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Abstract

The world’s climate is changing at unprecedente@saaffecting nearly every industry globally.
Tourism, because of its strong connection to titarabenvironment is particularly susceptible tanah-
te change.

The paper outlines the conceptual framework oftiifferent types of climate change impacts and
justifies the necessity of economic impact studispecially on a local level. Results of a numter o
impacts studies on a global level (about interrmadictourist flows and expenditures), as well asadeu-
ropean and country level (both about summer andewtourism) have been examined.

However, the purpose is not to give single valfedamage or impact of climate change, but to
explore the plausible ranges of impacts. In conctusthe paper presents the expected results @wa n
research project — CLAVIER (Climate Change and Nifgblmpacts on Central and Easter) funded by
the 6th Framework Programme and aiming at fillimgthe research gap concerning studies on a local
level, related especially to economic impact andenability issues.

Keywords: climate change, impact, tourism, effects of climaltenge on tourism, Central and
Eastern European, CLAVIER project.
JEL classification: L83, Q54

1. Introduction

There are four complicated interactions betweenigou development and climate
change, ranging from natural, external phenometladse resulting from human behaviors:
1. Direct impact (Scott, D. et al., 2004, Amelung, B. and Viner, 2006, Amelung, B. et al.,

2007) from weather phenomena caused by warmingrud&sn wrought by floods, storms,
fires and drought, glacial lake overflows, the gi@sarance of beaches and so on.

2. Indirect, long-term impacts resulting from a substantial and lasting alterataf the
environment of a tourist destination that reduteatiractiveness (polluted waters, receding
forests, decreased biodiversity, retreating glacaad snow caps, etc.).

3. Lifestyle changes, causing, for example, the reorientation of touridows both in winter
and summer.

4. Induced impacts, which include the efforts of individuals and pabpolicies aimed at
attenuating the effects of warming that produceedes of consequences for tourism
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activity: for example, the adoption of new, morergyy-efficient technologies, increased
transport costs, product-diversification effortmed at prolonging a season and reducing
vulnerability, etc.

Given the complexity of these interactions, we sae that climate change will produ-
ce winners and losers in the tourism industry.dntrast to such events like natural disasters
and terrorist attacks (and even health issues asic®ARS), climate change is not simply a
short-term issue; it will permanently alter theradtion of some holiday regions and force
them to take adaptive steps over the next few decé@ossling, S. and Hall, C. M. 2006,
Scott, D. 2006, Becken, S. and Hay, J. 2007)

Heymann (2008) believes the tourism industry wiill e a growth engine in the
world, experiencing average annual increases afrar®.5% to 4% in international tourist
arrivals through 2020, but he also forecasts subatachanges in tourist flows by region
and within regions of the world based on a comjpaatcoring model developed by DBR.

The DBR model compares the most important countni¢ise mainstream tourism sec-
tor to 2030. The model is based on four quantiéagind qualitative parameters:

1. Consequences of climatic changes, includingtigutisn effects;

2. Consequences of regulatory measures to slovatdithange and/or mitigate its negative
effects (in particular, the increase in the priteobility);

3. Possibility of adaptation to the changing cdodg open to individual regions;

4. Economic dependence of tourist destinationclimgte-sensitive) tourism.

The warming trend through Europe is well establisfie0.90C for 1901 to 2005) and
the recent period shows a trend considerably hititear the mean trend. Precipitation trends
are being variable and the number of extreme weaélvents has been increasing.
According to the IPCC Fourth Assessment Report walgging impacts of changing in
current climate in Europe have been documentedttferfirst time: retreating glaciers,
longer growing seasons, shifts of species ranges haalth impacts due to a heat wave of
unprecedented magnitude.

Nearly all European regions are anticipated to égatively affected by some future
impacts of climate change and these will pose ehgks to many Economic sectors
(Alcamo at al, 2007). According ta research carried out by UNWTO (2007) CO2
emissions from international tourism including &dfms of transport accounted for just
under 5% of the world total or 1,307 million tonne<050.
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Figure 1 - Emissions from global tourism, 2005/2008& 2035
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Transport accounts for 75% of all emissions by therism sector, with aviation
making up about 40% of all tourism emissions, réasport 32% and other forms of
transport 3% (figure 1). Accommodation represerisua 21% of total tourism sector
emissions. Emissions from tourism are also preditbegrow rapidly, with an increase of
152% predicted between the years 2005 and 203Butittoncrete action to reduce them.

Emissions from tourism are far below many othertas¢ such as agriculture with
15% of global emissions. However, apart from transpmissions, tourism is a relatively
clean activity — one that governments around thddvencourage as an alternative to heavy
industry. Clean environment and favourable weatbenditions are crucial to visitor
satisfaction and fundamental factor for the develept of the tourism sector. Therefore,
tourism is more a victim, than a vector of climateange. The purpose of this paper is to
outline the current sensitivity and future impagtsclimate change on tourism activities in
Europe based on results of existing studies angrésent the expected results of a new
research project — CLAVIER.

2. Impacts and global trends

Climate impact is the consequences of climate ohamgnatural and human systems
(IPCC, 2001). Depending on the consideration ofptation, one can distinguish between
potential impacts and residual impacts. Impactsgearerally be described quantitatively by
changes in biophysical indicators (e.g., the primaroductivity of an ecosystem, snow
cover depth) or in socio-economic indicators (ehe,revenues from ski tourism, effects on
the gross domestic product) (Flssel et al. 2006)erRial economic impacts could be
defined as a function of the exposure of human i¢gseconomic) systems and their
sensitivity to climatic stimuli. Most of these ingia in tern will lead to economic costs.
These economic costs of climate change are oftewkras the “costs of inaction” and they
are very important to inform the policy debate a@agtation and to identify key areas of
concern (EEA, 2007) However, most of publications dedicated to biophysical impacts
only. There are few studies on economic impactduding the impacts on tourism, mainly
on a global or regional scale. For example, a stugdBigano et al. (2006) simulates the
effects of development and climate change on touri¥he model predicts shifts in
international tourist flows towards higher altitsdand latitudes. Climate change could
negatively affect countries and regions that depesavily on incomes from tourism and
could also bring benefits to places that are ctiyerot popular with tourists. The authors
use a statistical model (Hamburg Tourism Modelsiagr 1.2.) which goal is to describe, at
a high level of geographic disaggregation, the tieas to climate change of tourist
behaviour, both in terms of changes in their (ddimesnd international) numbers and in
terms of changes in their expenditure decisionsst,Fthe authors construct a matrix of
tourism flows from one country to the next. Secaheéy perturb this matrix with scenarios
of population, income, and climate change. Thifte tesulting changes in the average
length of stay and expenditures have been computed.

Some characteristics of the A1B scenario withoumhate change for 16 major world
regions are shown on Figure 2.
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Figure 2 - The regional distribution of domestic touists (top, left), international departures (top,
right), international arrivals (bottom, left) and t ourism receipts (bottom, right)
for the A1B scenarios without climate change

* The regions are, from top to bottom: Small Islé&Btdtes; Sub-Saharan Africa; North
Africa; China, North Korea and Mongolia; South Easia; South Asia; South America;
Central America; Middle East; Former Soviet Uni@entral and Eastern Europe; Australia
and New Zealand; Japan and South Korea; WesteopEu€anada, and the USA.

Currently, the regions at the bottom of the graipicldding OECD and Central and
Eastern Europe) dominate tourism, with over halvofld tourists but only a fraction of the
world population. However, their share has beeriiag over the last 20 years, and will
continue to do so. According to the Hamburg Moael host of the 21st century, tourism
will be predominantly Asian. The pattern of receigtom domestic and international
tourists is different. Here, the OECD first expafitdsmarket. The model predicts that after
2030 the other regions, but particularly Asia, ca@ta larger share of the market. While the
world aggregate number of domestic tourists hactignges due to climate change, indivi-
dual countries may face dramatic impacts that grapidly over time. According to the
model, currently colder countries will see an is@®in domestic tourism; warmer countries
will see a reduction.
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Figure 3 - The effect of climate change on internatinal tourist arrivals, as a percentage of the

numbers without climate change; top panel: world agrage, maximum increase, and maximum

decrease; bottom panel: impact in 2100, countriesanked to their annual average temperature
in 1961-1990.
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Figure 3 shows the impact of climate change ornriatiional tourism arrivals, both
over time and over space as predicted by the HagnBuwurism Model. Aggregate
international tourism falls because of climate ggmreaching a maximum decrease of 10%
below the scenario without climate change arourzb2@nd edging towards zero after that.

Aggregate international tourism falls because ntougists stay in their home country,
particularly tourists from Germany and the UK, winake up a large part of international
tourism. By 2100, for individual countries, intetiomal arrivals may fall by up to 60% of
the base value or increase by up to 220% of the bakie. Climate change increases the
attractiveness of cooler countries, and reducasfhaarmer ones.

According to the model world aggregate expenditunesdly change, first rising
slightly and then falling slightly. The relationphbetween current climate and impacts of
climate change, however, is a lot noisier for exjiemes than for international arrivals and
domestic tourists.

3. Expected impacts in Europe

The majority of tourists in central and easterndpean countries are attracted by the
culturally important cities, such as Prague, Budgp#&/arsaw, Moscow, St Petersburg and the
Baltic capitals.
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Figure 4 — Dependency on tourism differs in Easteri&urope; % of GDP from tourism, 2007

From this point of view, the region is less semsitio climate change. However, with
rising incomes, tourist centres are increasinglindgpebuilt and expanded in favourable
geographic locations.

Parts of these regions will experience climate geann the future, for instance, the
Baltic States — so far characterised by culturdl mmal tourism — could attract more seaside
tourists. The Polish coast could also benefit. @aes bordering the Black Sea (Bulgaria,
Romania and the Ukraine) could also expect bemfidfects from climate change for their
regions. Primarily, they could attract seaside dalimakers away from the hot eastern
Mediterranean area — e.g. Greece and Turkey. Laxgpwill help this. Climatic conditions
will also improve in Russia, which attracted mdnart 20 million foreign tourists in 2006 —
as many as Austria. Nevertheless, it is usuallyidatad by types of travel that are highly
insensitive to climate.

The summer convalescence and health tourism indaklemountain landscapes is the
second most important in Eastern Europe. Lake Balat Hungary — the largest lake in
central Europe — is, for instance, an immenselyoirtgmt tourist destination in the country.
However, rising temperatures and reduced amoungsesiipitation represent a risk for the
very shallow lake: increased evaporation would midleven shallower. In the long term,
this could interfere with water sports.

Winter sports tourism is widespread in a few afabe Carpathians. However, many
of the skiing areas in these countries are at knehaltitudes that, like parts of Austria, they
could have problems with snow reliability by 2030evertheless, winter sports tourism
represents only a small part of the total reverfitgas tourism.

Overall, climate change could increase the towarigfipeal of the central and eastern
European countries. Only minor effects are expefited climate change though, as cultu-
ral tourism, which is not dependent on climate,msre important. Increasing summer
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temperatures will result in a positive effect farthern regions like the Baltic. However, in
many regions summer tourism is still in its infancy

Negative climatic consequences always have paatiguserious effects (Heymann E.,
2008) where climate-sensitive tourism has a lamgmemic weighting (figure 5). In Europe
this is in Malta, Cyprus, Spain, Austria and Gredndhe Caribbean, this category includes
e.g. the Bahamas and Jamaica. In Asia this apwid$ailand and Malaysia; in Africa to
Tunisia and Morocco. Countries particularly depernden (climate-sensitive) tourism are
the island states in the South Pacific and everersorthose in the Indian Ocean (primarily
the Maldives and the Seychelles). Even though tiveatic effects will not be “life
threatening” there until 2030, the message is hewelear: if climate change means that the
tourists stay away, there are considerable negaffeets on the whole economy.

Among the countries that will experience positivignatic effects by 2030, Estonia
(partly because of its proximity to Finland), Sl&ia Switzerland and New Zealand are the
most dependent on tourism. In the European cognirieCanada and in the USA, tourism is
of below average significance. Due to the expestduktitution effects, the significance of
the tourism industry in many “winning” countriesutd, however, increase in the coming
decades as a consequence of climate change.
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Figure 5 - More losers than winners from climate chnge

Assessment based on the effects of climate chacg@ding to the DBR scoring mo-
del (ordinate) and % of GDP from tourism (absciggabal average: 9%)

The graphic shows all the countries that we hawvestigated in our scoring model,
with the exception of the island states in theidndOcean (Mauritius, the Seychelles and
the Maldives), Jamaica and the Bahamas. Thesecfivatries are also in the group of
losers.

They are negatively affected by climate changelan a particularly high economic
dependence on tourism. For reasons of scale we hatvéncluded them in the graphic.
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According to our survey, other gainers include @ch Republic, Slovakia and Estonia. It
must be pointed out that the predominant formsafd in these countries are less climate-
sensitive than for instance in the Mediterraneamtrées.

The Hamburg Tourism Model predicts drastic diffees across the countries in the
world. Thus, a closer look on expected impacts umole is necessary. There are studies
about the whole continent, as well as about smeaiéigions (mainly the Alps and
Mediterranean) covering both the effect on summmel winter tourism. The major effects

that could be expected are summarised in Table 1.

Table 1 - Potential effects of climate change ameeic activity in the tourism sector

Geographical Main climatic Expected potential impacts on Level of

location drivers economic activity confidence
Nordic regions, Rising temperature, changesPositive impact on tourism Medium
Eastern Europe in precipitation demand

Rising temperature, changes Negative impact on tourism Medium
Mediterranean in precipitation, sea level rise demand during summer
regions, costal Rising temperature in Negative impact on tourism Medium-low
resorts summer demand during summer, positive
impact in spring and autumn

Low altitude Rising temperature, Negative impact on Medium-high
mountain resorts | changes in precipitation winter tourism activities
High altitude Rising temperature, Possible positive impact Medium
mountain resorts | changes in precipitation on snow-related activities

There are no specific studies about the economfia@ts on the tourism sector in
Bulgaria; however, we can draw some general coimiasrom the table above. It is quite
probable that the traditional mountain winter résoat low altitudes and summer
destinations on the Black sea will suffer from uméortable tourist conditions, while new
destinations in the countryside offering alternatferms of tourism and summer mountain
vacations might benefit from climate change.
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Figure 6 - Simulated conditions for summer tourismn Europe for 1961-1990 (left)
and 2071-2100 (right) according to a high-emissiorscenario (IPCC A2); climate data
from PRUDENCE project
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The expected adverse effects on the beach touristheoBlack sea are confirmed also
by the PESETA proje&t The project makes a multi-sectoral assessmetiteofmpacts of
climate change in Europe for the 2011-2040 and time horizons, firstly, by
assessing the physical impacts and, secondly, loyjngathem in monetary terms. However,
the purpose of the study is not to give single @alaf damage or impact of climate change,
but to explore the plausible ranges of climate geampacts. Preliminary results are shown
on Figure 6. The tourism study aims at modelling thajor flows of tourism in Europe so
that the influence of the climate is explicitly sitered.

Coastal tourism, a dominant segment of the tourgarket, has a marked seasonal and
spatial concentration. In PESETA project the climaguitability for general summer
tourism purposes is expressed as an index, thasho@limate Index (TCI), comprising the
climate features temperature, humidity, sunshia@ and wind. Monthly climate data is
used with a spatial resolution of 12 km. The mamesent summer conditions (June, July,
August). The main information these maps provid¢hes direction of these shifts. Some
regions see their climatic attractiveness impraveummer, with other regions (such as the
Balkans) facing deterioration. The TCI for the Bda8ea is projected to decrease by four
degrees from Excellent TCI: 80-100 to Acceptablel:T@0-60. The maps indicate
significant shifts in the climatic suitability fdourism, with the belt of excellent summer
conditions moving from the Mediterranean towardsthern Europe. In the shoulder
seasons (spring and autumn, not shown here), Ta€Zésare generally projected to increase
throughout Europe.

The authors point out that the maps only providgigmtions of climatic suitability
patterns, and not of the economic significanceliofiate change for tourism. The study is
based on only one emission scenario and one cliswdaario, also does not take into
account extreme weather events.

Winter tourism is a special topic of research ieser Studies show that there is a
statistically significant trend in snow-cover retlan in the Alps over the recent years. A
number of authors study the impacts of climate gkaon winter tourism especially in
Austria and Switzerland.

Breiling and Charamza (1999) have studied the sedsmow cover depth related to
altitude and develop a regionalised model for Aastisnow conditions. The snow model
covers three steps. In the first step the autherse hmodelled the relation of snow to
temperature and precipitation at each snow statiaer consideration. In the second step
they have modelled the best fit of all stationsatoegional dependence of snow cover and
altitude. In the third step they have used a séeffiar temperature and precipitation change
and computed a new snow-cover depth. Then they lmked at what altitude they find
this snow-cover depth today. At about 2000 m algtw warming of 22 does not seem
problematic concerning the amount of snow. The @mstipredict that at this degree of
warming almost half of the annual values of snoW rgmain in the range of 1965 to 1995
values. Thus, in Austria they could occasionalhdfgood winter seasons, but they cannot
count on a regular appearance like during 1965189%. In fact, according to the authors it
is the frequency of good and bad seasons thatdetitrmine the future of resorts. The
development of Austrian winter tourism and skiimfrastructure during the last 30 years
was changing in accordance with the decade temperaariation. The period 1965-1985

1 PESETA (Projection of Economic impacts of climateange in Sectors of the European Union
based on boTtom-up Analysis) — see details andhgrelry results on http://peseta.jrc.es/index.html
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was a relatively cold one. At that time an expams6 ski lifts occurred. The period 1985-
1995 was considerably warmer. Most winter resodd snow problems during this time,
many of them serious ones. Atrtificial snow makiregéme popular. Breiling and Charamza
point out that just 0.8 °C warming necessitatedngfradaptation and the impact of 2 °C
warming could leave only a few locations suitaldewinter tourism and skiing — restricted
to high altitudes.

The impacts of snow-deficient winters at the endhef 1980s on the winter tourism
industry in Switzerland have been examined by Kgamd Abegg (1997). The study shows
that ski areas in lower areas suffered severe qoesees. The authors assess the
snowreliability of ski areas assuming the 100-dalg.rThis rule states that to operate a ski
area with profit, snow cover sufficient for skiifige. 30cm) should last at least 100 days per
season (between the first of December and the €Agril). Different studies showed that
most of the Swiss ski areas above 1200m have nthtitlee 100 days-rule in the past and
that a minimum altitude of 1200m (‘line of snowiadlility’) is required in order to operate
a financially viable ski industry under current neite conditions in Switzerland. If
significant atmospheric warming were to take pl@e2°C) the snowline in the Central Alps
would rise by 300m. The study shows that 85% (1f9830) of the ski areas in Switzerland
are snowreliable at present. If climate change lshoccur as outlined above, the number of
snowreliable ski areas would drop to 144 (= 63%)e €orresponding figures for single ski-
lifts are 40% and 9% respectively. On a regionaklestronger consequences could be
expected.

This is likely to threaten the regionally balancecbnomic growth in Switzerland
which winter tourism has provided.

A number of studies cover also other climate relatensequences that are likely to
affect tourist flows, e.g. water shortages in seatt Mediterranean, threats to cultural
heritage, biodiversity (see summary in EEA, 2007).

4. CLAVIER project — expected results

The nations in Central and Eastern Europe (CEE fiaple challenges of the ongoing
economic and political transition, continuing vulakility to environmental hazards, and
longer term impacts of global climate change. latere reviews have shown that although
there are useful studies on a European level, etuatised on detailed regionalized climate
models for CEE (incl. Romania and considering eisfigdhe economic impacts of climate
change are lacking. CLAVIER project (Mishev P., Mamva M., 2008).

The CLAVIER project is supported by the Europearm@ussion's 6th Framework
Programme as a 3 year Specific Targeted ReseamjacPfrom 2006 to 2009 under the
Thematic Sub-Priority "Global Change and EcosysteResearchers from six countries
and different disciplines investigate linkages kediw climate change and its impact on Cen-
tral and Eastern Europe (CEE). Three representatmentries are studied in detail:
Romania, Hungary and Bulgaria (figure 7).
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Figure 7 - CLAVIER target regions

The project is coordinated by Max Planck InstitimeMeteorology, Germany.

Partners from Romania are the National InstituteHgéirology and Water INHGA
Romania Management, Bucharest, the Babes-Bolyaiddsity of Cluj and the Institute of
Geography of the Romanian Academy.

CLAVIER addresses the following three scientifiago

* Investigation of ongoing and future climate changed their associated uncertainties
in Central and Eastern European Countries (CEEC)

» Analyses of possible impact of climate changes EEC on weather pattern and
extremes, air pollution, human health, natural gswsns, forestry, agriculture and
infrastructure as well as water resources

e Evaluation of the economic impacts of climate clemgn CEEC economies,
concentrating on four economic sectors, which grecalture, tourism, energy supply
and the public sector.

In the framework of CLAVIER, ongoing and future rolite changes are analysed
based on existing data and climate projections wétly high detail to fulfil the needs of lo-
cal and regional impact assessments.

CLAVIER project is divided into eight work packag@&'P). Seven of these WPs are
research topics introduced in detail below. WPOecsva set of horizontal activities,
including the internal co-ordination of the projeahd communication with external
stakeholders.

WP1: Climate change simulations and assessmemagfrtainties

The first work package of CLAVIER is designed torfpem climate change
simulations, to assess uncertainties and to prawtbvant future climate scenarios for im-
pact communities. The mandatory experiments todropmed consist of an ensemble of 8
simulations covering the period 1951 to 2050. Térmsemble is the cross product of 2
greenhouse-gas-emission scenarios (A1B and Bl fi®€C), 2 global ocean-
atmospherecoupled models (MPI-M and IPSL), and @orelly-oriented climate models
(REMO from MPI-M and LMDZ from IPSL).

WP2: Optimized input data for climate impact stedi®m regional climate models

CLAVIER is conducted by an interdisciplinary teanvalving scientists with very
different methodological backgrounds. A crucialtpafrthe project is the establishment of
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an effective interface between the project paréiotp, particularly those from the climate
modelling and the climate impact assessment contieanClimate model — climate impact
interfaces are realised by dynamical and statidcdniques.

WP3x: Impact studies

The objectives of different WP3x are to make impstadies — weather regimes and
their implication to air pollution levels; impact olimate change on extreme events, incl.
the summer drying problem; changes in the hydrokigiegime of various catchments and
in riverine flood characteristics; impacts on eatsyns (lowland and wetland damages,
migration of invasive species, pests, insectspllad quality; infrastructure; human health.

WP4 Economic Vulnerability of CEE societies andnetnic impact assessment

The main objective of WP4 is to evaluate the ecanampacts of climate change in
Romania, Hungary and Bulgaria on tourism, agriceltenergy and the public sector. The
Romania are going to study climate change impastsvimter tourism at the Carpathians
and summer tourism at Constantza. The Buldgalas part in the WP4 with the task to in-
vestigate climate change impacts on winter tourisrthe resort of Bankso, Borovets and
Pamporovo and on the development of the regionsrevtige resorts are located. The
Hungary are engaged in study the tourism impaceRBédaton.

In the CLAVIER project, three different regionalrohte models are used to form a
small model ensemble: two versions of the REMO rhedegure 8, (REMOS5.0 operated at
the Hungarian Meteorological Service, REMO5.7 depetl at the Max-Planck Institute for
Meteorology in Hamburg) and the LMDZ model from C8lid Paris.

With each of these models, a simulation of a pasbd from 1961 to 2000 and a long
transient simulation for the hundred years of 1852050 were carried out. Such an exhaus-
tive combination is designed to evaluate the uagaies existing in the different stages of
regional climate change information. Figure 8 sha@ssexample the difference between
simulated summer temperatures and the CRU obsenahiilataset [New et al. 2002] for the
model simulations performed at the Max-Planck tosti for Meteorology by the regional
climate model REMO.
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Figure 8 — The REMO Model
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Figure 9 - Difference of the summer mean (2m) temperature (idegree Celsius) between the
model results and the CRU dataset for the period at961-2000 (JJA mean). The REMO 5.7
experiment was driven by the ERA40 reanalyses

A crucial part of the project is the establishmehan effective interface between the
project participants, particularly those from tHamate modelling and the climate impact
assessment communities. Thus, empirical-statisticgthodologies for bridging the “scale-
gap” between modelling data and the needs of p#atidmpact studies and for mitigating
climate model errors are evaluated and further Idpeel by Wegener Center for Climate
and Global Change, University of Graz, Austria (\@egter). Figure 10 shows the effect of
two different empirical-statistical post-processimgthods for daily temperature (upper pa-
nel) and precipitation errors (lower panel) of aNRE hindcast simulation (black) over
Hungary compared to the gridded observational dataisthe ECA&D project [Haylock et
al., 2008].

Median errors are displayed together with the 2%#7% the 5/95 quantiles of the errors
for the individual seasons and the entire year.|l8wth methods — a multilinear regression
approach (MLR, red) and a quantile mapping appr¢@, green) — are very successful in
reducing temperature errors, the linear naturdhefMILR approach limits the performance
of the method with respect to daily precipitati@@M shows good performance for both
parameters. Weather regimes are believed to be ia faetor in organizing the local
weather and climate of Central and Eastern Eurdpey are associated with significant
anomalies of temperature, precipitation and wind.
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Figure 10 - Seasonal and annual differences betwedaily temperatures (upper panel) and daily
precipitation sums (lower panel) of a REMO simulatia (1961-2000) driven by the ERA-40 rea-
nalysis over Hungary (black).

The median, 25/75 quantiles, and the 5/95 quarailesndicated. The differences after
post-processing using and multi-linear regressinod a quantile mapping approach are
shown in red and green, respectively

Therefore, one CLAVIER objective is to make a costplanalysis of weather regimes
for the selected region including the study of dngoand future changes as well as their
implication to air pollution levels. Figure 11 ifitrates how relative frequency of macro-
circulation patterns changes in the last 40 yeees the Central-European region.
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Figure 11 - Annual relative frequency of cycloniddark blue) and anticyclonic (pink) Hess-
Brezowsky macro-synoptic types and linear trends fothe period 1961-2000 over the Central-
European region)
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These calculations are performed by the Hungariatebtological Service (OMSZ) in
Budapest. It is generally expected within the cten@search community that the frequency
of extreme events will be significantly modifiedder climate change conditions. It could
be heavy extra-tropical storms or heavy precigtatievents. In the framework of
CLAVIER, 24 indices for extreme events have beeaniified based on the STARDEX
definitions and on the requirements of the projpattners. They are typical for the
CLAVIER study area and mainly based on temperatprecipitation and wind speed.
Based on the output of regional climate models roeatl above, CLAVIER aims at the
production of future hydrological and agricultusakenarios.

Analysis of the simulation results received frondiological models serves as direct
or indirect input to water management decision suppystems. Within the project, the
transboundary Tisza Basin and Arges catchmentsliswithe hydrological regime of Lake
Balaton are studied in detail. One example of shigly is presented in Figure 12 and shows
estimated annual evaporation rates for Lake Bal@tbe comparison between observational
and simulated data has been done by the Budapastrsity of Technology and Economics
(BUTE).

Lake evaporation (1966-1992)
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Figure 12 - Estimated annual evaporation rates for Lke Balaton

As it was already mentioned above, one of the rabjactives of CLAVIER is to eva-
luate the economic impacts of climate changes im&wa, Hungary, and Bulgaria. Four
economic sectors are of particular interest of CLBR: agriculture, tourism, energy supply
and the public sector. In addition, the risk transhechanisms and institutional settings that
can deal with economic risks, e.g. from flood esemtdroughts, are analysed.

Based on the findings of the case studies, thaenfie of climate change scenarios on
the national economies will be estimated and caichs on the overall macroeconomic
relevance of the studied phenomena will be dravigureé 13 shows the case study areas
selected in Romania for winter tourism (the Prahbadiey and the limitrophe mountain
region Bucegi Mts) and for summer tourism (Southiitoral region, between Constan
and Vama Veche — ConstarCounty).
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Figure 13 - Case study areas selected in Romania f@inter and summer tourism

5. Conclusion

While the world aggregate number of domestic tasiferdly changes due to climate
change, individual countries may face dramatic icbpahat grow rapidly over time. A
number of studies have shown that climate changddcoegatively affect countries and
regions that depend heavily on incomes from touasieh could also bring benefits to places
that are currently not popular with tourists.

The economic and societal relevance of climate ghaior tourism will crucially
depend on adaptation strategies. This calls fikstom more detailed studies about economic
costs of climate change and the costs of adaptationliocal level (region, municipality,
single tourist resort) and secondly — for develgpiew policy frameworks at a European
leve and regional level. However, despite the emgjés sufficient information is available
to start with action now.
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