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1. Introduction

With its close connections to the environment and climafjttourism is considered to be a hig

climatesensitive economic sector similar to agricultunsurance, energy, and transportation. Ind

climate change is not a remote future event forissm. Manyimpacts of a changing climate are e

now becoming evident adlifferent destinations around the world and climate changalisady

influencing decisiormaking in the tourism sect

Many tourist activities depend on weather condgi@md natural sources and most tourists hav

high flexibility to adjust their holiday destinatis Schroteret al, 200f). The interest in the
relationship between weather and climate on the larel and recreation and tourism on the ¢

started around the 1950s (Scettaal, 2006).

However, until relatively recently, climate was eatered a more or less statcharacteristc of
destinations. It was assumed that climate couldanodunt for any lor-term trends in tourism demal

(Abegget al., 1997).Nonethelesshe climate change projections from the Intergovemtal Panel o

Climate Change (IPCC) have led to a renewed intenethe relation between climate and the tour

sector. Peculiar of this relatiors thatit is driven by climate change at two diffent sites, that is, in
the countries of origin as well as the destinatoantries.

In addition, tourism with itglobal economic and social value, connections with development a

sustainabilityand its strong relationships with climate gained arelevant position ir the actions
against climate change led by United Natiot

Although research on this topic has gained sonmentah in recent years, the influence of clirr

change on tourism has only been investigated insterdies, thuremaining poorly understoc

In this study we manlfocus on coastal tourisras winter tourisnis not relevant t the cities involved
in the project (Bullas and Patre

2. Projected climate changes relevant for tourisi

A correlation between tourism and in particular calasburism and some climatic variak is
particularly evident.. Gastal zones are often subjected to significartiraptc pressures, which ma
them more vulnerable to the impacts of climate geann particular,sea level rise (SLF and an
increased incidence @fxtreme weather ever Loss of valuable land due to SLR is one of the m
impacts of climate change, even though tectonic en@nts, to some extent, mitigate the impe
Together with land, alsinfrastructures and ecosystems may be due to th SLR, or damaged
because of increased coastal erosion or extremthereavents. Extremely hot temperatures are li
to displace summer tourism away from coastal aread, this trend is likelyo be exacerbated by
increasing shortage of water resources. The sepetature is expected to increase, leadini
northward shift of biodiversity and commerciallylwvable species (EEA, 2005), or invasion by a
species.

Besides, also other parametars importar, in particularfor the comfort and safety of the tourist
example: intensity of radiation, reflected radiatizvind, and humidit

3. Vulnerability of tourism to climate change

It is surprising that vulnerabili of the tourism sectorrgceived, so far, so limited attenti . It has
been mplicitly, investigated, by studieaddressing one of itthree dimensions : exposure, sensitiv
and adaptive capacity.




In this document we try to structure a methodyfor a comprehensiveevaluation of tourism’s
vulnerability through an indicator based apprc. Given the relative novelty of this efforhe
selection of indicators represejust a first attempt to frame future exercises.

3.1 Exposure

Although in literature there aren’ipecific indicators or methodologies to measure vaina wha
(belonging to tourism sector) is mainly exposedtlimate change, subsequently we try to pro
some suggestions about potential indicator usefthis purpose

Significant regional differeres in present and expected climate change giveaiddferent exposur
among human populations and natural systems tatdistimuli. In general, the degree of exposut
tourism to climate change depends on geographocakibn but also on the puise of tourists visits,
and many other socieeonomical factors

Based on the climatic variables that mainly conasow or in the future tourism sector, coastal
beach tourism will be the most exposed to climatnge impacts

Temperature increas@s a result of climate change, will occur with gepdical and seasor
differences. Predictions for temperature increamédcmake the Mediterranean regions very hot,
the summer being more and more warm to the poinproflucing discomfort and Iing touristic
attractiveness. In this sense, touristic flows migirthe summer season will result among the 1
exposed to climate change.
Furthermore, tourist facilities and infrastructuvél be exposed to higher frequency and intensit
extreme wedtter events such as flooding and storms, as wed a&ter shortages and drought peric
However, how extreme events that are relevant uasm, will change in frequency and intensity
difficult to summarize in indicators. Potential rsaeees of expcre to extreme weather events coulc
based, for example, on historic data and trendyaisa
Exposure to sea level rise is likely to cause flogaf some coastal areas and affect infrastrucind
facilities (Mimura 1999; Parso & Powell 2001), particularlyn low lying coastal zon Critical
coastal infrastructure, communities situated closthe coast as well as sea ports will be expos:
coastal flooding, and storms may provoke impactsnantime transport and relateEven small rises
in sea level could result, in fact, in significant eoys and submersion of land, contamination
freshwater aquifers, biodiversity los
Also natural resources represent important fadwmrdourism and will therefore represent eleme
which are exposetb climate change and need to be taken into accoatral sites, protected are
animal populations, plants, type and cover of fr@sd other facets of biodiversi
Finally, the exposure of the tourist sector to elienchange will be properly aluated in terms of the
number of the employees in the coastal/summerdiseictol
Against this background exposure could be sucttgsfionitored by e.q:

» share of tourist arrivals in the summer seg;

* number of tourist facilities aninfrastructure that might be affected by extrematver even,

* number/area of tourist facilities and infrastructulocated on low lying coastal zg;

* number/area of tourist protected areas and/or tstici natural site

* number of employees in the cod/summer tourism sector




3.2 Sensitivity

3.2.1 Description

The sensitivity of the tourism sector to climate rda has beeusuallyaddressed by using statisti
methods (Biganet al.2006; Lise and Tol 2002; Maddison 2001) or by agkourists how they woul
react to specific climateslated changes in a destination (Behriret al.2000; Brauret al. 1999; Scott
et al. 2007a).

Detecting tourism sensitivity to climate is chaljgmg as it involves many dimensions which are .
linked to the purpose of tourist activity. If itsam outcome is relaxationor recreation, then this car

achieved through sightseeing, cultural anort activities.

Thus weather i.e.the day-tlay variation of atmospheric conditic has to be firstly consider.

. Rain, wind, dust storm and fog disturb outdoativéttes and occurrence of such events mus
predicted and communicated to the hoteell in advance to enable them to take precautio
measuresAs far as coastal tourism is concerneater sports, snorkelling and recreational fishirg
among the major attraction&ccordingly, there are several parameters linked to thesehwiged o be
carefully considered and predicted. Storm surgesbsaextremely dangerous even to the most

swimmer. Waves slightly higher than normal, hasb® predicted and communicated to th
responsible for the safety of tourists at

A single casuajt as a result of extreme weather may be bad puplior the country and for tr
tourism industry.

Finally, there are some parameters more directbtee to the comfort and safety of tourists wr
need to be also considered:

1 Temperature: This may aear simple but is vital as the traveller may oftensubject tc
sudden change of up to-35 degrees. The body requires time to adjust td sumupt
changes.

2 Intensity of Radiation: Sometimes even though tbeperature may be bearable,

radiation ty@ and intensity at certain time of the day may benful because of tr
fragility of the skin, the eye and other body paltsense U\-B radiation, most particularl
is to be avoided else may lead to skin cancer gadtatarac

3 Reflected radiation: Gen tourists on the beach consider themselves qgientainder larg
umbrellas. Such may not be the case as equallgsateadiation, capable of roasting
skin and likely to cause severe eye damage, isatefll by the sand. Salty water, added 1
makes it an ideal formula for getting s-burnt.

4 Wind: Although slow winds are always welcome in tiwarm climates, it becomes
nuisance for outdoor activities above a certainedpdts direction too is importa
considering that a soothing -breeze is jgasant at some time. However, this may no
the case at other times such winds may add to ide®mfort of people especially as ¢
breezes are often laden with moist-another source of discomfort. In the same way, \
could be a positive factor r recreational activities such as sailing, windsand kite
surfing.

5 Humidity: High humidity is never welcome in warmimhtes. Already elevate
temperatures combined with high relative humidi&§ues may produce an uncomforta
atmosphere that may le to dehydration and even fatality.




3.2.2 Indicators

Below we summarize some indicators proposed recdatlevaluate the sensitivity of the touri:
(beach tourism) sector to climate change (Sabirfeekcl-Nielsen 2009).

An indicator related to mean temperature incre@gdeyant but very coarse metric and not availabl
a global level, could be trghare of arrivals visiting for leisure purpo: (UN-WTO 2006). Assuming
that, tourists visiting for business purposes see friends and relatives are less sensitive toggsain
climate (Fagence and Kevan 19¢

Relatively to the sensitivity factors linked withet extreme events, only a very rough proxy has
found for the “robustness of beach tourism infiadtire and resources towards climatic extre
events”. This proxy indicator, not specific for t@m is:the percent of population annually affectec
meteorological extreme everf8M-DAT 2006). This indicator provides information oovh well a
country can cop with extreme events in general. Unfortunatelygepresents not only the countr
sensitivity, but also its current exposure and ¢heg facets cannot be separated. For this indicet
literature, the average of 10 years is taken irotd accont for the low frequency of extreme eve
As regards the sensitivity factors linked with $exel rise, only one indicator has been found Fer
“proximity of tourism infrastructure and resourdesmaximum shoreline”. This indicator is tkm of
bead length to be nourished in order to maintain inpaot tourist resort aree (IPCC Response
Strategies Working Group 1990) that is general®y suitable indicator for this purpo:s

3.3 Impacts

3.3.1 Description

There are three broad categoriesclimate change impacts that will affect tourismtaedions, theil
competitiveness and sustainability (UNW-UNEP-WMO 2008):

1) Direct climatic impacts Changes in the length and quality of clin-dependent tourism
seasons (e.g., sun-aeda or winter spcs holidays) could have considerable implications
competitive relationships between destinations #merefore the profitability of tourist
enterprises. Studies indicate that a shift of etitra climatic conditions for tourism towar
higher latitudesand altitudes is very likely. As a result, the cetipse position of som
popular holiday areas are anticipated to decling.,(ethe Mediterranean in sumr)
jeopardizing a major sources of incom, whereas other areas (e.g. southern Englar
southernCanada) are expected to impro'Scottet al, 2007). Uncertainties related to tour
climate preference and destination loyalty requattention if the implications for tr
geographic and seasonal redistribution of visitow$ are to be projected ((WTO-UNEP-
WMO 2008).

According to the IPC@ncreasesn the frequency or magnitude of certain weather @imate
extremes (e.g. heat waves, droughts, floods, tabmigclones) are likely (IPCC 20C; IPCC
SREX 2012. Such changes willalso affect thetourism industry through increas
infrastructure damage, additional emergency prelp@®ss requirements, higher opera
expenses (e.g., insurance, backup water and poygéenss, and evacuations), and busi
interruptions.

Indirect environmental chane impacts Several studies have examined the extent to w
climate change can affect the economy of a couhtgugh its effect on environmental featu
(Uyarra et al., 2005)Changes in water availability, biodiversity losgduced landscag
aesthett, altered agricultural production (e.g., food awthe tourism), increased natu
hazards, coastal erosion and inundation (causesgtdyevel rise), damage to infrastructure



2)

the increasing incidence of vec-borne diseases will impact tourism torying degrees.
Hallegatte et al. (2008) report examples of indiregpacts and notes that coastal infrastruc
designed to protect the city against storm surgeh @s sea walls, may threaten the tou
industry because they deteriorate landscapesystem health and beach leisure attract
(Lothian, 2006). Beach landscape degradation, magcosystem damage and loss of lei.
activity (e.g. diving) would surely lead to a diagsteduction in tourism flow— or at least to a
decrease in the willgness of tourists to pe— leading in turn to declining local incomes. T
EU White Paper on Adaptation to Climate Changeedsin April 2009 highligts that
problems related to water supply can affect toudedtination and are becoming increasir
common in Mediterranean coastal areas. Coastal tausidl also be affected as a conseque
of accelerated coastal erosion and changes in #nmenenvironment and marine water qua
with less fish and more frequent jelly fish anda@dlooms that dermine adverse impact f
recreational fishermen, snorkelers and div

Jelly fish and Algae Bloom

The presence of jellyfish and algal blooms in calastaters and adjacent to beaches reduce:
attractiveness of tourism for those beaches. Th@E®nomena due to combination of higher w
tempeatures, overfishing and nutrient influxes. In tediterranean, algal blooms are boosted by ni
and phosphate influxes from farming and human wga<Climate change including increasing se
temperatures and stratification may increase thgaanand extent of theutrophicatio in the Adriatic and
Mediterranean Seas, as well as other enclosedlikeathe Batic and Black Seasn the past, there havel
been several incidents of algae blooms in the Medihean: in the summer of 1989, the effect

eutrophication consisted in the appearance in Aidrsea of large mats of a bro-colored, slimy, sticky,
rotting and sometimes malodorous substance and its mgaahi on the beaches. The phenomenon re¢

its peak right in the middle of the tourist seasiom, mic-July. As reported during the Semir"Coastal

Tourism in the Mediterranean: Adapting to Climathange" Cagliari (Sardini-, Italy, 810 June 2009)
the situation in 1989 appears to be the only ondiatl with reference to tourism aspect, even thahghe

have been more recent algae blooms; in facte lgtknown about the perception of tourisf such events.
Tourists asked whether they would "seriously corgleatte not spending a holiday along the Adriatics

summer’?, 35% of interviewed tourists stated yesotAer third of the tourists (34%) said they hojite

would get better, and 23% indted that it was too late to change plans. Only X&d that algae had 1

influence on their holiday, indicating that morengeally, algae blooms may have a considerable itmpa
tourism. Incidences such as algae blooms are irmpofor tourism, in thi they are difficult to deal witt
given that they affect the primary tourist attrantii.e. the sun, sand and sea pro

Sources: Report on the Seminar "Coastal TourisithénMediterranean: Adapting to Climate Chan
Cagliari (Sardinia), Italy, -10 June 2009; http://copranet.projects.et-
d.de/files/000168 _EUROSION_Climate Change_and_@basid Beach Management in_Europe

In contrast to the varied impacts of a changedatnon tourism, the indirect efts of climate
induced environmental change are likely to be lgrgegative. However, in some tourist sit
more favourable climatic conditions could have aifpee impact on local economies if touri:
respond to these changes by altering their ctof destination (Uyarra et al., 20(

Indirect societal change impac. Climate change is thought to pose a risk to fuegenomic
growth and to the political stability of some naiso Any such reduction of global GDP due
climate change would reducee discretionary wealth available to consumers dorism anc




have negative implications for anticipated futureovgh in tourism. Climate change
considered a risk fanational and international security that will stiaintensify, particularly
under greater warming scenarios. International tourises averse to political instability ar
social unrest, and negative tour-demand repercussions for climate change securtsphts,
many of which are believed to be in developingoradj are evident (all et al. 2004). (Scotet
al. 2007).

Climate, the natural environment, and personaltgafee three primary factors in destination cho

and global climate change éxpectec to have significant impacts on all three of thesetdrs at thi

regional level.

3.3.2 Methodologies and indicat:

In general there are two kinds of approaches ticnattthe impacts of climate change: -down and
bottomup. Several research studwithin the first streamg.g.Nordhaus, 1992; Nordhaus and Ya
1996; Mastrandrea and Schneider 2004; Hitz and Smith428@ern, 2007) have estima/ applied
climate damage functions as redi-form formulations linking climate variables to econic impacts
(usually average global temperature to gross domesbduct, GIP). An illustration is the rece
update of the estimate of the damage of climataghan the US of the Stern review (Ackernet al,
2009). These authors assume that economic an-economic damages of climate change a
function of temperature: Ba T

where D refers to damages, T is the temperatunease, a is a constant and N is the expc
governing how fast damages rise. If N = 2, theims4dur times as bad as 2°; if N = 3, then 4°ight
times as bad, etc.

Indeed, this branch dhe literature provided early estimates of the pafanagnitude of the effects
climate change in the world and large regions, &snation of the global temperature change (
Fankhauser, 1994, 1995; Hitz and Smith, 2004; 2@09)

Yet, for assesing impacts and prioritising adaptation policiegts toj-down approach has sor
disadvantages. Firstly, estimates are based ontgdsom the literature coming from different, a
possibly inconsistent, climate scenarios. Secondhly average tempeture and precipitation, a
included not considering other relevant climateialdes and the required ti-space resolution in
climate data. Thirdly, and because of the previpogt, impact estimates lack the geograpt
resolution for adaptation poles. Indeed, aggregate or -down impact estimates might hi
variability of interest in the regional and sectalianensions

Another strand of the literature has followed atdmw-up approach. This bottc-up or sectoral
approach has been implementethe EU PESETA projech(tp://peseta.jrc.ec.europa.), where the
physical effects of climate change are estimateduoying higl-resolution impa«-specific models,
which use common selected high resoluticenarios of the future climate.

Tourism Climate Index (TCI)

Addressing tourism and climatsome global studies are availabderelunget al. 2007; Hamiltoret
al. 2005), whereas others focus on specific countHamilton, Tol, 200Y or destinatiortypes, such
as ski areas (OECD, 2007), parks (Jones, Scot)2@@d coastal zones (Moreno, Amelung, 2(
Moreno, Becken, 2009). Relatively few studies hapecifically analyzed the potential impacts
climate change on the numbers of tourists vig a specific country.

1C



One of the key aspects in analyzing the impacidiofate change on the tourism sectoto express
the impacts of climate change in a suitable physicdicator that can be used to model
attractiveness of the climate to tists.

Some authors (e.¢gdamilton et al. (200)) only summarize a single climatic asy like temperature
change. Alternatively, a composite indicator captyia range of relevant climatic aspects can bd.t
The most commonly used of these indices he Tourism Climate Index (TCI) developed
Mieczkowski (1985)This index is used also in the UE PESETA project imnparticular in the sectic
related to the physical impact assessment forgou

In the 1960s and 1970s systematic research wasrmed on the influence of climatic conditions

the physical well being of humans. This resear@ldgd important insights, ranging from prefer
temperatures, and the role of relative humidittherole of winc

Hatch (1984, 1988) and Mieczkowski (1Y) are among the very few who appliecose general
findings to recreation and tourism. It should beéedothat the appreciation of climatic condition:
dependent on a host of non climatic factors, suctha level of activity, clothing, and genetic-up

(Matzarakis, 2001).

Mieczkowski devised a tourism climatic index (TCiyhich is based on the notion “human

comfort” and consists of five s-indices, each represented by one or two monthiyiate variables
The five subindices and their constitnt variables are as follows in table 1.

Table 1: Subindices within the Tourism Climate Index
Sub-Index Monthly Climate Variables

Influence on TCI Weighting in TCI

(CID)

Daytime Comfort Index

maximum daily temperatui
[in °C] & minimum daily
relativehumidity [%0]

Represents thermal comfort when maxim
tourist activity occurs

40%

Daily Comfort
(CIA)

Index

mean daily temperature [
°C] & mean daily relative
humidity [%]

represents thermal comfort over the full
hour period, including sleeping hours

10%

Precipitation (P)

total precipitation [in mnr

reflects the negative impact that this elen
has on outdoor activities and holid
enjoyment

20%

Sunshine (S)

total hours of sunshir

rated as positive for tourism, k
acknowledged can be neiyat because of th
risk of sunburn and added discomfort on
days

20%

Wind (W)

average wind speed [in m/s
km/h]

variable effect depending on temperat
(evaporative cooling effect in hot climat
rated positively, while ‘wind chill’ in col
climates rated negative

10%

Source: Based on Mieczkowski (1985)

The index is calculated as follov

TCI = 24[(4*CID) + CIA + (2*P) + (2*S) + W
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where CID = daytime comfort index, CIA = daily camrfindex, P = precipitation, S = sunshine,
W = wind speed. With an optimal rating for eachiafale of 5, the maximum value of the index is 1
All sub-indices are calculated with mean monthly va.

The thermal comfort indices are based on effeceweperature, which is a measure of temperature
takes the effect of relative humidity into accoufhe wind su-index combines information abc
wind speed and temperature. The other indices @ased on single variables and reflect either
empirical findings of physiological research or ijative assessments of tourist preferer

A crucial issue is the fact that tourists' apprecraof climatic conditions depends on activity éés.
Beachholidays, for example, require other climatic cdiatis than biking trip:

Mieczkowski took light outdoor activities as theiqoof reference for his rating system, and
example is followed here. The rating scheme isiléetan Table 2

In the Mieckowski TCI, the highest weight is given to the da comfort index to reflect the fa
that tourists are generally most active during dag, and that temperature is a key determinal
climate fitness. Sunshine and precipitation areemgithe secor-highest weights, followed by dai
thermal comfort and wind speed. The maximum TClreds 100, the minimum TCI score —30,
which is attained when both CID and CIA adopt thminimum score 0—3. For each of the sub-
indices, Mieczkowski considered seal alternative indicators, and several alternatways of
translating these indicators into ratings, choosialytions that were both theoretically defenstduhel
practically feasible. The weights used in equatoe do have some basis in scientific wledge, but
they do contain a strong element of subjective gunent

12



Table 2: Mieczkowski’s weighting schem

Effective Mean monthly mgitnhl Wind chill
Rating | temperature precipitation Y Wind speed (km/h) cooling
o sunshine 2
(°C) (Mm/month) (Hours/day) (Watts/m</hr)
Normal Trade wind Hot climate
5.0 20-27 0.0-14.9 >10 <2.88 12.24-19.79
19-20
4.5 27_08 15.0-29.9 9-10 2.88-5.75
18 -19 9.04-12.23
4.0 28 _ 29 30.0-44.9 8-9 5.76 —9.03 19 80-24 29 <500
17-18 j
35 2930 45.0 -59.9 7-8 9.04 - 12.23
15-17 12.24 —| 5.76 —9.03
30 1 30-31 600-749 16-7 19.79 24.3(-28.79 500625
10-15 19.80 -
25 31-32 75.0 -89.9 5-6 54.99 2.88-5.75
5-10 24.30 —| <2.88
2.0 32_133 105.0 -104.9 4-5 28.79 28.80 — 38.52 <2.88 625 — 750
0-5 28.80 -
1.5 33-34 105.0 -119.9 3-4 38.52 2.88-5.75 750 — 875
1.0 354__035 120.0 -134.9 2- 5.76—9.03 | 875-1000
0.5 35-36 135.0 449.9 - 9.04—12.23| 1000 — 1125
0.2F 1125-1250
0.0 -10--5 >150.0 <1 >38.52 >38.52 >12.24 >1250
-1.0 -15--10
-2.0 -20--15
-3.0 <-20

Source: Based on Mieczkowski (1985)

Hatch (1988)Xeveloped a similar index, the “climate code”, whis based on similar variables bt
different weighting scheme. Despite the differendes shifts in suitability patterns that the twdices

project are very similar. Here, only the analyséh the Mieczkowski TCI are reported ¢

Based on a location’s index value, its suitabildytourism activity is then rated on a scale fr-30 to
100. Mieczkowski divided this scale into ten categ®m ranging from “ideal” (90 to 100), “exceller
(80 to ®) and “very good” (70 to79) to “extremely unfavabke” (1(-19) and “impossible”-30 to 9).
In this study, a TCI value of 70 or higher is calesed attractive to the “typical” tourist engagec
relatively light activities such as si-seeing and shoppy. Table 3 illustrates the rating scale

tourism comfort.

Table 3: Tourism Climatic Index Rating Systen

Numeric value of index Description of comfort level for tourism activity
90 — 100 Ideal

80 -89 Excellent

70-79 Very good

60 — 69 Good

50 - 59 Acceptable

40 - 49 Marginal

30-39 Unfavourable

20-29 Very unfavourable
10-19 Extremely unfavourabl
Below 9 Impossible

Source: Mieczkowski (1985)
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Seasonal patterns are crucial for tourism behavibese also can kcaptured by the TCScott and
Mcboyle (2001)) Table 4 and figl show the details.

A distribution qualifies as “optimal” if all montlratings are 80 or higher; it qualifies as “podrall
monthly ratings are 40 or lower. If these condisiaio not aply, there are four other options. T
summer and winter peak distributions apply if thghkst TCI ratings occur in summer or win
respectively. If the scores in spring and autunenhagher than in both summer and winter, the birh
distribution appks. The ‘dry season peak’ is somewhat ambiguoesaluse the dry season ¢
coincide with either the spring or the autumn sea3terefore, in this paper, the ‘dry season p
distribution is split up into spring peak and autupeak. In a spring peaautumn peak) distributiol
the highest TCI scores occur in the spring (autuseson, with autumn (spring) not coming in sec
place; otherwise the bimodal distribution would lgg

Note that the relationship between months and ssas$® adjusted for e hemisphere that is
considered. For example: in the northern hemisphbee spring season is taken to encompas:
months of March, April and May, while in the soutméhemisphere, it is taken to encompass
months of September, October and Noven

Table 4: Classification of TCI distributions

All months Spring Summer Autumr Winter
Optimal >8C - - - -
Poor <40 - - - -
Summer Pea - - 1st highest TC - -
Winter Peak - - - - 1st highest TCI
Bimodal - 1st or 2nd highes - 1st or 2nchighest -
TCI TCI
Dry season Peak - 1st highest TCI (o - 1st highe_st TCI (o -
Autumn) Spring
Spring Peak - 1st highest TCI - 3rd or 4th highes -
TCI
Autumn Peak - 3rd or_lz}gll highes - 1st highest TC -

Source: Adapted from Scott and Mcbog2©01): Dark shaded original category replacedddyt lshaded new categor
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‘Optimal’ ‘Poor’

‘Summer Peak’ ‘Winter Peak’

‘Bimodal - Shoulder Peaks’ ‘Dry Season Peak’

/U\

Source: Scott and Mcboyle (2001)
Figure 1: Conceptual tourism climate distributions

Mieczkowski's and Hatch's TCIs were originally ded to assess the quality of existing climates
tourist purposes. Climate change research hastheless opened up new fields of application for
analyses. The combination of the TCI with proje scenarios of future climate conditions has sc
been limitede.g. Amelung et al., 2007; Amelung, 0@melung & Viner, 2006; Scott et al., 200
These studies demonstrate both the utility of adopof the TCI approach in analyses of poter
climatechange impacts, and the substantial impacts tltht dtange might have on tourism pattern
Europe, Canada, the United States and Mexico treecdming centur

Validating the performance of TCIs as a predictar tburist demanaemairs however troublesome.
First and foremost, climatic conditions are by neams the only determinant of tourist patterns;ena
there is an amalgam of factors involved, includprige, distance, landscapes, income, and cul
heritage. Furthermore, not only the cltic conditions per se are important, but also tbeddions
relative to those of competing areas (Hamilton,30@Il significant tourist flows and destinatio
should therefore be studied in an integrated manregher than in isolation. This puts ¢ng
requirements on the completeness and consisterdataset:

This said, n the context of the PESETA project, a statist@ahlysis of the relationship betwe
tourists’ arrivals and the TCI has also been cdraet for the Mediterranean countr The predictive
power of the TCl is high, with an? of 0.72, a value very similar to the one obtainedthe exampli
of Mallorca (Figure 2).
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Source: EU PESETA project
Figure 2 Correlation between TCI scores and arrivals for he Spanish island oMallorca in 2005

Although this body of evidence is not conclusiye positive results do support the hypothesis us
the PESETA project that TCls can be effective iathics for the climatic attractiveness of tou
destinations.

Further, result®f Peseta project provide simulated condition fomser tourism according to a Hit
Emissions Scenario (IPCC SRES A2) for the 1990 and 2071-2100.
In this scenario, TCI decrease remarkably in soutlt®urope suggesting that the suitability of

Mediterranean for tourism will decline during the suer months througteduction in peak summer

tourism with related economic losses. Moreothe PESETA project indicated significant poten
shifts in the climatic suitability for tourism, wvitthe beliof excellent summer conditions moving frc
the Mediterranean towards northern Europe. Thectemtuin attractiveness of current summer res
is likely to be at least partially offset by incsea opportunities for tourism in northern Europethe
shouder seasons (spring and autumn, not shown he@)sdores are generally projected to incre
throughout Europe and particularly in southern Nerdanean countries, which could compensate
some losses experienced in sumnEEA-JRC-WHO, 2008).

A second approacln analyzing the impacts of climate change on theism sector is ' estimate the
elasticity of tourism demand to its different detérantssuch as climate, cultural setting, presenc
historical sites, level of facilities, distanced travel costs, and so on (e.g. Crouch Gl, 1)

With regard to coastal tourism, climate change Ive® wheather condition and beach characteris
that are key factors for demand. Several investigathave considered how visitor numbers \
betweenlocations in relation to beach characteristie.g., Jedrzejczak, 2004; Tudor and Willian
2006; Tzatzanis and Wrbka, 2002) and how numbeangdh at locations over time with weat
conditions €.g.,de Freitas, 1990; Dwyer, 1988). Coombes et al. §) have examined how visit
numbers may respond to modifications to both beawwracteristics and weather conditions.
authors have quantified the effects of changesnmperature, precipitation, and sea level rise eitori
numbers at beaches forufoclimate change scenarios, using the case st@idiieo East Angliat
coastline.

There are finally examples where all these elemam@€ompacted in a model of tourist behe.
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The most “famous” model of this typology is Hamburg Tourism Mod (Hamilton JM, et al.,
2005)and its evolutiongBigano A. et.al. (200. The goal of this model is to describe, at a Heytel
of geographic disaggregation, the reactions to atéhrchange of tourist behaviour, both in term:
changes in their (domestand international) numbers and in terms of changea$eir expenditur
decisions.

3.4 Adaptive capacity

The IPCC (2007b) has indicated that all societres @conomic sectors will inevitability need to ab
to climate change in the decades ahead, and tlagtadibn is already occurring in many econo
sectors, including tourism.

Adaptive capacity enablesectors and institutions to take advantage of dppities or benefits fror
climate change, such as a longer growing seasmti@ased potential for tourism (Adger et al. 2C

The dynamic nature of the tourism industry andaitslity to cope with arange of recent shocks,

including SARS, terrorism attacks in a number diares, or the Asian tsunami, suggests a relati
high climate change adaptive capacity within theriton industry overall (UNWT-UNEP-WMO
2008). The capacity to adapt to climechange (see Figure 3) is thought to vary betweer
components of the tourism value chain: touristayison service suppliers, destination communit
tour operators subsectors of the tourism indugtgasser & Burki 2002, Gossling & Hall 2006, Sc
2006, Becken & Hay 2007). Tourists have the gréaadaptive capacity (depending on three
resourcesmoney knowledgeandtime) with relative freedom to avoid destinations imjgalcby climate
change or shifting the timing of travel to avoidawouralle climate conditions. As such, the respao
of tourists to the complexity of destination imgauiill reshape demand patterns and play a pivotal
in the eventual impacts of climate change on theism industry

Tourism service suppliers and opers at specific destinations have less adaptive dgpaarge tour
operators, who do not own the infrastructure, are better position to adapt to changes at desims
because they can respond to clients demands amnitd@ronformation to influencelients’ travel
choices. Destination communities and tourism opesatvith large investments in immobile cap
assets (e.g., hotel, resort complex, marina, dnepbave the least adaptive capacity. The inforone
requirements, policy changes and istments that are required for effective adaptabgntourism
destinations require decades to implement in so@ses; and so there is a need for rapid actio
destinations predicted to be among those impagtedit¢- century (UNWTCGUNEP-WMO 2008).
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, Tour Operators, Hotels/Resorts,
Tourists Transport Providers Attractions
(railways, airlines) Operators
Travel Agents Communities

Adaptive Capacity

Source: UNWTO-UNEP-WMO 2008

Figure 3: Relative Adaptive Capacity of Major Tourism Suk-sectors

The tourism sector has adapted its operationsinoatd zones wor-wide. As Table 5 illustrates,
diverse range of technological, managerial, padingl behavioural adaptation measures are currer
use by tourism stakeholders to deal with climairiability at the destination level. Climate adapias
are rarely undertaken in isolation, but commonhoime multiple adaptations that are specific to
destination climate and its tourism products. Tdeation specific nature of climate adaptaicreates a
complex mix of adaptations being practiced in thaism sector across the glol
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Table 5: A Portfolio of Climate Change Adaptationsstrategies in the tourism sectc

. Financial Sector
Type of . Tourism Industry Governments and )
. Tourism Operators/ I o (investors/
Adaptation - Associations Communities .
Businesses insurance)
-Require advanced
-Snowmaking -Slope -Enable access to early -Reservoirs, and building design or
contouring warning equipment (e.g. desalination plantskee material(fire
Technical -Rainwater collection and radios) to tourism operator$ structures for water resistant) standards
water recycling systems - Develop websites with consumption for insurance
-Cyclone-proof building practical information on -Weather forecasting ar - Provide
design and structure adaptation measures early warning systerr information material
to customers
-Snow condition reports
-Water conservation plans through the media S
-Impact management pla | -Adjust insurance
-Low season closures - Use of short-term seasonal ) - ;
i (e.g., ‘Coral Bleachin premiums or not
-Product and market forecasts for the planning qf ; .
. e . L Response Plan’) renew insurance
. diversification marketing activities ( ; =
Managerial ; - T L -Convention/ event policies
-Regional diversification in - Training programmes on | . o i .
h . . . interruption insurance -Restrict lending to
business operations climate change adaptation - bsidi hiah risk busi
-Redirect clients away frol - Encourage environmenta .-Busmess subsidies (e. Igh risk busIness
. 2 e insurance or energy cos operations
impacted destinations management with firms
(e.qg. via certificatior
-Coordinated political
. . . lobbying for GHG emission| -Coastal management ple | -Consideration of
-Hurricane interruption . - . . -
reductions and adaptation | and set back requiremer climate change in
. guarantees . . L : e
Policy ~ Comply with regulation (e.c mainstreaming -Building design standarc | credit risk and
Omply 9 | - Seek funding to (e.g., for hurricane forc project finance
building code) . . .
implement adaptation winds) assessments
projectt
-Site Location (e.g., north -Monitoring programs (e.g
X ; - Assess awareness of . . .
facing slopes, higher : . predict bleaching or -Extreme event risk
Research . : . businesses and tourists and . )
elevations for ski areas, hit knowledae qans avalanche risk, beach wa | exposure
snow fall areas) 9¢ gap quality)
-Water conservation )
. . . . . . - Educate/inform
Education -Water conservation educati | -Public educat!on campaigh campaigns potential and
for employees and guests (e.g., ‘Keep Winter Cool’) | -Campaigns on the dange -
e existing customers
of UV radiation
-Realtime webcams of sno' | -GHG emission offset
Behavioural conditions programs -Extreme event recovel - Good practice in-
-GHG emission offset - Water conservation marketing house
programs initiatives

Source: Adapted from UNWTO-UNERAMO 200¢

In Moreno and Becken (2009) some examples of adapéipacity indicators concerning “managenr
capacity”, “access to financing” and “institutioripport” are illustratecnumber of resorts that a
part of an early warning syste, money invested into ade&gpion measures and technols
diversification of activitiesandmarketing campaigi. These indicators are quite general and coul
properly adapted to different climate variable potions relevant for tourism such as m
temperature increase, as at extreme weather events and sea level risegioA, Becken ¢
2009). Furthermore, th@mplementation level of sectoral plans includingmelte chang could
represent another basic element for the evaluafiadaptive capacit

3.5 Vulnerability assessment

Tourism systems have been identified as completesys and the interactions between tourism
climate adds another layer of complexity. A toudsstination comprises a variety of stakeholdel
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agents, including tourism businesses, pulsector organizations, community groups and -
governmental organization (NGOs). Moreover, thetidason is characterized by different settin
both natural and cultural, a broad range of inftacttire and the kinds of activities that differéypes
of tourists might engage in.

As a consequence, it should be recognized thatresto destination is a complex system that con
of many different vulnerability situations. Each thlese are characterized by different attribute
concern, hazards, geholders involved, timeframes considered and agapapacities

The quantification of vulnerability to climate clgerequires consistent and structured methodolc
In some cases, the three dimensions of vulnenalfditposure, sensitivity and adaptive capacity)
not perfectly separable and need to be nego depending on the context of analy:

Some attempts to assess vulnerability of tourisnolitnate change have been proposed in the
Polsky et al. (2007) developed the vulnerability@ng diagram (VSD) as a tool for visualization
comparison beteen different vulnerability assessments. The diagis composed of three layers:
innermost layer relates to the dimensions of vab#ity, namely exposure, sensitivity and adap
capacity. The next layer specifies the componeh&aoh vulnerallity dimensions, i.e. the “abstra
characteristics” that typify the dimensions. Figathe outermost layer shows the indicators thai
used to measure the compone

Moreno and Becken (2009) developed a-step methodology for assessing tourisvulnerability
and applied the VSD in the framework of the thiteépsspecifically focusing the “vulnerabili
assessment” (Figure 4).

\}\aasures of componey,; &

Current erosion
Value (e.g. $) rates

Location onents of dimeng;; Character (e.g"
Ooﬂ\P s topography)
Infrastructure Characteristics of

Population beach/shore

number :
Local population ons of vuin
g(\s rg,
B \((\ é,/'/.
Q Z Cyclone-proo
Condition of buildings

Tourists per Tourist infrastructure

night population

Exposure Sensitivity

Vulnerability Origin
Frequency

Tourists’
Cyclone risk perception Perceptions
Intensity Adaptive capacity

Institutional
support

Management
capacity

Early warning

system

Access to
financing

Diversification

Marketing

Investment into

adaptation Technology

deployed

Source: Moreno and Becken, 2009
Figure 4: Vulnerability Scoping Diagram for the “beach-cyclone” suk-system
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Anotherrecent example of vulnerability assessment approdeveloped at country level, is found
PerchNielsen S. L. (2009), where vulnerability of bedolrism is analysed by means of an in
approach.

As regards vulnerability of community and ecosystddCN (Herr D, Galland G. R., 2009) sugges
use Ecosysterbased Adaptation (EbA) in order to enhance resibeand reduce vulnerability |
limiting exposure and building adaptive capas

In fact EbA is the sustainable management, conervand restcation of ecosystems with the aim
assure the persistent provision of essential ses\vibat help people adapt to the negative impétc
climate change.

4. Conclusions

Scientific literature still reveals a key weaknesshe vulnerability concept ielf and points to the need

for a broader concept and terminology. Extensiveliegtion of the vulnerability assessm
framework to different tourism destinations is #fere required. What can be said in general is
coastal areas and leisure tourisngeneral, are among the most vulnerable toueistioss. They are ni
only exposed and sensitive to climate change, buhany cases their adaptive capacity is low
course each case will have its specifities and ndééd to be analysed through e vulnerability
component.

Knowledge about vulnerability to climate changel whlkerefore play an important role in present
future management strategies of tourism destingtiand will helppolicy makers and resour
managers determine the areas ghest priority for early action.
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5. Tourism impact assessment: Patras & Bull

5.1 Patras

As suggested before ISPRA used the Tourism Clidmatex (TCI) developed by Mieczkowski (19¢
in order to assess the potentially occurring clematpact for turism in Patras

Operatively, the TCI has been calculated for thar @010, as baseline year for Patras municips
Although not in line with these climate data, atkda on tourists arrivals for 2005 (the first azbié
year, source: ADEP) arttieir monthly distribution in Patras (Achaia Pretee) were considered al
analysed by ISPRA. Approximately 70.1% of tourmtsvals is spread over the period A-October,
that represents also the months when TCI scores than 70 (comfort condiins for tourism activity
are considered “Very good, excellent or ideal”jg(ffe 5)

e -,

100 - i N - 35.000
s’ N,
90 - ’ N,
K . - 30.000
80 - |
70 - \ - 25.000

- 20.000

;
\
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- 5.000
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0 1 | | | | | | | | | | ™ 0
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TCI scores
(6]
o
Il

mmm Total touristic arrivals == TCI|2010

Figure 5: Monthly distribution of TCI 2010 and total and foreigners touristic arrivals in Patras (2005

In addition, in order to illustrate the potentiaitdre changing of monthly comfort conditions, 1
scores have been calculategsing temperature projections for Patras, extraftech the statistice
downscaling elaborated by ISPRA, for the two pesi@D4(-2065 and 20€-2100 and from three
different models. In particular, we used three n®dECLIM”, “NN” and “SDSM”) for the four
seasons: Winter (December, January and FebrugoyingS(March, April and May), Summer (Jur
July and August), and Autumn (September, October Movember). Besides, we used precipita
projections for Patras, extracted from the RCM el SMHIRCA model, for 2100 and maintaini
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constant the value of 2010 for 2050. As for sunshwind and humidity for the period 2(-2065 we
maintained the same values as in 2010, while ®p#riod 208-2100 we used the results indicated
the Westen Greece according to a recent study of the Béu@kreece

Comparing the different TCI scores, that have bastained for the two periods in the future (2-
2065 and 2081-210@nd for the three models, and the baseline it may be observed in trgraph
(Figure 6) that the period from June to Octoberwshdower TCIl scores than the baseline y
becoming less climatically attractive. The othemtihs maintain the same conditions or improve t
climatic attraction. In general, TCl always scora least “acceptable” climatic conditions.

conclusion in the future the climatic conditionsRatras will be always relatively comfortable frghtt
outdoor touristic activities, although the summeason will become less climatically attractive t

today.

100 -
D . . Ideal
Acceptable >

TCl scores

10 +

O’ | | | | | | | | | | | |
Jan Feb Mar Apr May  Jun Jul Aug  Sep Oct Nov  Dec

—TCI 2010 = TCI 2046-2065 mod CLIM TCI 2046-2065 mod NN
TCI 2046-2065 mod SDSM === TC| 2081-2100 sc CLIM  ====TCI 2081-2100 sc NN
TCI 2081-2100 sc SDSM

Figure 6: Comparison of TCI scores for the baselingear (2010) and for the future scenarios (20-2065 and 2081-
2100)

In order to assess the impact on future touristas in Patras, past correlation between Tfor rather
long time series) and arrivals should have beelt bpiand the mathematical relationship among tl
variables estimated. The calibrated values of iGhe future should have been placed in the algor
to get the final impact on the arrls. However due to lack of data on past arrivala sufficiently lonc
time series, it was not feasible to follow this heatological option

23



5.1.1The Hamburg Tourism Model (HTM)

At this point an alternative model, the Hamburg figm Model (HTM)was used to assess the img
on tourist demand in Patras, being aware of the du@buts that put in evidence how tourism mi
partially depend on temperature change. The HamBawgism Mode® is an econometrisimulation
model of tourism flows to anddm 207 countries, and is used to analyse scenafipspulation ant
economic growth as well as climate change and ¢firpalicy. The core of the model consists of
econometrically estimated equations, respectivaafrivals (Equation (1)) and cartures (Equations
(2) and (3)). In these equatiothe variables are, respective

Total arrivals per ye

Land area (ki)

Annual average temperature ((

Length of coastline (knr

Per capita income

Total national departur¢abroad) per year
Population (in thousanc

The number of countries with shared land bol
Total domestic tourist trips per y

The destination count

The origin country

CQTWUVTUO<KO-O>

Arrivals are given by:
In A, =5.97+ 2.05110 G, + 96722“ - 272?]1 1017 + 370.3EI]5‘f(1)3d + 0.804n

0.97 0.96 0.0¢

1
SN =139;R, = 0.54

Departures are determined by a t— step procedure. First, the HTM estimates the ttatists
generated by a given country; then it dividesistsirbetween those that travel abroad and thoge
stay within the country of origin. In this way, thecel providesthe total number of holidays as w
as the tradeff between holidays at home and abr

Note that n order to cover not only international tourismwiobut alscdomesti tourism, the HTM
model reéquires an extensive global database dadittount of domestic tourism trips per country in
base yedr

! The model was originally developed Jackie Hamilton, David Maddison, aiichard To, with later additions

by Andrea Bigano and Karen Mayor.

2 For most countries, the volume of domestic toutistis is derived using 1997 data contained in thieoEhonitor
(2002) database. For some other countries, itsreligon alternative sources, such as national titatioffices, other
governmental institutions or trade associationgal@ae mostly in the form of number of trips totiestions beyond a n«

negligible distance from the place of residence mvolve at least one overnight stay. For somentiges, data irthis

format were not available, and consequently the brrmof registered guests in hotels, campsitesgelwstc., or the rati
between the number of overnight stays and the gedemgth of stay, were used. The latter formategstimate domest
tourism by excluding trips to friends and relati
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The number of tourists, that a country generatepedds on the size of the population and ave
income. Population numbers are measured in thouseThe share of domestic tourists out of tc
tourism depends primarily on the climate in the B-country and per capitincome. Missing
observations were filled using two regressionsaltuturist numbersD+H, whereH is the number of
domestic touristsyere interpolated usi

D,+H,
In——2

2) R
N =63;R, = 0.60

=-1.67+ 0.93IY,

0.83 0.10

The number of tourists may exceed the number oplpeavhich implies that people take a holic
more than once a year.

The ratio of domestic to total holidays was intéaped usin

In—He =375+ 08810 16, + 09310 16, + 0.06T0 - O0RIIW
D0 + H o 1.19 0.42 0.30 0.32 1.11

3) +(0.16— 4.43]1(7\(0) Iny,

0.12 1.24

N =63;RE, = 0.36

International tourists are allocated to all otheurttries on the basis of a general attractivenedesxi
climate, per capita income in the destination coesit the distance between origin and destinagtn
The annual mean temperatubecomes a proxy of the climate. A number of otbeplanatory
variables were included in the regression for reasifestimateefficiency, but they were held const:
in the simulation. The number of international tst& to a country is the sum of international tsis
from the other 206 countriés

The core equations were estimated using 1995 daththe model is furtheralibrated, so that the
model almost perfectly reproduces the historicadepbations on the number of domestic tour
international arrivals, and international deparuréMore convincingly, the model reprodus
international arrivals and departures the years 1980, 1985 and 1990; for arrival® is always
greater than 93%, and for departures, greaterfgén

The model shows more in general that countriesigiteh latitudes and altitudes will become m
attractive to tourists, to both domesiourists and those from abroad, although the maddel shows
that the effect of climate change is much smahlantthe combined effects of population and econ
growth, at least for most countries. As a modelMHresents several shortcomings. Its lution is
crude: it does not distinguish seasons, nor classiburists by age and income. Spatially, the rhisc
restricted to countries, but it may be downscatetegions or provinces, through a specific procec
As a matter of fact, the Hamburcourism Model operates at a national scale, resgldomestic
tourism in 207 countries and international touriiows between those countries. However i
possible to look at a finer spatial resolution, f@yying upon national and local data sourceat
provide tourists flows also for more restrictedaarén given year. It is possible to allocate thional
tourists flows estimated by HTM to <-national areas splitting the allocation into a dig
componentC, and an “all other factors” compon, O that sums up all the remaining elements
might influence tourists flows. In the case we gsedl for Patras, 1.5 % of all international towrist

3 See Biganet al.(2005) for further detail




Greece visit Achaia province, where Patras is. diimeate component associated to this tourisiw is
equal to C=0.22T-0.0079T% The other component is set so tfC*O=1.5%, that is,O =
0.033/(0.2719950.0079T19¢2). O is held constant over the simulation period, wiC changes with
respect to the climate variations in Patras, trexevealculald by ISPRA, either referring to the outp
of Global Circulation Models, or using the statiati downscaling results (as reported in
“Mediterranean Baseline Scenario”). As the valoésC change due to climate change, also
touristic arrivals quta will vary.

As shown in details in the annexes, the natiorsllte of HTM were downscaled for the province
Achaia (to whom Patras belongs) by using the oudilable data provided on tourism arrivals (2!
for the whole province). As climate ves from one region to another one, this would leach
regionally differentiated pattern of climate chamggacts on tourism

The growth rate of tourism demand (2-2100) at national level in Greeegas estimated by HTM fc
different developing scenarios with and withouingdie chang:

A1B with CC
A1B without CC

A2 with CC 130
A2 without CC 204

A minimum and a maximum scenario has been considerezach emission scenario just taking |
account the minimum and maximum value of tempee:

As far as A1B scenaris concernec

Table numbe

Change in percentage of touri

Maximum scenario

Statistical downscaling -Mean annual temperature in Greece and Patras (% variat
2100 Temperature [°C] with - without climate change) at
NN 1,725 (maximum) 2100

CI1IM . 1 2758 (minimim’

Minimum scenario

GREECE -23,43

Patras (Achaia) -19,77

Rest of GREECE -23,48
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GREECE -23,43
Patras (Achaia) -11,48
Rest of GREECE -23,61

As far as B1 scenaris concernel

Global Circulation Models Temperature [°C]
B1 (Optimistic scenario) — CNRM 1,9
Statistical downscaling - Mean

annual temperature 2100 Temperature [°C]
NN 1,725 (maximum)
CLIM 1,275 (minimum)

Change in percentage of tourists in Greece andd@tr variation witl- without climate change) at 21

Maximum value downscaling

GREECE -18,12
Patras (Achaia) -12,51
Rest of GREECE -18,21

Minimum value downscaling

GREECE -18,12
Patras (Achaia) -11,36
Rest of GREECE -18,23

As far as A2 scenariis concernes

Global Circulation Models Temperature [°C]
A2 (Pessimistic scenario) — CNRM 3,6
2,0

A2 (Pessimistic scenario) — INGV

Change in percentage of tourists in Greece and¥R@# variation witl- without climate change) at 21

Minimum scenario

GREECE -24,34
Patras (Achaia) -17,51
Rest of GREECE -24,45

Maximum scenario
| GREECE 24,34




Patras (Achaia) -6,43
Rest of GREECE -24,62

As it is evident from each simulation in the di#fat scenarios analysed, tourists arrivalsexpected
to decrease in 2100 in all the Gre and this general reduction will be partially allmhto Patras are

depending on the differential between the mean ¢éeatpre of the country and the mean valu

Patras. The larger the differential will be (witte mean temperature in Greece hicthan the one in
Patras), the less the decrease in arrivals wilh Batras with respect to the rest of Gre

The HTM may represent surely an interesting metioodstimate somehow the dynamics of toul
demand even in such a small area like Patver a year timeframe. Nevertheless it does notasiay
about the seasonality of the related flows, whigtam important factor to assess the real impar
tourism business and plan effective adaptationc@dito redirect tourists towards more conable
periods.

5.1.2 Tourismrelated economic activity and economic valuation diuture impact at present price
The importance of Achaia prefecture in the tourgdrtsreec has been declining. Between the ye

2005 and 2007 there was a severe reduction irothesi spending in Achaia by more than 5

Year 2005 2006 2007
Tourism 121.442.52 108.452.799 56.938.528
spending

Table: Tourism spending in Achaia prefec

Taking into account the 2007 value, maximum lossthat may be predicted
A1B scenarids equal to: 56.938.528-19,77%) = 11256746,9856 €

B1 scenarias equal to: 56.938.528*-12,51%) = 7123009,8528 €

A2 scenarios equal to: 56.938.528-17,51 %)= 9969936,2528 €
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ANNEXES

A1B Maximum scenario

Share of

Stepl Tourists Temp (°C) (annual Temp tourists not _Temperature
Base year 2005 mean) in 2005 Index related to |ncre2aos§52100
climate
GREECE 17843622
Area of Patras 268348 1,725
Rest of Greece 17575274 29
Share (2005)
GREECE 1,000
Area of Patras 0,015 15,161 1,517 0,010
Rest of Greece 0,985 17,7 1,416 0,696
. . New Number of
o T3 Tem (C)in2100 Temp NS tourstspe
GREECE 54244611
Area of Patras 16,886 1,459 0,014 943078,8635
Rest of Greece 20,6 1,175 0,818 53301532,02
Total 0,832 54244610,88
witsrfgﬁts;lizrig?e Tgtljggts Temp (°C) in 2100 ;rn%meg ';l]?gjr?sat;e gﬂ?stig rpc()afr
change area
GREECE 70839179
Patras 15,161 1,517 0,015 1065341,56
Rest of Greece 17,7 1,416 0,985 69773837,78
Total 1,000 70839179,34

Step 4 decrease of tourists in Greece and in thees of Patras (var % with - without climate change)n 2100

GREECE -23,43
Area of Patras -11,48
Rest of Greece -23,61
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A1B Minimum scenario

Share of
Stepl Tourists Temp (°C) (annual Temp tourists not Temperature
Base year 2005 mean) in 2005 Index related to increase
climate
GREECE 17843622
Area of Patras 268348 1,275
Rest of Greece 17575274 1.4
Share
(2005)
GREECE 1,000
Area of Patras 0,015 15,161 1,517 0,010
Rest of Greece 0,985 17,7 1,416 0,696
. . New Number of
Step 2 2100 with  Tourists oy New share :
climate change 2100 Temp (°C)in 2100 Temp of tourists tourists per
Index area
GREECE 54244611
Area of Patras 16,436 1,479 0,015 854760,2872
Rest of Greece 19,1 1,316 0,916 53389850,59
Total 0,930 54244610,88
Step 3 2100 . Number of
. . Tourists R Temp New share .
without climate 2100 Temp (°C) in 2100 Index  of tourists tourists per
change area
GREECE 70839179
Area of Patras 15,161 1,517 0,015 1065341,56
Rest of Greece 17,7 1,416 0,985 69773837,78
Total 1,000 70839179,34

Step 4 decrease of tourists in Greece and in theew of Patras (var % with - without climate change)n 2100

GREECE -23,43
Area of Patras -19,77
Rest of Greece -23,48
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B1 Maximum scenario

Temp (°C)

Share of

Stepl Tourists (annual Temp tourists not Te_mperature
. increase
Base year 2005 mean) in Index related to
) 2100-2005
2005 climate
GREECE 17843622
Area of Patras 268348 1,725
Rest of Greece 17575274 1,9
Fraction
(2005)
GREECE 1,000
Area of Patras 0,015 15,161 1,517 0,010
Rest of Greece 0,985 17,7 1,416 0,696
Step 2 2100 with  Tourists Temp (°C) _Il_\leer:/]v New share N'tjomuﬁgtrs()f
climate change 2100 in 2100 P of tourists
Index per area
GREECE 45144364
Area of Patras 16,886 1,459 0,014 725438,9
Rest of Greece 19,6 1,273 0,886 44418925
Total 0,900 45144364
wiﬁ;[(e)ﬁtilizrig?e Tourists Temp (°C) Temp New share N'tjomuﬁgtrs()f
2100 in 2100 Index  of tourists
change per area
GREECE 55136792
Area of Patras 15,161 1,517 0,015 829195,3
Rest of Greece 17,7 1,416 0,985 54307597

Total

1,000 55136792

Step 4 decrease of tourists in Greece and in thee of Patras (var % with - without climate change)n 2100

GREECE -18,12
Area of Patras -12,51
Rest of Greece -18,21
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B1 Minimum scenario

Temp (°C) Share of Temperature
Stepl Tourists (annual Temp tourists not -mp
. increase
Base year 2005 mean) in Index related to
) 2100-2005
2005 climate
GREECE 17843622
Area of Patras 268348 1,275
Rest of Greece 17575274 1,9
Share (2005)
GREECE 1,000
Area of Patras 0,015 15,161 1,517 0,010
Rest of Greece 0,985 17,7 1,416 0,696
Step 2 2100 with  Tourists Temp (°C) _Il_\leer:/]v New share N'tjomuﬁgtrs()f
climate change 2100 in 2100 P of tourists
Index per area
GREECE 45144364
Area of Patras 16,436 1,479 0,015 735027,2
Rest of Greece 19,6 1,273 0,886 44409336
Total 0,900 45144364
witshtsﬁts;lizrig?e Tourists Temp (°C) Temp  New share N:lomugg{sof
2100 in 2100 Index  of tourists
change per area
GREECE 55136792
Area of Patras 15,161 1,517 0,015 829195,3
Rest of Greece 17,7 1,416 0,985 54307597

Total

1,000 55136792

Step 4 decrease of tourists in Greece and in thee of Patras (var % with - without climate change)n 2100

GREECE -18,12
Area of Patras -11,36
Rest of Greece -18,23
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A2 Maximum scenario

Temp (°C) Share of Temperature
Stepl Tourists (annual Temp tourists not -mp
. increase
Base year 2005 mean) in Index related to
; 2100-2005
2005 climate
GREECE 17843622
Area of Patras 268348 1,725
Rest of Greece 17575274 3,6
Share
(2005)
GREECE 1,000
Area of Patras 0,015 15,161 1,517 0,010
Rest of Greece 0,985 17,7 1,416 0,696
Step 2 2100 with  Tourists Temp (°C) New New share N“".‘ber of
climate change 2100 in 2100 Temp of tourists tourists per
Index area
GREECE 41040331
Area of Patras 16,886 1,459 0,014 763289,0508
Rest of Greece 21,3 1,097 0,763 40277041,55
Total 0,778  41040330,6
. . o Number of
Step 3 2100 with  Tourists Temp (°C) Temp New share tourists per
climate change 2100 in 2100 Index of tourists areap
GREECE 54244611
Area of Patras 15,161 1,517 0,015 815777,92
Rest of Greece 17,7 1,416 0,985 53428832,96
Total 1,000 54244610,88

Step 4 decrease of tourists in Greece and in theew of Patras (var % with - without climate change)n 2100

GREECE -24,34
Area of Patras -6,43
Rest of Greece -24,62
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A2 Minimum scenario

Temp (°C) Share of Temperature
Stepl Tourists 2005 (annue}l Temp tourists not ncrease
Base year mean) in Index related to
; 2100-2005
2005 climate
GREECE 17843622
Area of Patras 268348 1,275
Rest of Greece 17575274 2
Share (2005)
GREECE 1,000
Area of Patras 0,015 15,161 1,517 0,010
Rest of Greece 0,985 17,7 1,416 0,696
. o New Number of
Stt_—:‘p 2 2100 with Tourists 2100 T?mp (°C) Temp New share tourists per
climate change in 2100 of tourists
Index area
GREECE 41040331
Area of Patras 16,436 1,479 0,015 672930,4438
Rest of Greece 19,7 1,264 0,879 40367400,16
Total 0,894  41040330,6
Step 3 2100 Number of
: ) . Temp (°C) Temp New share .
without climate  Tourists 2100 in 2100 Index  of tourists tourists per
change area
GREECE 54244611
Area of Patras 15,161 1,517 0,015 815777,92
Rest of Greece 17,7 1,416 0,985 53428832,96
Total 1,000 54244610,88

Step 4 decrease of tourists in Greece and in theew of Patras (var % with - without climate change)n 2100

GREECE
Area of Patras

Rest of Greece

-24,34
-17,51
-24.,45
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5.2 Bullas

First of all, and in order to get an overview o€ thurrent situation, the TCI index has been
calculated for the year 2010, as baseline yeaBtdias municipality, and as it is shown in the next
figure.

According to this graph, Bullas achieves higher §C€dres between April to October but above all
in May and June (rating=ideal) and in September @ntbber (rating= Excellent). As for tourist
flows, the real data obtained from the Bullas Tstuoffice show that tourists arrive in this region
above all in autumn (September-October) and earipng (March).
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mm Total touristic arrivals ==TCI2010

Figure 7: Monthly distribution of TCI 2010 and total and foreigners touristic arrivals in Bullas (2010

In addition, and in order to illustrate the potahfuture change of monthly comfort conditions, TCI
scores have been calculated considering precqtasunshine, wind and humidity as constant
variables (in these cases predictions are unreliadoid using temperature projections for Bullas,
extracted from the statistical downscaling elalsgaby ISPRA, for two periods 2046-2065 and
2081-2100 and for different scenarios.

In details for the period 2046-2065 we used as mam values the results obtained with the model
“NN” for Winter (December, January and Februariig tesults obtained with the model “SDSM”
for Spring (March, April and May), the results dbtd with the model “NN” for Summer (June,
July and August), and the results obtained with nmiedel “SDSM” for Autumn (September,
October and November).

For the same period but as minimum values we Usedesults obtained with the model “CLIM”
for Winter (December, January and February), forrfgp(March, April and May), for Summer
(June, July and August), and for Autumn (SeptemBetober and November).

For the period 2081-2100 we used as maximum vdhesesults obtained with the model “NN”
for Winter (December, January and February), tiselte obtained with the model “SDSM” for
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Spring (March, April and May), the results obtaineith the model “NN” for Summer (June, July
and August), and the results obtained with the mt@8BSM” for Autumn (September, October
and November).

Always for the period 2081-2100 we used as mininuates the results obtained with the model
“CLIM” for Winter (December, January and Februaryiie results obtained with the model
“CLIM” for Spring (March, April and May), the resisl obtained with the model “SDSM” for
Summer (June, July and August), and the resultairsdd with the model “CLIM” for Autumn
(September, October and November).

The different TCI scores for the two different @eis and two scenarios (maximum and minimum)
are illustrated in the graph (Figure 8). With theerease of temperature and the decrease of
precipitation (which has not been considered indtadistical downscaling models, but values can
be derived from RCM climatic models), for the fley2046-2065 and in 2081-2100) the months
between June and September show less attractiaatadiconditions, compared to the same months
of the baseline year 2010 (which are not anywayntbst comfortable months during the year). In
synthesis, climatic conditions of the summer pendtworsen significantly in the future.

The remaining months will maintain the same condgi with the peak of climatic comfort in May.

In general, climatic conditions show always TCI reso higher than 50 (acceptable) except in
January (about 48-49 TCI score) and during the seinpariod for the maximum scenario of 2081-
2100 in July (49) and August (41).

TCl scores

0 : : . : : : : : : . : s
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Figure 8: Comparison of TCI scores for the baselingear (2010) and for the future scenarios (2046-26@&nd 2081-2100)

As illustrated in the figure 8 the worsening ofn@ditic conditions will occur during the summer
season, while Spring and Autumn will have excellamd even ideal climatic conditions.
Furthermore, as summer is the period in which okt tourist flows are registered, the impact of
climate change on tourism in Bullas will be likelgarcely significant.

In general it's useful to underline that the climatonditions of Bullas are by no means the only
attraction in the area. Attractive landscapes, ucalt heritage, wine tourism and traditional
lifestyles, among other factors, make Bullas aarggting tourist destination.
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Moreover, tastes and fashion are unstable ovemeéxperiods of time. The modern habit of
sunbathing, for example, was not part of populdtucel until relatively recently. Many things may
change over the next decades that increase orasdectke relevance of the climatic resources for
tourism in general and of the TCI index in partegulSunbathing is for example now seen as a
potential health risk.

For this reason, tourist developments are shapednbgmalgam of factors, including political,
economic growth, technological advances, and deaptges. In the day-to-day practice of the
tourist industry, climate factors are overwhelmed al kinds of other influences that require
immediate action: fashion, trends, terrorism, &tee weather’s effects on the climatic resources for
tourism will perhaps not be so evident, but the poumd effect of years of slow change can have
quite dramatic long-lasting effects.
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The Impact Assessment of climate change on wine production and quality

In order to examine the climatic effects on winalgy, Bullas vintage ratings, provided by the
Municipality, were used (from 1970 to 2008). Théngs are based on 6 categories with general
meanings of 0 Disastrous, 20 Very bad, 40 Bad, 66d580 Very good, 100 Excellent (a score of O
or 20 has never been given). Average growing setsaperatures were used as a climate factor
and were taken by ISPRA’s model simulations.

To account for potential non-climate trends in age ratings (i.e., better production technology)
the following econometric regression model approaels applied in the climate/vintage ratings
analysis (G.V. Jones et al., 2005):

Ry = a+ bx temp, +c *trend + &
where R, and temp; represent the vintage rating in points and therage growing season
temperature in °C for year t. To account for gyaliprovements that are independent of climatic
changes the model introduces a trend varialdad. The trend variable begins with the value 1 in
1970 and continues in one-unit steps.

Coefficients
Unstandardized Coefficients | Standardized Coefficients
Model B Std. Error Beta t Sig.
(Constant) 74.000 76.975 .961 | .343
Temp -.999 4.314 -.062 | -.231 | .818
Trend .673 .384 .469 | 1.750 | .089

Table 1 Results

The full model is not statistically significant (R@,18): both the average growing season
temperature in °C for vintage (temp) and the treadable (trend) do not make a significant
contribution to predicting vintage ratings. The eiraeries data are not sufficiently long and the
consequence is that the model does not make ireesgdany significant correlation between the
raising temperature and a worsening in the quefityre local wine.

The outcomes of the model might be higly dependenthe available data quality, but apart from
the insufficient length of the time series, therghm be other relevant factors undermining the
robustness of this findings. First, seasonal artceme temperature effects are very important in
wine production and they have been taken into adgost partially, including an average gorwing
seasona temperature. Secondly, linked to this paxen though, in the period examined,
temperature remained always in a tolerable ranggrimpes. But this does not mean that there are
no temperature thresholds above which effects mretive. Thirdly, the analysis does not really
isolate wine producer autonomous adaptation, bsit flae trend variable to explain a general
improvement. Consequently increasing temperatughtrhave not impacted the quality of wine
simply because wine producers protected their graged/or modified the timing of their harvest
behavior reacting to temperature changes.

Page 43



Year | Rating | Temp | Trend
2008 80 16.54 39
2007 60 16.45 38
2006 80 17.22 37
2005 80 16.30 36
2004 100 16.56 35
2003 80 17.16 34
2002 60 16.86 33
2001 60 17.21 32
2000 80 16.36 31
1999 80 17.37 30
1998 100 16.69 29
1997 60 16.69 28
1996 80 15.96 27
1995 60 17.28 26
1994 80 16.96 25
1993 80 15.29 24
1992 60 15.55 23
1991 80 15.83 22
1990 80 16.66 21
1989 60 16.64 20
1988 60 16.30 19
1987 80 16.53 18
1986 40 15.80 17
1985 60 15.82 16
1984 60 15.25 15
1983 60 16.37 14
1982 60 16.09 13
1981 60 16.16 12
1980 60 15.58 11
1979 40 15.83 10
1978 80 15.59 9
1977 60 15.54 8
1976 60 15.00 7
1975 80 15.13 6
1974 100 15.05 5
1973 80 15.32 4
1972 40 14.64 3
1971 40 14.89 2
1970 40 15.93 1

Table 2 Temp and trend data
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Introduction

It is largely recognized that environmental consequentelimate change, already observed
expected, will affect human health both directlyg(effects of thermal stress or direct injuriesrir
floods) and indirectly through increed risk of climatesensitive diseases (e.g. wi-related or
vector borne diseasesardiovascular and respiratory dise) mediated byhanges in wat-,air-,
food quality and quantity, agriculture practicesp®ystems, and living environment. Thisect and
indirect exposures can cause death, disability sarffeérinc*.

Vulnerability and adaptatio@daptive capacity need thus to be assesstalensure effective ris
management of the current and potential effectsliofate variability and change on physic
social and psychological well. Differences in imizasf climate hazards across expopeople are
determined by many factors includ the severity of the hazard itself, the populatibattis
exposed to the hazard and the coping capacity eokegposed individuals and community to
hazard. In general, the vulnerability of a population tohealth risk depends on the lo
environmentstability and quality, the effectiveness of mubidplinary governance, the quality
the public health infrastructure and social sewicghe access to relevant local information
extreme weather threats (see Fi¢

Mitigation Adaptation A A
Fig. 1. Diagram of
Anthropogenic greenhouse Environmental effects Health effects pathways by which
gas emissions I
Extreme weather Thermal stress: deaths, illness climate Change
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nutrition, health survival
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leading to poverty and adverse
health: mental health, infectious
diseases, malnutrition, physical risks

affects health and
well being modifying
influences of
environmental,
social and health-
system factors.
(Source: Anthony J
McMichael, Rosalie
E Woodruff, Simon
Hales, 2006
Adapted by ISPRA)

Populations, subgroups and syst that cannot or will not adapt are more vulnerabkare thos
that are more susceptible to weather and climasagds.Furthermore some population grot
need a special attention because of their spealakxability : children, pregnant women, elty,
disabled people, people temporarily or permandntiyg in community such as residential hon
or with low socio economic status are generally ensusceptible to adverse health effe
especially for heat and weat-related illness and death, vectborne and zoonotic disea:
waterborne and food borne ilines:

4 Confalonieri, U., B. Menne, R. Akhtar, K.L. Ebi, Mauengue, R.S. Kovats, B. Revichand A. Woodwaf@28luman health. Clinte
Change 2007: Impacts, Adation and Vulnerability. Contribution of Workingr@ipll to the Fourth Assessment Report of the gueernmenta
Panel on Climate Change, M.L. Parry, O.F. CanziaRi, Palutikof, P.J. van der Linden:
C.E.Hanson,Eds.,CambridgeUniversityPress,Camk,UK,391-431.

5 Anthony J McMichael, Rosalie E Woodruff, Simon Hal2006 Climate change and human health: present and frisk® Lancet 200¢
367: 859-69
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Understanding a population’s capacity to adaptdaw climate conditions is essenttal reinforce
ability of mitigation and adaptation measures tdue adverse social and health impacts, and it
requires cooperation among public health actionahdr sectors commitment.

Health impact assessment performed by health expgera policy tools to identify the climate
change problem (concerns of vulnerable groups)tar@bntext also in order to prioritize actions, to
describe the current situation (health burdens maskk) and whereas possible, predict future
impacts but also to dentify key partners and governance issues(e.gilabla information)
including research needs for the assessment. Thegestill some level of uncertainty in methods
and models, specially for future impacts, althougbearch and empirical experience is growing
more and more.

However precautionary principle and the alreadgngiing environment require a proactive attitude
from all sectors. Indeed many of climate and emumental determinants of health fall outside areas
of direct action and governance of the health seéfiiciency of cross cutting and multi-sector
prevention measures depends on mainstreaming dthhisaues in other sector policies since
earliest stages of any vulnerability assessmermstategy planning.

Effectively targeting prevention or adaptation &gges requires understanding which demographic
or geographical sub-populations may be most atamekwhere additional interventions are needed,
having also in mind that improving the capacity dope with current climate variability will
facilitate the capacity to cope with long-term dit@ change and that increasing the adaptive
capacity of a population shares similar goals withtainable development .

Furthermore many features make urban environmehtuaoan population more vulnerable to the
two major determinants of climate change such asnihl anomalies and changes in weather
patterns:

2) Urban area$ concentrate people and buildings into a relativa@tyall area, then even a
relatively contained weather event (storm, intemam, heat wave, air stagnation) or
increased risk factors (increase number of veaans/ing diseases such as mosquitoes) can
affect a large number of people

3) Urban people show a high dependence from stalaifity performance of water and energy

distribution, common infrastructures and serviceshsas transportation systems to move
people and goods, communication systems, sewergaste removal systems.

4) Urban economy may largely rely on touristic resortl economic activities very depending
from stability of environmental systems and climatgiables such as quality of bathing
waters and coastal environment, local food safety production, weather and seasonal
patterns .

5) Urban and suburban areas host several crucialhhaaitt social services (such as hospitals,
residential homes, schools and kindergarten) aiadge variety of vulnerable groups (such
as elderly, children, economically disadvantageshrooinities, disabled). Increased risk of
climate-sensitive diseases will result in a heaasia financial burden.

6) Urban built environment elements enhampsx sevulnerability to climate and weather
hazards of health relevance:

» Asphalt, concrete and other hard surfaces:

The Clean Air partnership (May 2007). Cities pragafor climate change- A study of six urban regio
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o absorb sun radiation, favouring the urban heandskffect, which exacerbates heat
waves and puts pressure on electricity generatidrdastribution systems;
0 prevent absorption of rainfall, creating runoffitarries pollution to local water
bodies (lakes, streams, etc.);
0 can cause overwhelming of storm water systems dim@avy precipitation events.
* Combined sewers carrying both storm water and sewag
o0 lost lasting or intense precipitation cause overfiof untreated pollutants that
impair quality of local water bodies, suitable Bathing, agriculture and human
consumptions purposes,
o intense rain or floods may cause rodents migraiigside sewage network
increasing the risk of diseases such as leptosigyros
o impaired manholes drainage will favour breedingssfor dangerous and annoying
urban mosquito .
» Concentration of people in urban areas will affegdlthy environment :
0 act as environmental pressure on vegetation armhg@aces, worsening heat island
effects, storm water runoff, air pollution fronatisportation;
0 creates a large demand for water, straining loeénsupplies and making them
more vulnerable in drought conditions increasirgribk of water-related disorders.
0 increase vulnerability to blackouts when electyiciemands are high and when
storms occur due to centralized power sourcesglodigtribution lines,
interconnected grid
* Urban sprawl and competition for building sitesd@a construction in vulnerable areas
such as floodplains or steep slopes.
* Poor maintenance of green public and private gieeiding school garden) will facilitate
presence of allergenic weeds , “pollen thunderstosee paragraph 2.3) and harmful
insects.

With this in mind, this report wants to help focagson some of the health-related adaptation
activities, providing:

a) A brief summary of health impact assessmenhaougetiogies to be performed by health experts;
b) An overview of potential health risks for climmasensitive environmental systems organized
along climate stressors, including a suggestedolighdicators to warrant basic information on
population exposure to those risks, to support chpasessment studies and , last but not least, to
identify vulnerable population groups that may be mostsét ri

c) A first list of adaptations options of healtHeseance organized by domain (urban planning,
water management etc) to facilitate governance;

d) A practical example of climate-change healsik and economic assessment for the greek city of
Patras.

The aim is taeinforce awareness of local policy makers on #ath relevance of many measures,
including availability of sufficient information tavarrant such activities, to strengthen institugion
capacity for preventive measures, planning, prejmases and environmental health risk
management. In a word copying with changes whiehaiready before our eyes.

Page 49



1. Health Impact Assessment: concepts and availabl e
methodologies in climate change scenarios

According to most quoted definitiohsvulnerability to climate change is the degree to
which geophysical, biological and socio-economistemn are susceptible to, and unable to cope
with, adverse impacts of climate change. The tewmnerability” may refer to the vulnerable
system itself or to the mechanism causing the insp&®y vulnerabilities are associated with many
climate-sensitive systems, including, for exampiepd supply, infrastructure, health, water
resources, coastal systems, ecosystem, global€doichgmical cycle, ice sheets and modes of
oceanic and atmospheric circulation.

According to WHO the vulnerability of human heatthclimate change is a function®of

1. sensitivity, which includes the extent to which ltieaor the natural or social systems on which
health outcomes depend, are sensitive to changesather and climate (the exposure—response
relationship) and the characteristics of the pdpmra such as the level of development and its
demographic structure.

2. the exposure to the weather or climate-related rdazacluding the character, magnitude and
rate of climate variation and changes in environ@aeslimate-sensitive systems.

3. the adaptation measures and actions in placediaceethe burden of a specific adverse health
outcome (the adaptation baseline), the effectivenésvhich determines in part the exposure—
response relationship.

Being sensitivity best described by HIA (health anpassessment procedures) this chapter will
briefly illustrate some general concepts and metlamies.

The evidences of sensitivity of population healthwteather and climate are based on five main
types of empirical study:
1. Health impacts of individuals extreme events (e.geat waves, floods, storms, droughts,

extreme cold);

2. Spatial studies where climate is an explanatoryabée in the disruption of the disease or
the disease vector;

3. Temporal studies assessing the health effectstef-amnual climate variability, of short
term (daily, weekly) changes in temperature orfedlinand of long-term (decadal) changes
in the context of detecting early effects of climahange;

4. Experimental laboratory studies and field studiéevextor, pathogen, or plant (allergen)
biology;

7 Schneider, S.H., S. Semenov, A. Patwardhan, toBuC.H.D. Magadza, M.Oppenheimer, A.B. PittockRahman, J.B. Smith, A.
Suarezand F.Yamin, 2007: Assessing key vulnerisiland the risk from climate change. Climate Clea2@D7: Impacts, Adaptation and
Vulnerability. Contribution of Working Group Il tthe Fourth Assessment Report of the Intergovernah@&anel on Climate Change, M.L.Parry,
O F.Canziani, J.P.Palutikof, P.J. vander Linden@r€lHanson, Eds., Cambridge University Press, CidiginUK,779-810.

Sari Kovats,Kristie L. Ebi and Bettina Menne. 30Methods of assessing human health vulnerability public health adaptation to
cllmate change. WHO 2003

Confalonieri, U., B. Menne, R. Akhtar, K.L. EM, Hauengue, R.S. Kovats, B. Revichand A. Woodvzd7 :Human health. Climate
Change 2007: Impacts, Adaptatlon and Vulnerabityntribution of Working Groupll to the Fourth Assenent Report of the Intergovernmental
Panel on Climate Change, M.L. Parry, O.F. Canzia®i, Palutikof, P.J. van der Lindenand
C.E.Hanson,Eds.,CambridgeUniversityPress,Cambtidg891-431.
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5. Intervention studies that investigate the effectess of public-health measures to protect
people from climate hazards.

1.1 Health Impact Assessment (HIA) of climate change™

Health Impact Assessment (HIA) has been definethaombination of procedures, methods and
tools by which a policy, program or project mayjbeged as to its potential effects on the health of
a population, and the distribution of those effeuithin the population
Thus, HIA can be a useful tool to a range of stala@grs when considering multiple outcomes to be
optimized to attain population wide benefits.
The different stakeholder concerns can be generghguped into economic, political, quality of
life, or ethic.
Therefore, key components that are important ttude into the multi-stakeholder HIA process
are: equity/democracy, sustainability, and ethicsg¢ of evidence. Human health is central to all
these stakeholder interests, being essential toqtfadity of life, being viewed by many as a
fundamental human right, and being central to mesgnomic impacts and political actions.
Identifying and quantifying systematically the maogthways through which climate change can
affect health is challenging. The following asgdtave indeed to be addressed:

* The absence of an appropriate comparison group

* The long-time period over which human actions aftéicnate
» The large number of health outcomes potentiallgcéd by climatic change
* The numerous non-climatic influences on each cdd¢lmitcomes.

There are models that already provide quantitatieasures of future risks from climate change.
Particularly widespread are epidemiological methogies, often used to identify and quantify the
relationships between exposure and response ongtiopif. Examples are:

. Ecological studiesused to quantify the relationships between exgpand response
for a range of climate-sensitive diseases. In ttase the exposure is defined at the
population level rather than the individual lev@koup-level relationships are investigated
through spatial and temporal variation in exposanel outcome. Usually we can take
advantage of large aggregated DB of health outcomes

. Time—series methodsave been developed to estimate the proportiafisefase in a
population that is attributable to weather: the -ttagay or week-to-week variation in
exposure to weather. Temperature and daily mortdlgve been shown to be strongly
associated, as have temperature and cases ofaiarrisk assessment methods to estimate
the population at risk or the population-attribuéafbaction

Independently on the approach , there are sevierakeats of confounding and noise in the data, not
always easy to be removed from the analysis.Wagh noting for instance that the quoted studies
do not consider the different degrees of expostitheopopulation to the climate change as well as
the different sensitivity of groups within the sdmp

10 S Kovat et al.l “Method assessing human healtherability and public health adaptation to climekange” WHO, 2003
1 Confalonieri UEC. 2000. Environmental change hahan health in the Brazilian Amazon. Glob. ChaHgen. Health 1:174-83
12 Sari Kovats, Kristie L. Ebi and Bettina Menne.aite and Global Environmental Change “Method assgdtuman health vulnerability

and public health adaptation to climate change” W2003
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It is thus recommended to insulate the effectsliafate changes on health from other factors that
determine the burden of disease such as the papulgrowth, aging and socio-economic
development.

At the simplest level, the burden of disease attable to climate change can be calculated as:

Attributable burden = (estimated burden of diseaseler climate change scenario) — (estimated
burden of disease under a baseline climate, sud¢hatsn 1961-1990).

Using this scenario-based approach, nothing changas future world except the climate.

For instance the World Health Organization (WHQO3 Haveloped a Comparative Risk Assessment
(CRA) based on this approach to quantify the burafediseases from specific risk factors and to
estimate the benefit of realistic interventiond tieenove or reduce these risk factors (see note 10)

The burden of disease was estimated based on om&n#ss-as-usual” scenario (projected
emissions with no policy on climate) and two sca®ain which greenhouse gas emissions are
reduced and greenhouse gas concentrations havkzethlat some acceptable level. The aim is to
consider the potential benefits of reducing th& fectors rather than taking adaptive actions to
reduce impacts:

The choice of model depends on several factors) asdhe purpose of the study and the type of
data available. Integrated health risk assessnwed any or all of these methods to forecast the
potential impact of global climate change and othmajor environmental changes (such as
population growth or urbanization) and policy resges upon human health. However, quantitative
modelling is only one possible approach for deseglduture vulnerability to the potential health
effects of climate changes.

Alternatively in more sophisticated exercises ctienghange can be also coupled with other kind of
scenarios.. Scenarios are not intended to prediiatd worlds or future climates, but they usually
provide:

* Plausible and often simplified descriptions oiwhibie future may develop based on a coherent and
internally consistent set of assumptions aboutmgivorces and key relationships;

» Hypothetical sequences of events constructedherpurpose of focusing attention on causal
processes and decision points;

» Archetypal descriptions of alternative imageghd future, created from mental maps or models
that reflect different perspectives on past, preaad future developments.

It's worth it to mention following type of scenasio

Climate scenarios

Climate scenarios are plausible representatioristofe climate that have been constructed for use
in investigating the potential impact of climateaolge. Many national climate scenarios have been
specifically constructed for national impact asses®. The scenarios used in the assessment
should incorporate both “high” emissions (leadingupper limits of the projections of changes in
climate) and scenarios in which emissions are redlilay specific climate policies (mitigation).

Population scenarios
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Population projections are available from a varigtyational and international sources. National
population projections are available from a ceng@alernment agency in most countries. These are
likely to include age-specific and other relevaatagraphic information.

Socioeconomic scenarios

Adaptation to climate change will take place in ynamic social, economic, technological,
biophysical and political context that varies otiene and location and across communities. It is
essential that adaptation be included in estimatdsture impact. Adaptive capacity is the ability
of a system to adjust to climate change (includihignate variability and extremes), to moderate
potential damages, to take advantage of opporésnibr to cope with the consequences. These
features of communities and regions that appeadetermine their adaptive capacity include
economic resources, technology, information andissksocial infrastructure, social institutional
development and equity in terms of the arrangemgoisrning the allocation of power and access
to resources.

Table 1. Advantages and disadvantages of scenarios

The scenarios are useful because: The disadvantages in using scenarios:
- Can help to image a range of possiple - Scenarios are often developed from a narrow
future; disciplinary-based perspective, resulting in a tédi

- Are powerful frameworks for using both  set of standard economic, technological and
data and model produce output |in environmental assumption.
combination with quantitative knowledge - Many scenarios have a “business-as-usual”
elements; character, assuming that current condition will

- Exploring future possibilities that go continue for decades.

beyond conventional thinking may resultjin - The set of assumptions made for different sectors,
surprising and innovative insight regions or issue are often not consistent with each
other.

- Key assumptions and underlying implicit
judgment and preference are not made explicit.

Source: adapted from S Kovat et al.l “Method asseskiuman health vulnerability and public health ptigion to climate change’
WHO, 2003

The CRA methodology uses a standardized quanttaéissessment framework and a single
comparative mortality and morbidity measure to campthe disease burden across health risk
factors. The assessment generated estimates ofuthbers of deaths and disability adjusted life
years (DALYSs) attributable to each risk factor hretyear 2000 along with expected changes in
exposures and associated relative risks of dismatsemes for several time points between 200 and
2030.

Comparative risk assessment involves four stages:

(a) ldentifying climate-sensitive health outcom@s), Quantitative estimates, (c) Scenarios based
climate change exposure assessment, (d ) Estimettiiigutable and avoidable burden of disease.

IDENTIFYING CLIMATE SENSITIVE HEALTH OUTCOMES

Health Impact, determined by global climate changeuld occur trough different exposure
pathways (extreme heat waves, floods, droughts, ey could also be influenced by warmer air
temperatures that could modify air pollutants aaballergens.

Less-direct health impacts may result from climaieted alteration of ecosystems or water and
food supplies, which in turn could affect infectsodisease incidence and nutritional status. Finally
sea-level rise could lead to massive populatiopldcement and economic disruption.
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QUANTITATIVE ESTIMATES

CRA approach requires the construction of moddisy tare usually generated on the basis of
measurements of the health effects of observedati@ms in climate over time, (relationships
between climate and disease or geographic rangeatio).

The most important source of uncertainty in theesssent is extrapolating short term or
geographic relationships between climate and deséashe process of long-term climate change;
instead gradual climate shift may be less or mevers.

To accurately compare health risks attributed tmate change we must adopt a summary measure
of population health, such as:

- Potential years of life lost measures the ye&hdeolost due to premature death.

- Disability- adjusted life-years (DALYs) measurasmbine effects of mortality and morbidity/

- Quality-adjusted life-years (QALYs) measures bame mortality and the quality of life gainéd

The WHO has a database of DALYs and the cost etseitervention to gain DALYS.

The limits of DALY is that the assessment restoicly to well-characterized and quantified disease
burden and exclude other likely outcomes of clintdi@nge. To resolve model discrepancies for the
same health outcome, selection should be madeebakis of validation against historical data,
biological plausibility and applicability to otheggions.

SCENARIO-BASED CLIMATE CHANGE EXPOSURE ASSESSMENT

Any human activities (fossil fuel combustion or a&fstation) presumably influence global climate.
Climate change exposures are based on global elinsgtenarios: internally consistent

representations of future climatic conditions.

These are generated by applying a range of le¥elatbropogenic forcing from GHG emissions to

computer models representing human and naturalenfles on the global climate. Output data
consist of grid maps of climate variables, suchtexaperature, precipitation, and humidity at
varying spatial resolution.

ESTIMATING ATTRIBUTABLE AND AVOIDABLE BURDENS OF DISEASE

CRA approach needs to link the change in expos@a&snrement to the change in health outcome.
A relative risk or proportional change can thendadculated under each of the various future
climate scenarios. Multiplying this relative risi the total burden of disease that would have been
expected to occur in the absence of climate chdnigepossible to estimate the disease burden
attributable to climate change.

As said many health outcomes are multi-factoriall ameed additional considerations on non-
climatic factors such as economic development anadgaphic trends. Non-climatic effects can be
partly addressed by stratifying relative risk esties separately for populations with clearly
different baseline disease burdens and vulneriaisilit

The main limitation of the CRA approach in relatitm policy making, further to the analytical
difficulties in quantifying health impacts of clireachange, is that this method does not consider
the full range of implications of a policy or artervention, but

measures directly the burden associated with afgpask.

Assessing health outcomes in relation to climagnge is a complex task that must accommodate
the multiple types of uncertainty that compoundoasrthe antecedent environmental and social
changes (See table n°4).

18 It is calculated as the present value of theruyiears of disability-free life that are lost s tesult of the premature deaths or cases of

disability occurring in a particular year.
14 This is calculated by estimating the total yesirife lost to disease or gained by treatmentwe@hing each year with a

quality-of-life score (from O, representing theratchealth possible to either 1 or 100, represgritie best health possible) to reflect the
quality of life in that year
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Table 2. Source of uncertain in relation to healtimpact assessment

Problems with data » Missing components or errors in data
* “Noise” in data associated with bias or incomgplebservations
* Random sampling error and biases(non represes&ss) in a sample

Problem with models * Known processes but unknown functional relatigqustor errors in structurg
of model

e Known structure but unknown or erroneous valuéss@me importan
parameters

* Known historical data and model structure butsoes to believe that the
parameters or model or the relationship

between climate and health will change over time

e Uncertainty regarding the predictability of thestem or effect
« Uncertainty introduced by approximating or sirfyitig
relationships within the model

Other source of « Ambiguously defined concepts or terms
uncertainty * Inappropriate spatial or temporal units (suclnagata on exposure to climage
or weather)

* Inappropriateness of or lack of confidence indhderlying assumptions
e Uncertainty resulting from projections of humaehhvior (such as futur
disease patterns or technological change) in c&intoauncertainty resultin
from “natural” sources (such as climate sensit)vity

© D

Source: adopted from McCarty et al 2001 p 127

These methodologies (HIA and CRA) need several dath models (such as climate change
scenarios or DALYs) and need expensive and timewming epidemiological studies. Since the
inter-correlation between health and climate changealready known, the precautionary approach
could be used to eliminate or further reduce padédamages.

To understand the efficiency of preventive measahesady in place much of available information
in several sectors could be used in order to atiighe impact of climate changes on human health
and to facilitate ad-hoc improvement of the copiagacity.

1.2 Geographical information system?®®

Geographical information systems are extremely nt@mb tools in assessing the impact of climate

change also in the field of health. A geographio&rmation system is essentially a system for

linking geographical information (such as the gepbical coordinates of a specific point or the

outline of a defined administrative region) to somfrmation about that location (such as the

number of people killed in floods in that regionargiven year). For investigating climate effects,

any geographical information system should contain:

» geographical information defining the study poiotsareas, such as the latitude and longitude of
the study points or digitized geo-referenced oatlinf administrative regions;

» information about the distribution of the expos(okmate) in space and time, such as the mean
and standard deviation of precipitation for speqifoints or administrative regions;

» information about the health effects of this expeswsuch as the incidence or prevalence of
climate-sensitive outcomes in the corresponding tmd place; and

1’ S Kovat et al.| “Method assessing human healthenalbility and public health adaptation to climateamge” WHO, 2003
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» information about possible determinants of vulngitgbto climate change, such as average
income or housing quality.

Such a system allows:
+ the different kinds of information for each timedgplace to be linked;

« trends in exposure, modifying factors and outcomepace and time to be mapped; and

+ the linked data to be exported in a format thatvedl appropriate statistical analysis, ensuring
that any correlations drawn between the exposuie alad the outcome data are based on data
drawn from the same place at the same time.
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2. Developing information to assess health vulnerab ility to
climate change.

This chapter will provide an overview of potentiedalth risks from climate variability and change

together with a suggested list of indicators orgadi according to the two largest groups of

determinants related to climate change, namelyntakeanomalies (thermal stress) and adverse
weather events (floods, drought, windstorm, stounges, etc) useful to:

— monitor population exposure to identified enviromtad health risk,
— support impact assessment studies,
— identify vulnerable population groups for the correspondsht

Suggested example of indicators shown here ard gakcifically for adaptation policies, and we
excluded indicators related to mitigation polic{esducing greenhouse gases, risks due to ozone
depletion etc.).

The majority of this first list of indicators hauseen deliberately expressed in a generic form,
without any strict computational formula to allownstruction of indicator according both to
information locally available in existing informati systems (health, environment and other
sectors) and to field experts judgment (e.g. an@®alf the pollen season can be monitored with
early flowering rather than quantitative aspectchswas the spread and intensity of the
phenomenon).

Single paragraphs are organized according to heakh a summary table is provided in the annex
together with suggested adaptation measures. Haovegrlld be always kept in mind that many
climate stressors influence same health determimagitthat their combination act synergistically,
for instance: warmer temperature facilitate earlgeai of pollens and, at the same time, ground level
ozone concentration is temperature dependent aidstalso,per se an irritating action on
respiratory airways which may trigger allergic @is

2.1 Direct effects of heat and heat-waves

Physiological and biometeorological studies havewshthat high and low temperatures affect
health and well-being. Global warming may lead torenextreme heat waves during the summer
while producing less extreme cold spells during thieter!®. High temperatures cause well
described clinical syndromes such as heat stradad, éxhaustion, heat syncope and heat cramps.
Epidemiological studies have described seasonetiufion in mortality and morbidity temperature
related. Most temperate countries have a stroregesosal pattern.

Over the next century, heat waves are likely toobee more common and severe. Cold mortality is
a problem but it's likely to decline with milder mter.'” Particular subgroups of the population
such as those with heart problems or in medicatrment with psychotropic drugs, the elderly, the
very young and the homeless can be specially valherto extreme heat. In urban areas due to
heath island effects temperature could be higheewéral degrees and this should be considered in

16 U.S.EPARttp://www.epa.gov/climatechange/effects/healthlhtm

1 Alcamo, J., J.M. Moreno, B. Novéky, M. Bindi, Rorobov, R.J.N. Devoy, C. Giannakopoulos, E. Magdi&. Olesen, A. Shvidenko,
2007: Europe. Climate Change 2007: Impacts, Ad@aptaind Vulnerability. Contribution of Working Grpdl to the Fourth Assessment Report of
the Intergovernmental Panel on Climate Change, Bdtry, O.F. Canziani, J.P. Palutikof, P.J. vanldeden and C.E. Hanson, Eds., Cambridge
University Press, Cambridge, UK, 541-580
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planning urban adaptation measures (ad hoc urlmapet@ture monitoring intervention to mitigate
heat island effects).

Among most quoted epidemiological method for ediimgathe impact of temperature on mortality
are time—series studies of daily mortality whichdas methods developed for air pollution impact
assessment studies. These methods are considéiei@stly rigorous to assess short-term (day-to-
day or week- to-week) associations between the@mviental exposure and mortality if adjustment
is made for longer-term patterns in the data sefé® relationship between temperature and
mortality can be derived using a regression mokal guantifies the extent to which day-to-day
variability in deaths is explained by variationt&mperature.

Quantifying temperature-related mortality requidasly counts of deaths, ideally grouped by cause
of death, and temperature measured at a similggdexhand geographical resolution.

Studies of heat-wave events can be used to infoenadaptation assessment including use of cost —
benefits analysis of adaptation measures for heavesy such as HHWS (Heat Health
Watch/Warning Systenms).

Indicator of maximum and minimum temperatures (dag might temperature) and their ti
series are very important in monitoring the probdeypi of heat related problem. Increasing

temperatures directly raise body temperature, armt@ased humidity slows cooling of the body| by
decreasing sweat evaporation. Along with maximurmpgratures, night-time (minimunj)

temperatures are important to track for public hba¢ffects, because physiologic recovery from
daytime heat is hampered if temperatures duringriiglat do not decrease sufficiently. Apparent
temperature, or the use of a heat index, which aeesbhumidity and temperature, is important|in
looking at mortality effects. Demographic infornoaiti of people exposed to heath island
phenomena is important in planning urban adaptatiogasures.

Exposure Impact Socio economic
vulnerabilities
Thermal  stress, g Maximum and minimum Elderly (>65)
GEEIEGOIIEE temperature (time series) Heat related mortality Infant (<1 year)
WEVES > Heat index (apparentexcess Children
temperature) pregnant women
> Percentage and Increase of hospitdl People with chronic disease
demographic distribution  of admission for| Patient taking psychotropic
population living in urban aredscardiovascular and drug
at risk of heat island phenomenaespiratory disorders Low socioeconomic status
Socially isolated people
Lack of heat wave early
warning
18 Cambiamenti climatici e strategie di adattamémttalia. Una valutazione economica. A cura dil@ Carraro. |l Mulino
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2.2 Influence of temperature on air quality

Climate change may increase summer episodes ofogamnical smog due to increased
temperaturés. Weather conditions influence air quality via thensport and/or formation of
pollutants (or pollutant precursors), biogenic enwoss (such as pollen production) and
anthropogenic emissions (such as those causedcbgased energy demand). Sunlight and high
temperatures, combined with other pollutants sushndrogen oxides and volatile organic
compounds, can cause ground-level ozone to incrEespiratory disorders may be exacerbated by
warming-induced increases in ground-level ozoneu@d-level ozone can damage lung tissue, and
is especially harmful for people affected by allesy asthma and other chronic lung diseases.
Concentration of pollutants interact with pollerhancing risk of allergic crisis. In urban area® th
main source of primary air pollutants is motor wés. The concentrations of air pollutants are
seasonal and may vary during the day. During wimtdéemperate countries, air pollution episodes
are often caused by stagnant weather conditionfikdJwinter smog episodes, summer ozone
episodes affects larger region. Early warning syster Ozone alarm threshold are recommended
as requested by law in many countries includinky.lta

Many studies have been undertaken that quantifyela¢éionship between air pollutants and health
outcomes, mortality and morbidity, in a variety prfpulation&”. Among them two mayor health
asseszsiment were conducted in Italy based on caoditbe® project between APAT-ISPRA and
WHO".

The most complete estimates of both attributablabers of deaths and average reductions in life
span associated with exposure to air pollutiorbased on cohort studies.

Modelling current and future pollutant concentraids complex. Future emissions are estimated
using linked models of energy use and economiwiactiAtmospheric chemistry models need to be
linked to emissions projections to estimate futarequality at the appropriate geographical and
temporal resolution. Research is needed on thenfaiteeffects of climate change on air quality,
including the effects on daily levels, seasonalgsats and changes in geographical distribution

Air mass stagnation events, which increasg pfoduction and will increase in frequency @s
weather conditions favourable to heat waves inaggase another important indicator. The U.S|A.
National Climatic Data Center (NCDC) has proposdithate impact indicators that include an air
mass stagnation index. A stagnation day is defa®dne with sea-level geostrophic wie 8
m/sec, 500 millibars (mb) wind < 13 m/sec, and mecpitation (Wang and Angell 1999), and
although not directly related to pollutant emissp@ir stagnation days can exacerbate the effects
of existing air pollutiorf>

1 Alcamo, J., J.M. Moreno, B. Novéky, M. Bindi, Rorobov, R.J.N. Devoy, C. Giannakopoulos, E. Magdi&. Olesen, A. Shvidenko,
2007: Europe. Climate Change 2007: Impacts, Adaptaind Vulnerability. Contribution of Working Grpul to the Fourth Assessment Report of
the Intergovernmental Panel on Climate Change, Bdtry, O.F. Canziani, J.P. Palutikof, P.J. vanldeden and C.E. Hanson, Eds., Cambridge
University Press, Cambridge, UK, 541-580

0 http://www.euro.who.int/en/what-we-do/health-tagenvironmental-health/air-quality/publications

2 WHO — Europe. 2006 Health Impact of RNh 13 Italian Cities.

WHO- Europe. 2002 Health Impact Assessment oPAiltution in the eight major Italian Cities

Air under the influence of both the pressure gnatforce and Coriolis force tends to move patatidsobars in conditions where friction
is low (1000 meters above the surface of the Earth)isobars are straight. Winds of this type areally called geostrophic winds. A geostrophic
wind flows parallel to the isobars. The Coriolifeet is a (fictitious) force which acts upon anywimg body (an object or an parcel of air) in an
independently rotating system, such as the Eartmdteorology, the horizontal component of the @irforce is of primary importance, as the most
well known application of the Coriolis force is thvement or flow of air and ocean currents actios€arth. \fww.weatheronline.co.uk

= English et al. , 2009. Environmental Health laddcs of Climate Change for the United States: iRgglfrom the State Environmental
Health Indicator Collaborative. Environmental Hederspectives Volume 117 N° 11 November 2009
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The indicator suggested is;@aily average concentratiorLhere are 24 consecutive 8-hour averages |(8-
hour rolls) that can possibly be calculated for batay. The daily maximum 8-hour average concemtnati
for a given day is the highest of the 24 possibl®@8r averages computed for that d&l target value set
for the protection of human health is 120 microghanQ; daily maximum 8-hourly average, not to be
exceeded more than 25 times a calendar3jear

Thermal stress, g Air mass stagnation Elderly (>65)

and air quality > Air quality data| Increase of hospital Infant (<1 year)
weighted on population admission for| Children
> O;  daily average cardiovascular and People with chronic disease
concentration respiratory disorders Low socioeconomic status
> Increase of Lack of early warning fo
anthropogenic emissions Ozone episodes

2.3 Thermal anomalies, pollens and allergy risk

Pollen phenology is changing in response to obseclimmate change, especially in central Europe
and at a wide range of elevations. Earlier onsetetiension of the allergenic pollen season are
likely to affect some allergic diseagg.

Evidence is growing that changes in air circulatemmd weather patterns might facilitate the
geographical spread of pollen species to new agdsey become climatically suitable. Warming is
likely to further cause both an earlier onset anldrger extension of the flowering and pollen
season for some species (such as weeds) that alierggc reactions in already sensitive people. A
warmer climate is expected to promote the growththef moulds, weeds, grasses, and trees.
Ragweed has been observed to grow faster and k@adrar in urban areas where effects of climate
change are enhanced compared with rural areasdloetemperatures related to heat island effect
and higher pollution level of CG° Some species, such as ragwéeahd mugworf, show
particular risks for health and require land-useasoees, maintenance of public and private green
areas or eradication.

Climate changes particularly affect species thabivl in late winter and spring. Many specific
studies have actually highlighted in the last feaang a growing anticipation in the blooming period
of many allergenic plant species and families, swh Birch, Compositae, Urticaceae
Graminaceag Juniperus asheiand Cryptomeria japonic&.Changes in weather patterns (e.g.
intense urban windy storm) may facilitate so calfedllen thunderstorm”, that is the sudden
release of large quantity of pollens and allergemicrogranules from physical cracking of pollens.

24
25

EEA, http://themes.eea.europa.eu/IMS/IMS/ISpecs/ISmetifin20080701123452/full_spec

Alcamo, J., J.M. Moreno, B. Novéky, M. Bindi, Rorobov, R.J.N. Devoy, C. Giannakopoulos, E. Madi&. Olesen, A. Shvidenko,
2007: Europe. Climate Change 2007: Impacts, Admptaind Vulnerability. Contribution of Working Grpdl to the Fourth Assessment Report of
the Intergovernmental Panel on Climate Change, Mdrry, O.F. Canziani, J.P. Palutikof, P.J. vanldlelen and C.E. Hanson, Eds., Cambridge
University Press, Cambridge, UK, 541-580

% U.S. EPANttp://www.epa.gov/climatechange/effects/healthlhtm

Ambrosia, also called bitterweeds or bloodweeds

Artemisia vulgaris (mugwort or common wormwood)

27
28

29 . o . . . .
ISPRA 2010. Cambiamenti climatici e salute: citéi e proposte progettuali per una strategia dtadeento ambientale
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Monitoring anomalies in pollen season or in polleads (if available or through modelling) ar
distribution (above all in public location like sobls and urban green) like the presence of spe

d
cific

allergenic species like ragweed, could be usefusupport healthy urban green planning, land
measures and appropriate seasonal medical treatwfeaitergies.

Stressor

Thermal
anomalies
and
pollens

allergic

Exposure Impact Socio economic
vulnerabilities
6Anomalies in pollen season 8Incidence of allergig Infant (<1 year)
7Anomalies in distribution of population Children
allergenic plants (urban green -9lincrease in  antiy Green  public areas ¢
schools, leisure environments)| allergic drugs use (oytcommunity spaces with ba
patients) maintenance standard.
10 Loss of
working/school days
11 Increase in

hospital admissions fog
asthma or allergic crisis

=

o =
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2.4. Climate change and vector borne disease

Climate change may both alter the distribution @fter species and their population depending on
whether conditions are favourable or unfavourabtebfeeding places (such as vegetation, host or
water availability) and reproductive cycle. Factoesponsible for determining the incidence and

geographical distribution of vector-borne diseam®scomplex and involve many demographic and

societal as well as climatic factors. Temperatame &lso influence the reproduction and maturation
rate of the infective agent within the vector origamand the survival rate of the vector organism,

thereby further influencing disease transmissiaor. iRstance vectors, such as mosquito, flies or
ticks, that do not regulate their internal tempened are therefore sensitive to external tempegatur

and humidity..

Transmission requires that the reservoir host, mpetent vector and the pathogen shall be all
present in an area at the same time and in adeqguatkers to maintain transmission.

Changes in average temperature and humidity patteawour the distribution of arthropods,
potential vectors of viral, bacterial and parasitidisease8. Changes in tick distribution consistent
with climate warming have been reported in sevEraopean locatiotl. Future changes in tick-
host habitats and human-tick contacts may be impofor disease transmission. An increased risk
of localised outbreaks is possible due to climdtange but only if suitable vectors are present in
sufficient numbers.

This issue is not only relevant to developing daes, but also to the developed world. Western
Countries, including Italy and other EU Countriés, instance are considered at risk for viral
diseases such as West Nyle Fever, Dengue and GhiRjandue to the increasing presence of the
mosquito vectoAedes aegyptind the emerging vectéedes albopictus

Climate effects on vector-borne disease shouldhbaé/sed as a whole, combining climate data with
concurrent measurements of the vectorial capacity iafection rate of vectors, abundance and
infection rate of reservoir hosts (if any) and théection rate and eventual health effects on
humans.

The relationships between climate and diseasdldistsn and transmission have been investigated
for many vector-borne diseases, including the agraknt of predictive models . Predictive models
can be broadly classified in biological (based ggragating the effect of climate on the individual
components of the disease transmission cycle) atisital (derived from direct correlations
between geographical or temporal variations in aterand associated variation in disease incidence
or distribution, either in the present or recerdtpa

Increase in quantity and distributions of vectateex now or in the recent past constitute indirect
evidence that they have been, or could be, affdnyerimate change.

Many vectors are collected using a variety of ddfe trapping methods, applied with varying
effort over time and space, so that obtaining stetided measurements of abundance is often
difficult. Therefore most studies centre on analdgspatterns of presence versus absence (that is,
distributions), which are relatively more robustddess data-intensive. The correlation between
climatic variables and the distribution of vectanay be analysed using either explicitly statistical
techniques or semiquantitative climate-matchinghmes such as in the CLIMEX model

U.S. EPANttp://www.epa.gov/climatechange/effects/healthlhtm

http://www.cdc.gov/climatechange/effects/vectorkeohtm

http://www.ecdc.europa.eu/en/healthtopics/Pagesiié Change_Vector Borne Diseases.aspx

Sutherst, R. W., and G. F. Maywald. 1985. A cotafised system for matching climates in ecologyti&s Ecosyst. Environ. 13: 281—
299. CrossRef, CSA

Sutherst, R. W. 1998. Implications of global chaagd climate variability for vector-borne diseasgmeric approaches to impact
assessments, Int. J. Parasitol. 28: 935-@4A&ssRefPubMed CSA
Sutherst, R. W. 2004. Global change and human raihilgy to vector-borne diseases. Clin. MicrobiBev. 17:136-173rossRefPubMedsee

alsohttp://www.climatemodel.com/climAppl.htm
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Surveillance data for human cases of vector bonfiectious diseases and disease vectors and resgrvoi
are recommended indicators. The assessment ofrthepod diffusion risk is a priority in preventing
vector-transmitted diseases, both endemic and thcetroduced. This is possible through:

- geo-referenced and quantitative knowledge of geeies and of the environmental reservoirs of

infection identifying and locating vector arthrop@odpulations, both native and allochthonous,
involved in the transmission of: plasmodes (Andpkaihosquitoes), leishmanias (Phelbotomes),
arboviruses (tiger mosquito and ticks), filariatsyér mosquito), rickettsias and bacteria (ticks);
and
- constant monitoring of the dynamics of vector sgpopulations and of possible reservoirs with
respect to the progress of climate events,
- efficiency of eco-compatible biological methodg ttentrol the vector

Unplanned vector control campaign may lead to @&rtimpairment of environmental quality.
Personal protection methods should be part of mébion campaign and environmental friendly

Exposure Impact Socio economic
vulnerabilities
Thermal « Anomalies in vector distribution 12 Human cases of Coastal/urban population
anomalies EQlll « N°  of environmental vector vector borne infectious Low socioeconomic status
CYENRESMGIVEG]]  control campaign (N°/years) diseases Lack of information campaign
distribution 13 Increase in on personal protection
personal protection methods

products sales (lotions,
sprays, mosquito net
etc.)

7]

mosquito net should be used in private and pulbdicgs to avoid exposure.

2.5 Climate change and Harmful algae blooms (HABS)

A worldwide increase in cyanobacterial (blue-gredgae) sources has been observed in both
coastal and freshwaters. Algal blooms may occtimreishwater as well as marine environments.

An algal bloom or marine bloom or water bloom isapid increase in the population of algae in an
aguatic system. Toxic blooms (HABs) occur when lasg&cies produce neurotoxins, usually when
stressed or dying. Many studies suggested incredsegberatures and salinity stratification
resulting from climate change combined with humativdies, primarily through nutrient runoff,
are important factors related to the increase oBBlA

Blue-green algae (cyanobacteria) are any of a numbsepecies of microscopic bacteria that are
photosynthetic. They occur naturally in surface emat When conditions are optimal, including
light and temperature, levels of nutrients (i.&wpgphorous and nitrogen, and the ratio of the two),
and lack of water turbulence, blue-green algaegeackly multiply into a bloom.

Blue-green algae blooms are likely to occur morteroin warmer months. When some blooms
occur in water bodies, exposure to the blue-grégameaand their toxins can pose risks to humans,
pets, livestock and wildlife. Exposure may occuribgestion, dermal contact, and aspiration or
inhalation.
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Risks to people may occur when recreating in wiatevhich a blue-green algae bloom is present,
or from the use of drinking water that uses a swrfvater source in which a blue-green algae
bloom is present.

Human exposure to HABs can cause eye and skirationt, vomiting and stomach cramps,
diarrhoea, fever, headache, pains in muscles anis jand weaknes$.

When toxic blue-green algae blooms occur in watgpl/ systems is needed a specific treatment
for the blooms that does not merely kill the algsiace rupturing of the blue-green algal cells can
release their toxins, and treatment may not berainteffective in removing toxins. In ltaly a
contamination of algal bloom in water supply sys&srbeen found in Pugffa

Harmful Algal Blooms(HABs) can also cause human pathologies throughctinsumption of
contaminated shellfish. Seawater warming can tbesetontribute to increasing cases of sea food
contamination such as for instance ciguatera, xication caused by ciguatoxin (toxin produced
in particular by the microalga@ambierdiscus toxic)s®

Information campaign for the population and eargrmng systems are key preventive measures.
Health impact assessment will rely on recordedscasd outbreaks.

Potential exposure indicators include monitoringeimsity, frequency, duration and distribution of
HABSs, ad hoc monitoring of water supply systemidA8s recorded cases.

Environmental Exposure Impact Socio economic
stressor vulnerabilities

Thermal stress Algal blooms monitoring HABs recorded casesCoastal population
(frequency, duration and (amnesia, diarrhoeal| Touristic resort

distribution) skin and eye irritation| Lack of early warning system
Cyanobacteria in drinking water| numbness, liver damaggeand public information
respiratory paralysis) Bad maintenance of water
supply network

2.6 Climate change and increased risk of waterborne and foodborne
diseases

2.6.1.Food safety and food-borne diseases

Climate change combined with the way in which fa®groduced, distributed and consumed, can
potentially influence food safety and occurrencefaafd borne diseases. A statistical association
between diseases and temperature changes in thidesino suggests that foodborne diseases shall
be influenced by climate change in the long temmthie cCASHh repoit (Climate Change and

3 English et al. , 2009. Environmental Health laddcs of Climate Change for the United States: iRgglfrom the State Environmental

Health Indicator Collaborative. Environmental Hadherspectives Volume 117 N° 11 November 2009

34 UNPRECEDENTED CYANOBACTERIAL BLOOM AND MICROCYSTINPRODUCTION IN A DRINKING WATER RESERVOIR
IN THE SOUTH OF ITALY. References: Luca LucentirMassimo Ottaviani , Sara Bogialli , Emanuele Rgirréenrico Veschetti , Rosa Giovanna
, Concetta Ladalardo , Matteo Cannarozzi De Graldiaola Ungaro , Rosaria Petruzzelli, Gianni &art Licia Guzzella, Marina Mingazzini,
Diego Copetti . (not yet published)

» ISPRA 2010. Cambiamenti climatici e salute: citi#i e proposte progettuali per una strategia dfangnto ambientale

% The pan-European project Climate Change and Adapt8trategies for Human Health (cCASHh) , fundaeder the European Union's 5th
Framework Programme, aims to provide the sciertigisis for the development of indicators for, aggponse strategies to climate variability and
change within the health sector. Included in cCAS#Hn assessment of the potential impact of weathe climate on the incidence of foodborne
disease in Europe.
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Adaptation Strategies for Human Health in Eurpgpidemiological studies were conducted to
describe and quantify the effect that environmen&hperature has on foodborne diseases.
According to observatiosthe number of cases of sa#tosis increases by 5-10% for each 1°C of
raise in weekly temperatures, for average temperatiabove 5 °C. About one third of
salmonellosis transmission cases in England, WaRedand, Netherlands, Czech Republic,
Switzerland and Spain can be caused by temperctarges.

Cases of food poisoning can even be related toar@tgical conditions of unexpected heat that
can increase bacterial replication (e.g. more cak&sod poisoning were reported during unusually
hot summers both in the UK and in Australi@ther pathogens are temperature sensitierio
parahaemolyticusand Vibrio vulnificus are responsible for non viral infections relatedthe
consumption of fish in the USA, Japan and Southt Bata. Their abundance depends on the
salinity and the temperature of coastal waters2004, a great epidemic occurred due to the
consumption of oysters contaminated\yparahaemolyticysvhich was related to the presence of
unusually high temperatures in the coastal watefdaska®’

Microscopic filamentous fungi can develop on a dangariety of plants and can lead to the
production of highly toxic chemical substances, pwnly called mycotoxins. The most
widespread and studied mycotoxins are metabolitesome types of mould such aspergillus,
Penicillium and Fusarium Contamination caused by fungi can take placendualmost all the
stages of the food chain (harvesting, storage ms$port). The colonization and diffusion of fungi
are favoured by environmental conditions and riatrédl components, as well as other factors such
as attacks by infesting insects. The biosynthesisngcotoxins is influenced by quite unique
conditions, such as: climate and the geographiceation of the cultivated plants; farming
practices; storage.

Increased risk of food contamination by infestipgaes (especially flies, rodents and cockroaches)
is also temperature sensitive. The activity ofsfiig mainly influenced by temperature rather than b
biotic factors. It is probable that in temperatemoies, which have warmer climate conditions and
milder winters, the quantity of flies and otherdsting species will increase during the summer
months and there will be an early appearance ingfr

Some cases of food borne diseases can also beadsddo extreme climate events since rain and
floods can favour the spread of pathogens. For plgnfresh fruit and vegetables can be
contaminated by water-borne pathogens such asrtitezpesCyclosporaand Cryptosporidium
spp Seafood can also be contaminated by enteric tached viruses that can survive water
treatment plants, specially if there is a contate@daverflow during floods or intense rain period.
During flood lack of water for hygiene use in enargy will also facilitate oro-faecal transmission
diseases.

The suggested indicators include monitoring of feanhples to reveal possible contamination| by
fungi, mould and pathogens (e.g.salmonella, canmagdters, V vulnificus e V cholera,
micotoxins), as well as tracking outbreaks of foamine diseases in the population to manage
and prevent other possible contamination.

37 ISPRA 2010. Cambiamenti climatici e salute: crificé proposte progettuali per una strategia d'adethto ambientale
38 ISPRA 2010. Cambiamenti climatici e salute: crificé proposte progettuali per una strategia d'adethto ambientale
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Environmental Exposure Impact Socio economic

stressor vulnerabilities

Thermal Increase/N° of food samplesOutbreaks of foodborne Community residence people

anomalies contaminated by mould, fungidiseases (schools, hotels, elderly
and pathogens (es@lmonella, homes, summer camps)
campylobacters, V vulnificus e [V Low socioeconomic status
cholera, micotoxins) Lack of ad hoc food safety

monitoring plan in extremes

The chemical security of waters and food duringglperiods of drought is also worth considering.
A higher concentration of chemical pollutants inteva used for human consumption is assumed
(since a water shortage is followed by a poor gitueffect). Furthermore, vegetable infestation and
temperature increases both lead to a higher upesticides (which have an increased degradation
with higher temperatures) and a more frequentzation of new chemicals compouritls

It is suggested to monitor any increase in the afspesticides or in the presence of samples of
food contaminated by chemicals, as well as thegores of acute toxic disorders in farmers |or

Environmental Exposure Impact Socio economic
stressor vulnerabilities
Thermal * Increase of pesticide use 14 N° of acute toxic| Infant (<1 year)
anomalies Ul « Increase/N° of food samplgs disorder in farmers or Children
chemical safety contaminated by chemicals workers pregnant women
Lack of ad hoc food safety
monitoring plan in extremes

Adaptation measure should regard also review af fowd water monitoring and control for
pathogens and chemicals under critical conditioextfeme weather events.

2.6.2 Water safety and water-borne diseases

Climate change is also likely to affect water qiyaind quantity in Europe, and hence the risk of
contamination of public and private water suppft@s.

More frequent extreme rainfall events could leadniwreased surface water turbidity and higher
numbers of bacteria and pathogens in surface wHbtes.would create a greater challenge for water
treatment works, particularly where direct rivestuction is used.

Heavy rainfall can cause abnormal changes in trextibn of flow of water through both surface
and underground channels. Microbial contaminantsenmt in biosolids or manures applied to
agricultural land may be transferred to surfaceewaburces more rapidly than under conditions of

39
40

ISPRA 2010. Cambiamenti climatici e salute: criéi@ proposte progettuali per una strategia d’adehto ambientale

Alcamo, J., J.M. Moreno, B. Novaky, M. Bindi, R.@bov, R.J.N. Devoy, C. Giannakopoulos, E. Madif,. Olesen, A. Shvidenko,
2007: Europe. Climate Change 2007: Impacts, Ad@aptaind Vulnerability. Contribution of Working Grpdl to the Fourth Assessment Report of
the Intergovernmental Panel on Climate Change, Badry, O.F. Canziani, J.P. Palutikof, P.J. vanldeden and C.E. Hanson, Eds., Cambridge
University Press, Cambridge, UK, 541-580
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more ‘normal’ rainfall. The contamination of surgaavater sources used for drinking water
production by storm drain overflow may be briefttwa bolus of infected water being followed by
substantial dilution as a result of the excess mfe/*’.

Diseases such as cholera and salmonella, whichramemitted through contaminated food or
water, could become more widespread because afased flooding. Both extreme rainfall and
droughts can increase the total microbial loadsashwater and have implications for water quality
and outbreaks of diseas&s.

Cryptosporidiosi& is the most significant waterborne disease assatiwith the public water
supply in the UK. The spring peak in cases of @agporidiosis is likely to be associated with
spring rainfall and high levels of contaminated oranon the land, especially from lambs . These
relationships show that rainfall may have playednaportant role in sporadic cases of the disease
in the springtimé?

Suggested indicators are the n° of contaminated water samples (chemical and biological), the N° of
period with intermitted water supply and the incidence of outbreaks of water related diseases (water

Environmental Exposure Impact Socio economic
stressor vulnerabilities
G\ EINEETETE « Increased n° of contaminatedOutbreaks — of — watef Community residence people

events (floods ) water samples (chemical andelated diseases (watgschools, hotels, elderly
biological) borne, food-borne, homes, summer camps)
«N° of period with intermittent hygiene behaviour) Low socioeconomic status
water supply Lack of ad hoc monitoring
plan in extremes

Lack of health surveillance

Changes in the distribution of rainfall may increafrought risk. One consequence of drought
would be a failure of the domestic water supplyuteng in a need for standpipes and other
methods of water delivery. The potential healtlee of this would include water related diseases.
Access to sufficient water for the elderly, disableand other vulnerable groups would be a
concern. Localized water shortages may be partiguitaportant.*

A potential increase in drought could substantiaffgct water resources and sanitation in situation
where water supply is effectively reduced. This Idolead to an increased concentration of
pathogenic organisms in raw water supplies. Addéily, water scarcity may require using poorer-
guality sources of fresh water, such as riversciviaire often contaminated. All these factors could
increase the incidence of diseases. Epidemiologesg¢ssment should be used to quantify this risk.
The health consequences of drought include dise&sedting from lack of water. In times of
shortage, water is used for cooking rather thanemgg In particular, this increases the risk of
faecal-oral (primarily diarrheal) diseases and watashed diseases (such as trachoma and scabies).

4 Department of Health/Health Protection Agency, 20@8alth Effects of Climate Change in the UK 2088:update of the Department

of Health Report 2001/2002.

Alcamo, J., J.M. Moreno, B. Novaky, M. Bindi, R.®@bov, R.J.N. Devoy, C. Giannakopoulos, E. Madif,. Olesen, A. Shvidenko,
2007: Europe. Climate Change 2007: Impacts, Adaptaind Vulnerability. Contribution of Working Grpdl to the Fourth Assessment Report of
the Intergovernmental Panel on Climate Change, Mdrtry, O.F. Canziani, J.P. Palutikof, P.J. vanldeen and C.E. Hanson, Eds., Cambridge
University Press, Cambridge, UK, 541-580
43 http://www.ecdc.europa.eu/en/healthtopics/Pagaséié Change_Water Borne_Diseases.aspx
a4 Department of Health/Health Protection Agency, 20@8alth Effects of Climate Change in the UK 2088:update of the Department
of Health Report 2001/2002.

Department of Health/Health Protection Agency, 20@8alth Effects of Climate Change in the UK 2088:update of the Department
of Health Report 2001/2002.
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Another concern is the use of unsafe new sourcesatér (such as untreated waste water) for
human activities such as irrigation. These prastiead to an increased risk of infectious diseases
by use of food contaminated by unsafe water.

The indicators suggested are : Length and sevaritydrought periods and the number [of
contaminated water and food samples by chemicals

Environmental Exposure Impact Socio economic
stressor vulnerabilities

LUGIETESIRWEEGE « Length and severity of droughte Increased n° of Community residence people

events (drought) LN contaminated water and(schools,  hotels,  elderly
food samples homes, summer camps)
(chemicals) Low socioeconomic status

Lack of water management
plan in extremes

Lack of health surveillanc
plans

D

Since long term effects of chemical exposure isl harquantify, health impact assessment of food
and water borne diseases generally are referredadate intoxication generally manifested by
diarrhoeal disorders. The potential impact of clesnmn rainfall on waterborne disease is very
important. However, little epidemiological researshs addressed the role of rainfall in either
triggering individual outbreaks or in the overalirlen of waterborne disease.
Time—series methods can be used to quantify arciasiem between variation (daily, weekly or
monthly) in diarrhoea outcomes and environmentadpirature. The effect of high temperatures
may be only apparent after 1-2 weeks, as delayhisrént between the time of infection, the onset
of symptoms and when disease is recorded throughineo surveillance. An appropriate
environmental monitoring plan may accelerate thaeseies acting as early warning system to
anticipate health risk.
Other factors should be considered for assessment:

* Health data may be available from routine surved&& (laboratory-confirmed cases by

pathogen) or the records of infectious intestitiaéss at primary care clinics or hospitals.

» The date of onset of illness (or admission) shdaddreasonably accurately recorded, and
data should be available at the weekly or dailplésn. Analysis of aggregate monthly data
may lead to overestimate of a temperature effecadmse the potential to control for the effects
of non-climate factors (such as seasonal confogpdslimited.

» If the model is based on a relationship derivednfi@ different population, then justifying
this extrapolation is important, especially if tbther population differs in climate and the
burden of diarrhoeal disease.

» A climate relationship with a specific diarrhoedhmgen can be used to estimate the effects
on the total burden of diarrhoeal disease if infation is also obtained on (1) their relative
contribution to overall disease incidence and (QYivalent data on climate-sensitivity and
relative prevalence for all other diarrhoea patimsge

Information on water borne and food borne outbreaigincidence can be found at ECDC website
(http://www.ecdc.europa.euand, for Italy, the National Health Institut@vfw.iss.it)
To summarize several potential mechanisms willease the risk of water and food borne diseases:

* Heavy precipitation causing sewers to overflow gedple come into contact with pathogens
and faecal matter.
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* Heavy rainfall causing contamination of surfaceoastal water if the sewers are used as storm

drains.

* Heavy rainfall leading to agricultural runoff conmtmated with livestock faeces into surface

water, which reaches the public water supply cedicontact with humans.
* Heavy rainfall leading to failure in a wastewategatment plant.

* Drought reducing the amount of surface water andumplwater, leading to increasing

concentrations of pathogens and the use of alieensdurces of water that are less potable.

Table 5. Summary table on pathogens and health gsigance (source: Poncet al., in Menneet

A

L

al. (2010))
Weather Health Relative infective| Infection caused
Pathogen , o N N
influences significance dose
Viruses: Storms can
increase transport Gastroenteritis
from faecal and Gastroenteritis
wastewater Hepatititis
sources Gastroenteritis
Gastroenteritis
Survival increaseg Respiratory&intesting
at reduced I
Norovirus GGl and temperatures and influenza
sunlight .
GGl (ultraviolety = | High Low
Sapovirus High Low
Hepat.ms A virus Changes if H!gh Low
Rotavirus seasonality High Low
Enterovirus High Low
Adenovirus High Low
Avian influenza viru$ Low unknown
Bacteria:
. Enhanced Gastroenteritis
Pathogenic
2= . zooplankton . Low
Escherichia coli High -
Campylobacter jejun blooms Gastroenteritis
. ’ . Moderate Stomach&duodenal
C. coli - High
: .| Salinity and . Unknown ulcer
Helicobacter pylori High .
. temperature Pneumonia
Legionella . . .
. associated with . High Cholera
pneumophila . . High ;
o growth in marine | . High
Vibrio cholerae . High d infecti
Vibrio environment _ Woun infections|
. . High otitis and lethal
parahaemolyticu’s Medium . .
S e Low septicaemia,
Vibrio vulnificud Low o
o . ; Unknown gastroenteritis,
Vibrio alginolyticus Low .
. ! . Moderate respiratory
Toxic cyanobacteria Medium . .
dysfunctions, allergi
reactions
Protozoal Cryptosporidium spp. Storms can High
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Giardia spp increase transport High Low Gastroenteritis

Naegleria fowlefi from faecal and |Low Low Gastroenteritis

Acanthamoebapp? | waste water Low High Meningoencephalitis
sources Unknown Keratitis, blindness
Temperature

associated with
maturation and
infectivity of
Cyclospora
Taxa labelled with " are considered potentially emerging. *according t&WHO-report “Emerging Issues in Water
and Infectious Disease”, 2003.

2.7 Disaster management in extreme weather events

As already mentioned climate change is likely tor@ase the risk of mortality and injuries from
wind storm, flash floods and coastal flooding. Hheerly, disabled, children, ethnic minorities and
those on low income are more vulnerable and needapconsideration.

Sea-level rise can have a wide variety of impaatsing flooding, land loss, salinitation of ground
water and the destruction of residential houses iafrdstructures including water supply and
sanitation networks, desalinisation plans and heaftastructures. Coastal flooding related to sea-
level rise could affect large populations. Undensascenarios up to 1.6 million of people each year
in the Mediterranean, northern and western Europght experience coastal flooding by 2080
Weather disasters affect human health by causingi@erable loss of life. Extreme weather events
cause death and injury directly. Following disastateaths and injuries can occur as residents
return toclean up damage and debris.

The non fatal effects of natural disasters include:

* physical injury;

* increases in respiratory and diarrhoeal diseéseause of crowding of survivors, often with
limited

shelter and access to potable water;

« effects on mental health that may be long lastingpme cases;

* increased risk of water-related diseases fromugigon of water supply or sewerage systems; and

» exposure to dangerous chemicals or pathogerssezldrom storage sites and waste disposal sites
into flood waters.

Bereavement, property loss and social disruptioy merease the risk of depression and mental
health problems. Substantial indirect health impat also occur because of damage to the local
infrastructure and services (such as damage tdatatss@mnd roads) and population displacement.
The total health impact of a disaster is diffidatquantify, because injuries and secondary effects
are poorly reported and communicated.

Current vulnerability to weather disasters needsetdescribed in terms of total and age-specific
mortality and morbidity.

Epidemiological studies of flood events can be uadken in relation to the following outcomes to
compare incidence in the pre- and post-floodinggsibns:

* injuries

* infectious diseases, especially skin, gastroimalsand respiratory infections; and

48 Alcamo, J., J.M. Moreno, B. Novaky, M. Bindi, R.®@bov, R.J.N. Devoy, C. Giannakopoulos, E. Madi,. Olesen, A. Shvidenko,

2007: Europe. Climate Change 2007: Impacts, Ad@aptaind Vulnerability. Contribution of Working Grpdl to the Fourth Assessment Report of
the Intergovernmental Panel on Climate Change, By, O.F. Canziani, J.P. Palutikof, P.J. vanldeden and C.E. Hanson, Eds., Cambridge
University Press, Cambridge, UK, 541-580
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» mental disorders: increases in common anxietydamilession disorders.

Routine surveillance may provide data on episodesfectious disease both before and after a

flood.

As indicators in this area of concern it’s suggested to provide hazard maps weighted on population for
all kind of event that have probability to happen (floods/sludge, landslides, storm surges, sea level rise,
droughts). Hazard maps can also be obtained by simply overlapping spatial maps of areas at risk with
maps of population living in the area of interest. Another indicator should be the number of events (flash
floods/ sludge, landslide, intense rainfall, windstorm or storm surges) occurring in the area of interest
.Other useful indicator suggested to monitor extreme impacts and preparedness are the number of
people requiring medical assistance/ hospitalization(physical injuries and post traumatic stress
disorders), N° of deaths and N° request of damage restore of socio -economic activities (crops, tourism,
schools, hospitals, etc) and residential damages. All this indicators show the resilience and coping
capability of the system to extreme events.

Environmental

stressor

Adverse weather
events (floods,
drought,
windstorm, storm
surges, etc)

Exposure Impact Socio economic
vulnerabilities

eHazard maps weighted qneN° of people requiring Elderly (>65)

population (floods/sludge, medical assistance/Infant (<1 year)

landslides, storm surges, spahospitalization (physical Children

level rise, droughts) injuries and post People with disabilities

+N° of flash floods/ sludge, traumatic stress (including obesity)

landslide, intense rainfal|, disorders) Resilience of water supply an

windstorm, storm surges.

«N° of deaths

*N° request of damag
restore of socio
economic activities
(crops, tourism, schools
hospitals, etc) an

sanitation systems
eLack of early warning system

Py

o

12}

residential damages

Adaptation measures should include risk reductianagement in disaster.
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2.8 Global warming and Avalanches

These events should be expected to impact setttemafrastructural elements, resources and the
environment, resulting in human and financial lesdeong term temperature change affects the
volume of glacier ice in mountain regions. Glaciee loss due to global warming has been
identified as an important factor in the occurrenfea range of catastrophic processes, such as
outburst floods and rock avalanches. With respeptédicted temperature increases, further glacier
ice loss will result in continued debuttressingrajuntain slopes leading to slope deformation and,
in some cases, catastrophic failure.

Snow avalanches are mainly ruled by temperaturetuitions, heavy precipitations and wind
regimes, so that climate change is likely to modify frequency and magnitude of both ordinary
and extreme events .

As indicator are suggestédzard maps weighted on population for areas tlatehprobability to
experience avalanches. Hazard maps can also benalotdoy simply overlapping spatial maps |of
areas at risk with maps of population living in treea of interest and touristic resort nearby .

Environmental Exposure Impact Socio economic
stressor vulnerabilities
Thermal stress *Events  monitoring  system 15 Injuries and| Local mountain communities
(n°/year) deaths and touristic resorts
* Hazard maps Lack of early warning and

public information
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2.9 Wildfires

Increased temperatures will result in an incredssgliencies of wildfires that, in turn, will eleeat
particulate matter levels. Large-scale wildfiresl @momass burns have also been known to increase
ground-level O3 concentrations. The smoke, padteumatter, and £Oprecursors from fires can
affect local populations as well as those at loistadces from the fire’s origih

Besides direct injuries there would be an incredseute respiratory diseases.

Environmental Exposure Impact Socio economic
stressor vulnerabilities
Thermal stress » Frequency, severity and 16 N° of people| Elderly (>65)
distribution of wildfires requiring medical Infant (<1 year)
assistance/ Children
hospitalization People with disabilities

17 Loss of private (including obesity)
property and touristic Community residence people
attraction (schools, hotels, elderly
homes, summer camps)
Building vulnerability

4 English et al. , 2009. Environmental Health Indicatof Climate Change for the United States: Figslifitom the State Environmental

Health Indicator Collaborative. Environmental Hederspectives Volume 117 N° 11 November 2009
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3. Climate and Health: Adaptations measures in urba n area

A) Urban Planning
Public information on climate-related health thrés and prevention.

Awareness of emerging health risk is a key tool dffective preventive measures. Any efforts

should be put in place to make individuals and stdble groups, stakeholders and policymakers
aware about potential health effects, and abledudress specific risks associated with climate
change (e.g. for the prevention of heat illnesk,vector borne/food-borne disease, etc.).

Communication to be effective needs to be taildacespecific groups, and conducted together with
public health expert¥.

Messages should empower people to access and osgsagy health resources. Since frightening
scenarios may elicit despair and helplessnessjrtportant to design messages that minimize these
responses leading to constructive behaviors. Toa@senunication steps must continue throughout
the adaptation process, and can include periodigdnization of workshops and conferences,
distribution of factsheets, implementation of wedssand other tools, etc. Educational programme
in school are highly recommended.

Information on health risks should be also pathatkground knowledge of environmental , climate
professionals and utilities managers.

Intervention to reduce heat island effects and healated health impacts

Cities can take various actions to address urbanisland issue.

Among these, parks, street trees, and green raofshelp surface temperatures reduction in cities,
creating at the same time more walkable, liveablaraunities. Trees provide cooling shade, and
can significantly reduce home energy costs. In tamdi vegetation helps to improve local air
quality. Other options are represented by:oglcoofs, that use light-colored roofing matesial
that reflect heat rather than absorbing it; ii)eegr roofs, that use living vegetation to reducd;hea
iii) cool pavements, that include the use of mafective light-colored materials instead of black
asphalt, as well as the use of permeable pavements.

Another important way of reducing heat-related @dst is implementing a weather-based heat-
wave warning system. In Italy, like many other @gpgan Countries, the Ministry of Health is
dedicating a lot of resources to the heat wave gemant providing information materials and
supporting the national heat waves surveillance aladn system for the 27 cities that joined the
network (www.salute.gov.i.

Integrated with proper response, emergency heamnimgrsystems can reduce population
vulnerabilities, increasaesilience to future extreme events, and help iffentulnerable
populations.

8 H. Frumkin, J. Hess, G. Luber, J. Malilay, M. Mahin (2008). Climate change: the public healthorse. American

Journal of Public Health, 98(3): pp. 435-445
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Intervention to reduce air pollution impacts.

Especially in warmer season all efforts should @en to warrant effective management of air

guality and ozone episodes strengthening those uresaglready in place . These measures may

include:
* maintaining strict regulation of air pollutants@l$y traffic restrictions;

* reducing exposures to combustion products (e.ggtractions such as regulations/controls on
diesel trucks, increased car fuel efficiency, etc.)

* increase community bike/walkability together witeen areas planning

* improve public transportation planning adequateoer of personnel also in summer holidays
period;

* Provide information to public on risky behavior buas sports/outdoor activities in hot weather.

It's important to improve and maintain effectivaming systems both for air quality and ozone .

Intervention to prevent impacts from increased risk vector-borne diseases.

The primary adaptation measure to limit the sprepdf infectious disease are prevention

programs that reduce the specific vulnerability.g.(eavoiding/mitigate exposure to mosquitoes)

including educational programme and public infaliorga health surveillance and tracking systems

to identify emergence of potential threats, andnpiag accurate sustainable vector control

programme outside outbreak emergencies. Elemestscbfa strategy inclutfe

* Monitoring of vector density and factors influemgidisease transmission and diffusion;

» Dissemination of information and strengthen redeaso sustainable vector control;

» strengthening local capacity for assessing theakamiltural, economic and environmental
factors that lead to increased vector density anceased transmission of disease;

Informatoin is in the end essential : epidemicyeamirning systems combine clinical data such as

emergency department and outpatient clinic syndr@miveillance with climate data, vector

biology data, clinical laboratory data, veterindata, telephone hotline call tracking,

pharmaceutical use data, and other Hata

An appropriate environmental monitoring and biodsity assessment could be helpful to anticipate

outbreak occurrence.

It is also important matching these actions witheéfective public information on individual

protective tools such as mosquito network, persmllent and management of private manholes,

standing water in saucers, gully hole, etc. toxieraled also to vulnerable communities like

schools, residential homes etc .

Intervention to reduce health impacts in disasters.

Disaster risk reduction preparedness should begpadaptation strategies and should include:

» create preparedness plans for scenarios that aceimently planned for (e.g. major flooding by
sea level rise and storm surges , saline intrugitm) also by using integrated risk map
weighted on population, crucial infrastructure aednomic activities;

* work cross-sector with health and emergency pesgjrass entities to identify and refine
scenarios;

» develop and improve effective early warning systezspecially for regions that have not yet
adopted it;

49 World Health Organization Europe (2003). Healtld global environmental change. Series n.1. Metlobdssessing

human health vulnerability and public health adiptato climate change.
H. Frumkin, J. Hess, G. Luber, J. Malilay, M. Mahin (2008). Climate change: the public healthorse. American
Journal of Public Health, 98(3): pp. 435-445
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» improve effective protection and emergency resposgtems;

» improve effective coordination among alert systamd emergency personnel responding to
public health emergencies.

* improveLand-use planning and zoning to avoid (or to motehe allocation of buildings,
infrastructure and basic services (e.g. schodpital etc.) in flood or landslide prone areas.

Finally it must be kept in mind that people not ssvaf risks can slow down the emergency
operations.
In disaster critical conditions community ability tcope with it relies also on preventive informatio
campaign that should be organized also for comnasnstuch as schools, hospitals, residential
homes.
Avoiding exposure to the hazard by keeping hazarg free of intensive economic use or highly
populated settlements is highly recommended.

The communication strategy, based on a multidigapy approach, should be part of the
risk disaster management and adaptation planxfoeree weather events in order to share
knowledge among different actors,

. Specific communication activities should be plah(@efore, during and after the
event) and targeted at different groups at ris. e elderly, children, communities).

. Public authorities must be mainly responsiblediaborating and delivering the
messages.

. The media are a key partner in communication.

. Communication should be a long-lasting and instihal process and not only a

contingency tool.

B) Water supply and sanitation system (WSS)

In normal conditions water supply and sanitatianraade to prevent pollution of water bodies
and to prevent hygiene related diseases. Undezrags or adverse weather conditions they
become an important source of pollution.

The resilience of WSS is a challenging vulnerapilihder climate change scenarios for both
technical and regulations aspects. Generally W8%exy sensitive to changes in water loads,
sea level rise, storm surge and energy blackoutdstorms) can further impair their
functioning. Crucial infrastructure such as watexatment plans and water supply systems are
often hitted by extremes.

Although is well known that pollution dischargemd/N'SS is a major health determinant for
bathing and drinking water , generally water qyaiionitoring is not due in condition of
extreme weather according to present Europeanategus. Only the recent EU Flood
directive is somehow addressing the issue. Ragaokaare also lacking for the safe use of new
sources of water through several techniques inetudguifer recharge with reclaimed water .
Furthermore usual water and land use managendaptation strategies do not include, in the
practice, consultation with utilities managers .

Due to the relevance of the issue Guidelines oreW&apply and Sanitation in extreme events
are to be finalized by the Task Force on extrematii evenfs within the framework o the
Protocol Water and Health to the UNECE Water Cativa leaded by Italy (Ministry of
Environment/ISPRA) .

o1 http://www.unece.org/env/water/megsiflocuments TFEWE.htm
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Recommended actions are:

Include WSS management into water and climate atlaptstrategies

Provide effective water bodies monitoring durirgahwaves, intense rain and/or drought
events;

effective monitoring and inventories of conditiand capacity of water distribution systems
and of treatment systems

provide local regulations for safe use of new sesitaf water;

reinforce ability of water supply with alternatitechniques such as rain harvesting and/or
reclaim and reuse of treated waste water

Other measures at urban and peri-urban leveldeclu

e Sustainable urban drainage systems implementation.

use of permeable surfaces (e.g. in parking lotsaads) to reduce stormwater runoff, thus
reducing the risks of flooding and pollution outfi®, reducing the risk of stormwater systems
overwhelming during heavy precipitation eventsd arcrease recharging of ground aquifers;
use of green roofs to increase on-site retentigtia@mwater;

increase the use of stormwater retention pondastoucted wetlands and swales providing
surveillance for potential risk of increase of wedborne diseases .

C) Energy

Strategies referred to managing energy demanddecl

reduce vulnerability to blackouts from hydropowass, storms and floods informing
population on health threats in emergency ( @@d fcontamination without refrigeration,
electric shock etc) ;

reduce urban heat and energy demand for air condity, especially during heat waves,
increasing street trees and urban parks/grees ptaaning and maintenance, and increasing
green roofs and high-albedo surfaces;

decrease energy needs for cooling building by avipg energy saving techniques, specially in
crucial infrastructures such as schools, hospatatsresidential homes providing safe indoor air
quality standards ;

D) Transportation.

Adaptation to climate change of transportation@sct(public and private) and related
infrastructures to mitigate injuries to people aettlements are generally shared with usual
adaptation measures that here are briefly sumnufize

3)
4)
5)

6)

evaluation of the vulnerability of port facilitiesd associated infrastructures due to changes in
water level, increased wave activity, storm surgés,

relocation of coastal road, rail lines and all thiger infrastructures that could be subjected to
sea-level rise, storm surges, etc.;

assessment and retrofitting of vulnerable tranggpiort infrastructure systems such as culverts,
tunnels, bridges, subway entrances, dykes, etc.;

ensuring that critical components, such as switgr gr substation, are above flood levels;

52

The Clean Air partnership (May 2007). Citiesgaeng for climate change- A study of six urbanioag
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7) ensuring the availability of alternative routexase of disruption and/or need of evacuation.

E) Infrastructures and basic services.

Strategies regarding improving adaptation to dedange for infrastructures and basic services

(such as hospital, school, etc.) include:

» taking into account of the increased risks of fiogg heat waves, intense storms and storm
surges, wind speed and other climate change/egtex@nts effects on building design and
development;

» designing drainage systems and entrance thresabtbe best to cope with more intense
rainfall, possibility of flooding, etc.;

» improve natural ventilation to reduce heat gainrdysummer/heat waves;

» using ground-floor spaces for flood compatible sseh as car parking, or raise ground floor
above flood level in areas potentially vulneralléldods;

» utilizing green roofs to insulate against heat gaid reduce stormwater runoff.

» Develop disaster management plan shared with tmzamunities

* Provide adequate green space management to misithatgic risk

* Extend use of mosquito network in risky areas

* Provide educational and information campaign faspenel and people living in community
buildings.
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Table 5. Suggested example of adaptation measut&sor no-health sectors

(Source: The Clean Air Partnership, 200 adapted by ISPRA)

Suggested example of adaptation measurésfor no-health sectors

Sector or system

Intervention to reduce

effects

Urban Planning

impacts
Interventions to prevent
diseases

into adaptation plans

Public information on climate-related
health threats and prevention.

heat island

Intervention to reduce air pollution

vector-borne

Include disaster risk reduction strategy

Support public health awareness campaign
addressing specific risks associated with climate
change (e.g. for the prevention of heat illness,
of vector borne/food-borne disease, etc.)
tailored to specific groups, including vulnerable
populations (e.g. outdoor workers , people
living in communities, social services
professionals, people with chronic illness, etc.)
including environmental , climate professionals
and utilities managers

Provide information to public on risky behavi
such as sports/outdoor activities in hot weather.

Educational programme in school are highly
recommended

Increased street trees and tree canopy coverage
Increased parks and green spaces(avoid allerg
species!)

Green roofs, light coloured roofing materials
Management of reflective building and road surf
(high albedo)

Heat alert and early warning systems

Strengthen air quality management
Air quality and ozone alarm and warning system

jenic

Ace

Early detection and warning systems (vectors

density, transmission risk)

Planning /Guidelines for sustainable
control

Information campaign for use of protection devi
( mosquito network) and management of gr
areas for public and vulnerable communities
schools , residential homes)

mosq(

Reinforce preparedness plans by using

integrated risk map weighted on population,

crucial infrastructure and economic activities

e work cross-sector with health and emergeng
preparedness bodies to identify and refine
scenarios;

¢ develop and improve effective early warning
systems and effective coordination among a
systems .

e improvelLand-use planning and zoning to

avoid (or to protect) the allocation of

buildings, infrastructure and basic services

(e.g. school, hospital etc.) in flood or landslide

ito
ces

een

(

lert

prone areas.

53
54

No ad hoc mitigation measures were considered

(http://www.cleanairpartnership.org/pdficities_ climachange.pglf
55

The Clean Air Partnership (2007). Cities prepgfor climate change — A study of six urban regions

No ad hoc mitigation measures were considered
L ——————————————————————————————————————————————————————————————————————————————————
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» Plan, organize and manage risk communication
campaign

» provide ad hoc environmental ad hoc
monitoring plan post-event to mitigate
exposure to contaminated biota

- Provide effective water bodies monitoring
Include WSS management into water during heat waves, intense rain and/or drought
and climate adaptation strategies events;
- assess water supply capacities in emergency
- provide local regulations for safe use of new
sources of water;
- reinforce ability of safe water supply with
alternative techniques such as rain harvesting
and/or reclaim and reuse of treated waste water;

CUEIEr  Shgelly e safe acquifer recharge;

sanitation (WSS)

Sustainable urban drainage systems 18 use of permeable surfaces (e.g. in parking lots
implementation. or roads) to reduce stormwater runoff,
19 use of green roofs to increase on-site retentiopn
of stormwater;
20 increase the use of stormwater retention ponds,
constructed wetlands and swales providing
preventive measures for potential risk of
increase of vector borne diseases
Intervention to reduce health risk from Information campaign for public and communitieg
energy blackouts Invest in distributed energy systems (cogeneratjon)
and local renewable energy
Intervention to reduce energy demand improve energy saving techniques, specially| in
providing indoor air quality standards crucial infrastructures such as schools, hospéats
residential homes providing safe indoor air qyalit

standards
Intervention to reduce health hazards vulnerability assessment of port facilities and
from infrastructures vulnerabilities coastal roads, rail lines and other infrastructure

subject to sea level rise , increased wave actiyity
storm surges etc.
Assess vulnerability transportation infrastructure
systems (culverts, tunnels, bridges, subway
entrance, etc.)
Ensure alternative routes are available in case of
disruption and/or need for evacuation
Ensure critical components (switch gear, substation
are above flood levels

Transportation

Reinforce resilience to climate change Increase environmental monitoring of community
for infrastructures of essential social food, drinking water and bathing waters |in
services (such as hospital, schoa extremes conditions
residential homes etc.)

Design drainage systems and entrance thresholds to

cope with more intense rainfall, use ground-flpor

spaces for flood-compatible use such as car parking
Infrastructures and or raise ground floor above flood level
basic services Design buildings for improved natural ventilation
and reduce heat gain in summer
Reinforce local sustainable measures to control
vector diseases risk (e.g. mosquito net | in
community building )

Utilize green roofs to insulate against heat gaid
reduce stormwater runoff

[
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CLIMATE CHANGE AND HEALTH RISK SCENARIOS FOR THE CITY OF
PATRAS

This chapter illustrates an example of risk assessitior population exposure to heat waves under
climate change- , prepared for the city of Patraduly 2011. Data availability was not enough for

an extensive study, nonetheless the likelihoodchefresults, even if proxies, are sufficient to be a
forewarning for preventive action and preparedness.

1. Temperature variation and population exposure

The PHEWE project (Assessment and Prevention deddealth Effects of Weather conditions in

Europe), analyzed the health effects of meteoroldgionditions during warm and cold seasons in
15 cities: Athens, Barcelona, Budapest, Dublin skhd, Ljubljana, London, Milan, Paris, Prague,

Rome, Stockholm, Turin, Valencia, and Zurith.

The focus was on the effect of apparent temperabmrenortality. Apparent temperature is a

measure of relative discomfort due to combined hedthigh humidity (Steadman, YEAR). It can

be calculated as a combination of air temperattemg) and dew point (dew),according to the
following formula :

AT = —2.653 + 0.994 temp + 0.0153 (déiw)

The relationship between the last four day averagesimum apparent temperature (lag 0-3) and
log (natural logarithm) mortality rates was invgated. Anexcess of risk for exposures to
apparent temperature above a thresholdhat varies among cities, was detected. The thlésko
the value of apparent temperature, which correspémc change in the effect estimate. For a V-
shaped curve, this is the value of apparent tertyrerassociated with the minimum mortality rate.
City-specific results were pooled into 2 groupsimeEd on the basis of meteorological and
geographic criteria (Figure 1):

1. “Mediterranean” cities: Athens, Rome, Barcelovialencia, Turin, Milan, and Ljubljana.

2. “North-continental” cities: Prague, Budapestyig, Paris, Helsinki, Stockholm, London, and
Dublin.

The curves remained fairly constant until a thré$h®T and then rapidly increased with a heat
effect apparently stronger in Mediterranean thannaerth-continental cities. Using minimum
apparent temperature as exposure indicator, thebioeoh curve was similar in shape, but, as
expected, with a minimum around lower apparent &matpre values.

56 M. Baccini, A. Biggeri, G. Accetta, T. Kosatsky, Katsouyanni, A. Analitis, H. Ross Anderson, lis@énti, D. D’lppoliti, J. Danova, B.

Forsberg, S.Medina, A. Paldy, D. Rabczenko, C.r&tthr and P. Michelozzi ,2008. Heat Effects on fdlity in 15 European Cities (Epidemiology
« Volume 19, Number 5, September 2008)

57 M. Baccini, A. Biggeri, G. Accetta, T. Kosatsky, Katsouyanni, A. Analitis, H. Ross Anderson, lis@énti, D. D’lppoliti, J. Danova, B.
Forsberg, S.Medina, A. Paldy, D. Rabczenko, C.18ttbr and P. Michelozzi ,2008. Heat Effects on fdlitty in 15 European Cities (Epidemiology
« Volume 19, Number 5, September 2008)
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Figure 1. The figure show how, over the threshold valuentiteral logarithm of the mortality rate climb rafy,
specially in Mediterranean cities.

Heat effect are reported apéercent change in mortality associated with a 1°Cncrease in
maximum apparent temperature above the city-specidi threshold”. City-specific and overall
meta-analytic estimates of thresholds and percemnge are reported in Figure 2.
For Ljubljana, Stockholm, and Zurich estimated shi@ds were just below 22°C whereas for
Athens, Milan, and Rome estimates were over 30°C.

The overall meta-analyticalue of the thresholdwas 29.4°C (95% credibility interval [Crl] =25.7
to 32.4) for Mediterranean cities (excluding Baotel) and about 6 degrees lower for North-
continental cities (23.3°C; 22.5 to 24.0).

Overall meta-analytipercent change per degreef above-threshold apparent temperature equaled
3.1 (0.6 to 5.7)and 1.8 (0.1 to 3.6) for Mediteran and North-continental cities, respectiv&ly.

%8 M. Baccini, A. Biggeri, G. Accetta, T. Kosatsky, Katsouyanni, A. Analitis, H. Ross Anderson, lis@énti, D. D’lppoliti, J. Danova, B.

Forsberg, S.Medina, A. Paldy, D. Rabczenko, C.18ttbr and P. Michelozzi ,2008. Heat Effects on fdlitty in 15 European Cities (Epidemiology
« Volume 19, Number 5, September 2008)
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TABLE 2. Regional Meta-Analytic Estimates and City-Specific Estimates of Threshold and
Percent Change in MNatural Mortality Associated With a 1°C Increase in Maximum
Apparent Temperature Above the City-Specific Threshold

Threshold (7C) (95% Crl/CI)* % Change (95% Crl/CI®
Region
Narth-continental 233 (22.5t024.0) 1B (0 to 3.64)
Mediterranean 294 (257t 324) 312 (060 to 5.72)
City

Adhens 327 (321 10 33.3) 554 (4.30 10 6.80)
Barcelona 22.4% (20,7 1o 24.2) 156 (104 to 2.08)
Budapest 228 (21910 23.T) 174 (1.47 to 2.02)
Dublin 239 (20,7 t027.1) =02 (=538 to 5.05)
Helsinki 236 (21.7 to 25.5) 172 (168 to 5.81)
Ljubljana 21,5 (15.0 0 2800 1.34 (03210 2.37)
London 239 (2261w 25.]1) 134 (101 1 2.08)
Milan 318 (308 10 32.8) 429 (33510 5.24)
Paris 24.1 (234 to 24.8) 244 (2,08 to 2.80)
Praha 2200 (2004 to 23.6) 1.91  (1.39 to 2.44)
Rome 0.3 (298 to 30.8) 525 (4.57 to 5.93)
Stockholm 21.7 (18,2t 25.3) LT (041 to 1.94)
Turin 270 (2521w 289 332 (253 w413
Valencia 282 (23.7 10 32T) 056 (0351w 1.47)
Zurich 218 (16.5 to 27.0) 137 (049 to 2.25)

95% crediality interval for regional meta-analviic estimates and %5% confidence interval for city-specific estimates

"Excluding Barcelona

“Mean apparent temperature,

Figure 2. For the city of Athens the average percent changetural mortality per degree (1°C) of Tappover the
threshold of 32.7°C is +5.54%. E.g. a raising?0€ over the threshold is expected to increaseitikeof mortality of
11.08%

. The overall meta-analytic estimates of perceangein cardiovascular mortality per degree of
above-threshold temperature were 3.7 (0.4 to BilOMediterranean cities and 2.4 (-0.1 to 5.3) for
North-continental cities. Higher associations wéosend between heat anchortality due to
respiratory diseaseswith estimated percent changes equal to 6.7t(214..3) and 6.1 (2.6 to 11.1)
for Mediterranean and North-continental citiespezgively>®

The effect of heat was particularly large in theeely. For people aged 75 and older, we
estimated that a 1°C increase in maximum apparenteimperature above the threshold was
associated with an increase in mortality for all néural causes of 4.2% for the Mediterranean
region and of 2.1% for the north-continental region The same effect estimates were 8.1% and
6.6%, respectively, when only deaths for respisat@uses were consider&d.

%9 M. Baccini, A. Biggeri, G. Accetta, T. Kosatsky, Katsouyanni, A. Analitis, H. Ross Anderson, lis@énti, D. D’lppoliti, J. Danova, B.
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* Volume 19, Number 5, September 2008)

60 M. Baccini, A. Biggeri, G. Accetta, T. Kosatsky, Katsouyanni, A. Analitis, H. Ross Anderson, lis@énti, D. D’lppoliti, J. Danova, B.
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TABLE 3. Overall Meta-Analytic Percent Changes (95%
Credibility Intervals) in Mortality for All Natural,
Cardiovascular, and Respiratory Causes, in All Ages and by
Age Group, Associated With a 1°C Increase in Maximum
Apparent Temperature Above the City-Specific Threshold

Mediterranean Cities Morth-Continental Cities

Age; yrs % Change (95% Crl % Change (25% Crl)
MNatural mortalin,

Al 3.12 (LGt 5.73) 1.5 (0L00 to 3,04

15— [ e [—1.29 t0 3.13) 1.51 (— 0.5 to 3.72)

6574 213 [—0.42 to 4.74) .65 (—0L51 1o 38T

T5+ 4.22 (.33 to 7.207 207 (024 1o 3.89)
Cardiovascular mortality

Aldl 3.70 (.36 1o 7047 2.44 (=008 1o 5.32)

15— 057 (—2.47 to 3. E3) 1.0 (—2.20 to 4,92)

Ba—T4 192 [— 1.49 to 5.35) 1,500 (—1.12 to 4.62)

a4 4,60 AN ERGENE) 235 (— 024 to 5.51)
Respiratory mortality

All 6.71 (2,43 1o 11.26) G110 (246 w 11.08)

15-64 1.54 {—3.68 to 7.22) 3.02 {(—1.55 10 7.42)

6574 3.37 (—1.46 t0 8.22) 3.940) (—0.16 1o B.92)

ot K0 [(3.24 1o 13.37) .62 (3.0 to 11.42)

Figure 3.In Mediterranean cities, for example, there wil & risk of 4,2% of deaths above the baselineraht
mortality rate, for each degree of Tappover the threshold that will be reached.

Episode analyses of heat waves have documentednpacativelyhigher impact on mortality

than on morbidity (hospital admissions) in Europeancities. Objectives of the PHEWE project
were also to evaluate the impact of high environalelemperatures on hospital admissions during
April to September in 12 European cities partidipgtin the project. For each city, time series
analysis was used to model the relationship betwaarimum apparent temperature and daily
hospital admissions for cardiovascular, cerebravlascand respiratory causes by age (all ages, 65—
74 age group, and 75+ age grodp).

For respiratory admissions there was gositive associationthat was heterogeneous between
cities. For al°C increase in maximum apparent temperature above threshold, respiratory
admissions in the 75+ age group increased by +4.5¢85% confidence interval, 1.9-7.3) in
Mediterranean cities and +3.1% (95% confidencerwale 0.8-5.5) North-Continental cities. In
contrast, the association between temperature artiogascular and cerebrovascular admissions
tended to be negative and did not reach statistigaificance ®?

Results from the PHEWE project showed that in Eertee impacts on morbidity in terms of
hospital admissions are not consistent with thecgfbbserved on mortality. Higher temperatures do
not appear to be associated with a significantei®e in admissions for cardiovascular disease, as
seen in the United States, while a positive astioniebetween high temperatures and hospital
admissions for respiratory causes was observeast af the cities (Michelozzi et al., 2008). These
results suggest that during periods of high tentpegamany deaths occur rapidly before

61 P. Michelozzi, G. Accetta, M. De Sario , D. Digiti , C. Marino , M. Baccini ,A. Biggeri , H. Bs Anderson, K. Katsouyanni , F.

Ballester , L. Bisanti , E. Cadum ,B. Forsberg F-6rastiere , P. G. Goodman , A. Hojs , U. KircherayS. Medina ,A. Paldy , C. Schindler, J.
Sunyer , and C. A. Perucci , on behalf of the PHE@dHaborative Group, 2009. High Temperature andpitalizations for Cardiovascular and
Respiratory Causes in 12 European Cities. ( AmspR€rit Care Med Vol 179. pp 383-389, 2009)
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receiving medical treatment or admission to hospita and this may be particularly true for acute
events which are more common within the cardioviasadiagnostic group (Norris, 1998). These
results may be important when planning preventitrategies to reduce heat-related mortality
among susceptible population groufs.

2. Heat waves projection and population exposure

In the EuroHEAT project a heat-wave was definedaageriod when maximum apparent
temperature (Tapp max ) and minimum temperature (Tmin ) are over the 90th percentile of
the monthly distribution for at least two days Applying this definition, during the heat-wave
episodeghe percentage increase of mortality estimated rarggl from 7.6% to 33.6% in nine
European cities.Results show a high heterogeneity of the effetwen cities and populatiorté.
Heat-waves characterized by long duration and mggnsity have the highest impact on mortality.
Each heat-wave was also characterized by interaity duration. The impact of heat-waves
characterized by longer duration (more than foysylavas 1.5-5 times higher than for short heat-
waves.

The results of studies published in Europe betwi¥38 and 2003 from several European cities
indicate thathigh values of both Tapp max and T min were assodied with an increase in
mortality and the impact of heat-waves characterizé by longer duration was 1.5-5 times
higher than for short heat-waves(Fig. 4). The heat-wave effect was stronger in the elderly
The highest increase was observed in Athens, Batldpendon, Rome and Valencia, in persons in
the 75+ age group. In all cities, females wereighdr risk than males. In the EuroHEAT study,
heat-waves of higher intensity and duration wereegaly more dangerous. Moreover, the first
heat-wave of the summer appeared to be more dargar@nly some cities (Athens, Budapest and
Munich). For subsequent heat-waves, those occudiftay a short time interval generally had less
effect than those occurring after three or moresd&y

Fig. 4. Effect of heat-waves with different characteristics on total mortality

among people aged 65+ (% increase and 90% CI)

Athens Barcelona Budapest  London Wilan Munich Paris Rome falencia

All heal-waves & Long durabon & Long duralton+high miensity

Source: Matthies et al, (2008),

63
64
65
66

World Health Organization 2009. Improving publicatih responses to extreme weather/heat-waves +HEAD
World Health Organization 2009. Improving publicatih responses to extreme weather/heat-waves +HEAD
Kunst et al., 1993; Ballester et al., 1997; Mickelet al., 2000; Basu & Samet; 2002, Hajat e28102, Pattenden et al., 2003
World Health Organization 2009. Improving publicatih responses to extreme weather/heat-waves +HEAD
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Figure 4. The figure show that for example for an averagat lveaves in Athens is expected an increase (%)lin a
natural mortality between 20 and 25%, in Milan beémn 30 and 35% and Barcelona around 15%. In aresiciemed
heat waves of long duration and high intensity ¥héncrease in total mortality (n° of death abohe baseline) rises
considerably.

There isincreasing evidence for a synergistic effect on mtality between high temperatures
and ozone concentrationsAnalyses of daily mortality, meteorological and@ollution data from
nine European cities (1987-2004) in EuroHEAT caonéd that the effects of heat-wave days are
much larger for older age groups, and this remaiter adjusting for air pollutants (Analitis &
Katsouyanni, in press). The effects of heat-wawes aan mortality were greater when ozone or PM
10 levels were higher, particularly among the didér5—84 years)Thetotal daily number of
deaths in this age group increased by 16.2% on heatave days with high ozone levels and
14.3% on days with high PM 10 levelsrespectivelycompared to an increase of 10.6% and
10.5% on days with low levels of ozonérig. 5)and PM 10. The effects of heat-wave days with
high ozone levels were less evident for those gewmpthe 85+ age group (Fig. 5). The fact that the
interaction appears less for those in the 85+ agepgmay be a result of them spending more time
indoors where ozone is much lowér.

Figure 6 shows the exposure of Greece urban populet Ozone air pollution, increasing over the
last three years of the time series. The indicatmws the population weighted yearly sum of
maximum daily 8-hour mean ozone concentrations @laothreshold (70 microgram Ozone per m3)
at the urban background stations in agglomeratiddgman exposure to elevated ozone
concentrations can give rise to inflammatory resgsrand decreases in lung function.

Fig. 3. Percent increase in the total daily ||Llrn|!‘u.‘i of deaths in days with a heat-
wave and a “low™ or “high” level of ozone, adjus 'or barometric pressure.

wind speed, calendar month, day of the ¢, holiday and time trend (results
from random effects meta-analysis)

Estimated % increase {95% C.1.)

¥ T
054 yre 574w 7504 yr BS+ yre

* low o2one —— 06% Ci

= high gzone

Low ozone: at the 25th percentile of the overall distribution of ozone
High ozone: at the 75th percentile of the overall distribution of ozone

F|gure 5. Percent increase in the total daily number oftdsavith an heat wave and a low or high level afrez
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Greece - Urban population exposure to air pollution by ozone (source; EEA)

Population weighted yearly sum of maximum daily 8-hour mean ozone concentrations above a threshold
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Figure 6. Greece urban population exposure to Ozone (198BP.Source EEA

Building on the methodology of the PHEWE study (véhthe impact of high apparent temperature
on mortality was quantified in terms aftributable number of deaths), in the EuroHEAT project,
future impacts of heat were estimated for tempeeatprojections from the SRES of the
Intergovernmental Panel on Climate Change (IPCGQR0

The pattern of the averagkily number of attributable deaths over the warm gasonwas also
studied . For most cities, attributable deaths @mecentrated during the hottest months (July—
August). A moderate impact was observed also dulumg. Projections for the year 2030 under the
SRES scenarios are reported in the table of figife

68 World Health Organization 2009. Improving publicatih responses to extreme weather/heat-waves +HEAD
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Table 4. Actuil 1mpact «

attributabl
A2 SRES scenarios, by city
Bl AlB A2

City AT=0.54 AT=0.84 AT=1.02

Athens 230 116 176 415
LT B

Barcelona 290 3149 138 3500
(212, 374)

Budapesi 3949 457 490 511
B s e

Crubslin ] §] 1 1
il 1)

Helsinki Il 4 17 b
ifs, 1T

Lijubljana 12| 13 15 15
(1, M

Lasndan 142 |83 M TH)
i K5

Milan 93 |16 | 30 139
i, 124

Paris 423 300 36 374
(T, dRK)

Prague 72 bt 03 0y
(53,91

Rome 388 4710 520 332
M, 444

Stockholm 2] 19 M Fs
(1A, W5

Turin 121 [ 35 148 1536
(B, 1G]

Valencia aE 56 543 i
e R e

Lurich L 32 is5 37
[ E. 413

Sowrce: A Biggen, unpublished data, 2008

Figure 7. In the figure the actual average number of deattributable to heat waves is immediately on tigatrof
the city name (e.g. for Athens is 230) , then ltineet forecast of IPPC scenarios.

3. Baseline climate scenario - part i climate trends and projections ®

The temperature and heat waves future trends fba$Paere assessed starting from temperature
time series covering a period of 44 years (fromQL&62003), long enough for a proper estimate of
the annual and seasonal trends.

Temperature projections were extracted from theldgd fields generated by three Regional
Climate Models (RCMs) and two high-resolution GloBamate Models (GCMs). Ae results for

the RCMs are available only for the “intermediate” emission scenario A1Bfor the GCMs, the
results are also available for the A2 (pessimistia) B1 (optimistic) scenarios.

According to the three RCMs, thise of the mean air temperatureduring the last decade of the
century is estimated to be between 3.5 °C (RM5t)40 °C (RACMO2), with avarming more

69 Franco Desiato, Andrea Toreti, Guido Fioravantgr@iFraschetti, Walter Perconti (ISPRA, Climate apgplied

Meteorology Unit)
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pronounced in summer (between 4.5 °C and 5.1 j@nd less in spring (between 2.4 °C and 3.0

°C).

The warming predicted by the GCMs in the A1B sceniarlower than the prediction by the RCMs

(1.4 °C and 2.9 °C for INGV and CNRM models, respety). In the A2 scenario, the GCMs
estimate a warming between 2.0 °C and 3.6 °Qvhile in theB1 scenario the global CNRM
model predicts a warming of 1.9 °CThis means that the two opposite scenarios (iZeard B1)
introduce an uncertainty in the variation of meamperature of about 1.0 °C wide.

SCENARIO MEAN TEMPERATURE Variation 2100
WINTER (DJF)‘ SPRING ‘ SUMMER AUTUMN ANNUAL
(MAM) (JIA) (SON)
PATRASSO
CNRM +2.3 +2.6 +3.7 +2.8 +2.9
INGV +0.5 ' +1.2 ' +2.0 ' +1.8 +1.4
A2
CNRM +2.6 _ +3.7 _ +4.7 433 +3.6
INGV +1.2 +1.8 +2.5 +2.8 +2.0
Bl
CNRM +1.5 +1.8 +2.7 415 +1.9
INGV

Figure 8. Seasonal and annual mean temperature variatiodipted by GCMs (°C)

MODELS MEAN TEMPERATURE Variation 2100
WINTER [DJF‘_I| SPRING ‘ SUMMER | AUTUMN ‘ ANNUAL
(MAM) (JIA) (SON)
PATRAS
CNRM-RM+5.1 +2.6 | 430 | 451 | 434 435
KNMI-RACMO2 ~ +36 | +28 | 451 | +44 +4.0
SMHIRCA +3.6 +2.4 +4.5 +4.8 +3.8
MODELS MAXIMUM TEMPERATURE Variation 2100
WINTER (DJF) SPRING SUMMER AUTUMMN ANNUAL
(MAM) (JIA) (SON)
PATRAS
CNRM-RM+5.1 +3.0 : +3.0 j +5.1 | +3.1 j +3.6
KNMI-RACMO2  +3.4 +29 | +54 +4.2 +4.0
MODELS MINIMUM TEMPERATURE Variation 2100
WINTER ([)JF}| SPRING ‘ SUMMER | AUTUMN ‘ ANNUAL
(MAM) (1JA) (SON)
PATRAS
CNRM-RM+5.1 +2.5 +2.8 +5.2 +3.6 +3.5
KNMI-RACMO2 437 +2.7 +5.1 +4.7 +4.0
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Differance (“C) from 1961 - 1930

Figure 9. Seasonal and annual mean, maximum and minimupetaare variation predicted by RCMs (°C)
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3. Baseline climate scenario - part ii statistical downscaling of
temperature time series for ancona, bullas and patras”

In this work a heatwave is defined as a period Imctv maximum temperature exceeds the thirty-
year 95 th percentile for at least three days (Ksi et al., 2010). Table 2 shows the projections
for the average intensity (HWII), length (LWII) amdimber (NWII) of heatwaves in the periods
2046-2065, 2081-2100. The projections are presesgeanomalies with respect to the 1961-1990
climatological means calculated using the E-OB% dat. HWII is the average intensity of a heat
wave (in °C), namely the average of the temperatnoeeds with respect to the reference threshold
during the heatwave event. LWII is the average remdf days of each heatwave event. Finally,
NWII is the average number of heatwaves

Figure 11.Mean variation for Average intensity, length anamer of heat waves (2046-2065, 2081-2100)

Table 2: Mean variation (2046-2065, 2081-2100) for HWIL. LWIL NWI with respect to the
climatological values (1961-1990)

HWII LWII NWII
2046 - 2065 2081 - 2100 2046 - 2065 2081 - 2100 2046 - 2065 2081 - 2100

ANCONA

CLIM 2.8 16.7 3 12.3 0.4 1.6

NN 55.6 132.7 RN 543 1.6 3

SDEM 3.1 57.2 12.4 13 1.6 2
BULLAS

CLIM 3 14 3.8 14.3 0.6 1.9

NN 26.9 7.6 16.1 50.6 1 3

SDsSM 16 28.7 0.7 19.4 1.1 2.1
PATRAS

CLIM -0.6 16.1 1 14 -0.03 2.1

NN 3.1 74.1 0.1 41.1 1.4 2.6

SDsM 14.8 36.4 7.3 19.5 0.7 1.8

0 Fabiana Baffo (Fondazione ENI Enrico Mattei), Frabasiato, Guido Fioravanti, Piero Fraschetti, WaRerconti,

Andrea Toreti (ISPRA, Climate and Applied Meteoroladdyyit)
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4. Climate change risk assessment for the city of patras

The risk assessment for the city of Patras, isdase the results of European researches, mainly
the PHEWE and EUROHEAT projects, complemented lgyahove mentioned ISPRA study on
temperature and heat waves prediction.

In what follows, climate projections are relatedtie A1B intermediate scenario, representative of
a “central climate case”, stemming from the Regdi@ianatologic Model run, more focused on the
area of interest.

Differently from the current analysis, the resdittan the European project PHEWE and EuroHeat,
consider the apparent temperature (AT), which diffeom effective Temperature (T) as shown by
the formula:

AT = —2.653 + 0.994*T + 0.0153*(dew)

Apparent temperature is often higher than effectemperature because humidity increase the
perception of heat. We will still use the effectitemperature as reference and in this particular
case, and because Mediterranean cities(like Pdiea® often quite high rates of humidity during
the summer season, the results using the appampetature would be indeed higher than using
effective temperature. Of course with these assiampésults obtained should be considered only
as an approximation.

On the other hand, the PHEWE and EuroHeat progtatyy also the city of Athens. This gives us
confidence in extending some of the projects’ rsstd the case of Patras which is in the same
geographical region and give us the opportunityganore close to a good proxy.

Due to the absence of a specific threshold value Ratras, as it is defined by PHEWE research,
we can perform only a proxy risk analysis as if Pas had similar threshold values as overall
Mediterranean cities, using the percent change giergree values that refer to the Mediterranean
cities.

We should also consider the temperature variati@esnputed by ISPRA experts, compared to the
baseline of summer maximum temperatures of thdabtaitime series, to set our analysis toward a
more likely future scenaridn the case of Patras the average of maximum tempature in
summer (time series 1986-2003 from the climatic statibaxos, near Patragy 30.6°C that we
assume as baseline of Patras maximum summer tempéuee (baseline summer Tmax)

For the heat waves issue, although the definitissed in the EuroHEAT project and the ISPRA
study are slightly different, the results of thealgsis of the data lead us to qualitative conclusio
that have likewise high probability, even if todmnsidered as approximation (proxy).

4.1. Key results from the studies

Percent change in mortality associated with a 1°Ghcrease in maximum apparent temperature above theity-
specific threshold(The overall meta-analytic value of the threshsl@9.4°C)
Fonte: PHEWE project, EuroHEAT project

Percent change per degree (1°QGiortality for Mediterranean cities+ 3.1 Population Over 75: 24.2
all natural causes-Mediterranean cities
Percent change per degi@éC)in mortality for All ages population + 3.7 Population Over 75: +4.66

cardiovascular causesMediterranean cities

Percent change per degi@éC)in mortality for All ages population: +6.71 Population Over 75:1€8.
respiratory causes- Mediterranean cities

Percent change per degi@éC) in hospital All ages population: 2.1 Population Over 75: +4.5%
admissionsfor respiratory causes-
Mediterranean cities
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Climate Trend and Projections for the city of Patras -
ISPRA - Patras baseline summer Tmax 30.6°C

Fonte:

Mean air temperature variation
predicted by RCMs (2100)

Annual: between 3.5 °C (RM5.1) andSummer: between 4.5 °C
4.0 °C (RACMO2) (SMHIRCA) and 5.1 °C(RM5.1 and

RACMO?2)

Maximum air temperature
variation predicted by RCMs
(2100)

Annual: between 3.6 °C (RM5.1) an| Summer: between and 5.1 °C(RM5.
4.0 °C (RACMO2) and 5.4 °C (RACMO?2)

1)

Mean temperature variation
predicted by GCMs (2100)

Annual: between 1.4 °C (INGV) and Summer: between +2.0 (INGV)e +3
2.9 °C (CNRM) (CNRM)

Table 1. Summary of the results of PHEWE study on Percbiange in mortality associated with a 1°C increase
maximum apparent temperature above the city-spettifieshold and ISPRA study on Climate Trend arajeletions

for the city of Patras

Percent risk increase in mortality/admission relatd to Patras projection variations in Max summer tenperature

Mediterranean cities — RCMs models

Summer Maximum air temperature variation predidigdRCMs (2100)
between +5.1 °C (RM5.1) and +5.4 °C(RACMO?2) oves shimmer baseline Tmax

Percent change All ages population Population Over 75

% change in mortality for all natural causes +3.1 +4.22

Risk Increase - mortality all natural causes(%) +19.5 to +20.5 +26.6 to +27.9

% change in mortality for cardiovascular causes +3.7 +4.7

Risk Increase - mortality for cardiovascular caus€®) | +23.3 to +24.4 +29.6 to +31.0

% change in mortality for respiratory causes +6.71 +8.1

Risk Increase - mortality for respiratory causes(%) +42.3 to +44.3 +51.0 to +53.5

% change in respiratory admissions +21 +4.5

Risk increase - respiratory hospital admission +13.2 to +13.9 +28.4 to +29.7

Table 2 Percent risk increase in mortality/admissiontegldo Patras projection variations in Max sumnreetgerature

According to the maximum temperature projection ffis case we used maximum summer
temperature variation), the maximum baseline valug0.6°C and using as proxy the results (%oof
increase above the threshold of 29.4°C) from thee Buropean research studies, we could estimate
that the risk of an increase in mortality (natucardiovascular causes, respiratory causes) is very
high, being the lower value +13.2% of deaths alibeeébaseline mortality rates.
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Effect of heat waves on total mortality among peogpl aged over 65, for some Mediterranean cities

%increase in total
mortality (people over 65)

Al heat waves

Long duration

Long duration +high
intensity

Athens Between 20 and 25 Around 40 Slightly over 40
Barcelona Between 10 and 15 Between 40 and 45 Bati® and 50
Rome Between 25 and 30 Around 40 Around 45
Valencia Between 5 and 10 Slightly above 10 Arolifd

Actual impact of heat and projection for 2030 of tle average number of attributable death per year fotPPC
scenarios, for some Mediterranean cities

City Actual average n° of A1B scenario 2030 B1/A2 scenarios
attributable death attributable death

Athens 230 376 316/415

Barcelona 290 338 319/350

Rome 388 520 470/552

Valencia 72 59 56/61

Table 3 Summary of the results of EuroHEAT study on Effefcheat waves on total mortality and Actual impaict
heat and projection for 2030

Mean variation (2046-2065, 2081-2100) for averagetensity, length and number of heat waves, for theity of
Patras
Average intensity (HWII) Length(LWII) Number(NWII)
2046-2065 2081-2100 2046-2065 2081-2100 2046-2065 2081-2100
CLIM -0.6 16.1 1 14 -0.03 2.1
NN 34.1 74.1 20.1 41.1 14 2.6
SDSM 14.8 36.4 7.3 19.5 0.7 1.8

Table 4. Summary of the results of ISPRA study on mean tiangfor average intensity, length and number edth
waves, for the city of Patras

The main finding highlighted by these summary e@ablis that the number of heat waves will
increase specially during the period 2018-2100, nuimber average intensity and length..
Accordingly the city's population will run a gravg risk of higher mortality in the next decades.

We should strongly highlight at this point, thateal risk and impact assessment should be based on
ad hoc data, and through a specific epidemiologttaly dedicated to the Municipality of Patras. In
our case, the only possibility for a risk analysigs at best an approximation. We have used data
from important studies and made some assumptidhetgurpose of the risk assessment, that are
not too far from reality, but still are suppositjoso that any quantitative results cannot be
considered as fact. Qualitative statement restltaipanalysis, on the other hand, are a very good
proxy of real future scenarios.
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5. The Economic Valuation of future impact at present price

In 2006 the frequency for people that were hodpédl for respiratory diseases was 14,5 patientd @0 inhabitants,
while for cardiovascular diseases was 3,84 patigetsL000 inhabitants. The mean average daysspitadization was
3,84 days and the mean cost per hospital bed wa® ddr day (all of these data were extracted byainstatistical

reports from the Hellenic Statistical Authority fAchaia Prefecture).

Total population

Cardio Vascular Diseases

Respiraty Diseases

11.776

7.168

4.608

Considering the risk increase with regard to meépry diseases hospital admission in table 2 @13+13.9), and the
portion of population currently affected, a fut@stimate of the additional number of people posdigtat risk can be

calculated:

4.608* 13,2 % = 609,63 additional people

4.608* 13,9 % = 640,512 additional people

And through this one it is possible to estimaterapimately the additional expenses due to hospitahission for

respiratory diseases:

610 people*110€*3,84 days= 257664 €

640 people*110€*3.84 days = 270336 €

Unfortunately the number of days lost for healtbljpems x average daily wage are not availabldatStatistical

Authority.

According to the data presented by the MunicipalityPatras, total deaths in the last year availéd0®9) have been

3067. If we apply the numbers ISPRA has above estichforincremental deathswe obtain that:

the range for risk increase in mortality for cak@iscular causes would be between:

Min (3067 * 23.3 %) =714,611

Max (3067 * 24.4 %) = 748,348

the range for risk increase in mortality for reapiry causes would be between:

Min (3067 * 42.3 %) =1297,341

Max (3067 * 44,3 %) = 1358,681
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Year 2008

Year 2009

No of Deceased

No of Deceased

Age of the deceased| SUM Male Female SUM Male Female
SUM 3030 1583 1448 3067 1614 1453
<1 year 9 5 4 11 6 5
1 year 1 0 0 1 1 0
2 years 1 0 0 1 0 0

3 > 0 0 0 0 0 0

4 >> 0 0 0 0 0 0
5-9 >> 1 1 0 2 1 1
10-14 >> 2 1 1 2 1 1
15-19 >> 6 5 1 6 5 2
20-24 >> 11 9 2 13 10 2
25-29 >> 17 14 3 17 14 4
30-34 >> 18 13 5 20 15 5
35-39 >> 21 16 5 21 15 7
40-44 >> 33 23 10 34 24 9
45-49 >> 51 35 16 51 36 16
50-54 >> 72 49 22 73 51 23
55-59 >> 102 71 31 103 72 30
60-64 >> 145 99 46 144 101 43
65-69 >> 182 122 60 174 115 59
70-74 >> 328 201 127 316 195 120
75-79 >> 500 274 227 495 278 217
80-84 >> 622 294 329 651 309 342
>85 909 351 558 932 366 567
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Even taking into account the most precautionaryealets in PESETA study (see the box below), tseassociated to
the additional deaths estimated would be in a révegeeen:

Min 1,1 mio € * (714+1297) = 2212,1 mio €

Max 1.1 mio € * (748+1358) = 2316,6 mio €
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HEALTH VULNERABILITY TO THERMAL ANOMALIES, ADVERSE

Climate/environ
mental stressor

SENSITIVITY
Examples of

EXPOSURE
Examples o

confidence level| exposure Indicator

or degree of
climate sensitive
diseases/health

to hazardg

hazards
(Source: IPCC,
WHO)

THERMAL Medium > Maximurr
ANOMALIES confidence and minimumnr
(temperature increased heat temperature (tim

warming, wave-related series)
temperature deaths > Heat index
extremes) High confidence (apparen
bring some temperature
benefits to health, > Percentag

including fewer
deaths from cold
High confidence
increase cardio-
respiratory

and demographi
distribution of
population living in
urban areas at ri¢
of heat islanc

morbidity and phenomen
mortality - Air mass
associated with stagnatio
ground-level - Air quality data
ozone weighted or
populatiot
- O3 dailyaverage
concentratio
- Increase o
anthropogeni
emission
Food safety Medium Increase/N of foou
(pathogens) confidence samples contaminate

increase the by mould, fungi anc

SUMMARY TABLE

IMPACTS
Examples of
of health, socio-
economicimpact
indicators

- Heat related
mortality excess

- Increase of hospital
admission for
cardiovascular and
respiratory
disorders

- Outbreaks of
foodborne diseases

COPYING
CAPACITIES

Examples of

Governance

mains/preparedness

Heat Early warning
systems

Health Surveillance
system for heat wave

Measures to reduce
urban heat Island
effects through creating
green spaces.

information and
modeling capacities
(trained personnel,
technical tools,
information sharing and
disseminating tools)

Ad hoc measures of
food control in food
chain in

VULNERABILITY
Examples of

- vulnerable group
- governance, soc-

economic
determinant

- Elderly (>65)
- Infant (<1 year)
- Children
- pregnant womel
- People with chroni
disease
- Patient in medice
treatment with
psychotropic dru
- Low socioeconomi
status
- Socially isolatec
people
- Community
settlements (
schools, residenti
homes etc)
- Lack of heat waw
early warning

- Lack of early
warning for Ozont
episodes

- People living in
communities (school:
hotels, elderly home:
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WEATHER EVENTS AND NATURAL DISASTERS:

ADAPTATION
OPTIONS
Examples of
Measures of no-health
sectors to be undertake
with consultation with
public health experts

RISKS
How likely
the impact
will occur?

(source:

IPCC,

WHO)

Public information on

Virtually
climate-related health threat certain
and prevention specially foi Reduction of

vulnerable groups human

Intervention to reduce heat mortality and
island effects . morbidity
Intervention to strengthen from
urban air pollution exposure to
management cold

temperature

Very likely
Increased risk
of heat-
related
mortality ,
especially for
the elderly,
chronically
sick, very
young and
socially-
isolate people

Increase pathogens
monitoring of community
food, drinking water and




burden of pathogens (e.(
diarrhoeal salmonellg
diseases campylobactel, V.
vulnificuse V.

cholera micotoxins)

- Increase o
pesticide us
- Increase/N of foor
samples contaminate
by chemical

- Algal blooms
monitoring (
frequency, duratio
and distributior

- Cyanobacteria
presence il
drinking watetr
Anomalies in

pollen seasc
Anomalies in
distribution of
allergenic plant:
(urban greenschools
leisure environment

High confidence : -
Changes in

species/seasonal -
distribution of

some allergenic
pollen species

Medium - Anomalies in
confidence: vector distributio
Changes in - N° of

environmental vectc
control campaig!
(N°/year)

distribution of
some infectious
disease vectors
High confidence
continue to
change the range
of some infectious
disease vectors

- N of acute toxic
disorder in farmers
or workers

-HABs-related
recorded cases
(amnesia, diarrheal,
numbness, liver
damage skin and eye
irritation, respiratory

paralysi9
- Incidence of allergic
population
- Increase in anti-
allergic drugs use
(out patients)
- Loss of
working/school days
- Increase in hospital
admissions for
allergic crisis
- Human cases of
vector borne
infectious diseases
- Increase in persona
protection products
sales (lotions,
sprays, mosquito
nets, etc.)

summer camps)
- Low socioeconomic
status

extremes/adverse
weather events

Generally few
monitoring data

- Infant (< 1 year)
- Children
- Pregnant womel

Strengthened measure
of food control in food
chain

Generally few
monitoring data
Monitoring measures
and early warning
system

-Coastal populatio
-Touristic resort
-Lack of early warning
system and public
information
-Bad maintenance «
water supply netwol
- Infant (< 1 year)

- Children
- Green public areas |
community space

with bad maintenanc

Data from specific
monitoring

Improve pollen
monitoring with
emerging species
Build connection

between environmental
monitoring and health

) - standard
professionals (timing of
medical treatment)
Comprehensive - Coastal/urban
guidelines for vector population
control - Low socioeconomi
Management, status

- Lack of informatior
campagn on persong
protection method
specially in
communities

information and
modeling capacities
(trained personnel,
technical tools,
information sharing and
disseminating tools)
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bathing waters in extremes
conditions

Educational programme in
school are highly
recommended

Increase chemicals
monitoring of community
food, drinking water and

bathing waters in extremes
conditions

Increase environmental
monitoring of community
drinking water and bathing
waters and sea-food in
extremes conditions

Review of protocol of urban
green management speciall
in public and schools
environment
Identify local plants with low
allergenic activity in urban
planning

Interventions to prevent
vector-borne diseases
Early detection and warning
systems (vectors density,
transmission risk)
Planning /Guidelines for
sustainable mosquito contre
Information campaign for
use of protection devices (
mosquito network) and
management of green area
for public and vulnerable
communities ( schools ,
residential homes))



Avalanches Events monitoring

system(N°/yea

Wildfires High confidence - Frequency, severit
increase the and distribution o
number of people wildfires
suffering from
death, disease
and injury from
fires
ADVERSE High confidence - Hazard map
WEATHER increase the weighted or
EVENTS number of people population
(floods/sludge, suffering from (floods/sludge

death, disease
and injury from
heatwaves,
floods, storms, -
and droughts

landslides, storr
surges, sea level ris
droughts
N of flash
floods/sludge
landslide, intens
rainfall, windstorm.
storm surge

landslides, storm
surges, sea level
rise, droughts)

- Injuries and deaths

- N of people
requiring medical
assistance/hospitaliza
on
Loss of private
properties and
touristic attraction

- N of people
requiring medical
assistance/hospitali:
ation (physical
injuries and post
traumatic stress
disorders)

- N of deaths
- N request of damag
restore of socio-
economic activities
(crops, tourism,
schools, hospitals,
etc) and residential
damages

Effective post-event
emergency relief

Hazard maps feasible
with appropriate
cartography

Alarm system
Emergency response
systems

Events monitoring
system

Structural and non-
structural measures

Early warning system

Disaster preparedness
planning

Effective post-event
emergency relief

Hazard maps feasible
with appropriate
cartography

- Local mountain

communities and

touristic resorts
Lack of early warning
and public informatio

- Elderly (< 65)
- Infant (< 1 year)
- Children
- People with
disabilities (including
obesities)

- People living in
community (schools
hotels, elderly home:

summer camps)
- Building
vulnerability
- Elderly (> 65)
- Infant (< 1 year)
- Children
- People with
disabilities (including
obesities)
Resilience of wate
supply and sanitatio
systems
Lack of early warning
systems

Alarm system and
information campaign

Disaster preparedness
planning

Wildfires control
preparedness
And information campaign

Reinforce resilience to
climate change for
infrastructures of essential

Very likely

Increased risk

social services (such as of deaths,
hospital, school, residential injuries and
homes etc.) infectious,
Intervention to reduce healtl respiratory
hazards from infrastructures  and skin
vulnerabilities diseases
Sustainable urban drainage  water- and
systems implementation. foodborne
Include WSS management  diseases;
into water and climate
adaptation strategies Likely

Increased risk
of deaths and
injuries by
drowning in
floods;
migration
related health
effects , post-
traumatic
stress

Page 100



(food and water Medium
quality) confidence:
increase the
burden of
diarrhoeal
diseases

- Increased N o
contaminated wate
samples (chemic:
and biological
- N of period with
intermitted wate
supply
- - Length anc
severity of drough
periods

- Outbreaks of water
related diseases
(water borne,
foodborne, hygiene
behaviour)
- Increased n of
contaminated water
and food samples
(chemicals)

Strengthened measure -Community residenc
of water and food people (schools, hotel

control elderly homes, summu
Provision of safe camps)

drinking water and - Low socioeconomi
sanitation in status

emergencies

Lack of water
management plan
extremes
Lack of health
surveillance plans

Provide effective water
bodies monitoring
during heat waves,
intense rain and/or
drought events;

assess water supply
capacities in emergenc)
provide local
regulations for safe use
of new sources of watel
reinforce ability of safe
water supply with
alternative techniques
such as rain harvesting
and/or reclaim and
reuse of treated waste
water; safe aquifer
recharge;

disorders

Likely

Increased
risk of food
and water
shortage;
increased
risk of water-
and
foodborne
diseases
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Introduction

The assessment of Climate Change effects on Culieritage, carried out by ISPRA and by Is(
(Italian Institute for Conservation and Restoratiavas realized to identify the potential risk
cultural objects in Ancona.

This work was finalized firy to classify those monuments that could be mostilgjected to th
deterioration processes and subsequently to defiseopportune adaptation strategies for
protection of artworks in Ancon

The method for evaluating the potential weathehagart on Cultural Heritage was based on ~
Risk Map of Cultural Heritage, a project realizgdi®CR in 1996 (Accardet ali, 2002).

1. The Risk Map of Cultural Heritage

The Risk Map of Cultural Heritage is one of thaffitalian instruments describing potential risk
level affecting Italian Cultural Heritage (Accar@o, Giani E., Giovagnoli A., 200:

By this methodology, information concerning the tilgition and characteristics of t
architectural and archaeological monuments in |t@lg colleted.

The purpose of the Risk Map was to identify thecgfiame distribution of the risk in order to pl
the maintenance activities and to reducepotentialrestoration works certainly more expens
and invasive.

Calculation of risk indicators wébased on the acquisition of the following inforroat

- climatic and environmental parameters (that contelio deterioration phenome
- distribution of cultural propertis

- territorial hazard (impact defined through the dgeguantificatior

- vulnerabilty of the single items (its conservation condit

Processing the above mentioned parameters andirpppecific damage functior, the risk
indicators, related to the deterioration of matertue to climate and environmental factors, ca
calculated.

2. Risk indicators
The risk described in the Risk Map is subdividethiree levels (Accardo G., Cacace C., Rinalc
2005):

1) Territorial Risk (R ), concerning the state of susceptibility to a weatly process of a
aggregate of monuments locatadh specific area.

This indicator can be calculated correlating theitteial danger with the characteristics of -
aggregate population of monume

Ri= neTH 1)
TH = Territorial Hazard estimated for urban areasnumber of monuments placin municipal
territory

2) Individual Risk (R;), that indicates the state of susceptibility twemthering process of a sin¢
cultural object. This indicator can be calculatedrelating territorial hazard (at urban level) w
the conservation condain of monument (vulnerability

Ri = Vk TH (2)

TH = territorial hazard estimated for urban arex= vulnerability of the single prope
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3) Local Risk (R), that indicates the state of susceptibility to atweang process of a sin¢item,
estimating the territorial hazard in the area liearmonumel

Ri = Vi ¢ TH; 3)
TH; = territorial hazard estimated near the monumey = vulnerability of the single propei
In this study territorial and individual risk inditors were estimated in Anco
2.1. Territorial hazard

The decay of a monument is mainly due to climatid anvironmental conditions of the area wr
the item is placedtérritorial hazard); the effects usually depend on composition antireaof
materials constituting cultural heritage. In thisdy, the territorial hazard is represented by
dissolution of limestone materials (material logpressed as surface recession, R) (Bona.. et
al, 2009).

For elaborating this parameter the damage fun’* (4) was applied (De la Fuente D et al, 20:

R = 4+ 0.0059 SO, * RHgo + 0.054+ [H'] * Rain + 0.078 HNO; * RHgo + 0.0258 PMy,  (4)

This approach decribes the impacts producethe synergistic action of atmospheric pollution .
climatic factors on stone materials; on the othend) it does not provide information about
effects of intense precipitation events, becauseagiplied algorithm (4) considers the total ani
quartity of precipitation. The effects of the intensenfall were not estimated for Ancona beca
we have evaluated the possible damage functionsdidd better describe the relation betweer
dose (frequency of rainy days, rainy periods, etogd thiresponse (material dece

2. 2 Vulnerability

The vulnerability of a cultural object represertis wariable that indicates its level of exposur
environmental/territorial hazard in relation witts iconservation conditionCacace C., Ferroni
A.M., 20069. Vulnerability depends on sensitivity of monungemd climatic and environment
conditions; it can be calculated using specifitistiaal algorithms. Information, acquired throug
data sheets model, is elaborated in order to ob&tiz on consrvation condition of 12 architectur
and decorative elements (foundations; verticalcstines; horizontal structures; roofing structu
vertical links; indoor paving; outdoor paving; attidgs; indoor decorations; outdoor decoratic
outdoor openingsndoor openings

The conservation condition of a monument can bainbtl analysing six types of damage: ger
damage; material decay; moisture; biological detation; surface deterioration; lacunae, mis:
fragments/pieces.

Each type of damage ®assified according to its seriousness, extentwgency; the algorithr
using for calculation of vulnerabilit’? is:

n R = surface recessioprfiyanno); S@ HNO;, PM,o= dioxide suphur, nitric acid, particular matter concentrat (ng/m); Rhgo

= relative humidity when RH>60 otherwise 0;+] = H+ concentrations (mg/l); Rain = aomt of precipitation (mm/ann« Unlike
to PM10 and SO2 concentrations, the nitric acilN@3) concentrations ¢ nat usually measured by air quality monitoring stasig
so they are estimated starting from nitrogen diexidO2) and ozone (O3) concentrations, Relative Hityn(RH) anc temperature
(/T) by the following formulaHNO3 = 516-3400/(T+273) ([NO2]+[O3]*Rh)0.5.

2 INDvul (k) = vulnerability index of k monument;m = number of variables used for quantifying thpesticial conservatiol

condition in relation with the urgencyersousness and extemn = number of variables for which information ist rmvailable P, =
weight of j —variable; Q= i- value of j variable, cost/m = updated constant in relation with updateiht of variable
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INDvul(k) = Z (P, * Q;ji/(m-n) * (cost/m)) (5)

The correlation between vulnerability and terriaiazard provides the potentiisk level of the
considered object. Higher vulnerability values espond to worse conservation conditi

3. Results
In this section territorial hazard data, vulnergpilinformation, territorial and individual ris
assessment were reported.

Territorial hazard
In this work territorial hazard, represented by enial loss, was analyzed for calcareous monun
in the current and in the future scenar

Current scenario

In the current scenario data concerning annualegalf precipitation, temperature and rela
humidity, that were recorded in the meteorologstation in Ancon- Falconara from 2002 to 201
were collected (fig.1).

Fig.1: a) Temperature (°C); Rain (mm); c) Relative Humidity (%) in 20-2010

a) Temperature (C) b) Rain (mm)
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@
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65
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Moreover, in this study nitrogen dioxide (), ozone (@), particular matter (Plig) and sulphur
dioxide (SQ) concentrations from 2002 to 2010 were gatherngd2{f
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Fig.2: a) NQ, b) G;, ¢) SQ and d) PM, concentrations from 2002 to 2(
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For elaborating surface recession in the futur@ade, precipitation and temperature trends f
2010 to 21006’ calculated in relation to the period from 1961 890, were used (Desiato et al,
2010). Thepollutant concentration trend estimated for z-2030 were elaborated supposing
pollutant concentrations maintain the current deseetren’® (Cattani G.et al 2010). The
dissolution of calcareous objects, was estimatedguthe equation (4) in thcurrent and in the
future scenarios.

In the current scenario, the surface recession ogined next to two air quality monitoril
stations (Bocconi and Cittadella) from 2" to 2010. Bocconi is an urban traffic station wi
Cittadella is a backgroundhan station. Surface recession values were indlbééveen 6 and 8
pum per year. The highest values are calculatedtoeBocconi (table 1

Table 1: Surface recession (2003-2010)

Bocconi | Cittadella

2003 7,3

2004 7,4

2005 7,5

2006 7,2

2007 8,2 6,7
2008 6,7
2009 6

'3 Precipitation and temperaturends from 2010 to 2100 were estimated in relaticime period 19¢- 1990

[ Air pollutant trends were estimated until 2030 with evaluating pollution trend to 2100 becausefiigre concentration ends
could be characterized by approximation th too large.
S The surface recession in 2002 wasn't elaboratedusectheair pollution data were not enough
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| 2010 | | 63 |
Since the acceptable deterioration rate fixed teydture is {um per year (UNECE ICP Materie
Programme) the values obtained for Ancona are lolaer the tolerable leve
To obtained surface recession/territorial hazanthaticipal level, data elaborated close to Boct
and Cittadella stations were correlated with infation about the land use in Anc(®,
The surface recession estimated in Bocco-8 um per year) was taibuted to those are:
characterized by car and marine traffic (harbout eity centre), while the material loss calculz
in Cittadella (between 6-pum per year) was associated to the green urban;ateassurface
recession values lower thanué pe year were attributed to green background areasitQreal
hazard results were subsequently divided in 3 efasfsom class 1 corresponding to the lov
hazard to class 3, the highest (fig.

Fig.3: Territorial Hazard at municipal level in therient scenario

Territorial Hazard

Future scenario
In the future scenario precipitation and pollutdetreases were predictt

Foreseen precipitation and air pollutan concentrations decreases should causa slight
reduction of the damage for cultural objects in Anona.

Vulnerability
The fig. 3 shows the distribution of 125 monumestorded in the Risk Map of Cultural Herita

Fig. 4: Distribution of architectural objects andlaaeological sites in Anna

( beni

ferrovie
bacini idrici

strade

® For elaborating surface recession wnicipal level, geostatistical interpolation technigage usually applied. But
this case, since the input data thatregeessary fc interpolation weraot enough, the correlation beten available
data and use larnid Ancona is considered an acceptable approximatioapreserthesurface recession in the whe
municipal area.
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The study of vulnerability was realized for 25 atettural objects and for 2 archaeological si
The results indicate: 1) superficial alterationd &nmidity damage are the main deterioration fo
observed on the items; 2YiInerability is generally mediu-high for architectural monuments wh
it is high for archaeological sit:

The monuments, that are characterized by worseecaatton conditions, are Tempio di S. Roc
Porta Farina, Chiesa del Gesu, Chiesa del SSamento and Mole Vanvitelliar

Risk

The risk indicators were elaborated correlatingnetdbility with territorial hazard (that wi
represented, in this case, by surface reces

In the current scenario the risk is more considerédr those monumer characterized by highu
vulnerability values.

In the future scenario the territorial hazard codlkecrease because annual precipitation
pollutant concentrations should redt

As concerns vulnerability component, it's not pbksito know its futurerend since conservatic
condition of a monument will depend on the appm@ermaintenance activities. If those monum:
characterized by high vulnerability are subjectednionitoring and maintenance interventions
improvement of their conservationndition might be verified.

Conclusions

The correlation between the monument vulnerability territorial hazard in each area permits
calculation of territorial and individual ris

The assessment of these indicators allows to iddate the mo aggressive areas for monume
and their potential risk level.

To maximise the adaptive capacity of artworks,glaning of rigorous and frequent maintena
activities is suggested in order to improve theseowation condition of the cultural heriti and to
reduce the restoration actions, that usually areenexpensive and invasive than mainteng
works.
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The Economic Flan of maintenance activitie:

The decay phenomena analysis realized in this stpdgvided indications relating to tl
appropriate conservation activities that shouldiroplemented to preserve cultural heritage

Ancona.

For example, the planning of maintenance activiaesl corrsponding budget foLoggia dei
Mercanti was reported in table
This elaboration represents an challenge to evalhat possible costs of maintenance activities
should interest the most damaged parts of theibgilc
The suggested interventions were quantified orbdse of thePrezziario per il Restauro dei Be
Artistici (Dei, Roma 2003) prescinding from provisional wogkgl considering, for the operatic
on the bricks, the costs of the operations on lioresmaerials with siliceous compone

Table 1: Loggia dei Mercantt plan of maintenance activities and correspondogjs

n. price . Interested Ur_ut thal
list Operation surface (ma) price price
Disinfection by the application of biocide
and manualremoval of superior vegetation
the burdens relatl_ng to fixing of _surround| 2 £4197| €8394
surfaces that are in danger of falling, on e\
5051 kind of stone objects situated in exter
b environment, are not includs
Disinfection from heterotroph  and/or
autotrophs microorganisir by the
15056 application of biocide and subsequent 10 €9247) €924,7C
a mechanical remova
Removals of superficial cohesive deposit
15061 concretions, incrustations and soluble stain o5 € 159,58
a through water spraying using atomization € 143,98/ € 3599,55
C system
Removals of superficial cohesive deposit
incrustations, concretions through the d
15063 application of inorganic salt, carbonate anc 15 €273,69€410537
a ammonium carbonate solutions
Total
price € 8713,54
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Introduction

The assessment of Climate Change impacts on gealdghzard (slow landslides), developed
ISPRA jointly with AnconaMunicipality, was carried out in order to identifuture impac
scenarios on specific segments of social infragtrec(residential and commercial buildings) :
the best adaptation measures in case of actiorth@leconomic evaluation has been imented
starting by the output of local impact assessmeapert.

Through this approach it has been possible to astifuture costs of inaction (expected dami
that such a kind of events will have on the asten into account and also the costsaptation
measures) for risk and vulnerabil

1. Methodology

The main scope of analysis was to identify the riitgpace distribution of building (in tl
municipality of Ancona) affected by slow landslidgemd compare the related costs (value
buildingg with the landslide risk reduction costs, in orderplan adaptation policies to Clime
Change.

The analysis was based on the collection of tHeviahg data

* Future urbanized area worst case in 2100 scenaffefted by slow landslide in tl
Ancona municipalityH=spatial hazard);

» Different land use in urban area classified and derived from Corine L&ader projec
2006 E = Exposed Elemen);

* The building vulnerability was supposconstant in this stag® (= Vulnerability =1);

« Building value ésimated cost per n®) derived by theltalian Real Estate Observato
Market.

By GeoProcessing (through spatial analysis) the abovetioread input data, the expected fut
costs due to landslide risk affecting urbanizechamere calculated in 2100. The adaptation
were estimated considering the total costs necgdsardandside risk reduction (superficial ar
deep slow landslide restoration work

2. Urbanized area in the Ancona municipality affead by slow landslide in the
year 2100.

The urbanized area affected by future slow lands{ithb.1 and fig.1), was taken m the Local
Impact Assessment Report (Life Act 20:
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Tabl. Climate Change impact and trends ana— Summary table for the impact at municipal levehgsCLC2006. Local Impact
Assessment Report, LIFE ACT 2011).

Ancona municipality
Surface in Km®
124,43

Area affected by landslide (20m1) Area affected by landslide (2100) FLSB
Level 3 CODE_o6 | AREA_km® | % municipal area |% Vs Land cover AREA_km® % municipal area % Vs Land cover
Continuous urban
fabric m 0,001 0,001 0,16 0,002 0,00 0,29
Discontinuous urban
fabric 12 1,567 1,259 14,13 2,402 1,93 21,66
Industrial or
commercial units 121 0,113 0,091 2,86 0,189 0,15 4,78
Port areas 123 0,000 0,000 0,01 0,066 0,05 4,77
Green urban areas 141 0,688 0,553 33,03 0,842 0,68 40,38
Sport and leisure
facilities 142 0,000 0,000 o 0,031 0,03 7,19
Non-irrigated  arable
land 21 15,674 12,596 22,45 21,984 17,67 31,49
Vineyards 221 0,653 0,525 33,76 0,909 0,73 46,98
Complex  cultivation
patterns 242 4,109 3,302 30,92 5733 4,61 43,14
Land principally
occupied by
agriculture, with
significant areas of
natural vegetation 243 1,102 0,886 13,9 1,692 1,36 21,34
Broad-leaved forest 31 1,510 1214 37,41 1,926 1,55 47,71
Coniferous forest 312 0,129 0,104 10,27 0,200 0,16 15,94
Mixed forest 313 0,414 0,333 15,76 0,653 0,52 24,87
Transitional
woodland-shrub 324 0,830 0,667 30,64 1,035 0,83 38,20
TOTAL 26,84 21,57 21,71 37,752 30,34 30,53

&
¥ wid

Fig.1. Urbanized area affected by landslide inworst scenario (2100)

3. Economic assessment for the residential and corencial building

For the economic assessment of commercial andergsad building, indexes (tab.1) published
the Real Estate Market Observatory (fig. 2 and@niAgenzia delle Entratevas adopted.

5 | s o]
- genzia [ ANCONA (At Comuno
«wmntrate®d® Vi Cancote =
=0

W w

E13.7028 N: 0400
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Fig.2. Real Estate Market zones division (as obeddalf 0f2012).

agenzla (’;;
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F|g2 Real Estate Ma?krgt bands division (as obsddalf of 2012

Average costs for every single zone/ are availéigained from the real market sales) useful
the unit cost definition (tab. 2).

Table 2 Estimates of the real estatekeafor different areas and for different u:

number of residential average cos| commercial average | office average cos
Zone residents euro/m2 cost euro/m2 euro/m2

Bl 3759 € 2,000.00 € 2,325.00 € 2,175.00
B2 0 € 2,041.67 € 2,275.00 € 2,225.00
B3 0 € 2,075.00 € 2,275.00 € 2,225.00
B4 656 € 2,5637.50 € 2,000.00 € 2,000.00
B5 584 € 2,566.67 € 1,850.00 € 1,925.00
B7 898 € 1,375.00 € 1,975.00 € 2,000.00
C1 54 € 1,322.50 € 1,900.00 € 1,500.00
C2 1105 € 1,641.67 € 2,050.00 € 1,725.00
C3 1927 €1,233.33 € 1,700.00 € 1,900.00
C4 762 €1,691.67 € 1,800.00 € 1,850.00
C5 0 - - -

D1 1171 €1,716.67 € 1,600.00 € 1,675.00
D2 301 €1,537.50 € 1,625.00 € 1,850.00
D3 953 € 1,450.00 €1,275.00 € 1,425.00

4. Future damage estimate for the residential ancommercial building due to
slow landslides.
In order to estimate the total direct costs duhéoloss of residential and commercial areas bex

of future landslides (year 2100), the urbanized qratentially affected by landslide was moltipl
by theunit cost derived by the observatc

In order to estimate the total cost, the urbaneféected area (depending on the type of destin:
code) was multiplied by the unit value taken fradme tMarket Observatory, assuming a stant
building composetby four floors (ground floor for commercial/offickestination’

Tab3. Total loss estimate for residential and conerakbuilding (2100
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Ancona municipality
SKm Surface (Km2) Corine land Urban area affected by
124,43 cover 200t landslide in the 2100 (Km2)] total loss cost 210
Continuous urb3g
fabric 0,00 € 18.920.000,C
Discontinuous
urban fabri 2,40 € 19.213.039.792,(
Industrial or
commercial un 0,19 € 377.111.778,(
Port area 0,07 € 131.520.000,(C
total 2,66 € 19.740.591.570,(
Urban area affected by
Resident: landslide in the 2100 %
102.926,0 15.333,00 15

5. Adaptation polices and related estimated cos

With regard to the adaptation costs from landslidgsacts within the Ancona municipality, a <
specific analysis was carried out. All the techhili®rature (e.g. regional price list of worl
guideline of restoration works and countermeasturas)leen taken into account in order to prov
the unit cost of measures for slow landslide (tymiperficial landslide and type 2 deep landsli
Calibration of cost has then been mion real cases available on the project databaseDFS"’

developed bySPRA from 1999. This analysis has identified tosts of measures (per’) that

can be applied in order to reduce the urban arfeagtall by landslide ris The following table 4
shows the main works usually adopted for the skovds$lide and their retive costs

Table 4 Measures cost estimate adopted for slow Bcipelandslide (type 1) and slow deep landslide (t2)

Type 1
main works cost euro/m2
cleaning of weeds € 8.00
escavation € 5.00
drainage systems € 7.00
protection from erosion € 20.00
superficial retaining works (walls, gabio € 20.00
bioengineering € 10.00
tot 70
Type 2
main works cost euro/m2
cleaning of weeds € 8.00
escavation € 5.00
drainage systems € 26.00
protection from erosion € 18.00
deep retaining works (piles,anchors, bulkh € 25.00
bioengineering € 8.00
tot 90

The above valuewere multiplied by urban area affected in the fatQyear 2100) by landslide
The maximum total costhat the municipality of Ancona should support (mer to reduce th

" http:/lwww.rendis.ismmbiente.it/rendiswe
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future impact that these phenomena will have oamudreas) is listed below (table 5). The anal
produce an average cost of 280 (million et

Table 5 Total codor landslide risk reduction in the Ancona Municipe

m® | 3,500,000.00 Urban area affected by future landslige
(year 2100) equal to 3% of the entire
territory)

€ 254,000,000.00 Min cost of measures

€ 315,000,000.00 Max cost of measures

€ 280,000,000.00 Average cost of measures

6. Benefit cost analysis and conclusio

From the above analysis it is quite clear thatitlaetion cost (damage caused by slow landslic
the future) that the municipality of Ancona willveto incur without daptation plan are muc
greater than the costs of landslide risk redudtiable 6). More in detail the adaptation costslaé
% of the total inaction costs referred to the catelloss of property, giving evidence t
adaptation cost are lower thamst of inactior

Table 6 Cost/benefit inaction/adapta

Expected damage of total Percentage of adaptation
exposed elements (year 2100) respect the inaction
€ 19,740,591,570.00 1.6 %

Adaptation costs (risk reductioneasurs)
€ 315,000,000.00

The treatmenof the temporal dimensii has not considered benef({@svoided costsas emerging
from gradual adaptation durirte reference peric 2011-2100.The analysi is unable to predict
the time when the variodandslide would be triggeed and consequently to establish when ¢

are avoided. However the studgovides an estimg, in the presencef differentclimate scenarios
(increase in average seasopsedcipitatior), of the total perimeteof the surfac that in 2100 will

presumably slide down.
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