowledge of the factors that govern this effecsdasweak that we
are effectively ignorant.

2 Ambiguous sign o Some effect is expected, but its sign or trendoisatear. There are

trend plausible arguments either direction (effect colokd positive, could
be negative; could increase or decrease).

3 Expected sign ol It is clear what the sign and trend of the effedt be. However,

trend there is no plausible or reliable information omigtrong it will be.

4 Order of magnitudg It is possible to give a rough indication of thegnéude of the effect
a qualitative scoring (e.g. 1-10 scale), or a roagmparison with
other effects.

5 Bounds It is possible to estimate the bounds for the itistion of the effect,
e.g. its 5/95 percentiles (effect is only 5% likédybe more than ..,
and only 5% likely to be less than ...). However, #impe of the
distribution, or best-guess estimates, cannot beiged.

6 Full probability | It is possible to provide a full probability densftinction; the bounds

density function as well as the shape of the distribution.

N/A Don't know / no answer

6. Regarding the following specific health issues, with whatllet precision would you be
able to estimate the magnitude of the health risk foN#therlands (due to climate change)?
Assume you would be given some time to review the relevi@nature, before you would
make the effect estimate. Use the scale abpee.Health issue, mark your rating with]'x’

1 2 3

4

5

6

N/A

Heat-related mortality

Heat-related cardiovascular problems (Dutch: hemt
vaatziekten)

Heat-related respiratory problems

Heat-related stress and sleep disturbance

Cold-related mortality (decrease)

Cold-related diseases (e.qg. influenza) (decrease)

Drought-related exposure to contaminants (less
dilution of pollutants during extreme droughts)

Shortage of drinking water

Dehydration

Please provide a brief argumentation for your rating abdwanyf), and if possible, provide

some literature references in support.

7. Argumentation and references for 'heat-related mortality":

8. Argumentation and references for 'heat-related cardiovascular prbblems

[REPEAT Q7 FOR ALL OTHER HEALTH EFFECTS UNDER ‘TEMPERATURE’]
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[page 6-13]
[REPEAT ABOVE FOR ALL OTHER HEALTH THEMES:]

Allergies:
— Asthma
— Allergic eczema
— Hay fever: duration of pollen season
— Hay fever: (changes in) pollen types, abundanceadlerdgenicity (e.g. invasive species such
as ambrosia, CO2 fertilization, plant stress)

Pests:
— Wasps
— Oak processionary caterpillar (Dutch: eikenproersgis)

Vector-borne diseases:
— Native vector-borne diseases (e.g. Lyme's disease)
— Incidents of presently non-native diseases (e.glanaa West Nile virus, tick-borne
encephalitis)
— Possible epidemics of presently non-native disegsgsdengue)

Food- and waterborne diseases:
— Food poisoning (e.g. Salmonella, shellfish poisghin
— Legionnaires Disease (Dutch: veteranenziekte)
— Contamination of swimming/recreation water (e.gargybacteria (Dutch: blauwalg), Weil's
disease, Naegleria fowleri)

Air quality-related effects:
— Respiratory problems due to ground-level ozone
— Respiratory problems due to particulate matter ¢Bufijn stof)
— Air quality-related cardiovascular problems (Dutbhrt- en vaatziekten)

Flooding and storm:
— Flood-related mortality (e.g. drowning, injury)
— Flood-related infectious diseases (e.g. due toaediwater quality)
— Flood-related exposure to dangerous substancesoataminants
— Flood-related respiratory problems (e.g. due to oswype to fungal spores (Dutch:
schimmelsporen) in moistly homes)
— Flood-related mental health problems (e.g. psydio# trauma)
— Storm-related mortality and injury

UV-related:
— Cataract (Dutch: oogstaar)
— Skin cancer
— Weakening of the immune system

[page 14]

llg. Other

47. Are there any other important health issues for the Netftbrl(due to climate change)
that were not included in the questions above? If so, please etleste effects plus their
level of precision for health risk estimates.
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[page 15-17]

Ill. Key uncertainties

In the following questions, you will be asked to zoom in on the toprfiest relevanhealth
effects (of climate change) for climate change adaptatidhe Netherlands in view of public
health and to examine the uncertainties more closely.

In estimating what health effects are most ‘relevant’ Doitch climate change adaptation,
take into account the possible magnitude of the health impact, ecomopact, public and
political perception, and the availability of options for adaptation andatontr

Shortlist of health issues:
1. Temperature: Heat-related mortality
2. Temperature: Heat-related cardiovascular problems
3. Temperature: Heat-related respiratory problems
4. Temperature: Heat-related stress and sleep distceba
5. Temperature: Cold-related mortality
6. Temperature: Cold-related diseases
7. Temperature: Drought-related exposure to contansnan
8. Temperature: Shortages of drinking water
9. Temperature: Dehydration
10. Allergies: Asthma
11. Allergies: Allergic eczema
12. Allergies: Hay fever: duration of pollen season
13. Allergies: Hay fever: pollen types, abundance dtat@enicity
14. Pests: Wasps
15. Pests: Oak processionary caterpillar
16. Vector-borne: Native vector-borne diseases
17. Vector-borne: Incidents of non-native vector-bodigeases
18. Vector-borne: Epidemics of non-native vector-bodiseases
19. Food/water-borne: Food poisoning
20. Food/water-borne: Legionnaires Disease
21. Food/water-borne: Contamination of swimming/redoeatvater
22. Air quality: Respiratory problems due to grounddeezone
23. Air quality: Respiratory problems due to particelatatter
24. Air quality: Air quality-related cardiovascular fgoie@ms
25. Flood/storm: Flood-related mortality
26. Flood/storm: Flood-related infectious diseases
27. Flood/storm: Flood-related exposure to dangerobstances and contaminants
28. Flood/storm: Flood-related respiratory problems
29. Flood/storm: Flood-related mental health problems
30. Flood/storm: Storm-related mortality and injury
31. UV: Cataract
32. UV: Skin cancer
33. UV: Weakening of the immune system
34. OTHER (indicate in question)

48.Most relevant effect [indicate the number from the list abjve

49. What makes this effect relevant for the Netherlandsf(loiescription or keywords
suffices)?
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50. Please describe the key uncertainties that play a roleirimatsg the magnitude of this
health risk. If possible, indicate relevant literature references

51. Could you describe which adaptation options/strategies wouldaleularly well-
capable of dealing with these uncertainties and which woulgtyevulnerable to them (and
why?)?

[REPEAT ABOVE FOR 2° 3P 4™ AND 5" MOST RELEVANT HEALTH
EFFECTS]

If there is anything else you would like to add, suggest or glegifarding climate change,
health, adaptation and uncertainties, you can do so in the field below.

68. Any other things you would like to add, suggest or clarify?

[END OF SURVEY]
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Appendix C. Survey results

C.1. Tables of the ‘Level of Precision’ scores

Table 7. Scores per health effect.

Health effect: Score
1 2 3 4 5 question:
1 Temperature: Heat-related mortality 9 3 14
2 Temperature: Heat-related cardiovascular probl 05 95 3 1 15
3 Temperature: Heat-related respiratory problems 11 3 2 16
4  Temperature: Heat-related stress and sleep 1 8 5 14
disturbance
5 Temperature: Cold-related mortality 3 2 7 2 15
6 Temperature: Cold-related diseases 1 2 7 3 2 15
7 Temperature: Drought-related exposure to 5 6 2 13
contaminants
8 Temperature: Shortages of drinking water 3 3 5 12
9 Temperature: Dehydration 5 5 3 1 14
10 Allergies: Asthma 1 4 7 1 13
11 Allergies: Allergic eczema 1 5 3 9
12 Allergies: Hay fever: duration of pollen season 10 2 3 15
13 Allergies: Hay fever: pollen types, abundance a 1 10 2 2 15
allergenicity
14 Pests: Wasps 1 3 2 1 1 8
15 Pests: Oak processionary caterpillar 1 8 2 11
16 Vector-borne: Native vector-borne diseases 7 4 5 1 17
17 Vector-borne: Incidents of non-native vector-bor 1.25 5.25 5.25 4.25 16
diseases
18 Vector-borne: Epidemics of non-native vector- 1.25 6.75 4.75 2.25 15
borne diseases
19 Food/water-borne: Food poisoning 1 1 6 5 13
20 Food/water-borne: Legionnaires Disease 2 7 2 1 12
21 Food/water-borne: Contamination of 4 7 1 12
swimming/recreation water
22 Air quality: Respiratory problems due to ground 15 45 4 2 12
level ozone
23 Air quality: Respiratory problems due to 15 35 3 2 10
particulate matter
24 Air quality: Air quality-related cardiovascular 2 3 3 2 10
problems
25 Flood/storm: Flood-related mortality 4 2 25 35 12
26 Flood/storm: Flood-related infectious diseases 5 5 1 11
27 Flood/storm: Flood-related exposure to dangerc 1 5 3 2 11
substances and contaminants
28 Flood/storm: Flood-related respiratory problems 1 3 5 1 1 11
29 Flood/storm: Flood-related mental health proble 2 7 1 10
30 Flood/storm: Storm-related mortality and injury 3 3 4 1 11
31 UV: Cataract 1 3 1 1 3 9
32 UV: Skin cancer 1 3 2 2 4 12
33 UV: Weakening of the immune system 2 3 1 2 1 9
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Table 8. Total scores expressed in percentages.Table 9. Scores for key experts.

Health Score: Health Score:

effect: 1 2 3 4 5 g ceffect 1 2 3 4 5
1 64 21 14 1 2 1
2 3 63 20 7 7 2 2 1
3 69 19 13 3 2 1
4 7 57 36 4 1 2

5 20 13 47 13 7 5 1 1 1
6 7 13 47 20 13 6 1 1 1
7 38 46 15 7 1 1

8 25 25 42 8 8 1 1

9 36 36 21 7 9 1 1 1
10 8 31 54 8 10 4

11 11 56 33 11 1 1

12 67 13 20 12 4 1

13 7 67 13 13 13 5

14 13 38 25 13 13 14 1 1

15 9 73 18 15 2

16 41 24 29 6 16 3 1 1

17 8 33 33 27 17 0.25 2.25 2.25 0.25

18 8 45 32 15 18 0.25 2.25 1.25 0.25

19 8 8 46 38 19 1

20 17 58 17 8 20 1

21 33 58 8 21 1

22 13 38 33 17 22 2 1
23 15 35 30 20 23 2 1
24 20 30 30 20 24 2 1
25 33 17 21 29 25 0.5 5
26 45 45 9 26 1 1

27 9 45 27 18 27 2

28 9 27 45 9 9 28 1 1

29 20 70 10 29 2

30 27 27 36 9 30 2

31 11 33 11 11 33 31 1 2
32 8 25 17 17 33 32 1 2
33 22 33 11 22 11 33 1 1 1
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C.2. Arguments for ‘Level of Precision’ scores

This section lists the arguments for ‘level of precision’ scoressqe value. E.g. the
arguments given for a score of 3 (‘expected sign/trend’), followed by glienants given for
a score of 4 (‘order of magnitude’) and so on.

Temperature in general

No
rat-

ing

Uit de statistieken blijkt dat klimatologische omstligheden een aanzienlijk effect hebben op
de oversterfte. De epidemiologen houden zich bemEghet goed registeren daarvan en ook het
CBS doet mee. Wat echter ontbreekt zijn goedeesudaarin het waarom van de oversterfte in
kaart wordt gebracht. Hier is naar mijn mening gebrek aan inzicht, alleen Keatinge in de UK
heeft hieraan gewerkt. Dit gebrek aan inzicht leidbok toe dat we niet weten of en hoe we
interventies moeten maken. Noodzakelijk is hetegigdemiologen,

thermofysiologen, gedragswetenschappers en aréseasverken om dit inzicht te verkrijgen
omdat pas dan gerichte interventies gedaan kunnetien. De maatschappelijke impact van
klimaatgerelateerde oversterfte is groot.

Temperature: Heat-related mortality

4

- Limited empirical information for heat-mortalitglationship for the specific Dutch situation
(huynen et al 2001 EHP)

- difficulties in in estimating/modeling the futuirgensity, duration and frequency of heat
waves, although increasing trend is expected byR& (2007)

- uncertainties in adaptive capacity (see e.gEtHROhat project coordinated by the WHO)

Many data already, however, projections still difft to make because of possible confounders,
change of CR function, demographic changes anddtgfadaptation measures unknown

Experience with and data from heat strokes in 2003

Effects known; context not

Much research and data is available on the reldtween heat and mortality. There are
however substantial differences in response funstaf different locations and the reasons
behind this are unclear. Also the effects of autoons adaptation (physical and behaviour) are
not known (also dependant on climate scenario) tlagi are many interactions with other
factors (e.g. socio-economic, air quality, harvesgffect, demographics etc.).

specific in urban areas

see information of conference Climate change amdttheOploopdebat ‘Klimaatverandering en
Gezondheid’

Donderdag, 18 september 2008, door Kennis voor &dim

Book: Mondiale milieuveranderingen en volksgezondioea. Maud Huynen and
Heatwaveplan 2008 on site www.rivm.nl

from what is known from literature

Confalonieri, U., Menne, B., Akhtar, R., Ebi, K.Hauengue, M., Kovats, R.S., Revich, B., and
Woodward, A., Human health. Climate change 200paicts, adaptation and vulnerability.
Contribution of Working Group Il to the Fourth Assenent Report of the Intergovernmental
Panel on Climate Change, in Report of the Interguwental Panel on Climate Change (M.L.
Parry, O.F. Canziani, J.P. Palutikof, P.J. vanldeden and C.E. Hanson, Eds.). 2007,
Cambridge University Press: Cambridge.

Huynen, M.M.T.E., de Hollander, A.E.M., Martens, #xd Mackenbach, J.P., Mondiale
milieuveranderingen en volksgezondheid: stand \eakeshnis. 2008, RIVM: Bilthoven.

Please contact Bianca Cox (Scientific Institut®ablic health, Brussels) concerning heat-
related mortality in Belgium.

links between mortality and heat are now well knoififew information is available it is not so
difficult to tune a model for mortality surveillar©r expected mortality. We did this job in
France.

Temperature: Heat-related cardiovascular problems
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2-  Climate change is not just heat-related. Many peoemluld feel a warmer climate as more

3 comfortable: rating 2. But a hot summer in a matifibgn area would give a rating 3.

3 - limited empirical information >studies on cardéseular mortality limited (huynen et al 2001
EHP), studies on cardiovascular disease - absettidd\etherlands
- difficulties in estimating/modeling the futuretémsity, duration and frequency of heat waves,
although increasing trend is expected by the IPZIDT)
- uncertainties in adaptive capacity
Few indications only, data base too limited to mageessments, impact of adaptation measures
unknown
specific for elderly people problems expected
Some data available, but not enough to make reliesfimates of the effects of the magnitude of
the effect of climate change.
Same as above (effects known; context not), bugsssry more specific drivers not known
especially in the elderly well documented

4  see information of conference Climate change amdttiheOploopdebat ‘Klimaatverandering en
Gezondheid’
Donderdag, 18 september 2008, door Kennis voor &dim
Book: Mondiale milieuveranderingen en volksgezondioea. Maud Huynen and
Heatwaveplan 2008 on site www.rivm.nl
Experience with and data from heat strokes in 2003

5 literature and epidemiological data

Temperature: Heat-related respiratory problems

3 - limited empirical information >studies on respingy mortality limited, studies on respiratory
disease absent for the Netherlands
- difficulties in estimating/modeling the futuretémsity, duration and frequency of heat waves,
although increasing trend is expected by the IPZIDT)
- uncertainties in adaptive capacity
Few indications only, data base too limited to mageessments, impact of adaptation measures
unknown
Same as above (effects known; context not), bugsssry more specific drivers not known
Some data available, but not enough to make reliesfimates of the effects of the magnitude of
the effect of climate change.
ozone problems summer smog
specific for elderly people problems expected
Mijn expertise is op het gebied van hooikoorts.mdeikoorts klachten zijn gerelateerd aan
pollen in de lucht en deze kunnen beinvioed wodtsr klimaatseffecten. (i) De
pollenhoeveelheid kan veranderen (ii)en de bloeisien kunnen verschuiven (iii) er kunnen
nieuwe allergene plantensoorten verschijnen (ivaligeniciteit van de pollen kan veranderen
Beware for mixing cause-effect relationships withgaality. Both occur simultaneously within
densely populated urban areas.

4  see information of conference Climate change amdttheOploopdebat ‘Klimaatverandering en
Gezondheid’
Donderdag, 18 september 2008, door Kennis voor &dim
Book: Mondiale milieuveranderingen en volksgezondioea. Maud Huynen and
Heatwaveplan 2008 on site www.rivm.nl
Experience with and data from heat strokes in 2003

5 literature and epidemiological data

Temperature: Heat-related stress and sleep disturb@e

2

? experience

3

Few indications only, data base too limited to mageessments, impact of adaptation measures
unknown

depending on adaptive capacity
I'm not familiar with literature on heat and sledigturbance, but | have been informed by a
thermofysiologist (Hein Daanen, TNO) that studies available
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Same as above (effects known; context not), butswry more specific drivers not known

Some data available, but not enough to make relieflimates of the effects of the magnitude of
the effect of climate change.

well documented from hospital references

for young and old people expected

see information of conference Climate change amdttheOploopdebat ‘Klimaatverandering en
Gezondheid’

Donderdag, 18 september 2008, door Kennis voor &dim

Book: Mondiale milieuveranderingen en volksgezondioea. Maud Huynen and
Heatwaveplan 2008 on site www.rivm.nl

Experience with and data from heat strokes in 2003International literature.

Temperature: Cold-related mortality

2

-limited empirical information for cold-mortalityetationship for the specific Dutch situation
(huynen et al 2001 EHP)

- difficulties in estimating/modeling difficultieis estimating/modeling the future intensity,
duration and frequency of cold spells and cold terafure.

- Decreasing trend in cold mortality is most likelgcording to the IPCC (2007), but his might
depend on adaptation assumption -> In case the péttdrns over Europe will change
(KNMI'06 scednarios W+ and G+, the temperaturerithistion will become wider -> the
difference between winter temperatures and anrwgabge temperature will become larger. In
case we assume adaptation by shifting our optiemperature (e.g. with lowest mortality)
parallel to the increase in average annual tempergassumed in several international studies),
winter mortality could actually increase. This lmady be demonstrated in one study (Huynen
2008).

- Hence, uncertainties in adaptive capacity reaulincertainties regarding this effect....

the Dutch society can deal with cold stress peribdss periods are expected

government statistics

Literature data from abroad

Many data already, however, projections still difft to make because of possible confounders,
change of CR function, demographic changes anddtgfadaptation measures unknown

see information of conference Climate change amdttheOploopdebat ‘Klimaatverandering en
Gezondheid’

Donderdag, 18 september 2008, door Kennis voor &dim

Book: Mondiale milieuveranderingen en volksgezondioea. Maud Huynen and
Heatwaveplan 2008 on site www.rivm.nl

Effects known; context not.

Much research and data is available on the reldtxween heat and mortality. There are
however substantial differences in response funstaf different locations and the reasons
behind this are unclear. Also the effects of autoons adaptation (physical and behaviour) are
not known (also dependant on climate scenario) tlagi are many interactions with other
factors (e.g. socio-economic, air quality, harvesgffect, demographics etc.).

Confalonieri, U., Menne, B., Akhtar, R., Ebi, K.Hauengue, M., Kovats, R.S., Revich, B., and
Woodward, A., Human health. Climate change 200 paicts, adaptation and vulnerability.
Contribution of Working Group Il to the Fourth Assenent Report of the Intergovernmental
Panel on Climate Change, in Report of the Interguwental Panel on Climate Change (M.L.
Parry, O.F. Canziani, J.P. Palutikof, P.J. vanldleden and C.E. Hanson, Eds.). 2007,
Cambridge University Press: Cambridge.

Huynen, M.M.T.E., de Hollander, A.E.M., Martens, 8xd Mackenbach, J.P., Mondiale
milieuveranderingen en volksgezondheid: stand \eakeshnis. 2008, RIVM: Bilthoven.

Brits, E., Boone, I. et al. (2009). Climate Chaage Health. Monitoring the effects of climate
change on human and animal health

5

epidemiology

Temperature: Cold-related diseases

1

it is still unclear why influenza is a seasonakdise, so lack of knowledge about current
temperature-influenza relationship.
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CVD and Respiratory disease might be affectedsbatunder 11 for uncertainties...

2  The Dutch society can deal with cold stress peribdss periods are expected

3 Same as above (effects known; context not), butswry more specific drivers not known
Some data available, but not enough to make relieslimates of the effects of the magnitude of
the effect of climate change.
Literature data from abroad

4 Few indications only, data base too limited to mageessments, impact of adaptation measures
unknown
see information of conference Climate change amdttheOploopdebat ‘Klimaatverandering en
Gezondheid’
Donderdag, 18 september 2008, door Kennis voor &dim
Book: Mondiale milieuveranderingen en volksgezondioea. Maud Huynen and
Heatwaveplan 2008 on site www.rivm.nl
ambiguous body of literature

5 epidemiology and literature

Temperature: Drought-related exposure to contaminats

2 Unknown how this will work out with a well-prepasecietal care system
the key notion here is "drought related" lots @ftthn dust bowl situations however the
likelihood of the occurrence is never estimated
3 Few indications only, data base too limited to mageessments, impact of adaptation measures

unknown

One might expect this health risk to increase duadreasing droughts and higher temperatures,
the latter of which could also increase the pojufagexposed due to more water-based
recreation. However, to my knowledge little daté&stsxto assess this risk.

extrapolation

Temperature: Shortages of drinking water

2 Few indications only, data base too limited to mageessments, impact of adaptation measures
unknown
Unknown how this will work out with a well-prepasecietal care system

3  we have seen some problems in 2003 in NL; will odrequently

4 reports
modelling
While calculations may be possible on water shedathe translation to actual health impacts
would be very difficult. However, a maximum ordémaagnitude could be suggested, because
short term abatement options are available (e.goiting water from elsewhere) for a wealthy
country such as the Netherlands. One can expddtiigovernment would intervene if water
shortages would become problematic.
see information of conference Climate change amdttheOploopdebat ‘Klimaatverandering en
Gezondheid’
Donderdag, 18 september 2008, door Kennis voor &dim
Book: Mondiale milieuveranderingen en volksgezondioea. Maud Huynen and
Heatwaveplan 2008 on site www.rivm.nl

6 no problem whatsoever bigger problem is the lackomling-water for utilities and its effect on

health

Temperature: Dehydration

2

Few indications only, data base too limited to mageessments, impact of adaptation measures
unknown

There could be an effect due to higher temperatmdsmore heat waves, but it could also not
occur. It also depends on people’s behaviour vl drink more, will people make sure that
e.g. elderly people will receive sufficient watetg.). To my knowledge, there is too little
information to assess this.

Unknown how this will work out with a well-prepasecietal care system
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extrapolation

see information of conference Climate change amdttheOploopdebat ‘Klimaatverandering en
Gezondheid’

Donderdag, 18 september 2008, door Kennis voor &dim

Book: Mondiale milieuveranderingen en volksgezondioea. Maud Huynen and
Heatwaveplan 2008 on site www.rivm.nl

well documented among nursery homes especiallylgliteod and drink patterns

experience, literature

Allergies: Asthma

1  This category is too broad. The interplay of deiaamts is unknown

2 See Huynen and Menne 2003.
More than one cause, not all in the same directimtlear which one will dominate.
The problem with these cause-effect relationshtpéscontribution from non-climate change
indicators, such as land use, traffic use etc. A@otincertainty is the time integration. If climate
warms, winter effects could be different from summiects. May be even opposite.

3 It is known that a large percentage of the pedp¢ have asthma also have hay fever. Therefore
it is highly likely that changes in the timing, dtion, allergenicity, type of, and intensity of
pollen will change the health risks related to asthEspecially when the weather conditions
will become more favourable for the flight of palldt is unclear what the magnitude of the
health impacts will be under the different climatenge scenarios.
Lack of data
While much research has been done, the developshesthma is a highly multi-factoral issue,
and much is not or only partly known. While an emsed risk is expected via climatic effects on
allergens (pollen, dust mite, moulds, etc.), gdematiion is not yet possible.
not clear yet if there is a strong correlation

4  see information of conference Climate change amdttheOploopdebat ‘Klimaatverandering en

Gezondheid’

Donderdag, 18 september 2008, door Kennis voor &dim

Book: Mondiale milieuveranderingen en volksgezondioea. Maud Huynen and
Heatwaveplan 2008 on site www.rivm.nl

Allergies: Allergic eczema

(=Y

This category is too broad. The interplay of deiaemts is unknown

More than one cause, not all in the same directimtlear which one will dominate.

See Huynen and Menne 2003.

The problem with these cause-effect relationshtpascontribution from non-climate change
indicators, such as land use, traffic use etc. Agotncertainty is the time integration. If climate
warms, winter effects could be different from summiects. May be even opposite.

Lack of data

not clear yet if there is a strong correlation

Allergies: Hay fever: duration of pollen season

3

It is very likely that the duration of the polleaason will increase in The Netherlands due to
climate change. It is however unclear what the ritada of the health impacts will be as it will
largely depend on the response of patients anthétical sector to the changes in the duration
of the pollen season. As up to 15% of the peopfiieistrom hay fever, the health or socio-
economic impacts can be substantial. However, laeg not been quantified.
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Phenological studies have shown an increase iletiggh of the pollen season for some species
during the past decades, and this can be linkattteasing (spring) temperatures. Other species
do not show a trend or only shift to an earliertstnd it is not known whether the pollen season
will expand these species in the future. Overallingrease in health risk is expected due to
climate change. However, the magnitude of the healpact is unclear. Particularly, the effect

of the longer season on the actual duration amhgity of exposure to pollen is unknown. Also,
it has been suggested that increased exposure leaddo higher incidence of hay fever, but
much remains uncertain concerning this issue. Anihér, as noted in 17, allergy is a multi-
factoral issue.

de duur van het seizoen kan veranderen door klgwertndering. Dit kan per pollensoort
verschillen. Voor de berk blijkt in Nederland hetzoen wel naar voren te schuiven maar het
wordt niet signifcant verlengd (het einde schudkmaar voren). Voor graspollen zien we voor
de 2 pollentelstations in Nederland verschillenrdeds; enerzijds geen verlenging van het
seizoen en in het andere telstation wel een verigng

See Huynen and Menne 2003.
See PhD thesis Arnold van Vliet (2008), demonstirathat the pollen season for some allergens
has increased. link with temperature (change) ieeted

Some indications, but interplay of determinantsriknown.

4  There is only limited data, although rough estimadicould be made be. Impact of adaptation
measures, e.g. low allergenic green zones, orfusedicines, is however unknown.
see information of conference Climate change amdttheOploopdebat ‘Klimaatverandering en
Gezondheid’
Donderdag, 18 september 2008, door Kennis voor &dim
Book: Mondiale milieuveranderingen en volksgezondioea. Maud Huynen and
Heatwaveplan 2008 on site www.rivm.nl

5 Lots of recent literature and data

signs of increasing this problem

Allergies: Hay fever: pollen types, abundance andlkrgenicity

3

Door de klimaatsverandering kunnen nieuwe sooriemnmogelijk vestigen in Nederland.
Ambrosia is daarvan een voorbeeld. Vooralsnog néetrdantal ambrosiapollen in de lucht niet
toe. Wel worden er meer planten gezien waarscjhijoindat het zaad in vogelvoer voorkomt en
dus elke winter wordt 'uitgezaaid' in de achteuin

Wat betreft de allergeniciteit zijn er in de litarar aanwijzingen dat bij verhoogde CO2
concentraties de allergeniciteit van pollen toerteem

Lack of data, specifically on types of pollen afidrgenicity

Due to climate change, the Dutch climate will beeamore suitable for species currently found
primarily in warmer regions. Some particularly adienic species such as Ambrosia (ragweed)
and olive trees are on the increase in the Neth#sleExperiments have also show increases in
abundance and allergenicity of pollen due to sd\wiraate-related factors. What this will

imply for the magnitude of health impacts (via esgverity of symptoms, hay fever incidence,
etc.) is unknown. Increased health risks can bee®g, but the magnitude is unclear.

It is very likely that with a change in climate nepecies will appear or that their population
sizes will increase in The Netherlands that usegtdov in southern countries. Examples are
Ragweed (Ambrosia), Parietaria (Klein glaskruidil #ime olive tree. The last one because more
people will plant this species in their gardense inmber of locations where these species are
found in The Netherlands is already increasing.

Van Vliet et al 2009. Toekomstschets ambrosia Katet dit jaar beschikbaar. Daarin staan
veel referenties. Uit deze toekomstschets wordtelijik dat het zeer waarschijnlijk dat
ambrosia zich hier verder zal gaan uitbreiden.

Met de toename in het aantal warme en tropischerdzgl ook het aantal dagen met gunstig
weer voor hoge pollenconcentraties toenemen.

Er komen ook meer aanwijzingen dat de allergernicrsn pollen toeneemt in situaties met hoge
concentratie luchtverontreiniging. Warmer weertiéid hogere concentraties
luchtverontreiniging en daarmee mogelijk ook toemgezondheidsklachten. De mate waarin
dit zal optreden is nog onduidelijk.

See Huynen and menne 2003
Ambrosia is spreading/blooming in the Netherlareks de website from the natuurkalender
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Some indications, but interplay of determinantsriknown.

see information of conference Climate change amdttheOploopdebat ‘Klimaatverandering en
Gezondheid’

Donderdag, 18 september 2008, door Kennis voor &dim

Book: Mondiale milieuveranderingen en volksgezondioea. Maud Huynen and
Heatwaveplan 2008 on site www.rivm.nl

Lots of recent literature and data

signs of increasing this problem

Pests: Wasps

1 New to me

2  The last couple of years we see that the queewasgfs wake up earlier in spring after
hibernation due to the exceptionally high tempeestin winter and early spring. Furthermore,
in some years the weather conditions due to theevable phase of the queen wasps (April)
were very good. This resulted in larger amountwasps nests and more wasps (see
www.natuurkalender.nl). Every year a few peopleafier a wasp sting due to allergic
reactions.
Due to the more frequent warm winters the survdfalueen wasps during winter time might
also be reduced resulting in lower amounts of wabpss is still completely unclear.
Warmer spring temperatures could result in wasgnsievaking earlier and more favourable
conditions for further development of wasp nestdaoesult in more wasps during a longer
period of time. This would increase health probler@wever, warm episodes in winter might
disturb wasp queens’ hibernation, resulting inafieéin subsequent colder/freezing episodes.
The total effect remains to be seen.
is there an specific increase?

3 Lack of data

4  the occurrence of hornets will become more likédik documentation very extensive esp. Japan

Pests: Oak processionary caterpillar

3  Observed increase in past year might be attribetabtlimatic factors. See website
Natuurkalender.
4  The Oak processionary caterpillar entered the sofuithe Netherlands in the early 1990's and

is gradually but rapidly expanding its distributimnnorthwards direction. This year it reached
the south of the province of Drenthe. Based orclimate change scenarios of the KNMI we
expect that he will be present in the whole of¢dbantry by 2020 but this might already be
earlier. The population size will also increasengigantly.

As we are not able to remove the caterpillars &ffely and the urticating hairs of the caterpillar
will cause problems for 8 years, it is expected tha coming years large amounts of people
will be confronted with health complaints.

The health impacts of the OPC are described ipartédy the GGD but it is unknown what the
current and potential future magnitude of the peabls.

Several indications, rough disease estimationg exis

statistics GGD

there is certainly an increase, which has beerstigeted by Natuurkalender

see information of conference Climate change amdttheOploopdebat ‘Klimaatverandering en
Gezondheid’, donderdag, 18 september 2008, dooniKewor Klimaat

Book: Mondiale milieuveranderingen en volksgezondltoea. Maud Huynen and Heatwaveplan
2008 on site www.rivm.nl

We can expect a further spread of the caterpiltanfthe south, eventually covering the whole
of the Netherlands, as conditions will become niaweurable. Population size will likely
increase as well. Based on this scenario, andftbet® currently observed in regions that are
affected by the caterpillar, rough estimates canddnade for health effects.

| have no personal experience with this best, luterhave experience with insect vectors of
disease. If data about distribution and or abunel@hdts from elsewhere, but in similar eco-
climatic settings are available rough estimateshifts here could be made.
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5

Lot of information from recent years

Pests: OTHER: Mosquitoes

3

Muggen brengen nu nog geen ziekten over maar lzijrelheel vervelend. Verwacht wordt dat
het actieve seizoen langer zal worden en dat dalEEmmuggen zullen toenemen in ons land.
Zie http://www.natuurbericht.nl/default.asp?cat=&ib48 en het daar genoemde rapport van
Verdonschot. De overlast zal verder toenemen ind@nmuggensoorten als de Tijgermug zich
in ons land gaan vestigen. Deze mug steekt veghiger dan de muggen die we al in ons land
hebben en ze steken ook nog eens overdag. ‘Onzgjenudoen dat niet of nauwelijks. De
kwaliteit van leven voor grote aantallen mensersmaistantieel afnemen (ook nachtrust) zeker
als er ook de dreiging van ziekten bijkomt.

Vector-borne: Native vector-borne diseases

No  Even though the incidence of this disease may &ffie(possibly upwards), | do not have the
irr?;' expertise to answer the question in a more defimig.
2 Lyme is the only endemic human vector-borne diseas@y importance in the Netherlands.

Lyme has been discovered in the Netherlands oclntty (mid 1980's), while some evidence
indicates that the disease has been endemic irpEtioo at least a century. The short period of
available data makes conclusions on the effeclimiate uncertain. see also arguments in next
box

[Argumentation and references for 'incidents ofprely non-native diseases':

Changes in temperature and moisture affect coldeldd animals in nature like ticks and
insects. However, vector-borne diseases are thit cfextremely complex interactions
between vector-warmblooded reservoirs-humans aidehvironment and it is highly unlikely
that climate change has a uni-directed affect esdhnteractions. The effect, even its sign for a
single disease let alone the vector-borne diseesasvhole, will be difficult to predict. Lafferty
K.D. Ecology 90:888-900, and addition articleshi§tEcology issue. Randolpg and Rogers
2000 Proc. R. Soc. Lond. B (2000) 267, 1741-1744]

We are strongly convinced, given available evidetitat recent changes in occurrence of native
VBD'’s in general and Lyme in particular are mulktifarial and not solely or even not mainly
caused by climate shifts. Increased contact dsedm-economic changes is one of these.

observed strong increase in Lyme might be attriidatto climate change, but other factors
should be considered as well.

- longer season is observed, with tick bites eweninter (website natuurkalender).

- The RIVM identified Lyme disease as one of thetweborne diseases that might be affected
by climate change in the Netherlands (Staat vattigziekten 2007, RIVM)

- Effect of temperature change on complex diseastgy not well understood. Some literature
suggests that the temperature might effect timingefeeding of larvae and adults -> affecting
co-feeding and the transmission of the pathogen)

recent research at Wageningen regarding the infecfi ticks on wildlife

Although there is an increase in Lyme disease éraid in Belgium since 1998, it is unclear
what the exact direct impact of climate chang&&nperature and moisture changes are not
enough to explain this increase. According to Liedget al. (2006, Lyme borreliosis in Europe:
influences of climate and climate change, epideogip| ecology and adaptation measures)
climate change will facilitate spread of Lyme dise@to higher altitudes and latitudes in non-
endemic areas and contribute to increased incid@needemic areas, but locally, where
conditions will be too hot or try, Lyme diseaseidtence may decrease / disappear.

Climate change will have an influence on the insesbdistribution of mosquito-borne viral
diseases (such as West-Nile Virus), but most lik¢her factors often due to human intervention
will have a larger influence on the increased abkansmission.

Capelli, G., Dekker, A., Gale, P., Lindberg, A.pbivski, A., Meller, P., Phipps, P., Snary, E.,
Ulrich, R., and Yin, H., Workpackage 7.4:- Impa€teavironmental effects on the risk of the
occurrence of epizootic diseases in Europe: Ideatibn and prioritisation. Hazard
Identification. 2009, EPIZONE.
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The number of people diagnosed with Lyme diseaseased threefold in 10 years time. It is
unclear what the cause of the increase is. Inahéest of the Nature’s Calendar project we are
monitoring the population size and dynamics ofdiek well as the percentage of ticks that are
infected with the borrelia bacteria that causes éyWe are analysing the data at the moment.
What is already clear is that the activity seasopeicoming larger during warm winters.

For more information on vector borne diseases imp® see: Semenza and Menne, 2009.
Climate change and infectious diseases in Europe.LBncet 9: 365-375.

Climate change will improve the conditions for 8dk the Netherlands, and therefore likely
result in higher health risks associated with Lysrisease. However, the relative effect of
climate change compared to other trends and condifie.g. trends in ground cover,
urbanisation, human behaviour such as recreatiopiseunclear. The reasons for current Lyme
trends in the Netherlands are not clear eitherréfbee, although an effect is expected, its
magnitude cannot yet be determined.

Several data, rough estimations could be madeyaitinthe precise role of CC versus other
factors (more outdoor activity, earlier diagnossstill difficult to assess.

see information of conference Climate change amdttheOploopdebat ‘Klimaatverandering en
Gezondheid’

Donderdag, 18 september 2008, door Kennis voor &dim

Book: Mondiale milieuveranderingen en volksgezondioea. Maud Huynen and
Heatwaveplan 2008 on site www.rivm.nl

This has been shown by researchers of Maastricivelity

opinions

5

Lots of data available

Vector-borne: Incidents of non-native vector-bornediseases

No
rat-

ing

Even though the incidence of this disease may w&ffie(possibly upwards), | do not have the
expertise to answer the question in a more definig.

1

-Climate plays an important role in the spreadtritistion and transmission of vector-borne
diseases.

The RIVM suggests that is unclear that climate gean the Netherlands will affect the risk
from these vector borne diseases (Staat van ipfaekiten 2007, RIVM)

DRWN R

This is very variable from disease to disease:

Malaria resurgence risk is NOT depending on clintdiZnge. Remember Europe (and
the Netherlands) was only very recently freed froalaria. All vectors are still there. It
is mainly because (a) EU is rich enough to detapbirted cases, (b) imported cases
often don't have contact with malaria mosquitoe},jroported positive mosquitoes
remain restricted to airport surroundings, thatdisease doesn't establish itself.

WNV. WNV is on this list because what happenechmWS. This is not comparable to
the situation in EU. WNV is endemic to Europe,d@gtroduced each year and doesn’t
spread as it did in the US. Also in the US the agref WNV had nothing to do with
climate change, but was caused by increased gi@§fit and the fact that the virus
found a receptive native mosquito and bird popatain which the disease exploded.
Something comparable MAY occur in Europe with Saimtiis Encephalitis imported
from the US.

TBE: much of the observed shifts have been caugetdio-economic changes and
increased contact.

In general we thus disagree with simple graphs sipwmcreased temperature and increased
occurrence of any disease. Reality is multifact@ral far more complex than that. This
complexity should not be avoided.

From a research point of view more studies areetted the impact of climate shifts on the live
cycle of arthropod vectors and of pathogens onexyleent generations of organisms. Here also
too rapidly conclusions are drawn such as: tempease, faster growth, more offspring, etc =
more risk. This is not necessarily the case: | mab®r a conference where a researcher (can'’t
find ref) showed that indeed ticks were ovipositignat higher altitudes in Czech Land, but
hatching and viability larvae was far below averasge. etc.

So please stop drawing fast and easy politicaliyemd conclusions on this topic and look at
facts and proper analyses.
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Changes in temperature and moisture affect coldeldd animals in nature like ticks and
insects. However, vector-borne diseases are thit cfextremely complex interactions
between vector-warmblooded reservoirs-humans aidehvironment and it is highly unlikely
that climate change has a uni-directed affect esdhnteractions. The effect, even its sign for a
single disease let alone the vector-borne disesasvhole, will be difficult to predict. Lafferty
K.D. Ecology 90:888-900, and addition articlesli§tEcology issue. Randolpg and Rogers
2000 Proc. R. Soc. Lond. B (2000) 267, 1741-1744

Please contact experts listed in Belgian_experts.@@r. VAN BORTEL Wim, Dr Guy
Hendrickx, Dr. DUCHEYNE Els, Prof Fons Van Gompet, MADDER Maxime,...)

Tick-borne encephalitis: The complexity of tick-herdisease systems makes a simple
monotonic response to climate change unlikely, despe sensitivity of many intrinsic
biological processes to climatic conditions : RdpdpS.E. (2008). Dynamics of tick-borne
disease systems: minor role of recent climate ohaRgvue Scientifique et Technique 27, 367-
381.

See also presentation Marion Wooldridge Climatengkaand the pathogen challenge
(http://www.mdaoa.ulg.ac.be/Conference/PDF/2009idarWooldridge.pdf). 14 conference
on food microbiology, Liege, June 2009.

See Semenza and Menne 2009

Only a few indications, precise role of CC is difficult to assess, and nature, extent, and
tempo therefore difficult to judge.

malaria was an endemic disease in the Netherld@idskos) in the late 1800 beginning 1900
occurrence of malaria mosquitoes around airpoiitsci®asing spread into other vectors is more
likely

For some diseases conditions for incidental ocoegeavill improve, for others it seems unlikely
that they will spread to the Netherlands. How ofanh incidents will occur and how serious
the consequences will be, depends on a great fi&sdtors on which knowledge is lacking (and
sometimes indeterminable).

opinions

This has been shown by researchers of Maastricivelity

Data available but not complete

Vector-borne: Epidemics of non-native vector-bornaliseases

No
rat-

ing

Even though the incidence of this disease may t&ffie@possibly upwards), | do not have the
expertise to answer the question in a more defimig.

1

-Climate plays an important role in the spreadritiistion and transmission of vector-borne
diseases.

The RIVM suggests that is unclear that climate glean the Netherlands will affect the risk
from these vector borne diseases (Staat van iefaekiten 2007, RIVM)

DpwhE

Given the above, of course predicting non-nativetars and diseases, surely is far more
complex.
Chikungunya is a nice example:

Albopictus introduced on Mediterranean due to gldtzale in spare tires. Strain is
adapted to temperate climate and winter diapauss.i§ not the case with the tropical
strains regularly re-introduced in greenhouseslin N

Spreading along transport routes, not becausemét shifts. If as in US almost all
Europe is at risk (see our ECDC report).

Chikungunya introduced by tourists in Italy in ddished overwintering albo pop.

Disease was controlled and didn’t resurge year.afte

The good news is: tropical pathogen may not betadap our climate to stay. We thus
are most likely at risk of temporal introductiongicig the good season.

Nevertheless, the most important studies to conaiecstudies about viral development at
various outside temperatures in established masgtriins.
Dengue thus is currently unpredictable.

54



the same argument as above:

Changes in temperature and moisture affect coldeldd animals in nature like ticks and
insects. However, vector-borne diseases are tht cfextremely complex interactions
between vector-warmblooded reservoirs-humans aidehvironment and it is highly unlikely
that climate change has a uni-directed affect esdhnteractions. The effect, even its sign for a
single disease let alone the vector-borne disesasvhole, will be difficult to predict. Lafferty
K.D. Ecology 90:888-900, and addition articlesli§tEcology issue. Randolpg and Rogers
2000 Proc. R. Soc. Lond. B (2000) 267, 1741-1744

In addition, factors other than climate change é@gjo-economic, travel, global trade) play
likely a more important role in the emergence afteeborne diseases and possible epidemics.

Please contact experts listed in Belgian_expents.@@r. VAN BORTEL Wim, Dr Guy
Hendrickx, Dr. DUCHEYNE Els, Prof Fons Van Gompet, MADDER Maxime,...)

Tick-borne encephalitis: The complexity of tick-herdisease systems makes a simple
monotonic response to climate change unlikely, despe sensitivity of many intrinsic
biological processes to climatic conditions : RdpdpS.E. (2008). Dynamics of tick-borne
disease systems: minor role of recent climate ohalRgvue Scientifique et Technique 27, 367-
381.

See also presentation Marion Wooldridge Climatengkaand the pathogen challenge
(http://www.mdaoa.ulg.ac.be/Conference/PDF/2009idarWooldridge.pdf). 14 conference
on food microbiology, Liege, June 2009.

While conditions may become more favourable fordental occurrence, the actual spread of
diseases into epidemics is dependent on even maoigbles. For some diseases, we may
consider epidemics as unlikely (i.e. trend estinmat&ero). For other diseases, knowledge on e.g.
the ecology and epidemiology is at present noi@afft to estimate this risk reliably.

Only a few indications, precise role of CC is difficult to assess, and nature, extent, and
tempo therefore difficult to judge.

Data from other countries have to be extrapolate

not sure about this, but there might be an increase

opinions

Food/water-borne: Food poisoning

N

not specific for recent times; problem for decades

Temperature increase might increase disease BskoSASHh studies), but unclear whether
this will really become a risk for the Dutch popida (good hygiene, use of refrigerators etc)

Clearly temperature related effect, but alreadysiinds to quantify a climate effect?

Menne, B. and Ebi, K.L., eds. Climate Change andpation Strategies for Human Health ed.
WHO. 2006, Steinkopff Verlag Darmstadt: Darmstadt.

All references mention potential effects of climatange on these health issues (i.e. increase in
incidence of health effects), but the direct calis&lwith climate change is not obvious since
there many are other factors.

See also presentation Marion Wooldridge Climatengkaand the pathogen challenge
(http://www.mdaoa.ulg.ac.be/Conference/PDF/2009idarWooldridge.pdf). 14 conference

on food microbiology, Liege, June 2009.

Probably more due to higher temperature

Many data, models for impact assessment existhrestimations could be made

Large amount of data available, including time-aegdanalyses on these infections related to
temperature in Europe, particularly for Salmonélithat the effect of generally warmer
temperatures (due to climate change) in specifimtrees/locations will be, may be less clear.
Data should however be sufficient to make initralugh) estimates.

As long as the present standard of living persibsjmpact will probably be nil (at least in The
Netherlands)
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Food/water-borne: Legionnaires Disease

N

not specific for recent times; problem for decades

Temperature increase might increase disease mskdpal communication with AM de Roda
Husman, RIVM), but unclear whether this will reaigcome a risk for the Dutch population->
depends on water distribution systems infrastrectund adaptive capacity.

Legionnaires Disease is mainly related to warm megstems. Some effect of warmer
temperatures could be expected, but | am not shether the relative impact of climate change
can be estimated.

Clearly temperature related effect, but alreadysiids to quantify a climate effect?

Probably more due to higher temperature

Many data, models for impact assessment existhrestimations could be made

As long as the present standard of living persibesjmpact will probably be nil (at least in The
Netherlands)

Food/water-borne: Contamination of swimming/recreaton water

No yearly reports

rat-

ing

3  Temperature/climate change might increase disésisépersonal communication with AM de
Roda Husman, RIVM). Prevention of exposure (e.gnwg signs, swimming prohibited) not
always in time or successful.
Clearly temperature related effect, but alreadysiinds to quantify a climate effect?
Probably more due to higher temperature.
see information of conference Climate change amdttheOploopdebat ‘Klimaatverandering en
Gezondheid’
Donderdag, 18 september 2008, door Kennis voor &dim
Book: Mondiale milieuveranderingen en volksgezondioea. Maud Huynen and
Heatwaveplan 2008 on site www.rivm.nl

4 Many data, models for impact assessment existhrestimations could be made

As long as the present standard of living persibesjmpact will probably be nil (at least in The
Netherlands)

There is a large amount of (ongoing) research @tdipic in the Netherlands; many data and
models are available. These models however are iko\Wwave their limitations at present, but a
rough estimation could be made.

there is an increase, but I'm not sure of sciemtiisearch on this topic

Air quality: Respiratory problems due to ground-level ozone

2

Clearly temperature related effect: but alreadysjiids to quantify a climate effect? Also
countervailing effects.

2-

This is a difficult one. In principle cause-effeetationships are known for ozone, NOx, PM.
Increasing levels cause increasing health prob(emasnly respiratory). However, if | interpret
this question right it is about a secondary charayesed by climate change. | believe we cannot
say at the moment whether additional health problarise due to this secondary effect. Simply
because we do not even know the time-integratedafighange of these substances due to
climate change.

As the number of tropical days are expected teemse, the risk on ozone smog might increase
as well (KNMI'06 scenarios brochure). However, tilso depends on the future developments
in the concentration ozone-precursors -> if thesgrehse (due to e.g. shift to electric cars) the

risk on ozone decreases again.

Many data and models available. It is however cliffito estimate the effect of climate change
on future ozone concentrations, as these are hagpgndent on specific local conditions and
changes, e.g. in weather and wind patterns.

Many data and assessment models, tempo of ozowemation increase is however difficult
to assess, population vulnerability may also chgggependent)
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We know a lot about the exposure-effect relatiomsHowever, | would think that, at least for
the Netherlands and given the present standaiding] the effect would be minor.

5

reports and literature

Air quality: Respiratory problems due to particulate matter

2-
3

This is a difficult one. In principle cause-effeetationships are known for ozone, NOx, PM.
Increasing levels cause increasing health prob(emasnly respiratory). However, if | interpret
this question right it is about a secondary charayesed by climate change. | believe we cannot
say at the moment whether additional health problarise due to this secondary effect. Simply
because we do not even know the time-integratedafighange of these substances due to
climate change.

Clearly temperature related effect, but alreadysiids to quantify a climate effect?

Many data and assessment models, tempo of ozowemation increase is however difficult
to assess, population vulnerability may also chdiggependent)

Many data and models available. It is however cliffito estimate the effect of climate change
on future PM concentrations, as these are highbgdéent on specific local conditions and
changes, e.g. in weather and wind patterns.

We know a lot about the exposure-effect relatiomsHowever, | would think that, at least for
the Netherlands and given the present standaiding] the effect would be minor.

5

reports and literature

Air quality: Air quality-related cardiovascular pro blems

3

Clearly temperature related effect, but alreadysiibs to quantify a climate effect?

4

Many data and assessment models, tempo of ozowemation increase is however difficult
to assess, population vulnerability may also chgggependent)

Many data and models available. It is however cliffito estimate the effect of climate change
on future ozone and PM concentrations, as theskiginé/ dependent on specific local
conditions and changes, e.g. in weather and wittenos.

We know a lot about the exposure-effect relatiomsHowever, | would think that, at least for
the Netherlands and given the present standaiding] the effect would be minor.

reports and literature

Flood/storm: Flood-related mortality

2  Asfaras | know we don't have records includingliieproblems related to flood changes
caused climate change. Secondly, flood intensipedd on many non-climatic aspects, which
most likely dominate climate change. The sameuis for storms.

3  see report Deltacomittee, rampenoefening Watefpnagaar 2008 at
http://www.platformoverstromingen.nl/waterproef

4  is expected to remain low due to good evacuatifmstructure (see publication by Hajat S, Ebi
KL, Kovats S, Menne B, Edwards S, Haines A. The anrnealth consequences of flooding in
Europe and the implications for public health.cliinate change adaptation with regards to
flood risk is already ongoing in the Netherlandsider to prevent actual flooding

4-  Much research has been done on flooding risksicpéatly related to amounts of deaths. Using

5  such models, it would be possible to make scerzf®d estimations of casualties and increases

therein. However, such estimations depend on g-athiain of assumptions. They're estimations
of what could happen, given a certain event, locafpopulation at risk, etc. but not what would
actually happen if such an event took place. Aataglialties depend on a great deal of less
quantifiable variables, such as how people and gamery managers will respond, the level of
disaster preparedness and people’s self-reliantefgmanisation, the actual state of local water
defences at the time, whether vulnerable peopleggeaaway, how early evacuations are started
(dependent on e.g. how early a threat is recognizad people respond, etc.), and any other
factors that could enhance or dampen the effectagtbrs are after all often due to the
occurrence of multiple problems at the same titepuld therefore be sceptical about bound
estimates of climate change impacts on flood mitytallthough such estimates are better than
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‘order of magnitude’ estimates. They are somewhebztween.

5 Many data and models for impact assessment exist.
Modelling data available
Sufficient experience to rate the risk

Flood/storm: Flood-related infectious diseases

2  While such infections have been reported in otloentries, particularly in the developing world
and during major disasters, it remains to be sdwathver these would actually take place in a
country such as the Netherlands (I do not knowngf@ases so far). It also depends on the
effectiveness of emergency management, the abilitye healthcare system to spot infections

(or the risk thereof), etc. Assessing the effeatlimhate change on increases in such infections is

even more difficult.

As far as | know we don't have records includingltie problems related to flood changes
caused climate change. Secondly, flood intensipedd on many non-climatic aspects, which
most likely dominate climate change. The sameuis for storms.

For the Netherlands no knowledge; so only guesses ¢ircumstantial evidence.

3  Only few data and models for impact assessment. exis
depends on flood prevention ->climate change atiaptavith regards to flood risk is already
ongoing in the Netherlands in order to preventadlooding
In case of flooding disease risk increases (seéqation by Hajat S, Ebi KL, Kovats S, Menne
B, Edwards S, Haines A. The human health consegsesfcflooding in Europe and the
implications for public health.....). there is aogachange on 'riooloverstorten' in case of
flooding, increasing disease risk
Reasoning and some data from abroad

Flood/storm: Flood-related exposure to dangerous fistances and contaminants

2 Effects might be expected, but substantial lacttai&
It could be that increasing floods and storm amftniensity increases the risk of chemical
spills, sewage overflows, etc. Whether these willially result in people being poisoned (in a
country such as the Netherlands) remains to be seen
As far as | know we don’t have records includingltie problems related to flood changes
caused climate change. Secondly, flood intensipedd on many non-climatic aspects, which
most likely dominate climate change. The sameuis for storms.
For the Netherlands no knowledge; so only guesses ¢ircumstantial evidence.

3  depends on flood prevention ->climate change atlaptaith regards to flood risk is already
ongoing in the Netherlands in order to preventadlooding I'm not sure what guidelines are
in place to prevent exposure in
Reasoning and some data from abroad

Flood/storm: Flood-related respiratory problems

2  Asfaras | know we don't have records includingliieproblems related to flood changes
caused climate change. Secondly, flood intensipedd on many non-climatic aspects, which
most likely dominate climate change. The sameuis for storms.

For the Netherlands no knowledge; so only guesses ¢ircumstantial evidence.

3 Respiratory problems have been shown followingdkm other countries, and dampness in
homes is known to increase respiratory problems €muld expect climate change to increase
this health risk, but the actual magnitude of #ffect may be difficult to assess. Particularly the

translation of increased flooding risks to additibnome dampness and additional health effects

for the Dutch situation specifically seems difficul

See e.g. Ayres et al., 2009. Climate change amura¢sry disease: European Respiratory
Society position statement. Eur Respir J 2009; Z+202.

depends on flood prevention ->climate change atiaptavith regards to flood risk is already
ongoing in the Netherlands in order to preventadlooding

in case of flooding, mold in damp houses are exgoktti cause health problems

Reasoning and some data from abroad
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4

Effects might be expected, but substantial lac#taié, although there are extimations on current
dampness situations in homes

Flood/storm: Flood-related mental health problems

2  Asfaras | know we don't have records includingltieproblems related to flood changes
caused climate change. Secondly, flood intensipedd on many non-climatic aspects, which
most likely dominate climate change. The sameuis for storms.

3 Effects might be expected, but substantial lacttai&

Studies have shown mental health problems aftedfidand even evacuations). A possible
increase in flooding and evacuations would increasehealth risk, but not enough data is
available to make any estimates for future situntio

see report Deltacomittee, rampenoefening Watefpnagaar 2008 at
http://www.platformoverstromingen.nl/waterproef

In case of flooding, mental health problems, charézed as psychological distress, dominate
the health impacts, being considerably greater tharwombined physical symptoms

(see publication by Hajat S, Ebi KL, Kovats S, Memy Edwards S, Haines A. The human
health consequences of flooding in Europe andrtipdi¢ations for public health.....).

For the Netherlands no knowledge; so only guesses ¢ircumstantial evidence. But some
evidence from other disasters.

4 Data from comparable disasters and other disaateravailable

Flood/storm: Storm-related mortality and injury

2

It is still unclear whether climate change will irase or decrease the frequency and intensity of
storms.

As far as | know we don’t have records includingltie problems related to flood changes
caused climate change. Secondly, flood intensipedd on many non-climatic aspects, which
most likely dominate climate change. The sameuis for storms.

heavy storms occur more frequently

Effects might be expected, but substantial lacttai&

While the amount of storms is decreasing at presefimate change is expected to counter this
trend. While changes are expected, these arevaiaimall and highly uncertain (but estimates
have been made, e.g. in the KNMI'06 scenarios).l®me could expect an increase in
mortality/injury risk due to such changes, to mp¥wtedge no data is available on the effect of
such (relatively small) changes on mortality/injimthe Netherlands.

see report Deltacomittee, rampenoefening Watefpnagaar 2008 at
http://www.platformoverstromingen.nl/waterproef

For the Netherlands no knowledge; so only guesses ¢ircumstantial evidence. But more
evidence from other disasters.

reports

Data available that can be extrapolated

UV: Cataract

1 | assumed that climate change did not include ofayer depletion. Apart from intricate
interactions between greenhouse effects and ozyee depletion, | would not have any idea to
which extent changes in UV exposure would attribl&do climate change.

2 Much research is available on the health effectd\dfradiation, but the knowledge on the

effects of climate change on ozone depletion (haimgéhe recovery of the ozone layer) and
UV exposure (changes in cloud cover, changes iaWietr due to warmer temperatures; e.qg.
spending more time outside) severely limit estimaléese are highly uncertain issues, which
also strongly dependent on other factors (e.gtimeasocio-economic factors, other climatic
and weather conditions). Perhaps an expected aigihe suggested for the global situation, but
| do not think that this is possible for the natibscale.
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Besides warming climate change could lead to chairgeloudiness with unclear sign. The
ozone layer is another actor influencing UV. luiglear how climate change will affect the
ozone layer. In addition, a non-climate changectffea reducing level of air pollution (aerosol)
due to policy measures. This may lead to increadiiggexposure.

Good data and models for impact assessment

Data available from other countries which haveimate now, that we will possibly get in the
future

function of UV exposure (IARC data)lots of reseafiim Australia

UV: Skin cancer

1

| assumed that climate change did not include ofayer depletion. Apart from intricate
interactions between greenhouse effects and ozgee dlepletion, | would not have any idea to
which extent changes in UV exposure would attriblgdo climate change.

Much research is available on the health effectd\otradiation, but the knowledge on the
effects of climate change on ozone depletion (haimgéehe recovery of the ozone layer) and
UV exposure (changes in cloud cover, changes ia\iebr due to warmer temperatures; e.g.
spending more time outside) severely limit estimaléese are highly uncertain issues, which
also strongly dependent on other factors (e.gtilmeasocio-economic factors, other climatic
and weather conditions). Perhaps an expected aigie suggested for the global situation, but
I do not think that this is possible for the natibacale.

Besides warming climate change could lead to cheirgeloudiness with unclear sign. The
ozone layer is another actor influencing UV. ltrglear how climate change will affect the
ozone layer. In addition, a non-climate changecgffea reducing level of air pollution (aerosol)
due to policy measures. This may lead to increadiiggexposure.

due to more and stronger sun-radiation

the media tells us this is the case

g|lbhlw

Good data and models for impact assessment

Data available from other countries which haveimate now, that we will possibly get in the
future

public health reports on the effects of more sysosure

function of UV exposure (IARC data)lots of reseafidim Australia

UV: Weakening of the immune system

1 | assumed that climate change did not include ofayer depletion. Apart from intricate
interactions between greenhouse effects and oayee depletion, | would not have any idea to
which extent changes in UV exposure would attribl&do climate change.

2 UV effects on the immune system have been suggdstiédery little research has been done on
this issue. Combined with the uncertainties in alimeffects on UV, to me, there does not seem
to be enough information to estimate a trend.

4  Only indications but nature, extent and tempo &f@s$ largely unknown.

5 Data available from other countries which haveimate now, that we will possibly get in the

future
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C.3. Uncertainties

This section lists the specific uncertainties which participligsted for health effects which
they selected as most policy-relevant. These are in addition to argunvemt$agithe ‘level
of precision scoresAppendix B.3.

Temperature: Heat-related mortality

difficulties in estimating future heat waves lindteesearch into specific Dutch situation

Duration, severity and frequency of heat strokém feasibility from people to adapt.

Maud Huynen: information of conference Climate aand health, Oploopdebat
‘Klimaatverandering en Gezondheid’ Donderdag, J@&esmber 2008, door Kennis voor Klimaat
Book: Mondiale milieuveranderingen en volksgezondioea. Maud Huynen and Heatwaveplan
2008 on sitevww.rivm.nl

Health related mortality is only the top of thelhieeg

Temperature: Heat-related cardiovascular problems

Nature, extent and tempo of impact unknown.

Temperature: Heat-related respiratory problems

Maud Huynen: information of conference Climate aeand health, Oploopdebat
‘Klimaatverandering en Gezondheid’ Donderdag, J@esmber 2008, door Kennis voor Klimaat
Book: Mondiale milieuveranderingen en volksgezorndioea. Maud Huynen and Heatwaveplan
2008 on sitavww.rivm.nl

Temperature: Dehydration

Maud Huynen: information of conference Climate aeand health, Oploopdebat
‘Klimaatverandering en Gezondheid’ Donderdag, J@&esmber 2008, door Kennis voor Klimaat
Book: Mondiale milieuveranderingen en volksgezondioea. Maud Huynen and Heatwaveplan
2008 on sitevww.rivm.nl

Allergies: Asthma

link between climate change, allergen release #adyan exposure limited research into specific
Dutch situation

Gezondheidsraad 2008

Allergies: Duration of pollen season

New pollen types and allergenicity

Allergies: Pollen types, abundance and allergenigit

Nature, extent and tempo of impact unknown. Mamgpfactors may also favor these sorts of
effects, but the role of CC could be substantial.

Maud Huynen:

information of conference Climate change and he&iffloopdebat ‘Klimaatverandering en
Gezondheid’ Donderdag, 18 september 2008, door iKemmor Klimaat

Book: Mondiale milieuveranderingen en volksgezondioea. Maud Huynen and Heatwaveplan
2008 on sitevww.rivm.nl
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Vector-borne: Native vector-borne diseases

the complexity of the Lyme disease transmissiorecyc

complex disease ecology
links with climate change unclear

Vector-borne: Incidents of non-native vector-bornediseases

Nature, extent and tempo of impact unknown. Mamgpfactors may also favor these sorts of
effects, but the role of CC could be substantial.

basic information on vector-species is lacking

Vector-borne: Epidemics of non-native vector-bornaliseases

complex disease ecology
interplay with other factors such e.g. trade andio# technology limited research into specific
Dutch situation

Incidence, severity, survival of vectors

transmission of infectious diseases hopelessly tioatpd

Food/water-borne: Contamination of swimming/recreaton water

Nature, extent and tempo of impact unknown. Mamgpfactors may also favor these sorts of
effects, but the role of CC could be substantialtap on other factor like more water in urban area
etc.

Incidence; quantity of surface-water in summeseaa

Air quality: Air quality-related cardiovascular pro blems

Nature, extent and tempo of impact unknown. Mamgfactors may also favor these sorts of
effects (world wide emissions increases), but the of CC (T-increase in general, but also T
extremes) could be substantial.

Flood/storm: Flood-related mortality

north sea storm tracks. Sea level much more ceftaiat least bounded). And of course the
engineered adaptation over the next decades iowdbie

Other: Societal disruption elsewhere

Uncertainties in economic development and govematictures
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C.4. Arguments for relevance scores

This section lists the arguments given for selecting a particutdthreffect as 5™ most
relevant for Dutch climate adaptation policy.

General comments

It is impossible to draw a list of most relevarfeets without knowledge of all listed effects.
Effects 5 and 6 are probably less relevant thamther effects. Effect n® 29 seems to be of minor
importance (pers. comm. prof Professor Debby GuiEirSCRED, 2009)

Health effects in the Netherlands are of minorvatee; it is better and much more efficient to aim
resources at susceptible regions and populatiom® meal public health disasters can be expected.

It does not make sense to divide allergies or dilgeother main categories in the different togiss
indicated above. It is the combination of impabest imakes a topic an important issue. Given ttgelar
amount of uncertainties and lack of knowledge @nsthcio-economic and health impacts of each of
the potential health impacts (allergies, pestsnstpetc.) it is not possible and useful to pripethem.
The respondents will mainly mention the topics theyk on so the final prioritization depends on the
number of people from each discipline that filtle questionnaire. During the Oploopdebat
Klimaatverandering en Gezondheid in autumn 2008vanview was made of the main health topics
and together with a large amount of stakeholddrsgin was made with identifying the possible
adaptation options and the role that each stakehblas in the adaptation.

For each topic a number of adaptation options eaméntioned but it would take too much time to
describe them. Whether the different options wélldffective is not known and no studies exist.
[Scoring of health themes: 1. allergies, 2. vetiome, 3. temperature, 4. food/water-borne, 5.spest

Temperature: Heat-related mortality

1  elderly homes/buildings in the Netherlands not aelhgufficient to extreme heat, especially
problem in the cities
The existing houses and the planning of citiestamehs are completely not adapted to higher
temperatures
European population are not well adapted to quaokperature evolution
Many people potentially at risk, possibility of g number of deaths at the same time.
political interest
poor state of nursing homes
scattering of the help and health care system

2  all heat elated mortality AND disease public petuap(see Paris 2003 heat wave) stress on the
health care system
typical responsibility of health care sector; anelytdon't have a clue (only interested in
controlling health care costs)

Temperature: Heat-related cardiovascular problems

3 Effects could be substantial
traffic , city design and their related air quakiyuation and a high incidence of obesity and
cardiovascular disease and diabetes

Temperature: Heat-related respiratory problems

2  traffic, city design and their related air quakiyuation

4  elderly homes/buildings in the Netherlands not éeldsufficient to extreme heat, especially
problem in the cities
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Temperature: Heat-related stress and sleep disturbece

1 people are tired during school and work in some tpariods

Temperature: Dehydration

2  elderly homes/buildings in the Netherlands not séglhgufficient to extreme heat, especially
problem in the cities

Allergies: Asthma

3  this is already affecting many people
allergic asthma is already causing a consideraddétthburden climate change might add to this
problem possible high economic impacts of disepsevéntion) economic costs of chronic
disease

5 number of children with asthma is still rising foigdemic proportions

Allergies: Duration of pollen season

2 Huge number of people affected. While the healtpaots per person aren't that severe, the
cumulative impact (health and economical) is patdigtvery large.
Number of inhabitants suffering

4  high occurrence of hay fever patients and the ddsgorking days

Allergies: Pollen types, abundance and allergenigit

2 Effects could be substantial and difficult to adpt

3  elderly homes/buildings in the Netherlands not s&glhgufficient to extreme heat, especially
problem in the cities

Vector-borne: Native vector-borne diseases

1 AsLymeis already present and therefore changesgh climate change (- or +) are real and
important to know

5 huge increase in disease risk (Lyme)observed inlfagears high costs for treatment of
chronic condition/ high disease burden is posslde neurological effects

Vector-borne: Incidents of non-native vector-bornediseases

1 Effects could be substantial and difficult to adtapt

2 insects and ticks are directly affected by climatd therefore also its change

4 Incidents can be difficult to recognize, can béoser consequences and can result in public
unrest.

Vector-borne: Epidemics of non-native vector-bornaliseases

1 public perception -> 'fright factors'
health impact
stress on the health care system
possible high economic impacts of disease (prewehti
low probability, high societal/economic impact.isiRperception

4  Already in southern countries that have the clinvegewill possibly get
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Food/water-borne: Contamination of swimming/recreaton water

5 Effects could be substantial and difficult to adtp(l have taken this somewhat broader to
recreation water in general and non-streaming watebehind for long time.
Lots of water together with recreation habits

Air quality: Respiratory problems due to ground-level ozone

4  air pollution is already a considerable health pFobin the Netherlands -> climate change
might add to this

Air quality: Air quality-related cardiovascular pro blems

4 Effects could be substantial and difficult to adtapt

Flood/storm: Flood-related mortality

1 politically sensitive, high likelihood, wide spdtextent and hence magnitude of events

3 Culturally very important in the Netherlands; tlieigtal signal value of a single (potential)
casualty due to flooding is very large. Also a éaegonomic value at risk (immediate damage,
damage to image of the country in the eyes of canmega

Flood/storm: Flood-related mental health problems

2 Underlying stress for populations in hazard areas

5 Fairly under-recognized issue, but as such effeetsoted even during evacuations, it is
something that should be (and can be) taken intouant.

Flood/storm: Flood-related exposure to dangerous fistances and contaminants

3 Could be widespread exposure. Highly politicallpsigve as blame would fall on those who
contaminated rivers and urban areas originally.tBgily uncertain.

UV: Skin cancer

3 Cultural habits of sun bathing

Other: Societal disruption elsewhere

1  Societal disruption elsewhere will also affect baalth
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C.5. Policy options

This section lists the policy options that respondents consideredreitiust or vulnerable to
the uncertainties associated with the particular health effespdvdents were asked to
provide these for the effects they selected as most relevant.

Temperature: Heat-related mortality

heat health warning system with clear responsigglifor relevant actors, based on scientific rasult
concerning risk conditions and adaptation options

planning to avoid urban heat island
building regulations, e.g. for nursing homes

the elderly, the chronically ill (CVD and respiratpand small children perhaps other diseases are
also risk factors like diabetes or renal diseastlifmited scientific research on these findings

see heatwave plan enww.rivm.nl

Modelling of climate change. Policy measures likeev in building environment, information to the
people how to cope with heat.

Contingency planning (i.e. what to do in case otse heat) at various levels, ranging from national
to local, including heat plans for health careitnibns. Information and education of vulnerable
groups and those who care for vulnerable grougs émployees in elderly care). Heat robust
building design and city planning (e.g. parks, wirdridors, etc.) could be an option as well,
although the costs would need to be considered.

provide tips on public broadcasting (focus on digesn how to stay cool in heatwave situation

alert health care

Temperature: Heat-related cardiovascular problems

Monitoring and surveillance, early warning, datflexiion, development of models for scenario
calculation and impact assessment, medicine praduictcrease, need for more cooling (indoor,
outdoor), link with urban design, better healthecar

prevent summer smog

Temperature: Heat-related respiratory problems

see heatwave plan enww.rivm.nl

in smog periods prevent mixture of alcohol in fitelorsens the situation dramatically

Temperature: Dehydration

see heatwave plan enww.rivm.nl

Allergies: Asthma

monitoring, warning systems, timely medication,unebeheer

Allergies: Duration of pollen season

Information supply to hay fever patients. Taking ffiewver into account when selecting plants for
public green spaces.

Information and medicine

take care in designing gardens and parks and thefysants in a city environment
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Allergies: Pollen types, abundance and allergenigjt

Monitoring and surveillance, early warning, datflexiion, development of models for scenario
calculation and impact assessment, medicine primduittcrease, maybe low allergic green zones etc.

see heatwave plan enww.rivm.nl

Vector-borne: Native vector-borne diseases

avoid tick bites and remove attached tick as segmogsible to prevent disease

monitoring and warning systems
risk communication not always effective in changiistx behavior

risk groups: people spending time outdoors (resreptboswachters

Vector-borne: Incidents of non-native vector-bornediseases

Monitoring and surveillance, early warning, datflexiion, development of models for scenario
calculation and impact assessment, vaccine and wtbdicine production increase, hygiene
adaptation measures.

basic surveillance activities for vectors

Not vulnerable to uncertainties: education of heplofessionals, monitoring, designing flexible
contingency plans in cooperation with countries/frich diseases are prevalent or appear
incidentally. Ideally, generic contingency planssld be available to deal with unexpected or
unknown diseases and incidents.

Vulnerable to uncertainties: pre-emptive vaccinastrategies (high risk of over-investment plus
potential adverse health consequences) or stotigg btockpiles of vaccines (high risk of over-
investment).

Designing very specific plans only for diseases sggharios/transmission routes, etc. that seem
likely candidates to appear incidentally in the dgtands is not a good idea. These cannot deal with
surprises.

Vector-borne: Epidemics of non-native vector-bornaliseases

monitoring and early response?
vaccination

Literature and survey what happens elsewhere

good surveillance

Food/water-borne: Contamination of swimming/recreaton water

Monitoring and surveillance, early warning, datfiexdion, development of models for scenario
calculation and impact assessment, link with uribesign, better health care and information to the
public

Information, good distribution of surface water

Air quality: Respiratory problems due to ground-level ozone

air pollution control measures
risk group: respiratory patients

Air quality: Air quality-related cardiovascular pro blems
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Monitoring and surveillance, early warning, datflexiion, development of models for scenario
calculation and impact assessment, link with urdb@sign, better health care

Flood/storm: Flood-related mortality

Improving water safety in general using a combaratf approaches aimed at reducing flooding
probability as well as potential consequences. Gnaduation strategies and monitoring.

Prediction-based hard engineering approaches #merable to the uncertainties. Particularly e.g.
overdimensioning dikes, which entails high risk@eérspending as well as increasing vulnerability
(if the predictions turn out to be incorrect, thbshind the dikes are at greater risk).

hard engineering makes the risks more unpredictaidemeans that any event could be more
catastrophic in the end

Flood/storm: Flood-related mental health problems

Contingency planning, training of disaster recoyegysonnel as well as general practitioners
(making sure they recognize the signs) and meetltin professionals. Since mental health problems
have been reported following only evacuations (thdi't include actual flooding, damage,
casualties, etc.), this aspect should be includexvacuation planning.

UV: Skin cancer

information

Other: Societal disruption elsewhere

Present political trends all hamper adaptationie$alcchange or transition is needed.
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C.6. Other comments

[Other health effects of climate charlgduggen brengen nu nog geen ziekten over maaratiyvel

heel vervelend. Verwacht wordt dat het actieveasizanger zal worden en dat de aantallen muggen
zullen toenemen in ons land. Zie http://www.nateurtht.nl/default.asp?cat=&id=1548 en het daar
genoemde rapport van Verdonschot. De overlasteraler toenemen indien ook muggensoorten als de
Tijgermug zich in ons land gaan vestigen. Deze stagkt veel venijniger dan de muggen die we al in
ons land hebben en ze steken ook nog eens ove@tag’ muggen doen dat niet of nauwelijks. De
kwaliteit van leven voor grote aantallen mensersahistantieel afnemen (ook nachtrust) zeker als er
ook de dreiging van ziekten bijkomt.

Climate change is of very limited relevance for &upublic health (if any). It is much better (and
much more efficient) to invest money and capactesitigate health consequences in the more
susceptible regions and populations in the world.

| know there are/will be less bees.

especially for the most vulnerable people (likeelgrelderly) climate change will have a negative
effect

No other effects, but some effects will be moreesevor the group of workers in the field or foeth
elderly people.

[Other health effects of climate charidgéash flooding sewerage overflow and exposurpathogens
molds increase in indoor air quality

The effects due to social disruption of societalcures, possibly elsewhere, were not includediand
my view present the greatest risks.
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Appendix D. Summaries of approaches

These summaries were provided for the PBL & WHO workshop YPaolptions for climate
change and health’, Bonn, 11-12 February 2010. The first section ddatth&iapproach of
this study, the second section deals with the policy implications of thikstes

Expert survey regarding uncertainty

In 2009, an expert-survey was held on climate change, health and untiestan the
Netherlands. The purpose of the study was to examine the tduateertainty regarding the
health effects of climate change, to judge the relevancaatf gotential health effect for the
Netherlands and to reflect on the implications of uncertaintgliorate change adaptation.
The survey used a shortlist of 33 climate change related hisalies on the themes:
temperature, allergy, pests, vector-borne diseases, food- amdheate diseases, air quality,
flooding and storm, and UV.

During the first (and main) part of the survey, the levalmfertainty regarding each
health issue was explored. Given the present state of knowleggests were asked to
indicate the ‘level of precision’ with which science is atdeestimate the magnitude of the
health risk of each health issue. A ‘level of precisionlesgas used, as indicated in Table 1.
Respondents were also asked to provide a brief argumentation and, if possible gsatueslit
references. The argumentation was used to analyze the lines of reasadiing te the scores
and to explain differences in scores between the experts.

During the second part of the survey, experts were askedédct seé five most
relevant health issues (from the shortlist) for climatengbhaadaptation in the Netherlands.
They were asked to take into account not only the health impatcgldp e.g. public and
political perception and the availability of options for adaptand control. These selections
were translated into total scores for each health issue. Follonéhgseare, respondents were
asked to provide an argumentation for the score, some additionainatfon on specific
uncertainties regarding this health effect, and some initial ideas on wiaiptaton strategies
would be either well-capable of dealing with the uncertainties or veryralleeto them.

Table 10. Levels of precision (based on: Risbey &andlikar, 2007; Slottje et al., 2008).

Rating: | Label: Description:

1 Effective ignorancel Knowledge of the factors that govern this effectasveak that we
are effectively ignorant.
2 Ambiguous sign or| Some effect is expected, but its sign or trendbisclear. There are
trend plausible arguments either direction (effect cduédpositive, could
be negative; could increase or decrease).
3 Expected sign or | It is clear what the sign and trend of the effeitt lve. However,
trend there is no plausible or reliable information omigtrong it will be.
4 Order of magnitudg It is possible to give a rough indication of thegnidude of the effect

a qualitative scoring (e.g. 1-10 scale), or a rocgmparison with
other effects.

5 Bounds It is possible to estimate the bounds for the ithistion of the effect,
e.g. its 5/95 percentiles (effect is only 5% likedybe more than ...
and only 5% likely to be less than ...). However,shape of the
distribution, or best-guess estimates, cannot beiged.

6 Full probability It is possible to provide a full probability densftinction; the bounds$
density function as well as the shape of the distribution.
N/A Don't know / no answer
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Expert survey on adaptation options and strategies (at WHO workshop)

The basic premise of examining the levels of uncertainty ladeievance of health effects
for adaptation is that these have implications for thecsete of policy strategies. For
instance, a traditional risk approach would require information onthetimagnitude of the
health impact and its chances, i.e. a ‘full probability derfsitiction’ of the health risk. It
cannot deal very well with ignorance. A resilience approachthe other hand, is quite
capable of dealing with effects that can be estimated origxpected sign or trend’ or even
an ‘ambiguous sign or trend’. Along similar lines, the more politgvent an effect is,
whether due to large health impacts or public perception, the costly and extensive the
policy options that can be considered. In addition, if a health efféighly relevant and/or
can be estimated with a high level of precision, it woulddsgee to argue for policy options
targeting that health effect specifically. For options with lelevance and/or precision, more
generic or holistic options could be considered. See Table 2 for a quichk.ske

Whether various strategies and options for various healttiefiee useful in a given
situation, country or region therefore depends on a number of chestazderExamples
include: whether they are prediction- or system-oriented (esgstaace vs. resilience), are
costly or extensive, have auxiliary benefits, are genericpecific for a health effect, et
cetera. The aim for the WHO workshop would be to evaluatdighef options generated
there on a number of such characteristics. The exact listavhaleristics has yet to be
determined, but can be based on an evaluation framework already ddvelbpgbe
Netherlands Environmental Assessment Agency (PBIhe evaluation method could consist
of a rating on scales such as: 1-10 scales, yes/no, (straigggree — (strongly) agree, etc.,
followed by discussion. In addition, some form of discussion of evafuat the implications
(i.e. considering uncertainty, relevance, and the characterigticg, could be considered
promising approaches?) could be considered. However, large eddés between
countries/regions are to be expected.

Table 11. Uncertainty, relevance and policy optiogistrategies.

Low relevance High relevance
High level of precision (low | Tailored/prediction-based Tailored/prediction-based
level of uncertainty) strategies (e.g. risk approach) al strategies (e.qg. risk approach) are

feasible. Focus on options with | feasible. Consider costly and
low costs or important auxiliary | extensive options.

benefits.
Low level of precision (high | Enhance the system’s capabilityy Enhance the system’s capability
level of uncertainty) of dealing with changes, of dealing with changes,

uncertainties and surprises (e.g.| uncertainties and surprises (e.g.
resilience approach). Focus on | resilience approach). Consider
options with low costs or costly and extensive options.
important auxiliary benefits.

Low relevance | High relevance
High level of precision (low Options can be highly specific
level of uncertainty) for the health effect.

Low level of precision (high | Options are preferably fairly
level of uncertainty) generic, reducing a range of hea
effects, rather than a specific one

° The PBL evaluation framework includes charactiesssuch as resistance, resilience, adaptive
capacity, flexibility, indirect effects, time aspgcjustice, etc.
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